MICROCHIP

PIC32CM MCO00 Family

5-Volt Motor Control MCU

5-Volt, 128-KB Flash, 16-KB SRAM with Advanced Analog

Operating Conditions
e 27V-5.5V,-40°C to +85°C, DC to 48 MHz
+ 2.7V -5.5V,-40°C to +125°C, DC to 48 MHz

Qualification
* AEC-Q100 Grade 1 (-40°C to 125°C)

Core: Arm® Cortex®-M0+ CPU running at up to 48 MHz
» Single-cycle hardware multiplier
*  Memory Protection Unit (MPU)
Memories
* Up to 128 KB in-system self-programmable Flash
* Up to 4 KB independent self-programmable Flash for Data Flash
* Upto 16 KB SRAM main memory

System
* Power-on Reset (POR) and Brown-out Detection (BOD)

» Internal and external clock options with 48 MHz to 96 MHz Fractional
Digital Phase Locked Loop (FDPLL96M)

+ External Interrupt Controller (EIC)

*  One non-maskable interrupt

Low Power
» Idle and Standby sleep modes

»  SleepWalking peripherals

Input/Output (1/0)
* Up to 38 programmable /O pins
* Up to 16 external interrupts
*  Up to two parallel Input/Output Controllers (P1O)

Debugger Development Support
* In-circuit and in-application programming
»  2-wire Serial Wire Debug Port Interface
»  Four hardware breakpoints, two data watchpoints
*  Micro Trace Buffer (MTB) for instruction trace in SRAM

© 2021 Microchip Technology Inc.
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Motor Control

*  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

— Up to 8 waveform output channels

Advanced Analog
+ Two 12-bit, 1 Msps Analog-to-Digital Converter (ADC)
— Differential and single-ended input
— Automatic offset and gain error compensation

— Oversampling and decimation in hardware to
support 13-bit, 14-bit, 15-bit or 16-bit resolution

+ One 16-bit Sigma-Delta Analog-to-Digital Converter
(SDADC)

— 2 differential channels
*  One 10-bit, 350 ksps Digital-to-Analog Converter (DAC)
*  Two Analog Comparators (AC) with Window Compare
function
Peripherals
* Hardware Divide and Square Root Accelerator (DIVAS)
* 12-channel Direct Memory Access Controller (DMAC)
* 12-channel Event System
+  Up to five 16-bit Timer/Counters (TC)
— One 16-bit TC with compare/capture channels
— One 8-bit TC with compare/capture channels

— One 32-bit TC with compare/capture channels using
two TCs

* Frequency Meter

+  32-bit Real Time Counter (RTC) with clock/calendar
function

+  Watchdog Timer (WDT)
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PIC32CM MCO00 Family

Peripherals (Continued)
* CRC-32 generator

*  Up to four Serial Communication Interfaces (SERCOM), each configurable
to operate as:

— USART with full-duplex and single-wire half-duplex configuration
- 12C upto 3.4 MHz
- SPI
— LIN host/client
— RS-485
+ Configurable Custom Logic (CCL)

* Integrated Temperature Sensor

Table 1. Packages

Pin Count 32 48 32 48
I/O Pins (max) 26 38 26 38
Lead Pitch (mm) 0.8 0.5 0.5 0.5
Dimensions (mm) 7.0x7.0x1.0 7.0x7.0x1.0 5.0x5.0x0.9 7.0x7.0x0.9
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PIC32CM MCO00 Family

Configuration Summary

1. Configuration Summary
Table 1-1. PIC32CM MC00 Common Features

PIC32CM MCO00

Maximum CPU frequency 48 MHz

Memory Protection Unit 8 regions

Systick timer 1

Serial Wire Debug Interface Yes

Oscillators 32.768 kHz crystal oscillator (XOSC32K)

0.4-32 MHz crystal oscillator (XOSC)
32.768 kHz internal oscillator (OSC32K)

32.768 kHz ultra low-power internal oscillator
(OSCULP32K)

48 MHz high-accuracy internal oscillator (OSC48M)
96 MHz Fractional Digital Phased Locked Loop

(FDPLL96M)

Generic Clock (GCLK) 9

DMA channels 12

Event System channels 12

External Interrupt lines 16 + 1 non-maskable

Divide and Square Root Accelerator (DIVAS) Yes

Waveform outputs/Capture inputs channels per TC instance 2

TC Maximum and Minimum Capture Yes

Timer Counter for Control (TCC) instances 3

Waveform output channels per TCC 8 for TCCO, 4 for TCC1, 2 for TCC2

Configurable Custom Logic (CCL) (number of LUTs) 4

Analog-to-Digital Converter (ADC) instances 2

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

instances

Analog Comparators (AC) 1 AC made of 2 Comparators

Digital-to-Analog Converter (DAC) channels 1

Real-Time Counter (RTC) Yes

RTC alarms 1

RTC compare values One 32-bit value or two 16-bit values

Frequency Meter (FREQM) reference clock divider Yes

Watchdog Timer (WDT) Yes

Position Decoder (PDEC) Yes

Memories CRC32 computation (DSU) Yes (SRAM, Flash, Data Flash)
© 2021 Microchip Technology Inc. Datasheet DS60001638D-page 5
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PIC32CM MCO00 Family

Configuration Summary

........... continued
PIC32CM MCO00
Brown-out Detection (BOD) VDD, VDDCORE
© 2021 Microchip Technology Inc. Datasheet DS60001638D-page 6
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PIC32CM MCO00 Family

Ordering Information

2. Ordering Information
Figure 2-1. PIC32CM MC Family Ordering Information

PIC32 CM_ XXXX MCOO XXX T - 1/ PT -XXX
Microchip Brand |

Product Family

CM - Cortex MO+ Pattern

Three-digit QTP, SQTP code
or special requirement
(blank otherwise)

Memory Size
1216 - 128-KB Flash and 16-KB RAM Package Type
6408 - 64-KB Flash and 8-KB RAM PT - 32.pin TQFP
RTB - 32-pin VQFN®
Y8X - 48-pin TQFP
USB - 48-pin VQFN(™

Key Feature Set
MCO00 = Motor Control

Temperature Range

| =-40°C to + 85°C (Industrial)
E =-40°C to + 125°C (Extended)@

Pin Count
032 = 32 pin
048 = 48 pin Tape and Reel Flag
T = Tape and Reel
No Character = Tray/Tube (Default)
Notes:

1. VQFN packages have wettable flanks.
2. Extended Temp devices are AEC-Q100 Qualified.
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3.

PIC32CM MCO00 Family

Block Diagram

Block Diagram

P 10BUS
q
CORTEX®-M0+
SWCLK SERIAL PROCESSOR
SWDIO WIRE Fmax 48 MHz
DEVICE
SERVICE
UNIT
v

Divide Accellerator

128-KB 16.KB
RWW RAM
NVM
NVM
SRAM
CONTROLLER CONTROLLER
Cache
T B ‘ ‘ ‘ ‘
HIGH-SPEED Mo DMA
BUS MATRIX

S

o

3

AHB-APB
BRIDGE A

MAIN CLOCKS
CONTROLLER

PORT

XIN

OSCILLATORS CONTROLLER

0OSC48M

xour ||  XOsC |

| FDPLLOGM |

GCLK_IO[7..0]

GENERIC CLOCK

CONTROLLER

WATCHDOG
TIMER

EXTINT[15..0]
NMI

EXTERNAL INTERRUPT

CONTROLLER

POWER
MANAGER

XIN32

XouT32| | XOSC32K

OSC32K CONTROLLER

OSCULP32K
0OSC32K

SUPPLY CONTROLLER

| BoDs5 |

| VREF |

3.3V VREG

VREG

RESETN

RESET
CONTROLLER

REAL TIME
COUNTER

FREQUENCY
METER

TEMPERATURE
SENSOR

ETTT & T T TTT & I

PORT

OUT [3..0]
IN[11..0]
PADO
PAD1
PAD2
PAD3
WO0
Wo1
WO0
WOo1
WOn
AIN[11..0]
VREFA
AIN[3..0]
CMP[1:0]
vouT
VREFA
QDI[2..0]
INN[1:0]
INP[1:0]

VREFB

© 2021 Microchip Technology Inc.

and its subsidiaries

Datasheet

DS60001638D-page 8



4.1

PIC32CM MCO00 Family

Pinout and Packaging

Pinout and Packaging

Each pin is controlled by the I/O Pin Controller (PORT) as a general purpose /O and alternatively can be assigned to
one of the peripheral functions: A, B, C,D, E, F, G, H, |, or J.

The following tables describe the peripheral signals multiplexed to the PORT 1/O pins for each package.
The column “Reset State” indicates the reset state of the line with mnemonics:

» "l/O" or "Function" indicates whether the 1/O pin resets in I/O mode or in peripheral function mode.
« “I”/70”/ "Hi-Z" indicates whether the 1/O is configured as an input, output or is tri-stated.
« “PU”/“PD” indicates whether pull up, pull down or nothing is enabled.

Note: The schematic checklist chapter provides the user with the requirements regarding the different pin
connections that must be considered before starting any new board design, and information on the minimum
hardware resources required to develop an application.

32-pin VQFN/32-pin TQFP
32-pin VQFN Top View 32-pin TQFP Top View

32

PIC32CM1216MC00032
PIC32CM6408MC00032
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PAO8, PAQ9, PA16, PA17, PA22, PA23 are TWIHS pins and have the same properties as standard pins when not used as SERCOM 12c pins. Refer to the Electrical Characteristics
section for additional information.
PA10, PA11 are high-sink pins and have different properties than all other GPIO. Refer to the electrical characteristics section for additional information.

The RESET pin has the same properties as standard GPIO.

Reset State
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4.3

PIC32CM MCO00 Family

Pinout and Packaging

48-pin VQFN/48-pin TQFP

PIC32CM1216MC00048
PIC32CM6408MC00048

48-pin VQFN Top View

48-pin TQFP Top View
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SERCOM I

(&)

o

10

1"

12

PAQO/
XIN32

PAO1/
XOuT32

PA02
PAO3
GNDANA

VDDANA

PB08

PB09

PA04

PAO5

PA06

PAO7

paos(1)

paoo(1)

PA10(2)

o
w

EXTINTO]

EXTINT[1]

EXTINT[2]

EXTINT[3]

EXTINT[8]

EXTINT[9]

EXTINT[4]

EXTINT[5]

EXTINT[6]

EXTINT[7]

NMI

EXTINT[9]

EXTINT[10]

VREFA

VREFB

AIN[O]

AIN[1]

AIN[2]

AIN[3]

AIN[4]

AIN[5]

AIN6]

AIN[7]

AIN[8]

AIN[9]

AIN[10]

AIN[4]

AIN[5]

AIN[10]

AIN[11]

INN[1]

INP[1]

INN[O]

INP[O]

AIN[O]

AIN[1]

AIN[2]

AIN[3]

DAC

VOUT

SERCOMO/
PAD[0]

SERCOMO/
PAD[1]

SERCOMO/
PAD[2]

PDEC H

SERCOM-ALT
AC/
GCLK

SERCOM!1/
PAD[0]

SERCOM1/
PAD[1]

SERCOMO/
PAD[0]

SERCOMO/
PAD[1]

SERCOMO/
PAD[2]

SERCOMO/
PAD[3]

SERCOM2/
PAD[0]

SERCOM2/
PAD[1]

SERCOM2/
PAD[2]

TCC2/
WOol0]

TCC2/
WO[1]

TCO/
WOI[0]

TCO/
WO[1]

TCCO/
WOol0]

TCCO/
WOI1]

TCC1/
WOI[O0]

TCC1/
WO[1]

TCCO/
WOol0]

TCCO/
WOI1]

TCC1/
WOI[O0]

TCCH/
wo[2]

TCCH/
WOJ3]

TCCO/
WO[2]

[ o e]

-
Q
o

GCLK/
10[4]

CCL/
IN[8]

CCL/
OUTI[2]

ceu/
IN[O]

ccL/
IN[1]

CCL/
IN[2]

CCL/
OuT[0]

ceu/
IN[3]

ccL/
INJ4]

CCL/
IN[5]

CCL/PDEC

CCL/
OuT[3]

PDEC[0]

PDEC[1]

PDEC[2]

VDDANA

VDDANA

VDDANA
VDDANA
GNDANA

VDDANA

VDDANA

VDDANA

VDDANA

VDDANA

VDDANA

VDDANA

VDDIO

VDDIO

VDDIO

Reset State

1/0, HI-Z

I/O, HI-Z

I/O, HI-Z

1/0, HI-Z

1/0, HI-Z

I/O, HI-Z

1/0, HI-Z

1/0, HI-Z

1/0, HI-Z

I/O, HI-Z

1/0, HI-Z

1/0, HI-Z

1/0, HI-Z
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16

17

18

19

20

21

22

23

24

25

26

27

28

29

continued

PA11(2)

VDDIO

GND

PB10(2)

PB11(2)

pa12(1)

pa13(1)

PA14/
XIN

PA15/
XOUuT

pa16(1)

pa17(1)

PA18

PA19

PA20

EXTINT[11]

EXTINT[10]
EXTINT[11]
EXTINT[12]
EXTINT[13]
EXTINT[14]
EXTINT[15]
EXTINT[O]
EXTINT[1]
EXTINT[2]
EXTINT[3]

EXTINT[4]

AIN[11]

SERCOM

SERCOMO0/ SERCOM2/ TCC1/

PAD[3]

SERCOM2/
PADI0]

SERCOM2/
PAD[1]

SERCOM2/
PADI[2]

SERCOM2/
PAD[3]

SERCOM1/
PADI0]

SERCOM1/
PAD[1]

SERCOM1/
PADI[2]

SERCOM1/
PAD[3]

PAD[3]

SERCOM3/
PADI0]

SERCOM3/
PAD[1]

SERCOM3/
PADI[2]

SERCOM3/
PADI3]

SERCOM3/
PADI[2]

WOI1]

TC1/
WOI[O0]

TC1/
WO[1]

TCC2/
WO[0]

TCC2/
WOI1]

TC4/
WO[0]

TC4/
WO[1]

TCC2/
WO[0]

TCC2/
WOI1]

TC4/
WOI[0]

TC4/
WO[1]

TC3/
WO[0]

TCCO/
WO[4]

TCCO/
WO[5]

TCCO/
WO[6]

TCCO/
WOI7]

TCCO/
WO[4]

TCCO/
WOI[5]

TCCO/
WO[6]

TCCO/
WOI7]

TCCO/
WO[2]

TCCO/
WO[3]

TCCO/
WO[6]

PDEC/
QDI[0]

PDEC/
QDI[1]

PDEC/
QDI[2]

GCLK/
10[5]

GCLK/
10[4]

GCLK/
10[5]

AC/
CMPI[O0]

AC/
CMP[1]

GCLK/
10[0]

GCLK/
10[1]

GCLK/
10[2]

GCLK/
10[3]

AC/
CMP[0]

AC/
CMPI[1]

GCLK/
10[4]

CCL/
OuUT[1]

CCL/
IN[5]

CCL/
OUT[1]

CCL/
IN[O]

CCL/
IN[1]

CCL/
IN[2]

CCL/
OuUT[0]

CCL/PDEC

CCL/
OUTI[3]

VDDIO

VDDIO

GND

VDDIO

VDDIO

VDDIO

VDDIO

VDDIO

VDDIO

VDDIO

VDDIO

VDDIO

VDDIO

VDDIO

Reset State

I/0, HI-Z

I/0, HI-Z

I/O, HI-Z

I/0, HI-Z

I/0, HI-Z

I/0, HI-Z

I/, HI-Z

I/0, HI-Z

I/0, HI-Z

I/0, HI-Z

I/0, HI-Z

I/0, HI-Z
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48-pin QFN

40

41

42

43

44

45

...continued

PA21

pa22(1)

pa23(1)

PA24

PA25

GND

VDDIO

PB22

PB23

PA27
RESET(®)
PA28

GND
VDDCORE
VDDIN

PA30/
SWCLK

EXTINT[5]
EXTINT[6]
EXTINT[7]
EXTINT[12]

EXTINT[13]

EXTINT[6]
EXTINT[7]

EXTINT[15]

EXTINT[8]

EXTINT[10]

(e o [5F]a]m]

SERCOM

SERCOM3/
PADI0]

SERCOM3/
PAD[1]

SERCOM3/
PADI[2]

SERCOM3/
PAD[3]

SERCOM3/
PAD[3]

SERCOM1/ | TCC1/

PADI[2]

TC3/
WOI1]

TCO/
WOI0]

TCO/
WO[1]

TC1/
WO[0]

TC1/
WOI1]

TC3/
WOI[O0]

TC3/
WO[1]

WOI0]

TCCO/
WOI[7]

TCCO/
WO[4]

TCCO/
WOI[5]

TCC1/
WO[2]

TCC1/
WOI[3]

SWCLK

GCLK/
10[5]

GCLK/
10[6]

GCLK/
10[7]

GCLK/
10[0]

GCLK/
10[1]

GCLK/
10[0]

GCLK/
10[0]

GCLK/
10[0]

CCL/PDEC

P
(]
(8}

CCL/
IN[6]

CCL/
IN[9]

CCL/
IN[7]

CCL/
IN[8]

CCL/
OuT[2]

CCL/
IN[O]

CCL/
OuUT[0]

CCL/
IN[10]

CCL/
IN[11]

CcCcu/
IN[3]

VDDIO

VDDIO

VDDIO

VDDIO

VDDIO

GND

VDDIO

VDDIO

VDDIO

VDDIN

VDDIN

VDDIN

GND

VDDIN

VDDIN

Reset State

I/0, HI-Z

I/0, HI-Z

I/O, HI-Z

I/0, HI-Z

I/0, HI-Z

I/0, HI-Z

I/O, HI-Z

I/0, HI-Z

SWCLK,
I, PU
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PA31/ SERCOM1/ TCCH/ ceL
46 EXTINT[11 VDDIN  1/0, HI-Z
SWDIO [ PAD[3]  WO[1] ouTH]
TC2/ ceu
47 PBO2 | EXTINTR2 AINI2 VDDANA | 1/0, HI-Z
0 f2] f2] Wo[o] ouT(O] 45
48 PBO3  EXTINT[3] AIN[3] e/ VDDANA  1/0, HI-Z
Wor1] :
Notes:

PAO8, PAQ9, PA12, PA13, PA16, PA17, PA22, PA23 are TWIHS pins and have the same properties as standard pins when not used as SERCOM 12c pins. Refer to the Electrical
Characteristics section for additional information.

PA10, PA11, PB10, PB11 are high-sink pins and have different properties than all other GPIO. Refer to the electrical characteristics section for additional information.
The RESET pin has the same properties as standard GPIO.
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PIC32CM MCO00 Family

Signal Description

5. Signal Description

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

Table 5-1. Signal Descriptions List

Analog Comparators (AC)

AIN[3:0]

CMP[1:0]

Analog-to- Digital Converter ( ADCx)
AIN[11:0]

VREFA(1)

Digital-to-Analog Converter (DAC)
VOUT

VREFA(T)

Sigma-Delta Analog-to-Digital Converter (SDADC)
INN[1:0]

INP[1:0]

VREFB

External Interrupt Controller (EIC)
EXTINT[15:0]

NMI

General Purpose 1/0 (PORT)
PA31-PA30, PA28-PA27, PA25-PA00
PB23-PB22,PB11-PB08,PB03-PB02
Generic Clock Generator (GCLK)
GCLK_I0[8:0] (2)

Custom Control Logic (CCL)

IN[11:0]

OUT[3:0]

Power Manager (PM)

RESET_N

Serial Communication Interface (SERCOMXx)
PAD[3:0]

Oscillators Control (OSCCTRL)

XIN

XOouT

32 kHz Oscillators Control (OSC32KCTRL)
XIN32

XOUT32

Timer Counter (TCx)

WOI1:0]

AC Analog Inputs

AC Comparator Outputs

ADC Analog Inputs

ADC Voltage External Reference A

DAC Voltage output

DAC Voltage External Reference A

SDADC Analog Negative Inputs

SDADC Analog Positive Inputs

SDADC Voltage External Reference B

External Interrupts inputs

External Non-Maskable Interrupt input

General Purpose I/O Pin in Port A

General Purpose I/0O Pin in Port B

Generic Clock Source (Input) or Generic Clock Signal (Output)

Inputs to lookup table

Outputs from lookup table

External Reset Pin (Active Level: LOW)

SERCOM Inputs/Outputs Pads

Crystal Input or External Clock Input

Crystal Output

32 kHz Crystal Input or External Clock Input

32 kHz Crystal Output

Waveform Outputs

Analog Input

Digital Output

Analog Input

Analog Input

Analog Output

Analog Input

Analog Input

Analog Input

Analog Input

Digital Input

Digital Input

Digital /0

Digital /0

Digital /0

Digital Input

Digital Output

Digital Input

Digital I/0

Analog Input (Crystal Oscillator) Digital Input (External Clock)

Analog Output

Analog Input (Crystal Oscillator) Digital Input (External Clock)

Analog Output

Digital /0

© 2021 Microchip Technology Inc.
and its subsidiaries
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PIC32CM MCO00 Family

Signal Description

........... continued

Timer Counter (TCCx)

WO[7:0] Waveform Outputs
Position Decoder (PDEC)

PDEC|2:0] PDEC Input

Serial Wire Debug Interface

SWCLK Serial Wire Debug Clock

SWDIO Serial Wire Debug Data

Notes:
1. VREFA is shared between the ADC and DAC peripherals.
2. GCLKS8 does not support an input/output on a pin.

Digital /0

Digital Input

Digital Input

Digital I/0

© 2021 Microchip Technology Inc. Datasheet
and its subsidiaries
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PIC32CM MCO00 Family
Power Supply and Start-Up Considerations

6. Power Supply and Start-Up Considerations

6.1 Power Domain Overview
Figure 6-1. Power Domain Overview, PIC32MC
L
< < [i'q S =
z z 3 z 2 g o
a o (m] a [m] 2] N a
[a) z a z a < < [a)
> O > (O] > o o >
N
<

PA[7:2]
PB[3:2]

pel9:8] X

PA[25:16]
Digital Logic PA[13:8]
(CPU, Peripherals)
PB[23:22]
FDPLL96M PB[11:10]
NVM
PA[15:14]

PA[1:0]

Note:
1. TOSC is an independent Oscillator for the internal Temperature Sensor.

6.2 Power Supply Considerations

6.2.1 Power Supplies PIC32CM MC
The PIC32CM MC has the following power supply pins:

» VDDIO: Powers /O lines and XOSC

» VDDIN: Powers I/O lines and the OSC48M, TOSC and internal regulator

» VDDANA: Powers I/O lines and the ADC, AC, DAC, OSCULP32K, OSC32K, and XOSC32K

+ VDDCORE: Internal regulated voltage output. Powers the core, memories, peripherals, and FDPLL96M

The same voltage must be applied to both the VDDIN and VDDANA pins. This common voltage is referred to as Vpp
in the data sheet. VDDIO must always be less than or equal to VDDIN.

The ground pins, GND, are common to VDDCORE, VDDIO and VDDIN. The ground pin for VDDANA is GNDANA.

For decoupling recommendations for the different power supplies, refer to the 43. Electrical Characteristics 85°C.

© 2021 Microchip Technology Inc. Datasheet DS60001638D-page 21
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6.2.2

6.2.3

6.2.4

6.2.4.1

6.2.4.2

6.3

6.3.1

6.3.2

6.3.3

6.4

PIC32CM MCO00 Family
Power Supply and Start-Up Considerations

Voltage Regulator
The PIC32CM MC voltage regulators have these two modes:

* Normal mode: This is the default mode when CPU and peripherals are running.
* Low Power (LP) mode: This default mode is used when the chip is in standby mode.

Typical Powering Schematics

The PIC32CM MC uses a single supply from 2.70V to 5.50V or dual-supply mode where VDDIO is supplied
separately from VDDIN. See the Schematic Checklist chapter.

Power-Up Sequence

Minimum Rise Rate

The integrated Power-on Reset (POR) circuitry monitoring the VDDIN = VDDANA, and the VDDIO power supplies
require a minimum rise rate, which is described in the 43. Electrical Characteristics 85°C.

Maximum Rise Rate
The rise rate of the power supply must not exceed the values described in Electrical Characteristics.

Power-Up

This section summarizes the power-up sequence of the PIC32CM MC. The behavior after power-up is controlled by
the Power Manager.

Starting of Clocks

After power-up, the device is set to its initial state and kept in reset, until the power has stabilized throughout the
device. Once the power has stabilized, the device will use a 4 MHz clock. This clock is derived from the 48 MHz
Internal Oscillator (OSC48M), which is configured to provide a 4 MHz clock and used as a clock source for generic
clock generator 0. Generic clock generator O is the main clock for the Power Manager (PM).

Some synchronous system clocks are active, allowing software execution.

Refer to the Clock Mask Register in the MCLK - Main Clock for the list of default peripheral clocks running.
Synchronous system clocks that are running are by default not divided and receive a 4 MHz clock through generic
clock generator 0. Other generic clocks are disabled.

/0 Pins
After power-up, the I/O pins are tri-stated.

Fetching of Initial Instructions

After reset is released, the CPU starts fetching PC and SP values from the reset address, which is 0x00000000.
This address points to the first executable address in the internal Flash. The code read from the internal Flash is
free to configure the clock system and clock sources. Refer to the Arm Architecture Reference Manual for additional
information on CPU startup (http://www.arm.com).

Power-on Reset (POR) and Brown-out Detector (BOD)

The following features are used to monitor, warn, and reset the device:

+ POR: Power-on Reset on VDDIN and VDDIO

+ BODVDD: Brown-out Detector on VDDIN

- BODCORE: Voltage Regulator Internal Brown-out Detector on VDDCORE. The Voltage Regulator Internal BOD
is calibrated in production and its calibration configuration is stored in the NVM User Row (See 8.3 NVM User
Row Mapping). This configuration must not be changed if the user row is written to assure the correct behavior
of the BODCORE. This configuration is automatically copied at boot-up in the BODCORE registers.

© 2021 Microchip Technology Inc. Datasheet DS60001638D-page 22
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6.4.1

6.4.2

6.4.3

6.4.4

PIC32CM MCO00 Family
Power Supply and Start-Up Considerations

Power-on Reset on VDDIN

POR monitors VDDIN. It is always activated and monitors voltage at startup and also during all the sleep modes. If
VDDIN goes below the threshold voltage, the entire chip is reset.

Power-on Reset on VDDIO

POR monitors VDDIO. It is always activated and monitors voltage at startup and also during all the sleep modes. If
VDDIO goes below the threshold voltage, all I/Os supplied by VDDIO are reset.

Brown-out Detector on VDDIN
BODVDD monitors VDDIN.

Brown-out Detector on VDDCORE
Once the device has started up, BODCORE monitors the internal VDDCORE.

© 2021 Microchip Technology Inc. Datasheet DS60001638D-page 23
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PIC32CM MCO00 Family
Product Mapping

7. Product Mapping

Figure 7-1. PIC32CM MCO00 Product Mapping

Global Memory Space Code AHB-APB Bridge C
0x00000000 0x42000000
0x00020000
0x00400000 0x42000400
0x00401000
0x20000000 0x00800000 0x42000800
SRAM 0x0080A04C
0x42000C00
Reserved
0x22008000 . Ox1FFFFFFF -
- 0x42001000
Undefined
SRAM 0x42001400
0x40000000 0x20000000 Reserved
0x42001800
SRAM g Reserved
0x48000200 0x20004000 0x42001C00
Reserved
Reserved 0x42002000
AHB-APB Reserved
0x60000000 0x40000000 0x42002400
........ AHB-APB
0x60000000 comr 1 I0BUS Bridge A 0x42002800
0x41000000
0x60000200
0x60000400 0x42002C00
DIVAS
0x60000220 RGN 0x42003000
Reserved OXFFFFFFFF 0x42000000
0xB600003FF 0x42003400
AHB-APB Bridge A 0x44000000 R g 0x42003800
eserve
0x40000000
0x42003C00
PAC 0x45000000
0x40000400
PM Reserved 0x42004000
0x40000800
VOLK 0x48000000 0x42004400
0x40000C00
0x42004800
RSTC 0x480001FF
0x40001000 .
X OSCCTRL AHB-APB Bridge B 0x42004C00
0X40001400 0x41000000
OSC32KCTRL 1002000 042005000
0x40001800
0x42005400
oxao00tcoo o 0x41004000
0x42005800
GCLK 0x41006000 Reserved
0x40002000 0x42005C00
WDT 0x41008000
0x40002400 0x42006000
RTC Reserved
0x40002800 0x4100A000 0x42006400
Reserved
EIC Ox41FFFFFF Reserved
0x40002C00 0x42006800
FREQM
0x40003000 0x42006C00
TSENS Reserved
0x40003400 Ox42FFFFFF
Reserved
OX40FFFFFF
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8.1

8.2

PIC32CM MCO00 Family

Memories

Memories

Embedded Memories
» Internal high-speed Flash with read-while-write capability on section of the array
* Internal high-speed SRAM, single-cycle access at full speed

Physical Memory Map

The high-speed bus is implemented as a bus matrix. All high-speed bus addresses are fixed, and they are never
remapped in any way, even during boot. The 32-bit physical address space is mapped as shown in the following
table:

Table 8-1. Memory Map

8.3

size 128KB 64KB
Embedded Flash page number 0x00000000 2048 1024
page size 64 bytes
size 4KB 2KB
Embedded Data Flash section page number 0x00400000 64 32
page size 64 bytes
Embedded high-speed SRAM 0x20000000 16KB 8KB
AHB-APB Bridge A 0x40000000 16KB
AHB-APB Bridge B 0x41000000 64KB
AHB-APB Bridge C 0x42000000 32KB
AHB DIVAS 0x48000000 32B
I0BUS 0x60000000 512B

NVM User Row Mapping

The first two 32-bit words of the NVM User Row contains calibration data that are automatically read at device power
on.

