M|c§?;|.||p SAM E70/S70/V70/V71 Family
32-bit ARM Cortex-M7 MCUs with FPU, Audio and

Graphics Interfaces, High-Speed USB, Ethernet, and
Advanced Analog

Features

Core
« ARM® Cortex®-M7 running at up to 300 MHz
» 16 Kbytes of I-Cache and 16 Kbytes of D-Cache with Error Code Correction (ECC)
» Single-precision and double-precision HW Floating Point Unit (FPU)
*  Memory Protection Unit (MPU) with 16 zones
¢ DSP Instructions, Thumb®-2 Instruction Set

* Embedded Trace Module (ETM) with instruction trace stream, including Trace Port Interface Unit
(TPIU)

Memories
* Up to 2048 Kbytes embedded Flash with unique identifier and user signature for user-defined data
» Up to 384 Kbytes embedded Multi-port SRAM
« Tightly Coupled Memory (TCM)
* 16 Kbytes ROM with embedded Bootloader routines (UARTO, USB) and IAP routines

« 16-bit Static Memory Controller (SMC) with support for SRAM, PSRAM, LCD module, NOR and
NAND Flash with on-the-fly scrambling

» 16-bit SDRAM Controller (SDRAMC) interfacing up to 256 MB and with on-the-fly scrambling

System
» Embedded voltage regulator for single-supply operation
« Power-on-Reset (POR), Brown-out Detector (BOD) and Dual Watchdog for safe operation

¢ Quartz or ceramic resonator oscillators: 3 MHz to 20 MHz main oscillator with failure detection, 12
MHz or 16 MHz needed for USB operations. Optional low-power 32.768 kHz for RTC or device clock

+ RTC with Gregorian calendar mode, waveform generation in low-power modes

* RTC counter calibration circuitry compensates for 32.768 kHz crystal frequency variations

« 32-bit low-power Real-time Timer (RTT)

» High-precision Main RC oscillator with 12 MHz default frequency.

» 32.768 kHz crystal oscillator or Slow RC oscillator as source of low-power mode device clock (SLCK)
* One 500 MHz PLL for system clock, one 480 MHz PLL for USB high-speed operations

» Temperature Sensor

* One dual-port 24-channel central DMA Controller (XDMAC)

Low-Power Features
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.

Low-power sleep, wait and backup modes, with typical power consumption down to 1.1 yA in Backup
mode with RTC, RTT and wakeup logic enabled

Ultra low-power RTC and RTT
1 Kbyte of backup RAM (BRAM) with dedicated regulator

Peripherals

.

One Ethernet MAC (GMAC) 10/100 Mbps in MIl mode and RMII with dedicated DMA. IEEE1588 PTP
frames and 802.3az Energy-efficiency support. Ethernet AVB support with IEEE802.1AS
Timestamping and IEEE802.1Qav credit-based traffic-shaping hardware support.

USB 2.0 Device/Mini Host High-speed (USBHS) at 480 Mbps, 4-Kbyte FIFO, up to 10 bidirectional
endpoints, dedicated DMA

12-bit ITU-R BT. 601/656 Image Sensor Interface (I1SI)

Two master Controller Area Networks (MCAN) with Flexible Data Rate (CAN-FD) with SRAM-based
mailboxes, time-triggered and event-triggered transmission

MediaLB® device with 3-wire mode, up to 1024 x Fs speed, supporting MOST25 and MOST50
networks

Three USARTs, USARTO, USART1, USART2, support LIN mode, ISO7816, IrDA®, RS-485, SP!I,
Manchester and Modem modes; USART1 supports LON mode.

Five 2-wire UARTs with SleepWalking™ support

Three Two-Wire Interfaces (TWIHS) (I2C-compatible) with SleepWalking support

Quad /O Serial Peripheral Interface (QSPI) interfacing up to 256 MB Flash and with eXecute-In-
Place and on-the-fly scrambling

Two Serial Peripheral Interfaces (SPI)

One Serial Synchronous Controller (SSC) with 12S and TDM support

Two Inter-IC Sound Controllers (12SC)

One High-speed Multimedia Card Interface (HSMCI) (SDIO/SD Card/e.MMC)

Four Three-Channel 16-bit Timer/Counters (TC) with Capture, Waveform, Compare and PWM

modes, constant on time. Quadrature decoder logic and 2-bit Gray Up/Down Counter for stepper
motor

Two 4-channel 16-bit PWMs with complementary outputs, Dead Time Generator and eight fault
inputs per PWM for motor control, two external triggers to manage power factor correction (PFC),
DC-DC and lighting control.

Two Analog Front-End Controllers (AFEC), each supporting up to 12 channels with differential input
mode and programmable gain stage, allowing dual sample-and-hold (S&H) at up to 1.7 Msps. Offset
and gain error correction feature.

One 2-channel, 12-bit, 1 Msps-per-channel Digital-to-Analog Controller (DAC) with Differential and
Over Sampling modes

One Analog Comparator Controller (ACC) with flexible input selection, selectable input hysteresis

Cryptography

Ie}

.

True Random Number Generator (TRNG)
AES: 256-bit, 192-bit, 128-bit Key Algorithm, Compliant with FIPS PUB-197 Specifications
Integrity Check Monitor (ICM). Supports Secure Hash Algorithm SHA1, SHA224 and SHA256.

Up to 114 1/O lines with external interrupt capability (edge- or level-sensitivity), debouncing, glitch
filtering and On-die Series Resistor Termination
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* Five Parallel Input/Output Controllers (P10)

Voltage
» Single supply voltage from 3.0V to 3.6V for Qualification AEC - Q100 Grade 2 Devices
» Single Supply voltage from 1.7V to 3.6V for Industrial Temperature Devices

Packages
* LQFP144, 144-lead LQFP, 20x20 mm, pitch 0.5 mm
* LFBGA144, 144-ball LFBGA, 10x10 mm, pitch 0.8 mm
 TFBGA144, 144-ball TFBGA, 10x10 mm, pitch 0.8 mm
* UFBGA144, 144-ball UFBGA, 6x6 mm, pitch 0.4 mm
* LQFP100, 100-lead LQFP, 14x14 mm, pitch 0.5 mm
+ TFBGA100, 100-ball TFBGA, 9x9 mm, pitch 0.8 mm
* VFBGA100, 100-ball VFBGA, 7x7 mm, pitch 0.65 mm
* LQFP64, 64-lead LQFP, 10x10 mm, pitch 0.5 mm
* QFNG64, 64-pad QFN 9x9 mm, pitch 0.5 mm with wettable flanks
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SAM E70/S70/V70/V71 Family

Configuration Summary

1. Configuration Summary

The SAM E70/S70/V70/V71 devices differ in memory size, package and features. The following tables
summarize the different configurations.

Table 1-1. SAM V71 Family Features (With CAN-FD, Ethernet AVB and Media LB)

Digital Peripherals

Device

Flash Memory (KB)
Packages
Ethernet AVB
Media LB
DAC (Channels)

USB (see Note)
USART/UART
USART/SPI
HSMCI port/bits
SDRAM Interface
DMA Channels

Multi-port SRAM Memory (KB)
Image Sensor Interface (ISI)
External Bus Interface (EBI)

Timer Counter Channels
Timer Counter Channels I/O

12-bit ADC Channels
Analog Comparators

ATSAMV71Q19 = 512 | 256
ATSAMV71Q20 | 1024 144 | LQFP, TFBGA | HS | 3/5 Y 3 3 |14 2 | MILRMII| Y [ 12-bit Y | Y | Y Y 24| Y | Y 12 36| 2 114 24 Y 2
ATSAMV71Q21 | 2048 e
ATSAMV71N19 | 512 | 256
ATSAMV71N20 | 1024 100 | LQFP, TFBGA | HS | 3/5 Y 3 3 |14 2 | MILRMII| Y [ 12-bit Y | N | N N 24| Y Y 12 9 |1 75 10 Y 2
ATSAMV71N21 | 2048 4
ATSAMV71J19 | 512 | 256
ATSAMV71J20 | 1024 64 LQFP FS | 2/3|SPlonly | 0 2 | N 1 RMII Y 8bit N | N N N 24 Y Y 12 3 0 4 5 Y 1

384
ATSAMV71J21 | 2048

Note: HS = High-Speed; FS = Full-Speed.
Table 1-2. SAM E70 Family Features (With CAN-FD and Ethernet AVB)

Digital Peripherals

Device

Flash Memory (KB)
Packages

Ethernet AVB

Multi-port SRAM Memory (KB)
USB (see Note)
USART/UART
USART/SPI
HSMCI port/bits
Image Sensor Interface (ISl)
External Bus Interface (EBI)
SDRAM Interface
DMA Channels
Timer Counter Channels
Timer Counter Channels 1/0
/0 Pins
12-bit ADC Channels
Analog Comparators
DAC (Channels)

ATSAME70Q19 | 512 | 256

ATSAME70Q20 @ 1024 144 et [Asen HS | 3/5 Y 3 3 14 2 MILRMII 12-bit' Y | Y | Y Y 24 Y Y 12|36 2 114 24 Y 2
384 UFBGA

ATSAME70Q21 | 2048

ATSAME70N19 | 512 | 256

ATSAME70N20 | 1024 100 LQFP, TFBGA HS | 3/5 Y 3 3 14 2 MILRMII 12-bit; Y N | N N 24 Y Y 12 9 1,75 10 Y 2
384

ATSAME70N21 | 2048

ATSAME70J19 | 512 | 256

ATSAME70J20 | 1024 64 LQFP FS |2/3 SPlonly 0 | 2 | N | 1 RMII 8bit | N N N | N 24 Y Y 12/ 3 0 44 |5 Y 1

ATSAME70J21 | 2048

Note: HS = High-Speed; FS = Full-Speed.
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Configuration Summary

Table 1-3. SAM V70 Family Features (With CAN-FD, Without Ethernet Control)

Digital Peripherals

Device

Packages

Flash Memory (KB)
Multi-port SRAM Memory (KB)
USB (see Note
USART/UART
USART/SPI
HSMCI port/bits
Media LB
Image Sensor Interface (ISI)
External Bus Interface (EBI)
SDRAM Interface
DMA Channels
Timer Counter Channels
Timer Counter Channels I/O
12-bit ADC Channels
Analog Comparators
DAC (Channels)

ATSAMV70Q19 512 | 256

144 = LQFP, TFBGA | HS | 3/5 Y 3 3 (14 Y | 12-bit | Y Y Y Y 24 Y Y 12 36 2 | 114 24 | Y 2
ATSAMV70Q20 1024 | 384
ATSAMV70N19 512 | 256

100 = LQFP, TFBGA | HS | 3/5 Y 3 3 (14 Y | 12-bit | Y N N N | 24 Y Y |12 9 1 75 | 10 | Y 2
ATSAMV70N20 1024 | 384
ATSAMV70J19 512 | 256

64 LQFP FS | 2/3 | SPlonly | 0 2 N N 8-bit N N N N |24 Y Y |12 3 0 44 5 Y 1

ATSAMV70J20 1024 = 384

Note: HS = High-Speed; FS = Full-Speed.
Table 1-4. SAM S70 Family Features (Without CAN-FD, Ethernet AVB and Media LB)

Device

7]
[
(=2
©
=<
Q
©
o

Flash Memory (KB)

Multi-port SRAM Memory (KB)
USB (see Note)
USART/UART
USART/SPI
HSMCI port/bits
Image Sensor Interface (ISI)
External Bus Interface (EBI)
SDRAM Interface
DMA Channels
Timer Counter Channels
Timer Counter Channels I/O
Analog Comparators
DAC Channels

ATSAMS70Q19 | 512 | 256

ATSAMS70Q20 | 1024 144 = LQFP, LFBGA, UFBGA HS 3/5 Y 3 3 (14| 12-bit| Y Y | Y | Y 24 Y Y |12 36 2 |14 |24 Y 2
ATSAMS70Q21 | 2048

ATSAMS70N19 | 512 | 256

ATSAMS70N20 | 1024 100 | LQFP, TFBGA, VFBGA HS 3/5 Y 3 3 14 12-bit| Y N N N 24 Y Y 12| 9 1 7% 10 Y | 2
ATSAMS70N21 | 2048 4

ATSAMS70J19 | 512 | 256

ATSAMS70J20 | 1024 64 LQFP, QFN FS,HS | 0/5  SPlonly | 0 2 N 8-bit N N N N 24 Y Y 12 3 0 44 5 Y 1

384
ATSAMS70J21 | 2048

Note: HS = High-Speed; FS = Full-Speed.
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SAM E70/S70/V70/V71 Family

Ordering Information

Ordering Information

ATSAM V71 Q 21 B - AAB

Product Family
SAM = SMART ARM Microcontroller

Product Series

V71 = Cortex-M7 + Advanced Feature Set
+ Ethernet + 2x CAN-FD + Media LB

V70 = Cortex-M7 + Advanced Feature Set
+ Media LB

E70 = Cortex-M7 + Advanced Feature Set
+ Ethernet + 2x CAN-FD

S70 = Cortex-M7 + Advanced Feature Set

Pin Count
J =64 pins

N =100 pins

Q = 144 pins

Flash Memory Density

(

Package Carrier (if applicable)

T = Tape and Reel

Temperature Operating Range

N = Industrial (-40 - +105°C)
B = Grade 2 (-40 - +105°C)

Package Type

A=LQFP

AA = LQFP (1)

C = LFBGA/TFBGA
CF = UFBGA/VFBGA
M = QFN

Device Variant

21 =2048 KB
20 =1024 KB
19 =512 KB

Note:
1. LQFP package type for Grade 2 variants.

A = Revision A, legacy version
B = Revision B, current variant

© 2019 Microchip Technology Inc.
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SAM E70/S70/V70/V71 Family

Block Diagram

Block Diagram

Refer to the table 1. Configuration Summary for detailed configurations of memory size, package and
features of the SAM E70/S70/V70/V71 devices.

Figure 3-1. SAM S70 144-pin Block Diagram
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SAM E70/S70/V70/V71 Family

Block Diagram

Figure 3-2. SAM E70 144-pin Block Diagram
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SAM E70/S70/V70/V71 Family

Block Diagram

Figure 3-3. SAM V70 144-pin Block Diagram
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SAM E70/S70/V70/V71 Family

Block Diagram

Figure 3-4. SAM V71 144-pin Block Diagram
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SAM E70/S70/V70/V71 Family

Signal Description

Signal Description
The following table provides details on signal names classified by peripheral.

Table 4-1. Signal Description List

Signal Name Type Active Voltage Comments
Level Reference

Power Supplies

VDDIO Peripherals I/O Lines Power - = =
Power Supply
VDDIN Voltage Regulator Power - - —

Input, AFE, DAC and
Analog Comparator

Power Supply(")
VDDOUT Voltage Regulator Power - - -
Output
VDDPLL PLLA Power Supply Power - - -
VDDPLLUSB USB PLL and Power - - -
Oscillator Power
Supply
VDDCORE Powers the core, the Power - - -

embedded memories
and the peripherals

GND, GNDPLL, Ground Ground — — —

GNDPLLUSB,

GNDANA,

GNDUTMI

VDDUTMII USB Transceiver Power — - -
Power Supply

VDDUTMIC USB Core Power Power - — —
Supply

GNDUTMI USB Ground Ground - - -

Clocks, Oscillators and PLLs
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SAM E70/S70/V70/V71 Family

Signal Description

........... continued
Signal Name Type Active Voltage Comments
Level Reference

Main Oscillator Input Input VDDIO

XOUT Main Oscillator Output = Output - -

XIN32 Slow Clock Oscillator Input - -
Input

XOUT32 Slow Clock Oscillator Output - -
Output

PCKO-PCK2 Programmable Clock Output - -
Output

Real Time Clock

RTCOUTO Programmable RTC Output - VDDIO -
Waveform Output

RTCOUT1 Programmable RTC Output - -

Waveform Output
Serial Wire Debug/JTAG Boundary Scan

SWCLK/TCK Serial Wire Clock/Test Input - VDDIO -
Clock (Boundary scan
mode only)

TDI Test Data In (Boundary Input
scan mode only)

TDO/TRACESWO Test Data Out Output
(Boundary scan mode
only)

SWDIO/TMS Serial Wire Input/ 1/0 / Input
Output /Test Mode
Select (Boundary scan

mode only)
JTAGSEL JTAG Selection Input  High -
Trace Debug Port
TRACECLK Trace Clock Output - VDDIO PCKa3 is used for
ETM
TRACEDO- Trace Data Output - -
TRACED3
Flash Memory
ERASE Flash and NVM Input | High VvVDDIO -

Configuration Bits
Erase Command
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SAM E70/S70/V70/V71 Family

Signal Description

........... continued
Signal Name Type Active Voltage Comments
Level Reference
Reset/Test
NRST Synchronous I/0 Low VDDIO -
Microcontroller Reset
TST Test Select Input - -

Universal Asynchronous Receiver Transceiver - UART(x=[0:4])
URXDx UART Receive Data Input - - PCK4 can be

UTXDx UART Transmit Data Output used to generate
the baud rate

PIO Controller - PIOA - PIOB - PIOC - PIOD - PIOE

PAO—-PA31 Parallel 10 Controller A /0 - VDDIO -

PB0-PB9, PB12— Parallel IO Controller B 110 - -

PB13

PCO- PC31 Parallel 10 Controller 110 — —
C

PD0-PD31 Parallel 1O Controller /0 - - -
D

PEO-PE5 Parallel 10 Controller E /10 - — —

P10 Controller - Parallel Capture Mode

PIODCO-PIODC7 | Parallel Capture Mode Input - VDDIO -
Data

PIODCCLK Parallel Capture Mode Input - -
Clock

PIODCEN1- Parallel Capture Mode Input - —

PIODCEN2 Enable

External Bus Interface

D[15:0] Data Bus /0 - - -
A[23:0] Address Bus Output - — —
NWAIT External Wait Signal Input Low - —

Static Memory Controller - SMC

NCSO0-NCS3 Chip Select Lines Output Low - -
NRD Read Signal Output Low - —
NWE Write Enable Output Low - -
NWRO-NWR1 Write Signal Output Low - -
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SAM E70/S70/V70/V71 Family

Signal Description

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

Signal Name Type Active Voltage Comments
Level Reference

NBSO0-NBS1 Byte Mask Signal Output Used also for

SDRAMC
NAND Flash Logic

NANDOE NAND Flash Output Output Low — -
Enable

NANDWE NAND Flash Write Output Low - -
Enable

SDR-SDRAM Controller Logic

SDCK SDRAM Clock Output - - —

SDCKE SDRAM Clock Enable Output - - -

SDCS SDRAM Controller Output - - -
Chip Select

BAO-BA1 Bank Select Output - - -

SDWE SDRAM Write Enable Output - - -

RAS-CAS Row and Column Output - - -
Signal

SDA10 SDRAM Address 10 Output - — —
Line

High Speed Multimedia Card Interface (HSMCI)

MCCK Multimedia Card Clock @) - - -

MCCDA Multimedia Card Slot A I/O - - -
Command

MCDAO-MCDA3  Multimedia Card Slot A I/0 - - -
Data

Universal Synchronous Asynchronous Receiver Transmitter (USART(x=[0:2]))
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SAM E70/S70/V70/V71 Family

Signal Description

........... continued
Signal Name Type Active Voltage Comments
Level Reference
SCKx USARTX Serial Clock PCK4 can be
TXDx USARTx Transmit Ils - - used to generate
the baud rate
Data
RXDx USARTXx Receive Data Input - —
RTSx USARTx Request To Output - —
Send
CTSx USARTXx Clear To Input - -
Send
DTRXx USARTx Data Output - -
Terminal Ready
DSRx USARTXx Data Set Input - -
Ready
DCDx USARTx Data Carrier Input - -
Detect
RIx USARTX Ring Input - -
Indicator
LONCOL1 LON Caollision Input - -
Detection

Synchronous Serial Controller (SSC)

TD SSC Transmit Data Output - - -
RD SSC Receive Data Input - - -
TK SSC Transmit Clock I/0 - - -
RK SSC Receive Clock I/0 - - -
TF SSC Transmit Frame I/0 - - -
Sync
RF SSC Receive Frame I/0 - - -
Sync
Inter-IC Sound Controller (I12SC[1..0])
[2SCx_MCK Master Clock Output - VDDIO GCLK]JPID] can be
12SCx_CK Serial Clock 10 - VDDIO UMD
the baud rate
I2SCx_WS 12S Word Select I/0 - VDDIO
12SCx_DI Serial Data Input Input - VDDIO
[2SCx_DO Serial Data Output Output - VDDIO

Image Sensor Interface (ISI)
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SAM E70/S70/V70/V71 Family

Signal Description

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

Signal Name Type Active Voltage Comments
Level Reference

IS|_DO-IS|_D11
ISI_MCK

ISI_HSYNC

ISI_VSYNC

ISI_PCK

Image Sensor Data

Image sensor
Reference clock.

No dedicated signal,
PCK1 can be used.

Image Sensor
Horizontal Synchro

Image Sensor Vertical
Synchro

Image Sensor Data
clock

Timer Counter (TC(x=[0:11]))

TCLKx

TIOAx

TIOBx

TC Channel x External
Clock Input

TC Channel x I/O Line
A

TC Channel x I/0O Line
B

Input

Output

Input

Input

Input

Input

I/0

I/0

Pulse Width Modulation Controller (PWMC(x=[0..1]))

PWMCx_PWMHO Waveform Output High

PWMCx_PWMH3

for Channel 0-3

PWMCx_PWMLO- Waveform Output Low

PWMCx_PWML3

PWMCx_PWMFIO

PWMCx_PWMFI2

PWMCx_PWMEX
TRGO-
PWMCx_PWMEX
TRG1

for Channel 0-3

Fault Input

External Trigger Input

Serial Peripheral Interface (SPI(x=[0..1]))

SPIx_MISO
SPIx_MOSI

Master In Slave Out

Master Out Slave In

Output

Output

Input

Input

I/0
I/0

PCK6 can be
used as an input
clock

PCK7 can be
used as an input
clock for TCO only

Only output in
complementary
mode when dead
time insertion is
enabled.
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SAM E70/S70/V70/V71 Family

Signal Description

........... continued
Signal Name Type Active Voltage Comments
Level Reference
SPIx_SPCK SPI Serial Clock
SPIx_NPCSO0 SPI Peripheral Chip I/0 Low - -
Select 0
SPIx_NPCS1- SPI Peripheral Chip Output Low — -
SPIx_NPCS3 Select
Quad IO SPI (QSPI)
QSCK QSPI Serial Clock Output - - -
QCS QSPI Chip Select Output - - -
QIO0-QI03 QSPI I/0 /0 - - -
QIO0 is QMOSI
Master Out Slave In
QIO1 is QMISO

Master In Slave Out

Two-Wire Interface (TWIHS (x=0..2))

TWDx TWIx Two-wire Serial I/0 - - —
Data

TWCKXx TWIx Two-wire Serial I/0 - - -
Clock

Analog

VREFP ADC, DAC and Analog  Analog - — —
Comparator Positive
Reference

VREFN ADC, DAC and Analog = Analog - - -

Comparator Negative
Reference Must be
connected to GND or

GNDANA.

12-bit Analog Front End - (x=[0..1])

AFEx_ADO- Analog Inputs Analog, - - -

AFEx_AD11 Digital

AFEx_ADTRG ADC Trigger Input - VDDIO —

12-bit Digital-to-Analog Converter (DAC)

DACO0-DACH1 Analog Output Analog, - - -
Digital

DATRG DAC Trigger Input - VDDIO —
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SAM E70/S70/V70/V71 Family

Signal Description

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

Signal Name Type Active Voltage Comments
Level Reference

Fast Flash Programming Interface (FFPI)

PGMENO- Programming Enabling Input - VDDIO -
PGMEN1
PGMMO0-PGMM3  Programming Mode Input - VDDIO —
PGMDO0-PGMD15 | Programming Data I/0 - -
PGMRDY Programming Ready Output High -
PGMNVALID Data Direction Output Low -
PGMNOE Programming Read Input Low -
PGMNCMD Programming Input Low -
Command
USB High Speed (USBHS)
HSDM USB High -Speed Analog, - VDDUTMII -
Data - Digital
HSDP USB High-Speed Data - -
+
VBG Bias Voltage Analog - - -
Reference for USB
Ethernet MAC 10/100 - GMAC
GREFCK Reference Clock Input - - RMII only
GTXCK Transmit Clock Input - - Mil only
GRXCK Receive Clock Input - - Mil only
GTXEN Transmit Enable Output - — —
GTXO0 - GTX3 Transmit Data Output - - GTX0-GTX1 only
in RMII
GTXER Transmit Coding Error = Output - - MIl only
GRXDV Receive Data Valid Input - - Mil only
GRXO0 - GRX3 Receive Data Input - - GRX0-GRX1 only
in RMII
GRXER Receive Error Input - - -
GCRS Carrier Sense Input - - Mil only
GCOL Collision Detected Input - - Mil only
GMDC Management Data Output - - -
Clock
Datasheet DS60001527D-page 29
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SAM E70/S70/V70/V71 Family

Signal Description

........... continued
Signal Name Type Active Voltage Comments
Level Reference
GMDIO Management Data
Input/Output

GTSUCOMP TSU timer comparison = Output - - -

valid

Controller Area Network - MCAN (x=[0:1])

CANRXx CAN Receive Input - - CANRX1 is
available on PD28
for 100-pin only
CANRX1 is
available on PC12
for 144-pin only

CANTXx CAN Transmit Output - - PCKS5 can be
used for CAN
clock
PCK6 and PCK7
can be used for
CAN
timestamping

MedialLB - (MLB)

MLBCLK MLB Clock input - - -

MLBSIG MLB Signal I/O - - -

MLBDAT MLB Data I/O - - -

Note: Refer to the “Active Mode” section in the Power Considerations chapter for restrictions on the
voltage range of analog cells.
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SAM E70/S70/V70/V71 Family

Automotive Quality Grade

Automotive Quality Grade

The SAM V70 and SAM V71 devices are developed and manufactured according to the most stringent
requirements of the international standard ISO-TS-16949. This data sheet contains limited values
extracted from the results of extensive characterization (temperature and voltage).

The quality and reliability of the SAM V70 and SAM V71 has been verified during regular product
qualification as per AEC-Q100 grade 2 (—40°C to +105°C).

Table 5-1. Temperature Grade Identification for Automotive Products

Temperature (°C) Temperature Identifier

—40°C to +105°C B AEC-Q100 Grade 2
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6.1

6.1.1

SAM E70/S70/V70/V71 Family

Package and Pinout

Package and Pinout
In the tables that follow, the column “Reset State” indicates the reset state of the line with mnemonics.

* “PlO” /" signal

Indicates whether the PIO Line resets in I/O mode or in peripheral mode. If “PlIO” is mentioned, the PIO
line is maintained in a static state as soon as the reset is released. As a result, the bit corresponding to
the PIO line in the register PIO_PSR (Peripheral Status Register) resets low.

If a signal name is mentioned in the “Reset State” column, the PIO line is assigned to this function and
the corresponding bit in PIO_PSR resets high. This is the case of pins controlling memories, in particular
the address lines, which require the pin to be driven as soon as the reset is released.

e I"/70O”

Indicates whether the signal is input or output state.
+ “PU"/"“PD”

Indicates whether pullup, pulldown, or nothing is enabled.
« “ST”

Indicates if Schmitt Trigger is enabled.

144-lead Packages

144-pin LQFP Package Outline
Figure 6-1. Orientation of the 144-pin LQFP Package

_|_

O

T

-
N
N
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SAM E70/S70/V70/V71 Family

Package and Pinout

6.1.2 144-ball LFBGA/TFBGA Package Outline
Figure 6-2. Orientation of the 144-ball LFBGA/TFBGA Package

TOP VIEW
PIN A1 CORNER

6.1.3 144-ball UFBGA Package Outline
Figure 6-3. Orientation of the 144-ball UFBGA Package
TOP VIEW

FHOAT COSNER

e cones

I
+

6.2 144-lead Package Pinout
Table 6-1. 144-lead Package Pinout

LQFP Pin UFBGA Power 1/0 Type Primary Alternate PIO [ [e] [ (o] PIO Reset
Ball Rail Perlphera Perlphera Perlphera Perlph State

102 cn VDDIO GPIO_AD WKUPO(1 PWMCO_ TIOAD A17/BA1 |2sco M PIO, I,
PWMHO PU, ST

99 D12 F11 VDDIO GPIO_AD | PA1 110 wkup1(1 | PWMCO_ O TIOBO 110 A18 o 128C0_C  1/0 PIO, I,
) PWMLO K PU, ST

93 E12 G12 VDDIO GPIO PA2 110 wkup2(1 PWMCO_ | O = = DATRG 1 = = PIO, I,
) PWMH1 PU, ST

91 F12 G11 VDDIO GPIO_AD | PA3 110 PlODCO2 | | TWDO 10 LONCOL | PCK2 o - - PIO, I,
) 1 PU, ST

77 K12 L12 VDDIO GPIO PA4 110 WKUP3/P | | TWCKO | O TCLKO | uTXD1 o - - PIO, I,
10Dc1(3) PU, ST
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SAM E70/S70/V70/V71 Family

Package and Pinout

LQFP Pin | LFBGA/ Power 1/0 Type Alternate PIO PIO PIO (o]
TFBGA Rail Periphera Periphera Periphera Periphera
Ball 1A IB ID

Ic
Signal,
Dir, PU,
PD, HiZ,
ST

73 M11 N13 VDDIO GPIO_AD = PA5 1o WKUP4/P | PWMC1_ O 1SI_D4 | URXD1 1 - - PIO, I,
1onc2(3) PWML3 PU, ST

14 B9 B11 VDDIO GPIO_AD | PA6 110 = = = = PCKO o UTXD1 o - - PIO, I,

PU, ST

35 L2 N1 VDDIO CLOCK  PA7 110 XIN32(4) | = = PWMCO_ | O = = = = PIO, HiZ

PWMH3

36 M2 N2 VDDIO CLOCK | PA8 110 xouta2l | o PWMC1_ | O AFEQ_AD | | = = = = PIO, HiZ
4) PWMH3 TRG

75 M12 L1 VDDIO GPIO_AD = PA9 1o WKUPG/P | URXDO | 1SI_D3 | PWMCO_ | - - PIO, I,
10Dc3(3) PWMFIO PU, ST

66 L9 M10 VDDIO GPIO_AD | PA10 110 PlODC4(2 | | UTXDO o PWMCO_ | | RD [ = = PIO, I,
) PWMEXT PU, ST

RGO

64 J9 N10 VDDIO GPIO_AD | PA11 110 WKUP7/P | | acs o PWMCO_ | O PWMC1_ O = = PIO, I,
10Dcs5(3) PWMHO PWMLO PU, ST

68 L10 N11 VDDIO GPIO_AD | PA12 110 PloDCe(2 | | Qio1 110 PWMCO_ | O PWMC1_ | O = = PIO, I,
) PWMH1 PWMHO PU, ST

42 M3 M4 VDDIO GPIO_AD  PA13 [le) plopc7(2 | Qloo 110 PWMCO_ O PWMC1_ O - - PIO, I,
) PWMH2 PWML1 PU, ST

51 K6 M6 VDDIO GPIO_CL | PA14 110 WKUP8/P | | QscK o PWMCO_ | O PWMC1_ | O - - PIO, I,

K lg))DCEM PWMH3 PWMH1 PU, ST

49 L5 N6 VDDIO GPIO_AD | PA15 110 = = D14 110 TIOA1 110 PWMCO_ | O 12SCO_W | 10 PIO, I,

PWML3 s PU, ST
45 K5 L4 VDDIO GPIO_AD | PA16 110 = = D15 110 TIOB1 110 PWMCO_ | O 12SCO_DI | | PIO, I,
PWML2 PU, ST

25 N Ja VDDIO GPIO_AD | PA17 110 AFEO_AD | | Qlo2 110 PCK1 o PWMCO_ | O - - PIO, I,
6(5) PWMH3 PU, ST

24 H2 J3 VDDIO GPIO_AD | PA18 110 AFEO_AD | | PWMCT_ | | PCK2 o A4 o - - PIO, I,
7(8) PWMEXT PU, ST

RG1

23 H1 J2 VDDIO GPIO_AD | PA19 110 AFEO_AD | | = = PWMCO_ | O A15 o 12SC1_M | © PIO, I,
8/ PWMLO CK PU, ST
WKUP9(6
)

22 H3 N VDDIO GPIO_AD | PA20 110 AFEO_AD | | = = PWMCO_ | O A16/BAO | O 12SC1_C | 0 PIO, I,
o PWML1 K PU, ST
wkuP10(

6)

32 K2 M1 VDDIO GPIO_AD | PA21 110 AFEO_AD | | RXD1 I PCK1 o PWMC1_ | = = PIO, I,
1 PWMFIO PU, ST
PIODCEN
2

37 K3 M2 VDDIO GPIO_AD | PA22 110 PIODCCL | | RK 110 PWMCO_ | | NCS2 o - - PIO, I,
k(2) PWMEXT PU, ST

RG1
46 L4 N5 VDDIO GPIO_AD | PA23 110 = = SCK1 110 PWMCO_ | O A19 o PWMC1_ | O PIO, I,
PWMHO PWML2 PU, ST
56 L7 N8 VDDIO GPIO_AD | PA24 110 = = RTS1 o PWMCO_ | O A20 o ISL_PCK | I PIO, I,
PWMH1 PU, ST
59 K8 L8 VDDIO GPIO_AD | PA25 110 = = cTst | PWMCO_ | O A23 o MCCK o PIO, I,
PWMH2 PU, ST
62 J8 M9 VDDIO GPIO PA26 110 - - DCD1 | TIOA2 o MCDA2 | 1/0 PWMC1_ | | PIO, I,
PWMFI1 PU, ST
70 J10 N12 VDDIO GPIO_AD | PA27 110 = = DTR1 o TIOB2 110 MCDA3 | 1/0 1SI_D7 PIO, I,
PU, ST
12 c9 ci1 VDDIO GPIO PA28 110 = = DSR1 | TCLK1 | MCCDA | /0 PWMCT_ | I PIO, I,
PWMFI2 PU, ST
129 A6 A7 VDDIO GPIO PA29 110 = = R | TCLK2 I = = = = PIO, I,
PU, ST

16 A10 A1 VDDIO GPIO PA30 110 wkuP11( |1 PWMCO_ | O PWMCT_ | | MCDAO | 1/O 12SCO_D | O PIO, I,
1) PWML2 PWMEXT o PU, ST

RGO
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Package and Pinout

LQFP Pin | LFBGA/ 1/0 Type PIO PIO PIO (o]
TFBGA Periphera Periphera Periphera Periphera

Ball 1A Ic ID
Signal,
Dir, PU,
PD, HiZ,
ST

118 cs c10 VDDIO GPIO_AD  PA31 1o - - SPIO_NP /O PCK2 o MCDA1 110 PWMC1_ O PIO, I,
cs1 PWMH2 PU, ST
21 H4 H2 VDDIO GPIO PBO 110 AFEO_AD | | PWMCO_ | O - - RXDO 1 TF 110 PIO, I,
10/ PWMHO PU, ST
RTCOUT
ol
20 G3 H1 VDDIO GPIO PB1 1o AFE1_AD | PWMCO_ O GTSuco O TXDO 110 TK 110 PIO, I,
o PWMH1 MP PU, ST
RTCOUT
1(7)
26 J2 K1 VDDIO GPIO PB2 110 AFEQ_AD | | CANTX0 | O - - CTS0 | SPIO_NP | 1/0 PIO, I,
5(5) cso PU, ST
31 J3 L1 VDDIO GPIO_AD = PB3 110 AFEO_AD | CANRXO | PCK2 o RTSO o ISI_D2 PIO, I,
2/ PU, ST
wKuP12(
6)
105 A12 c13 VDDIO GPIO_ML | PB4 110 TDI®) | TWD1 110 PWMCO_ | O MLBCLK | | TXD1 110 PIO, I,
B PWMH2 PU, ST
109 c10 c12 VDDIO GPIO_ML = PB5 [lle) TDO/TRA O TWCK1 O PWMCO_ O MLBDAT  1/0 D o 0,PU
B CESWO/ PWMLO
WKUP13(
9)
79 J1 K11 VDDIO GPIO PB6 110 SWDIO/T | | - - - - - - - - PIO,I,ST
ms(®)
89 F9 H13 VDDIO GPIO PB7 1o SWCLK/T | - - - - - - - - PIO,I,ST
CK(9)
141 A3 B2 VDDIO CLOCK PB8 110 xouTt(10) | o = = = = = = = = PIO, HiZ
142 A2 A2 VDDIO CLOCK PB9 110 XIN(10) | = = = - - - = = PIO, HiZ
87 G12 J10 VDDIO GPIO PB12 110 ERASE(®) | | PWMCO_ | O GTsuco o = = PCKO o PIO, I,
PWMLA MP PD, ST
144 B2 A1 VDDIO GPIO_AD = PB13 [lle] paco(M) | o PWMCO_ O PCKO o SCKO 110 - - PIO, I,
PWML2 PU, ST
1 E4 F2 VDDIO GPIO_AD | PCO 110 AFE1_AD | | DO 110 PWMCO_ O - - - - PIO, I,
9(5) PWMLO PU, ST
38 J4 M3 VDDIO GPIO_AD = PC1 [lle) - - D1 110 PWMCO_ O - - - - PIO, I,
PWMLA PU, ST
39 K4 N3 VDDIO GPIO_AD | PC2 110 - - D2 110 PWMCO_ O = - - - PIO, I,
PWML2 PU, ST
40 L3 N4 VDDIO GPIO_AD = PC3 [lle] - - D3 110 PWMCO_ O - - - - PIO, I,
PWML3 PU, ST
41 J5 L3 VDDIO GPIO_AD | PC4 110 - - D4 110 - - - - - - PIO, I,
PU, ST
58 L8 M8 VDDIO GPIO_AD = PC5 [lle) - - D5 110 TIOA6 110 - - - - PIO, I,
PU, ST
54 K7 L7 VDDIO GPIO_AD | PC6 110 - - D6 110 TIOB6 110 = - - - PIO, I,
PU, ST
48 M4 L5 VDDIO GPIO_AD = PC7 [lle] - - D7 110 TCLK6 | - - - - PIO, I,
PU, ST
82 J12 K13 VDDIO GPIO_AD | PC8 110 - - NWRON | O TIOA? 110 - - - - PIO, I,
WE PU, ST
86 G J1 VDDIO GPIO_AD = PC9 [lle) - - NANDOE = O TIOB7 110 - - - - PIO, I,
PU, ST
90 F10 H12 VDDIO GPIO_AD | PC10 110 - - NANDWE | O TCLK? = - - - PIO, I,
PU, ST
94 F11 F13 VDDIO GPIO_AD = PC11 [lle] - - NRD o TIOA8 110 - - - - PIO, I,
PU, ST
17 F4 G2 VDDIO GPIO_AD | PC12 110 AFE1_AD | | NCS3 o TIOB8 110 CANRX1 | | - - PIO, I,
3(5) PU, ST
19 G2 H3 VDDIO GPIO_AD = PC13 [lle) AFE1_AD | NWAIT | PWMCO_ O SDA10 o - - PIO, I,
1(5) PWMH3 PU, ST
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LQFP Pin | LFBGA/ Power 1/0 Type Alternate PIO PIO PIO (o]
TFBGA Rail Periphera Periphera Periphera Periphera
Ball 1A 1B 1c
Signal,
Dir, PU,
PD, HiZ,
ST
97 E10 F12 VDDIO GPIO_AD | PC14 110 = = NCS0 o TCLK8 | CANTX1 | O = = PIO, I,
PU, ST
18 G1 H4 VDDIO GPIO_AD | PC15 110 AFE1_AD | NCS1/SD | O PWMCO_ O - - - - PIO, I,
2(5) cs PWML3 PU, ST
100 D11 E12 VDDIO GPIO_AD | PC16 110 - - A21/NAN | O - - - - - - PIO, I,
DALE PU, ST
103 B12 E10 VDDIO GPIO_AD | PC17 110 - - A22INAN | O - - - - - - PIO, I,
DCLE PU, ST
LA B10 B12 VDDIO GPIO_AD | PC18 110 = = AONBSO | O PWMCO_ | O = = - - PIO, I,
PWML1 PU, ST
17 D8 B10 VDDIO GPIO_AD | PC19 110 - - A1 o PWMCO_ O - - - - PIO, I,
PWMH2 PU, ST
120 A9 c9 VDDIO GPIO_AD | PC20 110 - - A2 o PWMCO_ | O - - - - PIO, I,
PWML2 PU, ST
122 A7 A9 VDDIO GPIO_AD | PC21 110 - - A3 o PWMCO_ O - - - - PIO, I,
PWMH3 PU, ST
124 c7 A8 VDDIO GPIO_AD | PC22 110 = = A4 o PWMCO_ | O = = = = PIO, I,
PWML3 PU, ST
127 c6 c7 VDDIO GPIO_AD | PC23 110 - - A5 o TIOA3 10 - - - - PIO, I,
PU, ST
130 B6 D7 VDDIO GPIO_AD | PC24 110 - - A6 o TIOB3 110 SPI1_SP | O - - PIO, I,
CK PU, ST
133 c5 ce VDDIO GPIO_AD | PC25 110 - - A7 o TCLK3 | SPII_NP | 1/0 - - PIO, I,
Cso PU, ST
13 F2 F4 VDDIO GPIO_AD | PC26 110 AFE1_AD | | A8 o TIOA4 110 SPI_MIS | | = = PIO, I,
7(5) o PU, ST
12 E2 F3 VDDIO GPIO_AD | PC27 110 AFE1_AD | A9 o TIOB4 10 SPI1_MO O - - PIO, I,
8(5) sl PU, ST
76 L12 L13 VDDIO GPIO_AD | PC28 110 - - A10 o TCLK4 | SPI1_NP | IO - - PIO, I,
cs1 PU, ST
16 F3 G1 VDDIO GPIO_AD | PC29 110 AFE1_AD | A1 o TIOAS 110 SPII_NP O - - PIO, I,
4(5) cs2 PU, ST
15 F1 G3 VDDIO GPIO_AD | PC30 110 AFE1_AD | | A12 o TIOBS 110 SPII_NP | O = = PIO, I,
5(5) cs3 PU, ST
14 E1 G4 VDDIO GPIO_AD | PC31 110 AFE1_AD | A13 o TCLK5 - - - - PIO, I,
6(5) PU, ST
1 D4 B1 VDDIO GPIO_AD | PDO 110 pac1() | GTXCK | PWMC1_ | O SPI1_NP | IO DCDO I PIO, I,
PWMLO cs1 PU, ST
132 B5 B6 VDDIO GPIO PD1 110 - - GTXEN o PWMC1_ O SPII_NP | 1/0 DTRO o PIO, I,
PWMHO cs2 PU, ST
131 A5 A6 VDDIO GPIO PD2 110 = = GTX0 o PWMC1_ | O SPI_NP | 110 DSRO I PIO, I,
PWML1 cs3 PU, ST
128 B7 B7 VDDIO GPIO PD3 110 - - GTX1 o PWMC1_ O UTXD4 o RIO PIO, I,
PWMH1 PU, ST
126 D6 c8 VDDIO GPIO_CL | PD4 110 - - GRXDV | | PWMC1_ | O TRACED | O DCD2 I PIO, I,
K PWML2 0 PU, ST
125 D7 B8 VDDIO GPIO_CL  PD5 110 - - GRX0 I PWMC1_ O TRACED | O DTR2 o PIO, I,
K PWMH2 1 PU, ST
121 A8 B9 VDDIO GPIO_CL | PD6 110 = = GRX1 | PWMC1_ | O TRACED | O DSR2 I PIO, I,
K PWML3 2 PU, ST
119 B8 A10 VDDIO GPIO_CL | PD7 110 - - GRXER PWMC1_ O TRACED | O RI2 PIO, I,
K PWMH3 3 PU, ST
113 E9 A12 VDDIO GPIO_CL | PD8 110 - - GMDC o PWMCO_ | | - - TRACEC | O PIO, I,
K PWMFI1 LK PU, ST
110 D9 A13 VDDIO GPIO_CL  PD9 110 - - GMDIO 10 PWMCO_ | AFE1_AD | | - - PIO, I,
K PWMFI2 TRG PU, ST
101 c12 D13 VDDIO GPIO_ML | PD10 110 = = GCRS | PWMCO_ | O L) o MLBSIG | /O PIO, I,
B PWMLO PD, ST
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LQFP Pin | LFBGA/ Power 1/0 Type PIO PIO PIO (o]
TFBGA Rail Periphera Periphera Periphera Periphera
Ball 1A IB Ic ID
Signal,
Dir, PU,
PD, HiZ,
ST
98 E1 E13 VDDIO GPIO_AD PD11 /0 = = GRX2 | PWMCO_ O GTSUCO O ISI_D5 | PIO, I,
PWMHO MP PU, ST
92 G10 G13 VvDDIO GPIO_AD | PD12 110 - - GRX3 CANTX1 o SPIO_NP | O ISI_D6 PIO, I,
Ccs2 PU, ST
88 G9 H11 VDDIO GPIO_CL  PD13 110 = = GCOL | = = SDA10 [e] = = PIO, I,
K PU, ST
84 H10 J12 VDDIO GPIO_AD | PD14 110 - - GRXCK | - - SDCKE o - - PIO, I,
PU, ST
106 A11 D11 VDDIO GPIO_AD @ PD15 110 - - GTX2 o RXD2 I NWR1/N o - - PIO, I,
BS1 PU, ST
78 K11 K10 VvDDIO GPIO_AD | PD16 110 - - GTX3 (o} TXD2 110 RAS [} - - PIO, I,
PU, ST
74 L1 M13 VDDIO GPIO_AD  PD17 110 = = GTXER [e] SCK2 /10 CAS [e] = = PIO, I,
PU, ST
69 M10 M11 VDDIO GPIO_AD | PD18 110 - - NCsS1/SD | O RTS2 o URXD4 I - - PIO, I,
Ccs PU, ST
67 M9 L10 VDDIO GPIO_AD PD19 /0 = = NCS3 [e] CTS2 | UTXD4 [e] = = PIO, I,
PU, ST
65 K9 K9 VvDDIO GPIO PD20 110 - - PWMCO_ | O SPIO_MIS | I/O GTSUCO | O - - PIO, I,
PWMHO o MP PU, ST
63 H9 L9 VDDIO GPIO_AD  PD21 110 = = PWMCO_ O SPIO_MO  I/O TIOA11 /10 I1SI_D1 | PIO, I,
PWMH1 S| PU, ST
60 M8 N9 VDDIO GPIO_AD | PD22 110 - - PWMCO_ | O SPIO_SP o TIOB11 /0 I1SI_DO | PIO, I,
PWMH2 CK PU, ST
57 M7 N7 VDDIO GPIO_CL  PD23 /0 = = PWMCO_ O = = SDCK [e] = = PIO, I,
K PWMH3 PU, ST
55 Mé K7 VvDDIO GPIO_AD | PD24 110 - - PWMCO_ | O RF 110 TCLK11 | ISI_HSYN | | PIO, I,
PWMLO Cc PU, ST
52 M5 L6 VDDIO GPIO_AD @ PD25 110 = = PWMCO_ O SPIO_NP /0 URXD2 | ISL_VSYN | PIO, I,
PWML1 Cs1 (o] PU, ST
53 L6 M7 VDDIO GPIO PD26 110 - - PWMCO_ | O TD o UTXD2 o UTXD1 o PIO, I,
PWML2 PU, ST
47 J6 M5 VDDIO GPIO_AD @ PD27 /0 = = PWMCO_ O SPIO_NP o TWD2 [e] I1SI_D8 | PIO, I,
PWML3 Cs3 PU, ST
71 K10 M12 VvDDIO GPIO_AD | PD28 110 wkups(1 || URXD3 - TWCK2 [} 1SI_D9 PIO, I,
) PU, ST
108 D10 B13 VDDIO GPIO_AD @ PD29 110 = = = = = = SDWE [e] = = PIO, I,
PU, ST
34 M1 L2 VDDIO GPIO_AD | PD30 110 AFEO_AD | | UTXD3 (] - - - - I1SI_D10 | PIO, I,
0 PU, ST
2 D3 C3 VDDIO GPIO_AD  PD31 /0 = = Qlo3 /0 UTXD3 o PCK2 [e] ISI_D11 | PIO, I,
PU, ST
4 c2 Cc2 VvDDIO GPIO_AD | PEO 110 AFE1_AD | | D8 110 TIOA9 110 128C1_W | IIO - - PIO, I,
11(5) s PU, ST
6 A1 D2 VDDIO GPIO_AD @ PE1 110 = = D9 /0 TIOB9 /0 12SC1_D [e] = = PIO, I,
o PU, ST
7 B1 D1 VDDIO GPIO_AD | PE2 110 - - D10 110 TCLK9 I 128C1_DI | | - - PIO, I,
PU, ST
10 = F1 VDDIO GPIO_AD  PE3 /0 AFE1_AD | D11 [l[e} TIOA10 110 - - - - PIO, I,
10(5) PU, ST
27 K1 K2 VvDDIO GPIO_AD | PE4 110 AFEO_AD | | D12 110 TIOB10 110 - - - - PIO, I,
4(5) PU, ST
28 L1 K3 VDDIO GPIO_AD  PE5 110 AFEO_AD | D13 /0 TCLK10 /10 = = = = PIO, I,
3(6) PU, ST
3 C3 E4 VDDOUT | Power VDDOUT | - - - - - - - - - - - -
5 c1 c1 VDDIN Power VDDIN - - - - - - - - - - - -
8 D2 E2 GND Reference | VREFN | = = = = = = = = = = =
9 D1 E1 VDDIO Reference = VREFP | - - - - - - - - - - -
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SAM E70/S70/V70/V71 Family

Package and Pinout
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Ground
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Note:

1.  WKUPX can be used if the PIO Controller defines the 1/O line as “input”.

2. To select this extra function, refer to the 32.5.14 Parallel Capture Mode section in the Parallel
Input/Output Controller (P1O) chapter.

3. PIODCEN1/PIODCx has priority over WKUPXx. Refer to the 32.5.14 Parallel Capture Mode section
in the P10 chapter.

4. Refer tothe 23.4.2 Slow Clock Generator section in the Supply Controller (SUPC) chapter.

5. To select this extra function, refer to the 33.5.2.1 1/O Lines section in the External Bus Interface
(EBI) chapter. This selection is independent of the PIO line configuration. PIO lines must be
configured according to required settings (PU or PD).

6. Analog input has priority over WKUPXx pin. To select the analog input, refer to the 33.5.2.1 1/O
Lines section in the EBI chapter. WKUPXx can be used if the PIO controller defines the 1/O line as
“‘input”.

7. Analog input has priority over RTCOUTX pin. To select the analog input, refer to the 33.5.2.1 1/0
Lines section in the EBI chapter. Refer to the 27.5.8 Waveform Generation section in the Real-
Time Clock (RTC) chapter to select RTCOUTX.

8. Analog input has priority over WKUPXx pin. To select the analog input, refer to the 33.5.2.1 1/0
Lines section in the EBI chapter. To select PIODCEN2, refer to the 32.5.14 Parallel Capture Mode
in the PIO chapter.

9. Refer to the System 1/O Configuration Register (19.4.7 CCFG_SYSIO) in the Bus Matrix (MATRIX)
chapter.

10. Refer to the 30.5.3 Main Crystal Oscillator section in the Clock Generator chapter. This selection is
independent of the PIO line configuration. PIO lines must be configured according to XINxx (1) and
XOUTxx (O).

11. DACO is selected when DACC_CHER.CHO is set. DAC1 is selected when DACC_CHER.CH1 is
set. Refer to the DACC Channel Enable Register in the Digital-to-Analog Converter Controller
(DACC) chapter.

6.3 100-lead Packages

6.3.1 100-pin LQFP Package Outline
Figure 6-4. Orientation of the 100-lead LQFP Package
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6.3.2 100-ball TFBGA Package Outline

The 100-ball TFBGA package has a 0.8 mm ball pitch and respects Green standards. Its dimensions are
9x 9 x 1.1 mm. The figure below shows the orientation of the 100-ball TFBGA Package.
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Figure 6-5. Orientation of the 100-ball TFBGA Package
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6.3.3 100-ball VFBGA Package Outline
100-ball VFBGA Package Outline

The 100-ball VFBGA package has a 0.65 mm ball pitch and respects Green standards. The dimensions
are 7mm x 7mm x 1.0 mm.

The following figure shows the orientation of the 100-ball VFBGA Package.
Figure 6-6. 100-ball VFBGA Package Outline
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6.4 100-lead Package Pinout
Table 6-2. 100-lead Package Pinout

LQFP | VFBGA | TFBGA | Power Rail 1/0 Type Prlmary Alternate PIO Perlpheral A PIO Penpheral B PIO Perlpheral (o3 PIO Perlpheral D Reset

Pin Ball Ball State
Signal,
Dir, PU,
PD, Hiz,
ST

72 D8 VDDIO GPIO_AD wkupPo(1) PWMC0_PWMHO TIOAO A17/BA1 12SCO_MCK PIO, |,
PU, ST
70 c10 c10 VDDIO GPIO_AD  PA1 1o wkup1(1) I | PWMCO_PWMLO O  TIOBO /0 A18 O  125C0_CK - PIO,I,
PU, ST
66 D10 D10 VDDIO GPIO PA2 1o | wkup2(1) I PWMCO_PWMH1 o - - | DATRG - - | PIO,|,
PU, ST
64 Fo Fo VDDIO GPIO_AD  PA3 110 | PIODCO(2) I TWDO 10 LONCOL1 I PCK2 o - - PO,
PU, ST
55 H10 H10 VDDIO GPIO PA4 10 | WKUP3/ I TWCKO O | TCLKO I UTXD1 o - - | PO,
piobci1(®) PU, ST
52 H9 H9 VDDIO GPIO_AD | PA5 110 WKUP4/ I | PWMC1_PWML3 O  ISI_D4 I URXD1 [ - PIO,I,
Piopc2(3) PU, ST
24 J2 J2 VDDIO CLOCK PA7 110 | XIN32(4) - - | PWMCO_PWMH3 - |- - |- - | PIO,HiZ
25 K2 K2 VDDIO cLocK PA8 110 | XouT32(4) O PWMC1_PWMH3 O  AFEO_ADTRG [ - |- - PIO,HiZ
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continued

VFBGA | TFBGA | Power Rail 1/0 Type P mary Alternate PIO PenpheraIA PIO PenpheraIB PIO Peripheral C Reset
Ball Ball State
Signal,
Dir, PU,
PD, HiZ,
ST
54 Jo VDDIO GPIO_AD WKUP6/ URXDO I IsLD3 I PWMCO_PWMFIO | | PIO, I,
PioDC3(3) PU, ST
46 K9 K9 VDDIO GPIO_AD  PA10 110 | PIODC4(2) I UTXDO O  PWMCO_PWMEXTRGO |  RD - - PO
PU, ST
44 J8 J8 VDDIO GPIO_AD | PAM 10 | WKUP7/ I acs O | PWMCO_PWMHO O | PWMCI1_PWMLO O |- - | PO
Plobcs(3) PU, ST
48 K10 K10 VDDIO GPIO_AD  PAT12 110 PloDCe(2) I alo1 10 PWMCO_PWMH1 O PWMCI_PWMHO O - - PO,
PU, ST
27 G5 G5 VDDIO GPIO_AD | PA13 110 | Plobc7(2) I Qloo 1/0 | PWMCO_PWMH2 O  PWMCI_PWMLT 'O |- - | PO,
PU, ST
34 He He VDDIO GPIO_CLK = PA14 /0 WKUP8/ I QscK O  PWMCO_PWMH3 O  PWMCI_PWMH1 O - - PO
PIODCEN1(3) PU, ST
33 J6 J6 VDDIO GPIO_AD | PA15 o | - I D14 110 | TIOA1 /0 | PWMCO_PWML3 | O | 12SCO_WS - | PO
PU, ST
30 J5 J5 VDDIO GPIO_AD  PA16 o - I D15 /0 TIOB1 /0 PWMCO_PWML2 O  12SCO_DI - PO,
PU, ST
16 G1 G1 VDDIO GPIO_AD | PA17 110 | AFEQ_AD6(®) |1 Qio2 110 | PCK1 O | PWMCO_PWMH3 O |- - | PO,
PU, ST
15 G2 G2 VDDIO GPIO_AD  PA18 110 | AFEQ_AD7() || | PWMC1_PWMEXTRG1 | | PCK2 o Al4 o - - PO
PU, ST
14 F1 F1 VDDIO GPIO_AD | PA19 /0 | AFEQ_AD8/ I | - - | PWMCO_PWMLO 0 | A15 O | 12SC1_MCK - | PO
WKUP9(6) PU, ST
13 F2 F2 VDDIO GPIO_AD  PA20 /0 AFEQ_ADY | - - PWMCO_PWML1 O | A16/BAO O  12SC1_CK - PO,
WKUP10(6) PU, ST
21 J a1 VDDIO GPIO_AD | PA21 /0 | AFEQ_AD1/ | | RXD1 I PCK1 O | PWMCI_PWMFIO || | - - | PO,
PIODCEN2(8) PU, ST
26 J3 J3 VDDIO GPIO_AD  PA22 110 | PIODCCLK@) || | RK /0 PWMCO_PWMEXTRG1 |  NCS2 o - - PO
PU, ST
31 K5 K5 VDDIO GPIO_AD | PA23 o | - - | scK1 1/0 | PWMCO_PWMHO o | A19 O | PWMC1_PWML2 O | PIO,I,
PU, ST
38 K7 K7 VDDIO GPIO_AD  PA24 o - - RTS1 O PWMCO_PWMH1 o A20 O  ISI_PCK | PIO, |,
PU, ST
40 H7 H7 VDDIO GPIO_AD | PA25 o | - - | cTst || PWMCO_PWMH2 0 A2 0 | MccK o | PIO,I,
PU, ST
42 K8 K8 VDDIO GPIO PA26 o - - DCD1 TIOA2 O | MCDA2 IO PWMC1_PWMFI1 | | PIO, I,
PU, ST
50 Hg Hg VDDIO GPIO_AD | PA27 o | - - | DTRI o | TIOB2 /0 | MCDA3 110 | IsI_D7 PIO, I,
PU, ST
79 A9 A9 VDDIO GPIO PA28 o - - DSR1 | TCLK1 I MCCDA 10 PWMC1_PWMFI2 | | PIO, |,
PU, ST
82 c7 c7 VDDIO GPIO PA30 o wkupt(M) 1 PWMCO_PWML2 O | PWMC1_PWMEXTRGO | | MCDAO 110 | 128C0_DO - | PO,
PU, ST
83 A7 A7 VDDIO GPIO_AD  PA31 o - - SPIO_NPCS1 10 PCK2 O  MCDA1 /0  PWMC1_PWMH2 O  PIO, I,
PU, ST
12 E1 E1 VDDIO GPIO PBO /0 | AFEQ_AD10/ | | | PWMCO_PWMHO o - - | RXDO TF 110 | PIO, |,
RTCOUTO() PU, ST
1 E2 E2 VDDIO GPIO PB1 /O AFE1_ADO/ | PWMCO_PWMH1 O  GTSUCOMP- O TXDO 1o TK 110 PIO, I,
RTCOUT1(T) PU, ST
17 H1 H1 VDDIO GPIO PB2 110 | AFEQ_AD5() || | CANTXO- o- - - | CTso | SPI0_NPCS0 110 | PIO, 1,
PU, ST
20 H2 H2 VDDIO GPIO_AD  PB3 /O AFEO_AD2/ |  CANRXO- - | PCK2 O  RTSO o  IsI.D2 PIO, I,
WKUP12(6) PU, ST
74 B9 B9 VDDIO GPIO_MLB | PB4 110 | TDI(®) I TWD1 10 | PWMCO_PWMH2 O | MLBCLK- - | TXD1 110 | PIO, |,
PD, ST
77 cs c8 VDDIO GPIO_MLB = PB5 110 TDO/ o TwCK1 O  PWMCO_PWMLO O | MLBDAT- 10 TD o orPU
TRACESWO/ -
WKUP13(9)
57 G8 G8 VDDIO GPIO PB6 110 | SWDIO/ [ - |- - |- - |- - | PIOJLST
T™S(®)
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VFBGA | TFBGA | Power Rail 1/0 Type - Alternate PIO Peripheral A PIO Peripheral B PIO Peripheral C
Ball Ball

Signal,
Dir, PU,
PD, Hiz,
ST

63 E9 E9 VDDIO GPIO PB7 1/0 | SWCLK/ PIO,I,ST
TcK®)

98 A2 A2 VDDIOP cLOCK PB8 110 | xout(10) o |- = |= = |= = |= - | PIO, HiZ
99 Al Al VDDIOP CLOCK PB9 110 | XIN(10) 1 |- = = = = = = - PIO, HiZ
61 F8 F8 VDDIO GPIO PB12 110 | ERASE(®) || PWMCO_PWML1 O | GTSUCOMP- o |- - | PCKO o | PO,
PD, ST

100 | B2 B2 VDDIO GPIO_AD | PB13 110 | pAco(11) O | PWMCO_PWML2 0 | PCKO O | SCKo 1o | - - PIO,I,
PU, ST

1 B1 c VDDIO GPIO_AD | PDO 110 | pac1(11) I | GTXCK || PWMC1_PWMLO O | SPI_NPCS1 DCDO I | PO,
PU, ST

92 D3 D2 VDDIO GPIO PD1 1o | - - | GTXEN O | PWMC1_PWMHO O | SPI_NPCS2 10 | DTRO o PO,
PU, ST

91 E3 E3 VDDIO GPIO PD2 1o | - - |emxo O | PWMC1_PWML1 O | SPI_NPCS3 110 | DSRO I | PIO,,
PU, ST

89 B5 B5 VDDIO GPIO PD3 1o | - - |emi O | PWMC1_PWMH1 O | UTXD4 o0 RO I | PIO, I,
PU, ST

88 A5 A5 VDDIO GPIO_CLK | PD4 1o | - - | GRXDV || PWMC1_PWML2 O | TRACEDO o | DCD2 I | PO,
PU, ST

87 D5 D5 VDDIO GPIO_CLK = PD5 1o | - - | GRX0 PWMC1_PWMH2 O | TRACED1 0 | DTR2 o | PO,
PU, ST

85 B6 B6 VDDIO GPIO_CLK | PD6 1o | - - | GRx1 || PWMC1_PWML3 O | TRACED2 O | DSR2 I | PO,
PU, ST

84 A8 A6 VDDIO GPIO_CLK = PD7 1o | - - | GRXER || PWMC1_PWMH3 O | TRACED3 o R I | PIO, I,
PU, ST

80 B7 B7 VDDIO GPIO_CLK | PD8 1o | - - | empC O | PWMCO_PWMFI1 I = - | TRACECLK o | PO,
PU, ST

78 B8 B8 VDDIO GPIO_CLK = PD9 1o | - - | GMDIO 10 | PWMCO_PWMFI2 AFE1_ADTRG - o | PO,
PU, ST

7 c9 c9 VDDIO GPIO_MLB | PD10 1o | - - | GeRs || PWMCO_PWMLO o | T O | MLBSIG- 110 | PIO, 1,
- | PD,ST

69 D9 D9 VDDIO GPIO_AD | PD11 1o | - - | GRX2 || PWMCO_PWMHO O  GTSUCOMP- O | ISI_D5 I | PIO, I,
PU, ST

65 E10 E10 VDDIO GPIO_AD | PD12 1o | - - | GRx3 || CANTX1- O- | SPI0_NPCS2 o | I1sI_D6 I | PO,
PU, ST

62 E8 E8 VDDIO GPIO_AD | PD13 1o | - - | GeoL - - | SDA10 o - - PO,
PU, ST

59 F10 F10 VDDIO GPIO_AD | PD14 1o | - - | GRXCK (= - | SDCKE o |- - | PIO,I,
PU, ST

75 B10 B10 VDDIO GPIO_AD | PD15 1o | - - | GTx2 O | RXD2 I NWR1/NBS1 o - - PIO,I,
PU, ST

56 G9 G9 VDDIO GPIO_AD | PD16 1o | - - |etxs o | TXD2 10 | RAS o |- - | PIO,I,
PU, ST

53 J10 J10 VDDIO GPIO_AD | PD17 1o | - - | GTXER SCK2 110 CAS o - - PO,
PU, ST

49 K6 K6 VDDIO GPIO_AD | PD18 1o | - - | NCs1/sDcs O | RTS2 O | URXD4 1= - | PIO,I,
PU, ST

47 K4 Ké VDDIO GPIO_AD | PD19 1o | - - | NCS3 o | cTs2 I UTXD4 o - - PIO,I,
PU, ST

45 K3 K3 VDDIO GPIO PD20 1o | - - | PWMCO_PWMHO O | SPIo_MISO 1/0 | GTSUCOMP- o |- - | PIO,I,
PU, ST

43 H5 H5 VDDIO GPIO_AD | PD21 1o | - - | PWMCO_PWMH1 O  SPlo_MOSI 1/0 | TIOA11 110 | 1SI_D1 PIO, I,
PU, ST

41 Ja Ja VDDIO GPIO_AD | PD22 1o | - - | PWMCO_PWMH2 O | SPI0_SPCK o | TIOB11 110 | 1SI_DO I | PO,
PU, ST

37 G4 G4 VDDIO GPIO_AD | PD24 1o | - - | PWMCO_PWMLO O RF 1I0 | TCLK11 I | ISI_HSYNC I | PIO, I,
PU, ST

35 H3 H3 VDDIO GPIO_AD | PD25 1o | - - | PWMCO_PWML1 O | SPIo_NPCS1 1/0 | URXD2 I | ISLLVSYNC I | PO,
PU, ST
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VFBGA | TFBGA | Power Rail 1/0 Type P Alternate PIO Penpheral A PIO Penpheral B PIO Peripheral C
Ball Ball State
Signal,
Dir, PU,
PD, Hiz,
ST
36 G3 VDDIO GPIO PD26 PWMCO_PWML2 UTXD2 UTXD1 PIO, I,
PU, ST
32 H4 H4 VDDIO GPIO_AD | PD27 o | - - PWMCO_PWML3 O | SPIO_NPCS3 O | TWD2 (0] ISI_D8 PIO, |,
PU, ST
51 J7 J7 VDDIO GPIO_AD | PD28 110 | wkups(1) URXD3 CANRX1 I- | TWCK2 o ISI_D9 PIO, |,
PU, ST
23 K1 K1 VDDIO GPIO_AD PD30 [le} AFEO_ADO(5) I UTXD3 0 - - - - I1SI_D10 | PIO, I,
PU, ST
2 Cc1 B1 VDDIO GPIO_AD PD31 /o - = Qlo3 /0 UTXD3 [e] PCK2 [0} ISI_D11 | PIO, I,
PU, ST
4 C3 C3 VDDOUT Power VDDOUT | - - |- - |- = ||= = = - -
5 Cc2 Cc2 VDDIN Power VDDIN | - - |- - |- = = = = - -
6 D2 D3 GND Ground VREFN I = = = - - - - = = = -
9 D1 D1 VDDIO Power VREFP I - - - - - - - = = = -
58 G10 G10 VDDIO RST NRST [ - |- - |- - |- - |- - | PO,
PU
60 F7 F7 VDDIO TEST TST | - - - - - - = = = = 1, PD
19, C5,F3, | C5,F3, | VDDIO Power VDDIO | - - |- - |- = ||= = = - -
28, G7 G7
68, 81
73 A10 A10 VDDIO TEST JTAGSEL I - - - - - - - - - = 1, PD
18, C6,D6, | C6,D6, VDDCORE Power VDDCORE I - - - - - - - = = = -
22, G6 G6
39,76
86 D7 D7 VDDPLL Power VDDPLL | - - - - - = = = = = -
93 ES5 ES5 VDDUTMII Power VDDUTMII | - - |- - |- = ||= = = - -
94 A4 A4 VDDUTMII USBHS HSDM o - - |- - |- = = = = - -
95 B4 B4 VDDUTMII USBHS HSDP /o | - - - - - - - = = = -
3,7, E7,F4, E7,F4, GND Ground GND I - - - - - - - = = = -
8,10, F5,F6 F5, F6
29, 67
D4 D4 GNDANA Ground GNDANA | = = - - - = = = = = -
A6 A8 GNDUTMI Ground GNDUTMI | - - |- - - - = = = - -
c4 c4 GNDPLLUSB | Ground GNDPLLUSB | | - - |- - |- = | = = = - -
E6 E4 GNDPLL Ground GNDPLL I - - - - - - - = = = -
96 B3 B3 VDDUTMIC Power VDDUTMIC I - - - - - - - = = = -
97 A3 A3 = VBG VBG I - - - - - = = = = = -
90 E4 E6 VDDPLLUSB | Power VDDPLLUSB | | - - - - - = = = = = -
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Note:
1.  WKUPX can be used if the PIO Controller defines the 1/O line as “input”.

2. To select this extra function, refer to the 32.5.14 Parallel Capture Modesection in the Parallel Input/
Output Controller (PIO) chapter.

3. PIODCEN1/PIODCx has priority over WKUPXx. Refer to the 32.5.14 Parallel Capture Mode section
in the P10 chapter.

4. Refer tothe 23.4.2 Slow Clock Generator section in the Supply Controller (SUPC) chapter.

5. To select this extra function, refer to the 33.5.2.1 1/O Lines section in the External Bus Interface
(EBI) chapter. This selection is independent of the PIO line configuration. PIO lines must be
configured according to required settings (PU or PD).

6. Analog input has priority over WKUPXx pin. To select the analog input, refer to the 33.5.2.1 1/O
Lines section in the EBI chapter. WKUPXx can be used if the PIO controller defines the 1/O line as
“‘input”.

7. Analog input has priority over RTCOUTX pin. To select the analog input, refer to the 33.5.2.1 1/0
Lines section in the EBI chapter. Refer to the 27.5.8 Waveform Generation section in the Real-
Time Clock (RTC) chapter to select RTCOUTX.

8. Analog input has priority over WKUPXx pin. To select the analog input, refer to the 33.5.2.1 1/0
Lines section in the EBI chapter. To select PIODCEN2, refer to the 32.5.14 Parallel Capture Mode
in the PIO chapter.

9. Refer to the System 1/O Configuration Register (19.4.7 CCFG_SYSIO) in the Bus Matrix (MATRIX)
chapter.

10. Refer to the 30.5.3 Main Crystal Oscillator section in the Clock Generator chapter. This selection is
independent of the PIO line configuration. PIO lines must be configured according to XINxx (1) and
XOUTxx (O).

11. DACO is selected when DACC_CHER.CHO is set. DAC1 is selected when DACC_CHER.CH1 is
set. Refer to the DACC Channel Enable Register in the Digital-to-Analog Converter Controller
(DACC) chapter.

6.5 64-lead Package

6.5.1 64-lead QFN Wettable Flanks Package Outline
Figure 6-7. Orientation of the 64-lead QFN Wettable Flanks Package
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6.5.2 64-pin LQFP Package Outline
Figure 6-8. Orientation of the 64-pin LQFP Package
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6.6 64-lead Package Pinout
Table 6-3. 64-lead Package Pinout

LQFP Pin 110 Type Alternate - i
i Signal,
Dir, PU,
PD, Hiz,

40 40 VDDIO GPIO_AD | PA3 110 piopco(?) | 1 Twpo | o LONCOL1 | | PCK2 o = = PIO, 1, PU,
ST
34 34 VDDIO GPIO PA4 [le) WKUP3/ | TWCKO o TCLKO | UTXD1 o - - PIO, I, PU,
plobc1(2) ST
32 32 VDDIO GPIO_AD | PAS 110 WKUP4/ | | PWMC1_P | O 1SI_D4 URXD1 = = PIO, 1, PU,
plopc2(2) WML3 ST
15 15 VDDIO CLOCK PA7 110 XIN323) | = = PWMCO_P | — = = = = PIO, HiZ
WMH3
16 16 VDDIO CLOCK PA8 110 xouT32B@ | o PWMC1_P | O AFEO_AD | | = = = = PIO, HiZ
) WMH3 TRG
33 33 VDDIO GPIO_AD | PA9 [le) WKUP6/ | URXDO | 1SI_D3 | PWMCO_P | = = PIO, I, PU,
Plobca(2) WM Fl0 ST
28 28 VDDIO GPIO_AD | PA10 110 piopca(l) | UTXDO o PWMCO_P | | RD = = PIO, 1, PU,
WMEXT ST
RGO
27 27 VDDIO GPIO_AD | PAT1 110 WKUP7/ | acs o PWMCO_P | O PWMC1_P O = = PIO, I, PU,
Piopcs(2) WMHO WM LO ST
29 29 VDDIO GPIO_AD | PA12 110 piobcs(?) | 1 Qio1 110 PWMCO_P | O PWMC1_P | O = = PIO, I, PU,
WMH1 WM HO ST
18 18 VDDIO GPIO_AD | PA13 110 piopc7() | Qloo 110 PWMCO_P | O PWMC1_P | O - - PIO, I, PU,
WMH2 WM L1 ST
19 19 VDDIO GPIO_CLK | PA14 110 WKUP8/ | | QscK o PWMCO_P | O PWMC1_P | O = = PIO, I, PU,
PIODCEN WMH3 WM H1 ST
1(2)
12 12 VDDIO GPIO_AD | PA21 110 AFEO_AD1 | | RXD1 | PCK1 o PWMC1_P | | = = PIO, I, PU,
/ WM FI0 ST
PIODCEN
2(7)
17 17 VDDIO GPIO_AD | PA22 110 PlODCCL | | RK 110 PWMCO_P | | NCS2 o = = PIO, 1, PU,
k(1) WMEXT ST
RG1
23 23 VDDIO GPIO_AD | PA24 110 = = RTS1 o PWMCO_P | O A20 o ISLPCK | PIO, I, PU,
WMH1 ST
30 30 VDDIO GPIO_AD | PA27 110 = = DTR1 o TIOB2 110 MCDA3 110 1SI_D7 | PIO, 1, PU,
ST
8 8 VDDIO GPIO PBO 1o AFEO_AD1 | | PWMCO_P O - - RXDO I TF 110 PIO, I, PU,
o WMHO ST
RTCOUTO
(6)
7 7 VDDIO GPIO PB1 110 AFE1_ADO | | PWMCO_P | O GTsuco | o TXDO 110 TK 110 PIO, I, PU,
/ WMH1 MP ST
RTCOUTA
(6)
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LQFP Pin 1/0 Type ary Alternate PIO Peripheral A PIO Peripheral B PIO al CDir PIO Peripheral DDir Reset
State
Signal,
Dir, PU,
PD, HiZ,
ST
9 9 VDDIO GPIO PB2 110 AFEO_AD5 | | CANTX0O O - - CTs0 | SPIO_NPC | 1/O PIO, I, PU,
(4) S0 ST
1 1 VDDIO GPIO_AD | PB3 110 AFEO_AD2 | | CANRXO | | PCK2 o RTSO o ISI_D2 PIO, I, PU,
IWKUP ST
12(6)
46 46 VDDIO GPIO_ML | PB4 110 TDI(8) 1 TWD1 110 PWMCO_P O MLBCLK | TXD1 110 PIO, |, PD,
B WMH2 _ _ ST
47 47 VDDIO GPIO_ML | PB5 110 TDO! o TWCK1 o PWMCO_P = O MLBDAT | /O ™ o o,PU
B TRACESW WMLO A A
o]
WKUP13(8
)
35 35 VDDIO GPIO PB6 110 SWDIOIT | 1 - - - - - - - - PIO,I,ST
ms(®)
39 39 VDDIO GPIO PB7 110 SWCLK/T | 1 - - - - - - - - PIO,I,ST
cK(®)
62 63 VDDIO CLOCK PB8 110 xout® o - - = - - - - - PIO, HiZ
63 64 VDDIO CLOCK PB9 110 XIN(®) 1 - - - - - - - - PIO, HiZ
38 38 VDDIO GPIO PB12 110 ERASE(®) | PWMCO_P O GTSUCO  © - - PCKO o PIO, |, PD,
WML1 MP ST
1 2 VDDIO GPIO_AD | PDO 110 pAct(M) || GTXCK 1 PWMC1_P O SPI1_NPC | IO DCDO | PIO, I, PU,
WMLO s1 ST
57 57 VDDIO GPIO PD1 110 - - GTXEN o PWMC1_P O SPI1_NPC | 1/O DTRO o PIO, |, PU,
WMHO s2 ST
56 56 VDDIO GPIO PD2 110 - - GTX0 o PWMC1_P O SPI1_NPC | 11O DSRO PIO, I, PU,
WML1 s3 ST
55 55 VDDIO GPIO PD3 110 - - GTX1 o PWMC1_P O UTXD4 o RIO | PIO, |, PU,
WMH1 ST
54 54 VDDIO GPIO_CLK | PD4 110 - - GRXDV 1 PWMC1_P O TRACEDO | O - - PIO, I, PU,
WML2 ST
53 53 VDDIO GPIO_CLK | PD5 110 - - GRX0 | PWMC1_P O TRACED1 O - - PIO, |, PU,
WMH2 ST
51 51 VDDIO GPIO_CLK | PD6 110 - - GRX1 | PWMC1_P O TRACED2 | O - - PIO, I, PU,
WML3 ST
50 50 VDDIO GPIO_CLK = PD7 110 - - GRXER 1 PWMC1_P O TRACED3 O - - PIO, |, PU,
WMH3 ST
49 49 VDDIO GPIO_CLK | PD8 110 - - GMDC o PWMCO_P | | - - TRACECL | O PIO, I, PU,
WMFI1 K ST
48 48 VDDIO GPIO_CLK = PD9 110 - - GMDIO 110 PWMCO_P | AFE1_AD | - - PIO, |, PU,
WMFI2 TRG ST
44 44 VDDIO GPIO_ML | PD10 110 - - GCRS | PWMCO_P = O ™ o MLBSIG | /O PIO, I, PD,
B WMLO A A ST
43 43 VDDIO GPIO_AD | PD11 110 - - GRX2 | PWMCO_P O GTSUCO O ISI_D5 | PIO, |, PU,
WMHO MP ST
41 41 VDDIO GPIO_AD | PD12 110 - - GRX3 | CANTX1 | O SPIO_NPC | O ISI_D6 PIO, I, PU,
s2 ST
26 26 VDDIO GPIO_AD | PD21 110 - - PWMCO_P O SPIO_MOS | 110 TIOA1 110 ISI_D1 | PIO, |, PU,
WMH1 | ST
25 25 VDDIO GPIO_AD | PD22 110 - - PWMCO_P O SPIO_SPC | O TIOB11 110 ISI_DO | PIO, I, PU,
WMH2 K ST
22 22 VDDIO GPIO_AD | PD24 110 - - PWMCO_P O RF 110 TCLK11 | ISI_HSYN | PIO, I, PU,
WMLO c ST
20 20 VDDIO GPIO_AD | PD25 110 - - PWMCO_P = O SPIO_NPC | 11O URXD2 ISL_VSYN | | PIO, I, PU,
WML1 s1 c ST
21 21 VDDIO GPIO PD26 110 - - PWMCO_P O ™ o UTXD2 o UTXD1 o PIO, |, PU,
WML2 ST
2 3 VDDIO GPIO_AD | PD31 110 - - Qlo3 110 UTXD3 o PCK2 o ISI_D11 | PIO, I, PU,
ST
3 4 VDDOUT  Power VDDOUT - - - - - - - - - - - -
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LQFP Pin 1/0 Type anary Alternate PIO Penpheral A PIO Peripheral B PIO Peripheral CDir PIO Peripheral DDir Reset
i State

Signal,
Dir, PU,
PD Hiz,

4 5 VDDIN Power VDDIN -
5 6 VDDIO Reference = VREFP | - - - - - - = = = = -
36 36 VDDIO RST NRST 110 - - - - - - = = = = PIO, I, PU
37 37 VDDIO TEST TST | - - - - - - = = = o I, PD
10, 42, 58 10,42,58 VDDIO Power VDDIO - - - - - = = = = = - -
45 45 VDDIO TEST JTAGSEL | - - - - - - - = = = 1, PD
13, 24, 61 13,24,61 VDDCORE | Power VDDCOR - - - = = = = = - - - -
E
52 52 VDDPLL Power VDDPLL - - - - - = = = = o = -
59 59 VDDUTMII | USBHS DM 110 - - - - - - = = o o -
60 60 VDDUTMII = USBHS DP 110 = = = - - - - = = = —
14, 31 14,31 GND Ground GND - - - - = = = = - - - -
6 - GND Ground GND
64 1 VDDPLLU | Power VDDPLLU | - - - - = = = = = — - -
SB SB
= 62 - VBG VBG
Note:

1. To select this extra function, refer to the 32.5.14 Parallel Capture Mode section in the Parallel
Input/Output Controller (P10) chapter.

2. PIODCEN1/PIODCx has priority over WKUPx. Refer to the 32.5.14 Parallel Capture Mode section
in the P10 chapter.

3. Refertothe 23.4.2 Slow Clock Generator section in the Supply Controller (SUPC) chapter.

4. To select this extra function, refer to the 33.5.2.1 1/O Lines section in the External Bus Interface
(EBI) chapter. This selection is independent of the PIO line configuration. PIO lines must be
configured according to required settings (PU or PD).

5. Analog input has priority over WKUPXx pin. To select the analog input, refer to the 33.5.2.1 1/O
Lines section in the EBI chapter. WKUPXx can be used if the PIO controller defines the 1/O line as
“input”.

6. Analog input has priority over RTCOUTX pin. To select the analog input, refer to the 33.5.2.1 1/0
Lines section in the EBI chapter. Refer to the 27.5.8 Waveform Generation section in the Real-
Time Clock (RTC) chapter to select RTCOUTXx.

7. Analog input has priority over WKUPXx pin. To select the analog input, refer to the 33.5.2.1 1/0
Lines section in the EBI chapter. To select PIODCEN2, refer to the 32.5.14 Parallel Capture Mode
in the PI1O chapter.

8. Refer to the System 1/O Configuration Register (19.4.7 CCFG_SYSIO) in the Bus Matrix (MATRIX)
chapter.

9. Referto the 30.5.3 Main Crystal Oscillator section in the Clock Generator chapter. This selection is
independent of the PIO line configuration. PIO lines must be configured according to XINxx () and
XOUTxx (O).

10. DACO is selected when DACC_CHER.CHO is set. DAC1 is selected when DACC_CHER.CH1 is
set. Refer to the DACC Channel Enable Register in the Digital-to-Analog Converter Controller
(DACC) chapter.

11. The exposed pad of the QFN64 package MUST be connected to ground.
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Power Considerations

Power Supplies

The following table defines the power supply rails of the SAM E70/S70/V70/V71 and the estimated power
consumption at typical voltage.

Table 7-1. Power Supplies

VDDCORE GND Core, embedded memories and
peripherals.
VDDIO GND Peripheral 1/O lines (Input/Output

Buffers), backup part, 1 Kbytes of
backup SRAM, 32 kHz crystal
oscillator, oscillator pads. For
USB operations, VDDIO voltage
range must be between 3.0V and
3.6V.

VDDIN GND, GNDANA Voltage regulator input. Supplies
also the ADC, DAC and analog
voltage comparator.

VDDPLL GND, GNDPLL PLLA and the fast RC oscillator.

VDDPLLUSB GND, GNDPLLUSB UTMI PLL and the 3 to 20 MHz
oscillator.

VDDUTMII GNDUTMI USB transceiver interface. Must

be connected to VDDIO.
VDDUTMIC GNDUTMI USB transceiver core.

Power Constraints

The following power constraints are apply to SAM E70/S70/V70/V71 devices. Deviating from these
constraints may lead to unpredictable results.

* VDDIN and VDDIO must have the same level
» VDDIN and VDDIO must always be higher than or equal to VDDCORE
» VDDCORE, VDDPLL and VDDUTMIC voltage levels must not vary by more than 0.6V

* For the USB to be operational, VDDUTMII, VDDPLLUSB, VDDIN and VDDIO must be higher than or
equal to 3.0V

Powerup
VDDIO and VDDIN must rise simultaneously, prior to VDDCORE, VDDPLL and VDDUTMIC rising. This is
respected if VDDCORE, VDDPLL and VDDUTMIC are supplied by the embedded voltage regulator.
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If VDDCORE is powered by an external voltage regulator, VDDIO and VDDIN must reach their minimum
operating voltage before VDDCORE has reached VDDCORE,,;,. The minimum slope for VDDCORE is
defined by:

(VDDCOREmin - VT+min)/(tRESmin)

If VDDCORE rises at the same time as VDDIO and VDDIN, the minimum and maximum rising slopes of
VDDIO and VDDIN must be respected. Refer to the section “DC Characteristics”.

In order to prevent any overcurrent at powerup, it is required that VREFP rises simultaneously with
VDDIO and VDDIN.

Figure 7-1. Powerup Sequence

Supply (V) 4 VDDIO

VDDIN
VDDPLLUSB
VDDUTMII

VDDx(min) VDDCORE
VDDPLL
VDDUTMIC

VDDWmm)

V14
Time (t)

‘ ‘
‘
PRt

Related Links

58.2 DC Characteristics

23.4.6 Backup Power Supply Reset
23.4.6.1 Raising the Backup Power Supply

Powerdown

If VDDCORE, VDDPLL and VDDUTMIC are not supplied by the embedded voltage regulator, VDDIO,
VDDIN, VDDPLLUSB and VDDUTMII should fall simultaneously, prior to VDDCORE, VDDPLL and
VDDUTMIC falling. The VDDCORE falling slope must not be faster than 20V/ms.

In order to prevent any overcurrent at powerdown, it is required that VREFP falls simultaneously with
VDDIO and VDDIN.

Figure 7-2. Powerdown Sequence
Supply (V)

VDDIO
VDDIN
VDDPLLUSB
VDDUTMII

VbDx(min)

VDDCORE
VDDPLL
VDDUTMIC

Vbpy(min)

Time (t)
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Voltage Regulator
The SAM E70/S70/V70/V71 embeds a voltage regulator that is managed by the Supply Controller.

For adequate input and output power supply decoupling/bypassing, refer to 58.2 DC Characteristics in
the Electrical Characteristics chapter.

Backup SRAM Power Switch

The SAM E70/S70/V70/V71 embeds a power switch to supply the 1 Kbyte of backup SRAM. It is
activated only when VDDCORE is switched off to ensure retention of the contents of the backup SRAM.
When VDDCORE is switched on, the backup SRAM is powered with VDDCORE.

To save the power consumption of the backup SRAM, the user can disable the backup SRAM power
switch by clearing the bit SRAMON in the Supply Controller Mode Register (SUPC_MR). By default, after
VDDIO rises, the backup SRAM power switch is enabled.

Active Mode

Active mode is the normal running mode with the core clock running from the fast RC oscillator, the main
crystal oscillator or the PLLA. The Power Management Controller can be used to adapt the core, bus and
peripheral frequencies and to enable and/or disable the peripheral clocks.

Low-power Modes
The SAM E70/S70/V70/V71 features the following three Low-Power modes:

» Backup mode
*  Wait mode
» Sleep mode

Backup Mode

The purpose of Backup mode is to achieve the lowest power consumption possible in a system which is
performing periodic wakeups to perform tasks but not requiring fast startup time.

The Supply Controller, zero-power Power-On Reset (POR), RTT, RTC, backup SRAM, backup registers
and 32 kHz oscillator (RC or crystal oscillator selected by software in the Supply Controller) are running.
The regulator and the core supply are off.

Backup mode is based on the Cortex-M7 Deep-Sleep mode with the voltage regulator disabled.

Wakeup from Backup mode is done through WKUPO0-13 pins, the supply monitor (SM), the RTT, or an
RTC wakeup event.

Backup mode is entered by using the VROFFbit in the Supply Controller Control Register (SUPC_CR)
and the SLEEPDEEP bit in the Cortex-M7 System Control Register set to 1. Refer to information on
Power Management in the" ARM Cortex-M7 documentation”, which is available for download at
www.arm.com.

To enter Backup mode, follow the steps below:

1. Set the SLEEPDEEP bit of the Cortex-M7 processor.
2. Set the VROFF bit of SUPC_CR.
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Exit from Backup mode occurs as a result of one of the following enabled wakeup events:

* WKUPO-13 pins (level transition, configurable debouncing)
*  Supply Monitor alarm

* RTC alarm

 RTT alarm

Wait Mode

The purpose of Wait mode is to achieve very low-power consumption while maintaining the whole device
in a powered state for a startup time of less than 10 ps.

In Wait mode, the clocks of the core, peripherals and memories are stopped. However, the core,
peripherals and memories power supplies are still powered.

Wait mode is entered when the WAITMODE bit is set in CKGR_MOR and the field FLPM is configured to
00 or 01 in the PMC Fast Startup Mode register (PMC_FSMR).

The Cortex-M is able to handle external events or internal events to wake up the core. This is done by
configuring the external lines WKUPO0-13 as fast startup wakeup pins (refer to the “Fast Startup” section).
RTC or RTT alarms or USB wakeup events can be used to wake up the processor. Resume from Wait
mode is also achieved when a debug request occurs and the bit COBGPWRUPREQ is set in the
processor.

To enter Wait mode, first, select the Main RC oscillator as Main Clock and perform the following steps:

1. Configure the FLPM field in the PMC_FSMR.

2. Set Flash Wait State at 0.

3. Set HCLK = MCK by configuring MDIV to 0 in the PMC Master Clock register (PMC_MCKR).

4. Setthe WAITMODE bit in the PMC Clock Generator Main Oscillator register (CKGR_MOR).

5. Wait for MCKRDY = 1 in the PMC Status register (PMC_SR).
Note: Internal main clock resynchronization cycles are necessary between writing the
MOSCRCEN bit and the entry in Wait mode. Depending on the user application, waiting for
MOSCRCEN bit to be cleared is recommended to ensure that the core will not execute undesired
instructions.

Sleep Mode

The purpose of Sleep mode is to optimize power consumption of the device versus response time. In this
mode, only the core clock is stopped. The peripheral clocks can be enabled. The current consumption in
this mode is application-dependent.

This mode is entered using the instruction Wait for Interrupt (WFI).
Processor wakeup is triggered by an interrupt if the WFI instruction of the Cortex-M processor is used.