The NVM User Row can be read at address 0x00804000.
To write the NVM User Row, refer to the NVMCTRL - Non-Volatile Memory Controller.

Note that when writing to the user row the values do not get loaded by the other modules on the device until a device
reset occurs.

Table 8-2. NVM User Row Mapping

Bit Position Production | Related Peripheral Register
setting

BOOTPROT Used to select one of eight NVMCTRL
different bootloader sizes.

73 Reserved - Ox1F -
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8.4

PIC32CM MCO00 Family

Memories

........... continued

Bit Position Production | Related Peripheral Register
setting

BODVDD Level

14 BODVDD Disable

16:15 BODVDD Action

25:17 BODCORE
calibration

26 WDT Enable

27 WDT Always-On

31:28 WDT Period

35:32 WDT Window

39:36 WDT EWOFFSET

40 WDT WEN

41 BODVDD
Hysteresis

42 BODCORE
calibration

47:43 Reserved

63:48 LOCK

Note:

BODVDD Threshold Level at
power on.

BODVDD Disable at power
on.

BODVDD Action at power
on.

DO NOT CHANGE ()

WDT Enable at power on.

WDT Always-On at power
on.

WDT Period at power on.

WDT Window mode time-out
at power on.

WDT Early Warning Interrupt
Time Offset at power on.

WDT Timer Window Mode
Enable at power on.

BODVDD Hysteresis
configuration at power on.

DO NOT CHANGE ()

NVM Region Lock Bits.

0x0

0x1

0x0A8

0x0
0x0

0xB
0xB

0xB

0x0

0x0

0x0

Ox1F
OxFFFF

SUPC.BODVDD.LEVEL

SUPC.BODVDD.ENABLE

SUPC.BODVDD.ACTION

WDT.CTRLA.ENABLE
WDT.CTRLA.ALWAYSON

WDT.CONFIG.PER
WDT.CONFIG.WINDOW

WDT.EWCTRL.EWOFFSET

WDT.CTRLA.WEN

SUPC.BODVDD.HYSTERESIS

NVMCTRL.LOCK

1. BODCORE is calibrated in production and its calibration parameters must not be changed to ensure the

correct device behavior.

NVM Software Calibration Area Mapping

The NVM Software Calibration Area contains calibration data that are measured and written during production test.
These calibration values should be read by the application software and written back to the corresponding register.

The NVM Software Calibration Area can be read at address 0x00806020.

The NVM Software Calibration Area can not be written.

Table 8-3. NVM Software Calibration Area Mapping

2:0 ADCO BIASREFBUF
5:3 ADCO BIASCOMP
8:6 ADC1 BIASREFBUF
11:9 ADC1 BIASCOMP

ADCO Linearity Calibration. Should be written to ADCO CALIB.BIASREFBUF.

ADCO Bias Calibration. Should be written to ADCO CALIB.BIASCOMP.

ADCH1 Linearity Calibration. Should be written to ADC1 CALIB.BIASREFBUF.

ADC1 Bias Calibration. Should be written to ADC1 CALIB.BIASCOMP.

© 2021 Microchip Technology Inc.
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8.5

8.6

PIC32CM MCO00 Family

Memories
........... continued
Biposion Name Dessrpion |
18:12 OSC32K CAL OSC32K Calibration. Should be written to OSC32KCTRL OSC32K.CALIB.
40:19 CAL48M OSC48M Calibration: Should be written to OSCCTRL.CAL48M[21:0].
63:41 Reserved Reserved

NVM Temperature Calibration Area Mapping

The NVM Temperature Calibration Area contains calibration data that are measured and written during production
test. These calibration values should be read by the application software and written back to the corresponding
register.

The NVM Temperature Calibration Area can be read at address 0x806030.
The NVM Temperature Calibration Area can not be written.

Table 8-4. NVM Temperature Calibration Area Mapping

5:0 TSENS TCAL TSENS Temperature Calibration. Should be written to the TSENS CAL register.
11:6 TSENS FCAL TSENS Frequency Calibration. Should be written to the TSENS CAL register.
35:12 TSENS GAIN TSENS Gain Calibration. Should be written to the TSENS GAIN register.

59:36 TSENS OFFSET TSENS Offset Calibration. Should be written to TSENS OFFSET register.
63:60 Reserved

Serial Number

Each device has a unique 128-bit serial number which is a concatenation of four 32-bit words contained at the
following addresses:

Word 0: 0x0080A00C
Word 1: 0x0080A040
Word 2: 0x0080A044
Word 3: 0x0080A048

The uniqueness of the serial number is guaranteed only when using all 128 bits.

© 2021 Microchip Technology Inc. Datasheet DS60001638D-page 27

and its subsidiaries



PIC32CM MCO00 Family

Processor and Architecture

9. Processor and Architecture

9.1 Cortex M0+ Processor

The PIC32CM MCO00 implements the Arm Cortex-MO+ processor, based on the ARMv6 Architecture and Thumb®-2
ISA. The Cortex MO+ is 100% instruction set compatible with its predecessor, the Cortex-MO0 core, and upward
compatible to Cortex-M3 and M4 cores. The implemented Arm Cortex-M0+ is revision rOp1. For more information
refer to www.arm.com.

9.11 Cortex M0+ Configuration
Table 9-1. Cortex M0+ Configuration

Interrupts 32

Data endianness Little-endian
SysTick timer Present
Number of watchpoint comparators 2

Number of breakpoint comparators 4

Halting debug support Present

Multiplier Fast (single cycle)
Single-cycle 1/O port Present

Wake-up interrupt controller Not supported
Vector Table Offset Register Present
Unprivileged/Privileged support Present

Memory Protection Unit 8-region

Reset all registers Absent

Instruction fetch width 32-bit

The Arm Cortex-M0+ core has the following bus interfaces:

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

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

9.1.2 Cortex-MO0+ Peripherals

» System Control Space (SCS)

— The processor provides debug through registers in the SCS. Refer to the Cortex-M0+ Technical Reference
Manual for details (www.arm.com).

* Nested Vectored Interrupt Controller (NVIC)

— External interrupt signals connect to the NVIC, and the NVIC prioritizes the interrupts. Software can set the
priority of each interrupt. The NVIC and the Cortex-M0+ processor core are closely coupled, providing low
latency interrupt processing and efficient processing of late arriving interrupts. Refer to 9.2 Nested Vector
Interrupt Controller and Cortex-MO0+ Technical Reference Manual for details (www.arm.com).

» System Timer (SysTick)

— The System Timer is a 24-bit timer clocked by CLK_CPU that extends the functionality of both the

processor and the NVIC. Refer to Cortex-M0+ Technical Reference Manual for details (www.arm.com).
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When the SysTick Overflow Interrupt is enabled, the RAM Back Bias Control must be disabled (PM-
>STDBYCFG.bit.BBIASHS = 0) before entering Standby Sleep mode.

» System Control Block (SCB)

— The System Control Block provides system implementation information, and system control. This includes
configuration, control, and reporting of the system exceptions. Refer to Cortex-M0+ Devices Generic User
Guide for details (www.arm.com).

* Micro Trace Buffer (MTB)

— The CoreSight MTB-M0+ (MTB) provides a simple execution trace capability to the Cortex-M0O+ processor.
Refer to the section 9.3 Micro Trace Buffer and CoreSight MTB-MO+ Technical Reference Manual for
details (www.arm.com).

* Memory Protection Unit (MPU)

— The Memory Protection Unit divides the memory map into a number of regions, and defines the location,
size, access permissions and memory attributes of each region. Refer to Cortex-MO0+ Devices Generic
User Guide for details (http://www.arm.com)

Cortex-M0+ Address Map
Table 9-2. Cortex-M0+ Address Map

0xEOOOEO00 System Control Space (SCS)

0xEOO00EO10 System Timer (SysTick)

0xEOOOE100 Nested Vectored Interrupt Controller (NVIC)
0xEOOOEDOO System Control Block (SCB)

0xEOOOED90 Memory Protection Unit (MPU)
0x41008000 Micro Trace Buffer (MTB)

1/0O Interface

Overview

Because accesses to the AMBA® AHB-Lite™ and the single cycle I/O interface can be made concurrently, the
Cortex-MO0+ processor can fetch the next instructions while accessing the 1/0s. This enables single cycle 1/0
accesses to be sustained for as long as needed.

Description
Direct access to PORT registers and DIVAS registers.

Nested Vector Interrupt Controller

Overview

The Nested Vectored Interrupt Controller (NVIC) in the PIC32CM MCO00 supports 32 interrupt lines with four different
priority levels. For more details, refer to the Cortex-M0+ Technical Reference Manual (www.arm.com).

Interrupt Line Mapping

Each of the interrupt lines is connected to one peripheral instance, as shown in the table below. Each peripheral can
have one or more interrupt flags, located in the peripheral’s Interrupt Flag Status and Clear (INTFLAG) register.

The interrupt flag is set when the interrupt condition occurs. Each interrupt in the peripheral can be individually
enabled by writing a one to the corresponding bit in the peripheral’s Interrupt Enable Set (INTENSET) register, and
disabled by writing a one to the corresponding bit in the peripheral’s Interrupt Enable Clear (INTENCLR) register.

An interrupt request is generated from the peripheral when the interrupt flag is set and the corresponding interrupt is
enabled.
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The interrupt requests for one peripheral are ORed together on system level, generating one interrupt request for
each peripheral. An interrupt request will set the corresponding interrupt pending bit in the NVIC interrupt pending

registers (SETPEND/CLRPEND bits in ISPR/ICPR).

For the NVIC to activate the interrupt, it must be enabled in the NVIC interrupt enable register (SETENA/CLRENA
bits in ISER/ICER). The NVIC interrupt priority registers IPRO-IPR7 provide a priority field for each interrupt.

Table 9-3. Interrupt Line Mapping, PIC32CM MC00

Peripheral Source

External Interrupt Controller (EIC NMI)

Power Manager (PM)
Main Clock (MCLK)

Oscillators Controller (OSCCTRL)

32 kHz Oscillators Controller (OSC32KCTRL)

Supply Controller (SUPC)
Protection Access Controller (PAC)
Watchdog Timer (WDT)

Real Time Clock (RTC)

External Interrupt Controller (EIC)
Frequency Meter (FREQM)
Temperature Sensor (TSENS)

Non-Volatile Memory Controller (NVMCTRL)
Direct Memory Access Controller (DMAC)

Event System (EVSYS)

Serial Communication Controller 0 (SERCOMO)
Serial Communication Controller 1 (SERCOM1)
Serial Communication Controller 2 (SERCOM2)
Serial Communication Controller 3 (SERCOM3)

Timer Counter for Control 0 (TCCO)
Timer Counter for Control 1 (TCC1)
Timer Counter for Control 2 (TCC2 )
Timer Counter 0 (TCO)

Timer Counter 1 (TC1)

Timer Counter 2 (TC2)

Timer Counter 3 (TC3)

Timer Counter 4 (TC4 )
Analog-to-Digital Converter 0 (ADCO)
Analog-to-Digital Converter 1 (ADC1)
Analog Comparator (AC )
Digital-to-Analog Converter (DAC)

NVIC Line

NMI
0

N

© 00 N O g A 0N
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........... continued
SDADC 25
Position Decoder (PDEC) 26
Reserved 27-31
Note:

1. These modules are not available on all variants. Refer to 1. Configuration Summary.

Micro Trace Buffer

Features
» Program flow tracing for the Cortex-MO+ 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-MO+ processor over the execution
trace interface shared between the Cortex-MO0+ 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. Refer to the CoreSight MTB-MO0+ Technical Reference Manual for details on the MTB execution trace
packet format.

Tracing is enabled when the MASTER.EN bit in the Host Trace Control Register is 1. There are various ways to set
the bit to 1 to start tracing, or to 0 to stop tracing. Refer to the CoreSight Cortex-MO+ Technical Reference Manual
for 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 watermark mechanism is not being used and the trace buffer
overflows, then the buffer wraps around overwriting previous trace packets.

The base address of the MTB registers is 0x41008000, and this address is also written in the CoreSight ROM table.
The offset of each register from the base address is fixed and as defined by the CoreSight MTB-MO+ Technical
Reference Manual. The MTB has 4 programmable registers to control the behavior of the trace features:

» POSITION: Contains the trace write pointer and the wrap bit

* MASTER: Contains the main trace enable bit and other trace control fields

* FLOW: Contains the WATERMARK address and the AUTOSTOP and AUTOHALT control bits

* BASE: Indicates where the SRAM is located in the processor memory map. This register is provided to enable

auto discovery of the MTB SRAM location, by a debug agent.

Refer to the “CoreSight MTB-MO+ Technical Reference Manual” for a detailed description of these registers.
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9.4 High-Speed Bus System

9.4.1 Features
High-Speed Bus Matrix has the following features:
« Symmetric crossbar bus switch implementation
» Allows concurrent accesses from different hosts to different clients
» 32-bit data bus
» Operation at a 1-to-1 clock frequency with the bus hosts

9.4.2 Configuration
Figure 9-1. Host/Client Relation High-Speed Bus Matrix, PIC32CM MC00

2 4 CLIENT ID
3 iiiii < FlexRAM PORT ID
I I  TUETHN

CMO+ 0

- )l H B N NI

DMAC Data |2

MTB (@) >

DMAC WB ‘ ‘ f ‘ ‘ >

DMAC Fetch ‘ ‘ ‘ u >

Table 9-4. Bus Matrix Hosts

Bus Matrix Hosts

Cortex MO+ Processor (CM0O+)
Device Service Unit (DSU)

Direct Memory Access Controller/Data Access (DMAC)

Table 9-5. Bus Matrix Clients

‘ Bus Matrix Clients ‘
Internal Flash Memory

SRAM - CMO+ Access

SRAM - DSU Access
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........... continued
Bus Matrix Clients

AHB-APB Bridge A
AHB-APB Bridge B
AHB-APB Bridge C
SRAM - DMAC Data Access

DIVAS - Divide Accelerator

Table 9-6. SRAM Port Connections

SRAM Port Connection Port ID Connection Type

Cortex MO+ (CMO+) Processor 0 Bus Matrix

Device Service Unit (DSU) 1 Bus Matrix
Direct Memory Access Controller (DMAC) - Data Access 2 Bus Matrix
Direct Memory Access Controller (DMAC) - Fetch Access 0 3 Direct
Direct Memory Access Controller (DMAC) - Fetch Access 1 4 Direct
Direct Memory Access Controller (DMAC) - Write-Back Access 0 5 Direct
Direct Memory Access Controller (DMAC) - Write-Back Access 1 6 Direct
Reserved 7

Reserved 8

Micro Trace Buffer (MTB) 9 Direct

Note: The SMBIST has a direct access to SRAM, by passing the SRAM ports.

SRAM Quality of Service

To ensure that hosts with latency requirements get sufficient priority when accessing SRAM, the different hosts can
be configured to have a given priority for different type of access.

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

Table 9-7. Quality of Service Level Configuration

oo ameTomerpion

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

0x2 MEDIUM Sensitive Latency

0x3 HIGH Critical Latency

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

The priority order for concurrent accesses are decided by two factors. First, the QoS level for the host and second, a
static priority given by the SRAM Port ID as defined in SRAM Port Connections. 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).
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The CPU QoS level can be written/read at address 0x4100A110, bits [1:0]. Its reset value is 0x0.
Refer to the different host registers for configuring their QoS (MRCFG, QoS, and QOSCTRL for DMAC).
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10. Peripherals Configuration Summary
Table 10-1. Peripherals Configuration Summary for PIC32CM MCO00

AHB APB Generic PAC Event
CLK CLK CLK Vents Sleep
Peripheral Base Address Walki
Enabled | Enabled Prot at alking
Generator
atreset | atreset reset

AHB-APB-Bridge A 0x40000000 - Y - N/A
PAC 0x40000000 0 Y Y - 0 N - 81:ACCERR - N/A
PM 0x40000400 0 - Y - 1 N - - - N/A
MCLK 0x40000800 0 - Y - 2 N - - - Y
RSTC 0x40000C00 - - Y - 3 N - - - N/A

0:FDPLL96M clk source
OSCCTRL 0x40001000 0 - Y 4 N - 1:XOSC_FAIL - Y
1:FDPLL96M 32kHz

OSC32KCTRL 0x40001400 0 - Y - 5 N - 2:XOSC32K_FAIL - Y
SUPC 0x40001800 0 - Y - 6 N - - - N/A
GCLK 0x40001C00 - - Y - 7 N - - - N/A

WDT 0x40002000 1 - Y - 8 N - - - Y

3: CMPO/ALARMO

4: CMP1
RTC 0x40002400 2 - Y - 9 N - - Y
5: OVF
6:13: PERO-7
EIC 0x40002800 3, NMI - Y 2 10 N - 14-29:EXTINTO-15 - Y
3: Measure
FREQM 0x40002C00 4 - Y " N - - - N/A
4: Reference
TSENS 0x40003000 5 - N 5: TSENS 12 N 0: START 30: WINMON 1: RESRDY N/A
AHB-APB-Bridge B 0x41000000 - Y - - - - - - - N/A
PORT 0x41000000 - Y - 0 N 1-4: EVO-3 - - Y
DSU 0x41002000 - Y Y - 1 Y - - - N/A
NVMCTRL 0x41004000 6 Y Y - 2 N - - - Y
DMAC 0x41006000 7 Y N/A - 3 N 5-8: CHO-3 31-34: CHO-3 - Y
42: START
MTB 0x41008000 - - N/A - 4 N - - N/A
43: STOP
AHB-APB-Bridge C 0x42000000 - Y - - - - - - - N/A
EVSYS 0x42000000 8 - N 6-17: one per Channel 0 N - - - Y
19: CORE 2: RX
SERCOMO 0x42000400 9 - N 1 N - - Y
18: SLOW 3:TX
20: CORE 4: RX
SERCOM1 0x42000800 10 - N 2 N - - Y
18: SLOW 5: TX
21: CORE 6: RX
SERCOM2 0x42000C00 1 - N 3 N - - Y
18: SLOW 7:TX
© 2021 Microchip Technology Inc. Datasheet DS60001638D-page 35

and its subsidiaries



PIC32CM MCO00 Family

Peripherals Configuration Summary

AHB APB Generic PAC Event
CLK CLK CLK Vents
Sleep

........... continued

Peripheral Base Address Walki
Enabled | Enabled Prot at alking
Generator
atreset | atreset reset

22: CORE 8: RX
SERCOM3 0x42001000 12 - N 4 N - - Y
18: SLOW 9: TX
Reserved 0x42001400 - - - - - - - - - -
35: OVF
9-10: EVO0-1 10: OVF
36: TRG
TCCO 0x42002400 13 - N 23 9 N Y
37: CNT
11-14: MCO0-3 11-14: MCO0-3
38-41: MC0-3
42: OVF
15-16: EV0-1 15: OVF
43: TRG
TCC1 0x42002800 14 - N 23 10 N Y
44: CNT
17-18: MCO-1 16-17: MCO-1
45-46: MCO0-1
47: OVF
19-20: EVO-1 18: OVF
48: TRG
TCC2 0x42002C00 15 - N 24 11 N Y
49: CNT
21-22: MCO-1 19-20: MCO-1
50-51: MCO0-1
52: OVF 21: OVF
TCO 0x42003000 16 - N 25 12 N 23: EVU Y
53-54: MCO0-1 22-23: MCO0-1
55: OVF 24: OVF
TC1 0x42003400 17 - N 25 13 N 24: EVU Y
56-57: MCO-1 25-26: MCO0-1
58: OVF 27: OVF
TC2 0x42003800 18 - N 26 14 N 25: EVU Y
59-60: MCO-1 28-29: MCO0-1
61: OVF 30: OVF
TC3 0x42003C00 19 - N 26 15 N 26: EVU Y
62-63: MCO-1 31-32: MCO-1
64: OVF 33: OVF
TC4 0x42004000 20 - N 27 16 N 27: EVU Y
65-66: MCO-1 34-35: MCO-1
28: START 67: RESRDY
ADCO 0x42004400 21 - N 28 17 N 36: RESRDY Y
29: FLUSH 68: WINMON
30: START 69: RESRDY
ADC1 0x42004800 22 - N 29 18 N 37: RESRDY Y
31: FLUSH 70: WINMON
32: START 71: RESRDY
SDADC 0x42004C00 25 - N 30 19 N 38: RESRDY Y
33: FLUSH 72: WINMON
73-74: COMPO-1
AC 0x42005000 23 - N 33 20 N 34-35: SOCO0-1 - Y
75: WINO
DAC 0x42005400 24 - N 31 21 N 36: START 76: EMPTY 39: EMPTY Y
Reserved 0x42005800 - - - - - - - - - -
CCL 0x42005C00 - - N 32 23 N 37-40: LUTINO-3 = 77-80: LUTOUTO-3 - Y
Reserved 0x42006000 - - - - - - - - - -
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........... continued

AHB APB Generic PAC Event
CLK CLK CLK vents S
Peripheral Base Address

Enabled | Enabled Prot at Walking
Generator
atreset | atreset reset

83: OVF
44: EVUO
84: ERR
85: DIR
PDEC 0x42006800 26 . N 34 26 N 45: EVU1 . Y
86: VLC
87: MCO
46: EVU2
88: MC1
DIVAS 0x48000000 - Y = = - - - . - N/A

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

PAC Write-Protection Register Property:

Some registers are optionally write-protected by the Peripheral Access Controller (PAC).

PAC write protection is denoted by the "PAC Write-Protection" property in each individual register description. For
more details, refer to the PAC - Peripheral Access Controller.

Read-Synchronized, Write-Synchronized Register Property:

Some registers or bit fields within a register require synchronization when read and/or written.

Synchronization is denoted by the "Read-Synchronized" ("Read-Synchronized Bits”) and "Write-Synchronized"
("Write-Synchronized Bits”) property in each individual register description. For more details, refer to Register
Synchronization.

Enable-Protected Register Property:
Some registers or bit fields within a register can only be written when the peripheral is disabled.

Such protection is denoted by the "Enable-Protected" ("Enable-Protected Bits") property in each individual register
description.
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1. Clock System

This chapter only aims to summarize the clock distribution and terminology in the PIC32CM MCO0 device. It will not
explain every detail of its configuration. For in-depth details, refer to the referenced module chapters.

1.1 Clock Distribution
Figure 11-1. Clock distribution
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The clock system on the PIC32CM MCOO consists of these key features:

» Clock sources, controlled by OSCCTRL and OSC32KCTRL

— A Clock source is the base clock signal used in the system. Example clock sources are the internal 48 MHz

oscillator (OSC48M), External crystal oscillator (XOSC) and the Digital phase-locked loop (FDPLL96M).
* Generic Clock Controller (GCLK) which controls the clock distribution system, made up of the following:

— Generic Clock generators: A programmable prescaler, that can use any of the system clock sources as
its source clock. The Generic Clock Generator 0, also called GCLK_MAIN, is the clock feeding the Power
Manager used to generate synchronous clocks.

— Generic Clocks: Typically the clock input of a peripheral on the system. The generic clocks, through the
Generic Clock Multiplexer, can use any of the Generic Clock generators as its clock source. Multiple
instances of a peripheral will typically have a separate generic clock for each instance.

* Main Clock controller (MCLK)

— The MCLK controls synchronous clocks on the system. This includes the CPU, bus clocks (APB, AHB) as
well as the synchronous (to the CPU) user interfaces of the peripherals. It contains clock masks that can
turn on/off the user interface of a peripheral as well as prescalers for the CPU and bus clocks.

The figure below shows an example where SERCOMO is clocked by the OSC48M. The OSC48M is enabled,

the Generic Clock Generator 1 uses the OSC48M as its clock source, and the generic clock 19, also called
GCLK_SERCOMO_CORE, that is connected to SERCOMO uses generator 1 as its source. The SERCOMO interface,
clocked by CLK_SERCOMO_APB, has been unmasked in the APBC Mask register in the MCLK.
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Figure 11-2. Example of SERCOM clock
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Synchronous and Asynchronous Clocks

As the CPU and the peripherals can be clocked from different clock sources, possibly with widely different clock
speeds, some peripheral accesses by the CPU needs to be synchronized between the different clock domains. In
these cases the peripheral includes a SYNCBUSY status register that can be used to check if a sync operation is in
progress. As the nature of the synchronization might vary between different peripherals, detailed description for each
peripheral can be found in the sub-chapter “synchronization” for each peripheral where this is necessary.

In the datasheet references to synchronous clocks are referring to the CPU and bus clocks, while asynchronous
clocks are clock generated by generic clocks.

Register Synchronization

Overview

All peripherals are composed of one digital bus interface, which is connected to the APB or AHB bus and

clocked using a corresponding synchronous clock, and one core clock, which is clocked using a generic clock.
Access between these clock domains must be synchronized. As this mechanism is implemented in hardware the
synchronization process takes place even if the different clocks domains are clocked from the same source and on
the same frequency. All registers in the bus interface are accessible without synchronization. All core registers in the
generic clock domain must be synchronized when written. Some core registers must be synchronized when read.
Registers that need synchronization has this denoted in each individual register description.

General Write-Synchronization

Inside the same module, each core register, denoted by the Write-Synchronized property, use its own synchronization
mechanism so that writing to different core registers can be done without waiting for the end of synchronization of
previous core register access.

However, a second write access to the same core register, while synchronization is on going, is discarded and an
error is reported through the PAC. To write again to the same core register in the same module, user must wait for the
end of synchronization.

For each core register, that can be written, a synchronization status bit is associated
Example:
REGA, REGB are 8-bit core registers. REGC is 16-bit core register.

N

0x00 REGA
0x01 REGB
0x02
REGC
0x03
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Since synchronization is per register, users can write REGA (8-bit access) then immediately write REGB (8-bit
access) without error.

Users can write REGC (16-bit access) without affecting REGA or REGB. But if user writes REGC in two consecutive
8-bit accesses, second write will be discarded and generate an error.

When users makes a 32-bit access to offset 0x00, all registers are written but REGA, REGB, REGC can be updated
at a different time because of independent write synchronization

General Read-Synchronization
Before any read of a core register, the user must check the related bit in the SYNCBUSY register is cleared.

Read access to core register is always immediate but the return value is reliable only if a synchronization of this core
register is not going.

Completion of Synchronization

The user can either poll the SYNCBUSY register or use the Synchronization Ready interrupt (if available) to check
when the synchronization is complete.

Enable Write-Synchronization

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

Software Reset Write-Synchronization

Writing a one to the Software Reset bit in CTRL (CTRL.SWRST) will also trigger write-synchronization and set
SYNCBUSY.SWRST. When writing a one to the CTRL.SWRST bit it will immediately read as one. CTRL.SWRST
and SYNCBUSY.SWRST will be cleared by hardware when the peripheral has been reset. Writing a zero to the
CTRL.SWRST bit has no effect. The Synchronization Ready interrupt (if available) cannot be used for Software
Reset write-synchronization.

Synchronization Delay
The synchronization will delay the read/write access duration by a delay D, as shown in the equation below:

5-PgeLk T2 Papg <D <6-PgerLk + 3 - Papp
Where:

PicLi is the period of the generic clock and Pppg is the period of the peripheral bus clock. A normal peripheral bus
register access duration is 2 - Papg.

Enabling a Peripheral

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

* A running clock source.

» Aclock 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 Main Clock Controller (MCLK). If this is not
done the peripheral registers will read as all 0’s and any writes to the peripheral will be discarded.
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Figure 11-3. Clock request routing
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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, through 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 given below:

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 given below:

Delay stop min = 1 * divided clock source period + 1 * clock source period
Delay stop max = 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).

Power Consumption vs. Speed

Due to the nature of the asynchronous clocking of the peripherals, users need to consider either targeting a low-
power or a fast-acting system. If clocking a peripheral with a very low clock, the active power consumption of the
peripheral will be lower. At the same time the synchronization to the synchronous (CPU) clock domain is dependent
on the peripheral clock speed, and will be longer with a slower peripheral clock, giving lower response time and more
time waiting for the synchronization to complete.

Clocks after Reset
On any reset, the synchronous clocks start to their initial state:

» 0OSC48M is enabled and divided by 12
*  GCLK_MAIN uses OSC48M as source
« CPU and BUS clocks are undivided

On a power reset the GCLK starts to their initial state:

» All generic clock generators disabled except:
— The generator 0 (GCLK_MAIN) using OSC48M as source, with no division
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» All generic clocks disabled
On a user reset the GCLK starts to their initial state, except for:
* Generic clocks that are write-locked (WRTLOCK is written to one prior to reset)

On any reset, the clock sources are reset to their initial state except the 32.768 kHz clock sources which are reset
only by a power reset.
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Generic Clock Controller (GCLK)

Overview
Depending on the application, peripherals may require specific clock frequencies to operate correctly. The Generic
Clock controller (GCLK) features 9 Generic Clock Generators 0..8 that can provide a wide range of clock frequencies.

Generators can be set to use different external and internal oscillators as source. The clock of each Generator can
be divided. The outputs from the Generators are used as sources for the Peripheral Channels, which provide the
Generic Clocks (GCLK_PERIPH) to the peripheral modules, as shown in the 12.3 Block Diagram. The number of
peripheral clocks depends on how many peripherals the device has.

Note: The Generic Clock Generator 0 is always the direct source of the GCLK_MAIN signal.

Features
» Provides a device-defined, configurable number of Peripheral Channel clocks
* Wide frequency range:
— Various clock sources
— Embedded dividers

Block Diagram

The generation of Peripheral Clock signals (GCLK_PERIPH) and the Main Clock (GCLK_MAIN) can be seen in the
figure below.

Figure 12-1. Device Clocking Diagram

GENERIC CLOCK CONTROLLER

Generic Clock Generator

XOsC [

[
[

OSCCTRL

FDPLL96M [
0OSC48M

Peripheral Channel

Bl
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OSC32KCTRL Clock Clock

XOSC32K —> Divider & Gate
Masker

OSCULP32K

i

0OSC32K -

GCLK_IO

GCLK_MAIN

MCLK
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The GCLK block diagram is shown below:
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Figure 12-2. Generic Clock Controller Block Diagram

GCLK_MAIN
Generic Clock Generator 0 >
GCLK_IO[0]
Clock Sources Clock GCLK_GENIO] (/0 output)
GCLK_IO[0] Divider &
(/0 input) Masker
Generic Clock Generator 1 GCLK_IO[1]
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Generic Clock Generator x GCLK_IO[x]
(/0 output)
Clock GCLK_GEN[x]
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Peripheral Channel m
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Divider & xfrom2to 7
Masker m from 0 to 34

Signal Description
Table 12-1. GCLK Signal Description

GCLK_I0[7:0](1:23) Digital /0

Notes:
1. One signal can be mapped on several pins.

Clock source for Generators when
input

Generic Clock signal when output

2. Each GCLK_IO[x] signal is connected to the related Generic Clock Generator x, for x in [7:0].

3. There is no GCLK 108 input or output for the Generic Clo

Peripheral Dependencies

0x40001C00 =

Functional Description

Principle of Operation

The GCLK module is comprised of nine Generic Clock Generato
Channels and the Main Clock signal GCLK_MAIN.

AMBCLK |  APBOLK | GenericCLK owa |
Sleep Walking
Enabled at reset | Enabled at reset mm Prot at reset mm
- Y - 7 N - - - -

ck Generator 8.

Events

rs (Generators) sourcing up to 34 Peripheral
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A clock source selected as input to a Generator can either be used directly, or it can be prescaled in the Generator.
A generator output is used by one or more Peripheral Channels to provide a peripheral generic clock signal
(GCLK_PERIPH) to the peripherals.

Basic Operation

Initialization

Before a Generator is enabled, the corresponding clock source should be enabled. The Peripheral clock must be
configured as outlined by the following steps:

1. The Generator must be enabled (GENCTRLn.GENEN=1) and the division factor must be set
(GENTRLN.DIVSEL and GENCTRLnN.DIV) by performing a single 32-bit write to the Generator Control register
(GENCTRLnN).

2. The Generic Clock for a peripheral must be configured by writing to the respective Peripheral Channel Control
register (PCHCTRLm). The Generator used as the source for the Peripheral Clock must be written to the
GEN bit field in the Peripheral Channel Control register (PCHCTRLmM.GEN). Ensure the Peripheral Channel is
enabled (PCHCTRLmM.CHEN=1) before configuring the associated peripheral.

Note: Each Generator n is configured by one dedicated register GENCTRLn. Each Peripheral Channel m is
configured by one dedicated register PCHCTRLm. Refer to the Table 12-9 for the mapping of a peripheral to index m.

Enabling, Disabling, and Resetting
The GCLK module has no enable/disable bit to enable or disable the whole module.
The GCLK is reset by setting the Software Reset bit in the Control A register (CTRLA.SWRST) to 1. All registers in

the GCLK will be reset to their initial state, except for Peripheral Channels and associated Generators that have their
Write Lock bit set to 1 (PCHCTRLmM.WRTLOCK). For further details, refer to 12.6.2.10.4 Configuration Lock.

Generic Clock Generator

Each Generator (GCLK_GEN) can be set to run from one of nine different clock sources except GCLK_GENI1],
which can be set to run from one of eight sources. GCLK_GENI1] is the only Generator that can be selected as
source to others Generators.

Each generator GCLK_GEN]x] (except GCLK_GEN(8]) can be connected to one specific pin GCLK_IO[x]. A pin
GCLK_IQ[x] can be set either to act as source to GCLK_GEN][x] or to output the clock signal generated by
GCLK_GENI[x].

The selected source can be divided. Each Generator can be enabled or disabled independently.

Each GCLK_GEN clock signal can then be used as clock source for Peripheral Channels. Each Generator output can
be allocated to one or more Peripherals.

GCLK_GENIO0] is used as GCLK_MAIN for the synchronous clock controller inside the 13. Main Clock (MCLK). Refer
to the Main Clock Controller description for details on the synchronous clock generation.

Figure 12-3. Generic Clock Generator

™~

Clock Sources —_—>

_

GCLKGENSRC Clock GCLKGEN
—_—p Gate >
_ > DIVIDER

GCLK_IO .—>

(Except for Generator 8)
GENCTRL.DIVSEL
GENCTRL.SRC
GENCTRL.DIV

GENCTRL.GENEN
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Enabling a Generator

A Generator is enabled by writing a '1' to the Generator Enable bit in the Generator Control register
(GENCTRLN.GENEN = 1).

Disabling a Generator

A Generator is disabled by writing a '0' to GENCTRLn.GENEN. When GENCTRLn.GENEN = 0, the GCLK_GEN[n]
clock is disabled and gated.

Selecting a Clock Source for the Generator

Each Generator can individually select a clock source by setting the Source Select bit group in the Generator Control
register (GENCTRLNn.SRC).

Changing from one clock source, for example A, to another clock source, B, can be done on the fly: If clock source
B is not ready, the Generator will continue using clock source A. As soon as source B is ready, the Generator

will switch to it. During the switching operation, the Generator maintains clock requests to both clock sources A
and B, and will release source A as soon as the switch is done. The according bit in the SYNCBUSY register
(SYNCBUSY.GENCTRLn) will remain '1" until the switch operation is completed.

Before switching the Generic Clock Generator 0 (GCLKGENQO) from a clock source A to another clock source B,
enable the ONDEMAND feature of the clock source A to ensure a proper transition from clock source A to clock
source B.

Only Generator 1 can be used as a common source for all other generators.

Changing the Clock Frequency

The selected source for a Generator can be divided by writing a division value in the Division Factor bit field of the
Generator Control register (GENCTRLnN.DIV). How the actual division factor is calculated is depending on the Divide
Selection bit (GENCTRLN.DIVSEL).

If GENCTRLN.DIVSEL= 0 and GENCTRLn.DIV is either 0 or 1, the output clock will be undivided.

Note: The number of available DIV bits may vary from Generator to Generator.

Duty Cycle
When dividing a clock with an odd division factor, the duty-cycle will not be 50/50. Setting the Improve Duty Cycle bit
of the Generator Control register (GENCTRLn.IDC) will result in a 50/50 duty cycle.

External Clock
The output clock (GCLK_GEN) of each Generator can be sent to I/0O pins (GCLK_IO).

If the Output Enable bit in the Generator Control register is set (GENCTRLn.OE = 1) and the generator is enabled
(GENCTRLNn.GENEN=1), the Generator requests its clock source and the GCLK_GEN clock is output to an 1/O pin.
If GCLK_IO is selected as a generator source in the GENCTRLN.SRC bit field, the external clock will be used as

a source for GCLKn. When using an external GCLK_|O as a source for Generic Clock Generator 0 (GCLKGENO),
ensure the external source has stabilized before assigning to the GCLKGENO and disabling the previous clock
source. The GCLK_1O does not have a status ready signal for an external input source. This can be achieved in
software by counting clock pulses for a known time period (eg: using RTC or FREQM).

Note: The I/O pin (GCLK/IO[n]) must first be configured as a GCLK output by writing the corresponding 27. 1/0 Pin
Controller (PORT) registers.

If GENCTRLnN.OE is 0, the according I/O pin is set to an Output Off Value, which is selected by GENCTRLn.OOV: If
GENCTRLN.OQV is '0', the output clock will be low. If this bit is '1', the output clock will be high.

In Standby mode, if the clock is output (GENCTRLN.OE=1), the clock on the 1/O pin is frozen to the OOV value if the
Run In Standby bit of the Generic Control register (GENCTRLn.RUNSTDBY) is zero. If GENCTRLn.RUNSTDBY is
1", the GCLKGEN clock is kept running and output to the I/O pin.
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12.6.2.10 Peripheral Clock
Figure 12-4. Peripheral Clock
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12.6.2.10.1 Enabling a Peripheral Clock
Before a Peripheral Clock is enabled, one of the Generators must be enabled (GENCTRLn.GENEN) and selected as
source for the Peripheral Channel by setting the Generator Selection bits in the Peripheral Channel Control register
(PCHCTRLmM.GEN). Any available Generator can be selected as clock source for each Peripheral Channel. Refer to
Table 12-9 for the mapping of the peripheral to index m.)

When a Generator has been selected, the peripheral clock is enabled by setting the Channel Enable bit in the
Peripheral Channel Control register, PCHCTRLmM.CHEN = 1. The PCHCTRLm.CHEN bit must be synchronized to
the generic clock domain. PCHCTRLm.CHEN will continue to read as its previous state until the synchronization is
complete.

12.6.2.10.2 Disabling a Peripheral Clock
A Peripheral Clock is disabled by writing PCHCTRLmM.CHEN = 0. The PCHCTRLmM.CHEN bit must be synchronized
to the Generic Clock domain. PCHCTRLm.CHEN will stay in its previous state until the synchronization is complete.
The Peripheral Clock is gated when disabled.

12.6.2.10.3 Selecting the Clock Source for a Peripheral
When changing a peripheral clock source by writing to PCHCTRLm.GEN, the peripheral clock must be disabled
before re-enabling it with the new clock source setting. The following actions prevent glitches during the transition:

1. Disable the Peripheral Channel by writing PCHCTRLmM.CHEN = 0.

2. Assertthat PCHCTRLmM.CHEN reads '0'".

3. Change the source of the Peripheral Channel by writihng PCHCTRLmM.GEN.
4. Re-enable the Peripheral Channel by writing PCHCTRLm.CHEN = 1.

12.6.2.10.4 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). After this, 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.

This rule does not apply to 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 PCHCTRLmM.CHEN are set to '1" again.

12.6.2.11 Additional Features

12.6.2.11.1 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.
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Refer to PCHCTRLmM.SRC for details on PCHCTRLm reset.
12.6.2.12 Sleep Mode Operation

12.6.2.12.1 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 first 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 the pin. When set, the GCLK can continuously output the
generator output to the GCLK_IO[n] pin. Refer to 12.6.2.9 External Clock for details.

12.6.2.12.2 Minimize Power Consumption in Standby
The following table identifies when a Clock Generator is off in Standby mode, minimizing the power consumption:

Table 12-2. Clock Generator n Activity in Standby Mode

Request for Clock n present GENCTRLN.RUNSTDBY GENCTRLN.OE Clock Generator n
yes - -

active

no 1 1 active
no 1 0 OFF
no 0 1 OFF
no 0 0 OFF

12.6.2.12.3 Entering Standby Mode
There may occur a delay when the device is put into Standby mode, before the power is turned off. This
delay is caused by running Clock Generators: if the Run in the Standby bit in the Generator Control register
(GENCTRLN.RUNSTDBY) is '0', GCLK must verify that the clock is turned off. The duration of this verification is
frequency-dependent.

12.6.2.13 Synchronization
Due to asynchronicity between the main clock domain and the peripheral clock domains, some registers must be
synchronized when written or read.

An exception is the Channel Enable bit in the Peripheral Channel Control registers (PCHCTRLmM.CHEN). When
changing this bit, the bit value must be read-back to ensure the synchronization is complete and to assert glitch free
internal operation. Note that changing the bit value under ongoing synchronization will not generate an error.

Synchronization is denoted by the "Read-Synchronized" and "Write-Synchronized" property in each individual register
description.

For more details, refer to Register Synchronization.
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Register Summary

CTRLA SWRST
Reserved
7:0 GENCTRL5 | GENCTRL4 = GENCTRL3 | GENCTRL2 | GENCTRL1 | GENCTRLO SWRST
SYNCBUSY 15:8 GENCTRL8 | GENCTRL7 | GENCTRL6
23:16
31:24
Reserved
7:0 SRCI[4:0]
GENCTRLO 15:8 RUNSTDBY DIVSEL OE ooV IDC GENEN
23:16 DIV[7:0]
31:24 DIV[15:8]
7:0 SRCI[4:0]
GENCTRLA 15:8 RUNSTDBY DIVSEL OE ooV IDC GENEN
23:16 DIV[7:0]
31:24 DIV[15:8]
7:0 SRCI[4:0]
GENCTRL2 15:8 RUNSTDBY DIVSEL OE ooV IDC GENEN
23:16 DIV[7:0]
31:24 DIV[15:8]
7:0 SRCI[4:0]
GENCTRL3 15:8 RUNSTDBY DIVSEL OE ooV IDC GENEN
23:16 DIV[7:0]
31:24 DIV[15:8]
7:0 SRCI[4:0]
GENCTRL4 15:8 RUNSTDBY DIVSEL OE ooV IDC GENEN
23:16 DIV[7:0]
31:24 DIV[15:8]
7:0 SRCI[4:0]
GENCTRLS 15:8 RUNSTDBY DIVSEL OE ooV IDC GENEN
23:16 DIV[7:0]
31:24 DIV[15:8]
7:0 SRCI[4:0]
GENCTRLS 15:8 RUNSTDBY DIVSEL OE ooV IDC GENEN
23:16 DIV[7:0]
31:24 DIV[15:8]
7:0 SRCI[4:0]
GENCTRL? 15:8 RUNSTDBY DIVSEL OE ooV IDC GENEN
23:16 DIV[7:0]
31:24 DIV[15:8]
7:0 SRCI[4:0]
GENCTRLS 15:8 RUNSTDBY DIVSEL OE ooV IDC GENEN
23:16 DIV[7:0]
31:24 DIV[15:8]
Reserved
7:0 WRTLOCK CHEN GEN[3:0]
15:8
PCHCTRLO 2316
31:24
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........... continued
XN T TS N O B A DR BN A N
7:0 WRTLOCK CHEN GENI3:0]
0x0108 PCHCTRL34 15:8
23:16
31:24
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12.7.1 Control A

Name: CTRLA
Offset: 0x00
Reset: 0x00

Property: PAC Write-Protection, Write-Synchronized Bits

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

Bit 0 — SWRST Software Reset

Writing a zero to this bit has no effect.

Setting this bit to ‘1’ will reset all registers in the GCLK to their initial state after a Power Reset, except for generic
clocks and associated Generators that have their WRTLOCK bit in PCHCTRLm set to ‘1’

Refer to GENCTRL Reset Value for details on GENCTRLn register reset.

Refer to PCHCTRL Reset Value for details on PCHCTRLm register reset.

Note: CTRLA.SWRST is a write-synchronized bit: SYNCBUSY.SWRST must be checked to ensure the
CTRLA.SWRST synchronization is complete.

Value Description

0 There is no Reset operation ongoing.
1 A Reset operation is ongoing.
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12.7.2 Synchronization Busy

Name: SYNCBUSY
Offset: 0x04
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
GENCTRLS8 GENCTRL7 GENCTRL6
Access R R R
Reset 0 0 0
Bit 7 6 5 4 3 2 1 0
GENCTRL5 GENCTRL4 GENCTRL3 GENCTRL2 GENCTRLA1 GENCTRLO SWRST
Access R R R R R R R
Reset 0 0 0 0 0 0 0

Bits 2, 3,4, 5,6,7,8,9, 10 - GENCTRLx Generator Control n Synchronization Busy [x = 8..0]

This bit is cleared when the synchronization of the Generator Control n register (GENCTRLn) between clock domains
is complete, or when clock switching operation is complete.

This bit is set when the synchronization of the Generator Control n register (GENCTRLnN) between clock domains is
started.

Bit 0 — SWRST Software Reset Synchronization Busy
This bit is cleared when the synchronization of the CTRLA.SWRST register bit between clock domains is complete.
This bit is set when the synchronization of the CTRLA.SWRST register bit between clock domains is started.
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12.7.3 Generator Control

Name: GENCTRLN

Offset: 0x20 + n*0x04 [n=0..8]

Reset: 0x00000106 for GENCTRLO, 0x00000000 for others
Property: -

GENCTRLn controls the settings of Generic Generator n (n=0..8). The reset value is 0x00000106 for Generator n=0,
else 0x00000000

Note: GENCTRLn is a write-synchronized register: SYNCBUSY.GENCTRLn must be checked to ensure the
GENCTRLn synchronization is complete.

Bit 31 30 29 28 27 26 25 24
| DIV[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 23 22 21 20 19 18 17 16
DIV[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
RUNSTDBY DIVSEL OE ooV IDC GENEN
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 X
Bit 7 6 5 4 3 2 1 0
SRCI[4:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 X

Bits 31:16 — DIV[15:0] Division Factor

These bits represent a division value for the corresponding Generator. The actual division factor used is dependent
on the state of DIVSEL. The number of relevant DIV bits for each Generator can be seen in this table. Written bits
outside of the specified range will be ignored.

Table 12-3. Division Factor Bits

Generic Clock Generator Division Factor Bits

Generator 0 8 division factor bits - DIV[7:0]
Generator 1 16 division factor bits - DIV[15:0]
Generator 2-8 8 division factor bits - DIV[7:0]

Bit 13 — RUNSTDBY Run in Standby

This bit is used to keep the Generator running in Standby as long as it is configured to output to a dedicated
GCLK_IO pin. If GENCTRLN.OE is zero, this bit has no effect and the generator will only be running if a peripheral
requires the clock.

Value Description

0 The Generator is stopped in Standby and the GCLK_1O pin state (one or zero) will be dependent on
the setting in GENCTRL.OOV.

1 The Generator is kept running and output to its dedicated GCLK_IO pin during Standby mode.

Bit 12 — DIVSEL Divide Selection
This bit determines how the division factor of the clock source of the Generator will be calculated from DIV. If the
clock source should not be divided, DIVSEL must be 0 and the GENCTRLn.DIV value must be either 0 or 1.
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Value Description
0 The Generator clock frequency equals the clock source frequency divided by GENCTRLn.DIV.
1 The Generator clock frequency equals the clock source frequency divided by 2/ (GENCTRLn.DIV+1).

Bit 11 — OE Output Enable
This bit is used to output the Generator clock output to the corresponding pin (GCLK_10), as long as GCLK_|O

is not defined as the Generator source in the GENCTRLN.SRC bit field. This feature only applies to GCLK Clock
Generators 0 to 7. (GCLK Generator 8 does not have a GCLK_IO pin)

Value Description

0 No Generator clock signal on pin GCLK_IO.

1 The Generator clock signal is output on the corresponding GCLK_IO, unless GCLK_1O is selected as a

generator source in the GENCTRLN.SRC bit field.

Bit 10 — OOV Output Off Value
This bit is used to control the clock output value on pin (GCLK_IO) when the Generator is turned off or the OE bit is
zero, as long as GCLK_IO is not defined as the Generator source in the GENCTRLN.SRC bit field. This feature only
applies to GCLK Clock Generators 0 to 7. (GCLK Generator 8 does not have a GCLK_|O pin)

Value Description

0 The GCLK_IO will be LOW when generator is turned off or when the OE bit is zero.

1 The GCLK_IO will be HIGH when generator is turned off or when the OE bit is zero.

Bit 9 — IDC Improve Duty Cycle

This bit is used to improve the duty cycle of the Generator output to 50/50 for odd division factors.
Value Description
0 Generator output clock duty cycle is not balanced to 50/50 for odd division factors.
1 Generator output clock duty cycle is 50/50.

Bit 8 — GENEN Generator Enable
This bit is used to enable and disable the Generator.

Value Description
0 Generator is disabled.
1 Generator is enabled.

Bits 4:0 — SRC[4:0] Generator Clock Source Selection
These bits select the Generator clock source, as shown in this table.

Table 12-4. Generator Clock Source Selection

0x0 XOSC XOSC oscillator output

0x1 GCLKIN Generator input pad (GCLK_IO)
0x2 GCLKGEN1 Generic clock generator 1 output
0x3 OSCULP32K OSCULP32K oscillator output
0x4 OSC32K OSC32K oscillator output

0x5 XOSC32K XOSC32K oscillator output

0x6 OSC48M OSC48M oscillator output

0x7 FDPLL96M DPLL96M output

0x8-0x1F Reserved -

A Power Reset will reset all GENCTRLn registers. the Reset values of the GENCTRLn registers are shown in table
below.

Table 12-5. GENCTRLnN Reset Value after a Power Reset

GCLK Generator Reset Value after a Power Reset
0 0x00000106
others 0x00000000
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A User Reset will reset the associated GENCTRL register unless the Generator is the source of a locked Peripheral
Channel (PCHCTRLM.WRTLOCK=1). The reset values of the GENCTRL register are as shown in the table below.

Table 12-6. GENCTRLn Reset Value after a User Reset

GCLK Generator | Reset Value after a User Reset

0 0x00000106
others No change if the generator is used by a Peripheral Channel m with PCHCTRLm.WRTLOCK=1

else 0x00000000
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12.7.4 Peripheral Channel Control
Name: PCHCTRLm
Offset: 0x80 + m*0x04 [m=0..34]
Reset: 0x00000000
Property: PAC Write-Protection
PCHTRLm controls the settings of Peripheral Channel number m (m=0..34).
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
WRTLOCK CHEN GEN[3:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 7 — WRTLOCK Write Lock

After this bit is set to '1', further writes to the PCHCTRLm register will be discarded. The control register of the
corresponding Generator n (GENCTRLn), as assigned in PCHCTRLmM.GEN, will also be locked. It can only be
unlocked by a Power Reset.

Note that Generator 0 cannot be locked.

Value Description
0 The Peripheral Channel register and the associated Generator register are not locked
1 The Peripheral Channel register and the associated Generator register are locked

Bit 6 - CHEN Channel Enable
This bit is used to enable and disable a Peripheral Channel.

Value Description

0 The Peripheral Channel is disabled
1 The Peripheral Channel is enabled

Bits 3:0 — GEN[3:0] Generator Selection
This bit field selects the Generator to be used as the source of a peripheral clock, as shown in the table below:

Table 12-7. Generator Selection

0x0 Generic Clock Generator 0
0x1 Generic Clock Generator 1
0x2 Generic Clock Generator 2
0x3 Generic Clock Generator 3
0x4 Generic Clock Generator 4
0x5 Generic Clock Generator 5
0x6 Generic Clock Generator 6
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........... continued

0x7 Generic Clock Generator 7
0x8 Generic Clock Generator 8
0x9 - OxF Reserved

Table 12-8. Reset Value after a User Reset or a Power Reset

m PCHCTRLM.GEN PCHCTRLm.CHEN PCHCTRLmM.WRTLOCK
0 0x0 0x0

Power Reset Ox

User Reset If WRTLOCK =0 If WRTLOCK =0 No change
: 0x0 : 0x0
If WRTLOCK = 1: no change If WRTLOCK = 1: no change

A Power Reset will reset all the PCHCTRLm registers.
A User Reset will reset a PCHCTRL if WRTLOCK=0, or else, the content of that PCHCTRL remains unchanged.
PCHCTRL register Reset values are shown in the table PCHCTRLm Mapping.

Table 12-9. PCHCTRLm Mapping

0 GCLK_DPLL FDPLL96M input clock source for reference
1 GCLK_DPLL_32K FDPLL96M 32kHz clock for FDPLL96M internal lock timer
2 GCLK_EIC EIC

3 GCLK_FREQM_MSR FREQM Measure

4 GCLK_FREQM_REF FREQM Reference

5 GCLK_TSENS TSENS

6 GCLK_EVSYS_CHANNEL_O EVSYS_CHANNEL_O
7 GCLK_EVSYS_CHANNEL_1 EVSYS_CHANNEL_1
8 GCLK_EVSYS_CHANNEL_2 EVSYS_CHANNEL_2
9 GCLK_EVSYS_CHANNEL_3 EVSYS_CHANNEL_3
10 GCLK_EVSYS_CHANNEL_4 EVSYS_CHANNEL_4
11 GCLK_EVSYS_CHANNEL_5 EVSYS_CHANNEL_5
12 GCLK_EVSYS_CHANNEL_6 EVSYS_CHANNEL_6
13 GCLK_EVSYS_CHANNEL_7 EVSYS_CHANNEL_7
14 GCLK_EVSYS_CHANNEL_8 EVSYS_CHANNEL_8
15 GCLK_EVSYS_CHANNEL_9 EVSYS_CHANNEL_9
16 GCLK_EVSYS_CHANNEL_10 EVSYS_CHANNEL_10
17 GCLK_EVSYS_CHANNEL_11 EVSYS_CHANNEL_11
18 GCLK_SERCOM][0:3]_SLOW SERCOM]J0:3]_SLOW
19 GCLK_SERCOMO0_CORE SERCOMO_CORE

20 GCLK_SERCOM1_CORE SERCOM1_CORE

21 GCLK_SERCOM2_CORE SERCOM2_CORE

22 GCLK_SERCOM3_CORE SERCOM3_CORE

23 GCLK_TCCO, GCLK_TCC1 TCCO,TCC1

24 GCLK_TCC2 TCC2

25 GCLK_TCO, GCLK_TCA1 TCO,TC1

26 GCLK_TC2, GCLK_TC3 TC2,TC3

27 GCLK_TC4 TC4

28 GCLK_ADCO ADCO

29 GCLK_ADC1 ADC1

30 GCLK_SDADC SDADC

31 GCLK_DAC DAC

32 GCLK_CCL CCL

33 GCLK_AC AC

34 GCLK_PDEC PDEC
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13.  Main Clock (MCLK)

13.1  Overview
The Main Clock (MCLK) controls the synchronous clock generation of the device.
Using a clock provided by the Generic Clock Module (GCLK_MAIN), the Main Clock Controller provides synchronous
system clocks to the CPU and the modules connected to the AHBx and the APBx buses. The synchronous system
clocks are divided into a number of clock domains. Each clock domain can run at different frequencies, enabling
the user to save power by running peripherals at a relatively low clock frequency, while maintaining high CPU
performance or vice versa. In addition, the clock can be masked for individual modules, enabling the user to minimize
power consumption.

13.2 Features
* Generates CPU, AHB, and APB system clocks
— Clock source and division factor from GCLK
— Clock prescaler with 1x to 128x division
» Safe run-time clock switching from GCLK
* Module-level clock gating through maskable peripheral clocks

13.3 Block Diagram
Figure 13-1. MCLK Block Diagram

CLK_APBx

CLK_AHBx

GCLK_MAIN MAIN
CLOCK CONTROLLER

CLK_CPU

13.4 Peripheral Dependencies

AHB CLK APB CLK Generic CLK PAC m
Peripheral | Base Address Sleep Walking
Enabled at reset | Enabled at reset mm Prot at reset m Generator m
- Y - 2 N - - -

MCLK 0x40000800 0
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13.5 Functional Description

13.5.1 Principle of Operation
The GCLK_MAIN clock signal from the GCLK module is the source for the main clock, which in turn is the common
root for the synchronous clocks for the CPU, APBx, and AHBx modules. The GCLK_MAIN is divided by an 8-bit
prescaler. Each of the derived clocks can run from any divided or undivided main clock, ensuring synchronous clock
sources for each clock domain. The clock domain (CPU) can be changed on the fly to respond to variable load in the
application. The clocks for each module in a clock domain can be masked individually to avoid power consumption in
inactive modules. Depending on the Sleep mode, some clock domains can be turned off.

13.5.2 Basic Operation

13.5.2.1 Initialization
After a Reset, the default clock source of the GCLK_MAIN clock is started and calibrated before the CPU starts
running. The GCLK_MAIN clock is selected as the main clock without any prescaler division.

By default, only the necessary clocks are enabled.

13.5.2.2 Enabling, Disabling, and Resetting
The MCLK module is always enabled and cannot be reset.

13.5.2.3 Selecting the Main Clock Source
Refer to the Generic Clock Controller description for details on how to configure the clock source of the GCLK_MAIN
clock.

13.5.2.4 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 — f main
CPU = CPUDIV

If the application attempts to write forbidden values in the CPUDIV register, the register is 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 13-2. Synchronous Clock Selection and Prescaler

Sleep mode
Sleep Controller

L lock | CLK_APB_HS

ate

]
]
Ik_apb_ipn'
k_apb_ip1 |
lk_apb_ip0

]

]

0
Ik_ahb_ipn
k_ahb_ip1 1
lk_ahb_ip0 }

]

]

]

]

]

]

]

]

]

lock | CLK_AHB_HS

ate

GCLKMAIN

lock CLK_CPU
Prescaler gate >

am

13.5.2.5 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

© 2021 Microchip Technology Inc. Datasheet DS60001638D-page 59
and its subsidiaries



13.5.2.6

13.5.3

13.54

PIC32CM MCO00 Family
Main Clock (MCLK)

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.

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 (AHBMASK and APBxMASK) to '0'/'1'. The default state of the peripheral clocks is given by the
peripheral bit reset value in AHBMASK and APBxMASK registers.

When the APB clock is not provided to a module, its registers cannot be read or written. The module can be
re-enabled later by writing the corresponding mask bit to '1'.

A module may be connected to several clock domains (for instance, AHB and APB), in which case it will have several
mask bits.

Clocks must be switched off only if it is certain that the module will not be used: Switching off the clock for the NVM
Controller (NVMCTRL) will cause a problem if the CPU needs to read from the Flash memory. Switching off the clock
to the MCLK module (which contains the mask registers) or the corresponding APBx bridge, will make it impossible to
write the mask registers again. In this case, they can only be re-enabled by a system reset.

Interrupts
The peripheral has the following interrupt sources:

» Clock Ready (CKRDY): indicates that CPU clocks are ready. This interrupt is a synchronous wake-up source.

Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear
(13.6.3 INTFLAG) register is set when the interrupt condition occurs. Each interrupt can be enabled individually by
writing a '1' to the corresponding enabling bit in the Interrupt Enable Set (INTENSET) register, and disabled by writing
a '1' to the corresponding clearing bit in the Interrupt Enable Clear (INTENCLR) register.