Low-Power Mode Summary Table

The modes detailed above are the main low-power modes. Each part can be set to on or off separately
and wake up sources can be individually configured. The following table provides a summary of the
configurations of the low-power modes.
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Table 7-2. Low-power Mode Configuration Summary

SUPC, 32 kHz | Regulator | Core Mode Entry Configuration Potential PIO State PIO State at Wakeup
Oscillator, Memory Wakeup while in Low- Wakeup Time (see
RTC, RTT Peripherals Sources Power Mode Note 2)
Backup SRAM
(BRAM),
Backup
Registers
(GPBR),
POR
(Backup Area)
Backup ON OFF OFF SUPC_CR.VROFF =1 WKUPO0-13 pins Reset Previous state PIOA, PIOB, <2ms
Mode (Not powered) SLEEPDEEP = 1 (see Note 1) Supply Monitor maintained PIOC, PIOD &
RTC alarm .PIOE .
inputs with
RTT alarm pullups
Wait Mode w/ | ON ON Powered PMC_MCKR.MDIV =0 WKUPO0-13 pins Clocked Previous state Unchanged <10 ps
Flash in (Not clocked) , CKGR_MOR.WAITMODE =1 RTC back (see maintained
Deep Power- , SLEEPDEEP =0 RTT Note 3)
down Mode PMC_FSMR.LPM =1
! - BH
, PMC_FSMR.FLPM = 1 (see Note 1) Uit
Processor debug (see
Note 6)
GMAC Wake on LAN
event
Wakeup from CAN (see
Note 7)
Wait Mode w/ | ON ON Powered PMC_MCKR.MDIV =0 WKUPO0-13 pins Clocked Previous state Unchanged <10 ps
Flash in (Not clocked) , CKGR_MOR.WAITMODE =1 RTC back (see maintained
Standby , SLEEPDEEP =0 RTT Note 3)

Mode , PMC_FSMR.LPM =1
, PMC_FSMR.FLPM = 0 (see Note 1)  USBHS

Processor debug (see
Note 6)

GMAC Wake on LAN

Wakeup from CAN (see
Note 7)

Sleep Mode  ON ON Powered WFI Any enabled Interrupt Clocked Previous state Unchanged (see Note 5)

(Not clocked) SLEEPDEEP =0 back maintained
(see Note 4) PMC_FSMR.LPM = 0 (see Note 1)

Note:
1. The bit SLEEPDEERP is in the Cortex-M7 System Control Register.

2. When considering wakeup time, the time required to start the PLL is not taken into account. Once
started, the device works with the Main RC oscillator. The user has to add the PLL startup time if it
is needed in the system. The wakeup time is defined as the time taken for wakeup until the first
instruction is fetched.

HCLK = MCK. The user may need to revert back to the previous clock configuration.

Depends on MCK frequency.

In this mode, the core is supplied and not clocked. Some peripherals can be clocked.

Resume from Wait mode if a debug request occurs (CDBGPWRUPREQ is set in the processor).
CAN wake-up requires the use of any WKUP0-13 pin.

No o s

7.7 Wakeup Sources
Wakeup events allow the device to exit Backup mode. When a wakeup event is detected, the Supply
Controller performs a sequence which automatically reenables the core power supply and the SRAM
power supply, if they are not already enabled.
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Fast Startup

The SAM E70/S70/V70/V71 allows the processor to restart in a few microseconds while the processor is
in Wait mode or in Sleep mode. A fast startup can occur upon detection of a low level on any of the
following wakeup sources:

WKUPO to WKUP13 pins

Supply Monitor

RTC alarm

RTT alarm

USBHS interrupt line (WAKEUP)

Processor debug request (CDBGPWRUPREQ)
GMAC wake on LAN event

Note: CAN wake-up requires the use of any WKUP0-13 pin.
Note:

The fast restart circuitry is fully asynchronous and provides a fast startup signal to the Power
Management Controller. As soon as the fast startup signal is asserted, the PMC automatically restarts the
Main RC oscillator, switches the Master clock on this clock and re-enables the processor clock.
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Input/Output Lines

The SAM E70/S70/V70/V71 features both general purpose 1/0s (GPIO) and system I/Os. GPIOs can
have alternate functionality due to multiplexing capabilities of the PIO controllers. The same PIO line can
be used, whether in I/0O mode or by the multiplexed peripherals. System I/Os include pins such as test
pins, oscillators, erase or analog inputs.

General-Purpose I/O Lines

General-purpose (GPIO) lines are managed by PIO Controllers. All I/Os have several input or output
modes such as pullup or pulldown, input Schmitt triggers, multi-drive (open-drain), glitch filters,
debouncing or input change interrupt. Programming of these modes is performed independently for each
I/O line through the PI1O controller user interface. For more details, refer to 32. Parallel Input/Output
Controller (P10).

The input/output buffers of the PIO lines are supplied through VDDIO power supply rail.

The SAM E70/S70/V70/V71 embeds high-speed pads able to handle the high-speed clocks for HSMCI,
SPIl and QSPI (MCK/2). Refer to 58. Electrical Characteristics for SAM V70/V71 for more details. Typical
pullup and pulldown value is 100 kQ for all I/Os.

Each I/O line also embeds a RgeriaL (On-die Serial Resistor), as shown in the following figure. It consists
of an internal series resistor termination scheme for impedance matching between the driver output (SAM
E70/S70/V70/V71) and the PCB trace impedance preventing signal reflection. The series resistor helps to
reduce 1/Os switching current (di/dt). thereby reducing in turn, EMI. It also decreases overshoot and
undershoot (ringing) due to inductance of interconnect between devices or between boards. Finally,
RseriaL helps diminish signal integrity issues.

Figure 8-1. On-Die Termination (ODT)
e R <

On-die Serial Resistor '
36 Ohms typ !

i

Rseriac ! I>
i
i

! Receiver
! Driver with
i Zoyr ~ 10 Ohms

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

PCB Trace
Z0 ~ 50 Ohms

System /O Lines
System I/O lines are pins used by oscillators, Test mode, reset, JTAG and other features. The following
table lists the SAM E70/S70/V70/V71 system 1/O lines shared with PIO lines.

These pins are software-configurable as general-purpose 1/Os or system pins. At startup, the default
function of these pins is always used.
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Table 8-1. System I/O Configuration Pin List

CCFG_SYSIO | Default Function | Other Constraints for | Configuration
Bit Number | After Reset Function Normal Start

ERASE PB12 Low Level at In Matrix User Interface Registers
startup (see Note | (Refer to the 19.4.7
1) CCFG_SYSIO register)
7 TCK/SWCLK PB7 -
6 TMS/SWDIO PB6 -
5 TDO/ PB5 -
TRACESWO
4 TDI PB4 -
- PA7 XIN32 - (see Note 2)
- PA8 XOUT32 -
- PB9 XIN - (see Note 3)
- PB8 XOUT -

1. If PB12is used as PIO input in user applications, a low level must be ensured at startup to prevent
Flash erase before the user application sets PB12 into PIO mode.

2. Referto 23.4.2 Slow Clock Generator.

3. Referto 30.5.3 Main Crystal Oscillator.

Serial Wire Debug Port (SW-DP) Pins
The SW-DP pins SWCLK and SWDIO are commonly provided on a standard 20-pin JTAG connector
defined by ARM. For more details about voltage reference and reset state, refer to Table 4-1.

At startup, SW-DP pins are configured in SW-DP mode to allow connection with debugging probe. For
more details, refer to 16. Debug and Test Features.

SW-DP pins can be used as standard I/Os to provide users more general input/output pins when the
debug port is not needed in the end application. Mode selection between SW-DP mode (System IO
mode) and general IO mode is performed through the AHB Matrix Special Function Registers
(MATRIX_SFR). Configuration of the pad for pull-up, triggers, debouncing and glitch filters is possible
regardless of the mode.

The JTAGSEL pin is used to select the JTAG boundary scan when asserted at a high level. It integrates a
permanent pulldown resistor of about 15 kQ to GND, so that it can be left unconnected for normal
operations.

The JTAG Debug Port TDI, TDO, TMS and TCK is inactive. It is provided for Boundary Scan
Manufacturing Test purpose only.

Embedded Trace Module (ETM) Pins
The Embedded Trace Module (ETM) depends on the Trace Port Interface Unit (TPIU) to export data out
of the system.

The TPUI features the following pins:
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+ TRACECLK is always exported to enable synchronization with the data.
» TRACEDO-TRACEDS is the instruction trace stream.

NRST Pin

The NRST pin is bidirectional. It is handled by the on-chip Reset Controller (RSTC) and can be driven low
to provide a reset signal to the external components or asserted low externally to reset the
microcontroller. It resets the core and the peripherals, with the exception of the Backup area (RTC, RTT,
Backup SRAM and Supply Controller). The NRST pin integrates a permanent pullup resistor to VDDIO of
about 100 kQ.

By default, the pin is configured as an input.

ERASE Pin

The ERASE pin is used to perform hardware erase of the on-chip Flash and the NVM bits including
GPNVM bits, Lock bits and the Security Bit. The hardware erase sequence will first erase the entire Flash
and afterwards the NVM bits in order to fully secure the content of the on-chip Flash. The ERASE pin
integrates a pulldown resistor of about 100 kQ to GND, so that it can be left unconnected for normal
operations.

The ERASE pin is a system /O pin that can be used as a standard I/O. At startup, this system 1/O pin
defaults to the ERASE function. This pin is debounced by SLCK to improve the glitch tolerance. To avoid
unexpected erase at power-up due to glitches, a minimum ERASE pin assertion time is required. This
time is defined in Table 58-50.

The erase operation cannot be performed when the system is in Wait mode.

If the ERASE pin is used as a standard I/O in Input or Output mode, note the following considerations and
behavior:

* 1/O Input mode: At startup of the device, the logic level of the pin must be low to prevent unwanted
erasing until the user application has reconfigured this system 1/O pin to a standard I/O pin.

* 1/O Output mode: asserting the pin to low does not erase the Flash

During software application development, a faulty software may put the device into a deadlock. This may
be due to:

* Programming an incorrect clock switching sequence
» Using this system 1/O pin as a standard I/O pin
* Entering Wait mode without any wakeup events programmed

To recover normal behavior is to erase the Flash by following the steps below:
1. Apply a logic “1” level on the ERASE pin.

2. Apply a logic “0” level on the NRST pin.

3. Power-down, and then power-up the device.

4. Maintain the ERASE pin to logic “1” level for at least the minimum assertion time after releasing the
NRST pin to logic “1” level.
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Interconnect
The system architecture is based on the ARM Cortex-M7 processor connected to the main AHB Bus
Matrix, the embedded Flash, the multi-port SRAM and the ROM.

The 32-bit AHBP interface is a single 32-bit wide interface that accesses the peripherals connected on
the main Bus Matrix. It is used only for data access. Instruction fetches are never performed on the AHBP
interface. The bus, AHBP or AXIM, accessing the peripheral memory area [0x40000000 to 0x60000000]
is selected in the AHBP control register.

The 32-bit AHBS interface provides system access to the ITCM, D1TCM, and DOTCM. It is connected on
the main Bus Matrix and allows the XDMA to transfer from memory or peripherals to the instruction or
data TCMs.

The 64-bit AXIM interface is a single 64-bit wide interface connected through two ports of the AXI Bridge
to the main AHB Bus Matrix and to two ports of the multi-port SRAM. The AXIM interface allows:

* Instruction fetches

» Data cache linefills and evictions

* Non-cacheable normal-type memory data accesses

» Device and strongly-ordered type data accesses, generally to peripherals

The interleaved multi-port SRAM optimizes the Cortex-M7 accesses to the internal SRAM.
The interconnect of the other masters and slaves is described in 19. Bus Matrix (MATRIX).
The figure below shows the connections of the different Cortex-M7 ports.

Figure 9-1. Interconnect Block Diagram

Cortex-M7 Processor o
fax 300 MHz

TCM SRAM

Flash ROM

16 Kbytes 16 Kbytes
DCache + ECC ICache + ECC

System SRAM
AXI Bridge
7~ 7%
32-bit | |32-bit ﬂ ﬂ
S S S S
—ry 12-layer AHB Bus Matrix

fiyax 150 MHz
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10. Product Mapping
Figure 10-1. SAM S70 Product Mapping
Figure 10-2. SAM E70/S70/V70/V71 Product Mapping
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Embedded Memories

Internal SRAM
SAM E70/S70/V70/V71 devices embed 384 Kbytes or 256 Kbytes of high-speed SRAM.

The SRAM is accessible over the system Cortex-M bus at address 0x2040 0000.

SAM E70/S70/V70/V71 devices embed a Multi-Port SRAM with four ports to optimize the bandwidth and
latency. The priorities, defined in the Bus Matrix for each SRAM port slave are propagated, for each
request, up to the SRAM slaves.

The Bus Matrix supports four priority levels: Normal, Bandwidth-sensitive, Latency-sensitive and Latency-
critical in order to increase the overall processor performance while securing the high-priority latency-
critical requests from the peripherals.

The SRAM controller manages interleaved addressing of SRAM blocks to minimize access latencies. It
uses Bus Matrix priorities to give the priority to the most urgent request. The less urgent request is
performed no later than the next cycle.

Two SRAM slave ports are dedicated to the Cortex-M7 while two ports are shared by the AHB masters.

Tightly Coupled Memory (TCM) Interface
SAM E70/S70/V70/V71 devices embed Tightly Coupled Memory (TCM) running at processor speed.

* ITCM is a single 64-bit interface, based at 0x0000 0000 (code region).
 DTCM is composed of dual 32-bit interfaces interleaved, based at 0x2000 0000 (data region).

ITCM and DTCM are enabled/disabled in the ITCMR and DTCMR registers in ARM SCB.
DTCM is enabled by default at reset. ITCM is disabled by default at reset.

There are four TCM configurations controlled by software. When enabled, ITCM is located at 0x0000
0000, overlapping ROM or Flash depending on the general-purpose NVM bit 1 (GPNVM). The
configuration is done with GPNVM bits [8:7].

Table 11-1. TCM Configurations in Kbytes

ITCM |DTCM | SRAM for 384K RAM-based SRAM for 256K RAM-based GPNVM Bits [8:7]
0 0 384 256 0

32 32 320 192 1
64 64 256 128 2
128 128 128 0 3

Accesses made to TCM regions when the relevant TCM is disabled and accesses made to the Code and
SRAM region above the TCM size limit are performed on the AHB matrix, i.e., on internal Flash or on
ROM depending on remap GPNVM bit.

Accesses made to the SRAM above the size limit will not generate aborts.

The Memory Protection Unit (MPU) can to be used to protect these areas.
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Internal ROM

The SAM E70/S70/V70/V71 embeds an Internal ROM for the SAM Boot Assistant (SAM-BA®), In
Application Programming functions (IAP) and Fast Flash Programming Interface (FFPI).

At any time, the ROM is mapped at address 0x0080 0000.
The ROM may also be mapped at 0x00000000 depending on GPNVM bit setting and ITCM use.

Backup SRAM
The SAM E70/S70/V70/V71 embeds 1 Kbytes of backup SRAM located at 0x4007 4000.

The backup SRAM is accessible in 32-bit words only. Byte or half-word accesses are not supported.
The backup SRAM is supplied by VDDCORE in Normal mode.

In Backup mode, the backup SRAM supply is automatically switched to VDDIO through the backup
SRAM power switch when VDDCORE falls. For more details, see the “Backup SRAM Power Switch”
section.

Flash Memories

SAM E70/S70/V70/V71 devices embed 512 Kbytes, 1024 Kbytes, or 2084 Kbytes of internal Flash
mapped at address 0x40 0000.

The devices feature a Quad SPI (QSPI) interface, mapped at address 0x80000000, that extends the
Flash size by adding an external SPI or QSPI Flash.

When accessed by the Cortex-M7 processor for programming operations, the QSPI and internal Flash
address spaces must be defined in the Cortex-M7 memory protection unit (MPU) with the attribute
'Device' or 'Strongly Ordered'. For fetch or read operations, the attribute ‘Normal memory’ must be set to
benefit from the internal cache. For additional information, refer to the ARM Cortex-M7 Technical
Reference Manual (ARM DDI 0489), which is available for download at www.arm.com.

Some precautions must be taken when the accesses are performed by the central DMA. Refer to the 22.
Enhanced Embedded Flash Controller (EEFC) and 42. Quad Serial Peripheral Interface (QSPI).

Embedded Flash Overview

The memory is organized in sectors and each sector has a size of 128 Kbytes. The first sector is divided
into three smaller sectors which are organized in two sectors of 8 Kbytes and one sector of 112 Kbytes,
see figure below.
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Figure 11-1. Global Flash Organization

Address Sector size Sector Name
0x000
8 Kbytes Small Sector 0
8 Kbytes Small Sector 1 Sector 0
112 Kbytes Larger Sector
128 Kbytes Sector 1
128 Kbytes Sector n

Each sector is organized in pages of 512 bytes.
For sector O:

* The smaller sector 0 has 16 pages of 512 bytes
» The smaller sector 1 has 16 pages of 512 bytes
» The larger sector has 224 pages of 512 bytes

The rest of the array is composed of 128-Kbyte sectors of 256 pages of 512 bytes each, see image
below.
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Figure 11-2. Flash Sector Organization

Sector size is 128 Kbytes

16 pages of 512 bytes

Sector 0 16 pages of 512 bytes
224 pages of 512 bytes

Sector n 256 pages of 512 bytes

Smaller sector 0
Smaller sector 1

Larger sector

The figure below illustrates the organization of the Flash depending on its size.

Figure 11-3. Flash Size

Flash 2 Mbytes Flash 1 Mbyte Flash 512 Kbytes

2 * 8 Kbytes 2 * 8 Kbytes 2 * 8 Kbytes
1* 112 Kbytes 1* 112 Kbytes 1* 112 Kbytes
15 * 128 Kbytes 7 * 128 Kbytes 3 * 128 Kbytes

Erasing the memory can be performed:

* Chip Erase

« By block of 8 Kbytes

» By sector of 128 Kbytes
* By 512-byte page

— Erase memory by page is possible only in an 8 Kbyte sector
— EWP and EWPL commands can be only used in 8 Kbyte sectors

The memory has one additional reprogrammable page that can be used as page signature by the user. It
is accessible through specific modes, for erase, write and read operations. Erase pin assertion will not

erase the User Signature page.
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11.1.5.2 Enhanced Embedded Flash Controller
Each Enhanced Embedded Flash Controller manages accesses performed by the masters of the system.

It enables reading the Flash and writing the write buffer. It also contains a User Interface, mapped on the
APB.

The Enhanced Embedded Flash Controller ensures the interface of the Flash block.

It manages the programming, erasing, locking and unlocking sequences of the Flash using a full set of
commands.

One of the commands returns the embedded Flash descriptor definition that informs the system about the
Flash organization, thus making the software generic.

11.1.5.3 Flash Speed
The user must set the number of wait states depending on the system frequency.

For more details, refer to Embedded Flash Characteristics.

11.1.5.4 Lock Regions
Several lock bits are used to protect write and erase operations on lock regions. A lock region is
composed of several consecutive pages, and each lock region has its associated lock bit.

Table 11-2. Flash Lock Bits

Flash Size (Kbytes) Number of Lock Bits Lock Region Size

2048 128 16 Kbytes
1024 64 16 Kbytes
512 32 16 Kbytes

Asserting the ERASE pin clears the lock bits, thus unlocking the entire Flash.

11.1.5.5 Security Bit Feature
The SAM E70/S70/V70/V71 features a security bit based on the GPNVM bit 0. When security is enabled,
any access to the Flash, SRAM, core registers and internal peripherals, either through the SW-DP, the
ETM interface or the Fast Flash Programming Interface, is blocked. This ensures the confidentiality of the
code programmed in the Flash.

This security bit can only be enabled through the command “Set General-purpose NVM Bit 0” of the
EEFC User Interface. Disabling the security bit can only be achieved by asserting the ERASE pin at 1,
and after a full Flash erase is performed. When the security bit is deactivated, all accesses to the Flash,
SRAM, Core registers, Internal Peripherals are permitted.

11.1.5.6 Unique Identifier
The device contains a unique identifier of 2 pages of 512 bytes. These 2 pages are read-only and cannot
be erased even by the ERASE pin.

The sequence to read the unique identifier area is described in 22.4.3.8 Unique Identifier Area.
The mapping is as follows:

* Bytes [0..15]: 128 bits for unique identifier
* Bytes[16..1023]: Reserved
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User Signature

Each device contains a user signature of 512 bytes that is available to the user. The user signature can
be used to store information such as trimming, keys, etc., that the user does not want to be erased by
asserting the ERASE pin or by software ERASE command. Read, write and erase of this area is allowed.
Fast Flash Programming Interface (FFPI)

The Fast Flash Programming Interface (FFPI) allows programming the device through a multiplexed fully-
handshaked parallel port. It allows gang programming with market-standard industrial programmers.

The FFPI supports read, page program, page erase, full erase, lock, unlock and protect commands.

The FFPI is enabled and the Fast Programming mode is entered when TST and PA3 and PA4 are tied
low.

Table 11-3. FFPI on PIO Controller A (PIOA)

/0 Line System Function

PD10 PGMENO
PD11 PGMEN1
PBO PGMMO
PB1 PGMM1
PB2 PGMM2
PB3 PGMM3
PA3 PGMNCMD
PA4 PGMRDY
PAS PGMNOE
PA21 PGMNVALID
PA7 PGMDO
PA8 PGMD1
PA9 PGMD2
PA10 PGMD3
PA11 PGMD4
PA12 PGMD5
PA13 PGMD6
PA14 PGMD7
PDO PGMD8
PD1 PGMD9
PD2 PGMD10
PD3 PGMD11
PD4 PGMD12
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........... continued
PD5 PGMD13
PD6 PGMD14
PD7 PGMD15

11.1.5.9 SAM-BA Boot

The SAM-BA Boot is a default boot program which provides an easy way to program in-situ the on-chip
Flash memory.

The SAM-BA Boot Assistant supports serial communication via the UARTO and USB.
The SAM-BA Boot provides an interface with SAM-BA computer application.
The SAM-BA Boot is in ROM at address 0x0 when the bit GPNVM1 is set to 0.

11.1.5.10 General-purpose NVM (GPNVM) Bits

11.1.6

All SAM E70/S70/V70/\V71 devices feature nine general-purpose NVM (GPNVM) bits that can be cleared
or set, through the “Clear GPNVM Bit” and “Set GPNVM Bit” commands of the EEFC User Interface.

The GPNVMO bit is the security bit.
The GPNVM1bit is used to select the Boot mode (Boot always at 0x00) on ROM or Flash.

Table 11-4. General-purpose Non volatile Memory Bits

0 Security bit

1 Boot mode selection
0: ROM (default)
1: Flash

5:2 Free

6 Reserved

8:7 TCM configuration

00: 0 Kbytes DTCM + 0 Kbytes ITCM (default)
01: 32 Kbytes DTCM + 32 Kbytes ITCM

10: 64 Kbytes DTCM + 64 Kbytes ITCM

11: 128 Kbytes DTCM + 128 Kbytes ITCM

Note: After programming, reboot must be done.

Boot Strategies
The system always boots at address 0x0. To ensure maximum boot possibilities, the memory layout can
be changed using GPNVM bits.

A GPNVM bit is used to boot either on the ROM (default) or from the Flash.

The GPNVM bit can be cleared or set, respectively, through the commands “Clear General-purpose NVM
Bit” and “Set General-purpose NVM Bit” of the EEFC User Interface.
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Setting the bit GPNVM1 selects boot from the Flash. Clearing it selects boot from the ROM. Asserting
ERASE resets the bit GPNVM1 and thus selects boot from ROM.

11.2 External Memories

The SAM E70/S70/V70/V71 features one External Bus Interface to provide an interface to a wide range
of external memories and to any parallel peripheral.
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Event System

The events generated by peripherals (source) are designed to be directly routed to peripherals
(destination) using these events without processor intervention. The trigger source can be programmed in
the destination peripheral.

Embedded Characteristics

Timers, PWM, 1/Os and peripherals generate event triggers which are directly routed to destination
peripherals, such as AFEC or DACC to start measurement/conversion without processor
intervention.

UART, USART, QSPI, SPI, TWI, PWM, HSMCI, AES, AFEC, DACC, PIO, TC (Capture mode) also
generate event triggers directly connected to the DMA Controller for data transfer without processor
intervention.

Parallel capture logic is directly embedded in the PIO and generates trigger events to the DMA
Controller to capture data without processor intervention.

PWM safety events (faults) are in combinational form and directly routed from event generators
(AFEC, ACC, PMC, TC) to the PWM module.

PWM output comparators (OCx) generate events directly connected to the TC.

PMC safety event (clock failure detection) can be programmed to switch the MCK on reliable main
RC internal clock without processor intervention.
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Real-time Event Mapping
Table 12-1. Real-time Event Mapping List

Application |Description Event Source Event
Destination

General-
purpose

Safety

General-
purpose,

motor control,

power factor
correction
(PFC)

Motor control,

PFC

Motor control,

PFC

Motor control

General-
purpose,

motor control,

power factor
correction
(PFC)

General-
purpose

Security

Automatic switch to reliable
main RC oscillator in case of
main crystal clock failure (see
Note 1)

Puts the PWM outputs in Safe
mode in case of main crystal
clock failure (see Notes 1, 2)

Puts the PWM outputs in Safe
mode (overcurrent detection,
etc.) (see Notes 2, 3)

Puts the PWM outputs in Safe
mode (overspeed, overcurrent
detection, etc.) (see Notes 2,
4)

Puts the PWM outputs in Safe
mode (overspeed detection
through timer quadrature
decoder) (see Notes 2, 6)

Puts the PWM outputs in Safe
mode

(general-purpose fault inputs)
(see Note 2)

Immediate GPBR clear
(asynchronous) on tamper
detection through WKUPO/1
10 pins (see Note 5)

Power Management
Controller (PMC)

PMC

Analog Comparator
Controller (ACC)

Analog Front-End
Controller (AFECO)
AFEC1

TCO
TC1

PIO PA9, PD8, PD9
PIO PA21, PA26, PA28

PIO WKUPO0/1

Pulse Width
Modulation 0
and 1
(PWMO and
PWM1)

PWMO and
PWM1

PWMO and
PWM1

PWMO and
PWM1

PWMO
PWM1

PWMO
PWM1

GPBR
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........... continued

Application |Description Event
Destination

Measurement
trigger

Conversion
trigger

Image capture

Power factor
correction
(DC-DC,
lighting, etc.)

General-
purpose

Motor control

General-
purpose

Motor control

General-
purpose

General-
purpose

Low-cost
image sensor

Duty cycle output waveform
correction

Trigger source selection in
PWM (see Notes 7, 8)

Trigger source selection in
AFEC (see Note 9)

ADC-PWM synchronization
(see Notes 12, 14) Trigger
source selection in AFEC (see
Note 9)

Trigger source selection in
AFEC (see Note 9)

ADC-PWM synchronization
(see Notes 12, 14)
Trigger source selection in
AFEC (see Note 9)

Temperature sensor
Low-speed measurement
(see Notes 10, 11)

Trigger source selection in
DACC

(Digital-to-Analog Converter
Controller) (see Note 13)

Direct image transfer from
sensor to system memory via
DMA(15)

PIO PA10, PA22

ACC

PIO PA30, PA18
PIO AFEO_ADTRG

TCO TIOAO
TCO TIOA1
TCO TIOA2
ACC

PWMO Event Line 0 and

1

PIO AFE1_ADTRG

TC1 TIOA3
TC1 TIOA4
TC1 TIOAS
ACC

PWM1 Event Line

0and 1

RTC RTCOUTO

TCO TIOAO, TIOA1,

TIOA2
PIO DATRG

PWMO Event Line 0 and

1(14)

PWM1 Event Line 0 and

1(14)
PIO

PWMO
PWMO
PWM1

PWM1

AFECO
AFECO
AFECO
AFECO
AFECO
AFECO

AFEC1
AFECA1
AFEC1
AFEC1
AFEC1
AFECA1

AFECO and
AFEC1

DACC

DACC
DACC

DACC

DMA

PA3/4/5/9/10/11/12/13,

PA22, PA14, PA21
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........... continued

Application |Description Event
Destination

Delay Motor control
measurement

Audio clock Audio
recovery from
Ethernet

Propagation delay of external
components (I0s, power
transistor bridge driver, etc.)

See Notes 16, 17)

GMAC GTSUCOMP signal

adaptation via TC

(TC_EMR.TRIGSRCB) in
order to drive the clock
reference of the external PLL

for the audio clock

PWMO Comparator
Output OCO

PWMO Comparator
Output OC1

PWMO Comparator
Output OC2

PWM1 Comparator
Output OCO

PWM1 Comparator
Output OCA1

PWM1 Comparator
Output OC2

PWMO Comparator
Output OCO

PWMO Comparator
Output OC1

PWMO Comparator
Output OC2

PWM1 Comparator
Output OCO

PWM1 Comparator
Output OC1

GMAC
GTSUCOMP

TIOAO and
TIOBO

TCO
TIOA1 and
TIOB1

TCO
TIOA2 and
TIOB2

TC1
TIOA3 and
TIOB3

TC1
TIOA4 and
TIOB4

TCA1
TIOA5 and
TIOB5

TC2
TIOAG6 and
TIOB6

TC2
TIOA7 and
TIOB7

TC2
TIOAS8 and
TIOB8

TC3
TIOA9 and
TIOB9

TC3
TIOA10 and
TIOB10

TC3
TIOB11
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........... continued
Application |Description Event
Destination

Direct Memory | General- Peripheral trigger event USART, UART, TWIHS, XDMA
Access purpose generation to transfer data to/ | SPI, QSPI, AFEC, TC

from system memory (see (Capture), SSC, HSMCI,

Note 18) DAC, AES, PWM, PIO,

12SC

1. Referto 31.15 Main Crystal Oscillator Failure Detection.
Refer to 51.5.4 Fault Inputs and 51.6.2.7 Fault Protection.
3. Referto 54.6.4 Fault Mode.
4. Referto 54.5.4 Fault Output.
5. Referto 23.4.9.2 Low-power Tamper Detection and Anti-Tampering and 29.3.1 SYS_GPBRXx.
6. Referto 50.6.18 Fault Mode.
7. Referto51.7.49 PWM_ETRGx.
8. Referto 51.6.5 PWM External Trigger Mode.
9. Referto 52.6.6 Conversion Triggers and 52.7.2 AFEC_MR.
10. Refer to 58.10 Temperature Sensor.
11. Refer to 27.5.8 Waveform Generation.
12. Referto 51.7.36 PWM_CMPVx and 51.6.4 PWM Event Lines.
13. Refer to 53.7.3 DACC_TRIGR.
14. Refer to 51.6.3 PWM Comparison Units and 51.6.4 PWM Event Lines.
15. Refer to 32.5.14 Parallel Capture Mode.
16. Refer to 51.6.2.2 Comparator.
17. Refer to 50.6.14 Synchronization with PWM.
18. Refer to 36. DMA Controller (XDMAC).
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System Controller

The System Controller is a set of peripherals that handles key elements of the system, such as power,
resets, clocks, time, interrupts, watchdog, and so on..

System Controller and Peripherals Mapping

Refer to the “Product Mapping” section.

Power-on-Reset, Brownout and Supply Monitor
The SAM E70/S70/V70/V71 embeds three features to monitor, warn and/or reset the chip:

* Power-on-Reset (POR) on VDDIO

*+ POR on VDDCORE

» Brown-out-Detector (BOD) on VDDCORE
*  Supply Monitor on VDDIO

Power-on-Reset

The Power-on-Reset (POR) monitors VDDIO and VDDCORE. It is always activated and monitors voltage
at start up but also during power down. If VDDIO or VDDCORE goes below the threshold voltage, the
entire chip is Reset. For more information, refer to 58. Electrical Characteristics for SAM V70/V71.

Brownout Detector on VDDCORE

The Brown-out-Detector(BOD) monitors VDDCORE. It is active by default. It can be deactivated by
software through the Supply Controller (SUPC_MR). It is especially recommended to disable it during
low-power modes, such as wait or sleep modes.

If VDDCORE goes below the threshold voltage, the reset of the core is asserted. For more information,
refer to 23. Supply Controller (SUPC) and 58. Electrical Characteristics for SAM V70/V71.

Supply Monitor on VDDIO

The Supply Monitor monitors VDDIO. It is not active by default. It can be activated by software and is fully
programmable with 16 steps for the threshold (between 1.6V to 3.4V). It is controlled by the Supply
Controller (SUPC). A sample mode is possible, which allows the supply monitor power consumption to be
divided by a factor of up to 2048. For more information, refer to 23. Supply Controller (SUPC) and 58.
Electrical Characteristics for SAM V70/V71.

Reset Controller

The Reset Controller is based on two POR cells, one on VDDIO and one on VDDCORE, and a Supply
Monitor on VDDIO.

The Reset Controller returns the source of the last reset to the software. This may be a general reset, a
wakeup reset, a software reset, a user reset or a watchdog reset.

The Reset Controller controls the internal resets of the system and the pin input/output. It can shape a
reset signal for the external devices, simplifying the connection of a push-button on the NRST pin to
implement a manual reset.
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The configuration of the Reset Controller is saved as supplied on VDDIO.
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14. Peripherals

14.1  Peripheral Identifiers

The following table defines the peripheral identifiers of the SAM E70/S70/V70/V71. A peripheral identifier
is required for the control of the peripheral interrupt with the Nested Vectored Interrupt Controller and
control of the peripheral clock with the Power Management Controller.

Table 14-1. Peripheral Identifiers

Instance Name |NVIC PMC Description

Interrupt Clock
Control

0 SUPC X — Supply Controller

1 RSTC X - Reset Controller

2 RTC X - Real Time Clock

3 RTT X — Real Time Timer

4 WDT X — Watchdog Timer

5 PMC X - Power Management Controller

6 EFC X - Enhanced Embedded Flash Controller

7 UARTO X X Universal Asynchronous Receiver/
Transmitter

8 UART1 X X Universal Asynchronous Receiver/
Transmitter

9 SMC - X Static Memory Controller

10 PIOA X X Parallel I/O Controller A

11 PIOB X X Parallel I/O Controller B

12 PIOC X X Parallel I/O Controller C

13 USARTO X X Universal Synchronous/Asynchronous
Receiver/Transmitter

14 USART1 X X Universal Synchronous/Asynchronous
Receiver/Transmitter

15 USART2 X X Universal Synchronous/Asynchronous
Receiver/Transmitter

16 PIOD X X Parallel I/O Controller D

17 PIOE X X Parallel I/O Controller E

18 HSMCI X X Multimedia Card Interface

19 TWIHSO X X Two-wire Interface (I2C-compatible)
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Instance Name

NVIC Description

Interrupt

20 TWIHS1 X X Two-wire Interface (12C-compatible)

21 SPIO X X Serial Peripheral Interface

22 SSC X X Synchronous Serial Controller

23 TCO_CHANNELO X X 16-bit Timer Counter 0, Channel 0

24 TCO_CHANNEL1 X X 16-bit Timer Counter 0, Channel 1

25 TCO_CHANNEL2 X X 16-bit Timer Counter 0, Channel 2

26 TC1_CHANNELO X X 16-bit Timer Counter 1, Channel 0

27 TC1_CHANNEL1 X X 16-bit Timer Counter 1, Channel 1

28 TC1_CHANNEL2 X X 16-bit Timer Counter 1, Channel 2

29 AFECO X X Analog Front-End Controller

30 DACC X X Digital-to-Analog Converter

31 PWMO X X Pulse Width Modulation Controller

32 ICM X X Integrity Check Monitor

33 ACC X X Analog Comparator Controller

34 USBHS X X USB Host / Device Controller

35 MCANO X X CAN IRQ Line 0

36 MCANO INT1 - CAN IRQ Line 1

37 MCAN1 X X CAN IRQ Line 0

38 MCAN1 INT1 - CAN IRQ Line 1

39 GMAC X X Ethernet MAC

40 AFECA1 X X Analog Front End Controller

41 TWIHS2 X X Two-wire Interface

42 SPI1 X X Serial Peripheral Interface

43 QSPI X X Quad I/O Serial Peripheral Interface

44 UART2 X X Universal Asynchronous Receiver/
Transmitter

45 UART3 X X Universal Asynchronous Receiver/
Transmitter

46 UART4 X X Universal Asynchronous Receiver/
Transmitter

47 TC2_CHANNELO X X 16-bit Timer Counter 2, Channel 0
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Instance Name

NVIC Description

Interrupt

48 TC2_CHANNEL1 X X 16-bit Timer Counter 2, Channel 1

49 TC2_CHANNEL2 X X 16-bit Timer Counter 2, Channel 2

50 TC3 _CHANNELO X X 16-bit Timer Counter 3, Channel 0

51 TC3_CHANNEL1 X X 16-bit Timer Counter 3, Channel 1

52 TC3_CHANNEL2 X X 16-bit Timer Counter 3, Channel 2

53 MLB X X MediaLB IRQ 0

54 MLB X - MedialLB IRQ 1

55 - X - Reserved

56 AES X X Advanced Encryption Standard

57 TRNG X X True Random Number Generator

58 XDMAC X X DMA Controller

59 ISI X X Image Sensor Interface

60 PWM1 X X Pulse Width Modulation Controller

61 ARM FPU - ARM Floating Point Unit interrupt
associated with OFC, UFC, 10C, DZC
and IDC bits.

62 SDRAMC X - SDRAM Controller

63 RSWDT X - Reinforced Safety Watchdog Timer

64 ARM cCcw — ARM Cache ECC Warning

65 ARM CCF — Arm Cache ECC Fault

66 GMAC Q1 - GMAC Queue 1 Interrupt signal
toggled on a DMA write to the first
word of each DMA data buffer
associated with queue 1.

67 GMAC Q2 - GMAC Queue 2 Interrupt signal
toggled on a DMA write to the first
word of each DMA data buffer
associated with queue 2.

68 ARM IXC — Floating Point Unit Interrupt IXC
associated with FPU cumulative
exception bit.

69 12SCO X X Inter-IC Sound Controller

70 12SC1 X X Inter-IC Sound Controller
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Instance Name |[NVIC

Interrupt

PMC
Clock
Control

Description

71 GMAC Q3
72 GMAC Q4
73 GMAC Q5

Peripheral Signal Multiplexing on I/O Lines

The SAM E70/S70/V70/V71 features

» Two PIO controllers on 64-pin versions (PIOA and PIOB)
» Three PIO controllers on the 100-pin version (PIOA, PIOB and PIOD)
» Five PIO controllers on the 144-pin version (PIOA, PIOB, PIOC, PIOD and PIOE), that multiplex the

I/O lines of the peripheral set.

GMAC Queue 3 Interrupt signal
toggled on a DMA write to the first
word of each DMA data buffer
associated with queue 3

GMAC Queue 4 Interrupt signal
toggled on a DMA write to the first
word of each DMA data buffer
associated with queue 4

GMAC Queue 5 Interrupt signal
toggled on a DMA write to the first
word of each DMA data buffer
associated with queue 5

The SAM E70/S70/V70/V71 PIO Controllers control up to 32 lines and each line can be assigned to one

of four peripheral functions: A, B, C or D.

For more information on multiplexed signals, refer to the “Package and Pinout” chapter.
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ARM Cortex-M7 (ARM)

ARM Cortex-M7 (ARM)

Refer to ARM reference documents Cortex-M7 Processor User Guide (ARM DUI 0644) and Cortex-M7
Technical Reference Manual (ARM DDI 0489), available on www.arm.com.

ARM Cortex-M7 Configuration

The following table provides the configuration for the ARM Cortex-M7 processor in SAM

E70/S70/V70/V71 devices.

Table 15-1. ARM Cortex-M7 Configuration

Comparator set

ETM support

Internal Trace support (ITM)
CTl and WIC

ITCM max size

DTCM max size

Cache size

Number of sets

Number of ways

Number of words per cache line

ECC on Cache

IRQ number
IRQ priority levels

Number of regions

FPU precision

AHBP addressing size

Debug
Full comparator set: 4 DWT and 8 FPB comparators
Instruction ETM interface
ITM and DWT trace functionality implemented
Not embedded

TCM

128 KB
256 KB

Cache
16 KB for instruction cache, 16 KB for data cache
256 for instruction cache, 128 for data cache
2 for instruction cache, 4 for data cache

8 words (32 bytes)

Embedded
NVIC
74
8
MPU
16
FPU

Single and double precision
AHB Port
512 MB
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16. Debug and Test Features

16.1 Description
The device features a number of complementary debug and test capabilities. The Serial Wire Debug Port
(SW-DP) is used for standard debugging functions, such as downloading code and single-stepping
through programs. It also embeds a serial wire trace.

16.2 Embedded Characteristics

Debug access to all memory and registers in the system, including Cortex-M register bank, when the
core is running, halted, or held in reset.

Serial Wire Debug Port (SW-DP) debug access

Flash Patch and Breakpoint (FPB) unit for implementing breakpoints and code patches

Data Watchpoint and Trace (DWT) unit for implementing watchpoints, data tracing, and system
profiling

Instrumentation Trace Macrocell (ITM) for support of printf style debugging

6-pin Embedded Trace Macrocell (ETM) for instruction trace stream, including CoreSight™ Trace
Port Interface Unit (TPIU)

IEEE1149.1 JTAG Boundary scan on All Digital Pins

16.3 Associated Documents

The SAM E70/S70/V70/V71 implements the standard ARM CoreSight macrocell. For information on
CoreSight, the following reference documents are available from the ARM web site (www.arm.com):

Cortex-M7 User Guide Reference Manual (ARM DUI 0644)

Cortex-M7 Technical Reference Manual (ARM DDI 0489)

CoreSight Technology System Design Guide (ARM DGI 0012)
CoreSight Components Technical Reference Manual (ARM DDI 0314)
ARM Debug Interface v5 Architecture Specification (Doc. ARM IHI 0031)
ARMv7-M Architecture Reference Manual (ARM DDI 0403)
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16.4 Debug and Test Block Diagram

Figure 16-1. Debug and Test Block Diagram

|:| TMS/SWDIO

[]| Tcriswerk

[ ] ]

TDI

@ JTAGSEL

4>|E| TDO/TRACESWO

POR
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@ TRACEDO-3

Boundary Serial Wire Debug Port
Test Access Port
(TAP)
L

Reset
and
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Embedded o

Cortex-M7 > Trace o
Macrocell
PCK3

16.5 Debug and Test Pin Description

Table 16-1. Debug and Test Signal List

Reset/Test
NRST Microcontroller Reset
TST Test Select

Serial Wire Debug Port/JTAG Boundary Scan

TCK/SWCLK Test Clock/Serial Wire Clock
TDI Test Data In
TDO/TRACESWO  Test Data Out/Trace Asynchronous Data Out
TMS/SWDIO Test Mode Select/Serial Wire Input/Output

JTAGSEL JTAG Selection

Trace Debug Port

TRACECLK Trace Clock

{E TRACECLK

Input/Output  Low
Input -

Input -
Input =
Output -
Input -
Input High

Output -
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........... continued
TRACEDO-3 Trace Data Output

16.6  Application Examples

16.6.1 Debug Environment

The figure below shows a complete debug environment example. The SW-DP interface is used for
standard debugging functions, such as downloading code and single-stepping through the program and
viewing core and peripheral registers.

Figure 16-2. Application Debug Environment Example
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16.6.2 Test Environment

The figure below shows a test environment example (JTAG Boundary scan). Test vectors are sent and
interpreted by the tester. In this example, the “board in test” is designed using a number of JTAG-
compliant devices. These devices can be connected to form a single scan chain.
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Figure 16-3. Application Test Environment Example
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16.7 Functional Description

16.7.1 Test Pin

The TST pin is used for JTAG Boundary Scan Manufacturing Test or Fast Flash Programming mode. The
TST pin integrates a permanent pulldown resistor of about 15 kQ to GND, so that it can be left
unconnected for normal operations. To enable Fast Flash Programming mode, refer to 18. Fast Flash
Programming Interface (FFPI).

16.7.2 Debug Architecture
Figure 16-4 shows the debug architecture used. The Cortex-M7 embeds six functional units for debug:

» Serial Wire Debug Port (SW-DP) debug access
* FPB (Flash Patch Breakpoint)

* DWT (Data Watchpoint and Trace)

* |ITM (Instrumentation Trace Macrocell)

* 6-pin Embedded Trace Macrocell (ETM) for instruction trace stream, including CoreSight Trace Port
Interface Unit (TPIU)

« |EEE1149.1 JTAG Boundary scan on all digital pins
The debug architecture information that follows is mainly dedicated to developers of SW-DP Emulators/

Probes and debugging tool vendors for Cortex-M7-based microcontrollers. For further details on SW-DP,
see the Cortex - M7 Technical Reference Manual.
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Figure 16-4. Debug Architecture
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Serial Wire Debug Port (SW-DP) Pins

The SW-DP pins SWCLK and SWDIO are commonly provided on a standard 20-pin JTAG connector
defined by ARM. For more details on voltage reference and reset state, refer to the "Signal Description"
chapter.

At startup, SW-DP pins are configured in SW-DP mode to allow connection with debugging probe.

SW-DP pins can be used as standard 1/Os to provide users more general input/output pins when the
debug port is not needed in the end application. Mode selection between SW-DP mode (System I/O
mode) and general I/O mode is performed through the AHB Matrix Chip Configuration registers
(CCFG_SYSIO). Configuration of the pad for pullup, triggers, debouncing and glitch filters is possible
regardless of the mode.

The JTAGSEL pin is used to select the JTAG boundary scan when asserted at a high level. It integrates a
permanent pulldown resistor of about 15 kQ to GND, so that it can be left unconnected for normal
operations.

The JTAG debug ports TDI, TDO, TMS and TCK are inactive. They are provided for Boundary Scan
Manufacturing Test purposes only. By default the SW-DP is active; TDO/TRACESWO can be used for
trace.

Table 16-2. SW-DP Pin List

m JTAG Boundary Scan Serial Wire Debug Port

TMS/SWDIO TMS SWDIO

TCK/SWCLK TCK SWCLK

TDI TDI -

TDO/TRACESWO TDO TRACESWO (optional: trace)

SW-DP is selected when JTAGSEL is low. It is not possible to switch directly between SW-DP and JTAG
boundary scan operations. A chip reset must be performed after JTAGSEL is changed.
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Embedded Trace Module (ETM) Pins

The Embedded Trace Module (ETM) uses the Trace Port Interface Unit (TPIU) to export data out of the
system.

The TPUI features the pins:

* TRACECLK-always exported to enable synchronization back with the data. PCK3 is used internally.
* TRACEDO-3—-the instruction trace stream.

Flash Patch Breakpoint (FPB)
The FPB implements hardware breakpoints.

Data Watchpoint and Trace (DWT)
The DWT contains four comparators which can be configured to generate:

» PC sampling packets at set intervals
* PC or Data watchpoint packets
* Watchpoint event to halt core

The DWT contains counters for:

* Clock cycle (CYCCNT)

* Folded instructions

* Load Store Unit (LSU) operations

» Sleep cycles

» CPI (all instruction cycles except for the first cycle)
* Interrupt overhead

Instrumentation Trace Macrocell (ITM)

The ITM is an application driven trace source that supports printf style debugging to trace Operating
System (OS) and application events, and emits diagnostic system information. The ITM emits trace
information as packets which can be generated by three different sources with several priority levels:

» Software trace: Software can write directly to ITM stimulus registers. This can be done using the
printf function. For more information, refer to 16.7.5 Flash Patch Breakpoint (FPB).
* Hardware trace: The ITM emits packets generated by the DWT.

* Timestamping: Timestamps are emitted relative to packets. The ITM contains a 21-bit counter to
generate the timestamp.

How to Configure the ITM
The following example describes how to output trace data in asynchronous trace mode.

Configure the TPIU for asynchronous trace mode. Refer to 16.7.7.3 How to Configure the TPIU.

1. Enable the write accesses into the ITM registers by writing “OXxC5ACCES5” into the Lock Access
Register (Address: 0XEOOOOFBO)

2. Write 0x00010015 into the Trace Control register:
Enable ITM.

Enable Synchronization packets.

Enable SWO behavior.

Fix the ATB ID to 1.
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3. Write Ox1 into the Trace Enable register:
— Enable the Stimulus port 0.
4. Write 0x1 into the Trace Privilege register:

— Stimulus port 0 only accessed in privileged mode (Clearing a bit in this register will result in the
corresponding stimulus port being accessible in user mode.)

5.  Write into the Stimulus port 0 register: TPIU (Trace Port Interface Unit)
The TPIU acts as a bridge between the on-chip trace data and the Instruction Trace Macrocell
(ITM).

The TPIU formats and transmits trace data off-chip at frequencies asynchronous to the core.

Asynchronous Mode

The TPIU is configured in asynchronous mode, trace data are output using the single TRACESWO pin.
The TRACESWO signal is multiplexed with the TDO signal. As a consequence, asynchronous trace
mode is only available when the Serial Wire Debug mode is selected.

Two encoding formats are available for the single pin output:

¢ Manchester encoded stream. This is the reset value.
* NRZ_based UART byte structure

How to Configure the TPIU
This example only concerns the asynchronous trace mode.

Set the TRCENA bit to 1 into the Debug Exception and Monitor Register (OXEOOOEDFC) to enable the
use of trace and debug blocks.

1.  Write 0x2 into the Selected Pin Protocol Register.
— Select the Serial Wire output — NRZ
2. Write 0x100 into the Formatter and Flush Control Register.

3. Set the suitable clock prescaler value into the Async Clock Prescaler Register to scale the baud
rate of the asynchronous output (this can be done automatically by the debugging tool).

IEEE1149.1 JTAG Boundary Scan
IEEE1149.1 JTAG Boundary Scan allows pin-level access independent of the device packaging
technology.

IEEE1149.1 JTAG Boundary Scan is enabled when TST is tied to high, PDO tied to low, and JTAGSEL
tied to high during powerup. These pins must be maintained in their respective states for the duration of
the boundary scan operation. The SAMPLE, EXTEST and BYPASS functions are implemented. In Serial
Wire Debug mode, the ARM processor responds with a non-JTAG chip ID that identifies the processor.
This is not IEEE1149.1 JTAG-compliant.

It is not possible to switch directly between JTAG Boundary Scan and SWJ Debug Port operations. A chip
reset must be performed after JTAGSEL is changed.

A Boundary Scan Descriptor Language (BSDL) file to set up the test is provided on www.microchip.com.

JTAG Boundary Scan Register
The Boundary Scan Register (BSR) contains a number of bits which correspond to active pins and
associated control signals.

Each input/output pin corresponds to a 3-bit register in the BSR. The OUTPUT bit contains data that can
be forced on the pad. The INPUT bit facilitates the observability of data applied to the pad. The
CONTROL bit selects the direction of the pad.
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For more information, refer to BDSL files available on www.microchip.com.

16.7.9 ID Code Register
Access: Read-only

31 30 29 28 27 26 25 24
VERSION PART NUMBER
23 22 21 20 19 18 17 16

PART NUMBER

15 14 13 12 11 10 9 8
PART NUMBER MANUFACTURER IDENTITY
7 6 5 4 3 2 1 0
MANUFACTURER IDENTITY 1

* VERSION[31:28]: Product Version Number

Set to 0xO0.
* PART NUMBER[27:12]: Product Part Number

Set to 0xO0.

PART NUMBER
0x5B3D

» MANUFACTURER IDENTITY[11:1]: Manufacturer ID
Set to 0x01F.

» Bit[0]: Required by IEEE Std. 1149.1
Set to 0x1.

JTAG ID Code
0x5B3D_DO3F
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17. SAM-BA Boot Program

171 Description

The SAM-BA Boot Program integrates an array of programs permitting download and/or upload into the
different memories of the product.

17.2 Embedded Characteristics
» Default Boot Program
* Interface with SAM-BA Graphic User Interface
* SAM-BA Boot
— Supports several communication media
| Serial Communication on UARTO
| USB device port communication up to 1Mbyte/s

— USB Requirements
| External crystal or external clock with frequency of 12 MHz or 16 MHz

17.3 Hardware and Software Constraints

+ SAM-BA Boot uses the first 2048 bytes of the SRAM for variables and stacks. The remaining
available bytes can be used for user code.

» USB Requirements:
— External crystal or external clock (see the following Note) with frequency of 12 MHz or 16 MHz
Note: Must be 2500 ppm and VDDIO square wave signal.
* UARTO Requirements:

— None. If no accurate external clock source is available, the internal 12 MHz RC meets RS-232
standards.

Table 17-1. Pins Driven during Boot Program Execution

L S T S,
UARTO URXDO PA9

UARTO UTXDO PA10

17.4 Flow Diagram
The boot program implements the algorithm below.

© 2019 Microchip Technology Inc. Datasheet DS60001527D-page 87



SAM E70/S70/V70/V71 Family
SAM-BA Boot Program

Figure 17-1. Boot Program Algorithm Flow Diagram
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The SAM-BA boot program looks for a source clock, either from the embedded main oscillator with
external crystal (main oscillator enabled) or from a supported frequency signal applied to the XIN pin
(Main oscillator in bypass mode).

If a clock is supplied by one of the two sources, the boot program checks that the frequency is one of the
supported external frequencies. If the frequency is supported, USB activation is allowed. If no clock is
supplied, or if a clock is supplied but the frequency is not a supported external frequency, the internal 12
MHz RC oscillator is used as the main clock. In this case, the USB is not activated due to the frequency
drift of the 12 MHz RC oscillator.

17.5 Device Initialization
Initialization by the boot program follows the steps described below:

Stack setup.

1. Embedded Flash Controller setup.
2. External clock (crystal or external clock on XIN) detection.

3. External crystal or clock with supported frequency supplied.
a. If yes, USB activation is allowed.

b. If no, USB activation is not allowed. The internal 12 MHz RC oscillator is used.
Master clock switch to main oscillator.

C variable initialization.

PLLA setup: PLLA is initialized to generate a 48 MHz clock.

Watchdog disable.

Initialization of UARTO (115200 bauds, 8, N, 1).

Initialization of the USB Device Port (only if USB activation is allowed; see Step 4.).

0. Wait for one of the following events:
a. Check if USB device enumeration has occurred.

200N oA

b. Check if characters have been received in UARTO.
11. Jump to SAM-BA Monitor (refer to 17.6 SAM-BA Monitor)

17.6 SAM-BA Monitor

Once the communication interface is identified, the monitor runs in an infinite loop, waiting for different
commands, as shown in the following table.
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Table 17-2. Commands Available through the SAM-BA Boot

Comnans i nars e

Set Normal mode

No argument

T Set Terminal mode No argument T#

(0] Write a byte Address, Value# 0200001,CA#

(o] Read a byte Address,# 0200001,#

H Write a half word Address, Value# H200002,CAFE#
h Read a half word Address,# h200002,#

w Write a word Address, Value# W200000,CAFEDECA#
w Read a word Address, # w200000,#

S Send a file Address. # S200000,#

R Receive a file Address, NbOfBytes# R200000,1234#
G Go Address# G200200#

Vv Display version No argument V#

Mode commands:

— Normal mode configures SAM-BA Monitor to send/receive data in binary format
— Terminal mode configures SAM-BA Monitor to send/receive data in ASCII format

*  Write commands: Write a byte (O), a halfword (H) or a word (W) to the target
— Address: Address in hexadecimal
— Value: Byte, halfword or word to write in hexadecimal

* Read commands: Read a byte (0), a halfword (h) or a word (w) from the target
— Address: Address in hexadecimal
— Output: The byte, halfword or word read in hexadecimal

» Send afile (S): Send a file to a specified address

— Address: Address in hexadecimal
Note: There is a timeout on this command which is reached when the prompt ‘>’ appears
before the end of the command execution.

* Receive afile (R): Receive data into a file from a specified address
— Address: Address in hexadecimal
— NbOfBytes: Number of bytes in hexadecimal to receive

* Go (G): Jump to a specified address and execute the code
— Address: Address to jump in hexadecimal

* Get Version (V): Return the SAM-BA boot version
Note: In Terminal mode, when the requested command is performed, SAM-BA Monitor adds the
following prompt sequence to its answer: <LF>+<CR>+">'.

17.6.1 UARTO Serial Port
Communication is performed through the UARTO initialized to 115200 Baud, 8, n, 1.
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The Send and Receive File commands use the Xmodem protocol to communicate. Any terminal
performing this protocol can be used to send the application file to the target. The size of the binary file to
send depends on the SRAM size embedded in the product. In all cases, the size of the binary file must be
smaller than the SRAM size because the Xmodem protocol requires some SRAM memory to work. Refer
to the "Hardware and Software Constraints" section.

Xmodem Protocol
The Xmodem protocol supported is the 128-byte length block. This protocol uses a two-character
CRC-16 to guarantee detection of a maximum bit error.

The Xmodem protocol with CRC is accurate if both sender and receiver report successful transmission.
Each block of the transfer has the following format:

<SOH><blk #><255-blk #><--128 data bytes--><checksum> in which:

* <SOH> =01 hex
» <blk #> = binary number, starts at 01, increments by 1, and wraps OFFH to 00H (not to 01)
o <255-blk #> = 1’s complement of the blk#.
» <checksum> = 2 bytes CRC16
The figure below shows a transmission using this protocol.

Figure 17-2. Xmodem Transfer Example

Host Device

Cc

SOH 01 FE Data[128] CRC CRC

ACK

<

SOH 02 FD Data[128] CRC CRC

ACK

<

SOH 03 FC Data[100] CRC CRC

-

ACK

EOT

ACK

USB Device Port

The device uses the USB communication device class (CDC) drivers to take advantage of the installed
PC RS-232 software to talk over the USB. The CDC class is implemented in all releases of Windows®,
beginning with Windows 98SE. The CDC document, available at www.usb.org, describes a way to
implement devices such as ISDN modems and virtual COM ports.

The Vendor ID (VID) is the Atmel vendor ID 0xO3EB. The product ID (PID) is 0x6124. These references
are used by the host operating system to mount the correct driver. On Windows systems, the INF files
contain the correspondence between vendor ID and product ID.

For more details on VID/PID for end product/systems, refer to the Vendor ID form available from the USB
Implementers Forum found at http://www.usb.org/.
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Unauthorized use of assigned or unassigned USB Vendor ID Numbers and associated Product
ID Numbers is strictly prohibited.

/A\WARNING

Enumeration Process

The USB protocol is a master/slave protocol. This is the host that starts the enumeration sending
requests to the device through the control endpoint. The device handles standard requests as defined in
the USB Specification.

Table 17-3. Handled Standard Requests

GET_DESCRIPTOR Returns the current device configuration value.
SET_ADDRESS Sets the device address for all future device access.
SET_CONFIGURATION Sets the device configuration.
GET_CONFIGURATION Returns the current device configuration value.
GET_STATUS Returns status for the specified recipient.
SET_FEATURE Set or Enable a specific feature.

CLEAR_FEATURE Clear or Disable a specific feature.

The device also handles some class requests defined in the CDC class.
Table 17-4. Handled Class Requests

SET _LINE_CODING Configures DTE rate, stop bits, parity and number of character bits.

GET_LINE_CODING Requests current DTE rate, stop bits, parity and number of character
bits.

SET_CONTROL_LINE_STATE RS-232 signal used to tell the DCE device the DTE device is now
present.

Unhandled requests are STALLed.

Communication Endpoints

There are two communication endpoints. Endpoint 0 is used for the enumeration process. Endpoint 1 is a
64-byte Bulk OUT endpoint. Endpoint 2 is a 64-byte Bulk IN endpoint. SAM-BA Boot commands are sent
by the host through endpoint 1. If required, the message is split by the host into several data payloads by
the host driver.

If the command requires a response, the host can send IN transactions to pick up the response.
In Application Programming (IAP) Feature
The IAP feature is a function located in ROM that can be called by any software application.

When called, this function sends the desired FLASH command to the EEFC and waits for the Flash to be
ready (looping while the FRDY bit is not set in the MC_FSR register).
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Since this function is executed from ROM, this allows Flash programming (such as sector write) to be
done by code running in Flash.

The IAP function entry point is retrieved by reading the NMI vector in ROM (0x00800008).
This function takes two arguments as parameters:

» the index of the Flash bank to be programmed: 0 for EEFCO, 1 for EEFC1. For devices with only one
bank, this parameter has no effect and can be either 0 or 1, only EEFCO will be accessed.

» the command to be sent to the EEFC Command register.
This function returns the value of the EEFC_FSR register.
An example of IAP software code follows:

// Example: How to write data in page 200 of the flash memory using ROM IAP
function

flash page num = 200

flash cmd = 0

flash status = 0

eefc _index = 0 (0 for EEFCO, 1 for EEFCI1)

// Initialize the function pointer (retrieve function address from NMI
vector) */

iap function address = 0x00800008

// Fill the Flash page buffer at address 200 with the data to be written
for i=0, i1 < page size, 1i++ do

flash sector 200 address[i] = your datal[i]

// Prepare the command to be sent to the EEFC Command register: key, page
number and write command

flash cmd = (0x5A << 24) | (flash page num << 8) | flash write command;

// Call the IAP function with the right parameters and retrieve the status in
flash status after completion

flash status = iap function (eefc index, flash cmd);
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Fast Flash Programming Interface (FFPI)

Description

The Fast Flash Programming Interface (FFPI) provides parallel high-volume programming using a
standard gang programmer. The parallel interface is fully handshaked and the device is considered to be
a standard EEPROM. Additionally, the parallel protocol offers an optimized access to all the embedded
Flash functionalities.

Although the Fast Flash Programming mode is a dedicated mode for high volume programming, this
mode is not designed for in-situ programming.

Embedded Characteristics

* Programming Mode for High-volume Flash Programming Using Gang Programmer
— Offers Read and Write Access to the Flash Memory Plane
— Enables Control of Lock Bits and General-purpose NVM Bits
— Enables Security Bit Activation
— Disabled Once Security Bit is Set

» Parallel Fast Flash Programming Interface
— Provides a 16-bit Parallel Interface to Program the Embedded Flash
— Full Handshake Protocol

Parallel Fast Flash Programming

Device Configuration

In Fast Flash Programming mode, the device is in a specific test mode. Only a certain set of pins is
significant. The rest of the PIOs are used as inputs with a pullup. The crystal oscillator is in Bypass mode.
Other pins must be left unconnected.

Figure 18-1. 16-bit Parallel Programming Interface

VvDDIO —> TST
VDDIO ——{ PGMENO
VDDIO ——{ PGMEN1

l— VDDCORE

l« VDDIO
NCMD —> pPGMNCMD
RDY <«—|PGMRDY [« VDDPLL
NOE — > PGMNOE lk— GND

NVALID <— PGMNVALID
MODE[3:0] ——>] PGMM[3:0]
DATA[15:0] <—> PGMD[15:0]

External —] XIN
Clock
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Table 18-1. Signal Description List

Power
VDDIO
VDDCORE
VDDPLL
GND
Clocks

XIN

Test

TST

PGMENO
PGMEN1

PIO
PGMNCMD
PGMRDY

PGMNOE
PGMNVALID

PGMM[3:0]

PGMD[15:0]

Signal Names

I/O Lines Power Supply
Core Power Supply
PLL Power Supply

Ground

Main Clock Input

Test Mode Select

Test Mode Select
Test Mode Select

Valid command available

0: Device is busy
1: Device is ready for a new
command

Output Enable (active high)

0: DATA[15:0] is in input mode
1: DATA[15:0] is in output
mode

Specifies DATA type (see Table
18-2)

Bidirectional data bus

Power
Power
Power

Ground

Input

Input

Input
Input

Input
Output

Input
Output

Input

High
Low

High

Low

High

Low

Low

Input/Output —

Must be connected to
VDDIO

Must be connected to GND

Must be connected to
VDDIO

Pulled-up input at reset

Pulled-up input at reset

Pulled-up input at reset

Pulled-up input at reset

Pulled-up input at reset

Pulled-up input at reset

Depending on the MODE settings, DATA is latched in different internal registers.
Table 18-2. Mode Coding

0000
0001
0010
0011

CMDE

ADDRO
ADDRH1
ADDR2

Command Register

Address Register LSBs
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........... continued

L N S
0100 ADDR3 Address Register MSBs

0101 DATA Data Register

Default IDLE No register

When MODE is equal to CMDE, then a new command (strobed on DATA[15:0] signals) is stored in the
command register.

Table 18-3. Command Bit Coding

DATA[15:0] Symbol Command Executed

0x0011 READ Read Flash

0x0012 WP Write Page Flash

0x0022 WPL Write Page and Lock Flash
0x0032 EWP Erase Page and Write Page
0x0042 EWPL Erase Page and Write Page then Lock
0x0013 EA Erase All

0x0014 SLB Set Lock Bit

0x0024 CLB Clear Lock Bit

0x0015 GLB Get Lock Bit

0x0034 SGPB Set General Purpose NVM bit
0x0044 CGPB Clear General Purpose NVM bit
0x0025 GGPB Get General Purpose NVM bit
0x0054 SSE Set Security Bit

0x0035 GSE Get Security Bit

0x001F WRAM Write Memory

0x001E GVE Get Version

18.3.3 Entering Parallel Programming Mode
The following algorithm puts the device in Parallel Programming mode:

1.  Apply the supplies as described in table Signal Description List.

2. If an external clock is available, apply it to XIN within the VDDCORE POR reset time-out period, as
defined in the section “Electrical Characteristics”.

3.  Wait for the end of this reset period.
4. Start a read or write handshaking.
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Programmer Handshaking

A handshake is defined for read and write operations. When the device is ready to start a new operation
(RDY signal set), the programmer starts the handshake by clearing the NCMD signal. The handshaking is
completed once the NCMD signal is high and RDY is high.

Write Handshaking
For details on the write handshaking sequence, refer to the following figure and table.

Figure 18-2. Parallel Programming Timing, Write Sequence

NCMD @ @
RDY @ C5>/
NOE
NVALID
©)

Table 18-4. Write Handshake

Sets MODE and DATA signals Waits for NCMD low Input
2 Clears NCMD signal Latches MODE and DATA Input
3 Waits for RDY low Clears RDY signal Input
4 Releases MODE and DATA signals Executes command and polls NCMD high Input
5 Sets NCMD signal Executes command and polls NCMD high Input
6 Waits for RDY high Sets RDY Input

Read Handshaking
For details on the read handshaking sequence, refer to the following figure and table.
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Figure 18-3. Parallel Programming Timing, Read Sequence
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Table 18-5. Read Handshake

Sets MODE and DATA signals | Waits for NCMD low

O g, WD

9

10
11
12
13

Clears NCMD signal

Waits for RDY low

Sets DATA signal in tristate
Clears NOE signal

Waits for NVALID low

Reads value on DATA Bus
Sets NOE signal

Waits for NVALID high
Sets DATA in output mode
Sets NCMD signal

Waits for RDY high

Device Operations
Several commands on the Flash memory are available. These commands are summarized in table

Command Bit Coding. Each command is driven by the programmer through the parallel interface running
several read/write handshaking sequences.

Latch MODE and DATA
Clears RDY signal
Waits for NOE Low

Sets DATA bus in output mode and outputs the flash
contents.

Clears NVALID signal

Waits for NOE high

Sets DATA bus in input mode
Sets NVALID signal

Waits for NCMD high

Sets RDY signal

Input
Input
Input
Input
Tristate

Output

Output
Output
Output
X
Input
Input
Input

When a new command is executed, the previous one is automatically achieved. Thus, chaining a read
command after a write automatically flushes the load buffer in the Flash.
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18.3.5.1 Flash Read Command

This command is used to read the contents of the Flash memory. The read command can start at any
valid address in the memory plane and is optimized for consecutive reads. Read handshaking can be
chained; an internal address buffer is automatically increased.

Table 18-6. Read Command

m Handshake Sequence m DATA[15:0]

Write handshaking CMDE READ

2 Write handshaking ADDRO Memory Address LSB
3 Write handshaking ADDR1 Memory Address

4 Read handshaking DATA *Memory Address++
5 Read handshaking DATA *Memory Address++
n Write handshaking ADDRO Memory Address LSB
n+1 Write handshaking ADDR1 Memory Address

n+2 Read handshaking DATA *Memory Address++
n+3 Read handshaking DATA *Memory Address++

18.3.5.2 Flash Write Command
This command is used to write the Flash contents.

The Flash memory plane is organized into several pages. Data to be written are stored in a load buffer
that corresponds to a Flash memory page. The load buffer is automatically flushed to the Flash:

» before access to any page other than the current one
* when a new command is validated (MODE = CMDE)

The Write Page command (WP) is optimized for consecutive writes. Write handshaking can be chained;
an internal address buffer is automatically increased.

Table 18-7. Write Command

m Handshake Sequence m DATA[15:0]

Write handshaking CMDE WP or WPL or EWP or EWPL
2 Write handshaking ADDRO Memory Address LSB
3 Write handshaking ADDR1 Memory Address
4 Write handshaking DATA *Memory Address++
5 Write handshaking DATA *Memory Address++
n Write handshaking ADDRO Memory Address LSB
n+1 Write handshaking ADDR1 Memory Address
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........... continued
Stop | andahako Soquonco ___INODEISO] _DATAED
n+2 Write handshaking DATA *Memory Address++
n+3 Write handshaking DATA *Memory Address++

The Flash command Write Page and Lock (WPL) is equivalent to the Flash Write Command. However,
the lock bit is automatically set at the end of the Flash write operation. As a lock region is composed of
several pages, the programmer writes to the first pages of the lock region using Flash write commands
and writes to the last page of the lock region using a Flash write and lock command.

The Flash command Erase Page and Write (EWP) is equivalent to the Flash Write Command. However,
before programming the load buffer, the page is erased.

The Flash command Erase Page and Write the Lock (EWPL) combines EWP and WPL commands.

Flash Full Erase Command
This command is used to erase the Flash memory planes.

All lock regions must be unlocked before the Full Erase command by using the CLB command.
Otherwise, the erase command is aborted and no page is erased.

Table 18-8. Full Erase Command

m Handshake Sequence m DATA[15:0]

Write handshaking CMDE
2 Write handshaking DATA 0

Flash Lock Commands

Lock bits can be set using WPL or EWPL commands. They can also be set by using the Set Lock
command (SLB). With this command, several lock bits can be activated. A Bit Mask is provided as
argument to the command. When bit 0 of the bit mask is set, then the first lock bit is activated.

In the same way, the Clear Lock command (CLB) is used to clear lock bits.
Table 18-9. Set and Clear Lock Bit Command

m Handshake Sequence m DATA[15:0]
Write handshaking CMDE SLB or CLB
2 Write handshaking DATA Bit Mask

Lock bits can be read using Get Lock Bit command (GLB). The nt" lock bit is active when the bit n of the
bit mask is set.

Table 18-10. Get Lock Bit Command

m Handshake Sequence m DATA[15:0]

Write handshaking CMDE
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........... continued
m Handshake Sequence m DATA[15:0]
Read handshaking DATA Lock Bit Mask Status

0 = Lock bit is cleared

1 = Lock bit is set

Flash General-purpose NVM Commands

General-purpose NVM bits (GP NVM bits) can be set using the Set GPNVM command (SGPB). This
command also activates GP NVM bits. A bit mask is provided as argument to the command. When bit O
of the bit mask is set, then the first GP NVM bit is activated.

In the same way, the Clear GPNVM command (CGPB) is used to clear general-purpose NVM bits. The
general-purpose NVM bit is deactivated when the corresponding bit in the pattern value is set to 1.

Table 18-11. Set/Clear GP NVM Command

m Handshake Sequence m DATA[15:0]

Write handshaking CMDE SGPB or CGPB
2 Write handshaking DATA GP NVM bit pattern value

General-purpose NVM bits can be read using the Get GPNVM Bit command (GGPB). The n" GP NVM
bit is active when bit n of the bit mask is set.

Table 18-12. Get GP NVM Bit Command

m Handshake Sequence m DATA[15:0]

Write handshaking CMDE GGPB

2 Read handshaking DATA GP NVM Bit Mask Status
0 = GP NVM bit is cleared

1 =GP NVM bit is set

Flash Security Bit Command

A security bit can be set using the Set Security Bit command (SSE). Once the security bit is active, the
Fast Flash programming is disabled. No other command can be run. An event on the Erase signal can
erase the security bit once the contents of the Flash have been erased.

Table 18-13. Set Security Bit Command

m Handshake Sequence m DATA[15:0]

Write handshaking CMDE
2 Write handshaking DATA 0
Once the security bit is set, it is not possible to access FFPI. The only way to erase the security bit is to
erase the Flash.
To erase the Flash, perform the following steps:

1. Power off the chip.
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2. Power on the chip with TST = 0.

3. Assert the ERASE signal for at least the ERASE pin assertion time as defined in the section
“Electrical Characteristics”.

4. Power off the chip.
Return to FFPI mode to check that the Flash is erased.

Memory Write Command
This command is used to perform a write access to any memory location.

The Memory Write command (WRAM) is optimized for consecutive writes. Write handshaking can be
chained; an internal address buffer is automatically increased.

Table 18-14. Write Command

m Handshake Sequence m DATA[15:0]

Write handshaking CMDE WRAM

2 Write handshaking ADDRO Memory Address LSB
3 Write handshaking ADDR1 Memory Address

4 Write handshaking DATA *Memory Address++
5 Write handshaking DATA *Memory Address++
n Write handshaking ADDRO Memory Address LSB
n+1 Write handshaking ADDR1 Memory Address

n+2 Write handshaking DATA *Memory Address++
n+3 Write handshaking DATA *Memory Address++

Get Version Command
The Get Version (GVE) command retrieves the version of the FFPI interface.

Table 18-15. Get Version Command

I T S =
Write handshaking CMDE

2 Read handshaking DATA Version

© 2019 Microchip Technology Inc. Datasheet DS60001527D-page 101



19.

191

19.2

19.21

SAM E70/S70/V70/V71 Family
Bus Matrix (MATRIX)

Bus Matrix (MATRIX)

Description

The Bus Matrix (MATRIX) implements a multi-layer AHB, based on the AHB-Lite protocol, that enables
parallel access paths between multiple AHB masters and slaves in a system, thus increasing the overall
bandwidth. The MATRIX interconnects 13 AHB masters to 9 AHB slaves. The normal latency to connect
a master to a slave is one cycle. The exception is the default master of the accessed slave which is
connected directly (zero cycle latency).

The MATRIX user interface is compliant with ARM Advanced Peripheral Bus.

Embedded Characteristics
* 13 Masters
* 9 Slaves
* One Decoder for Each Master
» Several Possible Boot Memories for Each Master before Remap
* One Remap Function for Each Master
» Support for Long Bursts of 32, 64, 128 and up to the 256-beat Word Burst AHB Limit
» Enhanced Programmable Mixed Arbitration for Each Slave
— Round-Robin
— Fixed Priority
* Programmable Default Master for Each Slave
— No Default Master
— Last Accessed Default Master
— Fixed Default Master
* Deterministic Maximum Access Latency for Masters
» Zero or One Cycle Arbitration Latency for the First Access of a Burst
* Bus Lock Forwarding to Slaves
* Master Number Forwarding to Slaves
» Configurable Automatic Clock-off Mode for Power Reduction
* One Special Function Register for Each Slave (not dedicated)
* Register Write Protection

Matrix Masters
The MATRIX manages the masters listed in he following table. Each master can perform an access to an
available slave concurrently with other masters. lists the available masters.

Each master has its own specifically-defined decoder. To simplify addressing, all the masters have the
same decodings.

Table 19-1. Bus Matrix Masters

0 Cortex-M7
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........... continued

Masorir e
1 Cortex-M7

2 Cortex-M7 Peripheral Port
3 Integrated Check Monitor
4,5 XDMAC

6 IS| DMA

7 Media LB

8 USB DMA

9 Ethernet MAC DMA

10 CANO DMA

11 CAN1 DMA

12 Cortex-M7

Note: Master 12 (Cortex-M7) is only on revision B.

Matrix Slaves
The MATRIX manages the slaves listed in the following table. Each slave has its own arbiter, providing a
different arbitration per slave.

Table 19-2. Bus Matrix Slaves

Semio Nme
0 Internal SRAM

1 Internal SRAM

Internal ROM

Internal Flash

USB High Speed Dual Port RAM (DPR)

External Bus Interface

QSPI

Peripheral Bridge

0 N o g b w DN

AHB Slave

Master to Slave Access

The following table provides valid paths for master to slave accesses. The paths shown as “-” are
forbidden or not wired.
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Table 19-3. Master to Slave Access

L L L N R N e

Slaves Cortex- | Cortex- | Cortex-M7 | ICM | Central | Central | ISI MediaLB | USB | GMAC | CANO | CAN1 | Cortex-
M7 M7 Peripheral DMA DMA DMA | DMA DMA DMA DMA DMA M7
Port IFO IF1

0 | Internal - - - X X = — — - - — — _
SRAM

1 | Internal - - - - - X X X X X X X -
SRAM

2 Internal X - - - = - — — _ — _ _ _
ROM

3  Internal X - - X - X - - X X - - -
Flash

4 USBHS - X - - - - - - - - - - -
Dual Port
RAM

5 | External - X - X X X X X X X X X -
Bus
Interface

6 QsPI = = = X |- X = = X X = = X

7 | Peripheral - X X - - X - - = = = — -
Bridge

8 Cortex-M7 | — - - X X - X X X X X X -
AHB Slave
(AHBS) (see
Note)

Note: For the connection of the Cortex-M7 processor to the SRAM, refer to the sections “Interconnect”
and “Memories”, sub-section “Embedded Memories”.

Related Links
11.1 Embedded Memories

Functional Description

Memory Mapping

The MATRIX provides one decoder for every AHB master interface. The decoder offers each AHB master
several memory mappings. Each memory area may be assigned to several slaves. Thus booting at the
same address while using different AHB slaves (i.e., external RAM, internal ROM or internal Flash, etc.)
is possible.

The MATRIX user interface provides the Master Remap Control Register (MATRIX_MRCR) that performs
remap action for every master independently.

Special Bus Granting Mechanism

The MATRIX provides some speculative bus granting techniques in order to anticipate access requests
from masters. This technique reduces latency at the first access of a burst, or for a single transfer, as long
as the slave is free from any other master access. Bus granting sets a different default master for every
slave.

At the end of the current access, if no other request is pending, the slave remains connected to its
associated default master. A slave can be associated with three kinds of default masters:
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* No default master
¢ Last access master
* Fixed default master

To change from one type of default master to another, the MATRIX user interface provides the Slave
Configuration registers, one for every slave, that set a default master for each slave. The Slave
Configuration register contains the fields DEFMSTR_TYPE and FIXED_DEFMSTR. The 2-bit
DEFMSTR_TYPE field selects the default master type (no default, last access master, fixed default
master), whereas the 4-bit FIXED_DEFMSTR field selects a fixed default master provided that
DEFMSTR_TYPE is set to fixed default master. Please refer to the "Bus Matrix Slave Configuration
Registers" section.

No Default Master

After the end of the current access, if no other request is pending, the slave is disconnected from all
masters.

This configuration incurs one latency clock cycle for the first access of a burst after bus Idle. Arbitration
without default master may be used for masters that perform significant bursts or several transfers with no
Idle in between, or if the slave bus bandwidth is widely used by one or more masters.

This configuration provides no benefit on access latency or bandwidth when reaching maximum slave
bus throughput whatever the number of requesting masters.

Last Access Master

After the end of the current access, if no other request is pending, the slave remains connected to the last
master that performed an access request.

This allows the MATRIX to remove the one latency cycle for the last master that accessed the slave.
Other non privileged masters still get one latency clock cycle if they want to access the same slave. This
technique is useful for masters that mainly perform single accesses or short bursts with some Idle cycles
in between.

This configuration provides no benefit on access latency or bandwidth when reaching maximum slave
bus throughput whatever is the number of requesting masters.

Fixed Default Master

At the end of the current access, if no other request is pending, the slave connects to its fixed default
master. Unlike the last access master, the fixed default master does not change unless the user modifies
it by software (FIXED_DEFMSTR field of the related MATRIX_SCFG).

This allows the MATRIX arbiters to remove the one latency clock cycle for the fixed default master of the
slave. All requests attempted by the fixed default master do not cause any arbitration latency, whereas
other non-privileged masters will get one latency cycle. This technique is useful for a master that mainly
performs single accesses or short bursts with Idle cycles in between.

This configuration provides no benefit on access latency or bandwidth when reaching maximum slave
bus throughput, regardless of the number of requesting masters.

Arbitration

The MATRIX provides an arbitration technique that reduces latency when conflicting cases occur; for
example. when two or more masters try to access the same slave at the same time. One arbiter per AHB
slave is provided, so that each slave is arbitrated differently.

The MATRIX provides the user with two arbitration types for each slave:
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1. Round-robin Arbitration (default)
2. Fixed Priority Arbitration

Each algorithm may be complemented by selecting a default master configuration for each slave.

When re-arbitration is required, specific conditions apply. Refer to the "Arbitration Rules" section.

Arbitration Rules

Each arbiter has the ability to arbitrate between requests from two or more masters. To avoid burst
breaking and to provide maximum throughput for slave interfaces, arbitration should take place during the
following cycles:

» Idle cycles: When a slave is not connected to any master or is connected to a master which is not
currently accessing it

» Single cycles: When a slave is performing a single access

» End of Burst cycles: When the current cycle is the last cycle of a burst transfer. For a defined length
burst, predicted end of burst matches the size of the transfer but is managed differently for undefined
length burst. Refer to the "Undefined Length Burst Arbitration" section.

» Slot cycle limit: When the slot cycle counter has reached the limit value indicating that the current
master access is too long and must be broken. Refer to the "Slot Cycle Limit Arbitration" section.

19.3.3.1.1 Undefined Length Burst Arbitration

In order to prevent slave handling during undefined length bursts, the user can trigger the re-arbitration
before the end of the incremental bursts. The re-arbitration period can be selected from the following
Undefined Length Burst Type (ULBT) possibilities:

1. Unlimited: no predetermined end of burst is generated. This value enables 1-Kbyte burst lengths.
2. 1-beat bursts: predetermined end of burst is generated at each single transfer during the INCR

transfer.

3. 4-beat bursts: predetermined end of burst is generated at the end of each 4-beat boundary during
INCR transfer.

4. 8-beat bursts: predetermined end of burst is generated at the end of each 8-beat boundary during
INCR transfer.

5. 16-beat bursts: predetermined end of burst is generated at the end of each 16-beat boundary
during INCR transfer.

6. 32-beat bursts: predetermined end of burst is generated at the end of each 32-beat boundary
during INCR transfer.

7. 64-beat bursts: predetermined end of burst is generated at the end of each 64-beat boundary
during INCR transfer.

8. 128-beat bursts: predetermined end of burst is generated at the end of each 128-beat boundary
during INCR transfer.

The use of undefined length16-beat bursts, or less, is discouraged since this decreases the overall bus
bandwidth due to arbitration and slave latencies at each first access of a burst.

If the master does not permanently and continuously request the same slave or has an intrinsically limited
average throughput, the ULBT should be left at its default unlimited value, knowing that the AHB
specification natively limits all word bursts to 256 beats and double-word bursts to 128 beats because of
its 1-Kbyte address boundaries.

Unless duly needed, the ULBT should be left at its default value of O for power saving.

This selection is made through the ULBT field of the Master Configuration Registers (MATRIX_MCFG).
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19.3.3.1.2 Slot Cycle Limit Arbitration

19.3.3.2

The MATRIX contains specific logic to break long accesses, such as very long bursts on a very slow
slave (e.g., an external low speed memory). At each arbitration time, a counter is loaded with the value
previously written in the SLOT_CYCLE field of the related Slave Configuration Register (MATRIX_SCFG)
and decreased at each clock cycle. When the counter elapses, the arbiter has the ability to rearbitrate at
the end of the current AHB bus access cycle.

Unless a master has a very tight access latency constraint, which could lead to data overflow or
underflow due to a badly undersized internal FIFO with respect to its throughput, the Slot Cycle Limit
should be disabled (SLOT_CYCLE = 0) or set to its default maximum value in order not to inefficiently
break long bursts performed by some bus masters.

In most cases, this feature is not needed and should be disabled for power saving.

This feature does not prevent a slave from locking its access indefinitely.

/AWARNING

Arbitration Priority Scheme
The MATRIX arbitration scheme is organized in priority pools.

Round-robin priority is used in the highest and lowest priority pools, whereas fixed level priority is used
between priority pools and in the intermediate priority pools.

For each slave, each master is assigned to one of the slave priority pools through the priority registers for
slaves (MxPR fields of MATRIX_PRAS and MATRIX_PRBS). When evaluating master requests, this
programmed priority level always takes precedence.

After reset, all the masters except those of the Cortex-M7 belong to the lowest priority pool (MxPR = 0)
and are therefore granted bus access in a true round-robin order.

The highest priority pool must be specifically reserved for masters requiring very low access latency. If
more than one master belongs to this pool, they will be granted bus access in a biased round-robin
manner which allows tight and deterministic maximum access latency from AHB bus requests. In the
worst case, any currently occurring high-priority master request will be granted after the current bus
master access has ended and other high priority pool master requests, if any, have been granted once
each.

The lowest priority pool shares the remaining bus bandwidth between AHB Masters.

Intermediate priority pools allow fine priority tuning. Typically, a moderately latency-critical master or a
bandwidth-only critical master will use such a priority level. The higher the priority level (MxPR value), the
higher the master priority.

All combinations of MxPR values are allowed for all masters and slaves. For example, some masters
might be assigned the highest priority pool (round-robin), and remaining masters the lowest priority pool
(round-robin), with no master for intermediate fix priority levels.

If more than one master requests the slave bus, regardless of the respective masters priorities, no master
will be granted the slave bus for two consecutive runs. A master can only get back-to-back grants so long
as it is the only requesting master.
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19.3.3.2.1 Fixed Priority Arbitration

The fixed priority arbitration algorithm is the first and only arbitration algorithm applied between masters
from distinct priority pools. It is also used in priority pools other than the highest and lowest priority pools
(intermediate priority pools).

Fixed priority arbitration is used by the MATRIX arbiters to dispatch the requests from different masters to
the same slave by using the fixed priority defined by the user. If requests from two or more masters are
active at the same time, the master with the highest priority number is serviced first. If requests from two
or more masters with the same priority are active at the same time, the master with the highest number is
serviced first.

For each slave, the priority of each master is defined in the MxPR field in the Priority Registers,
MATRIX_PRAS and MATRIX_PRBS.

19.3.3.2.2 Round-Robin Arbitration

19.3.4

19.3.5

19.3.6

19.3.7

Round-robin arbitration is only used in the highest and lowest priority pools. It allows the MATRIX arbiters
to properly dispatch requests from different masters to the same slave. If two or more master requests
are active at the same time in the priority pool, they are serviced in a round-robin increasing master
number order.

System 1/0 Configuration

The System I/O Configuration register (CCFG_SYSIO) configures 1/O lines in System I/O mode (such as
JTAG, ERASE, USB, etc.) or as general purpose I/O lines. Enabling or disabling the corresponding I/0
lines in peripheral mode or in PIO mode (PIO_PER or PIO_PDR registers) in the PIO controller as no
effect. However, the direction (input or output), pull-up, pull-down and other mode control is still managed
by the PIO controller.

SMC NAND Flash Chip Select Configuration
The SMC Nand Flash Chip Select Configuration Register (CCFG_SMCNFCS) manages the chip select
signal (NCSx) and its assignment to NAND Flash.

Each NCSx may or may not be individually assigned to NAND Flash. When the NCSx is assigned to
NAND Flash, the signals NANDOE and NANDWE are used for the NCSx signals selected.

Configuration of Automatic Clock-off Mode

To reduce power consumption, MATRIX, Bridge and EFC automatic clock gating can be enabled by
writing a ‘1’ to bits MATCKG, BRIDCKG and EFCCKG, respectively, in the Dynamic Clock Gating register
(CCFG_DYNCKG).

Register Write Protection

To prevent any single software error from corrupting MATRIX behavior, certain registers in the address
space can be write-protected by setting the WPEN bit in the Write Protection Mode Register
(MATRIX_WPMR).

If a write access to a write-protected register is detected, the WPVS flag in the Write Protection Status
Register (MATRIX_WPSR) is set and the field WPVSRC indicates the register in which the write access
has been attempted.

The WPVS flag is reset by writing the Bus Matrix Write Protect Mode Register (MATRIX_WPMR) with the
appropriate access key WPKEY.