An interrupt request is generated when the interrupt flag is set and the corresponding interrupt is enabled. The
interrupt request remains active until the interrupt flag is cleared, the interrupt is disabled or the peripheral is reset.
An interrupt flag is cleared by writing a '1' to the corresponding bit in the 13.6.3 INTFLAG register. Each peripheral
can have one interrupt request line per interrupt source or one common interrupt request line for all the interrupt
sources. If the peripheral has one common interrupt request line for all the interrupt sources, the user must read the
13.6.3 INTFLAG register to determine which interrupt condition is present.

Sleep Mode Operation
In Idle Sleep mode, the MCLK is still running on the selected main clock.

In Standby Sleep mode, the MCLK is frozen if no synchronous clock is required.
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Register Summary

I I = 2 I AR AN (T I I R

0x00
0x01
0x02
0x03
0x04
0x05
0x0F

0x10

0x14

0x18

0x1C

Reserved
INTENCLR 7:0 CKRDY
INTENSET 7:0 CKRDY
INTFLAG 7:0 CKRDY
CPUDIV 7:0 CPUDIV[7:0]
Reserved
7:0 DMAC HSRAM NVMCTRL | HMATRIXHS DSU APBC APBB APBA
AHBMASK 15:8 DIVAS PAC
23:16
31:24
7:0 GCLK SUPC OSC3iKCTR OSCCTRL RSTC MCLK PM PAC
APBAMASK 15:8 TSENS FREQM EIC RTC WDT
23:16
31:24
7:0 HMATRIXHS NVMCTRL DSU PORT
15:
APBBMASK 58
23:16
31:24
7:0 SERCOM3 = SERCOM2 | SERCOM1 &= SERCOMO EVSYS
15:
APBCMASK 5:8 TC3 TC2 TC1 TCO TCC2 TCC1 TCCO
23:16 CCL DAC AC SDADC ADC1 ADCO TC4
31:24 PDEC
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13.6.1 Interrupt Enable Clear

Name: INTENCLR
Offset: 0x01
Reset: 0x00

Property: PAC Write-Protection

This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes in this
register will also be reflected in the Interrupt Enable Set (INTENSET) register.

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

Bit 0 — CKRDY Clock Ready Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will clear the Clock Ready Interrupt Enable bit and the corresponding interrupt request.

Value Description

0 The Clock Ready interrupt is enabled and will generate an interrupt request when the Clock Ready
Interrupt Flag is set.
1 The Clock Ready interrupt is disabled.
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13.6.2 Interrupt Enable Set

Name: INTENSET
Offset: 0x02
Reset: 0x00

Property: PAC Write-Protection

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.

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

Bit 0 — CKRDY Clock Ready Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will set the Clock Ready Interrupt Enable bit and enable the Clock Ready interrupt.

Value Description

0 The Clock Ready interrupt is disabled.
1 The Clock Ready interrupt is enabled.
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13.6.3 Interrupt Flag Status and Clear

Name: INTFLAG
Offset: 0x03
Reset: 0x01
Property: -
Bit 7 6 5 4 3 2 1 0
CKRDY
Access R/W
Reset 1

Bit 0 - CKRDY Clock Ready
This flag is set when the synchronous CPU, APBx, and AHBx clocks have frequencies as indicated in the CLKCFG

registers and will generate an interrupt if INTENCLR/SET.CKRDY is '1'.
Writing a '0' to this bit has no effect.
Writing a '1' to this bit clears the Clock Ready interrupt flag.
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13.6.4 CPU Clock Division

Name: CPUDIV
Offset: 0x04
Reset: 0x01

Property: PAC Write-Protection

Bit 7 6 5 4 3 2 1 0
CPUDIV[7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 1

Bits 7:0 — CPUDIV[7:0] CPU Clock Division Factor
These bits define the division ratio of the main clock prescaler related to the CPU clock domain.
Frequencies must never exceed the specified maximum frequency for each clock domain.

Value Name Description
0x01 DIV1 Divide by 1
0x02 DIV2 Divide by 2
0x04 Div4 Divide by 4
0x08 DIV8 Divide by 8
0x10 DIV16 Divide by 16
0x20 DIV32 Divide by 32
0x40 DIV64 Divide by 64
0x80 DIV128 Divide by 128
others - Reserved
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13.6.5 AHB Mask

Name: AHBMASK
Offset: 0x10
Reset: 0x0000005FF

Property: PAC Write-Protection

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
DIVAS PAC
Access R/W R/W
Reset 1 1
Bit 7 6 5 4 3 2 1 0
DMAC HSRAM NVMCTRL HMATRIXHS DSU APBC APBB APBA
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 10 — DIVAS DIVAS AHB Clock Enable

Value Description
0 The AHB clock for the DIVAS is stopped.
1 The AHB clock for the DIVAS is enabled.

Bit 8 - PAC PAC AHB Clock Enable

Value Description
0 The AHB clock for the PAC is stopped.
1 The AHB clock for the PAC is enabled.

Bit 7 - DMAC DMAC AHB Clock Enable

Value Description
0 The AHB clock for the DMAC is stopped.
1 The AHB clock for the DMAC is enabled.

Bit 6 - HSRAM HSRAM AHB Clock Enable

Value Description
0 The AHB clock for the HSRAM is stopped.
1 The AHB clock for the HSRAM is enabled.

Bit 5—- NVMCTRL NVMCTRL AHB Clock Enable

Value Description
0 The AHB clock for the NVMCTRL is stopped.
1 The AHB clock for the NVMCTRL is enabled.

Bit 4 - HMATRIXHS HMATRIXHS AHB Clock Enable

Value Description
0 The AHB clock for the HMATRIXHS is stopped.
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Value Description
1 The AHB clock for the HMATRIXHS is enabled.

Bit 3 — DSU DSU AHB Clock Enable

Value Description
0 The AHB clock for the DSU is stopped.
1 The AHB clock for the DSU is enabled.

Bit 2 - APBC APBC AHB Clock Enable

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

Bit 1 — APBB APBB AHB Clock Enable

Value Description
0 The AHB clock for the APBB is stopped.
1 The AHB clock for the APBB is enabled.

Bit 0 - APBA APBA AHB Clock Enable

Value Description
0 The AHB clock for the APBA is stopped.
1 The AHB clock for the APBA is enabled.
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13.6.6 APBA Mask

Name: APBAMASK
Offset: 0x14
Reset: 0x00000FFF

Property: PAC Write-Protection

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
TSENS | FREQM | EIC RTC WDT
Access R/W R/W R/W R/W R/W
Reset 0 1 1 1 1
Bit 7 6 5 4 3 2 1 0
GCLK SUPC OSC32KCTRL| OSCCTRL RSTC MCLK PM PAC
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 12 — TSENS TSENS APBA Clock Enable

Value Description
0 The APBA clock for the TSENS is disabled.
1 The APBA clock for the TSENS is enabled.

Bit 11 - FREQM FREQM APBA Clock Enable

Value Description
0 The APBA clock for the FREQM is disabled.
1 The APBA clock for the FREQM is enabled.

Bit 10 — EIC EIC APBA Clock Enable

Value Description
0 The APBA clock for the EIC is disabled.
1 The APBA clock for the EIC is enabled.

Bit 9 — RTC RTC APBA Clock Enable

Value Description
0 The APBA clock for the RTC is disabled.
1 The APBA clock for the RTC is enabled.

Bit 8 - WDT WDT APBA Clock Enable

Value Description
0 The APBA clock for the WDT is disabled.
1 The APBA clock for the WDT is enabled.

Bit 7 — GCLK GCLK APBA Clock Enable

Value Description
0 The APBA clock for the GCLK is disabled.
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Value Description
1 The APBA clock for the GCLK is enabled.

Bit 6 — SUPC SUPC APBA Clock Enable

Value Description

0 The APBA clock for the SUPC is disabled.
1 The APBA clock for the SUPC is enabled.

Bit 5 — OSC32KCTRL OSC32KCTRL APBA Clock Enable
Value Description
0 The APBA clock for the OSC32KCTRL is disabled.
1 The APBA clock for the OSC32KCTRL is enabled.

Bit 4 - OSCCTRL OSCCTRL APBA Clock Enable

Value Description
0 The APBA clock for the OSCCTRL is disabled.
1 The APBA clock for the OSCCTRL is enabled.

Bit 3 - RSTC RSTC APBA Clock Enable

Value Description
0 The APBA clock for the RSTC is disabled.
1 The APBA clock for the RSTC is enabled.

Bit 2 - MCLK MCLK APBA Clock Enable

Value Description
0 The APBA clock for the MCLK is disabled.
1 The APBA clock for the MCLK is enabled.

Bit 1 — PM PM APBA Clock Enable

Value Description
0 The APBA clock for the PM is disabled.
1 The APBA clock for the PM is enabled.

Bit 0 — PAC PAC APBA Clock Enable

Value Description
0 The APBA clock for the PAC is disabled.
1 The APBA clock for the PAC is enabled.
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13.6.7 APBB Mask
Name: APBBMASK
Offset: 0x18
Reset: 0x00000007
Property: PAC Write-Protection
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
HMATRIXHS NVMCTRL DSU PORT
Access R/W R/W R/W R/W
Reset 0 1 1 1

Bit 5 - HMATRIXHS HMATRIXHS APBB Clock Enable

Value Description
0 The APBB clock for the HMATRIXHS is stopped
1 The APBB clock for the HMATRIXHS is enabled

Bit 2 - NVMCTRL NVMCTRL APBB Clock Enable

Value Description
0 The APBB clock for the NVMCTRL is stopped
1 The APBB clock for the NVMCTRL is enabled

Bit 1 - DSU DSU APBB Clock Enable

Value Description
0 The APBB clock for the DSU is stopped
1 The APBB clock for the DSU is enabled

Bit 0 - PORT PORT APBB Clock Enable

Value Description
0 The APBB clock for the PORT is stopped.
1 The APBB clock for the PORT is enabled.
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13.6.8

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

APBC Mask

Name: APBCMASK
Offset: 0x1C

Reset: 0x00000000

Property: PAC Write-Protection

31 30 29 28 27 26 25 24
PDEC
RwW
0
23 22 21 20 19 18 17 16
CCL DAC AC SDADC ADC1 ADCO TC4
R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0
15 14 13 12 1" 10 9 8
TC3 TC2 TC1 TCO TCC2 TCC1 TCCO
R/wW R/wW R/wW R/wW R/wW RwW R/W
0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
SERCOMS3 SERCOM2 SERCOM1 SERCOMO EVSYS
R/W R/W R/W R/W R/W
0 0 0 0 0

Bit 26 —- PDEC PDEC APBC Clock Enable

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

Bit 23 — CCL CCL APBC Clock Enable

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

Bit 21 — DAC DAC APBC Mask Clock Enable

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

Bit 20 - AC AC APBC Mask Clock Enable

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

Bit 19 — SDADC SDADC APBC Clock Enable

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

Bit 18 — ADC1 ADC1 APBC Clock Enable

Value Description
0 The APBC clock for the ADC1 is stopped.
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Value Description
1 The APBC clock for the ADC1 is enabled.

Bit 17 — ADCO0 ADCO APBC Clock Enable

Value Description

0 The APBC clock for the ADCQO is stopped.
1 The APBC clock for the ADCO is enabled.

Bit 16 — TC4 TC4 APBC Mask Clock Enable

Value Description

0 The APBC clock for the TC4 is stopped.
1 The APBC clock for the TC4 is enabled.

Bit 15 — TC3 TC3 APBC Mask Clock Enable

Value Description

0 The APBC clock for the TC3 is stopped.
1 The APBC clock for the TC3 is enabled.

Bit 14 — TC2 TC2 APBC Mask Clock Enable

Value Description

0 The APBC clock for the TC2 is stopped.
1 The APBC clock for the TC2 is enabled.

Bit 13 — TC1 TC1 APBC Mask Clock Enable

Value Description
0 The APBC clock for the TC1 is stopped.
1 The APBC clock for the TC1 is enabled.

Bit 12 - TC0 TCO APBC Mask Clock Enable

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

Bit 11 — TCC2 TCC2 APBC Mask Clock Enable

Value Description
0 The APBC clock for the TCC2 is stopped.
1 The APBC clock for the TCC2 is enabled.

Bit 10 - TCC1 TCC1 APBC Mask Clock Enable

Value Description
0 The APBC clock for the TCC1 is stopped.
1 The APBC clock for the TCC1 is enabled.

Bit 9 — TCCO TCCO APBC Mask Clock Enable

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

Bit 4 - SERCOM3 SERCOM3 APBC Mask Clock Enable

Value Description
0 The APBC clock for the SERCOMS3 is stopped.
1 The APBC clock for the SERCOMS3 is enabled.

Bit 3 — SERCOM2 SERCOM2 APBC Mask Clock Enable

Value Description
0 The APBC clock for the SERCOM2 is stopped.
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Value Description
1 The APBC clock for the SERCOM2 is enabled.

Bit 2 - SERCOM1 SERCOM1 APBC Mask Clock Enable

Value Description
0 The APBC clock for the SERCOM1 is stopped.
1 The APBC clock for the SERCOM1 is enabled.

Bit 1 - SERCOM0 SERCOMO APBC Mask Clock Enable

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

Bit 0 — EVSYS EVSYS APBC Clock Enable

Value Description
0 The APBC clock for the EVSYS is stopped.
1 The APBC clock for the EVSYS is enabled.
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14. Oscillators Controller (OSCCTRL)

141 Overview

The Oscillators Controller (OSCCTRL) provides a user interface to the XOSC, OSC48M and FDPLL96M modules,
refer to the OSC32KCTRL chapter for the user interface to the 32.768 kHz oscillators.

Through the interface registers, it is possible to enable, disable, calibrate, and monitor the OSCCTRL oscillators.

All oscillators statuses are collected in the Status register (STATUS). They can additionally trigger interrupts upon
status changes through the INTENSET, INTENCLR, and INTFLAG registers.

14.2 Features

* 0.4-32 MHz Crystal Oscillator (XOSC)

— Tunable gain control

— Programmable start-up time

* 48 MHz Internal Oscillator (OSC48M)

— Fast start-up

— Programmable start-up time
— 4-bit linear divider available
» Fractional Digital Phase Locked Loop (FDPLL96M)

— 48 MHz to 96 MHz output frequency

— 32 kHz to 2 MHz reference clock
— A selection of sources for the reference clock

— Adjustable proportional integral controller

Crystal or external input clock on XIN 1/0
Clock failure detection with safe clock switch
Clock failure event output

— Fractional part used to achieve 1/16th of reference clock step

14.3 Block Diagram

Figure 14-1. OSCCTRL Block Diagram
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Signal Description

Sara omsrion S,

XIN Multipurpose Crystal Oscillator or external clock generator input Analog input

XOUT Multipurpose Crystal Oscillator output Analog output

The 1/O lines are automatically selected when XOSC is enabled.

Peripheral Dependencies

Peripheral | Base Address Sleep Walking

OSCCTRL

14.6

14.6.1

14.6.2

Enabled at reset | Enabled at reset “m Prot at reset mm

0: FDPLL96M clk
0x40001000 0 - Y SOUICE 4 N = - - Y
1: FDPLL96M 32kHz

Functional Description

Principle of Operation

The XOSC, OSC48M, and FDPLL96M are configured through the OSCCTRL Control registers. Through this
interface these oscillators are enabled, disabled, or have their calibration values updated.

The Status register gathers different status signals coming from the oscillators controlled by the OSCCTRL. These
status signals can be used to generate system interrupts, and in some cases wake the system from Sleep mode,
provided the corresponding interrupt is enabled.

External Multipurpose Crystal Oscillator (XOSC) Operation
The XOSC can operate in the following different modes:

» External clock, with an external clock signal connected to the XIN pin
» Crystal oscillator, with an external 0.4-32MHz crystal connected to the XIN and XOUT pins

The XOSC can be used as a clock source for generic clock generators. This is configured by the Generic Clock
Controller (GCLK).

At reset, the XOSC is disabled, and the XIN/XOUT pins can be used as General Purpose /O (GPIO) pins or by other
peripherals in the system. When XOSC is enabled, the operating mode determines the GPIO usage. When in crystal
oscillator mode, the XIN and XOUT pins are controlled by the OSCCTRL, and GPIO functions are overridden on both
pins. When in external clock mode, only the XIN pin will be overridden and controlled by the OSCCTRL, while the
XOUT pin can still be used as a GPIO pin.

The XOSC is enabled by writing a '1' to the Enable bit in the External Multipurpose Crystal Oscillator Control register
(XOSCCTRL.ENABLE). The XOSC is disabled by clearing the Enable bit. When disabling the XOSC it is important
only to write the Enable bit to '0' before additional changes are made to the XOSC register.

To enable XOSC as an external crystal oscillator, the XTAL Enable bit (XOSCCTRL.XTALEN) must be written to '1'. If
XOSCCTRL.XTALEN is zero, the external clock input on XIN will be enabled.

When in crystal oscillator mode (XOSCCTRL.XTALEN = 1), the External Multipurpose Crystal Oscillator Gain
(XOSCCTRL.GAIN) must be set to match the external crystal oscillator frequency. If the External Multipurpose
Crystal Oscillator Automatic Amplitude Gain Control (XOSCCTRL.AMPGC) is '1', the oscillator amplitude will be
automatically adjusted, and in most cases result in a lower power consumption. Setting the XOSCCTRL.AMPGC still
requires the proper gain setting (XOSCCTRL.GAIN) for the external crystal.
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The XOSC will behave differently in different sleep modes, based on the settings of XOSCCTRL.RUNSTDBY,
XOSCCTRL.ONDEMAND, and XOSCCTRL.ENABLE. If XOSCCTRL.ENABLE = 0, the XOSC will be always
stopped. For XOSCCTRL.ENABLE = 1, this table is valid:

Table 14-1. XOSC Sleep Behavior

CPU Mode XOSCCTRL RUNSTDB | XOSCCTRL.ONDEMA | Sleep Behavior
ND

Active or Idle Always run
Active or Idle - 1 Run if requested by peripheral
Standby 1 0 Always run
Standby 1 1 Run if requested by peripheral
Standby 0 - Run if requested by peripheral

After a hard reset, or when waking up from a Sleep mode where the XOSC was disabled, the XOSC will need

time to stabilize on the correct frequency, depending on the external crystal specification. This start-up time can be
configured by changing the Oscillator Start-Up Time bit group (XOSCCTRL.STARTUP) in the External Multipurpose
Crystal Oscillator Control register. During the start-up time, the oscillator output is masked to ensure that no unstable
clock propagates to the digital logic.

The External Multipurpose Crystal Oscillator Ready bit in the Status register (STATUS.XOSCRDY) is set once the
external clock or crystal oscillator is stable and ready to be used as a clock source. An interrupt is generated on a
zero-to-one transition on STATUS.XOSCRDY if the External Multipurpose Crystal Oscillator Ready bit in the Interrupt
Enable Set register (INTENSET.XOSCRDY) is set.

Clock Failure Detection Operation

The Clock Failure Detector (CFD) allows the user to monitor the external clock or crystal oscillator signal provided
by the external oscillator (XOSC). The CFD detects failing operation of the XOSC clock with reduced latency, and
supports switching to a safe clock source in case of clock failure. The user can also switch from the safe clock back
to XOSC in case of recovery. The safe clock is derived from the OSC48M oscillator with a configurable prescaler.
This allows configuring the safe clock in order to fulfill the operative conditions of the microcontroller.

In sleep modes, CFD operation is automatically disabled when the external oscillator is not requested to run by a
peripheral. See the Sleep Behavior table above when this is the case.

The user interface registers allow to enable, disable, and configure the CFD. The Status register provides status
flags on failure and clock switch conditions. The CFD can optionally trigger an interrupt or an event when a failure is
detected.

Clock Failure Detection
The CFD is disabled at reset. The CFD does not monitor the XOSC clock when the oscillator is disabled
(XOSCCTRL.ENABLE = 0).

Before starting CFD operation, the user must start and enable the safe clock source (OSC48M oscillator).

CFD operation is started by writing a '1' to the CFD Enable bit in the External Oscillator Control register
(XOSCCTRL.CFDEN). After starting or restarting the XOSC, the CFD does not detect failure until the start-up time
has elapsed. The start-up time is configured by the Oscillator Start-Up Time in the External Multipurpose Crystal
Oscillator Control register (XOSCCTRL.STARTUP). Once the XOSC Start-Up Time is elapsed, the XOSC clock is
constantly monitored.

During a period of 4 safe clocks (monitor period), the CFD watches for a clock activity from the XOSC. There must
be at least one rising and one falling XOSC clock edge during 4 safe clock periods to meet non-failure conditions.

If no or insufficient activity is detected, the failure status is asserted: The Clock Failure Detector status bit in the
Status register (STATUS.XOSCFAIL) and the Clock Failure Detector interrupt flag bit in the Interrupt Flag register
(INTFLAG.XOSCFAIL) are set. If the XOSCFAIL bit in the Interrupt Enable Set register INTENSET.XOSCFAIL) is
set, an interrupt is generated. If the Event Output enable bit in the Event Control register (EVCTRL.CFDEOQ) is set, an
output event is generated.
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After a clock failure is issued the monitoring of the XOSC clock continues, and the Clock Failure Detector

status bit in the Status register (STATUS.XOSCFAIL) reflects the current XOSC activity. If the CFD is disabled
(XOSCCTRL.CFDEN=0) the XOSC must be disabled (XOSCCTRL.ENABLE=0) before re-enabling the CFD. Not
following this guideline can lead to a false clock failure detection.

When the XOSC Clock Failure Detector is enabled (XOSCCTRL.CFDEN=1) and a failure is detected
(STATUS.XOSCFAIL=1), the XOSC ready bit is not cleared (STATUS.XOSCRDY=1). When checking the XOSC
ready status, the state of the XOSC clock failure status (STATUS.XOSCFAIL) must be checked before the XOSC
ready status bit and dismiss the XOSC ready status if the XOSC clock failure status is set (STATUS.XOSCFAIL=1).

Clock Switch

When a clock failure is detected, the XOSC clock is replaced by the safe clock in order to maintain an active

clock during the XOSC clock failure. The safe clock source is the OSC48M oscillator clock. The safe clock source
frequency can be scaled down by a configurable prescaler to ensure that the safe clock frequency does not exceed
the operating conditions selected by the application. When the XOSC clock is switched to the safe clock, the Clock
Switch bit in the Status register (STATUS.XOSCCKSW) is set.

When the CFD has switched to the safe clock, the XOSC is not disabled. If desired, the application must take the
necessary actions to disable the oscillator. The application must also take the necessary actions to configure the
system clocks to continue normal operations.

In case the application can recover the XOSC, the application can switch back to the XOSC clock by writing a '1' to
Switch Back Enable bit in the Clock Failure Control register (XOSCCTRL.SWBEN). Once the XOSC clock is switched
back, the Switch Back bit (XOSCCTRL.SWBEN) is cleared by hardware.

Prescaler

The CFD has an internal configurable prescaler to generate the safe clock from the OSC48M oscillator. The prescaler
size allows to scale down the OSC48M oscillator so the safe clock frequency is not higher than the XOSC clock
frequency monitored by the CFD. The division factor is 2*P, with P being the value of the CFD Prescaler bits in the
CFD Prescaler Register (CFDPRESC.CFDPRESC).

Example 14-1.

For an external crystal oscillator at 0.4 MHz and the OSC48M frequency at 16 MHz, the
CFDPRESC.CFDPRESC value must be set scale down by more than factor 16/0.4 = 80, for
example, to 128, for a safe clock of adequate frequency.

Event

If the Event Output Enable bit in the Event Control register (EVCTRL.CFDEO) is set, the CFD clock failure will be
output on the Event Output. When the CFD is switched to the safe clock, the CFD clock failure will not be output on
the Event Output.

Sleep Mode
The CFD is halted depending on configuration of the XOSC and the peripheral clock request. For further details, refer
to the Sleep Behavior table above. The CFD interrupt can be used to wake up the device from sleep modes.

48 MHz Internal Oscillator (OSC48M) Operation

The OSC48M is an internal oscillator operating in open-loop mode and generating 48 MHz frequency. The OSC48M
frequency is selected by writing to the Division Factor field in the OSC48MDIV register (OSC48MDIV.DIV). OSC48M
is enabled by writing '1' to the Oscillator Enable bit in the OSC48M Control register (OSC48MCTRL.ENABLE), and
disabled by writing a '0' to this bit.

After enabling OSC48M, the OSC48M clock is output as soon as the oscillator is ready (STATUS.OSC48MRDY = 1).
User must ensure that the OSC48M is disabled before enabling it by reading STATUS.OSC48MRDY = 0.
After reset, OSC48M is enabled and serves as the default clock source at 4MHz.

OSC48M will behave differently in different sleep modes based on the settings of OSC48MCTRL.RUNSTDBY,
OSC48MCTRL.ONDEMAND, and OSC48MCTRL.ENABLE. If OSC48MCTRL.ENABLE = 0, the OSC48M will be
always stopped. For OSC48MCTRL.ENABLE = 1, the table below is valid:
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Table 14-2. OSC48M Sleep Behavior

CPU Mode OSC48MCTRL.RUNST | OSC48MCTRL.ONDEM | Sleep Behavior
DBY AND

Active or Idle Always run
Active or Idle - 1 Run if requested by peripheral
Standby 1 0 Always run
Standby 1 1 Run if requested by peripheral
Standby 0 - Run if requested by peripheral

After a hard reset, or when waking up from a Sleep mode where the OSC48M was disabled, the OSC48M will need
time to stabilize on the correct frequency (refer to 43. Electrical Characteristics 85°C). This start-up time can be
configured by changing the Oscillator Start-Up Delay bit group (OSC48MSTUP.STARTUP) in the OSC48M Startup
register. During the start-up time, the oscillator output is masked to ensure that no unstable clock propagates to

the digital logic. The OSC48M Ready bit in the Status register (STATUS.OSC48MRDY) is set when the oscillator

is stable and ready to be used as a clock source. An interrupt is generated on a zero-to-one transition on
STATUS.OSC48MRDY if the OSC48M Ready bit in the Interrupt Enable Set register (INTENSET.OSC48MRDY)

is set.

Faster start-up times are achievable by selecting shorter delays. However, the oscillator frequency may not stabilize
within tolerances when short delays are used. If a fast start-up time is desired at the expense of initial accuracy, the
division factor should be set to two or higher (OSC48MDIV.DIV > 0).

The OSC48M is used as a clock source for the generic clock generators. The OSC48M supports the change of
frequency while running with a write to the OSC48M Divider register (OSC48MDIV.DIV). The OSC48M must be
running and the OSC48M on demand bit (OSC48MCTRL.ONDEMAND) must be cleared when the OSC48MDIV.DIV
is changed, to ensure synchronization is complete. The OSC48M must remain enabled until the sync busy flag
returns to '0' (OSC48MSYNCBUSY.OSC48MDIV = 0).

Digital Phase-Locked Loop (FDPLL96M) Operation
The task of the DPLL is to maintain coherence between the input (reference) signal and the respective output
frequency, CLK_DPLL through phase comparison. The DPLL controller supports three independent sources of
reference clocks:

» XOSC32K: This clock is provided by the 32.768 kHz External Crystal Oscillator (XOSC32K).

+ XOSC: This clock is provided by the External Multipurpose Crystal Oscillator (XOSC).

*  GCLK: This clock is provided by the Generic Clock Controller.

When the controller is enabled, the relationship between the reference clock frequency and the output clock
frequency is calculated as below:

_ LDRFRAC 1
fCK = fCKR X (LDR +1+ 16 ) X ZPRESC

Where, fck is the frequency of the DPLL output clock, LDR is the loop divider ratio integer part, LDRFRAC is the loop
divider ratio fractional part, fckr is the frequency of the selected reference clock, and PRESC is the output prescaler
value.
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Figure 14-2. DPLL Block Diagram
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When the controller is disabled, the output clock is low. If the Loop Divider Ratio Fractional part bit field in the DPLL
Ratio register (DPLLRATIO.LDRFRAC) is zero, the DPLL works in integer mode. Otherwise, the fractional mode is
activated. The fractional part has a negative impact on the jitter of the DPLL.

For example (integer mode only): assuming Fckr = 32 kHz and Fck = 48 MHz, the multiplication
ratio is 1500. It means that LDR shall be set to 1499.

For example (fractional mode): assuming Fckr = 32 kHz and Fck = 48.006 MHz, the multiplication
ratio is 1500.1875 (1500 + 3/16). Thus LDR is set to 1499 and LDRFRAC to 3.

14.6.5.1 Basic Operation

14.6.5.1.1 Initialization, Enabling, Disabling, and Resetting
The DPLL is enabled by writing a '1' to the Enable bit in the DPLL Control A register (DPLLCTRLA.ENABLE). The
DPLL is disabled by writing a zero to this bit.

The DPLLSYNCBUSY.ENABLE is set when the DPLLCTRLA.ENABLE bit is modified. It is cleared when the
DPLL output clock CK has sampled the bit at the high level after enabling the DPLL. When disabling the DPLL,
DPLLSYNCBUSY.ENABLE is cleared when the output clock is no longer running.

Figure 14-3. Enable Synchronization Busy Operation
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The frequency of the DPLL output clock CK is stable when the module is enabled and when the Lock bit in the DPLL
Status register is set (DPLLSTATUS.LOCK).

When the Lock Time bit field in the DPLL Control B register (DPLLCTRLB.LTIME) is non-zero, a user defined lock
time is used to validate the lock operation. In this case the lock time is constant. If DPLLCTRLB.LTIME = 0, the lock
signal is linked with the status bit of the DPLL, and the lock time varies depending on the filter selection and the final
target frequency.