The following registers can be write-protected:

* Bus Matrix Master Configuration Registers
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» Bus Matrix Slave Configuration Registers

» Bus Matrix Priority Registers A For Slaves
» Bus Matrix Priority Registers B For Slaves
* Bus Matrix Master Remap Control Register
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Register Summary

MATRIX_MCFGO

MATRIX_MCFG12

Reserved

MATRIX_SCFGO

MATRIX_SCFG1

MATRIX_SCFG2

MATRIX_SCFG3

MATRIX_SCFG4

MATRIX_SCFG5

MATRIX_SCFG6

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
7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24

SLOT_CYCLE[6:0]

FIXED_DEFMSTR([3:0]

SLOT_CYCLE[6:0]

FIXED_DEFMSTR([3:0]

SLOT_CYCLE[6:0]

FIXED_DEFMSTR([3:0]

SLOT_CYCLE[6:0]

FIXED_DEFMSTR([3:0]

SLOT_CYCLE[6:0]

FIXED_DEFMSTR([3:0]

SLOT_CYCLE[6:0]

FIXED_DEFMSTR([3:0]

SLOT_CYCLE[6:0]

FIXED_DEFMSTR([3:0]

ULBT[2:0]

ULBT[2:0]

SLOT_CYCLE[8:7]
DEFMSTR_TYPE[1:0]

SLOT_CYCLE[8:7]
DEFMSTR_TYPE[1:0]

SLOT_CYCLE[8:7]
DEFMSTR_TYPE[1:0]

SLOT_CYCLE[8:7]
DEFMSTR_TYPE[1:0]

SLOT_CYCLE[8:7]
DEFMSTR_TYPE[1:0]

SLOT_CYCLE[8:7]
DEFMSTR_TYPE[1:0]

SLOT_CYCLE[8:7]
DEFMSTR_TYPE[1:0]
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........... continued

o o
7:0

0x5C

0x60

0x64

Ox7F

0x80

0x84

0x88

0x8C

0x90

0x94

0x98

0x9C

SLOT_CYCLE[6:0]

15:8 SLOT_CYCLE[8:7]
MATRIX_SCFG7
23:16 FIXED_DEFMSTR[3:0] DEFMSTR_TYPE[1:0]
31:24
7:0 SLOT_CYCLE[6:0]
15:8 SLOT_CYCLE[8:7]
MATRIX_SCFG8
23:16 FIXED_DEFMSTR[3:0] DEFMSTR_TYPE[1:0]
31:24
Reserved
7:0 M1PR[1:0] MOPRI[1:0]
15:8 M3PR[1:0] M2PR[1:0]
MATRIX_PRASO
23:16 M5PR[1:0] M4PR[1:0]
31:24 M7PR[1:0] M6PR[1:0]
7:0 M9PRI[1:0] M8PR[1:0]
15:8 M11PR[1:0] M10PR[1:0]
MATRIX_PRBS0
23:16 M12PR[1:0]
31:24
7:0 M1PR[1:0] MOPRI[1:0]
15:8 M3PR[1:0] M2PR[1:0]
MATRIX_PRAS1
23:16 M5PR[1:0] M4PR[1:0]
31:24 M7PR[1:0] M6PR[1:0]
7:0 M9PRI[1:0] M8PR[1:0]
15:8 M11PR[1:0] M10PR[1:0]
MATRIX_PRBS1
23:16 M12PR[1:0]
31:24
7:0 M1PR[1:0] MOPRI[1:0]
15:8 M3PR[1:0] M2PR[1:0]
MATRIX_PRAS2
23:16 M5PR[1:0] M4PR[1:0]
31:24 M7PR[1:0] M6PR[1:0]
7:0 M9PRI[1:0] M8PR[1:0]
15:8 M11PR[1:0] M10PR[1:0]
MATRIX_PRBS2
23:16 M12PR[1:0]
31:24
7:0 M1PR[1:0] MOPRI[1:0]
15:8 M3PR[1:0] M2PR[1:0]
MATRIX_PRAS3
23:16 M5PR[1:0] M4PR[1:0]
31:24 M7PR[1:0] M6PR[1:0]
7:0 M9PRI[1:0] M8PR[1:0]
15:8 M11PR[1:0] M10PR[1:0]
MATRIX_PRBS3
23:16 M12PR[1:0]
31:24
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........... continued

I
7:0

0xA0

0xA4

0xA8

0xAC

0xBO

0xB4

0xB8

0xBC

0xCO0

0xC4

0xC8

OxFF

M1PR[1:0] MOPR[1:0]
15:8 M3PRI[1:0] M2PR[1:0]
MATRIX_PRAS4
23:16 M5PRI[1:0] M4PR[1:0]
31:24 M7PR[1:0] M6PR[1:0]
7:0 M9PR[1:0] MB8PR[1:0]
15:8 M11PR[1:0] M10PR[1:0]
MATRIX_PRBS4
23:16 M12PR[1:0]
31:24
7:0 M1PR[1:0] MOPR[1:0]
15:8 M3PRI[1:0] M2PR[1:0]
MATRIX_PRAS5
23:16 M5PRI[1:0] M4PR[1:0]
31:24 M7PR[1:0] M6PR[1:0]
7:0 M9PR[1:0] MB8PR[1:0]
15:8 M11PR[1:0] M10PR[1:0]
MATRIX_PRBS5
23:16 M12PR[1:0]
31:24
7:0 M1PR[1:0] MOPR[1:0]
15:8 M3PR[1:0] M2PR[1:0]
MATRIX_PRAS6
23:16 M5PRI[1:0] M4PR[1:0]
31:24 M7PR[1:0] M6PR[1:0]
7:0 M9PR[1:0] MB8PR[1:0]
15:8 M11PR[1:0] M10PR[1:0]
MATRIX_PRBS6
23:16 M12PR[1:0]
31:24
7:0 M1PR[1:0] MOPR[1:0]
15:8 M3PR[1:0] M2PR[1:0]
MATRIX_PRAS7
23:16 M5PRI[1:0] M4PR[1:0]
31:24 M7PR[1:0] M6PR[1:0]
7:0 M9PR[1:0] MB8PR[1:0]
15:8 M11PR[1:0] M10PR[1:0]
MATRIX_PRBS7
23:16 M12PR[1:0]
31:24
7:0 M1PR[1:0] MOPR[1:0]
15:8 M3PR[1:0] M2PR[1:0]
MATRIX_PRAS8
23:16 M5PRI[1:0] M4PR[1:0]
31:24 M7PR[1:0] M6PR[1:0]
7:0 M9PR[1:0] MB8PR[1:0]
15:8 M11PR[1:0] M10PR[1:0]
MATRIX_PRBS8
23:16 M12PR[1:0]
31:24
Reserved
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........... continued

2 I 0 IS A I N

0x0100

0x0104

0x010F

0x0110

0x0114

0x0118

0x011C

0x0120

0x0123

0x0124

0x0128

0x01E3

0x01E4

0x01E8

RCB7 RCB6 RCB5 RCB4 RCB3 RCB2 RCB1 RCBO
15:8 RCB12 RCB11 RCB10 RCB9 RCB8
MATRIX_MRCR
23:16
31:24
Reserved
7:0 Reserved[7:0]
15:8 Reserved[8:8]
CCFG_CANO
23:16 CANODMABA([7:0]
31:24 CANODMABA[15:8]
7:0 SYSIO7 SYSIO6 SYSIO5 SYSIO4
15:8 SYSIO12
CCFG_SYSIO
23:16 CAN1DMABA[7:0]
31:24 CAN1DMABA[15:8]
7:0
15:8
CCFG_PCCR
23:16 128C1CC 12SCoCC TCOCC
31:24
7:0 EFCCKG BRIDCKG MATCKG
15:8
CCFG_DYNCKG
23:16
31:24
Reserved
7:0 SDRAMEN | SMC_NFCS3|SMC_NFCS2|SMC_NFCS1 SMC_NFCS0
15:8
CCFG_SMCNFCS
23:16
31:24
Reserved
7:0 WPEN
15:8 WPKEY[7:0]
MATRIX_WPMR
23:16 WPKEY[15:8]
31:24 WPKEY[23:16]
7:0 WPVS
15:8 WPVSRCI7:0]
MATRIX_WPSR
23:16 WPVSRC[15:8]
31:24
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19.4.1 Bus Matrix Master Configuration Registers
Name: MATRIX_MCFGx
Offset: 0x00 + x*0x04 [x=0..12]
Reset: 0x00000000
Property: Read/Write
This register can only be written if the WPEN bit is cleared in the Write Protection Mode Register.
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
ULBTI[2:0]
Access R/W R/W R/W
Reset 0 0 0
Bits 2:0 — ULBT[2:0] Undefined Length Burst Type
Value Name Description
0 UNLTD_LENGTH | Unlimited Length Burst—No predicted end of burst is generated,

therefore INCR bursts coming from this master can only be broken if the
Slave Slot Cycle Limit is reached. If the Slot Cycle Limit is not reached,
the burst is normally completed by the master, at the latest, on the next
AHB 1-Kbyte address boundary, allowing up to 256-beat word bursts or
128-beat double-word bursts.

This value should not be used in the very particular case of a master
capable of performing back-to-back undefined length bursts on a single
slave, since this could indefinitely freeze the slave arbitration and thus
prevent another master from accessing this slave.

1 SINGLE_ACCESS Single Access—The undefined length burst is treated as a succession of
single accesses, allowing re-arbitration at each beat of the INCR burst
or bursts sequence.

2 4BEAT _BURST 4-beat Burst—The undefined length burst or bursts sequence is split into
4-beat bursts or less, allowing re-arbitration every 4 beats.
3 8BEAT BURST 8-beat Burst—The undefined length burst or bursts sequence is split into

8-beat bursts or less, allowing re-arbitration every 8 beats.
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Value Name Description

4 16BEAT_BURST | 16-beat Burst—The undefined length burst or bursts sequence is split
into 16-beat bursts or less, allowing re-arbitration every 16 beats.

5 32BEAT_BURST  32-beat Burst —The undefined length burst or bursts sequence is split
into 32-beat bursts or less, allowing re-arbitration every 32 beats.

6 64BEAT BURST | 64-beat Burst—The undefined length burst or bursts sequence is split
into 64-beat bursts or less, allowing re-arbitration every 64 beats.

7 128BEAT_BURST ' 128-beat Burst—The undefined length burst or bursts sequence is split

into 128-beat bursts or less, allowing re-arbitration every 128 beats.

Note: Unless duly needed, the ULBT should be left at its default O
value for power saving.
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19.4.2

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bus Matrix Slave Configuration Registers

Name: MATRIX_SCFGx
Offset: 0x40 + x*0x04 [x=0..8]
Reset: 0x000001FF
Property: Read/Write

This register can only be written if the WPEN bit is cleared in the Write Protection Mode Register.

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

1 1 1 1 1 1 1

Bits 21:18 — FIXED_DEFMSTR[3:0] Fixed Default Master
Number of the Default Master for this slave. Only used if DEFMSTR_TYPE is 2. Specifying the number of
a master which is not connected to the selected slave is equivalent to setting DEFMSTR_TYPE to 0.

Bits 17:16 — DEFMSTR_TYPE[1:0] Default Master Type
Value Name Description
0 NONE | No Default Master—At the end of the current slave access, if no other master
request is pending, the slave is disconnected from all masters.

This results in a one clock cycle latency for the first access of a burst transfer or for a
single access.

1 LAST Last Default Master—At the end of the current slave access, if no other master
request is pending, the slave stays connected to the last master having accessed it.

This results in not having one clock cycle latency when the last master tries to
access the slave again.

2 FIXED | Fixed Default Master—At the end of the current slave access, if no other master
request is pending, the slave connects to the fixed master the number that has been
written in the FIXED_DEFMSTR field.

This results in not having one clock cycle latency when the fixed master tries to
access the slave again.
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Bits 9:1 — SLOT_CYCLE[8:0] Maximum Bus Grant Duration for Masters

When SLOT_CYCLE AHB clock cycles have elapsed since the last arbitration, a new arbitration takes
place to let another master access this slave. If another master is requesting the slave bus, then the
current master burst is broken.

If SLOT_CYCLE = 0, the slot cycle limit feature is disabled and bursts always complete unless broken
according to the ULBT.

This limit has been placed in order to enforce arbitration so as to meet potential latency constraints of
masters waiting for slave access.

This limit must not be too small. Unreasonably small values break every burst and the MATRIX arbitrates
without performing any data transfer. The default maximum value is usually an optimal conservative
choice.

In most cases, this feature is not needed and should be disabled for power saving.

See “Slot Cycle Limit Arbitration” for details.
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19.4.3

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bus Matrix Priority Registers A For Slaves

Name:
Offset:
Reset:
Property:

MATRIX_PRASx

0x80 + x*0x08 [x=0..8]

0x00000222
Read/Write

This register can only be written if the WPE bit is cleared in the Write Protection Mode Register.

31 30 29 28 27 26 25 24
| | | M7PR[1:0] | M6PR[1:0]
RIW RIW RIW RIW
0 0 0 0
23 22 21 20 19 18 17 16
M5PR[1:0] M4PR[1:0]
RIW RIW RIW RIW
0 0 0 0
15 14 13 12 1 10 9 8
M3PR[1:0] M2PR[1:0]
RIW RIW RIW RIW
0 0 1 0
7 6 5 4 3 2 1 0
M1PR[1:0] MOPR[1:0]
RIW RIW RIW RIW
1 0 1 0

Bits 0:1, 4:5, 8:9, 12:13, 16:17, 20:21, 24:25, 28:29 — MxPR Master x Priority
Fixed priority of Master x for accessing the selected slave. The higher the number, the higher the priority.

All the masters programmed with the same MxPR value for the slave make up a priority pool.
Round-robin arbitration is used in the lowest (MxPR = 0) and highest (MxPR = 3) priority pools.

Fixed priority is used in intermediate priority pools (MxPR = 1) and (MxPR = 2).

See “Arbitration Priority Scheme” for details.
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19.4.4 Bus Matrix Priority Registers B For Slaves

Name: MATRIX_PRBSx
Offset: 0x84 + x*0x08 [x=0..8]
Reset: 0x00000222

Property: Read/Write

This register can only be written if the WPE bit is cleared in the Write Protection Mode Register.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
M12PR[1:0] |
Access R/W R/W
Reset 0 0
Bit 15 14 13 12 11 10 9 8
M11PR[1:0] | M10PRI[1:0] |
Access R/W R/W R/W R/W
Reset 0 0 1 0
Bit 7 6 5 4 3 2 1 0
M9PR[1:0] M8PR[1:0]
Access R/W R/W R/W R/W
Reset 1 0 1 0

Bits 0:1, 4:5, 8:9, 12:13, 16:17 — MxPR Master 8 Priority

Fixed priority of Master x for accessing the selected slave. The higher the number, the higher the priority.
All the masters programmed with the same MxPR value for the slave make up a priority pool.
Round-robin arbitration is used in the lowest (MxPR = 0) and highest (MxPR = 3) priority pools.

Fixed priority is used in intermediate priority pools (MxPR = 1) and (MxPR = 2).

See “Arbitration Priority Scheme” for details.
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19.4.5

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bus Matrix Master Remap Control Register

Name: MATRIX_MRCR
Offset: 0x0100

Reset: 0x00000000
Property: Read/Write

This register can only be written if the WPEN bit is cleared in the Write Protection Mode Register.

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

15 14 13 12 1" 10 9 8
RCB12 RCB11 RCB10 RCB9 RCB8

0 0 0 0 0

7 6 5 4 3 2 1 0
RCB7 RCB6 RCB5 RCB4 RCB3 RCB2 RCB1 RCBO

0 0 0 0 0 0 0 0

Bit 12 - RCB12 Remap Command Bit for Master 12

Value Description
0 Disables remapped address decoding for the selected Master.
1 Enables remapped address decoding for the selected Master.

Bit 11 - RCB11 Remap Command Bit for Master 11

Value Description
0 Disables remapped address decoding for the selected Master.
1 Enables remapped address decoding for the selected Master.

Bit 10 — RCB10 Remap Command Bit for Master 10

Value Description
0 Disables remapped address decoding for the selected Master.
1 Enables remapped address decoding for the selected Master.

Bit 9 — RCB9 Remap Command Bit for Master 9

Value Description
0 Disables remapped address decoding for the selected Master.
1 Enables remapped address decoding for the selected Master.

Bit 8 - RCB8 Remap Command Bit for Master 8
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Value Description
0 Disables remapped address decoding for the selected Master.
1 Enables remapped address decoding for the selected Master.

Bit 7 — RCB7 Remap Command Bit for Master 7

Value Description
0 Disables remapped address decoding for the selected Master.
1 Enables remapped address decoding for the selected Master.

Bit 6 — RCB6 Remap Command Bit for Master 6

Value Description

0 Disables remapped address decoding for the selected Master.
1 Enables remapped address decoding for the selected Master.

Bit 5 — RCB5 Remap Command Bit for Master 5

Value Description
0 Disables remapped address decoding for the selected Master.
1 Enables remapped address decoding for the selected Master.

Bit 4 - RCB4 Remap Command Bit for Master 4

Value Description
0 Disables remapped address decoding for the selected Master.
1 Enables remapped address decoding for the selected Master.

Bit 3 - RCB3 Remap Command Bit for Master 3

Value Description
0 Disables remapped address decoding for the selected Master.
1 Enables remapped address decoding for the selected Master.

Bit 2 - RCB2 Remap Command Bit for Master 2

Value Description
0 Disables remapped address decoding for the selected Master.
1 Enables remapped address decoding for the selected Master.

Bit 1 - RCB1 Remap Command Bit for Master 1

Value Description
0 Disables remapped address decoding for the selected Master.
1 Enables remapped address decoding for the selected Master.

Bit 0 — RCB0 Remap Command Bit for Master x

Value Description
0 Disables remapped address decoding for the selected Master.
1 Enables remapped address decoding for the selected Master.
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19.4.6 CANO Configuration Register

Name: CCFG_CANO
Offset: 0x0110
Reset: 0x2040019D
Property: Read/Write

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

Bits 31:16 - CANODMABA[15:0] CANO DMA Base Address

Gives the 16-bit MSB of the CANO DMA base address. The 16-bit LSB must be programmed into CANO
user interface.

Default address is 0x20400000.

Bits 8:0 — Reserved[8:0] Do not change the reset value
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19.4.7

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

System 1/0 and CAN1 Configuration Register

Name: CCFG_SYSIO
Offset: 0x0114

Reset: 0x20400000
Property: Read/Write

31 30 29 28 27 26 25 24
CAN1DMABA[15:8]

0 0 1 0 0 0 0 0
23 22 21 20 19 18 17 16
CAN1DMABA[7:0]

0 1 0 0 0 0 0 0
15 14 13 12 1" 10 9 8

SYSIO12
0
7 6 5 4 3 2 1 0
SYSIO7 SYSIO6 SYSIO5 SYSIO4
0 0 0 0

Bits 31:16 — CANTDMABA[15:0] CAN1 DMA Base Address

Give the 16-bit MSB of the CAN1 DMA base address. The 16-bit LSB must be programmed into CAN1
User interface.

Default address is 0x20400000.

Bit 12 - SYSIO12 PB12 or ERASE Assignment

Value Description

0 ERASE function selected.
1 PB12 function selected.

Bit 7 — SYSIO7 PB7 or TCK/SWCLK Assignment

Value Description

0 TCK/SWCLK function selected.
1 PB7 function selected.

Bit 6 — SYSIO6 PB6 or TMS/SWDIO Assignment

Value Description

0 TMS/SWDIO function selected.
1 PB6 function selected.

Bit 5 — SYSIO5 PB5 or TDO/TRACESWO Assignment
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Value Description

0 TDO/TRACESWO function selected.
1 PB5 function selected.

Bit 4 — SYSIO4 PB4 or TDI Assignment

Value Description

0 TDI function selected.
1 PB4 function selected.
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19.4.8 Peripheral Clock Configuration Register
Name: CCFG_PCCR
Offset: 0x0118
Reset: 0x00022224
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
12SC1CC 12SC0CC TCOCC
Access
Reset 0 0 0
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
Access
Reset

Bit 22 - 12SC1CC 12SC1 Clock Configuration

Value Description

0 Peripheral clock of 12SC1 is used.
1 GCLK is used.

Bit 21 - 12SCOCC 12SCO0 Clock Configuration

Value Description

0 Peripheral clock of 12SCO0 is used.
1 GCLK is used.

Bit 20 - TCOCC TCO Clock Configuration

Value Description

0 PCKG6 is used (default).
1 PCK?7 is used.
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19.4.9 Dynamic Clock Gating Register

Name:
Offset:
Reset:
Property:

CCFG_DYNCKG
0x011C

0

Read/Write

Note: Clearing this register optimizes the power consumption of the system bus circuitry.

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
EFCCKG BRIDCKG MATCKG
Access R/W R/W R/W
Reset 0 0 0

Bit 2 - EFCCKG EFC Dynamic Clock Gating Enable

Value
0

Description

EFC dynamic clock gating enabled. The Embedded Flash Controller circuitry is driven by the
clock only when an access to the Flash memory is being performed. Power consumption is
optimized.

EFC dynamic clock gating disabled. The Embedded Flash Controller is always driven by the
clock in Active mode.

Bit 1 — BRIDCKG Bridge Dynamic Clock Gating Enable

Value
0

Description

Bridge dynamic clock gating enabled. The peripheral bridge circuitry is driven by the clock
only when a transfer to/from any peripheral located on the APB bus is being performed.
Power consumption is optimized.

Bridge dynamic clock gating disabled. The peripheral bridge circuitry is always driven by the
clock in Active mode.

Bit 0 - MATCKG MATRIX Dynamic Clock Gating

Value
0

Description
MATRIX dynamic clock gating enabled. The MATRIX circuitry is driven by the clock only
when a transfer to a peripheral is being performed. Power consumption is optimized.
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Value Description

1 MATRIX dynamic clock gating disabled. The MATRIX circuitry is always driven by the clock
in Active mode.
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19.4.10 SMC NAND Flash Chip Select Configuration Register

Name: CCFG_SMCNFCS
Offset: 0x0124

Reset: 0x00000000
Property: Read/Write

Access

Reset

Access

Reset

Access

Reset

Access

Bit 31 30 29 28 27 26 25 24
Bit 23 22 21 20 19 18 17 16
Bit 15 14 13 12 11 10 9 8
Bit 7 6 5 4 3 2 1 0
SDRAMEN SMC_NFCS3 | SMC_NFCS2 | SMC_NFCS1 | SMC_NFCSO0
Reset 0 0 0 0 0

Bit 4 - SDRAMEN SDRAM Enable

/AWARNING This bit must not be used if SMC_NFCS1 is set.

WARNING: This must not be used if SMC_NFCS1 is set.

Value Description
0 NCS1 is not assigned to SDRAM.

1 NCS1 is assigned to SDRAM.

Bit 3 - SMC_NFCS3 SMC NAND Flash Chip Select 3 Assignment

Value Description

0 NCS3 is not assigned to a NAND Flash (NANDOE and NANWE not used for NCS3).
1 NCS3 is assigned to a NAND Flash (NANDOE and NANWE used for NCS3).
Bit 2 - SMC_NFCS2 SMC NAND Flash Chip Select 2 Assignment

Value Description

0 NCS2 is not assigned to a NAND Flash (NANDOE and NANWE not used for NCS2).
1 NCS2 is assigned to a NAND Flash (NANDOE and NANWE used for NCS2).
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Bit 1 — SMC_NFCS1 SMC NAND Flash Chip Select 1 Assignment

AWARNING This bit must not be used if SDRAMEN is set.

Value Description

0 NCS1 is not assigned to a NAND Flash (NANDOE and NANWE not used for NCS1).
1 NCS1 is assigned to a NAND Flash (NANDOE and NANWE used for NCS1).

Bit 0 —- SMC_NFCS0 SMC NAND Flash Chip Select 0 Assignment

Value Description
0 NCSO0 is not assigned to a NAND Flash (NANDOE and NANWE not used for NCSO0).
1 NCSO is assigned to a NAND Flash (NANDOE and NANWE used for NCSO).
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19.4.11 Write Protection Mode Register

Name: MATRIX_WPMR
Offset: 0x01E4

Reset: 0x00000000
Property: Read/Write

Bit 31 30 29 28 27 26 25 24
WPKEY[23:16]
Access
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
WPKEY[15:8]
Access
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1" 10 9 8
WPKEY[7:0]
Access
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WPEN
Access
Reset 0
Bits 31:8 — WPKEY[23:0] Write Protection Key
Value Name Description
0x4D415 PASSWD | Writing any other value in this field aborts the write operation of the WPEN bit.
4

Always reads as 0.

Bit 0 — WPEN Write Protection Enable
Refer to the "Register Write Protection" section for the list of registers that can be write-protected.

Value Description
0 Disables the write protection if WPKEY corresponds to 0x4D4154 (“MAT” in ASCII).
1 Enables the write protection if WPKEY corresponds to 0x4D4154 (“MAT” in ASCII).
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19.4.12 Write Protection Status Register

Name: MATRIX_WPSR
Offset: 0x01E8
Reset: 0x00000000

Property: Read-only

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

Bits 23:8 — WPVSRC[15:0] Write Protection Violation Source
When WPVS = 1, WPVSRC indicates the register address offset at which a write access has been
attempted.

Bit 0 —- WPVS Write Protection Violation Status

Value Description
0 No write protection violation has occurred since the last write of the MATRIX_WPMR.
1 A write protection violation has occurred since the last write of the MATRIX_WPMR. If this

violation is an unauthorized attempt to write a protected register, the associated violation is
reported into field WPVSRC.
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USB Transmitter Macrocell Interface (UTMI)

Description
The USB Transmitter Macrocell Interface (UTMI) registers manage specific aspects of the integrated USB
transmitter macrocell functionality not controlled in USB sections.

Embedded Characteristics
» 32-bit UTMI Registers Control Product-specific Behavior
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20.3 Register Summary

=1 N ) R R R R R e e
7:0

APPSTART ARIE RESx
15:8
0x10 UTMI_OHCIICR
23:16 UDPPUDIS
31:24
0x14
Reserved
0x2F
7:0 FREQ[1:0]
15:8
0x30 UTMI_CKTRIM
23:16
31:24
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20.3.1  OHCI Interrupt Configuration Register

Name: UTMI_OHCIICR
Offset: 0x10
Reset: 0x0

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
UDPPUDIS
Access
Reset 0
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
APPSTART ARIE RESx
Access
Reset 0 0 0

Bit 23 — UDPPUDIS USB Device Pull-up Disable

Value Description
0 USB device pull-up connection is enabled.
1 USB device pull-up connection is disabled.

Bit 5 — APPSTART Reserved
Value Description
0 Must write O.

Bit 4 — ARIE OHCI Asynchronous Resume Interrupt Enable
Value Description

0 Interrupt disabled.

1 Interrupt enabled.

Bit 0 —- RESx USB PORTx Reset

Value Description
0 Resets USB port.
1 Usable USB port.
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20.3.2 UTMI Clock Trimming Register

Name: UTMI_CKTRIM
Offset: 0x30
Reset: 0x00010000
Property: Read/Write
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
FREQ[1:0]
Access
Reset 0 0

Bits 1:0 — FREQ[1:0] UTMI Reference Clock Frequency

Value
0

1

Name
XTAL12
XTAL16

Description
12 MHz reference clock
16 MHz reference clock
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Chip Identifier (CHIPID)

Description

Chip Identifier (CHIPID) registers are used to recognize the device and its revision. These registers
provide the sizes and types of the on-chip memories, as well as the set of embedded peripherals.

Two CHIPID registers are embedded: Chip ID Register (CHIPID_CIDR) and Chip ID Extension Register
(CHIPID_EXID). Both registers contain a hard-wired value that is read-only.

The CHIPID_CIDR register contains the following fields:

* VERSION: Identifies the revision of the silicon

* EPROC: Indicates the embedded ARM processor

* NVPTYP and NVPSIZ: Identify the type of embedded non-volatile memory and the size
* SRAMSIZ: Indicates the size of the embedded SRAM

* ARCH: Identifies the set of embedded peripherals

» EXT: Shows the use of the extension identifier register

The CHIPID_EXID register is device-dependent and reads 0 if CHIPID_CIDR.EXT = 0.

Embedded Characteristics
» Chip ID Registers

— Identification of the Device Revision, Sizes of the Embedded Memories, Set of Peripherals,
Embedded Processor

Table 21-1. SAM S70/SAM E70/SAM V70/SAM V71 Chip ID Registers

Chip Name CHIPID_CIDR CHIPID_EXID
(see Notes 1 and 2)
SAME70Q21 0xA102_0EOx 0x00000002
SAME70Q20 0xA102_0CO0x 0x00000002
SAME70Q19 0xA10D_0AOx 0x00000002
SAME70N21 0xA102_0EOx 0x00000001
SAME70N20 0xA102_0CO0x 0x00000001
SAME70N19 0xA10D_0AO0x 0x00000001
SAME70J21 0xA102_0EOx 0x00000000
SAME70J20 0xA102_0CO0x 0x00000000
SAME70J19 0xA10D_0AO0x 0x00000000
SAMS70Q21 0xA112_0EOx 0x00000002
SAMS70Q20 0xA112_0CO0x 0x00000002
SAMS70Q19 0xA11D_0AOx 0x00000002
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........... continued

Chip Name

CHIPID_CIDR

CHIPID_EXID

(see Notes 1 and 2)

SAMS70N21 0xA112_0EOx 0x00000001
SAMS70N20 0xA112_0CO0x 0x00000001
SAMS70N19 0xA11D_0AOx 0x00000001
SAMS70J21 0xA112_0EOx 0x00000000
SAMS70J20 0xA112_0CO0x 0x00000000
SAMS70J19 0xA11D_0AOx 0x00000000
SAMV71Q21 0xA122_0EOx 0x00000002
SAMV71Q20 0xA122_0CO0x 0x00000002
SAMV71Q19 0xA12D_0AOx 0x00000002
SAMV71N21 0xA122_0EOx 0x00000001
SAMV71N20 0xA122_0CO0x 0x00000001
SAMV71N19 0xA12D_0AOx 0x00000001
SAMV71J21 0xA122_0EOx 0x00000000
SAMV71J20 0xA122_0CO0x 0x00000000
SAMV71J19 0xA12D_0AO0x 0x00000000
SAMV70Q20 0xA132_0CO0x 0x00000002
SAMV70Q19 0xA13D_0AOx 0x00000002
SAMV70N20 0xA132_0CO0x 0x00000001
SAMV70N19 0xA13D_0AOx 0x00000001
SAMV70J20 0xA132_0CO0x 0x00000000
SAMV70J19 0xA13D_0AOx 0x00000000

1.1.%x = 0 for MRL A devices.
1.1.% =1 for MRL B devices.
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21.3 Register Summary

=1 N ) R R R R R e e
7:0

EPROC[2:0] VERSION[4:0]

15:8 NVPSIZ2[3:0] NVPSIZ[3:0]
0x00 CHIPID_CIDR

23:16 ARCH[3:0] SRAMSIZ[3:0]

31:24 EXT NVPTYP[2:0] ARCH[7:4]

7:0 EXID[7:0]

15:8 EXID[15:8]
0x04 CHIPID_EXID

23:16 EXID[23:16]

31:24 EXID[31:24]
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21.31

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Chip ID Register

Name: CHIPID_CIDR
Offset: 0x0
Reset: -

Property: Read-only

31 30 29 28 27 26 25 24
EXT NVPTYP[2:0] ARCH([7:4]
R R R R R R R R
23 22 21 20 19 18 17 16
ARCHI[3:0] SRAMSIZ[3:0]

R R R R R R R R
15 14 13 12 11 10 9 8
NVPSIZ2[3:0] NVPSIZ[3:0]

R R R R R R R R
7 6 5 4 3 2 1 0

EPROC[2:0] VERSION[4:0]
R R R R R R R R

Bit 31 — EXT Extension Flag

Value Description

0 Chip ID has a single register definition without extension.
1 An extended Chip ID exists.

Bits 30:28 — NVPTYP[2:0] Nonvolatile Program Memory Type

Value Name Description

0 ROM ROM

1 ROMLESS ROMless or on-chip Flash

2 FLASH Embedded Flash Memory

3 ROM_FLASH ROM and Embedded Flash Memory

— NVPSIZ is ROM size
— NVPSIZ2 is Flash size

4 SRAM SRAM emulating ROM
Bits 27:20 — ARCH[7:0] Architecture Identifier

Value Name Description
0x10 SAM E70 SAM E70
0x11 SAM S70 SAM S70
0x12 SAM V71 SAM V71
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Value Name Description
0x13 SAM V70 SAM V70

Bits 19:16 — SRAMSIZ[3:0] Internal SRAM Size

Value Name Description
0 48K 48 Kbytes

1 192K 192 Kbytes

2 384K 384 Kbytes

3 6K 6 Kbytes

4 24K 24 Kbytes

5 4K 4 Kbytes

6 80K 80 Kbytes

7 160K 160 Kbytes

8 8K 8 Kbytes

9 16K 16 Kbytes

10 32K 32 Kbytes

11 64K 64 Kbytes

12 128K 128 Kbytes
13 256K 256 Kbytes
14 96K 96 Kbytes

15 512K 512 Kbytes
Bits 15:12 — NVPSIZ2[3:0] Second Nonvolatile Program Memory Size
Value Name Description
0 NONE None

1 8K 8 Kbytes

2 16K 16 Kbytes

3 32K 32 Kbytes

4 — Reserved

5 64K 64 Kbytes

6 - Reserved

7 128K 128 Kbytes
8 - Reserved

9 256K 256 Kbytes
10 512K 512 Kbytes
11 = Reserved
12 1024K 1024 Kbytes
13 - Reserved
14 2048K 2048 Kbytes
15 - Reserved

Bits 11:8 — NVPSIZ[3:0] Nonvolatile Program Memory Size

Value Name Description
0 NONE None

1 8K 8 Kbytes

2 16K 16 Kbytes

3 32K 32 Kbytes

4 - Reserved
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Value Name Description
5 64K 64 Kbytes

6 - Reserved

7 128K 128 Kbytes
8 160K 160 Kbytes
9 256K 256 Kbytes
10 512K 512 Kbytes
11 - Reserved

12 1024K 1024 Kbytes
13 - Reserved
14 2048K 2048 Kbytes
15 - Reserved

Bits 7:5 — EPROC[2:0] Embedded Processor

Value Name Description
0 SAM x7 Cortex-M7

1 ARMO946ES ARM946ES
2 ARM7TDMI ARM7TDMI
3 CM3 Cortex-M3

4 ARM920T ARM920T

5 ARM926EJS ARM926EJS
6 CA5 Cortex-A5

7 CM4 Cortex-M4

Bits 4:0 — VERSION[4:0] Version of the Device
Current version of the device.
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21.3.2

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Chip ID Extension Register
Name: CHIPID_EXID
Offset: 0x4
Reset: -
Property: Read-only
31 30 29 28 27 26 25 24
EXID[31:24]
R R R R R R R R
23 22 21 20 19 18 17 16
EXID[23:16]
R R R R R R R R
15 14 13 12 1 10 9 8
EXID[15:8]
R R R R R R R R
7 6 5 4 3 2 1 0
EXID[7:0]
R R R R R R R R

Bits 31:0 — EXID[31:0] Chip ID Extension
This field is cleared if CHIPID_CIDR.EXT = 0.

Value Name Description
0xX Reserved Reserved
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Enhanced Embedded Flash Controller (EEFC)

Description

The Enhanced Embedded Flash Controller (EEFC) provides the interface of the Flash block with the 32-
bit internal bus.

Its 128-bit wide memory interface increases performance. It also manages the programming, erasing,
locking and unlocking sequences of the Flash using a full set of commands. One of the commands
returns the embedded Flash descriptor definition that informs the system about the Flash organization,
thus making the software generic.

Embedded Characteristics

.

.

Increases Performance in Thumb-2 Mode with 128-bit-wide Memory Interface up to 150 MHz
Code Loop Optimization

128 Lock Bits, Each Protecting a Lock Region
9 General-purpose GPNVM Bits

One-by-one Lock Bit Programming
Commands Protected by a Keyword

Erase the Entire Flash

Erase by Sector

Erase by Page

Provides Unique Identifier

Provides 512-byte User Signature Area
Supports Erasing before Programming
Locking and Unlocking Operations

ECC Single and Multiple Error Flags Report
Supports Read of the Calibration Bits
Register Write Protection

Product Dependencies

Power Management

The Enhanced Embedded Flash Controller (EEFC) is continuously clocked. The Power Management
Controller has no effect on its behavior.

Interrupt Sources

The EEFC interrupt line is connected to the interrupt controller. Using the EEFC interrupt requires the
interrupt controller to be programmed first. The EEFC interrupt is generated only if the value of
EEFC_FMR.FRDY is ‘1",
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22.4  Functional Description

22.41 Embedded Flash Organization
The embedded Flash interfaces directly with the internal bus. The embedded Flash is composed of:

.

.

One memory plane organized in several pages of the same size for the code
A separate 2 x 512-byte memory area which includes the unique chip identifier
A separate 512-byte memory area for the user signature

Two 128-bit read buffers used for code read optimization

One 128-bit read buffer used for data read optimization

One write buffer that manages page programming. The write buffer size is equal to the page size.
This buffer is write-only and accessible all along the 1 Mbyte address space, so that each word can
be written to its final address.

Several lock bits used to protect write/erase operation on several pages (lock region). A lock bit is
associated with a lock region composed of several pages in the memory plane.

Several bits that may be set and cleared through the EEFC interface, called general-purpose non-
volatile memory bits (GPNVM bits)

The embedded Flash size, the page size, the organization of lock regions and the definition of GPNVM
bits are specific to the device. The EEFC returns a descriptor of the Flash controller after a ‘Get Flash
Descriptor’ command has been issued by the application (see the “Get Flash Descriptor Command”
section).
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Figure 22-1. Flash Memory Areas
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Figure 22-2. Organization of Embedded Flash for Code
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2242 Read Operations

An optimized controller manages embedded Flash reads, thus increasing performance when the
processor is running in Thumb-2 mode by means of the 128-bit-wide memory interface.

The Flash memory is accessible through 8-, 16- and 32-bit reads.

As the Flash block size is smaller than the address space reserved for the internal memory area, the
embedded Flash wraps around the address space and appears to be repeated within it.

The read operations can be performed with or without wait states. Wait states must be programmed in the
field FWS in the Flash Mode register (EEFC_FMR). Defining FWS as 0 enables the single-cycle access
of the embedded Flash. For more details, refer to the section “Electrical Characteristics” of this datasheet.
Related Links

59. Electrical Characteristics for SAM E70/S70

58. Electrical Characteristics for SAM V70/V71

22.4.21 Code Read Optimization
Code read optimization is enabled if the bit EEFC_FMR.SCOD is cleared.

A system of 2 x 128-bit buffers is added in order to optimize sequential code fetch.
Note: Immediate consecutive code read accesses are not mandatory to benefit from this optimization.

The sequential code read optimization is enabled by default. If the bit EEFC_FMR.SCOD is set, these
buffers are disabled and the sequential code read is no longer optimized.

Another system of 2 x 128-bit buffers is added in order to optimize loop code fetch. Refer to the “Code
Loop Optimization” section for more details.

Figure 22-3. Code Read Optimization for FWS =0

oo [ LT L[ L L L L LT 1
unges ?\T N N M M M

@0 @+4 @ +8 @+12 @+16 @+20 @+24 @+28 @+32

! anhmpatnon of @16-31 ‘ '
Flash Access ‘ X Byteg\o 15 XBytesm‘l 6-31 X ‘ X ‘ XBytes 32—47X X X
Buffer 0 (128 bits) X XXX | X M Bytes 0-15 X Bytes 32-47

Buffer 1 (128 bits) X | xxx | ! Bytes 16-31

l%li\%\?\

Datato ARM XXX XBytes 0-3 X Bytés 4-7 X Bytes 8-11 XBytes 12-15 X Bytes 16-19 YBytes 20-23 X Bytes 24-27 XBytes 28-31

Note: When FWS is equal to '0', all the accesses are performed in a single-cycle access.
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Figure 22-4. Code Read Optimization for FWS =3
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Note: When FWS is between 1 and 3, in case of sequential reads, the first access takes (FWS + 1)
cycles. The following accesses take only one cycle.

Code Loop Optimization
Code loop optimization is enabled when the EEFC_FMR.CLOE bit is set.

When a backward jump is inserted in the code, the pipeline of the sequential optimization is broken and
becomes inefficient. In this case, the loop code read optimization takes over from the sequential code
read optimization to prevent the insertion of wait states. The loop code read optimization is enabled by
default. In EEFC_FMR, if the bit CLOE is reset to 0 or the bit SCOD is set, these buffers are disabled and
the loop code read is not optimized.

When code loop optimization is enabled, if inner loop body instructions Lg to L, are positioned from the
128-bit Flash memory cell My to the memory cell M4, after recognition of a first backward branch, the
first two Flash memory cells Mg and M4 targeted by this branch are cached for fast access from the
processor at the next loop iteration.

Then by combining the sequential prefetch (described in the “Code Read Optimization” section) through
the loop body with the fast read access to the loop entry cache, the entire loop can be iterated with no
wait state.

The following figure illustrates code loop optimization.

Figure 22-5. Code Loop Optimization
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22.4.2.3 Data Read Optimization
The organization of the Flash in 128 bits is associated with two 128-bit prefetch buffers and one 128-bit
data read buffer, thus providing maximum system performance. This buffer is added in order to store the
requested data plus all the data contained in the 128-bit aligned data. This speeds up sequential data
reads if, for example, FWS is equal to 1 (see Figure 22-6). The data read optimization is enabled by
default. If the bit EEFC_FMR.SCOD is set, this buffer is disabled and the data read is no longer

2243

optimized.

Note: No consecutive data read accesses are mandatory to benefit from this optimization.
Figure 22-6. Data Read Optimization for FWS =1
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Flash Commands

The EEFC offers a set of commands to manage programming the Flash memory, locking and unlocking

lock regions, consecutive programming, locking and full Flash erasing, and so on.
The commands are listed in the following table.
Table 22-1. Set of Commands

Cammans e nemoni—

Get Flash Descriptor 0x00 GETD
Write Page 0x01 WP
Write Page and Lock 0x02 WPL
Erase Page and Write Page 0x03 EWP
Erase Page and Write Page and then Lock 0x04 EWPL
Erase All 0x05 EA
Erase Pages 0x07 EPA
Set Lock Bit 0x08 SLB
Clear Lock Bit 0x09 CLB
Get Lock Bit 0x0A GLB
Set GPNVM Bit 0x0B SGPB
Clear GPNVM Bit 0x0C CGPB
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........... continued

Command e nemonc
Get GPNVM Bit 0x0D GGPB
Start Read Unique Identifier 0x0E STUI
Stop Read Unique Identifier 0x0F SPUI
Get CALIB Bit 0x10 GCALB
Erase Sector 0x11 ES
Write User Signature 0x12 WUS
Erase User Signature 0x13 EUS
Start Read User Signature 0x14 STUS
Stop Read User Signature 0x15 SPUS

To execute one of these commands, select the required command using the FCMD field in the Flash
Command register (EEFC_FCR). As soon as EEFC_FCR is written, the FRDY flag and the FVALUE field
in the Flash Result register (EEFC_FRR) are automatically cleared. Once the current command has
completed, the FRDY flag is automatically set. If an interrupt has been enabled by setting the bit
EEFC_FMR.FRDY, the corresponding interrupt line of the interrupt controller is activated (This is true for
all commands except for the STUI command. The FRDY flag is not set when the STUI command has
completed).

All the commands are protected by the same keyword, which must be written in the eight highest bits of
EEFC_FCR.

Writing EEFC_FCR with data that does not contain the correct key and/or with an invalid command has
no effect on the whole memory plane, but the FCMDE flag is set in the Flash Status register
(EEFC_FSR). This flag is automatically cleared by a read access to EEFC_FSR.

When the current command writes or erases a page in a locked region, the command has no effect on
the whole memory plane, but the FLOCKE flag is set in EEFC_FSR. This flag is automatically cleared by
a read access to EEFC_FSR.
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Figure 22-7. Command State Chart
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22.4.3.1 Get Flash Descriptor Command
This command provides the system with information on the Flash organization. The system can take full
advantage of this information. For instance, a device could be replaced by one with more Flash capacity,
and so the software is able to adapt itself to the new configuration.

To get the embedded Flash descriptor, the application writes the GETD command in EEFC_FCR. The
first word of the descriptor can be read by the software application in EEFC_FRR as soon as the FRDY
flag in EEFC_FSR rises. The next reads of EEFC_FRR provide the following word of the descriptor. If
extra read operations to EEFC_FRR are done after the last word of the descriptor has been returned, the
EEFC_FRR value is 0 until the next valid command.

Table 22-2. Flash Descriptor Definition

FL_ID 0 Flash interface description
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........... continued

FL_SIZE 1 Flash size in bytes
FL_PAGE_SIZE 2 Page size in bytes

FL NB _PLANE 3 Number of planes
FL_PLANE[0] 4 Number of bytes in the plane

FL_NB_LOCK 4 +FL _NB_PLANE Number of lock bits. A bit is associated with a lock region. A
lock bit is used to prevent write or erase operations in the
lock region.

FL_LOCK]|O] 4 + FL_NB_PLANE + 1 Number of bytes in the first lock region

22.4.3.2 Write Commands

DMA write accesses must be 32-bit aligned. If a single byte has to be written in a 32-bit word, the rest of
the word must be written with ones.

Several commands are used to program the Flash.

Only ‘0’ values can be programmed using Flash technology; ‘1’ is the erased value. In order to program
words in a page, the page must first be erased. Commands are available to erase the entire Flash or a
given number of pages. With the EWP and EWPL commands, a page erase is done automatically before
a page programming.

After programming, the page (the entire lock region) can be locked to prevent miscellaneous write or
erase sequences. The lock bit can be automatically set after page programming using WPL or EWPL
commands.

Data to be programmed in the Flash must be written in an internal latch buffer before writing the
programming command in EEFC_FCR. Data can be written at their final destination address, as the latch
buffer is mapped into the Flash memory address space and wraps around within this Flash address
space.

Byte and half-word AHB accesses to the latch buffer are not allowed. Only 32-bit word accesses are
supported.

32-bit words must be written continuously, in either ascending or descending order. Writing the latch
buffer in a random order is not permitted. This prevents mapping a C-code structure to the latch buffer
and accessing the data of the structure in any order. It is instead recommended to fill in a C-code
structure in SRAM and copy it in the latch buffer in a continuous order.

Write operations in the latch buffer are performed with the number of wait states programmed for reading
the Flash.

The latch buffer is automatically re-initialized, that is, written with logical ‘1’, after execution of each
programming command.

The programming sequence is as follows:

1.  Write the data to be programmed in the latch buffer.

2. Write the programming command in EEFC_FCR. This automatically clears the EEFC_FSR.FRDY
bit.
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3.  When Flash programming is completed, the EEFC_FSR.FRDY bit rises. If an interrupt has been
enabled by setting the EEFC_FMR.FRDY bit, the interrupt line of the EEFC is activated.

Three errors can be detected in EEFC_FSR after a programming sequence:

* Command Error: A bad keyword has been written in EEFC_FCR.

» Lock Error: The page to be programmed belongs to a locked region. A command must be run
previously to unlock the corresponding region.

* Flash Error: When programming is completed, the WriteVerify test of the Flash memory has failed.

Only one page can be programmed at a time. It is possible to program all the bits of a page (full page
programming) or only some of the bits of the page (partial page programming).

Depending on the number of bits to be programmed within the page, the EEFC adapts the write
operations required to program the Flash.

When a ‘Write Page’ (WP) command is issued, the EEFC starts the programming sequence and all the
bits written at ‘0’ in the latch buffer are cleared in the Flash memory array.

During programming, that is, until EEFC_FSR.FDRY rises, access to the Flash is not allowed.

22.4.3.2.1 Full Page Programming
To program a full page, all the bits of the page must be erased before writing the latch buffer and issuing
the WP command. The latch buffer must be written in ascending order, starting from the first address of
the page. See Figure 22-8.

22.4.3.2.2 Partial Page Programming
To program only part of a page using the WP command, the following constraints must be respected:

» Data to be programmed must be contained in integer multiples of 128-bit address-aligned words.

» 128-bit words can be programmed only if all the corresponding bits in the Flash array are erased (at
logical value ‘1’).

See 22.4.3.2.4 Programming Bytes.

22.4.3.2.3 Optimized Partial Page Programming
The EEFC automatically detects the number of 128-bit words to be programmed. If only one 128-bit
aligned word is to be programmed in the Flash array, the process is optimized to reduce the time needed
for programming.

If several 128-bit words are to be programmed, a standard page programming operation is performed.
See Figure 22-10.

22.4.3.2.4 Programming Bytes
Individual bytes can be programmed using the Partial Page Programming mode.

In this case, an area of 128 bits must be reserved for each byte.

Refer to the Figure 22-11
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Figure 22-8. Full Page Programming
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Figure 22-9. Partial Page Programming

32 bits wide 32 bits wide
J R J —
T A
FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF | OxX1C
FF FF FF FF FF FF FF FF | 0xX18
address space
FF FF FF FF for FF FF FF FF | O0xX14
FF FF FF FF Page N FF FF FF FF [ 0xX10
FF FF FF FF CA FE CA FE | OxXo0C
FF FF FF FF CA FE CA FE | OxX08
FF FF FF FF CA FE CA FE | OxX04
FF FF FF FF CA FE CA FE [ 0xX00
Step 1: Flash array after page erase Step 2: Flash array after programming

128-bit at address 0xX00 (write latch buffer + WP)

32 bits wide

L

A

FF FF FF FF

CA FE CA FE | OxX1C
CA FE CA FE | OxX18

CA FE CA FE | OxX14
CA FE CA FE | 0xX10

CA FE CA FE | OxX0C
CA FE CA FE | 0xX08
CA FE CA FE | O0xX04
CA FE CA FE | 0xX00

Step 3: Flash array after programming
a second 128-bit data at address 0xX10
(write latch buffer + WP)
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Figure 22-10. Optimized Partial Page Programming
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User programs WP, Flash Controller sends Write Word
=> Only 1 word programmed => programming period reduced
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Figure 22-11. Programming Bytes in the Flash

32 bits wide 32 bits wide
jp jp
= A
FF FF FF FF FF FF FF FF
FF FF FF FF | OxX1C XX XX XX XX | 0xX1C
e = XX XX XX XX
4 x 32 bits = FF FF FF FF 0xX18 address space 0xX18
1Flashword || FF FF FF FF | OxX14 for XX XX XX XX 0xX14
FF FF FF FF 0xX10 Page N XX XX Xxx 55 0xX10
XX XX XX XX 0xX0C XX XX XX XX 0xX0C
4 x 32 bits = XX XX XX XX 0xX08 XX XX XX XX 0xX08
1 Flash word
XX XX XX XX 0xX04 XX XX XX XX 0xX04
XX XX xx AA 0xX00 XX XX XX AA 0xX00
Step 1: Flash array after programming first byte (0xAA) Step 2: Flash array after programming second byte (0x55)

128-bit used at address 0xX00 (write latch buffer + WP) 128-bit used at address 0xX10 (write latch buffer + WP)
Note: The byte location shown here is for example only, it can be any byte location within a 64-bit word

Erase Commands
Erase commands are allowed only on unlocked regions. Depending on the Flash memory, several
commands can be used to erase the Flash:

+ Erase All Memory (EA): All memory is erased. The processor must not fetch code from the Flash
memory.

» Erase Pages (EPA): 4, 8, 16, or 32 pages are erased in the Flash sector selected. The first page to
be erased is specified in the FARG[15:2] field of the EEFC_FCR. The first page number must be a
multiple of 8, 16, or 32 depending on the number of pages to erase simultaneously.

» Erase Sector (ES): A full memory sector is erased. Sector size depends on the Flash memory.
EEFC_FCR.FARG must be set with a page number that is in the sector to be erased.

Note: If one sub-sector is locked within the first sector, the Erase Sector (ES) command cannot be
processed on non-locked sub-sectors of the first sector. All the lock bits of the first sector must be cleared
prior to issuing an ES command on the first sector. After the ES command has been issued, the first
sector lock bits must be reverted to the state before clearing them.

If the processor is fetching code from the Flash memory while the EPA or ES command is being
executed, the processor accesses are stalled until the EPA command is completed. To avoid stalling the
processor, the code can be run out of internal SRAM.

The following are the erase sequence:

1. Erase starts immediately one of the erase commands and the FARG field are written in
EEFC_FCR.
For the EPA command, the two lowest bits of the FARG field define the number of pages to be
erased (FARG[1:0]), see table below.
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Table 22-3. EEFC_FCR.FARG Field for EPA Command

m Number of pages to be erased with EPA command

0 4 pages (only valid for small 8-KB sectors)
1 8 pages (only valid for small 8-KB sectors)
2 16 pages

3 32 pages (not valid for small 8-KB sectors)

2.  When erasing is completed, the EEFC_FSR.FRDY bit rises. If an interrupt has been enabled by
setting the EEFC_FMR.FRDY bit, the interrupt line of the interrupt controller is activated.

Three errors can be detected in EEFC_FSR after an erasing sequence:

+ Command Error: A bad keyword has been written in EEFC_FCR.

» Lock Error: At least one page to be erased belongs to a locked region. The erase command has
been refused, no page has been erased. A command must be run previously to unlock the
corresponding region.

» Flash Error: At the end of the erase period, the EraseVerify test of the Flash memory has failed.

Lock Bit Protection

Lock bits are associated with several pages in the embedded Flash memory plane. This defines lock
regions in the embedded Flash memory plane. They prevent writing/erasing protected pages.

The following are lock sequence:

1. Execute the ‘Set Lock Bit' command by writing the EEFC_FCR.FCMD bit with the SLB command
and EEFC_FCR.FARG with a page number to be protected.

2. When the locking completes, the EEFC_FSR.FRDY bit rises. If an interrupt has been enabled by
setting the bit EEFC_FMR.FRDY, the interrupt line of the interrupt controller is activated.

3. The result of the SLB command can be checked running a ‘Get Lock Bit' (GLB) command.
Note: The value of the FARG argument passed together with SLB command must not exceed the
higher lock bit index available in the product.

The following two errors can be detected in EEFC_FSR after a programming sequence:

» Command Error: A bad keyword has been written in EEFC_FCR.
* Flash Error: At the end of the programming, the EraseVerify or WriteVerify test of the Flash memory
has failed.

It is possible to clear lock bits previously set. After the lock bits are cleared, the locked region can be
erased or programmed. The unlock sequence is the following:

1. Execute the ‘Clear Lock Bit' command by writing the EEFC_FCR.FCMD bit with the CLB command
and the EEFC_FCR.FARG bit with a page number to be unprotected.

2. When the unlock completes, the EEFC_FSR.FRDY bit rises. If an interrupt has been enabled by
setting the EEFC_FMR.FRDY bit, the interrupt line of the interrupt controller is activated.
Note: The value of the FARG argument passed together with CLB command must not exceed the
higher lock bit index available in the product.

Two errors can be detected in EEFC_FSR after a programming sequence:

+ Command Error: A bad keyword has been written in EEFC_FCR.
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* Flash Error: At the end of the programming, the EraseVerify or WriteVerify test of the Flash memory
has failed.

The status of lock bits can be returned by the EEFC. The ‘Get Lock Bit’ sequence is the following:

1. Execute the ‘Get Lock Bit' command by writing EEFC_FCR.FCMD with the GLB command. Field
EEFC_FCR.FARG is meaningless.

2. Lock bits can be read by the software application in EEFC_FRR. The first word read corresponds to
the 32 first lock bits, next reads providing the next 32 lock bits as long as it is meaningful. Extra
reads to EEFC_FRR return 0.

For example, if the third bit of the first word read in EEFC_FRR is set, the third lock region is locked.
Two errors can be detected in EEFC_FSR after a programming sequence:

+ Command Error: A bad keyword has been written in EEFC_FCR.

» Flash Error: At the end of the programming, the EraseVerify or WriteVerify test of the Flash memory
has failed.

Note: Access to the Flash in read is permitted when a ‘Set Lock Bit’, ‘Clear Lock Bit’ or ‘Get Lock
Bit' command is executed.

GPNVM Bit
GPNVM bits do not interfere with the embedded Flash memory plane. For more details, refer to the
“Memories” chapter.

The ‘Set GPNVM Bit’ sequence is the following:

1. Execute the ‘Set GPNVM Bit' command by writing EEFC_FCR.FCMD with the SGPB command
and EEFC_FCR.FARG with the number of GPNVM bits to be set.

2. When the GPNVM bit is set, the bit EEFC_FSR.FRDY rises. If an interrupt was enabled by setting
the bit EEFC_FMR.FRDY, the interrupt line of the interrupt controller is activated.

3. The result of the SGPB command can be checked by running a ‘Get GPNVM Bit’ (GGPB)
command.

Note: The value of the FARG argument passed together with SGPB command must not exceed the
higher GPNVM index available in the product. Flash data content is not altered if FARG exceeds the limit.
Command Error is detected only if FARG is greater than 8.

Two errors can be detected in EEFC_FSR after a programming sequence:

» Command Error: A bad keyword has been written in EEFC_FCR.
* Flash Error: At the end of the programming, the EraseVerify or WriteVerify test of the Flash memory
has failed.
It is possible to clear GPNVM bits previously set. The ‘Clear GPNVM Bit’ sequence is the following:

1. Execute the ‘Clear GPNVM Bit' command by writing EEFC_FCR.FCMD with the CGPB command
and EEFC_FCR.FARG with the number of GPNVM bits to be cleared.

2. When the clear completes, the bit EEFC_FSR.FRDY rises. If an interrupt has been enabled by
setting the bit EEFC_FMR.FRDY, the interrupt line of the interrupt controller is activated.

Note: The value of the FARG argument passed together with CGPB command must not exceed the
higher GPNVM index available in the product. Flash data content is not altered if FARG exceeds the limit.
Command Error is detected only if FARG is greater than 8.

Two errors can be detected in EEFC_FSR after a programming sequence:
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+ Command Error: A bad keyword has been written in EEFC_FCR.

» Flash Error: At the end of the programming, the EraseVerify or WriteVerify test of the Flash memory
has failed.

The status of GPNVM bits can be returned by the EEFC. The sequence is the following:

1. Execute the ‘Get GPNVM Bit' command by writing EEFC_FCR.FCMD with the GGPB command.
Field EEFC_FCR.FARG is meaningless.

2. GPNVM bits can be read by the software application in EEFC_FRR. The first word read
corresponds to the 32 first GPNVM bits, following reads provide the next 32 GPNVM bits as long as
it is meaningful. Extra reads to EEFC_FRR return 0.

For example, if the third bit of the first word read in EEFC_FRR is set, the third GPNVM bit is active.
One error can be detected in EEFC_FSR after a programming sequence:
* Command Error: A bad keyword has been written in EEFC_FCR.

Note: Access to the Flash in read is permitted when a ‘Set GPNVM Bit’, ‘Clear GPNVM Bit’ or ‘Get
GPNVM Bit' command is executed.

Related Links
11. Memories

Calibration Bit
Calibration bits do not interfere with the embedded Flash memory plane.

The calibration bits cannot be modified.
The status of calibration bits are returned by the EEFC. The sequence is as follows:

1. Execute the ‘Get CALIB Bit' command by writing EEFC_FCR.FCMD with the GCALB command.
Field EEFC_FCR.FARG is meaningless.

2. Calibration bits can be read by the software application in EEFC_FRR. The first word read
corresponds to the first 32 calibration bits. The following reads provide the next 32 calibration bits
as long as it is meaningful. Extra reads to EEFC_FRR return 0.

The 8/12 MHz internal RC oscillator is calibrated in production. This calibration can be read through the
GCALB command. Table 22-4 shows the bit implementation.

The RC calibration for the 4 MHz is set to “1000000’.
Table 22-4. Calibration Bit Indexes

8 MHz RC calibration output [28-22]
12 MHz RC calibration output [38-32]

Security Bit Protection

When the security bit is enabled, the Embedded Trace Macrocell (ETM) is disabled and access to the
Flash through the SWD interface or through the Fast Flash Programming interface is forbidden. This
ensures the confidentiality of the code programmed in the Flash.

The security bit is GPNVMO.

Disabling the security bit can only be achieved by asserting the ERASE signal at ‘“1’, and after a full Flash
erase is performed. When the security bit is deactivated, all accesses to the Flash are permitted.
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Unique Identifier Area
Each device is programmed with a 128-bit unique identifier area .

See “Flash Memory Areas”.
The sequence to read the unique identifier area is the following:

1. Execute the ‘Start Read Unique Identifier’ command by writing EEFC_FCR.FCMD with the STUI
command. Field EEFC_FCR.FARG is meaningless.

2. Wait until the bit EEFC_FSR.FRDY falls to read the unique identifier area. The unique identifier field
is located in the first 128 bits of the Flash memory mapping. The ‘Start Read Unique Identifier’
command reuses some addresses of the memory plane for code, but the unique identifier area is
physically different from the memory plane for code.

3. To stop reading the unique identifier area, execute the ‘Stop Read Unique Identifier’ command by
writing EEFC_FCR.FCMD with the SPUI command. Field EEFC_FCR.FARG is meaningless.

4. When the SPUI command has been executed, the bit EEFC_FSR.FRDY rises. If an interrupt was
enabled by setting the bit EEFC_FMR.FRDY, the interrupt line of the interrupt controller is
activated.

Note: During the sequence, the software cannot be fetched from the Flash.

User Signature Area
Each product contains a user signature area of 512 bytes. It can be used for storage. Read, write and
erase of this area is allowed.

See “Flash Memory Areas”.
The sequence to read the user signature area is the following:

1. Execute the ‘Start Read User Signature’ command by writing EEFC_FCR.FCMD with the STUS
command. Field EEFC_FCR.FARG is meaningless.

2. Wait until the bit EEFC_FSR.FRDY falls to read the user signature area. The user signature area is
located in the first 512 bytes of the Flash memory mapping. The ‘Start Read User Signature’
command reuses some addresses of the memory plane but the user signature area is physically
different from the memory plane

3. To stop reading the user signature area, execute the ‘Stop Read User Signature’ command by
writing EEFC_FCR.FCMD with the SPUS command. Field EEFC_FCR.FARG is meaningless.

4. When the SPUI command has been executed, the bit EEFC_FSR.FRDY rises. If an interrupt was
enabled by setting the bit EEFC_FMR.FRDY, the interrupt line of the interrupt controller is
activated.

Note: During the sequence, the software cannot be fetched from the Flash or from the second plane in
case of dual plane.

One error can be detected in EEFC_FSR after this sequence:
* Command Error: A bad keyword has been written in EEFC_FCR.
The sequence to write the user signature area is the following:

1.  Write the full page, at any page address, within the internal memory area address space.

2. Execute the ‘Write User Signature’ command by writing EEFC_FCR.FCMD with the WUS
command. Field EEFC_FCR.FARG is meaningless.
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3. When programming is completed, the bit EEFC_FSR.FRDY rises. If an interrupt has been enabled
by setting the bit EEFC_FMR.FRDY, the corresponding interrupt line of the interrupt controller is
activated.

Two errors can be detected in EEFC_FSR after this sequence:

* Command Error: A bad keyword has been written in EEFC_FCR.
* Flash Error: At the end of the programming, the WriteVerify test of the Flash memory has failed.

The sequence to erase the user signature area is the following:

1. Execute the ‘Erase User Signature’ command by writing EEFC_FCR.FCMD with the EUS
command. Field EEFC_FCR.FARG is meaningless.

2.  When programming is completed, the bit EEFC_FSR.FRDY rises. If an interrupt has been enabled
by setting the bit EEFC_FMR.FRDY, the corresponding interrupt line of the interrupt controller is
activated.

Two errors can be detected in EEFC_FSR after this sequence:

* Command Error: A bad keyword has been written in EEFC_FCR.
» Flash Error: At the end of the programming, the EraseVerify test of the Flash memory has failed.

22.4.3.10 ECC Errors and Corrections

2244

The Flash embeds an ECC module able to correct one unique error and able to detect two errors. The
errors are detected while a read access is performed into memory array and stored in EEFC_FSR (see
“EEFC Flash Status Register”). The error report is kept until EEFC_FSR is read.

There is one flag for a unique error on lower half part of the Flash word (64 LSB) and one flag for the
upper half part (MSB). The multiple errors are reported in the same way.

Due to the anticipation technique to improve bandwidth throughput on instruction fetch, a reported error
can be located in the next sequential Flash word compared to the location of the instruction being
executed, which is located in the previously fetched Flash word.

If a software routine processes the error detection independently from the main software routine, the
entire Flash located software must be rewritten because there is no storage of the error location.

If only a software routine is running to program and check pages by reading EEFC_FSR, the situation
differs from the previous case. Performing a check for ECC unique errors just after page programming
completion involves a read of the newly programmed page. This read sequence is viewed as data
accesses and is not optimized by the Flash controller. Thus, in case of unique error, only the current page
must be reprogrammed.

Register Write Protection

To prevent any single software error from corrupting EEFC behavior, certain registers in the address
space can be write-protected by setting the WPEN bit in the “EEFC Write Protection Mode Register”
(EEFC_WPMR).

The following register can be write-protected:

» “EEFC Flash Mode Register”
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Register Summary

=1 N ) R R R R R e
7:0

0x00

0x04

0x08

0x0C

0x10

OxE3

OxE4

FRDY
15:8 FWS[3:0]
EEFC_FMR
23:16 SCOD
31:24 CLOE
7:0 FCMD[7:0]
15:8 FARG[7:0]
EEFC_FCR
23:16 FARG[15:8]
31:24 FKEY[7:0]
7:0 FLERR FLOCKE FCMDE FRDY
15:8
EEFC_FSR
23:16 MECCEMSB | UECCEMSB | MECCELSB | UECCELSB
31:24
7:0 FVALUE[7:0]
15:8 FVALUE[15:8]
EEFC_FRR
23:16 FVALUE[23:16]
31:24 FVALUE[31:24]
Reserved
7:0 WPEN
15:8 WPKEY[7:0]
EEFC_WPMR
23:16 WPKEY[15:8]
31:24 WPKEY[23:16]
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22.51

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

EEFC Flash Mode Register

Name: EEFC_FMR
Offset: 0x00
Property: Read/Write

This register can only be written if the WPEN bit is cleared in the “EEFC Write Protection Mode
Register” .

31 30 29 28 27 26 25 24
| CLOE

23 22 21 20 19 18 17 16
Scob

15 14 13 12 11 10 9 8

FWS[3:0]

7 6 5 4 3 2 1 0

FRDY

Bit 26 — CLOE Code Loop Optimization Enable
No Flash read should be done during change of this field.

Value Description

0 The opcode loop optimization is disabled.
1 The opcode loop optimization is enabled.

Bit 16 — SCOD Sequential Code Optimization Disable
No Flash read should be done during change of this field.

Value Description

0 The sequential code optimization is enabled.
1 The sequential code optimization is disabled.

Bits 11:8 — FWS[3:0] Flash Wait State
This field defines the number of wait states for read and write operations:
FWS = Number of cycles for Read/Write operations - 1

Bit 0 —- FRDY Flash Ready Interrupt Enable

Value Description

0 Flash ready does not generate an interrupt.
1 Flash ready (to accept a new command) generates an interrupt.
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22.5.2 EEFC Flash Command Register

Name: EEFC_FCR
Offset: 0x04
Reset: -

Property: Write-only

Bit 31 30 29 28 27 26 25 24
FKEY[7:0]
Access w w w w w w w W
Reset - - - - - - - -
Bit 23 22 21 20 19 18 17 16
FARG[15:8]
Access w w w w w w w w
Reset - - - - - - - -
Bit 15 14 13 12 11 10 9 8
FARGJ7:0]
Access w W w w W W w W
Reset - - - - - - - -
Bit 7 6 5 4 3 2 1 0
FCMD[7:0]
Access
Reset - - - - - - - -

Bits 31:24 — FKEY[7:0] Flash Write Protection Key

Value Name Description

0x5A PASSWD | The Ox5A value enables the command defined by the bits of the register. If the
field is written with a different value, the write is not performed and no action is
started.

Bits 23:8 — FARG[15:0] Flash Command Argument

GETD, GLB, Commands requiring | FARG is meaningless, must be written with O
GGPB, STUI, no argument,
SPUI, GCALB, | including Erase all

WUS, EUS, command

STUS, SPUS,

EA

ES Erase sector FARG must be written with any page number within the sector
command to be erased
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EPA Erase pages
command

WP, WPL, Programming

EWP, EWPL commands

SLB, CLB Lock bit commands

SGPB, CGPB GPNVM commands

Bits 7:0 — FCMD[7:0] Flash Command

FARGI1:0] defines the number of pages to be erased
The start page must be written in FARG[15:2].

FARG[1:0] = 0: Four pages to be erased. FARG[15:2] =
Page Number /4

FARG[1:0] = 1: Eight pages to be erased. FARG[15:3] =
Page_Number / 8, FARG[2]=0

FARGI1:0] = 2: Sixteen pages to be erased. FARG[15:4] =
Page_Number /16, FARG[3:2]=0

FARG[1:0] = 3: Thirty-two pages to be erased. FARG[15:5] =
Page Number / 32, FARG[4:2]=0

Refer to “EEFC_FCR.FARG Field for EPA Command”.

FARG must be written with the page number to be
programmed

FARG defines the page number to be locked or unlocked

FARG defines the GPNVM number to be programmed

Value Name Description

0x00 GETD Get Flash descriptor

0x01 WP Write page

0x02 WPL Write page and lock

0x03 EWP Erase page and write page
0x04 EWPL Erase page and write page then lock
0x05 EA Erase all

0x07 EPA Erase pages

0x08 SLB Set lock bit

0x09 CLB Clear lock bit

0x0A GLB Get lock bit

0x0B SGPB Set GPNVM bit

0x0C CGPB Clear GPNVM bit

0x0D GGPB Get GPNVM bit

0x0E STUI Start read unique identifier
0x0F SPUI Stop read unique identifier
0x10 GCALB Get CALIB bit

0x11 ES Erase sector

0x12 WuUS Write user signature

0x13 EUS Erase user signature

0x14 STUS Start read user signature
0x15 SPUS Stop read user signature
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22.5.3 EEFC Flash Status Register
Name: EEFC_FSR
Offset: 0x08
Property: Read-only
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
MECCEMSB | UECCEMSB | MECCELSB UECCELSB
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
FLERR FLOCKE FCMDE FRDY
Access
Reset

Bit 19 - MECCEMSB Multiple ECC Error on MSB Part of the Memory Flash Data Bus (cleared on read)

Value
0

Description

No multiple error detected on 64 MSB part of the Flash memory data bus since the last read
of EEFC_FSR.

Multiple errors detected and NOT corrected on 64 MSB part of the Flash memory data bus
since the last read of EEFC_FSR.

Bit 18 - UECCEMSB Unique ECC Error on MSB Part of the Memory Flash Data Bus (cleared on read)

Value
0

Description

No unique error detected on 64 MSB data bus of the Flash memory since the last read of
EEFC_FSR.

One unique error detected but corrected on 64 MSB data bus of the Flash memory since the
last read of EEFC_FSR.

Bit 17 - MECCELSB Multiple ECC Error on LSB Part of the Memory Flash Data Bus (cleared on read)

Value
0

Description

No multiple error detected on 64 LSB part of the Flash memory data bus since the last read
of EEFC_FSR.

Multiple errors detected and NOT corrected on 64 LSB part of the Flash memory data bus
since the last read of EEFC_FSR.

Bit 16 — UECCELSB Unique ECC Error on LSB Part of the Memory Flash Data Bus (cleared on read)
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0 No unique error detected on 64 LSB data bus of the Flash memory since the last read of
EEFC_FSR.
1 One unique error detected but corrected on 64 LSB data bus of the Flash memory since the

last read of EEFC_FSR.

Bit 3 - FLERR Flash Error Status (cleared when a programming operation starts)
Value Description

0 No Flash memory error occurred at the end of programming (EraseVerify or WriteVerify test
has passed).

1 A Flash memory error occurred at the end of programming (EraseVerify or WriteVerify test
has failed).

Bit 2 - FLOCKE Flash Lock Error Status (cleared on read)
This flag is automatically cleared when EEFC_FSR is read or EEFC_FCR is written.
Value Description

0 No programming/erase of at least one locked region has happened since the last read of
EEFC_FSR.

1 Programming/erase of at least one locked region has happened since the last read of
EEFC_FSR.

Bit 1 — FCMDE Flash Command Error Status (cleared on read or by writing EEFC_FCR)
Value Description

0 No invalid commands and no bad keywords were written in EEFC_FMR.

1 An invalid command and/or a bad keyword was/were written in EEFC_FMR.

Bit 0 —- FRDY Flash Ready Status (cleared when Flash is busy)
When set, this flag triggers an interrupt if the FRDY flag is set in EEFC_FMR.
This flag is automatically cleared when the EEFC is busy.

Value Description
0 The EEFC is busy.
1 The EEFC is ready to start a new command.
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22.5.4 EEFC Flash Result Register

Name: EEFC_FRR
Offset: 0x0C
Property: Read-only

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

Bits 31:0 — FVALUE[31:0] Flash Result Value
The result of a Flash command is returned in this register. If the size of the result is greater than 32 bits,
the next resulting value is accessible at the next register read.
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22.5.5 EEFC Write Protection Mode Register

Name: EEFC_WPMR
Offset: OxE4
Property: Read/Write

Bit 31 30 29 28 27 26 25 24
WPKEY[23:16]

Access
Reset

Bit 23 22 21 20 19 18 17 16
WPKEY[15:8]

Access
Reset

Bit 15 14 13 12 11 10 9 8
WPKEY([7:0]

Access
Reset

Bit 7 6 5 4 3 2 1 0
WPEN

Access
Reset

Bits 31:8 — WPKEY[23:0] Write Protection Key
See “Register Write Protection” for the list of registers that can be protected.

Value Name Description
0x45464 PASSWD Writing any other value in this field aborts the write operation.
3

Always reads as 0.

Bit 0 — WPEN Write Protection Enable
See “Register Write Protection” for the list of registers that can be protected.

Value Description
0 Disables the write protection if WPKEY corresponds to 0x454643 (EFC in ASCII).
1 Enables the write protection if WPKEY corresponds to 0x454643 (EFC in ASCII).
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23. Supply Controller (SUPC)

231 Description

The Supply Controller (SUPC) controls the supply voltages of the system and manages the Backup
mode. In this mode, current consumption is reduced to a few microamps for backup power retention. Exit
from this mode is possible on multiple wakeup sources. The SUPC also generates the slow clock by
selecting either the slow RC oscillator or the 32.768 kHz crystal oscillator.

23.2 Embedded Characteristics
* Management of the Core Power Supply VDDCORE and Backup Mode via the Embedded Voltage
Regulator
*  Supply Monitor Detection on VDDIO or a Brownout Detection on VDDCORE Triggers a Core Reset
* Generates the Slow Clock SLCK by selecting either the 22-42 kHz Slow RC Oscillator or the 32.768
kHz Crystal Oscillator
* Backup SRAM
* Low-power Tamper Detection on Two Inputs
» Anti-tampering by Immediate Clear of the General-purpose Backup Registers
» Support of Multiple Wakeup Sources for Exit from Backup Mode
14 Wakeup Inputs with Programmable Debouncing
Real-Time Clock Alarm
Real-Time Timer Alarm
Supply Monitor Detection on VDDIO, with Programmable Scan Period and Voltage Threshold
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Block Diagram
Figure 23-1. Supply Controller Block Diagram
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Functional Description

Overview
The device is divided into two power supply areas:

+ VDDIO power supply: includes the Supply Controller, part of the Reset Controller, the slow clock
switch, the general-purpose backup registers, the supply monitor and the clock which includes the
Real-time Timer and the Real-time Clock.

» Core power supply: includes part of the Reset Controller, the Brownout Detector, the processor, the
SRAM memory, the Flash memory and the peripherals.

The Supply Controller (SUPC) controls the supply voltage of the core power supply. The SUPC
intervenes when the VDDIO power supply rises (when the system is starting) or when Backup mode is
entered.

The SUPC also integrates the slow clock generator, which is based on a 32.768 kHz crystal oscillator,
and a slow RC oscillator. The slow clock defaults to the slow RC oscillator, but the software can enable
the 32.768 kHz crystal oscillator and select it as the slow clock source.

The SUPC and the VDDIO power supply have a reset circuitry based on a zero-power power-on reset
cell. The zero-power power-on reset allows the SUPC to start correctly as soon as the VDDIO voltage
becomes valid.

At startup of the system, once the backup voltage VDDIO is valid and the slow RC oscillator is stabilized,
the SUPC starts up the core by sequentially enabling the internal voltage regulator. The SUPC waits until
the core voltage VDDCORE is valid, then releases the reset signal of the core vddcore_nreset signal.

Once the system has started, the user can program a supply monitor and/or a brownout detector. If the
supply monitor detects a voltage level on VDDIO that is too low, the SUPC asserts the reset signal of the
core vddcore_nreset signal until VDDIO is valid. Likewise, if the brownout detector detects a core voltage
level VDDCORE that is too low, the SUPC asserts the reset signal vddcore_nreset until VDDCORE is
valid.

When Backup mode is entered, the SUPC sequentially asserts the reset signal of the core power supply
vddcore_nreset and disables the voltage regulator, in order to supply only the VDDIO power supply.
Current consumption is reduced to a few microamps for the backup part retention. Exit from this mode is
possible on multiple wakeup sources including an event on WKUP pins, or a clock alarm. To exit this
mode, the SUPC operates in the same way as system startup.

Slow Clock Generator

The SUPC embeds a slow clock generator that is supplied with the VDDIO power supply. As soon as the
VDDIO is supplied, both the 32.768 kHz crystal oscillator and the slow RC oscillator are powered up, but
only the slow RC oscillator is enabled. When the slow RC oscillator is selected as the slow clock source,
the slow clock stabilizes more quickly than when the 32.768 kHz crystal oscillator is selected.

The user can select the 32.768 kHz crystal oscillator to be the source of the slow clock, as it provides a
more accurate frequency than the slow RC oscillator. The 32.768 kHz crystal oscillator is selected by
setting the XTALSEL bit in the SUPC Control register (SUPC_CR). The following sequence must be used
to switch from the slow RC oscillator to the 32.768 kHz crystal oscillator:

1.  The PIO lines multiplexed with XIN32 and XOUT32 are configured to be driven by the oscillator.
2. The 32.768 kHz crystal oscillator is enabled.
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3. A number of slow RC oscillator clock periods is counted to cover the startup time of the 32.768 kHz
crystal oscillator. Refer to the section “Electrical Characteristics” for information on the 32.768 kHz
crystal oscillator startup time.

4. The slow clock is switched to the output of the 32.768 kHz crystal oscillator.
5. The slow RC oscillator is disabled to save power.

The switching time may vary depending on the slow RC oscillator clock frequency range. The switch of
the slow clock source is glitch-free. The OSCSEL bit of the SUPC Status register (SUPC_SR) indicates
when the switch sequence is finished.

Reverting to the slow RC oscillator as a slow clock source is only possible by shutting down the VDDIO
power supply.

If the user does not need the 32.768 kHz crystal oscillator, the XIN32 and XOUT32 pins should be left
unconnected.

The user can also set the 32.768 kHz crystal oscillator in Bypass mode instead of connecting a crystal. In
this case, the user has to provide the external clock signal on XIN32. The input characteristics of the
XIN32 pin are given in the section “Electrical Characteristics”. To enter Bypass mode, the OSCBYPASS
bit in the Mode register (SUPC_MR) must be set before setting XTALSEL.

Related Links
58. Electrical Characteristics for SAM V70/V71
59. Electrical Characteristics for SAM E70/S70

Core Voltage Regulator Control/Backup Low-power Mode
The SUPC controls the embedded voltage regulator.

The voltage regulator automatically adapts its quiescent current depending on the required load current.
Refer to the section “Electrical Characteristics”.

The user can switch off the voltage regulator, and thus put the device in Backup mode, by writing a ‘1’ to
SUPC_CR.VROFF.

This asserts the vddcore_nreset signal after the write resynchronization time, which lasts two slow clock
cycles (worst case). Once the vddcore_nreset signal is asserted, the processor and the peripherals are
stopped one slow clock cycle before the core power supply shuts off.

When the internal voltage regulator is not used and VDDCORE is supplied by an external supply, the
voltage regulator can be disabled by writing a ‘0’ to SUPC_MR.ONREG.

Related Links

58. Electrical Characteristics for SAM V70/V71
59. Electrical Characteristics for SAM E70/S70

Using Backup Batteries/Backup Supply

When backup batteries or, more generally, a separate backup supply is used, only VDDIO is present in
Backup mode. No other external supply is applied.
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Figure 23-2. Separate Backup Supply Powering Scheme
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Note: Restrictions

With main supply < 3.0V, USB is not usable.

With main supply < 2.7V, MedialLB is not usable.

With main supply < 2.0V, ADC, DAC and Analog comparator are not usable.
With main supply and VDDIN > 3V, all peripherals are usable.

When no separate backup supply for VDDIO is used, since the external voltage applied on VDDIO is
kept, all of the 1/O configurations (i.e., WKUP pin configuration) are maintained in Backup mode. When
not using backup batteries, VDDIORDY is set so the user does not need to program it.

Figure 23-3. No Separate Backup Supply Powering Scheme
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Note: Restrictions

with main supply < 2.0 V, USB and ADC/DAC and analog comparator are not usable.
With main supply > 2.0V and < 3V, USB is not usable.

With main supply < 2.7V, MedialLB is not usable.

With main supply > 3V, all peripherals are usable.

The following figure illustrates an example of the powering scheme when using a backup battery. Since
the PIO state is preserved when in Backup mode, any free PIO line can be used to switch off the external
regulator by driving the PIO line at low level (PIO is input, pull-up enabled after backup reset). System
wakeup can be performed using a wakeup pin (WKUPX). See the "Wakeup Sources" section for further
details.

Figure 23-4. Battery Backup

VDDUTMII -
! UsB
: Transceivers
VDDIO [~
Backup b—»E]
Battery T

ADC, DAC
Analog Comp.

VDDIN :
VDDOUT [~
I‘i Voltage

LDO : Regulator
Regulator VDDCORE
ON/OFF '—’D]

7
VDDPLL D‘
VDDUTMIC m‘

External Wakeup Signal [:‘
't | WKUPX

i | PIOX (Output)

Note: The two diodes provide a “switchover circuit” between the backup battery
and the main supply when the system is put in Backup mode.
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Supply Monitor

The SUPC embeds a supply monitor located in the VDDIO power supply and which monitors VDDIO
power supply.

The supply monitor can be used to prevent the processor from falling into an unpredictable state if the
main power supply drops below a certain level.

The threshold of the supply monitor is programmable in the SMTH field of the Supply Monitor Mode
register (SUPC_SMMR). Refer to the section “Electrical Characteristics”.

The supply monitor can also be enabled during one slow clock period on every one of either 32, 256 or
2048 slow clock periods, depending on the user selection. This is configured in the
SUPC_SMMR.SMSMPL.

Enabling the supply monitor for such reduced times divides the typical supply monitor power consumption
by factors of 2, 16 and 128, respectively, if continuous monitoring of the VDDIO power supply is not
required.
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A supply monitor detection generates either a reset of the core power supply or a wakeup of the core
power supply. Generating a core reset when a supply monitor detection occurs is enabled by setting
SUPC_SMMR.SMRSTEN.

Waking up the core power supply when a supply monitor detection occurs can be enabled by setting the
SMEN bit in the Wakeup Mode register (SUPC_WUMR).

The SUPC provides two status bits in the SUPC_SR for the supply monitor that determine whether the
last wakeup was due to the supply monitor:

* SUPC_SR.SMOS provides real-time information, updated at each measurement cycle or updated at
each slow clock cycle, if the measurement is continuous.
* SUPC_SR.SMS provides saved information and shows a supply monitor detection has occurred
since the last read of SUPC_SR.
The SMS flag generates an interrupt if SUPC_SMMR.SMIEN is set.

Figure 23-5. Supply Monitor Status Bit and Associated Interrupt
Continuous Sampling (SMSMPL = 1)
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Related Links
58. Electrical Characteristics for SAM V70/V71
59. Electrical Characteristics for SAM E70/S70

Backup Power Supply Reset

Raising the Backup Power Supply

When the backup voltage VDDIO rises, the slow RC oscillator is powered up and the zero-power power-
on reset cell maintains its output low as long as VDDIO has not reached its target voltage. During this
period, the SUPC is reset. When the VDDIO voltage becomes valid and the zero-power power-on reset
signal is released, a counter is started for five slow clock cycles. This is the time required for the slow RC
oscillator to stabilize.

After this time, the voltage regulator is enabled. The core power supply rises and the brownout detector
provides the bodcore_in signal as soon as the core voltage VDDCORE is valid. This results in releasing
the vddcore _nreset signal to the Reset Controller after the bodcore_in signal has been confirmed as
being valid for at least one slow clock cycle.
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Figure 23-6. Raising the VDDIO Power Supply
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Note: After “proc_nreset” rising, the core starts fetching instructions from Flash.

Core Reset

The Supply Controller manages the vddcore _nreset signal to the Reset Controller, as described in the
"Backup Power Supply Reset" section. The vddcore_nreset signal is normally asserted before shutting
down the core power supply and released as soon as the core power supply is correctly regulated.

There are two additional sources which can be programmed to activate vddcore_nreset:

* a supply monitor detection
e a brownout detection

Supply Monitor Reset
The supply monitor is capable of generating a reset of the system. This is enabled by setting
SUPC_SMMR.SMRSTEN.

If SUPC_SMMR.SMRSTEN is set and if a supply monitor detection occurs, the vddcore_nreset signal is
immediately activated for a minimum of one slow clock cycle.

Brownout Detector Reset

The brownout detector provides the bodcore_in signal to the SUPC. This signal indicates that the voltage
regulation is operating as programmed. If this signal is lost for longer than 1 slow clock period while the
voltage regulator is enabled, the SUPC asserts vddcore_nreset if SUPC_MR.BODRSTEN is written to ‘1.

If SUPC_MR.BODRSTEN is set and the voltage regulation is lost (output voltage of the regulator too
low), the vddcore_nreset signal is asserted for a minimum of one slow clock cycle and then released if
bodcore_in has been reactivated. SUPC_SR.BODRSTS indicates the source of the last reset.
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Until bodcore_in is deactivated, the vddcore nreset signal remains active.

Controlling the SRAM Power Supply

The SUPC can be used to switch on or off the power supply of the backup SRAM by opening or closing
the SRAM power switch. This power switch is controlled by SUPC_MR.BKUPRETON. However, the
battery backup SRAM is automatically switched on when the core power supply is enabled, as the
processor requires the SRAM as data memory space.

* If SUPC_MR.BKUPRETON is written to ‘1’, there is no immediate effect, but the SRAM will be left
powered when the SUPC enters Backup mode, thus retaining its content.

* If SUPC_MR.BKUPRETON is written to ‘0’, there is no immediate effect, but the SRAM will be
switched off when the SUPC enters Backup mode. The SRAM is automatically switched on when
Backup mode is exited.

Wakeup Sources

The wakeup events allow the device to exit Backup mode. When a wakeup event is detected, the SUPC
performs a sequence that automatically reenables the core power supply.

Figure 23-7. Wakeup Sources
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Wakeup Inputs

The wakeup inputs, WKUPX, can be programmed to perform a wakeup of the core power supply. Each
input can be enabled by writing a ‘1’ to the corresponding bit, WKUPENYX, in the Wakeup Inputs register
(SUPC_WUIR). The wakeup level can be selected with the corresponding polarity bit, WKUPTX, also
located in SUPC_WUIR.
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The resulting signals are wired-ORed to trigger a debounce counter, which is programmed with
SUPC_WUMR.WKUPDBC. This field selects a debouncing period of 3, 32, 512, 4,096 or 32,768 slow
clock cycles. The duration of these periods corresponds, respectively, to about 100 us, about 1 ms, about
16 ms, about 128 ms and about 1 second (for a typical slow clock frequency of 32 kHz). Programming
SUPC_WUMR.WKUPDBC to 0 selects an immediate wakeup, i.e., an enabled WKUP pin must be active
according to its polarity during a minimum of one slow clock period to wake up the core power supply.

If an enabled WKUP pin is asserted for a duration longer than the debouncing period, a wakeup of the
core power supply is started and the signals, WKUPO to WKUPx as shown in “Wakeup Sources”, are
latched in SUPC_SR. This allows the user to identify the source of the wakeup. However, if a new
wakeup condition occurs, the primary information is lost. No new wakeup can be detected since the
primary wakeup condition has disappeared.

Before instructing the system to enter Backup mode, if the field SUPC_WUMR.WKUPDBC > 0, it must be
checked that none of the WKUPX pins that are enabled for a wakeup (exit from Backup mode) holds an
active polarity. This is checked by reading the pin status in the PIO Controller. If
SUPC_WUIR.WKUPENx=1 and the pin WKUPXx holds an active polarity, the system must not be
instructed to enter Backup mode.

Figure 23-8. Entering and Exiting Backup Mode with a WKUP Pin

WKUPDBC >0
WKUPTx=0
WKUPXx - Edge detect + Edge detect +
() debounce time debounce time
RYEN vrRoFF=1l_V | | | VROFF=1
Vv VY
System  Active BACKUP Active BACKUP Active BACKUP
' B} i Check :
) ) i WKUPXx;
active runtime i active runtime ' status
Check ' '
WKUPx
status
Low-power Tamper Detection and Anti-Tampering

Low-power debouncer inputs (WKUPO, WKUP1) can be used for tamper detection. If the tamper sensor
is biased through a resistor and constantly driven by the power supply, this leads to power consumption
as long as the tamper detection switch is in its active state. To prevent power consumption when the
switch is in active state, the tamper sensor circuitry must be intermittently powered, and thus a specific
waveform must be applied to the sensor circuitry.

The waveform is generated using RTCOUTX in all modes including Backup mode. Refer to the section
“Real-Time Clock (RTC)” for waveform generation.

Separate debouncers are embedded, one for WKUPO input, one for WKUP1 input.

The WKUPO and/or WKUP1 inputs perform a system wakeup upon tamper detection. This is enabled by
setting SUPC_WUMR.LPDBCENO/1.

WKUPO and/or WKUP1 inputs can also be used when VDDCORE is powered to detect a tamper.

When SUPC_WUMR.LPDBCENKX is written to ‘1’, WKUPXx pins must not be configured to act as a
debouncing source for the WKUPDBC counter (WKUPENx must be cleared in SUPC_WUIR).

© 2019 Microchip Technology Inc. Datasheet DS60001527D-page 179



SAM E70/S70/V70/V71 Family
Supply Controller (SUPC)

Low-power tamper detection or debounce requires RTC output (RTCOUTX) to be configured to generate
a duty cycle programmable pulse (i.e., OUTO0 = 0x7 in RTC_MR) in order to create the sampling points of
both debouncers. The sampling point is the falling edge of the RTCOUTx waveform.

The following figure shows an example of an application where two tamper switches are used. RTCOUTx
powers the external pull-up used by the tamper sensor circuitry.

Figure 23-9. Low-power Debouncer (Push-to-Make Switch, Pull-up Resistors)
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RTCOUTx

Pull-up
Resistor

WKUPO
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GND WKUP1
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GND

GND

Figure 23-10. Low-power Debouncer (Push-to-Break Switch, Pull-down Resistors)
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The debouncing period duration is configurable. The period is set for all debouncers (i.e., the duration
cannot be adjusted for each debouncer). The number of successive identical samples to wake up the
system can be configured from 2 up to 8 in SUPC_WUMR.LPDBC. The period of time between two
samples can be configured by programming RTC_MR.TPERIOD. Power parameters can be adjusted by
modifying the period of time in RTC_MR.THIGH.

The wakeup polarity of the inputs can be independently configured by writing SUPC_WUMR.WKUPTO
and/ or SUPC_WUMR.WKUPT1.

In order to determine which wakeup/tamper pin triggers the system wakeup, a status flag is associated
for each low-power debouncer. These flags are read in SUPC_SR.
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A debounce event (tamper detection) can perform an immediate clear (0 delay) on the first half the
general-purpose backup registers (GPBR). SUPC_WUMR.LPDBCCLR bit must be set.

Note that it is not mandatory to use the RTCOUTx pin when using the WKUPO/WKUP1 pins as tampering
inputs in any mode. Using the RTCOUTX pin provides a “sampling mode” to further reduce the power
consumption of the tamper detection circuitry. If RTCOUTXx is not used, the RTC must be configured to
create an internal sampling point for the debouncer logic. The period of time between two samples can be
configured by programming RTC_MR.TPERIOD.

The following figure illustrates the use of WKUPx without the RTCOUTX pin.