When the Wake Up Fast bit (DPLLCTRLB.WUF) is set, the wake up fast mode is activated. In this mode the clock
gating cell is enabled at the end of the startup time. At this time the final frequency is not stable, as it is still during the
acquisition period, but it allows to save several milliseconds. After first acquisition, the clock gater (CG) generating
the output clock CLK_DPLL is gated by the LOCK signal when the Lock Bypass bit (DPLLCTRLB.LBYPASS) is
cleared or is not gated and delivers the output clock CLK_DPLL immediately when DPLLCTRLB.LBYPASS is set.

Table 14-3. CLK_DPLL Behavior from Startup to First Edge Detection

m LTIME CLK_DPLL Behavior

0 0 Normal Mode: First Edge when lock is asserted
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........... continued

m LTIME CLK_DPLL Behavior
0 Not Equal To Zero  Lock Timer Timeout mode: First Edge when the timer down-counts to 0.
1 X Wake Up Fast Mode: First Edge when CK is active (startup time)

Table 14-4. CLK_DPLL Behavior after First Edge Detection

LBYPASS |CLK_DPLL Behavior

0 Normal Mode: the CLK_DPLL is turned off when lock signal is low.
1 Lock Bypass Mode: the CLK_DPLL is always running, lock is irrelevant.

Figure 14-4. CK and CLK_DPLL Output from DPLL Off Mode to Running Mode
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14.6.5.1.2 Reference Clock Switching
When a software operation requires reference clock switching, the recommended procedure is to turn the DPLL into
the Standby mode, modify the DPLLCTRLB.REFCLK to select the desired reference source, and activate the DPLL
again.

14.6.5.1.3 Output Clock Prescaler
The DPLL controller includes an output prescaler. This prescaler provides three selectable output clocks CK, CKDIV2
and CKDIV4. The Prescaler bit field in the DPLL Prescaler register (DPLLPRESC.PRESC) is used to select a new
output clock prescaler. When the prescaler field is modified, the DPLLSYNCBUSY.DPLLPRESC bit is set. It will be
cleared by hardware when the synchronization is over.

Figure 14-5. Output Clock Switching Operation
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14.6.5.1.4 Loop Divider Ratio Updates

The DPLL Controller supports on-the-fly update of the DPLL Ratio Control (DPLLRATIO) register only
when the GCLK_DPLL_32K (GCLK.PCHCTRL1) is configured and enabled. The FDPLL reference clock
(DPLLCTRLB.REFCLK) can still be set to one of the three options (XOSC, XOSC32K, GCLK) as long as
GCLK_DPLL_32K is active.

STATUS.DPLLLDRTO is set when the DPLLRATIO register has been modified and the DPLL analog cell has
successfully sampled the updated value. At that time the DPLLSTATUS.LOCK bit is cleared and set again by
hardware when the output frequency reached a stable state.

Figure 14-6. RATIOCTRL register update operation
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14.6.5.1.5 Digital Filter Selection

14.6.6

The PLL digital filter (Pl controller) is automatically adjusted to provide a good compromise between stability and
jitter. However, a software operation can override the filter setting using the Filter bit field in the DPLL Control B
register (DPLLCTRLB.FILTER). The Low-Power Enable bit (DPLLCTRLB.LPEN) can be used to bypass the Time to
Digital Converter (TDC) module.

Interrupts
The OSCCTRL has the following interrupt sources:
» XOSCRDY - Multipurpose Crystal Oscillator Ready: A 0-to-1 transition on the STATUS.XOSCRDY bit is
detected
»  XOSCFAIL - Clock Failure. A 0-to-1 transition on the STATUS.XOSCFAIL bit is detected

* OSC48MRDY - 48 MHz Internal Oscillator Ready: A 0-to-1 transition on the STATUS.OSC48MRDY bit is
detected

* DPLL-related:
— DPLLLOCKR - DPLL Lock Rise: A 0-to-1 transition of the STATUS.DPLLLOCKR bit is detected
— DPLLLOCKF - DPLL Lock Fall: A 0-to-1 transition of the STATUS.DPLLLOCKF bit is detected
— DPLLLTTO - DPLL Lock Timer Time-out: A 0-to-1 transition of the STATUS.DPLLLTTO bit is detected
— DPLLLDRTO - DPLL Loop Divider Ratio Update Complete. A 0-to-1 transition of the STATUS.DPLLLDRTO
bit is detected
All these interrupts are synchronous wake-up sources.

Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear
register (INTFLAG) is set when the interrupt condition occurs.

Each interrupt can be individually enabled by writing a '1' to the corresponding bit in the Interrupt Enable Set register
(INTENSET), and disabled by writing a '1' to the corresponding bit in the Interrupt Enable Clear register INTENCLR).
As both INTENSET and INTENCLR always reflect the same value, the status of interrupt enablement can be read
from either register.

An interrupt request is generated when the interrupt flag is set and the corresponding interrupt is enabled. The
interrupt request remains active until the interrupt flag is cleared, the interrupt is disabled, or the OSCCTRL is reset.
Refer to the INTFLAG register for details on how to clear interrupt flags.
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The OSCCTRL has one common interrupt request line for all the interrupt sources. The user must read the INTFLAG
register to determine which interrupt condition is present. Refer to the INTFLAG register for details.

Note: The interrupts must be globally enabled for interrupt requests to be generated.

Events
The CFD can generate the following output event:

» Clock Failure (XOSCFAIL): Generated when the Clock Failure status bit is set in the Status register
(STATUS.XOSCFAIL). The CFD event is not generated when the Clock Switch bit (STATUS.XOSCCKSW) in the
Status register is set.

Writing a '1' to an Event Output bit in the Event Control register (EVCTRL.CFDEOQO) enables the CFD output event.
Writing a '0' to this bit disables the CFD output event. Refer to the Event System chapter for details on configuring the
event system.

Synchronization

0SC48M
Due to the multiple clock domains, values in the OSC48M control registers need to be synchronized to other clock
domains.

When executing an operation that requires synchronization, the relevant synchronization bit in the Synchronization
Busy register (OSC48MSYNCBUSY) will be set immediately, and cleared when synchronization is complete.
The following registers need synchronization when written:

* OSC48M Divider register (OSC48MDIV)

FDPLL96M
Due to the multiple clock domains, some registers in the FDPLL96M must be synchronized when accessed.

When executing an operation that requires synchronization, the relevant synchronization bit in the Synchronization
Busy register (DPLLSYNCBUSY) will be set immediately, and cleared when synchronization is complete.
The following bits need synchronization when written:

» Enable bit in control register A (DPLLCTRLA.ENABLE)

» DPLL Ratio register (DPLLRATIO)

» DPLL Prescaler register (DPLLPRESC)
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14.7 Register Summary

IEN TN T I IO I I T N N O

OSC48MRDY XOSCFAIL | XOSCRDY
15:8 DPLLLDRTO  DPLLLTO DPLLLCKF | DPLLLCKR
0x00 INTENCLR
23:16
31:24
7:0 OSC48MRDY XOSCFAIL | XOSCRDY
15:8 DPLLLDRTO  DPLLLTO DPLLLCKF | DPLLLCKR
0x04 INTENSET
23:16
31:24
7:0 OSC48MRDY XOSCFAIL | XOSCRDY
15:8 DPLLLDRTO  DPLLLTO DPLLLCKF | DPLLLCKR
0x08 INTFLAG
23:16
31:24
7:0 OSC48MRDY XOSCCKSW | XOSCFAIL | XOSCRDY
15:8 DPLLLDRTO  DPLLLTO DPLLLCKF | DPLLLCKR
0x0C STATUS
23:16
31:24
7:0 ONDEMAND | RUNSTDBY SWBEN CFDEN XTALEN ENABLE
0x10 XOSCCTRL
15:8 STARTUP[3:0] AMPGC GAIN[2:0]
0x12 CFDPRESC 7:0 CFDPRESCJ[2:0]
0x13 EVCTRL 7:0 CFDEO
0x14 OSC48MCTRL 7:0 ONDEMAND | RUNSTDBY ENABLE
0x15 OSC48MDIV 7:0 DIV[3:0]
0x16 OSC48MSTUP 7:0 STARTUP[2:0]
0x17 Reserved
7:0 0OSC48MDIV
0x18 OSC48MSYNCBUS 15:8
Y 23:16
31:24
0x1C DPLLCTRLA 7:0 ONDEMAND | RUNSTDBY ENABLE
0x1D
Reserved
Ox1F
7:0 LDR[7:0]
0x20 DPLLRATIO 15:8 LDR[11:8]
23:16 LDRFRACI3:0]
31:24
7:0 REFCLK]1:0] WUF LPEN FILTER[1:0]
0x24 DPLLCTRLE 15:8 LBYPASS LTIME[2:0]
23:16 DIV[7:0]
31:24 DIV[10:8]
0x28 DPLLPRESC 7:0 PRESCI[1:0]
0x29
Reserved
0x2B
0x2C DPLLSYNCBUSY 7:0 DPLLPRESC | DPLLRATIO ENABLE
0x2D
Reserved
0x2F
0x30 DPLLSTATUS 7:0 CLKRDY LOCK
0x31
Reserved
0x37
7:0 FCAL[5:0]
15:8 FRANGE[1:0]
0x38 CAL48M
23:16 TCAL[5:0]
31:24
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14.7.1

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Interrupt Enable Clear

Name: INTENCLR
Offset: 0x00
Reset: 0x00000000

Property: PAC Write-Protection

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

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 1" 10 9 8
DPLLLDRTO DPLLLTO DPLLLCKF DPLLLCKR
R/W R/W R/W R/W
0 0 0 0
7 6 5 4 3 2 1 0
OSC48MRDY XOSCFAIL XOSCRDY
R/wW R/wW R/wW
0 0 0

Bit 11 — DPLLLDRTO DPLL Loop Divider Ratio Update Complete Interrupt Enable

Writing '0' to this bit has no effect.

Writing '1" to this bit will clear the DPLL Loop Divider Ratio Update Complete Interrupt Enable bit, which disables the
DPLL Loop Divider Ratio Update Complete interrupt.

Value Description
0 The DPLL Loop Divider Ratio Update Complete interrupt is disabled.
1 The DPLL Loop Divider Ratio Update Complete interrupt is enabled, and an interrupt request will be

generated when the DPLL Loop Divider Ratio Update Complete Interrupt flag is set.

Bit 10 — DPLLLTO DPLL Lock Timeout Interrupt Enable

Writing '0' to this bit has no effect.

Writing "1' to this bit will clear the DPLL Lock Timeout Interrupt Enable bit, which disables the DPLL Lock Timeout
interrupt.

Value Description
0 The DPLL Lock Timeout interrupt is disabled.
1 The DPLL Lock Timeout interrupt is enabled, and an interrupt request will be generated when the DPLL

Lock Timeout Interrupt flag is set.

Bit 9 — DPLLLCKF DPLL Lock Fall Interrupt Enable
Writing '0' to this bit has no effect.
Writing "1' to this bit will clear the DPLL Lock Fall Interrupt Enable bit, which disables the DPLL Lock Fall interrupt.

Value Description
0 The DPLL Lock Fall interrupt is disabled.
1 The DPLL Lock Fall interrupt is enabled, and an interrupt request will be generated when the DPLL

Lock Fall Interrupt flag is set.
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Bit 8 —- DPLLLCKR DPLL Lock Rise Interrupt Enable
Writing '0" to this bit has no effect.
Writing "1' to this bit will clear the DPLL Lock Rise Interrupt Enable bit, which disables the DPLL Lock Rise interrupt.
Value Description
0 The DPLL Lock Rise interrupt is disabled.
1 The DPLL Lock Rise interrupt is enabled, and an interrupt request will be generated when the DPLL
Lock Rise Interrupt flag is set.

Bit 4 - OSC48MRDY OSC48M Ready Interrupt Enable

Writing '0" to this bit has no effect.

Writing '1" to this bit will clear the OSC48M Ready Interrupt Enable bit, which disables the OSC48M Ready interrupt.
Value Description
0 The OSC48M Ready interrupt is disabled.
1 The OSC48M Ready interrupt is enabled, and an interrupt request will be generated when the

OSC48M Ready Interrupt flag is set.

Bit 1 — XOSCFAIL Clock Failure Interrupt Enable
Writing '0' to this bit has no effect.
Writing '1" to this bit will clear the XOSC Clock Failure Interrupt Enable bit, which disables the XOSC Clock Failure
interrupt.

Value Description

0 The XOSC Clock Failure interrupt is disabled.

1 The XOSC Clock Failure interrupt is enabled, and an interrupt request will be generated when the

XOSC Clock Failure Interrupt flag is set.

Bit 0 — XOSCRDY XOSC Ready Interrupt Enable
Writing '0' to this bit has no effect.
Writing "1" to this bit will clear the XOSC Ready Interrupt Enable bit, which disables the XOSC Ready interrupt.
Value Description
0 The XOSC Ready interrupt is disabled.
1 The XOSC Ready interrupt is enabled, and an interrupt request will be generated when the XOSC
Ready Interrupt flag is set.
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14.7.2

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Interrupt Enable Set

Name: INTENSET
Offset: 0x04
Reset: 0x00000000

Property: PAC Write-Protection

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

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 1" 10 9 8
DPLLLDRTO DPLLLTO DPLLLCKF DPLLLCKR
R/W R/W R/W R/W
0 0 0 0
7 6 5 4 3 2 1 0
OSC48MRDY XOSCFAIL XOSCRDY
R/wW R/wW R/wW
0 0 0

Bit 11 — DPLLLDRTO DPLL Loop Divider Ratio Update Complete Interrupt Enable

Writing '0' to this bit has no effect.

Writing '1" to this bit will set the DPLL Loop Ratio Update Complete Interrupt Enable bit, which enables the DPLL
Loop Ratio Update Complete interrupt.

Value Description
0 The DPLL Loop Divider Ratio Update Complete interrupt is disabled.
1 The DPLL Loop Ratio Update Complete interrupt is enabled, and an interrupt request will be generated

when the DPLL Loop Ratio Update Complete Interrupt flag is set.

Bit 10 — DPLLLTO DPLL Lock Timeout Interrupt Enable

Writing '0' to this bit has no effect.

Writing "1' to this bit will set the DPLL Lock Timeout Interrupt Enable bit, which enables the DPLL Lock Timeout
interrupt.

Value Description
0 The DPLL Lock Timeout interrupt is disabled.
1 The DPLL Lock Timeout interrupt is enabled, and an interrupt request will be generated when the DPLL

Lock Timeout Interrupt flag is set.

Bit 9 — DPLLLCKF DPLL Lock Fall Interrupt Enable
Writing '0' to this bit has no effect.
Writing "1" to this bit will set the DPLL Lock Fall Interrupt Enable bit, which enables the DPLL Lock Fall interrupt.

Value Description
0 The DPLL Lock Fall interrupt is disabled.
1 The DPLL Lock Fall interrupt is enabled, and an interrupt request will be generated when the DPLL

Lock Fall Interrupt flag is set.
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Bit 8 —- DPLLLCKR DPLL Lock Rise Interrupt Enable
Writing '0" to this bit has no effect.
Writing "1' to this bit will set the DPLL Lock Rise Interrupt Enable bit, which enables the DPLL Lock Rise interrupt.
Value Description
0 The DPLL Lock Rise interrupt is disabled.
1 The DPLL Lock Rise interrupt is enabled, and an interrupt request will be generated when the DPLL
Lock Rise Interrupt flag is set.

Bit 4 - OSC48MRDY OSC48M Ready Interrupt Enable

Writing '0" to this bit has no effect.

Writing '1" to this bit will set the OSC48M Ready Interrupt Enable bit, which enables the OSC48M Ready interrupt.
Value Description
0 The OSC48M Ready interrupt is disabled.
1 The OSC48M Ready interrupt is enabled, and an interrupt request will be generated when the

OSC48M Ready Interrupt flag is set.

Bit 1 — XOSCFAIL XOSC Clock Failure Interrupt Enable
Writing '0' to this bit has no effect.
Writing '1" to this bit will set the XOSC Clock Failure Interrupt Enable bit, which enables the XOSC Clock Failure
Interrupt.

Value Description

0 The XOSC Clock Failure Interrupt is disabled.

1 The XOSC Clock Failure Interrupt is enabled, and an interrupt request will be generated when the

XOSC Clock Failure Interrupt flag is set.

Bit 0 — XOSCRDY XOSC Ready Interrupt Enable
Writing '0' to this bit has no effect.
Writing "1' to this bit will set the XOSC Ready Interrupt Enable bit, which enables the XOSC Ready interrupt.
Value Description
0 The XOSC Ready interrupt is disabled.
1 The XOSC Ready interrupt is enabled, and an interrupt request will be generated when the XOSC
Ready Interrupt flag is set.
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14.7.3 Interrupt Flag Status and Clear

Name: INTFLAG
Offset: 0x08
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
DPLLLDRTO DPLLLTO DPLLLCKF DPLLLCKR
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
OSC48MRDY XOSCFAIL XOSCRDY
Access R/W R/W R/W
Reset 0 0 0

Bit 11 — DPLLLDRTO DPLL Loop Divider Ratio Update Complete

This flag is cleared by writing '1' to it.

This flag is set on a high to low transition of the DPLL Loop Divider Ratio Update Complete bit in the Status register
(STATUS.DPLLLDRTO) and will generate an interrupt request if INTENSET.DPLLLDRTO is "1'.

Writing '0' to this bit has no effect.

Writing '1" to this bit clears the DPLL Loop Divider Ratio Update Complete interrupt flag.

Bit 10 — DPLLLTO DPLL Lock Timeout

This flag is cleared by writing '1' to it.

This flag is set on 0-to-1 transition of the DPLL Lock Timeout bit in the Status register (STATUS.DPLLLTO) and will
generate an interrupt request if INTENSET.DPLLLTO is '1".

Writing '0' to this bit has no effect.

Writing '1" to this bit clears the DPLL Lock Timeout interrupt flag.

Bit 9 — DPLLLCKF DPLL Lock Fall

This flag is cleared by writing '1' to it.

This flag is set on 0-to-1 transition of the DPLL Lock Fall bit in the Status register (STATUS.DPLLLCKF) and will
generate an interrupt request if INTENSET.DPLLLCKEF is '1".

Writing '0' to this bit has no effect.

Writing '1' to this bit clears the DPLL Lock Fall interrupt flag.

Bit 8 —- DPLLLCKR DPLL Lock Rise

This flag is cleared by writing '1' to it.

This flag is set on 0-to-1 transition of the DPLL Lock Rise bit in the Status register (STATUS.DPLLLCKR) and will
generate an interrupt request if INTENSET.DPLLLCKR is '1".

Writing '0' to this bit has no effect.

Writing '1" to this bit clears the DPLL Lock Rise interrupt flag.
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Bit 4 - OSC48MRDY OSC48M Ready

This flag is cleared by writing '1' to it.

This flag is set on 0-to-1 transition of the OSC48M Ready bit in the Status register (STATUS.OSC48MRDY) and will
generate an interrupt request if INTENSET.OSC48MRDY is '1'.

Writing '0' to this bit has no effect.

Writing "1' to this bit clears the OSC48M Ready interrupt flag.

Bit 1 — XOSCFAIL XOSC Failure Detection

This flag is cleared by writing '1' to it.

This flag is set on a 0-to-1 transition of the XOSC Clock Failure bit in the Status register (STATUS.XOSCFAIL) and
will generate an interrupt request if INTENSET.XOSCFAIL is '1".

Writing '0' to this bit has no effect.

Writing "1' to this bit clears the XOSC Clock Fail interrupt flag.

Bit 0 - XOSCRDY XOSC Ready

This flag is cleared by writing '1' to it.

This flag is set on a 0-to-1 transition of the XOSC Ready bit in the Status register (STATUS.XOSCRDY) and will
generate an interrupt request if INTENSET.XOSCRDY is '1".

Writing '0' to this bit has no effect.

Writing '1' to this bit clears the XOSC Ready interrupt flag.
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14.7.4

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Status
Name: STATUS
Offset: 0x0C
Reset: 0x00000000
Property: -
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 1" 10 9 8
DPLLLDRTO DPLLLTO DPLLLCKF DPLLLCKR
R R R R
0 0 0 0
7 6 5 4 3 2 1 0
OSC48MRDY XOSCCKSW XOSCFAIL XOSCRDY
R R R R
0 0 0 0

Bit 11 — DPLLLDRTO DPLL Loop Divider Ratio Update Complete
Value Description
0 DPLL Loop Divider Ratio Update Complete is not detected.
1 DPLL Loop Divider Ratio Update Complete is detected.

Bit 10 — DPLLLTO DPLL Lock Timeout

Value Description
0 DPLL Lock time-out is not detected.
1 DPLL Lock time-out is detected.

Bit 9 — DPLLLCKF DPLL Lock Fall

Value Description
0 DPLL Lock fall edge is not detected.
1 DPLL Lock fall edge is detected.

Bit 8 - DPLLLCKR DPLL Lock Rise

Value Description
0 DPLL Lock rise edge is not detected.
1 DPLL Lock fall edge is detected.

Bit 4 —- OSC48MRDY OSC48M Ready

Value Description

0 OSC48M is not ready.

1 OSC48M is stable and ready to be used as a clock source.

Bit 2 - XOSCCKSW XOSC Clock Switch

Value Description
0 XOSC is not switched and provides the external clock or crystal oscillator clock.
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Value Description
1 XOSC is switched and provides the safe clock.

Bit 1 — XOSCFAIL XOSC Clock Failure
0 XOSC failure is not detected.
1 A XOSC failure is detected.

Bit 0 —- XOSCRDY XOSC Ready

Value Description
0 XOSC is not ready.

1 XOSC is stable and ready to be used as a clock source.
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External Multipurpose Crystal Oscillator (XOSC) Control

Name: XOSCCTRL
Offset: 0x10
Reset: 0x0080

Property: PAC Write-Protection

15 14 13 12 11 10 9 8
STARTUP[3:0] AMPGC GAIN[2:0]
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
ONDEMAND | RUNSTDBY SWBEN CFDEN XTALEN ENABLE
RIW RIW RIW RIW RIW RIW
1 0 0 0 0 0

Bits 15:12 — STARTUP[3:0] Start-Up Time
These bits select start-up time for the oscillator.
The OSCULP32K oscillator is used to clock the start-up counter.

Table 14-5. Start-Up Time for External Multipurpose Crystal Oscillator

STARTUP[3:0] | Number of OSCULP32K Clock Number of XOSC Clock | Approximate Equivalent Time
Cycles Cycles [ms]
0x0 1 3 31

0x1 2 3
0x2 4 3 122
0x3 8 3 244
0x4 16 3 488
0x5 32 3 977
0x6 64 3 1953
0x7 128 3 3906
0x8 256 3 7813
0x9 512 3 15625
OxA 1024 3 31250
0xB 2048 3 62500
0xC 4096 3 125000
0xD 8192 3 250000
OxE 16384 3 500000
OxF 32768 3 1000000
Notes:

1. Actual startup time is 1 OSCULP32K cycle + 3 XOSC cycles.
2. The given time neglects the three XOSC cycles before OSCULP32K cycle.

Bit 11 — AMPGC Automatic Amplitude Gain Control
Note: The configuration of the oscillator gain is mandatory even if AMPGC feature is enabled at startup.

Value Description

0 The automatic amplitude gain control is disabled.
1 The automatic amplitude gain control is enabled. Amplitude gain will be automatically adjusted during

Crystal Oscillator operation.
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Bits 10:8 — GAIN[2:0] Oscillator Gain

These bits select the gain for the oscillator. The listed maximum frequencies are recommendations, and might
vary based on capacitive load and crystal characteristics. Those bits must be properly configured even when the
Automatic Amplitude Gain Control is active.

0x0 2

0x1 4

0x2 8

0x3 16

0x4 32
0x5-0x7 Reserved

Bit 7 — ONDEMAND On Demand Control
The On Demand operation mode allows the oscillator to be enabled or disabled, depending on peripheral clock
requests.
If the ONDEMAND bit has been previously written to '1', the oscillator will be running only when requested by a
peripheral. If there is no peripheral requesting the oscillator’s clock source, the oscillator will be in a disabled state.
If On Demand is disabled, the oscillator will always be running when enabled.
In standby sleep mode, the On Demand operation is still active.
Value Description
0 The oscillator is always on, if enabled.
1 The oscillator is enabled when a peripheral is requesting the oscillator to be used as a clock source.
The oscillator is disabled if no peripheral is requesting the clock source.

Bit 6 — RUNSTDBY Run in Standby
This bit controls how the XOSC behaves during Standby Sleep mode, together with the ONDEMAND bit:
Value Description
0 The XOSC is not running in Standby Sleep mode if no peripheral requests the clock.
1 The XOSC is running in Standby Sleep mode. If ONDEMAND = 1, the XOSC will be running when
a peripheral is requesting the clock. If ONDEMAND = 0, the clock source will always be running in
Standby sleep mode.

Bit 4 - SWBEN Clock Switch Back Enable
This bit controls the XOSC output switch back to the external clock or crystal oscillator in case of clock recovery:

Value Description
0 The clock switch back is disabled.
1 The clock switch back is enabled. This bit is reset once the XOSC putput clock is switched back to the

external clock or crystal oscillator.

Bit 3 — CFDEN Clock Failure Detector Enable
This bit controls the clock failure detector:

Value Description
0 The Clock Failure Detector is disabled.
1 the Clock Failure Detector is enabled.

Bit 2 — XTALEN Crystal Oscillator Enable
This bit controls the connections between the 1/0 pads and the external clock or crystal oscillator:
Value Description

0 External clock connected on XIN. XOUT can be used as general-purpose I/O.

1 Crystal connected to XIN/XOUT.

Bit 1 — ENABLE Oscillator Enable

Value Description
0 The oscillator is disabled.
1 The oscillator is enabled.
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14.7.6 Clock Failure Detector Prescaler

Name: CFDPRESC
Offset: 0x12
Reset: 0x00

Property: PAC Write-Protection

Bit 7 6 5 4 3 2 1 0
CFDPRESCI2:0]
Access R/W R/W R/W
Reset 0 0 0

Bits 2:0 - CFDPRESC[2:0] Clock Failure Detector Prescaler

These bits select the prescaler for the clock failure detector.

The OSC48M oscillator is used to clock the CFD prescaler. The CFD safe clock frequency is the OSC48M frequency
divided by 2*"CFDPRESC.
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14.7.7 Event Control

Name: EVCTRL
Offset: 0x13
Reset: 0x00

Property: PAC Write-Protection

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

Bit 0 —- CFDEO Clock Failure Detector Event Output Enable
This bit indicates whether the Clock Failure detector event output is enabled or not and an output event will be
generated when the Clock Failure detector detects a clock failure

Value Description
0 Clock Failure detector event output is disabled and no event will be generated.
1 Clock Failure detector event output is enabled and an event will be generated.
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14.7.8

Bit

Access
Reset

48MHz Internal Oscillator (OSC48M) Control

Name: OSC48MCTRL
Offset: 0x14
Reset: 0x82

Property: PAC Write-Protection

7 6 5 4 3 2 1 0
ONDEMAND | RUNSTDBY ENABLE
R/wW R/wW R/W

1 0 1

Bit 7 — ONDEMAND On Demand Control
The On Demand operation mode allows the oscillator to be enabled or disabled depending on peripheral clock
requests.
If the ONDEMAND bit has been previously written to '1', the oscillator will only be running when requested by a
peripheral. If there is no peripheral requesting the oscillator’s clock source, the oscillator will be in a disabled state.
If On Demand is disabled the oscillator will always be running when enabled.
In standby sleep mode, the On Demand operation is still active.
Value Description
0 The oscillator is always on, if enabled.
1 The oscillator is enabled when a peripheral is requesting the oscillator to be used as a clock source.
The oscillator is disabled if no peripheral is requesting the clock source.

Bit 6 —- RUNSTDBY Run in Standby
This bit controls how the OSC48M behaves during standby sleep mode.
Value Description
0 The OSC48M is disabled in Standby Sleep mode if no peripheral requests the clock.
1 The OSC48M is not stopped in Standby Sleep mode. If ONDEMAND=1, the OSC48M will be running
when a peripheral is requesting the clock. If ONDEMAND=0, the clock source will always be running in
Standby Sleep mode.

Bit 1 — ENABLE Oscillator Enable

Value Description
0 The oscillator is disabled.
1 The oscillator is enabled.
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14.7.9 OSC48M Divider

Name: 0OSC48MDIV
Offset: 0x15
Reset: 0x0B

Property: PAC Write-Protection, Write-Synchronized

Note: OSC48MDIV is a write-synchronized register: OSC48MSYNCBUSY.OSC48MDIV must be checked to
ensure the OSC48MDIV synchronization is complete. The OSC48M supports the change of frequency while
running with a write to the OSC48M Divider register (OSC48MDIV.DIV). The OSC48M must be running and the
OSC48M on demand bit (OSC48MCTRL.ONDEMAND) must be cleared when the OSC48MDIV.DIV is changed,
to ensure synchronization is complete. The OSC48M must remain enabled until the sync busy flag returns to '0'
(OSC48MSYNCBUSY.OSC48MDIV = 0).

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

Bits 3:0 — DIV[3:0] Oscillator Divider Selection
These bits control the oscillator frequency range by adjusting the division ratio. The oscillator frequency is 48 MHz
divided by DIV+1.

Value Description

0000 48 MHz
0001 24 MHz
0010 16 MHz
0011 12 MHz
0100 9.6 MHz
0101 8 MHz
0110 6.86 MHz
0111 6 MHz
1000 5.33 MHz
1001 4.8 MHz
1010 4.36 MHz
1011 4 MHz
1100 3.69 MHz
1101 3.43 MHz
1110 3.2 MHz
1111 3 MHz
© 2021 Microchip Technology Inc. Datasheet DS60001638D-page 97

and its subsidiaries



PIC32CM MCO00 Family
Oscillators Controller (OSCCTRL)

14.7.10 OSC48M Startup

Bit

Access
Reset

Name: OSC48MSTUP
Offset: 0x16
Reset: 0x07

Property: PAC Write-Protection

1

STARTUP[2:0]

Bits 2:0 — STARTUP[2:0] Oscillator Startup Delay

These bits select the oscillator start-up delay in oscillator cycles.

Table 14-6. Oscillator Divider Selection

RwW

R/W
1

R/W

STARTUP[2:0] Number of OSCM48M Clock Cycles

0x0
0x1
0x2
0x3
0x4
0x5
0x6
0x7

8
16
32
64
128
256
512
1024
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14.7.11 OSC48M Synchronization Busy

Name: OSC48MSYNCBUSY
Offset: 0x18
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
0OSC48MDIV
Access R
Reset 0

Bit 2 - OSC48MDIV Oscillator Divider Synchronization Status
This bit is set when OSC48MDIV register is written.
This bit is cleared when OSC48MDIV synchronization is completed.

Value Description

0 No synchronized access.
1 Synchronized access is ongoing.
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14.7.12

Bit

Access
Reset

DPLL Control A

Name: DPLLCTRLA
Offset: 0x1C
Reset: 0x80

Property: PAC Write-Protection, Write-Synchronized Bits

7 6 5 4 3 2 1 0
ONDEMAND | RUNSTDBY ENABLE
R/wW R/wW R/W
1 0 0

Bit 7 — ONDEMAND On Demand Clock Activation

The On Demand operation mode allows the DPLL to be enabled or disabled depending on peripheral clock requests.
If the ONDEMAND bit has been previously written to '1', the DPLL will only be running when requested by a
peripheral. If there is no peripheral requesting the DPLL’s clock source, the DPLL will be in a disabled state.

If On Demand is disabled the DPLL will always be running when enabled.

In Standby Sleep mode, the On Demand operation is still active.

Note: This bit is not synchronized.

Value Description

0 The DPLL is always on, if enabled.
1 The DPLL is enabled when a peripheral is requesting the DPLL to be used as a clock source. The
DPLL is disabled if no peripheral is requesting the clock source.

Bit 6 - RUNSTDBY Run in Standby
This bit controls how the DPLL behaves during Standby Sleep mode:
Note: This bit is not synchronized.

Value Description
0 The DPLL is disabled in Standby Sleep mode if no peripheral requests the clock.
1 The DPLL is not stopped in Standby Sleep mode. If ONDEMAND = 1, the DPLL will be running when

a peripheral is requesting the clock. If ONDEMAND = 0, the clock source will always be running in
Standby Sleep mode.

Bit 1 - ENABLE DPLL Enable
Note: This bit is write-synchronized: DPLLSYNCBUSY.ENABLE must be checked to ensure the
DPLLCTRLA.ENABLE synchronization is complete.

Value Description
0 The DPLL is disabled.
1 The DPLL is enabled.
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14.7.13 DPLL Ratio Control

Name: DPLLRATIO

Offset: 0x20

Reset: 0x00

Property: PAC Write-Protection, Write-Synchronized

Note: DPLLRATIO is a write-synchronized register: DPLLSYNCBUSY.DPLLRATIO must be checked to ensure the

DPLLRATIO synchronization is complete.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
LDRFRACI3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 15 14 13 12 11 10 9 8
LDRJ[11:8]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
LDRJ[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

Bits 19:16 — LDRFRACI[3:0] Loop Divider Ratio Fractional Part
Writing these bits selects the fractional part of the frequency multiplier.

Bits 11:0 — LDR[11:0] Loop Divider Ratio
Writing these bits selects the integer part of the frequency multiplier.
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14.7.14 DPLL Control B

Name: DPLLCTRLB
Offset: 0x24
Reset: 0x00
Property: PAC Write-Protection
Bit 31 30 29 28 27 26 25 24
DIV[10:8]
Access R/W R/W R/W
Reset 0 0 0
Bit 23 22 21 20 19 18 17 16
DIV[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 " 10 9 8
LBYPASS LTIME[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
REFCLK][1:0] WUF LPEN FILTER[1:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bits 26:16 — DIV[10:0] Clock Divider
These bits set the XOSC clock division factor and can be calculated with following formula:

fxosc

fppy = =—295C__
DIV = 2% DIV + 1)

Bit 12 - LBYPASS Lock Bypass
Value

0
1

Description

DPLL Lock signal drives the DPLL controller internal logic.
DPLL Lock signal is always asserted.

Bits 10:8 — LTIME[2:0] Lock Time
These bits select the lock time-out value:
Value

0x0
Ox1
0x2
0x3
0x4
0x5
0x6
0x7

Name
Default
Reserved
Reserved
Reserved
8MS
9MS
10MS
11MS

Description
No time-out. Automatic lock.

Time-out if no lock within 8ms
Time-out if no lock within 9ms
Time-out if no lock within 10ms
Time-out if no lock within 11ms

Bits 5:4 —- REFCLK[1:0] Reference Clock Selection
Write these bits to select the DPLL clock reference:
Value

0x0
Ox1
0x2

Name
XOSC32K
XOSC
GCLK

Description

XOSC32K clock reference
XOSC clock reference
GCLK clock reference
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Value Name Description
0x3 Reserved

Bit 3 —- WUF Wake Up Fast
0 DPLL clock is output after startup and lock time.
1 DPLL clock is output after startup time.

Bit 2 - LPEN Low-Power Enable
0 The low-power mode is disabled. Time to Digital Converter is enabled.
1 The low-power mode is enabled. Time to Digital Converter is disabled. This will improve power
consumption but increase the output jitter.

Bits 1:0 — FILTER[1:0] Proportional Integral Filter Selection
These bits select the DPLL filter type:

Value Name Description
0x0 DEFAULT Default filter mode
0x1 LBFILT Low bandwidth filter
0x2 HBFILT High bandwidth filter
0x3 HDFILT High damping filter
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14.7.15 DPLL Prescaler

Name: DPLLPRESC
Offset: 0x28
Reset: 0x00

Property: PAC Write-Protection, Write-Synchronized

Note: DPLLPRESC is a write-synchronized register: DPLLSYNCBUSY.DPLLPRESC must be checked to ensure
the DPLLPRESC synchronization is complete.

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

Bits 1:0 — PRESC[1:0] Output Clock Prescaler
These bits define the output clock prescaler setting.

Value Name Description
0x0 DIVA1 DPLL output is divided by 1
0x1 DIV2 DPLL output is divided by 2
0x2 DIV4 DPLL output is divided by 4
0x3 Reserved
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14.7.16 DPLL Synchronization Busy

Name: DPLLSYNCBUSY
Offset: 0x2C
Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
DPLLPRESC | DPLLRATIO ENABLE
Access R R R
Reset 0 0 0

Bit 3 - DPLLPRESC DPLL Prescaler Synchronization Status
Value Description
0 The DPLLRESC register has been synchronized.

1 The DPLLRESC register value has changed and its synchronization is in progress.

Bit 2 - DPLLRATIO DPLL Loop Divider Ratio Synchronization Status

Value Description

0 The DPLLRATIO register has been synchronized.
1 The DPLLRATIO register value has changed and its synchronization is in progress.

Bit 1 — ENABLE DPLL Enable Synchronization Status

Value Description
0 The DPLLCTRLA.ENABLE bit has been synchronized.
1 The DPLLCTRLA.ENABLE bit value has changed and its synchronization is in progress.
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14.7.17 DPLL Status

Name: DPLLSTATUS
Offset: 0x30
Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
CLKRDY LOCK
Access R R
Reset 0 0

Bit 1 — CLKRDY Output Clock Ready

Value Description

0 The DPLL output clock is off.
1 The DPLL output clock in on.
Bit 0 — LOCK DPLL Lock status bit
0 The DPLL Lock signal is cleared, when the DPLL is disabled or when the DPLL is trying to reach the
target frequency.
1 The DPLL Lock signal is asserted when the desired frequency is reached.
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14.7.18 OSC48M Calibration

Name: CAL48M
Offset: 0x38
Reset: Calibrated value for VDD range 3.6 Vto 5.5V

Property: PAC Write-Protection

This register (bits 0 to 21) must be updated with the CAL48M bit field from the NVM Software Calibration Area. Refer
to 8.4 NVM Software Calibration Area Mapping.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
TCAL[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset X X X X X X
Bit 15 14 13 12 11 10 9 8
FRANGE[1:0]
Access R/W R/W
Reset X X
Bit 7 6 5 4 3 2 1 0
FCAL[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset X X X X X X

Bits 21:16 — TCAL[5:0] Temperature Calibration
Bits 9:8 - FRANGE[1:0] Frequency Range

Bits 5:0 — FCAL[5:0] Frequency Calibration
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15. 32.768 kHz Oscillators Controller (OSC32KCTRL)

15.1  Overview
The 32.768 kHz Oscillators Controller (OSC32KCTRL) provides a user interface to the 32.768 kHz oscillators:
XOSC32K, OSC32K, and OSCULP32K.
The OSC32KCTRL sub-peripherals can be enabled, disabled, calibrated, and monitored through interface registers.

All sub-peripheral statuses are collected in the Status register (STATUS). They can additionally trigger interrupts upon
status changes through the INTENSET, INTENCLR, and INTFLAG registers.

15.2 Features

» 32.768 kHz Crystal Oscillator (XOSC32K)
— Programmable start-up time
— Crystal or external input clock on XIN32 I/O
— Clock failure detection with safe clock switch
— Clock failure event output

» 32.768 kHz High Accuracy Internal Oscillator (OSC32K)
— Frequency fine tuning
— Programmable start-up time

« 32.768 kHz Ultra Low-Power Internal Oscillator (OSCULP32K)
— Ultra low-power, always-on oscillator
— Frequency fine tuning

* 1.024 kHz clock outputs available
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15.3 Block Diagram
Figure 15-1. OSC32KCTRL Block Diagram

OSC32KCTRL

XOUT32 XIN32

CFD —— CFD Event

> XOSC32K * » CLK_XOSC32K
> OSCULP32K p CLK_OSCULP32K
> 0OSC32K p CLK_OSC32K

» Interrupts

15.4  Signal Description

Signal Description Type

XIN32 Analog Input 32.768 kHz Crystal Oscillator or external clock input
XOUT32 Analog Output 32.768 kHz Crystal Oscillator output

The I/O lines are automatically selected when XOSC32K is enabled.

Note: The signal of the external crystal oscillator may affect the jitter of neighboring pads.

15.5 Peripheral Dependencies

‘ AHB CLK ‘ APB CLK ‘ Generic CLK ‘ PAC ‘ Events ‘ DMA ‘
Peripheral Base Address | IRQ E— Sleep Walking
Enabled at reset | Enabled at reset Index Index | Prot at reset | User Generator

OSC32KCTRL | 0x40001400 0 - Y - 5 N - | 1: XOSC_FAIL - Y
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Functional Description

Principle of Operation

The XOSC32K, OSC32K, and OSCULP32K are configured through the OSC32KCTRL Control registers. Through
this interface, the sub-peripherals are enabled, disabled, or have their calibration values updated.

The STATUS register gathers different status signals coming from the sub-peripherals of the OSC32KCTRL Control
register. The status signals can be used to generate system interrupts, and in some cases wake up the system from
Standby mode, provided the corresponding interrupt is enabled.

32.768 kHz External Crystal Oscillator (XOSC32K) Operation
The XOSC32K can operate in these modes:

» External clock, with an external clock signal connected to XIN32
» Crystal oscillator, with an external 32.768 kHz crystal connected between XIN32 and XOUT32

At reset, the XOSC32K is disabled, and the XIN32/XOUT32 pins can either be used as General Purpose I/O (GPIO)
pins or by other peripherals in the system.

When XOSC32K is enabled, the operating mode determines the GPIO usage. When in crystal oscillator mode, the
XIN32 and XOUT32 pins are controlled by the OSC32KCTRL, and GPIO functions are overridden on both pins.
When in external clock mode, the only XIN32 pin will be overridden and controlled by the OSC32KCTRL, while the
XOUT32 pin can still be used as a GPIO pin.

The XOSC32K is enabled by writing a '1' to the Enable bit in the 32.768 kHz External Crystal Oscillator Control
register (XOSC32K.ENABLE = 1). The XOSC32K is disabled by writing a '0' to the Enable bit in the 32.768 kHz
External Crystal Oscillator Control register (XOSC32K.ENABLE = 0). When disabling the XOSC32K it is important
only to write the Enable bit to '0' before additional changes are made to the XOSC32K register.

To enable the XOSC32K as a crystal oscillator, the XTALEN bit in the 32.768 kHz External Crystal Oscillator Control
register must be set (XOSC32K.XTALEN = 1). If XOSC32K.XTALEN is '0', the external clock input will be enabled.

The XOSC32K 32.768 kHz output is enabled by setting the 32.768 kHz Output Enable bit in the 32.768 kHz External
Crystal Oscillator Control register (XOSC32K.EN32K = 1). The XOSC32K also has a 1.024 kHz clock output. This

is enabled by setting the 1.024 kHz Output Enable bit in the 32.768 kHz External Crystal Oscillator Control register
(XOSC32K.EN1K = 1).

It is also possible to lock the XOSC32K configuration by setting the Write Lock bit in the 32.768 kHz External Crystal
Oscillator Control register (XOSC32K.WRTLOCK = 1). If set, the XOSC32K configuration is locked until a Power-On
Reset (POR) is detected.

The XOSC32K will behave differently in different sleep modes based on the settings of XOSC32K.RUNSTDBY,
XOSC32K.ONDEMAND, and XOSC32K.ENABLE. If XOSC32KCTRL.ENABLE = 0, the XOSC32K will be always
stopped. For XOS32KCTRL.ENABLE = 1, the table below is valid:

Table 15-1. XOSC32K Sleep Behavior

CPU Mode XOSC32K. XOSC32K. Sleep Behavior of XOSC32K and CFD
RUNSTDBY ONDEMAND

Active or Idle Always run
Active or Idle - 1 Run if requested by peripheral
Standby 1 0 Always run
Standby 1 1 Run if requested by peripheral
Standby 0 - Run if requested by peripheral

As a crystal oscillator usually requires a very long start-up time, the 32.768 kHz External Crystal Oscillator will keep
running across resets when XOSC32K.ONDEMAND = 0, except for Power-on Reset (POR). After a reset or when
waking up from a sleep mode where the XOSC32K was disabled, the XOSC32K will need time to stabilize on the
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correct frequency, depending on the external crystal specification. This start-up time can be configured by changing
the Oscillator Start-Up Time bit group (XOSC32K.STARTUP) in the 32.768 kHz External Crystal Oscillator Control
register. During the start-up time, the oscillator output is masked to ensure that no unstable clock propagates to the
digital logic.

Once the external clock or crystal oscillator is stable and ready to be used as a clock source, the XOSC32K
Ready bit in the Status register is set (STATUS.XOSC32KRDY = 1). The transition of STATUS.XOSC32KRDY
from '0' to '1' generates an interrupt if the XOSC32K Ready bit in the Interrupt Enable Set register is set
(INTENSET.XOSC32KRDY = 1).

The XOSC32K can be used as a source for Generic Clock Generators (GCLK) or for the Real-Time Counter

(RTC). Before enabling the GCLK or the RTC module, the corresponding oscillator output must be enabled
(XOSC32K.EN32K or XOSC32K.EN1K) in order to ensure proper operation. In the same way, the GCLK or RTC
modules must be disabled before the clock selection is changed. For details on RTC clock configuration, refer also to
15.6.7 Real-Time Counter Clock Selection.

When the XOSC32K 1024 Hz clock output is used to clock the RTC (RTCCTRL.RTCSEL=4), ensure the XOSC32K
is in the 'Always run' ( as shown above in Table 15-1 XOSC32K Sleep Behavior) configuration.

Clock Failure Detection Operation

The Clock Failure Detector (CFD) allows the user to monitor the external clock or crystal oscillator signal provided

by the external oscillator (XOSC32K). The CFD detects failing operation of the XOSC32K clock with reduced latency,
and supports switching to a safe clock source in case of clock failure. The user can also switch from the safe clock
back to XOSC32K in case of recovery. The safe clock is derived from the OSCULP32K oscillator with a configurable
prescaler. This allows configuring the safe clock in order to fulfill the operative conditions of the microcontroller.

In sleep modes, CFD operation is automatically disabled when the external oscillator is not requested to run by a
peripheral. See the Sleep Behavior table above when this is the case.

The user interface registers allow to enable, disable, and configure the CFD. The Status register provides status
flags on failure and clock switch conditions. The CFD can optionally trigger an interrupt or an event when a failure is
detected.

Clock Failure Detection
The CFD is reset only at power-on (POR). The CFD does not monitor the XOSC32K clock when the oscillator is
disabled (XOSC32K.ENABLE = 0).

Before starting CFD operation, the user must start and enable the safe clock source (OSCULP32K oscillator).

CFD operation is started by writing a '1' to the CFD Enable bit in the External Oscillator Control register
(CFDCTRL.CFDEN). After starting or restarting the XOSC32K, the CFD does not detect failure until the start-up

time has elapsed. The start-up time is configured by the Oscillator Start-Up Time in the External Multipurpose Crystal
Oscillator Control register (XOSC32K.STARTUP). Once the XOSC32K Start-Up Time is elapsed, the XOSC32K clock
is constantly monitored.

During a period of 4 safe clocks (monitor period), the CFD watches for a clock activity from the XOSC32K. There
must be at least one rising and one falling XOSC32K clock edge during 4 safe clock periods to meet non-failure
conditions. If no or insufficient activity is detected, the failure status is asserted: The Clock Failure Detector status bit
in the Status register (STATUS.CLKFAIL) and the Clock Failure Detector interrupt flag bit in the Interrupt Flag register
(INTFLAG.CLKFAIL) are set. If the CLKFAIL bit in the Interrupt Enable Set register INTENSET.CLKFAIL) is set, an
interrupt is generated as well. If the Event Output enable bit in the Event Control register (EVCTRL.CFDEOQ) is set, an
output event is generated, too.

After a clock failure was issued the monitoring of the XOSC32K clock is continued, and the Clock Failure Detector
status bit in the Status register (STATUS.CLKFAIL) reflects the current XOSC32K activity.

If the CFD is disabled (CFDCTRL.CFDEN=0) the XOSC32K must be disabled before re-enabling the CFD. Not
following this guideline can lead to a false clock failure detection.

Clock Switch

When a clock failure is detected, the XOSC32K clock is replaced by the safe clock in order to maintain an active
clock during the XOSC32K clock failure. The safe clock source is the OSCULP32K oscillator clock. Both 32.768
kHz and 1.024 kHz outputs of the XOSC32K are replaced by the respective OSCULP32K 32.768 kHz and 1.024
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kHz outputs. The safe clock source can be scaled down by a configurable prescaler to ensure that the safe clock
frequency does not exceed the operating conditions selected by the application. When the XOSC32K clock is
switched to the safe clock, the Clock Switch bit in the Status register (STATUS.CLKSW) is set.

When the CFD has switched to the safe clock, the XOSC32K is not disabled. If desired, the application must take
the necessary actions to disable the oscillator. The application must also take the necessary actions to configure the
system clocks to continue normal operations. In the case the application can recover the XOSC32K, the application
can switch back to the XOSC32K clock by writing a '1' to Switch Back Enable bit in the Clock Failure Control register
(CFDCTRL.SWBACK). Once the XOSC32K clock is switched back, the Switch Back bit (CFDCTRL.SWBACK) is
cleared by hardware.

Prescaler

The CFD has an internal configurable prescaler to generate the safe clock from the OSCULP32K oscillator. The
prescaler size allows to scale down the OSCULP32K oscillator so the safe clock frequency is not higher than the
XOSC32K clock frequency monitored by the CFD. The maximum division factor is 2.

The prescaler is applied on both outputs (32.768 kHz and 1.024 kHz) of the safe clock.

Example 15-1.

For an external crystal oscillator at 32.768 kHz and the OSCULP32K frequency is 32.768 kHz, the
XOSC32K.CFDPRESC should be set to 0 for a safe clock of equal frequency.

Event

If the Event Output Enable bit in the Event Control register (EVCTRL.CFDEO) is set, the CFD clock failure will be
output on the Event Output. When the CFD is switched to the safe clock, the CFD clock failure will not be output on
the Event Output.

Sleep Mode
The CFD is halted depending on configuration of the XOSC32K and the peripheral clock request. For further details,
refer to the Sleep Behavior table above. The CFD interrupt can be used to wake up the device from sleep modes.

32.768 kHz Internal Oscillator (OSC32K) Operation
The OSC32K provides a tunable, low-speed, and low-power clock source.

At reset, the OSC32K is disabled. It can be enabled by setting the Enable bit in the 32.768 kHz Internal Oscillator
Control register (OSC32K.ENABLE = 1). The OSC32K is disabled by clearing the Enable bit in the 32.768 kHz
Internal Oscillator Control register (OSC32K.ENABLE = 0).

The frequency of the OSC32K oscillator is controlled by OSC32K.CALIB. Before using the OSC32K, this Calibration
field must be loaded with production calibration values from the NVM Software Calibration Area. When writing the
Calibration bits, the user must wait for the STATUS.OSC32KRDY bit to go high before the new value is committed to
the oscillator.

The OSC32K has a 32.768 kHz output which is enabled by setting the EN32K bit in the 32.768 kHz Internal Oscillator
Control register (OSC32K.EN32K = 1). The OSC32K also has a 1.024 kHz clock output. This is enabled by setting
the EN1K bit in the 32.768 kHz Internal Oscillator Control register (OSC32K.EN1K).

The OSC32K will behave differently in different sleep modes based on the settings of OSC32K.RUNSTDBY,
OSC32K.ONDEMAND, and OSC32K.ENABLE. If OSC32KCTRL.ENABLE = 0, the OSC32K will be always stopped.
For OS32KCTRL.ENABLE = 1, this table is valid:

Table 15-2. OSC32K Sleep Behavior

CPU Mode OSC32KCTRL.RUNST | OSC32KCTRL.ONDEM | Sleep Behavior
DBY AND

Active or Idle Always run
Active or Idle - 1 Run if requested by peripheral
Standby 1 0 Always run
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........... continued
CPU Mode OSC32KCTRL.RUNST | OSC32KCTRL.ONDEM | Sleep Behavior
DBY AND
Standby Run if requested by peripheral
Standby 0 - Run if requested by peripheral

The OSC32K requires a start-up time. For this reason, OSC32K will keep running across resets when
OSC32K.ONDEMAND = 0, except for Power-on Reset (POR).

After such a reset, or when waking up from a Sleep mode where the OSC32K was disabled, the OSC32K will need
time to stabilize on the correct frequency.

This startup time can be configured by changing the Oscillator Start-Up Time bit group (OSC32K.STARTUP) in the
OSC32K Control register. During the start-up time, the oscillator output is masked to ensure that no unstable clock
propagates to the digital logic.

Once the oscillator is stable and ready to be used as a clock source, the OSC32K Ready bit in the Status register
is set (STATUS.OSC32KRDY=1). The transition of STATUS.OSC32KRDY from '0' to '1' generates an interrupt if the
OSC32K Ready bit in the Interrupt Enable Set register is set INTENSET.OSC32KRDY = 1).

The OSC32K can be used as a source for Generic Clock Generators (GCLK) or for the Real-Time Counter (RTC).
Before enabling the GCLK or the RTC module, the corresponding oscillator output must be enabled (OSC32K.EN32K
or OSC32K.EN1K) in order to ensure proper operation. In the same way, the GCLK or RTC modules must be
disabled before the clock selection is changed.

32.768 kHz Ultra-Low Power Internal Oscillator (OSCULP32K) Operation

The OSCULP32K provides a tunable, low-speed, and ultra-low power clock source. The OSCULP32K is factory-
calibrated under typical voltage and temperature conditions. The OSCULP32K should be preferred to the OSC32K
whenever the power requirements are prevalent over frequency stability and accuracy.

The OSCULP32K is enabled by default after a Power-on Reset (POR) and will always run except during POR.
The frequency of the OSCULP32K Oscillator is controlled by the value in the Calibration bits in the 32.768 kHz
Ultra-Low Power Internal Oscillator Control register (OSCULP32K.CALIB). This data is used to compensate for
process variations.

OSCULP32K.CALIB is automatically loaded from Flash Factory Calibration during start-up. The calibration value can
be overridden by the user by writing to OSCULP32K.CALIB.

It is also possible to lock the OSCULP32K configuration by setting the Write Lock bit in the 32.768 kHz Ultra-Low
Power Internal Oscillator Control register (OSCULP32K.WRTLOCK = 1). If set, the OSCULP32K configuration is
locked until a Power-on Reset (POR) is detected.

The OSCULP32K can be used as a source for Generic Clock Generators (GCLK) or for the Real-Time Counter
(RTC). To ensure proper operation, the GCLK or RTC modules must be disabled before the clock selection is
changed.

Watchdog Timer Clock Selection

The Watchdog Timer (WDT) uses the internal 1.024 kHz OSCULP32K output clock. This clock is running all the time
and internally enabled when requested by the WDT module.

Real-Time Counter Clock Selection

Before enabling the RTC module, the RTC clock must be selected first. All oscillator outputs are valid as RTC
clock. The selection is done in the RTC Control register (RTCCTRL). To ensure a proper operation, it is highly
recommended to disable the RTC module first, before the RTC clock source selection is changed.

Interrupts
The OSC32KCTRL has the following interrupt sources:

+ XOSC32KRDY - 32.768 kHz Crystal Oscillator Ready: A 0-to-1 transition on the STATUS.XOSC32KRDY bit is
detected

© 2021 Microchip Technology Inc. Datasheet DS60001638D-page 113
and its subsidiaries



15.6.9

PIC32CM MCO00 Family
32.768 kHz Oscillators Controller (OSC32KCTR...

¢ CLKFAIL - Clock Failure Detector: A 0-to-1 transition on the STATUS.CLKFAIL bit is detected

* OSC32KRDY - 32.768 kHz Internal Oscillator Ready: A 0-to-1 transition on the STATUS.OSC32KRDY bit is
detected

All these interrupts are synchronous wake-up source.

Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear
register (INTFLAG) is set when the interrupt condition occurs. Each interrupt can be enabled individually by setting
the corresponding bit in the Interrupt Enable Set register (INTENSET), and disabled by setting the corresponding

bit in the Interrupt Enable Clear register INTENCLR). As both INTENSET and INTENCLR always reflect the same
value, the status of interrupt enablement can be read from either register.

An interrupt request is generated when the interrupt flag is set and the corresponding interrupt is enabled. The
interrupt request remains active until the interrupt flag is cleared, the interrupt is disabled or the OSC32KCTRL is
reset. See the INTFLAG register for details on how to clear interrupt flags.

The OSC32KCTRL has one common interrupt request line for all the interrupt sources. The user must read the
INTFLAG register to determine which interrupt condition is present. Refer to the INTFLAG register for details.

Note: Interrupts must be globally enabled for interrupt requests to be generated.

Events
The CFD can generate the following output event:
» Clock Failure Detector (CLKFAIL): Generated when the Clock Failure Detector status bit is set in the Status

register (STATUS.CLKFAIL). The CFD event is not generated when the Clock Switch bit (STATUS.SWBACK) in
the Status register is set.

Writing a '1' to an Event Output bit in the Event Control register (EVCTRL.CFDEOQ) enables the CFD output event.
Writing a '0' to this bit disables the CFD output event. Refer to the Event System chapter for details on configuring the
event system.
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Register Summary

mm-———————

0x00

0x04

0x08

0x0C

0x10

0x14
0x16
0x17

0x18

0x1C

INTENCLR

INTENSET

INTFLAG

STATUS

RTCCTRL

XOSC32K
CFDCTRL
EVCTRL

0OSC32K

OSCULP32K

15:8
23:16
31:24

7:0

15:8
23:16
31:24

7:0

15:8
23:16
31:24

7:0

15:8
23:16
31:24

7:0

15:8
23:16
31:24

7:0

15:8

7:0

7:0

7:0

15:8
23:16
31:24

7:0

15:8
23:16
31:24

ONDEMAND | RUNSTDBY

ONDEMAND | RUNSTDBY

WRTLOCK

EN1K
WRTLOCK

WRTLOCK

CLKSW

EN32K

EN1K

CALIB[6:0]

CLKFAIL | OSC32KRDY

CLKFAIL |OSC32KRDY

CLKFAIL |OSC32KRDY

CLKFAIL | OSC32KRDY

RTCSEL[2:0]

XTALEN ENABLE

STARTUP[2:0]
CFDPRESC | SWBACK
EN32K ENABLE

STARTUP[2:0]

EN1K
CALIB[4:0]

EN32K

XOSC32KRD
Y

XOSC32KRD
Y

XOSC32KRD
Y

XOSC32KRD
Y

CFDEN
CFDEO
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15.7.1

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Interrupt Enable Clear

Name: INTENCLR
Offset: 0x00
Reset: 0x00000000

Property: PAC Write-Protection

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

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 1" 10 9 8
7 6 5 4 3 2 1 0
CLKFAIL OSC32KRDY |XOSC32KRDY
R/wW R/W R/wW
0 0 0

Bit 2 - CLKFAIL XOSC32K Clock Failure Detection Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will clear the XOSC32K Clock Failure Interrupt Enable bit, which disables the XOSC32K Clock

Failure interrupt.

Value Description
0 The XOSC32K Clock Failure Detection is disabled.
1 The XOSC32K Clock Failure Detection is enabled. An interrupt request will be generated when the

XOSC32K Clock Failure Detection interrupt flag is set.

Bit 1 - OSC32KRDY OSC32K Ready Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will clear the OSC32K Ready Interrupt Enable bit, which disables the OSC32K Ready interrupt.

Value Description
0 The OSC32K Ready interrupt is disabled.
1 The OSC32K Ready interrupt is enabled.