Figure 23-11. Using WKUP Pins Without RTCOUTx Pins
VDDIO

MCU

Pull-up
Resistor

WKUPO
~ N\~  Pullup
Resistor
GND WKUP1
e T
GND

Related Links
27. Real-time Clock (RTC)

Clock Alarms
The RTC and the RTT alarms can generate a wakeup of the core power supply. This can be enabled by
setting, respectively, SUPC_WUMR.RTCEN and SUPC_WUMR.RTTEN.

The Supply Controller does not provide any status as the information is available in the user interface of
either the Real-Time Timer or the Real-Time Clock.

Supply Monitor Detection
The supply monitor can generate a wakeup of the core power supply. See "Supply Monitor".

Register Write Protection

To prevent any single software error from corrupting SYSC behavior, certain registers in the address
space can be write-protected by setting the WPEN bit in the "System Controller Write Protection Mode
Register” (SYSC_WPMR).

The following registers can be write-protected:
+ RSTC Mode Register(!)
+ RTT Mode Register(?)

« RTT Alarm Register(?)
+ RTC Control Register(®
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RTC Mode Register(®)

RTC Time Alarm Register(®

RTC Calendar Alarm Register(®)

General Purpose Backup Registers®)

Supply Controller Control Register

Supply Controller Supply Monitor Mode Register
Supply Controller Mode Register

Supply Controller Wakeup Mode Register
Supply Controller Wakeup Inputs Register

Note:

1.

2.
3.
4.

See the section "Reset Controller (RSTC)".

See the section "Real Time Timer (RTT)".

See the section "Real Time Clock (RTC)".

See the section "General Purpose Backup Registers (GPBR)".

23.4.11 Register Bits in Backup Domain (VDDIO)

The following configuration registers, or certain bits of the registers, are physically located in the product
backup domain:

RSTC Mode Register (all bits)(")

RTT Mode Register (all bits)?)

RTT Alarm Register (all bits)®)

RTC Control Register (all bits)©)

RTC Mode Register (all bits)®)

RTC Time Alarm Register (all bits)(®)

RTC Calendar Alarm Register (all bits)®)

General Purpose Backup Registers (all bits)*)

Supply Controller Control Register (see register description for details)
Supply Controller Supply Monitor Mode Register (all bits)

Supply Controller Mode Register (see register description for details)
Supply Controller Wakeup Mode Register (all bits)

Supply Controller Wakeup Inputs Register (all bits)

Supply Controller Status Register (all bits)

Note:

1.

2.
3.
4

See the section "Reset Controller (RSTC)".

See the section "Real Time Timer (RTT)".

See the section "Real Time Clock (RTC)".

See the section "General Purpose Backup Registers (GPBR)".
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Register Summary

XTALSEL VROFF
15:8
SUPC_CR
23:16
31:24 KEY[7:0]
7.0 SMTH(3:0]
15:8 SMIEN SMRSTEN SMSMPL[2:0]
SUPC_SMMR
23:16
31:24
7:0
15:8 ONREG BODDIS BODRSTEN
SUPC_MR
23:16 OSCBYPASS BKUPRETON
31:24 KEY[7:0]
7:0 LPDBCCLR | LPDBCEN1 | LPDBCENO RTCEN RTTEN SMEN
15:8 WKUPDBCJ[2:0]
SUPC_WUMR
23:16 LPDBC[2:0]
31:24
7.0 WKUPEN(7:0]
15:8 WKUPEN[13:8]
SUPC_WUIR
23:16 WKUPT[7:0]
31:24 WKUPT[13:8]
7:0 OSCSEL SMOS SMS SMRSTS BODRSTS SMWS WKUPS
15:8 LPDBCS1 LPDBCSO0
SUPC_SR
23:16 WKUPIS[7:0]
31:24 WKUPIS[13:8]
Reserved
7:0 WPEN
15:8 WPKEY[7:0]
SYSC_WPMR
23:16 WPKEY[15:8]
31:24 WPKEY[23:16]
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23.5.1 Supply Controller Control Register
Name: SUPC_CR
Offset: 0x00
Property: Write-only
Bit 31 30 29 28 27 26 25 24
KEY[7:0]
Access w w w w w w W w
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
XTALSEL VROFF
Access W W
Reset

Bits 31:24 — KEY[7:0] Password
Value Name Description
0xA5 PASSWD Writing any other value in this field aborts the write operation.

Bit 3 — XTALSEL Crystal Oscillator Select
Note: This bit is located in the VDDIO domain.
0 (NO_EFFECT): No effect.
1 (CRYSTAL_SEL): If KEY is correct, XTALSEL switches the slow clock on the 32.768 kHz
crystal oscillator output.

Bit 2 - VROFF Voltage Regulator Off

Note: This bit is located in the VDDIO domain.

0 (NO_EFFECT): No effect.

1 (STOP_VREG): If KEY is correct, VROFF asserts the vddcore_nreset and stops the voltage
regulator.
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23.5.2 Supply Controller Supply Monitor Mode Register

Name: SUPC_SMMR
Offset: 0x04

Reset: 0x00000000
Property: Read/Write

This register is located in the VDDIO domain.

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
SMIEN SMRSTEN SMSMPL[2:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SMTHI[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bit 13 — SMIEN Supply Monitor Interrupt Enable

Value Description

0 (NOT_ENABLE): The SUPC interrupt signal is not affected when a supply monitor detection
occurs.

1 (ENABLE): The SUPC interrupt signal is asserted when a supply monitor detection occurs.

Bit 12 — SMRSTEN Supply Monitor Reset Enable

Value Description

0 (NOT_ENABLE): The core reset signal vddcore_nreset is not affected when a supply
monitor detection occurs.

1 (ENABLE): The core reset signal, vddcore_nreset is asserted when a supply monitor

detection occurs.

Bits 10:8 — SMSMPL[2:0] Supply Monitor Sampling Period

Value Name Description

0x0 SMD Supply Monitor disabled

0x1 CSM Continuous Supply Monitor

0x2 32SLCK Supply Monitor enabled one SLCK period every 32 SLCK periods
0x3 256SLCK Supply Monitor enabled one SLCK period every 256 SLCK periods
O0x4 2048SLCK | Supply Monitor enabled one SLCK period every 2,048 SLCK periods
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Bits 3:0 — SMTH[3:0] Supply Monitor Threshold

Selects the threshold voltage of the supply monitor. Refer to the section “Electrical Characteristics” for
voltage values.

Related Links

58. Electrical Characteristics for SAM V70/V71
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23.5.3 Supply Controller Mode Register

Name: SUPC_MR
Offset: 0x08

Reset: 0x00005A00
Property: Read/Write

Bit 31 30 29 28 27 26 25 24
KEY[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 23 22 21 20 19 18 17 16
OSCBYPASS BKUPRETON
Access R/W R/W
Reset 0 0
Bit 15 14 13 12 11 10 9 8
ONREG BODDIS BODRSTEN
Access R/W R/W R/W
Reset 1 0 1
Bit 7 6 5 4 3 2 1 0
Access
Reset

Bits 31:24 — KEY[7:0] Password Key
Value Name Description
0xA5 PASSWD Writing any other value in this field aborts the write operation.

Bit 20 - OSCBYPASS Oscillator Bypass
Note: This bitis located in the VDDIO domain.

Value Description
0 (NO_EFFECT): No effect. Clock selection depends on the value of SUPC_CR.XTALSEL.
1 (BYPASS): The 32.768 kHz crystal oscillator is bypassed if SUPC_CR.XTALSEL is set.

OSCBYPASS must be set prior to setting XTALSEL.

Bit 17 - BKUPRETON SRAM On In Backup Mode

Value Description

0 SRAM (Backup) switched off in Backup mode.
1 SRAM (Backup) switched on in Backup mode.

Note: This bit is located in the VDDIO domain.

Bit 14 — ONREG Voltage Regulator Enable
Note: This bit is located in the VDDIO domain.
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Value Description
0 (ONREG_UNUSED): Internal voltage regulator is not used (external power supply is used).

1 (ONREG_USED): Internal voltage regulator is used.

Bit 13 — BODDIS Brownout Detector Disable
Note: This bit is located in the VDDIO domain.

Value Description

0 (ENABLE): The core brownout detector is enabled.
1 (DISABLE): The core brownout detector is disabled.

Bit 12 - BODRSTEN Brownout Detector Reset Enable
Note: This bit is located in the VDDIO domain.

Value Description

0 (NOT_ENABLE): The core reset signal vddcore_nreset is not affected when a brownout
detection occurs.

1 (ENABLE): The core reset signal, vddcore_nreset is asserted when a brownout detection
occurs.
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23.5.4 Supply Controller Wakeup Mode Register
Name: SUPC_WUMR
Offset: 0x0C
Reset: 0x00000000
Property: Read/Write
This register is located in the VDDIO domain.
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
LPDBC[2:0]
Access R/W R/W R/W
Reset 0 0 0
Bit 15 14 13 12 1 10 9 8
WKUPDBC[2:0]
Access R/W R/W R/W
Reset 0 0 0
Bit 7 6 5 4 3 2 1 0
LPDBCCLR | LPDBCEN1 LPDBCENO RTCEN RTTEN SMEN
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bits 18:16 — LPDBC[2:0] Low-power Debouncer Period

Value

0
1
2
3
4
5
6
7

Bits 14:12 - WKUPDBC[2:0] Wakeup Inputs Debouncer Period

Value

a B W NP O

Name
DISABLE

2 RTCOUT
3_RTCOUT
4 RTCOUT
5 RTCOUT
6_RTCOUT
7_RTCOUT
8 RTCOUT

Description

Name
IMMEDIATE
3 SLCK

32 SLCK
512_SLCK

Description

Disables the low-power debouncers.

WKUPO/1 in active state for at least 2 RTCOUTXx clock periods
WKUPO/1 in active state for at least 3 RTCOUTx clock periods
WKUPO/1 in active state for at least 4 RTCOUTx clock periods
WKUPO/1 in active state for at least 5 RTCOUTXx clock periods
WKUPO/1 in active state for at least 6 RTCOUTXx clock periods
WKUPO/1 in active state for at least 7 RTCOUTx clock periods
WKUPO/1 in active state for at least 8 RTCOUTx clock periods

Immediate, no debouncing, detected active at least on one Slow Clock edge.
WKUPXx shall be in its active state for at least 3 SLCK periods

WKUPXx shall be in its active state for at least 32 SLCK periods

WKUPXx shall be in its active state for at least 512 SLCK periods

4096 _SLCK | WKUPXx shall be in its active state for at least 4,096 SLCK periods
32768 _SLCK WKUPXx shall be in its active state for at least 32,768 SLCK periods
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Bit 7 — LPDBCCLR Low-power Debouncer Clear

0 (NOT_ENABLE): A low-power debounce event does not create an immediate clear on the
first half of GPBR registers.
1 (ENABLE): A low-power debounce event on WKUPO or WKUP1 generates an immediate

clear on the first half of GPBR registers.

Bit 6 — LPDBCEN1 Low-power Debouncer Enable WKUP1

Value Description
0 (NOT_ENABLE): The WKUP1 input pin is not connected to the low-power debouncer.
1 (ENABLE): The WKUP1 input pin is connected to the low-power debouncer and forces a

system wakeup.

Bit 5— LPDBCENO Low-power Debouncer Enable WKUPO

Value Description
0 (NOT_ENABLE): The WKUPO input pin is not connected to the low-power debouncer.
1 (ENABLE): The WKUPO input pin is connected to the low-power debouncer and forces a

system wakeup.

Bit 3 — RTCEN Real-time Clock Wakeup Enable

Value Description
0 (NOT_ENABLE): The RTC alarm signal has no wakeup effect.
1 (ENABLE): The RTC alarm signal forces the wakeup of the core power supply.

Bit 2 - RTTEN Real-time Timer Wakeup Enable

Value Description
0 (NOT_ENABLE): The RTT alarm signal has no wakeup effect.
1 (ENABLE): The RTT alarm signal forces the wakeup of the core power supply.

Bit 1 — SMEN Supply Monitor Wakeup Enable

Value Description
0 (NOT_ENABLE): The supply monitor detection has no wakeup effect.
1 (ENABLE): The supply monitor detection forces the wakeup of the core power supply.
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23.5.5 Supply Controller Wakeup Inputs Register
Name: SUPC_WUIR
Offset: 0x10
Reset: 0x00000000
Property: Read/Write
This register is located in the VDDIO domain. This register can only be written if the WPEN bit is cleared
in the System Controller Write Protection Mode Register (SYSC_WPMR).
Bit 31 30 29 28 27 26 25 24
| | WKUPT[13:8]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
WKUPT[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 -
Bit 15 14 13 12 11 10 9 8
WKUPEN[13:8]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WKUPEN[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 -

Bits 29:16 — WKUPT[13:0] Wakeup Input Type ('x' = 0-13)

Value
0

Description

(LOW): A falling edge followed by a low level for a period defined by WKUPDBC on the
corresponding wakeup input forces the wakeup of the core power supply.

(HIGH): A rising edge followed by a high level for a period defined by WKUPDBC on the
corresponding wakeup input forces the wakeup of the core power supply.

Bits 13:0 —- WKUPEN[13:0] Wakeup Input Enablex ('x' = 0-13)

Value
0
1

Description

(DISABLE): The corresponding wakeup input has no wakeup effect.

(ENABLE): The corresponding wakeup input is enabled for a wakeup of the core power
supply.
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23.5.6 Supply Controller Status Register
Name: SUPC_SR
Offset: 0x14
Reset: 0x00000000
Property: Read-only
Note: Because of the asynchronism between the Slow Clock (SLCK) and the System Clock (MCK), the
status register flag reset is taken into account only 2 slow clock cycles after the read of the SUPC_SR.
This register is located in the VDDIO domain.
Bit 31 30 29 28 27 26 25 24
| | | WKUPIS[13:8]
Access R R R R R R
Reset 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
WKUPIS[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
LPDBCS1 LPDBCSO
Access R R
Reset 0 0
Bit 7 6 5 4 3 2 1 0
OSCSEL SMOS SMS SMRSTS BODRSTS SMWS WKUPS
Access R R R R R R R
Reset 0 0 0 0 0 0 0

Bits 29:16 — WKUPIS[13:0] WKUPx ('x' = 0-13) Input Status (cleared on read)

Value
0

Description

(DIS): The corresponding wakeup input is disabled, or was inactive at the time the
debouncer triggered a wakeup event.

(EN): The corresponding wakeup input was active at the time the debouncer triggered a
wakeup event since the last read of SUPC_SR.

Bit 14 - LPDBCS1 Low-power Debouncer Wakeup Status on WKUP1 (cleared on read)

Value
0

Description

(NO): No wakeup due to the assertion of the WKUP1 pin has occurred since the last read of
SUPC_SR.

(PRESENT): At least one wakeup due to the assertion of the WKUP1 pin has occurred since
the last read of SUPC_SR.

Bit 13 - LPDBCSO0 Low-power Debouncer Wakeup Status on WKUPO (cleared on read)

Value Description

0

(NO): No wakeup due to the assertion of the WKUPO pin has occurred since the last read of
SUPC_SR.
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Value Description
1 (PRESENT): At least one wakeup due to the assertion of the WKUPO pin has occurred since
the last read of SUPC_SR.

Bit 7 — OSCSEL 32-kHz Oscillator Selection Status

Value Description
0 (RC): The slow clock, SLCK, is generated by the slow RC oscillator.
1 (CRYST): The slow clock, SLCK, is generated by the 32.768 kHz crystal oscillator.

Bit 6 — SMOS Supply Monitor Output Status
Value Description

0 (HIGH): The supply monitor detected VDDIO higher than its threshold at its last
measurement.
1 (LOW): The supply monitor detected VDDIO lower than its threshold at its last measurement.

Bit 5 — SMS Supply Monitor Status (cleared on read)

Value Description
0 (NO): No supply monitor detection since the last read of SUPC_SR.
1 (PRESENT): At least one supply monitor detection since the last read of SUPC_SR.

Bit 4 — SMRSTS Supply Monitor Reset Status (cleared on read)

0 (NO): No supply monitor detection has generated a core reset since the last read of the
SUPC_SR.
1 (PRESENT): At least one supply monitor detection has generated a core reset since the last

read of the SUPC_SR.

Bit 3 — BODRSTS Brownout Detector Reset Status (cleared on read)
When the voltage remains below the defined threshold, there is no rising edge event at the output of the

brownout detection cell. The rising edge event occurs only when there is a voltage transition below the
threshold.

0 (NO): No core brownout rising edge event has been detected since the last read of the
SUPC_SR.
1 (PRESENT): At least one brownout output rising edge event has been detected since the

last read of the SUPC_SR.

Bit 2 - SMWS Supply Monitor Detection Wakeup Status (cleared on read)
Value Description

0 (NO): No wakeup due to a supply monitor detection has occurred since the last read of
SUPC_SR.
1 (PRESENT): At least one wakeup due to a supply monitor detection has occurred since the

last read of SUPC_SR.

Bit 1 - WKUPS WKUP Wakeup Status (cleared on read)

Value Description
0 (NO): No wakeup due to the assertion of the WKUP pins has occurred since the last read of
SUPC_SR.
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Value Description

1 (PRESENT): At least one wakeup due to the assertion of the WKUP pins has occurred since
the last read of SUPC_SR.
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23.5.7

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

System Controller Write Protection Mode Register

Name: SYSC_WPMR
Offset: 0xD4

Reset: 0x00000000
Property: Read/Write

31 30 29 28 27 26 25 24
WPKEY[23:16]

RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16

WPKEY[15:8]

RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8

WPKEY[7:0]

RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

WPEN
R?W
0

Bits 31:8 —- WPKEY[23:0] Write Protection Key.
Value Name Description

0x52544 PASSWD | Writing any other value in this field aborts the write operation of the WPEN bit.
3

Always reads as 0.

Bit 0 — WPEN Write Protection Enable
See "Register Write Protection” for the list of registers that can be write-protected.

Value Description
0 Disables the write protection if WPKEY corresponds to 0x525443 (“RTC” in ASCII).
1 Enables the write protection if WPKEY corresponds to 0x525443 (“RTC” in ASCII).
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Watchdog Timer (WDT)

Description

The Watchdog Timer (WDT) is used to prevent system lock-up if the software becomes trapped in a
deadlock. It features a 12-bit down counter that allows a watchdog period of up to 16 seconds (slow clock
around 32 kHz). It can generate a general reset or a processor reset only. In addition, it can be stopped
while the processor is in Debug mode or Sleep mode (Idle mode).

Embedded Characteristics
* 12-bit Key-protected Programmable Counter
» Watchdog Clock is Independent from Processor

Clock

* Provides Reset or Interrupt Signals to the System

* Counter May Be Stopped while the Processor is

Block Diagram
Figure 24-1. Watchdog Timer Block Diagram

in Debug State or in Idle Mode
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24.4 Functional Description

The Watchdog Timer is used to prevent system lock-up if the software becomes trapped in a deadlock. It
is supplied with VDDCORE. It restarts with initial values on processor reset.

The watchdog is built around a 12-bit down counter, which is loaded with the value defined in the field
WDV of the Mode Register (WDT_MR). The Watchdog Timer uses the slow clock divided by 128 to
establish the maximum watchdog period to be 16 seconds (with a typical slow clock of 32.768 kHz).

After a processor reset, the value of WDV is OxFFF, corresponding to the maximum value of the counter

with the external reset generation enabled (field WDRSTEN at 1 after a backup reset). This means that a
default watchdog is running at reset, i.e., at power-up. The user can either disable the WDT by setting bit
WDT_MR.WDDIS or reprogram the WDT to meet the maximum watchdog period the application requires.

When setting the WDDIS bit, and while it is set, the fields WDV and WDD must not be modified.

If the watchdog is restarted by writing into the Control Register (WDT_CR), WDT_MR must not be
programmed during a period of time of three slow clock periods following the WDT_CR write access. In
any case, programming a new value in WDT_MR automatically initiates a restart instruction.

WDT_MR can be written only once. Only a processor reset resets it. Writing WDT_MR reloads the timer
with the newly programmed mode parameters.

In normal operation, the user reloads the watchdog at regular intervals before the timer underflow occurs,
by setting bit WDT_CR.WDRSTT. The watchdog counter is then immediately reloaded from WDT_MR
and restarted, and the slow clock 128 divider is reset and restarted. WDT_CR is write-protected. As a
result, writing WDT_CR without the correct hard-coded key has no effect. If an underflow does occur, the
“wdt_fault” signal to the Reset Controller is asserted if bit WDT_MR.WDRSTEN is set. Moreover, the bit
WDUNF is set in the Status Register (WDT_SR).

The reload of the watchdog must occur while the watchdog counter is within a window between 0 and
WDD. WDD is defined in WDT_MR.

Any attempt to restart the watchdog while the watchdog counter is between WDV and WDD results in a
watchdog error, even if the watchdog is disabled. The bit WDT_SR.WDERR is updated and the
“wdt_fault” signal to the Reset Controller is asserted.

Note that this feature can be disabled by programming a WDD value greater than or equal to the WDV
value. In such a configuration, restarting the Watchdog Timer is permitted in the whole range [0; WDV]
and does not generate an error. This is the default configuration on reset (the WDD and WDV values are
equal).

The status bits WDUNF (Watchdog Underflow) and WDERR (Watchdog Error) trigger an interrupt,
provided the bit WDT_MR.WDFIEN is set. The signal “wdt_fault” to the Reset Controller causes a
watchdog reset if the WDRSTEN bit is set as already explained in the Reset Controller documentation. In
this case, the processor and the Watchdog Timer are reset, and the WDERR and WDUNF flags are reset.

If a reset is generated or if WDT_SR is read, the status bits are reset, the interrupt is cleared, and the
“wdt_fault” signal to the reset controller is deasserted.

Writing WDT_MR reloads and restarts the down counter.

While the processor is in debug state or in Sleep mode, the counter may be stopped depending on the
value programmed for the bits WDIDLEHLT and WDDBGHLT in WDT_MR.
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Figure 24-2. Watchdog Behavior
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24,5 Register Summary
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23:16
31:24 KEY[7:0]
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2451 Watchdog Timer Control Register

Name: WDT_CR
Offset: 0x00
Reset: -

Property: Write-only

The WDT_CR register values must not be modified within three slow clock periods following a restart of
the watchdog performed by a write access in WDT_CR. Any modification will cause the watchdog to
trigger an end of period earlier than expected.

Bit 31 30 29 28 27 26 25 24
| KEY[7:0]
Access W w W W w w W w
Reset 0 0 0 0 0 0 0 -
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
WDRSTT
Access w
Reset —

Bits 31:24 — KEY[7:0] Password
Value Name Description
0xA5 PASSWD Writing any other value in this field aborts the write operation.

Bit 0 - WDRSTT Watchdog Restart

Value Description

0 No effect.
1 Restarts the watchdog if KEY is written to 0xA5.
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Name:
Offset:
Reset:

Property:

WDT_MR

Ox3FFF2FFF
Read/Write Once

Watchdog Timer Mode Register

The first write access prevents any further modification of the value of this register. Read accesses

remain possible.

The WDT_MR register values must not be modified within three slow clock periods following a restart of
the watchdog performed by a write access in WDT_CR. Any modification will cause the watchdog to
trigger an end of period earlier than expected.

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

Bit 29 — WDIDLEHLT Watchdog Idle Halt

Value Description

0
1

Bit 28 - WDDBGHLT Watchdog Debug Halt

Value Description

0
1

Bits 27:16 — WDD[11:0] Watchdog Delta Value
Defines the permitted range for reloading the Watchdog Timer.
If the Watchdog Timer value is less than or equal to WDD, setting bit WDT_CR.WDRSTT restarts the

timer.

The watchdog runs when the system is in idle state.
The watchdog stops when the system is in idle state.

The watchdog runs when the processor is in debug state.
The watchdog stops when the processor is in debug state.

If the Watchdog Timer value is greater than WDD, setting bit WDT_CR.WDRSTT causes a watchdog

error.
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Bit 15 — WDDIS Watchdog Disable
When setting the WDDIS bit, and while it is set, the fields WDV and WDD must not be modified.

Value Description

0 Enables the Watchdog Timer.
1 Disables the Watchdog Timer.

Bit 13 - WDRSTEN Watchdog Reset Enable

Value Description

0 A watchdog fault (underflow or error) has no effect on the resets.
1 A watchdog fault (underflow or error) triggers a watchdog reset.

Bit 12 — WDFIEN Watchdog Fault Interrupt Enable

Value Description

0 A watchdog fault (underflow or error) has no effect on interrupt.
1 A watchdog fault (underflow or error) asserts interrupt.

Bits 11:0 —- WDV[11:0] Watchdog Counter Value
Defines the value loaded in the 12-bit watchdog counter.
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24.5.3 Watchdog Timer Status Register

Name: WDT_SR
Offset: 0x08

Reset: 0x00000000
Property: Read-only

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
WDERR WDUNF
Access R R
Reset 0 0

Bit 1 —- WDERR Watchdog Error (cleared on read)

Value Description

0 No watchdog error occurred since the last read of WDT_SR.
1 At least one watchdog error occurred since the last read of WDT_SR.

Bit 0 - WDUNF Watchdog Underflow (cleared on read)

Value Description

0 No watchdog underflow occurred since the last read of WDT_SR.
1 At least one watchdog underflow occurred since the last read of WDT_SR.
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Reinforced Safety Watchdog Timer (RSWDT)

Description

The Reinforced Safety Watchdog Timer (RSWDT) works in parallel with the Watchdog Timer (WDT) to
reinforce safe watchdog operations.

The RSWDT can be used to reinforce the safety level provided by the WDT in order to prevent system
lock-up if the software becomes trapped in a deadlock. The RSWDT works in a fully operable mode,
independent of the WDT. Its clock source is automatically selected from either the Slow RC oscillator
clock, or from the Main RC oscillator divided clock to get an equivalent Slow RC oscillator clock. If the
WDT clock source (for example, the 32 kHz crystal oscillator) fails, the system lock-up is no longer
monitored by the WDT because the RSWDT performs the monitoring. Thus, there is no lack of safety
regardless of the external operating conditions. The RSWDT shares the same features as the WDT (i.e.,
a 12-bit down counter that allows a watchdog period of up to 16 seconds with slow clock at 32.768 kHz).
It can generate a general reset or a processor reset only. In addition, it can be stopped while the
processor is in Debug mode or Idle mode.

Embedded Characteristics
* Automatically Selected Reliable RSWDT Clock Source (independent of WDT clock source)
* 12-bit Key-protected Programmable Counter
* Provides Reset or Interrupt Signals to the System
» Counter may be Stopped While Processor is in Debug State or Idle Mode
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Block Diagram
Figure 25-1. Reinforced Safety Watchdog Timer Block Diagram
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The RSWDT is supplied by VDDCORE. The RSWDT is initialized with default values on processor reset
or on a power-on sequence and is disabled (its default mode) under such conditions.

The RSWDT must not be enabled if the WDT is disabled.

The Main RC oscillator divided clock is selected if the Main RC oscillator is already enabled by the
application (CKGR_MOR.MOSCRCEN = 1) or if the WDT is driven by the Slow RC oscillator.

The RSWDT is built around a 12-bit down counter, which is loaded with a slow clock value other than that
of the slow clock in the WDT, defined in the WDV (Watchdog Counter Value) field of the Mode Register
(RSWDT_MR). The RSWDT uses the slow clock divided by 128 to establish the maximum watchdog
period to be 16 seconds (with a typical slow clock of 32.768 kHz).

After a processor reset, the value of RSWDT_MR.WDV is OxFFF, corresponding to the maximum value of
the counter with the external reset generation enabled (RSWDT_MR.WDRSTEN = 1 after a backup
reset). This means that a default watchdog is running at reset, i.e., at power-up.

If the watchdog is restarted by writing into the Control Register (RSWDT_CR), the RSWDT_MR must not
be programmed during a period of time of three slow clock periods following the RSWDT_CR write
access. Programming a new value in the RSWDT_MR automatically initiates a restart instruction.
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RSWDT_MR can be written only once. Only a processor reset resets it. Writing RSWDT_MR reloads the
timer with the newly programmed mode parameters.

In normal operation, the user reloads the watchdog at regular intervals before the timer underflow occurs,
by setting bit RSWDT_CR.WDRSTT. The watchdog counter is then immediately reloaded from the
RSWDT_MR and restarted, and the slow clock 128 divider is reset and restarted. The RSWDT_CR is
write-protected. As a result, writing RSWDT_CR without the correct hard-coded key has no effect. If an
underflow does occur, the “wdt_fault” signal to the Reset Controller is asserted if
RSWDT_MR.WDRSTEN is set. Moreover, WDUNF (Watchdog Underflow) is set in the Status Register
(RSWDT_SR).

The status bits WDUNF and WDERR trigger an interrupt, provided the WDFIEN bit is set in the
RSWDT_MR. The signal “wdt_fault” to the Reset Controller causes a Watchdog reset if the WDRSTEN
bit. For details, refer to the section “Reset Controller (RSTC)”. In this case, the processor and the RSWDT
are reset, and the WDUNF and WDERR flags are reset.

If a reset is generated, or if RSWDT_SR is read, the status bits are reset, the interrupt is cleared, and the
“wdt_fault” signal to the reset controller is deasserted

Writing RSWDT_MR reloads and restarts the down counter.
The RSWDT is disabled after any power-on sequence.

While the processor is in Debug state or in Idle mode, the counter may be stopped depending on the
value programmed for the WDIDLEHLT and WDDBGHLT bits in the RSWDT_MR.

Figure 25-2. Watchdog Behavior
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25.5 Register Summary
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25.51 Reinforced Safety Watchdog Timer Control Register

Name: RSWDT_CR
Offset: 0x00
Property: Write-only

Bit 31 30 29 28 27 26 25 24
KEY[7:0]

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
WDRSTT

Access
Reset

Bits 31:24 — KEY[7:0] Password
Value Name Description
0xC4 PASSWD Writing any other value in this field aborts the write operation.

Bit 0 —- WDRSTT Watchdog Restart

Value Description

0 No effect.
1 Restarts the watchdog.
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Reinforced Safety Watchdog Timer Mode Register
Name: RSWDT_MR

Offset: 0x04

Reset: Ox3FFFAFFF

Property: Read/Write Once

Note: The first write access prevents any further modification of the value of this register; read accesses
remain possible. The WDV value must not be modified within three slow clock periods following a restart
of the watchdog performed by means of a write access in the RSWDT_CR, else the watchdog may
trigger an end of period earlier than expected.

Bit 31 30 29 28 27 26 25 24
| | WDIDLEHLT | WDDBGHLT ALLONES[11:8]
Access
Reset 1 1 1 1 1 1
Bit 23 22 21 20 19 18 17 16
ALLONESI7:0]
Access
Reset 1 1 1 1 1 1 1 1
Bit 15 14 13 12 1 10 9 8
WDDIS WDRSTEN WDFIEN WDVI[11:8]
Access
Reset 1 1 0 1 1 1 1
Bit 7 6 5 4 3 2 1 0
WDV[7:0]
Access

Reset 1 1 1 1 1 1 1 1

Bit 29 — WDIDLEHLT Watchdog Idle Halt

Value Description

0 The RSWDT runs when the system is in idle mode.
1 The RSWDT stops when the system is in idle state.

Bit 28 —- WDDBGHLT Watchdog Debug Halt

Value Description

0 The RSWDT runs when the processor is in debug state.
1 The RSWDT stops when the processor is in debug state.

Bits 27:16 — ALLONES[11:0] Must Always Be Written with OxFFF

Bit 15 — WDDIS Watchdog Disable

Value Description

0 Enables the RSWDT.
1 Disables the RSWDT.

Bit 13 —- WDRSTEN Watchdog Reset Enable
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Value Description

0 A Watchdog fault (underflow or error) has no effect on the resets.
1 A Watchdog fault (underflow or error) triggers a watchdog reset.

Bit 12 - WDFIEN Watchdog Fault Interrupt Enable

Value Description

0 A Watchdog fault (underflow or error) has no effect on interrupt.
1 A Watchdog fault (underflow or error) asserts interrupt.

Bits 11:0 —- WDV[11:0] Watchdog Counter Value
Defines the value loaded in the 12-bit watchdog counter.
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25.5.3 Reinforced Safety Watchdog Timer Status Register

Name: RSWDT_SR
Offset: 0x08
Reset: 0x00000000
Property: Read-only
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
WDUNF
Access

Reset

Bit 0 — WDUNF Watchdog Underflow

Value Description

0
1

No watchdog underflow occurred since the last read of RSWDT_SR.
At least one watchdog underflow occurred since the last read of RSWDT_SR.
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26. Reset Controller (RSTC)

26.1 Description

The Reset Controller (RSTC), driven by Power-On Reset (POR) cells, software, external reset pin and
peripheral events, handles all the resets of the system without any external components. It reports which
reset occurred last.

The RSTC also drives simultaneously the external reset and the peripheral and processor resets.

26.2 Embedded Characteristics
» Driven by embedded POR, software, external reset pin and peripheral events
* Management of all system resets, including:
— External devices through the NRST pin
— Processor
— Peripheral set
* Reset source status:
— Status of the last reset
— Either VDDCORE and VDDIO POR, Software Reset, User Reset, Watchdog Reset
» External reset signal control and shaping

26.3 Block Diagram
Figure 26-1. Reset Controller Block Diagram
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26.4.21
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Functional Description

Overview
The RSTC is made up of an NRST manager and a reset state manager. It runs at SLCK frequency and
generates the following reset signals:
» proc_nreset: Processor reset line (also resets the Watchdog Timer)
» periph_nreset: Affects the whole set of embedded peripherals
* nrst_out: Drives the NRST pin
Note: proc_nreset and periph_nreset are driven in the same way.

These reset signals are asserted by the RSTC, either on events generated by peripherals, events on the
NRST pin, or on a software action. The reset state manager controls the generation of reset signals and
provides a signal to the NRST manager when an assertion of the NRST pin is required.

The NRST manager shapes the NRST assertion during a programmable time, thus controlling external
device resets.

The RSTC Mode register (RSTC_MR), used to configure the RSTC, is powered with VDDIO, so that its
configuration is saved as long as VDDIO is on.

NRST Manager

The NRST manager samples the NRST input pin and drives this pin low when required by the reset state
manager. The figure below shows the block diagram of the NRST manager.

Figure 26-2. NRST Manager
RSTC_MR

RSTC_SR -URSTIEN
URSTS
——> RSTC
NRSTL RSTC_MR g Other [~ Interrupt line

/Y .
interrupt
URSTEN sources
| > user_reset

NRST | RSTC_MR

H

nrst_out )
| = External Reset Timer j«————— exter_nreset

NRST Signal or Interrupt

The NRST manager samples the NRST pin at SLCK speed. When the NRST line is low for more than
three clock cycles, a User Reset is reported to the reset state manager. The NRST pin must be asserted
for at least 1 SLCK clock cycle to ensure execution of a user reset.

However, the NRST manager can be programmed to not trigger a reset when an assertion of NRST
occurs. Writing a ‘0’ to RSTC_MR.URSTEN disables the User Reset trigger.

The level of the pin NRST can be read at any time in the bit NRSTL in the RSTC Status Register
(RSTC_SR). As soon as the NRST pin is asserted, RSTC_SR. URSTS is written to “1’. This bit is cleared
only when the RSTC_SR is read.

The RSTC can also be programmed to generate an interrupt instead of generating a reset. To do so,
RSTC_MR.URSTIEN must be set.
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26.4.2.2 NRST External Reset Control

26.4.3

26.4.31

The reset state manager asserts the signal exter_nreset to assert the NRST pin. When this occurs, the
“nrst_out” signal is driven low by the NRST manager for a time programmed by RSTC_MR.ERSTL. This
assertion duration, named External Reset Length, lasts 2(ERSTL*1) S| CK cycles. This gives the
approximate duration of an assertion between 60 us and 2 seconds. Note that ERSTL at ‘0’ defines a
two-cycle duration for the NRST pulse.

This feature allows the RSTC to shape the NRST pin level, and thus to guarantee that the NRST line is
driven low for a time compliant with potential external devices connected on the system reset.

RSTC_MR is backed up, making it possible to use the value of ERSTL to shape the system powerup
reset for devices requiring a longer startup time than that of the MCU.

Reset States

The reset state manager handles the different reset sources and generates the internal reset signals. It
reports the reset status in RSTTYP of the Status Register (RSTC_SR). The update of
RSTC_SR.RSTTYP is performed when the processor reset is released.

General Reset

A general reset occurs when a VDDIO POR is detected, a brown out or a voltage regulation loss is
detected by the Supply Controller. The vddcore_nreset signal is asserted by the Supply Controller when a
general reset occurs.

All the reset signals are released and RSTC_SR.RSTTYP reports a general reset. As the RSTC_MR is
written to ‘0’, the NRST line rises two cycles after the vddcore_nreset, as ERSTL defaults at value 0x0.

The figure below ilustrates how the general reset affects the reset signals.
Figure 26-3. General Reset Timing Diagram
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Backup Reset
A backup reset occurs when the chip exits from Backup mode. While exiting Backup mode, the
vddcore_nreset signal is asserted by the Supply Controller.

Field RSTC_SR.RSTTYP is updated to report a backup reset.

Watchdog Reset
The watchdog reset is entered when a watchdog fault occurs. This reset lasts three SLCK cycles.

When in watchdog reset, the processor reset and the peripheral reset are asserted. The NRST line is
also asserted, depending on the value of RSTC_MR.ERSTL. However, the resulting low level on NRST
does not result in a user reset state.

The Watchdog Timer is reset by the proc_nreset signal. As the watchdog fault always causes a processor
reset if WDT_MR.WDRSTEN is written to ‘1’, the Watchdog Timer is always reset after a watchdog reset,
and the Watchdog is enabled by default and with a period set to a maximum.

When WDT_MR.WDRSTEN is written to ‘0’, the watchdog fault has no impact on the RSTC.

After a watchdog overflow occurs, the report on the RSTC_SR.RSTTYP may differ (either WDT_RST or
USER _RST) depending on the external components driving the NRST pin. For example, if the NRST line
is driven through a resistor and a capacitor (NRST pin debouncer), the reported value is USER_RST if
the low to high transition is greater than one SLCK cycle.

Figure 26-4. Watchdog Reset Timing Diagram
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Software Reset

The RSTC offers commands to assert the different reset signals. These commands are performed by
writing the Control register (RSTC_CR) with the following bits at “1":

*+ RSTC_CR.PROCRST: Writing a ‘1’ to PROCRST resets the processor and all the embedded
peripherals, including the memory system and, in particular, the Remap Command.

*+ RSTC_CR.EXTRST: Writing a ‘1’ to EXTRST asserts low the NRST pin during a time defined by the
field RSTC_MR.ERSTL.

The software reset is entered if at least one of these bits is written to ‘1’ by the software. All these
commands can be performed independently or simultaneously. The software reset lasts three SLCK
cycles.
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The internal reset signals are asserted as soon as the register write is performed. This is detected on the
Master Clock (MCK). They are released when the software reset has ended, i.e., synchronously to SLCK.

If EXTRST is written to ‘1’, the nrst_out signal is asserted depending on the configuration of
RSTC_MR.ERSTL. However, the resulting falling edge on NRST does not lead to a user reset.

If and only if the RSTC_CR.PROCRST is written to ‘1°, the RSTC reports the software status in field
RSTC_SR.RSTTYP. Other software resets are not reported in RSTTYP.

As soon as a software operation is detected, RSTC_SR.SRCMP is written to ‘“1’. SRCMP is cleared at the
end of the software reset. No other software reset can be performed while SRCMP is written to “1°, and
writing any value in the RSTC_CR has no effect.

Figure 26-5. Software Reset Timing Diagram

R ) LI

Up to 1 SLCK cycle‘
>
Write RSTC_CR A

Main RC

muwuum%%m&mmmmnﬂm
MCK  rronrey |\ H
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Frequency.
3 SLCK cycles + 2 MCK cycles

RSTTYP XXX X 0x{3 = Software Reset S S
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Min = 2 SLCK cycles if ERSTL=0 (e.g. 8 if ERSTL=2)

NRST ~————
(nrst_out) Inactive \ SS Active / Inactive

if EXTRST=1

RSTC_SR.SRCMP ] SS f SS

26.4.3.5 User Reset
A user reset is generated when a low level is detected on the NRST pin and RSTC_MR.URSTEN is at ‘1°.
The NRST input signal is resynchronized with SLCK to ensure proper behavior of the system. Thus, the
NRST pin must be asserted for at least 1 SLCK clock cycle to ensure execution of a user reset.

Processorand ~ ——
Peripherals Inactive
Reset Line

The user reset is triggered 2 SLCK cycles after a low level is detected on NRST. The processor reset and
the peripheral reset are asserted.

The user reset ends when NRST rises, after a two-cycle resynchronization time and a three-cycle
processor startup. The processor clock is reenabled as soon as NRST is confirmed high.

When the processor reset signal is released, RSTC_SR.RSTTYP is loaded with the value ‘4’, indicating a
user reset.

The NRST manager guarantees that the NRST line is asserted for External Reset Length SLCK cycles,
as configured in RSTC_MR.ERSTL. However, if NRST does not rise after External Reset Length because
it is driven low externally, the internal reset lines remain asserted until NRST actually rises.
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Figure 26-6. User Reset Timing Diagram
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26.4.4 Reset State Priorities

The reset state manager manages the priorities among the different reset sources. The resets are listed
in order of priority as follows:

General reset
Backup reset
Watchdog reset
Software reset
5. Userreset

o bd =

Specific cases are listed below:

¢« When in user reset:

— A watchdog event is impossible because the Watchdog Timer is being reset by the proc_nreset
signal.

— A software reset is impossible, since the processor reset is being activated.
* When in software reset:
— A watchdog event has priority over the current state.
— The NRST has no effect.
* When in watchdog reset:
— The processor reset is active and so a software reset cannot be programmed.
— A user reset cannot be entered.
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26.4.5 Register Summary

I D e e
7:0

EXTRST PROCRST
15:8

0x00 RSTC_CR
23:16
31:24 KEY[7:0]

7:0 URSTS

15:8 RSTTYP[2:0]
23:16 SRCMP NRSTL
31:24

0x04 RSTC_SR

7:0 URSTIEN URSTEN
15:8 ERSTL[3:0]
23:16

0x08 RSTC_MR

31:24 KEY[7:0]
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26.4.5.1 RSTC Control Register

Name: RSTC_CR
Offset: 0x00
Property: Write-only

Bit 31 30 29 28 27 26 25 24
| KEY[7:0]
Access W w w W w w W w
Reset 0 0 0 0 0 0 0 -
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
EXTRST PROCRST
Access w w
Reset — —

Bits 31:24 — KEY[7:0] System Reset Key
Value Name Description
0xA5 PASSWD Writing any other value in this field aborts the write operation.

Bit 3 - EXTRST External Reset

Value Description

0 No effect.
1 If KEY = 0xA5, asserts the NRST pin.

Bit 0 - PROCRST Processor Reset

Value Description

0 No effect.
1 If KEY = 0xA5, resets the processor and all the embedded peripherals.
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26.4.5.2 RSTC Status Register

Name: RSTC_SR
Offset: 0x04
Reset: 0x00000000

Property: Read-only

The register reset value assumes that a general reset has been performed,; it is subject to change if other
types of reset are generated.

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

Bit 17 - SRCMP Software Reset Command in Progress

When set, this bit indicates that a software reset command is in progress and that no further software
reset should be performed until the end of the current one. This bit is automatically cleared at the end of
the current software reset.

Value Description

0 No software command is being performed by the RSTC. The RSTC is ready for a software
command.

1 A software reset command is being performed by the RSTC. The RSTC is busy.

Bit 16 — NRSTL NRST Pin Level
Registers the NRST pin level sampled on each MCK rising edge.

Bits 10:8 — RSTTYP[2:0] Reset Type
This field reports the cause of the last processor reset. Reading this RSTC_SR does not reset this field.

Value Name Description

0 GENERAL_RST First powerup reset

1 BACKUP_RST Return from Backup mode

2 WDT_RST Watchdog fault occurred

3 SOFT_RST Processor reset required by the software
4 USER_RST NRST pin detected low
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Value Name Description
5 - Reserved
6 - Reserved
7 = Reserved

Bit 0 — URSTS User Reset Status
A high-to-low transition of the NRST pin sets the URSTS. This transition is also detected on the MCK
rising edge. If the user reset is disabled (URSTEN = 0 in RSTC_MR) and if the interrupt is enabled by

RSTC_MR.URSTIEN, URSTS ftriggers an interrupt. Reading the RSTC_SR resets URSTS and clears the
interrupt.

Value Description

0 No high-to-low edge on NRST happened since the last read of RSTC_SR.

1 At least one high-to-low transition of NRST has been detected since the last read of
RSTC_SR.
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26.4.5.3

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

RSTC Mode Register
Name: RSTC_MR
Offset: 0x08

Reset: 0x00000001

Property: Read/Write

This register can only be written if the WPEN bit is cleared in the System Controller Write Protection
Mode Register (SYSC_WPMR).

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

Bits 31:24 — KEY[7:0] Write Access Password
Value Name Description
0xA5 PASSWD | Writing any other value in this field aborts the write operation. Always reads as 0.

Bits 11:8 — ERSTL[3:0] External Reset Length

This field defines the external reset length. The external reset is asserted during a time of 2(ERSTL*1)
SLCK cycles. This allows assertion duration to be programmed between 60 us and 2 seconds. Note that
synchronization cycles must also be considered when calculating the actual reset length as previously
described.