Bit 0 — XOSC32KRDY XOSC32K Ready Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will clear the XOSC32K Ready Interrupt Enable bit, which disables the XOSC32K Ready

interrupt.

Value Description
0 The XOSC32K Ready interrupt is disabled.
1 The XOSC32K Ready interrupt is enabled.
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15.7.2

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Interrupt Enable Set

Name: INTENSET
Offset: 0x04
Reset: 0x00000000

Property: PAC Write-Protection

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

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 1" 10 9 8
7 6 5 4 3 2 1 0
CLKFAIL OSC32KRDY |XOSC32KRDY
R/wW R/W R/wW
0 0 0

Bit 2 - CLKFAIL XOSC32K Clock Failure Detection Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will set the XOSC32K Clock Failure Interrupt Enable bit, which enables the XOSC32K Clock

Failure interrupt.

Value Description
0 The XOSC32K Clock Failure Detection is disabled.
1 The XOSC32K Clock Failure Detection is enabled. An interrupt request will be generated when the

XOSC32K Clock Failure Detection interrupt flag is set.

Bit 1 - OSC32KRDY OSC32K Ready Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will set the OSC32K Ready Interrupt Enable bit, which enables the OSC32K Ready interrupt.

Value Description
0 The OSC32K Ready interrupt is disabled.
1 The OSC32K Ready interrupt is enabled.

Bit 0 — XOSC32KRDY XOSC32K Ready Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will set the XOSC32K Ready Interrupt Enable bit, which enables the XOSC32K Ready

interrupt.

Value Description
0 The XOSC32K Ready interrupt is disabled.
1 The XOSC32K Ready interrupt is enabled.
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15.7.3 Interrupt Flag Status and Clear
Name: INTFLAG
Offset: 0x08
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
CLKFAIL OSC32KRDY | XOSC32KRDY
Access R/W R/W R/W
Reset 0 0 0

Bit 2 — CLKFAIL XOSC32K Clock Failure Detection

This flag is cleared by writing a '1' to it.

This flag is set on a zero-to-one transition of the XOSC32K Clock Failure Detection bit in the Status register
(STATUS.CLKFAIL) and will generate an interrupt request if INTENSET.CLKFAIL is "1'.

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

Writing a '1' to this bit will clear the XOSC32K Clock Failure Detection flag.

Bit 1 — OSC32KRDY OSC32K Ready

This flag is cleared by writing a '1' to it.

This flag is set by a zero-to-one transition of the OSC32K Ready bit in the Status register (STATUS.OSC32KRDY),
and will generate an interrupt request if INTENSET.OSC32KRDY=1.

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

Writing a '1' to this bit clears the OSC32K Ready interrupt flag.

Bit 0 — XOSC32KRDY XOSC32K Ready

This flag is cleared by writing a '1' to it.

This flag is set by a zero-to-one transition of the XOSC32K Ready bit in the Status register (STATUS.XOSC32KRDY),
and will generate an interrupt request if INTENSET.XOSC32KRDY=1.

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

Writing a '1' to this bit clears the XOSC32K Ready interrupt flag.
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15.7.4 Status
Name: STATUS
Offset: 0x0C
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
CLKSW CLKFAIL OSC32KRDY | XOSC32KRDY
Access R R R R
Reset 0 0 0 0

Bit 3 - CLKSW XOSC32K Clock Switch

Value Description
0 XOSC32K is not switched and provided the crystal oscillator.
1 XOSC32K is switched to be provided by the safe clock.

Bit 2 — CLKFAIL XOSC32K Clock Failure Detector

Value Description
0 XOSC32K is passing failure detection.
1 XOSC32K is not passing failure detection.

Bit 1 —- OSC32KRDY OSC32K Ready

Value Description

0 OSC32K is not ready.

1 OSC32K is stable and ready to be used as a clock source.

Bit 0 — XOSC32KRDY XOSC32K Ready
Value Description

0 XOSC32K is not ready.
1 XOSC32K is stable and ready to be used as a clock source.
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15.7.5 RTC Clock Selection Control

Name: RTCCTRL
Offset: 0x10
Reset: 0x00000000
Property: PAC Write-Protection
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
RTCSEL[2:0]
Access R/W R/W R/W
Reset 0 0 0

Bits 2:0 - RTCSEL[2:0] RTC Clock Source Selection
These bits select the source for the RTC.

Value

0x0
Ox1
0x2
0x3
0x4
0x5
0x6
0x7

Name
ULP1K
ULP32K
OSC1K
OSC32K
XOSC1K
XOSC32K
Reserved
Reserved

Description
1.024 kHz from 32.768 kHz internal ULP oscillator
32.768 kHz from 32.768 kHz internal ULP oscillator

1.024 kHz from 32.768 kHz internal oscillator
32.768 kHz from 32.768 kHz internal oscillator
1.024 kHz from 32.768 kHz external oscillator

32.768 kHz from 32.768 kHz external crystal oscillator

© 2021 Microchip Technology Inc.

and its subsidiaries

Datasheet

DS60001638D-page 120



PIC32CM MCO00 Family
32.768 kHz Oscillators Controller (OSC32KCTR...

15.7.6  32.768 kHz External Crystal Oscillator (XOSC32K) Control
Name: XOSC32K
Offset: 0x14
Reset: 0x0080
Property: PAC Write-Protection
Bit 15 14 13 12 1 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 EN1K EN32K XTALEN ENABLE
Access R/W R/W R/W R/W R/W R/W
Reset 1 0 0 0 0 0

Bit 12 — WRTLOCK Write Lock
This bit locks the XOSC32K register for future writes, effectively freezing the XOSC32K configuration.

Value Description
0 The XOSC32K configuration is not locked.
1 The XOSC32K configuration is locked.

Bits 10:8 — STARTUP[2:0] Oscillator Start-Up Time

This bit field configures the time after which the XOSC32K clock will be propagated in the design. In order to let a
stable clock propagate in the design, the right STARTUP time should be configured after considering the external
crystal characteristics and the information provided in the 43.12 External 32 kHz Crystal Oscillator (XOSC32K)
Electrical Specifications section of the 43. Electrical Characteristics 85°C chapter. The actual startup time is the
number of selected OSCULP32K cycles + 3 XOSC32K cycles.

Table 15-3. Start-up Time for 32.768 kHz External Crystal Oscillator

STARTUP[2:0] | Number of OSCULP32K Clock |Number of XOSC32K Clock | Approximate Equivalent Time
Cycles Cycles [s]

0.000031
Ox1 3 0.00098
0x2 2048 3 0.06
0x3 4096 3 0.125
Ox4 16384 3 0.5
0x5 32768 3 1
0x6 65536 3 2
0x7 131072 3 4

Bit 7 — ONDEMAND On Demand Control
This bit controls how the XOSC32K behaves when a peripheral clock request is detected. For details, refer to
XOSC32K Sleep Behavior.

Bit 6 — RUNSTDBY Run in Standby
This bit controls how the XOSC32K behaves during standby sleep mode. For details, refer to XOSC32K Sleep
Behavior.

Bit 4 - EN1K 1.024 kHz Output Enable

Value Description

0 The 1.024 kHz output is disabled.
1 The 1.024 kHz output is enabled, and available internally only for RTC.

© 2021 Microchip Technology Inc. Datasheet DS60001638D-page 121
and its subsidiaries



PIC32CM MCO00 Family
32.768 kHz Oscillators Controller (OSC32KCTR...

Bit 3 — EN32K 32.768 kHz Output Enable
0 The 32.768 kHz output is disabled.
1 The 32.768 kHz output is enabled, and can be routed to GCLK/GCLK_|O.

Bit 2 — XTALEN Crystal Oscillator Enable
This bit controls the connections between the 1/0 pads and the external clock or crystal oscillator.
Value Description
0 External clock connected on XIN32. XOUT32 can be used as general-purpose /0.
1 Crystal connected to XIN32/XOUT32.

Bit 1 — ENABLE Oscillator Enable

Value Description

0 The oscillator is disabled.
1 The oscillator is enabled.
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15.7.7 Clock Failure Detector Control
Name: CFDCTRL
Offset: 0x16
Reset: 0x00
Property: PAC Write-Protection
Bit 7 6 5 4 3 2 1 0
CFDPRESC SWBACK CFDEN
Access R/W R/W R/W
Reset 0 0 0
Bit 2 - CFDPRESC Clock Failure Detector Prescaler
This bit selects the prescaler for the Clock Failure Detector.
Value Description
0 The CFD safe clock frequency is the OSCULP32K frequency
1 The CFD safe clock frequency is the OSCULP32K frequency divided by 2

Bit 1 — SWBACK Clock Switch Back
This bit clontrols the XOSC32K output switch back to the external clock or crystal oscillator in case of clock recovery.

Value Description
0 The clock switch is disabled.
1 The clock switch is enabled. This bit is reset when the XOSC32K output is switched back to the

external clock or crystal oscillator.

Bit 0 —- CFDEN Clock Failure Detector Enable
This bit selects the Clock Failure Detector state.

Value Description
0 The CFD is disabled.
1 The CFD is enabled.
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15.7.8 Event Control

Name: EVCTRL
Offset: 0x17
Reset: 0x00

Property: PAC Write-Protection

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

Bit 0 — CFDEO Clock Failure Detector Event Out Enable
This bit controls whether the Clock Failure Detector event output is enabled and an event will be generated when the
CFD detects a clock failure.

Value Description

0 Clock Failure Detector Event output is disabled, no event will be generated.
1 Clock Failure Detector Event output is enabled, an event will be generated.
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15.7.9

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

32.768 kHz Internal Oscillator (OSC32K) Control

Name: OSC32K
Offset: 0x18
Reset: 0x003F 0080 (Writing action by User required)

Property: PAC Write-Protection

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
CALIB[6:0]
RIW RIW RIW RIW RIW RIW RIW
0 1 1 1 1 1 1
15 14 13 12 11 10 9 8
WRTLOCK STARTUP[2:0]
RIW RIW RIW RIW
0 0 0 0
7 6 5 4 3 2 1 0
ONDEMAND | RUNSTDBY EN1K EN32K ENABLE
RIW RIW RIW RIW RIW
1 0 0 0 0

Bits 22:16 — CALIB[6:0] Oscillator Calibration
These bits control the oscillator calibration. The calibration values must be loaded by the user from the NVM Software
Calibration Area.

Bit 12 - WRTLOCK Write Lock
This bit locks the OSC32K register for future writes, effectively freezing 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 start-up counter.

Table 15-4. Start-Up Time for 32.768 kHz Internal Oscillator

STARTUP[2:0] Number of OSC32K clock cycles

0x0 3
0x1 4
0x2 6
0x3 10
Ox4 18
0x5 34
0x6 66
0x7 130

Bit 7 — ONDEMAND On Demand Control

This bit controls how the OSC32K behaves when a peripheral clock request is detected. For details, refer to OSC32K
Sleep Behavior.
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Bit 6 - RUNSTDBY Run in Standby
This bit controls how the OSC32K behaves during standby sleep mode. For details, refer to OSC32K Sleep Behavior.

Bit 3 - EN1K 1.024 kHz Output Enable

Value Description

0 The 1.024 kHz output is disabled.

1 The 1.024 kHz output is enabled, and available internally only for RTC.

Bit 2 — EN32K 32.768 kHz Output Enable

Value Description

0 The 32.768 kHz output is disabled.

1 The 32.768 kHz output is enabled, and can be routed to GCLK/GCLK_|O.

Bit 1 — ENABLE Oscillator Enable

Value Description

0 The oscillator is disabled.
1 The oscillator is enabled.
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15.7.10 32.768 kHz Ultra Low Power Internal Oscillator (OSCULP32K) Control

Name: OSCULP32K
Offset: 0x1C
Reset: 0x0000XX06

Property: PAC Write-Protection

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
WRTLOCK CALIB[4:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 X X X X X
Bit 7 6 5 4 3 2 1 0
EN1K EN32K
Access R/W R/W
Reset 1 1

Bit 15 — WRTLOCK Write Lock
This bit locks the OSCULP32K register for future writes to fix the OSCULP32K configuration.

Value Description
0 The OSCULP32K configuration is not locked.
1 The OSCULP32K configuration is locked.

Bits 12:8 — CALIB[4:0] Oscillator Calibration
These bits control the oscillator calibration.
These bits are automatically loaded from the Flash Factory Calibration at startup.

Bit 2 - EN1K 1kHz Output Enable

Value Description

0 The 1kHz output is disabled
1 The 1kHz output is enabled.
Bit 1 — EN32K
Value Description
0 The 32kHz output is disabled.
1 The 32kHz output is enabled.
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16. Power Manager (PM)

16.1  Overview
The Power Manager (PM) controls the sleep modes of the device.
Various sleep modes are provided in order to fit power consumption requirements. This enables the PM to stop
unused modules in order to save power. In active mode, the CPU is executing application code. When the device
enters a sleep mode, program execution is stopped and some modules and clock domains are automatically
switched off by the PM according to the sleep mode. The application code decides which sleep mode to enter

and when. Interrupts from enabled peripherals and all enabled reset sources can restore the device from a sleep
mode to active mode.

16.2 Features

» Power management control:
— Sleep modes: Idle, Standby

16.3 Block Diagram
Figure 16-1. PM Block Diagram

POWER MANAGER

SLEEP MODE
MAIN CLOCK CONTROLLER

POWER DOMAIN
CONTROLLER

SUPPLY
CONTROLLER

A

Peripheral Dependencies

Peripheral | Base Address Sleep Walking
Enabled at reset | Enabled at reset mm Prot at reset mm

0x40000400 - Y - 1

16.5 Functional Description

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

16.5.1.1 Sleep Modes

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

» Idle Sleep mode: The CPU is stopped. Synchronous clocks are stopped except when requested. The logic is
retained.
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« Standby Sleep mode: The CPU is stopped as well as the peripherals.

Principle of Operation

In active mode, all clock domains and power domains are active, allowing software execution and peripheral
operation. The PM Sleep Mode Controller allows to save power by choosing between different sleep modes
depending on application requirements, see 16.5.3.3 Sleep Mode Controller.

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

Initialization
After a Power-on Reset (POR), the PM is enabled and the device is in Active mode.

16.5.3.2 Enabling, Disabling and Resetting

The PM is always enabled and can not be reset.

16.5.3.3 Sleep Mode Controller

A Sleep mode is entered by executing the Wait For Interrupt instruction (WFI). The Sleep Mode bits in the Sleep
Configuration register (SLEEPCFG.SLEEPMODE) select the level of the Sleep mode.

Note: A small latency happens between the store instruction and actual writing of the SLEEPCFG register due to
bridges. Software must ensure that the SLEEPCFG register reads the desired value before issuing a WFI instruction.

Table 16-1. Sleep Mode Entry and Exit Table

m Mode Entry Wake-Up Sources

IDLE SLEEPCFG.SLEEPMODE = IDLE Synchronous ), asynchronous (")
STANDBY SLEEPCFG.SLEEPMODE = STANDBY Synchronous(®), Asynchronous(")
Notes:

1. Asynchronous: interrupt generated on GCLK generic clock, external clock, or external event.
2. Synchronous: interrupt generated on the APB clock.
3. Synchronous interrupt only for peripherals configured to run in standby.
Note: The type of wake-up sources (synchronous or asynchronous) is given in each module interrupt section.

The sleep modes (idle, standby) and their effect on the clocks activity, the regulator and the SRAM state are
described in the table and the sections below.

Table 16-2. Sleep Mode Overview

Clock Sources

CPU GCLKO | GCLK1-8

clock clock clocks ONDEMAND ONDEMAND | Regulator
=0 =1

IDLE Stop | Run® Run(/z?top Run/Stop ) Main Normal

SEp i RUS'STDBY = Stopif RUNSTDBY =0
Low
Stop LPVREG
STANDBY Stop Stop®@ ) Run if Stop/Run if @ Power

Stop/Run if ®)
RUNSTDBY = | RUNSTDBY =
=165
RUNSTDBY =1 ) 1 1 6)
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Notes:

1. The AHB/APB clocks are running up to MCLK, and then provided only to the IPs requesting them. For the
other IPs not requesting the clocks, they are gated at MCLK output.

2. Each GCLK1 to GCLKS is running if the associated generated clock is requested by at least one IP. It is
stopped if no IP is requesting this clock.

3. The clock source is running if the clock is requested by at least one GCLK Generator. It is stopped if no GCLK
Generator is requesting this clock and will be restarted as soon as an IP requests a clock coming from a GCLK
fed by this clock source.

4. The AHB/APB clocks are stopped, except if requested by at least one IP, and in this case, only provided to
this/these IP(s) through GCLKO and MCLK.

5. Each GCLK generators is stopped, except if the clock it generates is requested by at least one IP.

6. Each Clock Source is stopped, except if the clock it generates is requested by at least one GCLK Generator.
7. Regulator state is programmable by using STDBYCFG.VREGSMOD bits.

8. SRAM state is programmable by using STDBYCFG.BBIASHS bit.

16.5.3.3.1 IDLE Mode
The IDLE mode allows power optimization with the fastest wake-up time.

The CPU is stopped.

The clock source feeding the GCLK generator 0, the GCLK generator 0, and the MCLK are kept active. The
AHB/APB clocks are gated at the MCLK output, unless requested by a peripheral.

The other clock sources and the GCLK generators can be running or stopped depending on each clock source
ONDEMAND bit, and depending on the peripherals requesting these clocks.

If an AHB/APB clock is masked in MCLK.AHBMASK or MCLK.APBxMASK, then it is gated at the output of the MCLK
and not provided to the related peripheral (regardless of the related peripheral requesting it or not).

+ Entering IDLE mode: The IDLE mode is entered by setting SLEEPCFG.SLEEPMODE = IDLE and by executing
the WFI instruction. Additionally, if the SLEEPONEXIT bit in the ARM Cortex System Control register (SCR) is
set, the IDLE mode will also be entered when the CPU exits the lowest priority ISR. This mechanism can be
useful for applications that only require the processor to run when an interrupt occurs. Before entering the IDLE
mode, the user must configure the Sleep Configuration register.

» Exiting IDLE mode: The processor wakes the system up when it detects any non-masked interrupt with sufficient
priority to cause exception entry. The system goes back to the ACTIVE mode. The CPU and affected modules
are restarted.

In IDLE mode, the regulator and SRAM operate in normal mode.

16.5.3.3.2 Standby Mode
The Standby mode is the lowest power configuration while keeping the state of the logic and the content of the
SRAM.

This mode depends on (As depicted in the previous table):
» The peripherals running in standby and requesting their asynchronous GCLK clock or their synchronous
AHB/APB clock
* The RUNSTDBY bit of the GCLK generators
+ The RUNSTDBY/ONDEMAND bit combination of the clock sources

Each clock source and GCLK generator can be:

» Stopped during the whole standby
* Running during the whole standby

» Automatically woken up and switched off depending on the clocks requested by the peripherals during standby
(SleepWalking). For example a peripheral can run during standby and request its GCLK asynchronous clock,
which will wake up the related GCLK and clock source. Another peripheral may request its APB clock, which will
wake up the MCLK, GCLK generator 0 and the related clock source running. (In this case the other AHB/APB
clocks are kept gated at the MCLK output).

As described above, depending on the configuration, the current consumption of the device in Standby mode can be
slightly different.
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All features that don’t require CPU intervention are supported in Standby mode. Here are examples:

» Autonomous peripherals features.

» Features relying on Event System allowing autonomous communication between peripherals.
» Features relying on on-demand clock.

» DMA transfers.

Entering Standby mode: This mode is entered by setting SLEEPCFG.SLEEPMODE = STANDBY and by executing
the WFI instruction. The SLEEPONEXIT feature is also available as in IDLE mode.

Exiting Standby mode: Any peripheral able to generate an asynchronous interrupt can wake up the system. For
example, a peripheral running on a GCLK clock can trigger an interrupt. When the enabled asynchronous wake-up
event occurs and the system is woken up, the device will either execute the interrupt service routine or continue the
normal program execution according to the Priority Mask Register (PRIMASK) configuration of the CPU.

Advanced Features

SRAM Automatic Low-Power Mode
The SRAM is by default put in Low-Power mode (back-biased) if the device is in Standby Sleep mode.

This behavior can be changed by configuring the Back Bias bit in the Standby Configuration register
(STDBYCFG.BBIASHS), refer to the table below for details.

Note: In Standby Sleep mode, the SRAM is put in Low-Power mode by default. This means that the SRAM is
back-biased, and the DMAC cannot access it. The DMAC can only access the SRAM when it is not back biased
(PM.STDBYCFG.BBIASHS=0x0). When the SysTick Overflow Interrupt is enabled the RAM Back Bias Control must
be disabled (PM->STDBYCFG.bit.BBIASHS = 0) before entering Standby sleep mode.

Table 16-3. RAM Back-Biasing Mode

0x0 | No Back Biasing SRAM is not back-biased if the device is in Standby Sleep mode.
0x1 | Standby Back Biasing mode SRAM is back-biased if the device is in Standby Sleep mode.

Regulator Automatic Low-Power Mode
In Standby mode, the PM selects either the main or the low-power voltage regulator to supply the VDDCORE. By
default the low-power voltage regulator is used.

If a sleepwalking task is working on either asynchronous clocks (generic clocks) or synchronous clock (APB/AHB
clocks), the main voltage regulator is used. This behavior can be changed by writing the Voltage Regulator Standby
Mode bits in the Standby Configuration register (STDBYCFG.VREGSMOD). Refer to the following table for details.

Table 16-4. Regulator State in Sleep Mode

Sleep STDBYCFG. SleepWalking Regulator state for VDDCORE
Mode VREGSMOD

Active main-voltage regulator
Idle - - main-voltage regulator
Standby 0x0: Auto No low-power regulator
Yes main-voltage regulator
0x1: Performance - main-voltage regulator
0x2: LP - low-power regulator

Sleep Mode Operation
The Power Manager is always active.
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16.6 Register Summary

I I = 2 I AR AN (T I I R

0x00 Reserved
0x01 SLEEPCFG 7:0 SLEEPMODE[2:0]
0x02

Reserved
0x07

7.0 VREGSMOD[1:0]
0x08 STDBYCFG 158 BBIASHS
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16.6.1 Sleep Configuration
Name: SLEEPCFG
Offset: 0x01
Reset: 0x00
Property: PAC Write-Protection
Bit 7 6 5 4 3 2 1 0
SLEEPMODE[2:0]
Access R/W R/W R/W
Reset 0 0 0

Bits 2:0 - SLEEPMODE[2:0] Sleep Mode

Note: A small latency happens between the store instruction and actual writing of the SLEEPCFG register due to
bridges. Software has to make sure the SLEEPCFG register reads the wanted value before issuing Wait For Interrupt
(WFI) instruction.

0x0 Reserved
0x1 Reserved
0x2 IDLE
0x3 Reserved
0x4 STANDBY
0x5 - Ox7 Reserved
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Power Manager (PM)
16.6.2 Standby Configuration
Name: STDBYCFG
Offset: 0x08
Reset: 0x0400
Property: PAC Write-Protection
Bit 15 14 13 12 1 10 9 8
BBIASHS
Access R/W
Reset 1
Bit 7 6 5 4 3 2 1 0
VREGSMOD[1:0] |
Access R/W R/wW
Reset 0 0

Bit 10 — BBIASHS Back Bias for SRAM

Refer to 16.5.4.1 SRAM Automatic Low-Power Mode for details.
0 No Back Biasing Mode

1 Standby Back Biasing Mode

Bits 7:6 - VREGSMOD[1:0] VREG Switching Mode
Refer to for 16.5.4.2 Regulator Automatic Low-Power Mode details.

Value Name Description
0x0 AUTO Automatic Mode
0x1 PERFORMANCE Performance oriented
0x2 LP Low-Power consumption oriented
0x3 Reserved Reserved
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Supply Controller (SUPC)

Supply Controller (SUPC)

Overview

The Supply Controller (SUPC) manages the voltage reference and power supply of the device. The SUPC controls
the voltage regulators for the core (VDDCORE) domain. It sets the voltage regulators according to the sleep modes,
or the user configuration.

The SUPC embeds two Brown-out Detectors: BODVDD monitors the voltage applied to the device (VDD) and
BODCORE monitors the internal voltage to the core (VDDCORE). The BOD can monitor the supply voltage
continuously (continuous mode) or periodically (sampling mode).

The SUPC generates also a selectable reference voltage which can be used by analog modules, such as the ADC,
SDADC or DAC.

Features
* Voltage Regulator System
— Main voltage regulator: LDO in Active mode (MAINVREG)
— Low-power voltage regulator in Standby mode (LPVREG)
» \Voltage Reference System
— Reference voltage for ADC, SDADC and DAC
+ VDD Brown-out Detector (BODVDD)
— Programmable threshold
— Threshold value loaded from NVM User Row at startup
— Triggers resets or interrupts. Action loaded from NVM User Row
— Operating modes:
» Continuous mode
» Sampled mode for low-power applications with programmable sample frequency
— Hysteresis value from Flash User Calibration
» VDDCORE Brown-out Detector (BODCORE)
— Internal non-configurable Brown-out Detector
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17.3 Block Diagram

Figure 17-1. SUPC Block Diagram
VDD

X

Main VREG

VDDCORE
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sleep mode

LP VREG

' Core
domain

VREF
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17.4 Peripheral Dependencies

Peripheral | Base Address

Sleep Walking
Enabled at reset | Enabled at reset mm Prot at reset mm

SUPC 0x40001800 = Y = 6 N - | 2: XOSC32K_FAIL =

17.5 Functional Description

17.5.1 Voltage Regulator System Operation

17.5.1.1 Enabling, Disabling, and Resetting
The LDO main voltage regulator is enabled after any Reset. The main voltage regulator (MAINVREG) can be
disabled by writing the Enable bit in the VREG register (VREG.ENABLE) to zero. The main voltage regulator output
supply level is automatically defined by the sleep mode selected in the Power Manager module.

17.5.1.2 Initialization
After a Reset, the LDO voltage regulator supplying VDDCORE is enabled.

17.5.1.3 Sleep Mode Operation
In Standby mode, the low-power voltage regulator (LPVREG) is used to supply VDDCORE.

When the Run in Standby bit in the VREG register (VREG.RUNSTDBY) is written to '1', VDDCORE is supplied by the
main voltage regulator. The VDDCORE level is set to the active mode voltage level.

17.5.2 Voltage Reference System Operation
The INTREF internal reference voltage is generated by the bandgap in the SUPC. Refer to the SEL bit in the VREF
register for voltage level selection.

17.5.2.1 |Initialization
The voltage reference output is disabled after any Reset.
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17.5.2.3

17.5.2.4

17.5.3
17.5.31

17.5.3.2

17.5.3.3

17.5.3.4

PIC32CM MCO00 Family
Supply Controller (SUPC)

Enabling, Disabling, and Resetting

The voltage reference output is enabled/disabled by setting/clearing the Voltage Reference Output Enable bit in the
Voltage Reference register (VREF.VREFOE).

Selecting a Voltage Reference

The Voltage Reference Selection bit field in the VREF register (VREF.SEL) selects the voltage of INTREF (supplied
by the bandgap) to be applied to analog modules, for example, the ADC.

Sleep Mode Operation

The Voltage Reference output behavior during Sleep mode can be configured using the Run in Standby bit and the
On Demand bit in the Voltage Reference register (VREF.RUNSTDBY, VREF.ONDEMAND), see the following table:

Table 17-1. VREF Sleep Mode Operation

VREF.ONDEMAND | VREF.RUNSTDBY | Voltage Reference Sleep behavior

0 0 Always run in all sleep modes except Standby Sleep mode.

0 1 Always run in all sleep modes including Standby Sleep mode.

1 0 Only run if requested by the ADC, in all sleep modes except Standby
Sleep mode.

1 1 Only run if requested by the ADC, in all sleep modes including Standby
Sleep mode.

Brown-out Detectors

Initialization
Before a Brown-out Detector (BODVDD) is enabled, it must be configured, as outlined by the following:
+ Set the BOD threshold level (BODVDD.LEVEL)
+ Set the configuration in Active, Standby (BODVDD.ACTION, BODVDD.STDBYCFG)
» Set the prescaling value if the BOD will run in sampling mode (BODVDD.PSEL)
» Set the action and hysteresis (BODVDD.ACTION and BODVDD.HYST)
The BODVDD register is Enable-Protected, meaning that they can only be written when the BOD is disabled

(BODVDD.ENABLE = 0 and STATUS.BVDDSRDY = 0). As long as the Enable bit is '1', any writes to Enable-
Protected registers will be discarded, and an APB error will be generated. The Enable bits are not Enable-Protected.

Enabling, Disabling, and Resetting
After power or user reset, the BODVDD and BODCORE register values are loaded from the NVM User Row.

The BODVDD is enabled by writing a '1' to the Enable bit in the BOD control register (BODVDD.ENABLE). The BOD
is disabled by writing a '0' to the BODVDD.ENABLE.

VDD Brown-out Detector (BODVDD)

The VDD Brown-out Detector (BODVDD) is able to monitor the VDD supply and compares the voltage with the
brown-out threshold level set in the BODVDD Level field (BODVDD.LEVEL) in the BODVDD register.

When VDD crosses below the brown-out threshold level, the BODVDD can generate either an interrupt or a Reset,
depending on the BODVDD Action bit field (BODVDD.ACTION).

The BODVDD detection status can be read from the BODVDD Detection bit in the Status register
(STATUS.BODVDDDET).

At start-up or at Power-on Reset (POR), the BODVDD register values are loaded from the NVM User Row.

VDDCORE Brown-Out Detector (BODCORE)

The BODCORE is calibrated in production and its calibration configuration is stored in the NVM User Row. This
configuration must not be changed to assure the correct behavior of the BODCORE. The BODCORE generates a
reset when VDDCORE crosses below the preset brown-out level. The BODCORE is always disabled in Standby
Sleep mode.
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17.5.3.6

17.5.3.7

17.5.3.8

PIC32CM MCO00 Family
Supply Controller (SUPC)

Continuous Mode
Continuous mode is the default mode for BODVDD.

The BODVDD is continuously monitoring the VDD supply voltage if it is enabled (BODVDD.ENABLE = 1) and
if the BODVDD Configuration bit in the BODVDD register is cleared (BODVDD.ACTCFG = 0 for active mode,
BODVDD.STDBYCFG = 0 for Standby mode).

Sampling Mode

The Sampling Mode is a Low-Power mode where the BODVDD is being repeatedly enabled on a sampling clock’s
ticks. The BODVDD will monitor the supply voltage for a short period of time and then go to a low-power disabled
state until the next sampling clock tick.

Sampling mode is enabled in Active mode for BODVDD by writing the ACTCFG bit (BODVDD.ACTCFG = 1).
Sampling mode is enabled in Standby mode by writing to the STDBYCFG bit (BODVDD.STBYCFG = 1). The
frequency of the clock ticks (Fciksampling) is controlled by the Prescaler Select bit groups in the BODVDD register
(BODVDD.PSEL).

F o Fclkprescaler
clksampling = m

The prescaler signal (Fcikprescaler) is @ 1.024 kHz clock, output by the 32.768 kHz Ultra Low-Power Oscillator
OSCULP32K.

As the sampling clock is different from the APB clock domain, synchronization among the clocks is necessary. See
also 17.5.5 Synchronization.

Hysteresis

A hysteresis on the trigger threshold of a BOD will reduce the sensitivity to ripples on the monitored voltage: instead
of switching RESET at each crossing of Vggp, the thresholds for switching RESET on and off are separated (Vgop.
and Vgop+, respectively).

Figure 17-2. BOD Hysteresis Principle
Hysteresis OFF:

1 1
1 1
V
1
1

RESET

Hysteresis ON:

Vee

RESET

Enabling the BODVDD hysteresis by writing the Hysteresis bit in the BODVDD register (BODVDD.HYST) to "1" will
add hysteresis to the BODVDD threshold level.

The hysteresis functionality can be used in both Continuous and Sampling Mode (Refer to the 43. Electrical
Characteristics 85°C section for more information on the hysteresis values).

Sleep Mode Operation

17.5.3.8.1 Standby Mode

The BODVDD can be used in Standby mode if the BOD is enabled and the corresponding Run in Standby bit is
written to '1' (BODVDD.RUNSTDBY).

The BODVDD can be configured to work in either Continuous or Sampling Mode by writing a '1' to the Configuration
in Standby Sleep Mode bit (BODVDD.STDBYCFG).
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17.5.4 Interrupts
The SUPC has the following interrupt sources, which are either synchronous or asynchronous wake-up sources:

+ BODVDD Ready (BODVDDRDY), synchronous
« BODVDD Detection (BODVDDDET), asynchronous
« BODVDD Synchronization Ready (BVDDSRDY), synchronous

Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear
register (INTFLAG) is set when the interrupt condition occurs.

Each interrupt can be individually enabled by writing a '1' to the corresponding bit in the Interrupt Enable Set register
(INTENSET), and disabled by writing a '1' to the corresponding bit in the Interrupt Enable Clear register INTENCLR).
As both INTENSET and INTENCLR always reflect the same value, the status of interrupt enablement can be read
from either register.

An interrupt request is generated when the interrupt flag is set and the corresponding interrupt is enabled. The
interrupt request remains active until either the interrupt flag is cleared, the interrupt is disabled, or the SUPC is reset.
See the INTFLAG register for details on how to clear interrupt flags. The SUPC has one common interrupt request
line for all the interrupt sources. The user must read the INTFLAG register to determine which interrupt condition is
present.

Note: Interrupts must be globally enabled for interrupt requests to be generated.

17.5.5 Synchronization

The prescaler counters that are used to trigger brown-out detections operate asynchronously from the peripheral bus.
As a consequence, the BODVDD Enable bit (BODVDD.ENABLE) need synchronization when written.

The Write-Synchronization of the Enable bit is triggered by writing a '1' to the Enable bit of the BODVDD Control
register. The Synchronization Ready bit (STATUS.BVDDSRDY) in the STATUS register will be cleared when the
Write-Synchronization starts, and set again when the Write-Synchronization is complete. Writing to the same register
while the Write-Synchronization is ongoing (STATUS.BVDDSRDY is '0') will generate a PAC error without stalling the
APB bus.
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Register Summary

IEZN TN T I I I I R N B O

0x00

0x04

0x08

0x0C

0x10
0x14
0x17

0x18

0x1C

INTENCLR

INTENSET

INTFLAG

STATUS

BODVDD

Reserved

VREG

VREF

15:8
23:16
31:24

7:0

15:8
23:16
31:24

7:0

15:8
23:16
31:24

7:0

15:8
23:16
31:24

7:0

15:8
23:16
31:24

7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24

ONDEMAND

RUNSTDBY | STDBYCFG
PSEL[3:0]

RUNSTDBY

RUNSTDBY

BVDDSRDY BODVDDDET BODVDDRDY

BVDDSRDY BODVDDDET BODVDDRDY

BVDDSRDY BODVDDDET BODVDDRDY

BVDDSRDY BODVDDDET BODVDDRDY

ACTION[1:0] HYST ENABLE
ACTCFG
LEVEL[5:0]

ENABLE

VREFOE

SEL[3:0]

© 2021 Microchip Technology Inc.

and its subsidiaries

Datasheet DS60001638D-page 140



PIC32CM MCO00 Family
Supply Controller (SUPC)

17.6.1

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Interrupt Enable Clear

Name: INTENCLR
Offset: 0x00
Reset: 0x00000000

Property: PAC Write-Protection

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

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 1" 10 9 8
7 6 5 4 3 2 1 0
BVDDSRDY | BODVDDDET | BODVDDRDY
R/wW R/W R/wW
0 0 0

Bit 2 - BVDDSRDY BODVDD Synchronization Ready Interrupt Enable

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

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

Value Description
0 The BODVDD Synchronization Ready interrupt is disabled.
1 The BODVDD Synchronization Ready interrupt is enabled, and an interrupt request will be generated

when the BODVDD Synchronization Ready Interrupt flag is set.

Bit 1 — BODVDDDET BODVDD Detection Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will clear the BODVDD Detection Interrupt Enable bit, which disables the BODVDD Detection
interrupt.

Value Description

0 The BODVDD Detection interrupt is disabled.

1 The BODVDD Detection interrupt is enabled, and an interrupt request will be generated when the

BODVDD Detection Interrupt flag is set.

Bit 0 - BODVDDRDY BODVDD Ready Interrupt Enable

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

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

Value Description
0 The BODVDD Ready interrupt is disabled.
1 The BODVDD Ready interrupt is enabled, and an interrupt request will be generated when the

BODVDD Ready Interrupt flag is set.
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17.6.2

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Interrupt Enable Set

Name: INTENSET
Offset: 0x04
Reset: 0x00000000

Property: PAC Write-Protection

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

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 1" 10 9 8
7 6 5 4 3 2 1 0
BVDDSRDY | BODVDDDET | BODVDDRDY
R/wW R/W R/wW
0 0 0

Bit 2 - BVDDSRDY BODVDD Synchronization Ready Interrupt Enable

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

Writing a '1' to this bit will set the BODVDD Synchronization Ready Interrupt Enable bit, which enables the BODVDD
Synchronization Ready interrupt.

Value Description
0 The BODVDD Synchronization Ready interrupt is disabled.
1 The BODVDD Synchronization Ready interrupt is enabled, and an interrupt request will be generated

when the BODVDD Synchronization Ready Interrupt flag is set.

Bit 1 — BODVDDDET BODVDD Detection Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will set the BODVDD Detection Interrupt Enable bit, which enables the BODVDD Detection
interrupt.

Value Description

0 The BODVDD Detection interrupt is disabled.

1 The BODVDD Detection interrupt is enabled, and an interrupt request will be generated when the

BODVDD Detection Interrupt flag is set.

Bit 0 - BODVDDRDY BODVDD Ready Interrupt Enable
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will set the BODVDD Ready Interrupt Enable bit, which enables the BODVDD Ready interrupt.
Value Description
0 The BODVDD Ready interrupt is disabled.
1 The BODVDD Ready interrupt is enabled, and an interrupt request will be generated when the
BODVDD Ready Interrupt flag is set.
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17.6.3 Interrupt Flag Status and Clear

Name: INTFLAG
Offset: 0x08
Reset: X determined from NVM User Row
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
BVDDSRDY | BODVDDDET | BODVDDRDY
Access R/W R/W R/W
Reset 0 0 X

Bit 2 - BVDDSRDY BODVDD Synchronization Ready

This flag is cleared by writing a '1' to it.

This flag is set on a zero-to-one transition of the BODVDD Synchronization Ready bit in the Status register
(STATUS.BVDDSRDY) and will generate an interrupt request if INTENSET.BVDDSRDY=1.

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

Writing a '1' to this bit clears the BODVDD Synchronization Ready interrupt flag.

Bit 1 - BODVDDDET BODVDD Detection

This flag is cleared by writing a '1' to it.

This flag is set on a zero-to-one transition of the BODVDD Detection bit in the Status register
(STATUS.BODVDDDET) and will generate an interrupt request if INTENSET.BODVDDDET=1.
Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the BODVDD Detection interrupt flag.

Bit 0 - BODVDDRDY BODVDD Ready

This flag is cleared by writing a '1' to it.

This flag is set on a zero-to-one transition of the BODVDD Ready bit in the Status register (STATUS.BODVDDRDY)
and will generate an interrupt request if INTENSET.BODVDDRDY=1.

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

Writing a '1' to this bit clears the BODVDD Ready interrupt flag.

The BODVDD can be enabled.
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17.6.4 Status
Name: STATUS
Offset: 0x0C
Reset: Determined from NVM User Row
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 1" 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
BVDDSRDY | BODVDDDET | BODVDDRDY
Access R R R
Reset 0 0 y

Bit 2 - BVDDSRDY BODVDD Synchronization Ready
Value Description

0 BODVDD synchronization is ongoing.

1 BODVDD synchronization is complete.

Bit 1 - BODVDDDET BODVDD Detection

Value Description

0 No BODVDD detection.
1 BODVDD has detected that the 1/0O power supply is going below the BODVDD reference value.

Bit 0 - BODVDDRDY BODVDD Ready
The BODVDD can be enabled at start-up from NVM User Row.

Value Description
0 BODVDD is not ready.
1 BODVDD is ready.
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17.6.5 VDD Brown-Out Detector (BODVDD) Control
Name: BODVDD
Offset: 0x10
Reset: X determined from NVM User Row
Property: Write-Synchronized Bits, Enable-Protected Bits, PAC Write-Protection
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
LEVEL[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset X X X X X X
Bit 15 14 13 12 11 10 9 8
PSEL[3:0] ACTCFG
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
RUNSTDBY STDBYCFG ACTION[1:0] HYST ENABLE
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 X X X X

Bits 21:16 — LEVEL[5:0] BODVDD Threshold Level on VDD
These bits set the triggering voltage threshold for the BODVDD when the BODVDD monitors the VDD.
These bits are loaded from NVM User Row at start-up. The use of the HYST setting can help in eliminating restarts at

startup when observed.

Note: This bit field is enable-protected. This bit field is not synchronized.

Bits 15:12 — PSEL[3:0] Prescaler Select

Selects the prescaler divide-by output for the BODVDD sampling mode. The input clock comes from the

OSCULP32K 1.024 kHz output.

Note: This bit field is enable-protected. This bit field is not synchronized.

Value Name Description
0x0 DIV2 Divide clock by 2
0x1 DIv4 Divide clock by 4
0x2 DIV8 Divide clock by 8
0x3 DIV16 Divide clock by 16
0x4 DIV32 Divide clock by 32
0x5 DIV64 Divide clock by 64
0x6 DIV128 Divide clock by 128
0x7 DIV256 Divide clock by 256
0x8 DIV512 Divide clock by 512
0x9 DIV1024 Divide clock by 1024
0xA DIV2048 Divide clock by 2048
0xB DIV4096 Divide clock by 4096
0xC DIV8192 Divide clock by 8192
0xD DIV16384 Divide clock by 16384
OxE DIV32768 Divide clock by 32768
O0xF DIV65536 Divide clock by 65536
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Bit 8 - ACTCFG BODVDD Configuration in Active Mode
Note: This bit is enable-protected. This bit is not synchronized.

Value Description
0 In active mode, the BODVDD operates in continuous mode.
1 In active mode, the BODVDD operates in sampling mode.

Bit 6 — RUNSTDBY Run in Standby
Note: This bit is enable-protected. This bit is not synchronized.

Value Description
0 In standby sleep mode, the BODVDD is disabled.
1 In standby sleep mode, the BODVDD is enabled.

Bit 5— STDBYCFG BODVDD Configuration in Standby Sleep Mode
If the RUNSTDBY bit is set to '1', the STDBYCFG bit sets the BODVDD configuration in standby sleep mode.
Note: This bit is enable-protected. This bit is not synchronized.

Value Description
0 In standby sleep mode, the BODVDD is configured in continuous mode.
1 In standby sleep mode, the BODVDD is configured in sampling mode.

Bits 4:3 — ACTION[1:0] BODVDD Action

These bits are used to select the BODVDD action when the supply voltage crosses below the BODVDD threshold.
These bits are loaded from NVM User Row at start-up.

Note: This bit field is enable-protected. This bit field is not synchronized.

Value m Description

0x0 NONE No action

0x1 RESET The BODVDD generates a reset

0x2 INT The BODVDD generates an interrupt
0x3 - Reserved

Bit 2 - HYST Hysteresis

This bit indicates whether hysteresis is enabled for the BODVDD threshold voltage.
This bit is loaded from NVM User Row at start-up.

Note: This bit is enable-protected. This bit is not synchronized.

Value Description
0 No hysteresis.
1 Hysteresis enabled.

Bit 1 - ENABLE Enable
This bit is loaded from NVM User Row at start-up.
Notes:

1. This bit is write-synchronized: STATUS.BVDDSRDY must be checked to ensure the BODVDD.ENABLE
synchronization is complete.

2. This bit is not enable-protected.

Value Description
0 BODVDD is disabled.
1 BODVDD is enabled.
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17.6.6  Voltage Regulator System (VREG) Control

Name: VREG
Offset: 0x18
Reset: 0x00000002

Property: PAC Write-Protection

Bit 31 30 29 28 27 26 25 24
| | | | | | |

Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16

| | | | | | | | |
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 " 10 9 8

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

RUNSTDBY ENABLE

Access R R/W R R R R R/W R
Reset 0 0 0 0 0 0 1 0

Bit 6 —- RUNSTDBY Run in Standby

Value Description

0 The voltage regulator is in Low-Power mode in Standby-Sleep mode.
1 The voltage regulator is in normal mode in Standby-Sleep mode.

Bit 1 —- ENABLE Must be set to 1.
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17.6.7

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Voltage References System (VREF) Control

Name: VREF
Offset: 0x1C
Reset: 0x00000000
Property: PAC Write-Protection
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
SEL[3:0]
R/W R/W R/W R/W
0 0 0 0
15 14 13 12 1 10 9 8
7 6 5 4 3 2 1 0
ONDEMAND | RUNSTDBY VREFOE
R/W R/W R/W
0 0 0

Bits 19:16 — SEL[3:0] Voltage Reference Selection
These bits select the Voltage Reference (INTREF) for the AC / ADC / DAC / SDADC.
Value Description

0x0 1.024V voltage reference typical value.
0x2 2.048V voltage reference typical value.
0x3 4.096V voltage reference typical value.
Others Reserved

Bit 7 — ONDEMAND On Demand Control
The On Demand operation mode allows to enable or disable the voltage reference depending on peripheral requests.
Value Description
0 The voltage reference is always on, if enabled.
1 The voltage reference is enabled when a peripheral is requesting it. The voltage reference is disabled if
no peripheral is requesting it.

Bit 6 — RUNSTDBY Run In Standby
The bit controls how the voltage reference behaves during Standby Sleep mode.

Value Description
0 The voltage reference is halted during Standby sleep mode.
1 The voltage reference is not stopped in Standby sleep mode. If VREF.ONDEMAND = 1, the voltage

reference will be running when a peripheral is requesting it. If VREF.ONDEMAND = 0, the voltage
reference will always be running in standby sleep mode.

Bit 2 — VREFOE Voltage Reference (INTREF) Output Enable

Value Description
0 The Voltage Reference output (INTREF) is not available as an ADC input channel.
1 The Voltage Reference output (INTREF) is routed to an ADC input channel.
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18. Reset Controller (RSTC)

18.1 Overview

The Reset Controller (RSTC) manages the reset of the microcontroller. It issues a microcontroller reset, sets the
device to its initial state and allows the reset source to be identified by software.

18.2 Features
» Reset the microcontroller and set it to an initial state according to the reset source
» Reset cause register for reading the reset source from the application code
* Multiple reset sources
— Power supply reset sources: POR, BODCORE, BODVDD
— User reset sources: External reset (RESET), Watchdog reset, and System Reset Request

18.3 Block Diagram
Figure 18-1. Reset System

RESET SOURCES RESET CONTROLLER

RESET

18.4  Signal Description

Signal Name

RESET Digital input External reset pin

18.5 Peripheral Dependencies

AHB CLK APB CLK Generic CLK Events
Peripheral | Base Address Sleep Walking

Enabled at reset | Enabled at reset Index Index | Prot at reset | User | Generator | Index

RSTC 0x40000C00 - - Y
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Functional Description

Principle of Operation
The Reset Controller collects the various Reset sources and generates Reset for the device.

Basic Operation

Initialization
After a power-on Reset, the RSTC is enabled and the Reset Cause (RCAUSE) register indicates the POR source.

Enabling, Disabling, and Resetting
The RSTC module is always enabled.

Reset Causes and Effects

The latest Reset cause is available in RCAUSE register, and can be read during the application boot sequence in
order to determine proper action.

These are the groups of Reset sources:

» Power supply Reset: Resets caused by an electrical issue. It covers POR and BODs Resets

» User Reset: Resets caused by the application. It covers external Resets, system Reset requests and watchdog
Resets

The following table lists the parts of the device that are reset, depending on the Reset type.

Table 18-1. Effects of the Different Reset Causes

Power Supply Reset User Reset

POR, BODVDD, BODCORE | External Reset | WDT Reset, System Reset Request

RTC, OSC32KCTRL, RSTC Reset

GCLK with WRTLOCK Reset - -
Debug logic Reset Reset -
Others Reset Reset Reset

The external Reset is generated when pulling the RESET pin low.

The POR, BODCORE, and BODVDD Reset sources are generated by their corresponding module in the Supply
Controller Interface (SUPC).

The WDT Reset is generated by the Watchdog Timer.

The System Reset Request is a Reset generated by the CPU when asserting the SYSRESETREQ bit located in
the Reset Control register of the CPU (for details refer to the Arm Cortex Technical Reference Manual on http://
www.arm.com).

Note: Refer to the TRST specification in the Power Supply section of the Electrical Characteristics chapter.

Sleep Mode Operation
The RSTC module is active in all sleep modes.
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18.7 Register Summary

IESN TN T I IO I I T I O

0x00 RCAUSE SYST BODVDD BODCORE
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Reset Cause

Name: RCAUSE
Offset: 0x00
Property: -

When a Reset occurs, the bit corresponding to the Reset source is set to '1' and all other bits are written to '0".

7 6 5 4 3 2 1 0

| | syst | wbT | EXT | | BODVDD | BODCORE |  POR
R R R R R R
X X X X X X

Bit 6 — SYST System Reset Request

This bit is set if a System Reset Request has occurred. Refer to the Cortex processor documentation for more

details.

Bit 5 — WDT Watchdog Reset

This bit is set if a Watchdog Timer Reset has occurred.

Bit 4 — EXT External Reset
This bit is set if an external Reset has occurred.

Bit 2 - BODVDD Brown Out VDD Detector Reset
This bit is set if a BODVDD Reset has occurred.

Bit 1 — BODCORE Brown Out CORE Detector Reset
This bit is set if a BODCORE Reset has occurred.

Bit 0 — POR Power On Reset
This bit is set if a POR has occurred.
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19. Peripheral Access Controller (PAC)

19.1 Overview

The Peripheral Access Controller (PAC) provides an interface for the locking and unlocking of peripheral registers
within the device. It reports all violations that could happen when accessing a peripheral: write protected access,

illegal access, enable protected access, access when clock synchronization or software reset is on-going. These

errors are reported in a unique interrupt flag for a peripheral. The PAC module also reports errors occurring at the
client bus level, when an access to a non-existing address is detected.

19.2 Features

» Manages write protection access and reports access errors for the peripheral modules or bridges.

19.3 Block Diagram
Figure 19-1. PAC Block Diagram

High-Speed BUS

PAC
JRQ ‘ Client ERROR CLIENTS
APB INTFLAG
Peripheral ERROR |
PERIPHERAL m
BUSn
PERIPHERAL 0
WRITE CONTROL
Peripheral ERROR ]
PERIPHERAL m
BUSO
WRITE CONTROL PERIPHERAL 0

19.4 Peripheral Dependencies

Peripheral | Base Address Sleep Walking
Enabled at reset | Enabled at reset mm Prot at reset mm
PAC Y Y - 0 N - - -

81: ACCERR

0x40000000 0

19.5 Functional Description

19.5.1 Principle of Operation
The Peripheral Access Control module allows the user to set a write protection on peripheral modules and generate
an interrupt in case of a peripheral access violation. The peripheral’s protection can be set, cleared or locked at
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the user discretion. A set of Interrupt Flag and Status registers informs the user on the status of the violation in the
peripherals. In addition, client bus errors can be also reported in the cases where reserved area is accessed by the
application.

Basic Operation

Initialization, Enabling and Resetting
The PAC is always enabled after reset.

Only a hardware reset will reset the PAC module.

Operations

The PAC module allows the user to set, clear or lock the write protection status of all peripherals on all Peripheral
Bridges.

If a peripheral register violation occurs, the Peripheral Interrupt Flag n registers (INTFLAGn) are updated to inform
the user on the status of the violation in the peripherals connected to the Peripheral Bridge n (n = A,B,C ...). The
corresponding Peripheral Write Control Status n register (STATUSN) gives the state of the write protection for all
peripherals connected to the corresponding Peripheral Bridge n. Refer to 19.5.2.3 Peripheral Access Errors for
details.

The PAC module also reports the errors occurring at client bus level when an access to reserved area is detected.
AHB Client Bus Interrupt Flag register (INTFLAGAHB) informs the user on the status of the violation in the
corresponding client. Refer to the 19.5.2.6 AHB Client Bus Errors for details.

Peripheral Access Errors
The following events will generate a Peripheral Access Error:

» Protected write: To avoid unexpected writes to a peripheral's registers, each peripheral can be write protected.
Only the registers denoted as “PAC Write-Protection” in the module’s data sheet can be protected. If a
peripheral is not write protected, write data accesses are performed normally. If a peripheral is write protected
and if a write access is attempted, data will not be written and peripheral returns an access error. The
corresponding interrupt flag bit in the INTFLAGn register will be set.

» lllegal access: Access to an unimplemented register within the module.

» Synchronized write error: For write-synchronized registers an error will be reported if the register is written while
a synchronization is ongoing.

When any of the INTFLAGN registers bit are set, an interrupt will be requested if the PAC interrupt enable bit is set.

Write Access Protection Management

Peripheral access control can be enabled or disabled by writing to the WRCTRL register.
The data written to the WRCTRL register is composed of two fields; WRCTRL.PERID and WRCTRL.KEY. The
WRCTRL.PERID is an unique identifier corresponding to a peripheral. The WRCTRL.KEY is a key value that defines

the operation to be done on the control access bit. These operations can be “clear protection”, “set protection” and
“set and lock protection bit”.

The “clear protection” operation will remove the write access protection for the peripheral selected by
WRCTRL.PERID. Write accesses are allowed for the registers in this peripheral.

The “set protection” operation will set the write access protection for the peripheral selected by WRCTRL.PERID.
Write accesses are not allowed for the registers with write protection property in this peripheral.

The “set and lock protection” operation will set the write access protection for the peripheral selected by
WRCTRL.PERID and locks the access rights of the selected peripheral registers. The write access protection will
only be cleared by a hardware reset.

The peripheral access control status can be read from the corresponding STATUSn register.

Write Access Protection Management Errors

Only word-wise writes to the WRCTRL register will effectively change the access protection. Other type of accesses
will have no effect and will cause a PAC write access error. This error is reported in the INTFLAGA.PAC bit.
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PAC also offers an additional safety feature for correct program execution with an interrupt generated on double
write clear protection or double write set protection. If a peripheral is write protected and a subsequent set protection
operation is detected then the PAC returns an error, and similarly for a double clear protection operation.

In addition, an error is generated when writing a “set and lock” protection to a write-protected peripheral or when a
write access is done to a locked set protection. This can be used to ensure that the application follows the intended
program flow by always following a write protect with an unprotect and conversely. However in applications where a
write protected peripheral is used in several contexts, e.g. interrupt, care should be taken so that either the interrupt
can not happen while the main application or other interrupt levels manipulates the write protection status or when
the interrupt handler needs to unprotect the peripheral based on the current protection status by reading the STATUS
register.

The errors generated while accessing the PAC module registers (for example, key error, double protect error, and so
on) will set the INTFLAGA.PAC flag.

AHB Client Bus Errors
The PAC module reports errors occurring at the AHB Client bus level. These errors are generated when an access
is performed at an address where no client (bridge or peripheral) is mapped. These errors are reported in the
corresponding bits of the INTFLAGAHB register.
Generating Events
The PAC module can also generate an event when any of the Interrupt Flag registers bit are set. To enable the PAC
event generation, the control bit EVCTRL.ERREO must be seta '1'.
Interrupts
The PAC has the following interrupt source:
» Error (ERR): Indicates that a peripheral access violation occurred in one of the peripherals controlled by the PAC
module, or a bridge error occurred in one of the bridges reported by the PAC
— This interrupt is a synchronous wake-up source.
Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status and Clear
(INTFLAGAHB and INTFLAGN) registers is set when the interrupt condition occurs.
An interrupt request is generated when the interrupt flag is set and the corresponding interrupt is enabled. The
interrupt request remains active until the interrupt flag is cleared, the interrupt is disabled, or the PAC is reset. All
interrupt requests from the peripheral are ORed together on system level to generate one combined interrupt request
to the NVIC 9.2 Nested Vector Interrupt Controller. The user must read the INTFLAGAHB and INTFLAGN registers
to determine which interrupt condition is present. Interrupts must be globally enabled for interrupt requests to be
generated.
Events
The PAC can generate the following output event:
» Error (ERR): Generated when one of the interrupt flag registers bits is set
Writing a '1' to an Event Output bit in the Event Control Register (EVCTRL.ERREO) enables the corresponding
output event. Writing a '0' to this bit disables the corresponding output event.
Sleep Mode Operation
In Sleep mode, the PAC is kept enabled if an available bus host (CPU, DMA) is running. The PAC will continue to
catch access errors from the module and generate interrupts or events.
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19.6 Register Summary

[eim [ mm Jmwm| v [ e s [ [ e [ e [ w [ e ]
7:0

PERID[7:0]
15:8 PERID[15:8]
0x00 WRCTRL 23:16 KEY[7:0]
31:24
0x04 EVCTRL 7:0 ERREO
0x05
Reserved
0x07
0x08 INTENCLR 7:0 ERR
0x09 INTENSET 7:0 ERR
0x0A
Reserved
0x0F
7:0 DIVAS SRAMDMAC APBC APBA APBB HSRAMDSU HSRAMCMOP|  FLASH
0x10 INTFLAGAHB 15:8
23:16
31:24
7:0 GCLK SUPC OSC?’fKCTR OSCCTRL RSTC MCLK PM PAC
0x14 INTFLAGA 15:8 FREQM EIC RTC WDT
23:16
31:24
7:0 HMATRIXHS MTB DMAC NVMCTRL DSU PORT
15:8
0x18 INTFLAGB 2316
31:24
7:0 SERCOM3 | SERCOM2 | SERCOM1 | SERCOMO EVSYS
0x1C INTELAGC 15:8 TC3 TC2 TC1 TCO TCC2 TCC1 TCCO
23:16 CCL DAC AC SDADC ADC1 ADCO TC4
31:24 PDEC
0x20
Reserved
0x33
7:0 GCLK SUPC OSC3fKCTR OSCCTRL RSTC MCLK PM PAC
0x34 STATUSA 15:8 FREQM EIC RTC WDT
23:16
31:24
7:0 HMATRIXHS MTB DMAC NVMCTRL DSU PORT
15:8
0x38 STATUSB 2316
31:24
7:0 SERCOM3 | SERCOM2 | SERCOM1 | SERCOMO EVSYS
O0X3C STATUSC 15:8 TC3 TC2 TC1 TCO TCC2 TCC1 TCCO
23:16 CCL DAC AC SDADC ADC1 ADCO TC4
31:24 PDEC
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19.6.1

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Write Control

Name: WRCTRL
Offset: 0x00
Reset: 0x00000000
Property: -
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
KEY[7:0]
RW RwW RW RwW RW RwW RW RwW
0 0 0 0 0 0 0 0
15 14 13 12 " 10 9 8
PERID[15:8]
RW RwW RW RwW RW RwW RW RwW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
PERID[7:0]
RW RwW RW RwW RW RwW RW RwW
0 0 0 0 0 0 0 0

Bits 23:16 — KEY[7:0] Peripheral Access Control Key
These bits define the peripheral access control key:

Value Name Description

0x0 OFF No action

0x1 CLEAR Clear the peripheral write control

0x2 SET Set the peripheral write control

0x3 LOCK S