Bit 4 —- URSTIEN User Reset Interrupt Enable

Value Description

0 RSTC_SR.USRTS at ‘1’ has no effect on the RSTC interrupt line.
1 RSTC_SR.USRTS at ‘1’ asserts the RSTC interrupt line if URSTEN = 0.

Bit 0 —- URSTEN User Reset Enable

Value Description
0 The detection of a low level on the NRST pin does not generate a user reset.
1 The detection of a low level on the NRST pin triggers a user reset.
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Real-time Clock (RTC)

Description

The Real-time Clock (RTC) peripheral is designed for very low power consumption. For optimal
functionality, the RTC requires an accurate external 32.768 kHz clock, which can be provided by a crystal
oscillator.

It combines a complete time-of-day clock with alarm and a Gregorian or Persian calendar, complemented
by a programmable periodic interrupt. The alarm and calendar registers are accessed by a 32-bit data
bus.

The time and calendar values are coded in binary-coded decimal (BCD) format. The time format can be
24-hour mode or 12-hour mode with an AM/PM indicator.

Updating time and calendar fields and configuring the alarm fields are performed by a parallel capture on
the 32-bit data bus. An entry control is performed to avoid loading registers with incompatible BCD format
data or with an incompatible date according to the current month/year/century.

A clock divider calibration circuitry can be used to compensate for crystal oscillator frequency variations.

An RTC output can be programmed to generate several waveforms, including a prescaled clock derived
from 32.768 kHz.

Embedded Characteristics
* Full Asynchronous Design for Ultra Low Power Consumption
» Gregorian and Persian Modes Supported
* Programmable Periodic Interrupt
» Safety/security Features:
— Valid Time and Date Programming Check
— On-The-Fly Time and Date Validity Check
» Counters Calibration Circuitry to Compensate for Crystal Oscillator Variations
* Waveform Generation
* Register Write Protection

© 2019 Microchip Technology Inc. Datasheet DS60001527D-page 223



27.3

27.4

2741

27.4.2

27.5

27.51

SAM E70/S70/V70/V71 Family
Real-time Clock (RTC)

Block Diagram
Figure 27-1. Real-time Clock Block Diagram

! }
Slow Clock: SLCK 32768 Divider Ti Dat Wave > RTCOUTO
ime ate Generator —» RTCOUT1

3 b1

Entry Interrupt
Control Alarm Control

System Bus <« P> User Interface RTC Interrupt

Product Dependencies

Power Management

The Real-time Clock is continuously clocked at 32.768 kHz. The Power Management Controller has no
effect on RTC behavior.

Interrupt
Within the System Controller, the RTC interrupt is OR-wired with all the other module interrupts.

Only one System Controller interrupt line is connected on one of the internal sources of the interrupt
controller.

RTC interrupt requires the interrupt controller to be programmed first.

When a System Controller interrupt occurs, the service routine must first determine the cause of the
interrupt. This is done by reading each status register of the System Controller peripherals successively.

Functional Description

The RTC provides a full binary-coded decimal (BCD) clock that includes century (19/20), year (with leap
years), month, date, day, hours, minutes and seconds reported in RTC Time Register (RTC_TIMR).

The valid year range is up to 2099 in Gregorian mode (or 1300 to 1499 in Persian mode).
The RTC can operate in 24-hour mode or in 12-hour mode with an AM/PM indicator.

Corrections for leap years are included (all years divisible by 4 being leap years except 1900). This is
correct up to the year 2099.

The RTC can generate configurable waveforms on RTCOUTO/1 outputs.

Reference Clock

The reference clock is the Slow Clock (SLCK) which can be driven internally or by an external 32.768 kHz
crystal.
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During low-power modes of the processor, the oscillator runs and power consumption is critical. The
crystal selection must consider the current consumption for power saving and the frequency drift due to
temperature effect on the circuit for time accuracy.

Timing
The RTC is updated in real time at one-second intervals in Normal mode for the counters of seconds, at
one-minute intervals for the counter of minutes and so on.

Due to the asynchronous operation of the RTC with respect to the rest of the chip, to be certain that the
value read in the RTC registers (century, year, month, date, day, hours, minutes, seconds) are valid and
stable, it is necessary to read these registers twice. If the data is the same both times, then it is valid.
Therefore, a minimum of two and a maximum of three accesses are required.

Alarm
The RTC has five programmable fields: month, date, hours, minutes and seconds.

Each of these fields can be enabled or disabled to match the alarm condition:

« If all the fields are enabled, an alarm flag is generated (the corresponding flag is asserted and an
interrupt generated if enabled) at a given month, date, hour/minute/second.

» If only the “seconds” field is enabled, then an alarm is generated every minute.

Depending on the combination of fields enabled, a large number of possibilities are available to the user
ranging from minutes to 365/366 days.

Hour, minute and second matching alarms (SECEN, MINEN, HOUREN) can be enabled independently of
SEC, MIN, HOUR fields.

Note: To change one of the SEC, MIN, HOUR, DATE, MONTH fields, it is recommended to disable the
field before changing the value and then re-enable it after the change has been made. This requires up to
three accesses to the RTC_TIMALR or RTC_CALALR. The first access clears the enable corresponding
to the field to change (SECEN, MINEN, HOUREN, DATEEN, MTHEN). If the field is already cleared, this
access is not required. The second access performs the change of the value (SEC, MIN, HOUR, DATE,
MONTH). The third access is required to re-enable the field by writing 1 in SECEN, MINEN, HOURERN,
DATEEN, MTHEN fields.

Error Checking when Programming

Verification on user interface data is performed when accessing the century, year, month, date, day,
hours, minutes, seconds and alarms. A check is performed on illegal BCD entries such as illegal date of
the month with regard to the year and century configured.

If one of the time fields is not correct, the data is not loaded into the register/counter and a flag is set in
the validity register. The user can not reset this flag. It is reset as soon as an acceptable value is
programmed. This avoids any further side effects in the hardware. The same procedure is followed for the
alarm.

The following checks are performed:

Century (check if it is in range 19-20 or 13—14 in Persian mode)

Year (BCD entry check)

Date (check range 01-31)

Month (check if it is in BCD range 01-12, check validity regarding “date”)
Day (check range 1-7)

a o=
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6. Hour (BCD checks: in 24-hour mode, check range 00—23 and check that AM/PM flag is not set if
RTC is set in 24-hour mode; in 12-hour mode check range 01-12)

7. Minute (check BCD and range 00-59)
8. Second (check BCD and range 00-59)

Note: If the 12-hour mode is selected by means of the RTC Mode Register (RTC_MR), a 12-hour value
can be programmed and the returned value on RTC_TIMR will be the corresponding 24-hour value. The
entry control checks the value of the AM/PM indicator (bit 22 of RTC_TIMR) to determine the range to be
checked.

RTC Internal Free Running Counter Error Checking

To improve the reliability and security of the RTC, a permanent check is performed on the internal free
running counters to report non-BCD or invalid date/time values.

An error is reported by TDERR bit in the status register (RTC_SR) if an incorrect value has been
detected. The flag can be cleared by setting the TDERRCLR bit in the Status Clear Command Register
(RTC_SCCR).

The TDERR error flag will be set again if the source of the error has not been cleared before clearing the
TDERR flag. The clearing of the source of such error can be done by reprogramming a correct value on
RTC_CALR and/or RTC_TIMR.

The RTC internal free running counters may automatically clear the source of TDERR due to their roll-
over (i.e., every 10 seconds for SECONDS[3:0] field in RTC_TIMR). In this case the TDERR is held high
until a clear command is asserted by TDERRCLR bit in RTC_SCCR.

Updating Time/Calendar

Description
The update of the time/calendar must be synchronized on a second periodic event by either polling the
RTC_SR.SEC status bit or by enabling the SECEN interrupt in the RTC_IER register.

Once the second event occurs, the user must stop the RTC by setting the corresponding field in the
Control Register (RTC_CR). Bit UPDTIM must be set to update time fields (hour, minute, second) and bit
UPDCAL must be set to update calendar fields (century, year, month, date, day).

The ACKUPD bit must then be read to 1 by either polling the RTC_SR or by enabling the ACKUPD
interrupt in the RTC_IER. Once ACKUPD is read to 1, it is mandatory to clear this flag by writing the
corresponding bit in the RTC_SCCR, after which the user can write to the Time Register, the Calendar
Register, or both.

Once the update is finished, the user must write UPDTIM and/or UPDCAL to 0 in the RTC_CR.
The timing sequence of the time/calendar update is described in the figure below.

When entering the programming mode of the calendar fields, the time fields remain enabled and both the
time and the calendar fields are stopped. This is due to the location of the calendar logical circuity
(downstream for low-power considerations). It is highly recommended to prepare all the fields to be
updated before entering programming mode. In successive update operations, the user must wait for at
least one second after resetting the UPDTIM/UPDCAL bit in the RTC_CR before setting these bits again.
This is done by waiting for the SEC flag in the RTC_SR before setting the UPDTIM/UPDCAL bit. After
resetting UPDTIM/UPDCAL, the SEC flag must also be cleared.
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Figure 27-2. Time/Calendar Update Timing Diagram

I
1Hz RTC Clock | Ly

S—

T___

RTC TIMRSEC 20 (counter stopped)
I I |
Update request Clear Clear
Sofware from SW ACKUPD bit UPDTIM bit © BACK TO
: : R S (A o (A — o ___ RTC BACK T
Time Line _@ NORMAL MODE

Update
RTC_TIMR.SEC to 15

RTC_CR.UPDTIM

SEC Event Flag

1 I —l \—l

RTC_SR.ACKUPD
1 I

R R B N

© 2019 Microchip Technology Inc. Datasheet DS60001527D-page 227



SAM E70/S70/V70/V71 Family

Real-time Clock (RTC)

Figure 27-3. Gregorian and Persian Modes Update Sequence
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RTC Accurate Clock Calibration

The crystal oscillator that drives the RTC may not be as accurate as expected mainly due to temperature
variation. The RTC is equipped with circuitry able to correct slow clock crystal drift.

To compensate for possible temperature variations over time, this accurate clock calibration circuitry can
be programmed on-the-fly and also programmed during application manufacturing, in order to correct the
crystal frequency accuracy at room temperature (20-25°C). The typical clock drift range at room
temperature is £20 ppm.

In the device operating temperature range, the 32.768 kHz crystal oscillator clock inaccuracy can be up to
-200 ppm.

The RTC clock calibration circuitry allows positive or negative correction in a range of 1.5 ppm to 1950
ppm.

The calibration circuitry is fully digital. Thus, the configured correction is independent of temperature,
voltage, process, etc., and no additional measurement is required to check that the correction is effective.

If the correction value configured in the calibration circuitry results from an accurate crystal frequency
measure, the remaining accuracy is bounded by the values listed below:

* Below 1 ppm, for an initial crystal drift between 1.5 ppm up to 20 ppm, and from 30 ppm to 90 ppm
» Below 2 ppm, for an initial crystal drift between 20 ppm up to 30 ppm, and from 90 ppm to 130 ppm
* Below 5 ppm, for an initial crystal drift between 130 ppm up to 200 ppm

The calibration circuitry does not modify the 32.768 kHz crystal oscillator clock frequency but it acts by
slightly modifying the 1 Hz clock period from time to time. The correction event occurs every 1 + [(20 - (19
x HIGHPPM)) x CORRECTION] seconds. When the period is modified, depending on the sign of the
correction, the 1 Hz clock period increases or reduces by around 4 ms. Depending on the
CORRECTION, NEGPPM and HIGHPPM values configured in RTC_MR, the period interval between two
correction events differs.

Figure 27-4. Calibration Circuitry

RTC
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Figure 27-5. Calibration Circuitry Waveforms
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The inaccuracy of a crystal oscillator at typical room temperature (20 ppm at 20-25 °C) can be

compensated if a reference clock/signal is us

ed to measure such inaccuracy. This kind of calibration

operation can be set up during the final product manufacturing by means of measurement equipment
embedding such a reference clock. The correction of value must be programmed into the (RTC_MR), and
this value is kept as long as the circuitry is powered (backup area). Removing the backup power supply

cancels this calibration. This room temperatu

re calibration can be further processed by means of the

networking capability of the target application.
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To ease the comparison of the inherent crystal accuracy with the reference clock/signal during
manufacturing, an internal prescaled 32.768 kHz clock derivative signal can be assigned to drive RTC
output. To accommodate the measure, several clock frequencies can be selected among 1 Hz, 32 Hz, 64
Hz, 512 Hz.

The clock calibration correction drives the internal RTC counters but can also be observed in the RTC
output when one of the following three frequencies 1 Hz, 32 Hz or 64 Hz is configured. The correction is
not visible in the RTC output if 512 Hz frequency is configured.

Note: This adjustment does not consider the temperature variation.

The frequency drift (up to -200 ppm) due to temperature variation can be compensated using a reference
time if the application can access such a reference. If a reference time cannot be used, a temperature
sensor can be placed close to the crystal oscillator in order to get the operating temperature of the crystal
oscillator. Once obtained, the temperature may be converted using a lookup table (describing the
accuracy/temperature curve of the crystal oscillator used) and RTC_MR configured accordingly. The
calibration can be performed on-the-fly. This adjustment method is not based on a measurement of the
crystal frequency/drift and therefore can be improved by means of the networking capability of the target
application.

If no crystal frequency adjustment has been done during manufacturing, it is still possible to do it. In the
case where a reference time of the day can be obtained through LAN/WAN network, it is possible to
calculate the drift of the application crystal oscillator by comparing the values read on RTC Time Register
(RTC_TIMR) and programming the HIGHPPM and CORRECTION fields on RTC_MR according to the
difference measured between the reference time and those of RTC_TIMR.

Waveform Generation

Waveforms can be generated in order to take advantage of the RTC inherent prescalers while the RTC is
the only powered circuitry (Low-power mode of operation, Backup mode) or in any active mode. Entering
Backup or Low-power operating modes does not affect the waveform generation outputs.

The outputs RTCOUTO0 and RTCOUT1 can be configured to provide several types of waveforms. The
figure below illustrates the different signals available to generate RTCOUTO0 and RTCOUT1.
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Figure 27-6. Waveform Generation
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Register Summary
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SAM E70/S70/V70/V71 Family
Real-time Clock (RTC)

27.6.1 RTC Control Register

Name: RTC _CR
Offset: 0x00
Reset: 0x00000000

Property: Read/Write

This register can only be written if the WPEN bit is cleared in the System Controller Write Protection
Mode Register (SYSC_WPMR).

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

Bits 17:16 — CALEVSEL[1:0] Calendar Event Selection
The event that generates the flag CALEV in RTC_SR depends on the value of CALEVSEL

Value Name Description

0 WEEK Week change (every Monday at time 00:00:00)

1 MONTH Month change (every 01 of each month at time 00:00:00)
2 YEAR Year change (every January 1 at time 00:00:00)

3 YEAR Reserved

Bits 9:8 — TIMEVSEL[1:0] Time Event Selection
The event that generates the flag TIMEV in RTC_SR depends on the value of TIMEVSEL.

Value Name Description

0 MINUTE Minute change

1 HOUR Hour change

2 MIDNIGHT Every day at midnight
3 NOON Every day at noon

Bit 1 - UPDCAL Update Request Calendar Register
Calendar counting consists of day, date, month, year and century counters. Calendar counters can be
programmed once this bit is set and acknowledged by the bit ACKUPD of the RTC_SR.
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SAM E70/S70/V70/V71 Family
Real-time Clock (RTC)

Value Description

0 No effect or, if UPDCAL has been previously written to 1, stops the update procedure.
1 Stops the RTC calendar counting.

Bit 0 — UPDTIM Update Request Time Register
Time counting consists of second, minute and hour counters. Time counters can be programmed once
this bit is set and acknowledged by the bit ACKUPD of the RTC_SR.

Value Description
0 No effect or, if UPDTIM has been previously written to 1, stops the update procedure.
1 Stops the RTC time counting.
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SAM E70/S70/V70/V71 Family
Real-time Clock (RTC)

27.6.2 RTC Mode Register
Name: RTC_MR
Offset: 0x04
Reset: 0x00000000
Property: Read/Write
This register can only be written if the WPEN bit is cleared in the System Controller Write Protection
Mode Register (SYSC_WPMR).
Bit 31 30 29 28 27 26 25 24
| | TPERIOD[1:0] THIGH[2:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
OUT1[2:0] 0ouUTO0[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
HIGHPPM CORRECTION[6:0]
Access R/W R/W RIW R/W RIW RW RIW R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
NEGPPM PERSIAN HRMOD
Access R/W R/W R/W
Reset 0 0 0

Bits 29:28 — TPERIOD[1:0] Period of the Output Pulse

Value Name Description
0 P_1S 1 second

1 P_500MS 500 ms

2 P_250MS 250 ms

3 P_125MS 125 ms

Bits 26:24 — THIGH[2:0] High Duration of the Output Pulse

Value Name Description
0 H_31MS 31.2ms

1 H_16MS 15.6 ms

2 H_4MS 3.91ms

3 H_976US 976 us

4 H_488US 488 ps

5 H_122US 122 ps

6 H_30US 30.5 us

7 H_15US 15.2 ps

Bits 22:20 — OUT1[2:0] RTCOUT1 Output Source Selection
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Real-time Clock (RTC)

Value Name Description

0 NO_WAVE No waveform, stuck at ‘0’

1 FREQ1HZ 1 Hz square wave

2 FREQ32HZ 32 Hz square wave

3 FREQ64HZ 64 Hz square wave

4 FREQ512HZ 512 Hz square wave

5 ALARM_TOGGLE Output toggles when alarm flag rises
6 ALARM_FLAG Output is a copy of the alarm flag

7 PROG_PULSE Duty cycle programmable pulse
Bits 18:16 — OUT0[2:0] RTCOUTO Output Source Selection

Value Name Description

0 NO_WAVE No waveform, stuck at ‘0’

1 FREQ1HZ 1 Hz square wave

2 FREQ32HZ 32 Hz square wave

3 FREQ64HZ 64 Hz square wave

4 FREQ512HZ 512 Hz square wave

5 ALARM_TOGGLE Output toggles when alarm flag rises
6 ALARM_FLAG Output is a copy of the alarm flag

7 PROG_PULSE Duty cycle programmable pulse

Bit 15 — HIGHPPM HIGH PPM Correction
If the absolute value of the correction to be applied is lower than 30 ppm, it is recommended to clear
HIGHPPM. HIGHPPM set to 1 is recommended for 30 ppm correction and above.
Formula:
If HIGHPPM = 0, then the clock frequency correction range is from 1.5 ppm up to 98 ppm. The RTC
accuracy is less than 1 ppm for a range correction from 1.5 ppm up to 30 ppm.
The correction field must be programmed according to the required correction in ppm; the formula is as
follows:

3906
20 X ppm
The value obtained must be rounded to the nearest integer prior to being programmed into
CORRECTION field.
If HIGHPPM = 1, then the clock frequency correction range is from 30.5 ppm up to 1950 ppm. The RTC
accuracy is less than 1 ppm for a range correction from 30.5 ppm up to 90 ppm.
The correction field must be programmed according to the required correction in ppm; the formula is as
follows:

CORRECTION =

3906 _
ppm
The value obtained must be rounded to the nearest integer prior to be programmed into CORRECTION
field.

If NEGPPM is set to 1, the ppm correction is negative (used to correct crystals that are faster than the
nominal 32.768 kHz).

0 Lower range ppm correction with accurate correction.

1 Higher range ppm correction with accurate correction.

CORRECTION = 1

Bits 14:8 — CORRECTION[6:0] Slow Clock Correction
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SAM E70/S70/V70/V71 Family
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Value Description
0 No correction
1-127 The slow clock will be corrected according to the formula given in HIGHPPM description.

Bit 4 —- NEGPPM Negative PPM Correction
See CORRECTION and HIGHPPM field descriptions.
NEGPPM must be cleared to correct a crystal slower than 32.768 kHz.

Value Description
0 Positive correction (the divider will be slightly higher than 32768).
1 Negative correction (the divider will be slightly lower than 32768).

Bit 1 - PERSIAN PERSIAN Calendar

Value Description
0 Gregorian calendar.
1 Persian calendar.

Bit 0 - HRMOD 12-/24-hour Mode

Value Description
0 24-hour mode is selected.
1 12-hour mode is selected.
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27.6.3 RTC Time Register

Name: RTC_TIMR
Offset: 0x08
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
AMPM HOURJ5:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
MIN[6:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SECI[6:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bit 22 — AMPM Ante Meridiem Post Meridiem Indicator
This bit is the AM/PM indicator in 12-hour mode.

0 AM.

1 PM.

Bits 21:16 — HOUR[5:0] Current Hour
The range that can be set is 1-12 (BCD) in 12-hour mode or 0-23 (BCD) in 24-hour mode.

Bits 14:8 — MIN[6:0] Current Minute
The range that can be set is 0-59 (BCD).
The lowest four bits encode the units. The higher bits encode the tens.

Bits 6:0 — SEC[6:0] Current Second
The range that can be set is 0-59 (BCD).
The lowest four bits encode the units. The higher bits encode the tens.
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27.6.4

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

RTC Calendar Register

Name: RTC_CALR
Offset: 0x0C
Reset: 0x01E11320

Property: Read/Write

31 30 29 28 27 26 25 24
DATE[5:0]
RIW RIW RIW RIW RIW RIW
0 0 0 0 0 1
23 22 21 20 19 18 17 16
DAY[2:0] MONTH([4:0]
RIW RIW RIW RIW RIW RIW RIW RIW
1 1 1 0 0 0 0 1
15 14 13 12 1 10 9 8
YEAR[7:0]
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 1 0 0 1 1
7 6 5 4 3 2 1 0
CENT([6:0]
RIW RIW RIW RIW RIW RIW RIW
0 1 0 0 0 0 0

Bits 29:24 — DATE[5:0] Current Day in Current Month
The range that can be set is 01-31 (BCD).
The lowest four bits encode the units. The higher bits encode the tens.

Bits 23:21 — DAY[2:0] Current Day in Current Week

The range that can be set is 1-7 (BCD).

The coding of the number (which number represents which day) is user-defined as it has no effect on the
date counter.

Bits 20:16 — MONTH[4:0] Current Month
The range that can be set is 01-12 (BCD).
The lowest four bits encode the units. The higher bits encode the tens.

Bits 15:8 — YEAR[7:0] Current Year
The range that can be set is 00—99 (BCD).
The lowest four bits encode the units. The higher bits encode the tens.

Bits 6:0 — CENT[6:0] Current Century
The range that can be set is 19-20 (Gregorian) or 13—14 (Persian) (BCD).
The lowest four bits encode the units. The higher bits encode the tens.
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SAM E70/S70/V70/V71 Family

Real-time Clock (RTC)

27.6.5 RTC Time Alarm Register

Name:
Offset:
Reset:
Property:

RTC_TIMALR
0x10
0x00000000
Read/Write

This register can only be written if the WPEN bit is cleared in the System Controller Write Protection
Mode Register (SYSC_WPMR).

To change one of the SEC, MIN, HOUR fields, it is recommended to disable the field before changing the
value and then re-enable it after the change has been made. This requires up to three accesses to the
RTC_TIMALR. The first access clears the enable corresponding to the field to change (SECEN, MINEN,
HOUREN). If the field is already cleared, this access is not required. The second access performs the
change of the value (SEC, MIN, HOUR). The third access is required to re-enable the field by writing 1 in
SECEN, MINEN, HOUREN fields.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
HOUREN AMPM HOURJ5:0]
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 11 10 9 8
MINEN MIN[6:0]
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 7 6 5 4 3 2 1 0
SECEN SEC[6:0]
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 23 - HOUREN Hour Alarm Enable

Value Description

0
1

Bit 22 - AMPM AM/PM Indicator
This field is the alarm field corresponding to the BCD-coded hour counter.

Bits 21:16 — HOUR[5:0] Hour Alarm

The hour-matching alarm is disabled.
The hour-matching alarm is enabled.

This field is the alarm field corresponding to the BCD-coded hour counter.

Bit 15 — MINEN Minute Alarm Enable
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Real-time Clock (RTC)

Value Description

0 The minute-matching alarm is disabled.
1 The minute-matching alarm is enabled.

Bits 14:8 — MIN[6:0] Minute Alarm
This field is the alarm field corresponding to the BCD-coded minute counter.

Bit 7 — SECEN Second Alarm Enable

Value Description

0 The second-matching alarm is disabled.
1 The second-matching alarm is enabled.

Bits 6:0 — SEC[6:0] Second Alarm
This field is the alarm field corresponding to the BCD-coded second counter.
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Real-time Clock (RTC)

27.6.6 RTC Calendar Alarm Register
Name: RTC_CALALR
Offset: 0x14
Reset: 0x01010000
Property: Read/Write
This register can only be written if the WPEN bit is cleared in the System Controller Write Protection
Mode Register (SYSC_WPMR).
To change one of the DATE, MONTH fields, it is recommended to disable the field before changing the
value and then re-enable it after the change has been made. This requires up to three accesses to the
RTC_CALALR. The first access clears the enable corresponding to the field to change (DATEEN,
MTHEN). If the field is already cleared, this access is not required. The second access performs the
change of the value (DATE, MONTH). The third access is required to re-enable the field by writing 1 in
DATEEN, MTHEN fields.
Bit 31 30 29 28 27 26 25 24
DATEEN DATE[5:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 1
Bit 23 22 21 20 19 18 17 16
MTHEN MONTH[4:0]
Access R/W R/W R/W R/W R/wW RW
Reset 0 0 0 0 0 1
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
Access
Reset

Bit 31 — DATEEN Date Alarm Enable

Value Description

0 The date-matching alarm is disabled.
1 The date-matching alarm is enabled.

Bits 29:24 — DATE[5:0] Date Alarm
This field is the alarm field corresponding to the BCD-coded date counter.

Bit 23 - MTHEN Month Alarm Enable

Value Description

0 The month-matching alarm is disabled.
1 The month-matching alarm is enabled.
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Bits 20:16 — MONTH[4:0] Month Alarm
This field is the alarm field corresponding to the BCD-coded month counter.

© 2019 Microchip Technology Inc. Datasheet DS60001527D-page 245



SAM E70/S70/V70/V71 Family
Real-time Clock (RTC)

27.6.7 RTC Status Register
Name: RTC_SR
Offset: 0x18
Reset: 0x00000000
Property: Read-only
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
TDERR CALEV TIMEV SEC ALARM ACKUPD
Access R R R R R R
Reset 0 0 0 0 0 0

Bit 5 — TDERR Time and/or Date Free Running Error

Value Name Description

0 CORRECT The internal free running counters are carrying valid values since the last
read of the Status Register (RTC_SR).

1 ERR_TIMEDATE The internal free running counters have been corrupted (invalid date or

time, non-BCD values) since the last read and/or they are still invalid.

Bit 4 —- CALEV Calendar Event
The calendar event is selected in the CALEVSEL field in the Control Register (RTC_CR) and can be any
one of the following events: week change, month change and year change.

Value Name Description
0 NO_CALEVENT No calendar event has occurred since the last clear.
1 CALEVENT At least one calendar event has occurred since the last clear.

Bit 3 — TIMEV Time Event
The time event is selected in the TIMEVSEL field in the Control Register (RTC_CR) and can be any one
of the following events: minute change, hour change, noon, midnight (day change).

Value Name Description
0 NO_TIMEVENT No time event has occurred since the last clear.
1 TIMEVENT At least one time event has occurred since the last clear.

Bit 2 — SEC Second Event
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Value Name Description
0 NO_SECEVENT No second event has occurred since the last clear.
1 SECEVENT At least one second event has occurred since the last clear.

Bit 1 — ALARM Alarm Flag

Value Name Description

0 NO_ALARMEVENT No alarm matching condition occurred.

1 ALARMEVENT An alarm matching condition has occurred.

Bit 0 —- ACKUPD Acknowledge for Update

Value Name Description
0 FREERUN Time and calendar registers cannot be updated.
1 UPDATE Time and calendar registers can be updated.
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27.6.8 RTC Status Clear Command Register
Name RTC_SCCR
Offset: 0x1C
Reset: -
Property: Write-only
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
TDERRCLR CALCLR TIMCLR SECCLR ALRCLR ACKCLR
Access W w W W w w
Reset - - - - - -

Bit 5 — TDERRCLR Time and/or Date Free Running Error Clear

Value Description
0 No effect.
1 Clears corresponding status flag in the Status Register (RTC_SR).

Bit 4 — CALCLR Calendar Clear

Value Description
0 No effect.
1 Clears corresponding status flag in the Status Register (RTC_SR).

Bit 3 — TIMCLR Time Clear

Value Description
0 No effect.
1 Clears corresponding status flag in the Status Register (RTC_SR).

Bit 2 — SECCLR Second Clear

Value Description
0 No effect.
1 Clears corresponding status flag in the Status Register (RTC_SR).

Bit 1 — ALRCLR Alarm Clear
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Value Description

0 No effect.
1 Clears corresponding status flag in the Status Register (RTC_SR).

Bit 0 —- ACKCLR Acknowledge Clear

Value Description

0 No effect.
1 Clears corresponding status flag in the Status Register (RTC_SR).
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27.6.9 RTC Interrupt Enable Register
Name: RTC_IER
Offset: 0x20
Reset: -
Property: Write-only
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
TDERREN CALEN TIMEN SECEN ALREN ACKEN
Access W w w W W w
Reset - - - - - -

Bit 5— TDERREN Time and/or Date Error Interrupt Enable

Value Description
0 No effect.
1 The time and date error interrupt is enabled.

Bit 4 — CALEN Calendar Event Interrupt Enable

Value Description
0 No effect.
1 The selected calendar event interrupt is enabled.

Bit 3 — TIMEN Time Event Interrupt Enable

Value Description
0 No effect.
1 The selected time event interrupt is enabled.

Bit 2 —- SECEN Second Event Interrupt Enable

Value Description
0 No effect.
1 The second periodic interrupt is enabled.

Bit 1 — ALREN Alarm Interrupt Enable
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Value Description

0 No effect.
1 The alarm interrupt is enabled.

Bit 0 - ACKEN Acknowledge Update Interrupt Enable

Value Description

0 No effect.
1 The acknowledge for update interrupt is enabled.
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27.6.10 RTC Interrupt Disable Register
Name: RTC_IDR
Offset: 0x24
Reset: -
Property: Write-only
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
TDERRDIS CALDIS TIMDIS SECDIS ALRDIS ACKDIS
Access W w w W W w
Reset - - - - - -

Bit 5 — TDERRDIS Time and/or Date Error Interrupt Disable

Value Description
0 No effect.
1 The time and date error interrupt is disabled.

Bit 4 — CALDIS Calendar Event Interrupt Disable

Value Description
0 No effect.
1 The selected calendar event interrupt is disabled.

Bit 3 — TIMDIS Time Event Interrupt Disable

Value Description
0 No effect.
1 The selected time event interrupt is disabled.

Bit 2 — SECDIS Second Event Interrupt Disable

Value Description
0 No effect.
1 The second periodic interrupt is disabled.

Bit 1 — ALRDIS Alarm Interrupt Disable
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Value Description

0 No effect.
1 The alarm interrupt is disabled.

Bit 0 — ACKDIS Acknowledge Update Interrupt Disable

Value Description

0 No effect.
1 The acknowledge for update interrupt is disabled.
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27.6.11

RTC Interrupt Mask Register

Name: RTC_IMR
Offset: 0x28

Reset: 0x00000000
Property: Read-only

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

TDERR CAL TIM SEC ALR ACK
Access R R R R R R
Reset 0 0 0 0 0 0

Bit 5 - TDERR Time and/or Date Error Mask

Value Description
0 The time and/or date error event is disabled.
1 The time and/or date error event is enabled.

Bit 4 — CAL Calendar Event Interrupt Mask

Value Description
0 The selected calendar event interrupt is disabled.
1 The selected calendar event interrupt is enabled.

Bit 3 — TIM Time Event Interrupt Mask

Value Description
0 The selected time event interrupt is disabled.
1 The selected time event interrupt is enabled.

Bit 2 — SEC Second Event Interrupt Mask

Value Description
0 The second periodic interrupt is disabled.
1 The second periodic interrupt is enabled.

Bit 1 — ALR Alarm Interrupt Mask
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Value Description

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

Bit 0 — ACK Acknowledge Update Interrupt Mask

Value Description

0 The acknowledge for update interrupt is disabled.
1 The acknowledge for update interrupt is enabled.
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27.6.12

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

RTC Valid Entry Register

Name: RTC_VER
Offset: 0x2C
Reset: 0x00000000
Property: Read-only

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
NVCALALR NVTIMALR NVCAL NVTIM

R R R R

0 0 0 0

Bit 3 - NVCALALR Non-valid Calendar Alarm

Value Description
0 No invalid data has been detected in RTC_CALALR (Calendar Alarm Register).
1 RTC_CALALR has contained invalid data since it was last programmed.

Bit 2 — NVTIMALR Non-valid Time Alarm

Value Description
0 No invalid data has been detected in RTC_TIMALR (Time Alarm Register).
1 RTC_TIMALR has contained invalid data since it was last programmed.

Bit 1 — NVCAL Non-valid Calendar

Value Description
0 No invalid data has been detected in RTC_CALR (Calendar Register).
1 RTC_CALR has contained invalid data since it was last programmed.

Bit 0 — NVTIM Non-valid Time

Value Description
0 No invalid data has been detected in RTC_TIMR (Time Register).
1 RTC_TIMR has contained invalid data since it was last programmed.
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28.

28.1

28.2

28.3

28.4

SAM E70/S70/V70/V71 Family
Real-time Timer (RTT)

Real-time Timer (RTT)

Description

The Real-time Timer (RTT) is built around a 32-bit counter used to count roll-over events of the
programmable 16-bit prescaler driven from the 32-kHz slow clock source. It generates a periodic interrupt
and/or triggers an alarm on a programmed value.

The RTT can also be configured to be driven by the 1Hz RTC signal, thus taking advantage of a
calibrated 1Hz clock.

The slow clock source can be fully disabled to reduce power consumption when only an elapsed seconds
count is required.

Embedded Characteristics
» 32-bit Free-running Counter on prescaled slow clock or RTC calibrated 1Hz clock
* 16-bit Configurable Prescaler
* Interrupt on Alarm or Counter Increment

Block Diagram

Figure 28-1. Real-time Timer Block Diagram
RTTMR  RTT_.MR  RTT_MR
| RTTDIS | | RTTRST| | RTPRES |

RTT_MR

reload . RTTINCIEN
SLCK > 16t
Prescaler l
0 set

cre 1 RTT_MR | h RTT_SR RTMII

v4

RTT_MR i | RTTRSTH1 1 0/ reset L

RTCIHZ |\1 0/ oo rt_int
l > Counter « Tr;?ngH, RTT MR
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RTT_AR ALMV
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Functional Description

The programmable 16-bit prescaler value can be configured through the RTPRES field in the RTT Mode
register (RTT_MR).
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Configuring the RTPRES field value to 0x8000 (default value) corresponds to feeding the real-time
counter with a 1Hz signal (if the slow clock is 32.768 kHz). The 32-bit counter can count up to 232

seconds, corresponding to more than 136 years, then roll over to 0. Bit RTTINC in the RTT Status
Register (RTT_SR) is set each time there is a prescaler roll-over.

The real-time 32-bit counter can also be supplied by the 1Hz RTC clock. This mode is interesting when
the RTC 1Hz is calibrated (CORRECTION field # 0 in RTC_MR) in order to guaranty the synchronism
between RTC and RTT counters.

Setting the RTC1HZ bit in the RTT_MR drives the 32-bit RTT counter from the 1Hz RTC clock. In this
mode, the RTPRES field has no effect on the 32-bit counter.

The prescaler roll-over generates an increment of the real-time timer counter if RTC1HZ = 0. Otherwise, if
RTC1HZ = 1, the RTT counter is incremented every second. The RTTINC bit is set independently from
the 32-bit counter increment.

The RTT can also be used as a free-running timer with a lower time-base. The best accuracy is achieved
by writing RTPRES to 3 in RTT_MR.

Programming RTPRES to 1 or 2 is forbidden.

If the RTT is configured to trigger an interrupt, the interrupt occurs two slow clock cycles after reading the
RTT_SR. To prevent several executions of the interrupt handler, the interrupt must be disabled in the
interrupt handler and re-enabled when the RTT_SR is cleared.

The CRTV field can be read at any time in the RTT Value register (RTT_VR). As this value can be
updated asynchronously with the Master Clock, the CRTYV field must be read twice at the same value to
read a correct value.

The current value of the counter is compared with the value written in the RTT Alarm register (RTT_AR).
If the counter value matches the alarm, the ALMS bit in the RTT_SR is set. The RTT_AR is set to its
maximum value (OxFFFFFFFF) after a reset.

The ALMS flag is always a source of the RTT alarm signal that may be used to exit the system from low
power modes (see the Real-time Timer Block Diagram above).

The alarm interrupt must be disabled (ALMIEN must be cleared in RTT_MR) when writing a new ALMV
value in the RTT_AR.

The RTTINC bit can be used to start a periodic interrupt, the period being one second when the RTPRES
field value = 0x8000 and the slow clock = 32.768 kHz.

The RTTINCIEN bit must be cleared prior to writing a new RTPRES value in the RTT_MR.
Reading the RTT_SR automatically clears the RTTINC and ALMS bits.

Writing the RTTRST bit in the RTT_MR immediately reloads and restarts the clock divider with the new
programmed value. This also resets the 32-bit counter.

When not used, the RTT can be disabled in order to suppress dynamic power consumption in this
module. This can be achieved by setting the RTTDIS bit in the RTT_MR.
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Figure 28-2. RTT Counting
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28.5 Register Summary

=1 N ) R R R R R e
7:0

RTPRES[7:0]
15:8 RTPRES[15:8]
0x00 RTT_MR
23:16 RTTDIS RTTRST | RTTINCIEN | ALMIEN
31:24 RTC1HZ
7:0 ALMV([7:0]
15:8 ALMV[15:8]
0x04 RTT_AR
23:16 ALMV[23:16]
31:24 ALMV[31:24]
7:0 CRTV[7:0]
15:8 CRTV[15:8]
0x08 RTT_VR
23:16 CRTV[23:16]
31:24 CRTV[31:24]
7:0 RTTINC ALMS
15:8
0x0C RTT_SR
23:16
31:24
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Reset

Access
Reset

Access
Reset

Access
Reset
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Real-time Timer Mode Register

Name RTT_MR
Offset 0x00
Reset: 0x00008000
Property: Read/Write
31 30 29 28 27 26 25 24
RTC1HZ
0
23 22 21 20 19 18 17 16
RTTDIS RTTRST RTTINCIEN ALMIEN
R/W R/W R/W
0 0 0 0
15 14 13 12 11 10 9 8
RTPRES[15:8]
R/W R/W R/W R/W R/W R/W R/W R/W
1 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
RTPRES[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Bit 24 —- RTC1HZ Real-Time Clock 1Hz Clock Selection

Value Description
0 The RTT 32-bit counter is driven by the 16-bit prescaler roll-over events.
1 The RTT 32-bit counter is driven by the 1Hz RTC clock.

Bit 20 — RTTDIS Real-time Timer Disable

Value Description
0 The RTT is enabled.
1 The RTT is disabled (no dynamic power consumption).

Bit 18 — RTTRST Real-time Timer Restart

Value Description
0 No effect.
1 Reloads and restarts the clock divider with the new programmed value. This also resets the

32-bit counter.

Bit 17 — RTTINCIEN Real-time Timer Increment Interrupt Enable

Value Description
0 The bit RTTINC in RTT_SR has no effect on interrupt.
1 The bit RTTINC in RTT_SR asserts interrupt.

Bit 16 — ALMIEN Alarm Interrupt Enable
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Value Description

0 The bit ALMS in RTT_SR has no effect on interrupt.
1 The bit ALMS in RTT_SR asserts interrupt.

Bits 15:0 — RTPRES[15:0] Real-time Timer Prescaler Value

Defines the number of SLCK periods required to increment the RTT. The RTTINCIEN bit must be cleared
prior to writing a new RTPRES value.

RTPRES is defined as follows:

+ RTPRES = 0: The prescaler period is equal to 216 * SLCK periods.
* RTPRES = 1 or 2: forbidden.
*« RTPRES # 0,1 or 2: The prescaler period is equal to RTPRES * SLCK periods.
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28.5.2 Real-time Timer Alarm Register

Name: RTT_AR
Offset: 0x04
Reset: OxFFFFFFFF

Property: Read/Write

The alarm interrupt must be disabled (ALMIEN must be cleared in RTT_MR) when writing a new ALMV

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

Reset 1 1 1 1 1 1 1 1

Bits 31:0 — ALMV[31:0] Alarm Value
When the CRTV value in RTT_VR equals the ALMV field, the ALMS flag is set in RTT_SR. As soon as
the ALMS flag rises, the CRTV value equals ALMV+1 (refer to the figure RTT Counting above).
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28.5.3

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Real-time Timer Value Register

Name: RTT_VR
Offset: 0x08
Reset: 0x00000000

Property: Read-only

31 30 29 28 27 26 25 24
CRTV[31:24]

R R R R

0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
CRTV[23:16]

R R R R R

0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
CRTV[15:8]

R R R R R

0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0

CRTV[7:0]
R R
0 0 0 0 0 0 0 0

Bits 31:0 — CRTV[31:0] Current Real-time Value
Returns the current value of the RTT.

As CRTV can be updated asynchronously, it must be read twice at the same value.
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28.5.4 Real-time Timer Status Register

Name: RTT_SR
Offset: 0x0C
Reset: 0x00000000
Property: Read-only

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

RTTINC ALMS
Access R R
Reset 0 0

Bit 1 — RTTINC Prescaler Roll-over Status (cleared on read)

Value Description

0 No prescaler roll-over occurred since the last read of the RTT_SR.
1 Prescaler roll-over occurred since the last read of the RTT_SR.

Bit 0 — ALMS Real-time Alarm Status (cleared on read)

Value Description

0 The Real-time Alarm has not occurred since the last read of RTT_SR.
1 The Real-time Alarm occurred since the last read of RTT_SR.
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General Purpose Backup Registers (GPBR)

Description

The System Controller embeds 128 bits of General Purpose Backup registers organized as 8 32-bit
registers.

It is possible to generate an immediate clear of the content of General Purpose Backup registers 0 to 3
(first half) if a Low-power Debounce event is detected on one of the wakeup pins, WKUPO or WKUP1.
The content of the other General Purpose Backup registers (second half) remains unchanged.

The Supply Controller module must be programmed accordingly. In the register SUPC_WUMR in the
Supply Controller module, LPDBCCLR, LPDBCENO and/or LPDBCEN1 bit must be configured to 1 and
LPDBC must be other than 0.

If a Tamper event has been detected, it is not possible to write to the General Purpose Backup registers
while the LPDBCSO0 or LPDBCS1 flags are not cleared in the Supply Controller Status Register
(SUPC_SR).

Embedded Characteristics
» 128 bits of General Purpose Backup Registers
* Immediate Clear on Tamper Event
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29.3 Register Summary

=1 N ) R R R R R e
7:0

GPBR_VALUE[7:0]

15:8 GPBR_VALUE[15:8]
0x00 SYS_GPBRx

23:16 GPBR_VALUE[23:16]

31:24 GPBR_VALUE[31:24]
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29.3.1 General Purpose Backup Register x

Name: SYS_ GPBRx
Offset: 0x00
Reset: 0

Property: R/W

These registers are reset at first power-up and on each loss of VDDIO.

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

Bits 31:0 — GPBR_VALUE[31:0] Value of GPBR x

If a Tamper event has been detected, it is not possible to write GPBR_VALUE as long as the LPDBCS0
or LPDBCS1 flag has not been cleared in the Supply Controller Status Register (SUPC_SR).
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Clock Generator

Description

The Clock Generator user interface is embedded within the Power Management Controller and is
described in Power Management Controller (PMC) User Interface. However, the Clock Generator
registers are named CKGR _.

Embedded Characteristics
The Clock Generator is comprised of the following:

.

A low-power 32.768 kHz crystal oscillator with Bypass mode
A low-power Slow RC oscillator (32 kHz typical)
A 3 to 20 MHz Main crystal oscillator with Bypass mode

A Main RC oscillator. Three output frequencies can be selected: 4/8/12 MHz. By default 12 MHz is
selected. 8 MHz and 12 MHz are factory-trimmed.

A 480 MHz UTMI PLL, providing a clock for the USB high-speed controller
A 160 to 500 MHz programmable PLL (input from 8 to 32 MHz)

It provides the following clocks:

SLCK — Slow clock. The only permanent clock within the system

MAINCK — output of the Main clock oscillator selection: either the Main crystal oscillator or Main RC
oscillator

PLLACK — output of the divider and 160 to 500 MHz programmable PLL (PLLA)
UPLLCK — output of the 480 MHz UTMI PLL (UPLL)
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30.3 Block Diagram
Figure 30-1. Clock Generator Block Diagram

Clock Generator
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Controller
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30.4 Slow Clock

The Supply Controller embeds a slow clock generator that is supplied with the VDDIO power supply. As
soon as VDDIO is supplied, both the 32.768 kHz crystal oscillator and the Slow RC oscillator are
powered, but only the Slow RC oscillator is enabled. This allows the Slow clock (SLCK) to be valid in a
short time (about 100 ps).

SLCK is generated either by the 32.768 kHz crystal oscillator or by the Slow RC oscillator.

To select the clock source, the selection is made via the XTALSEL bit in the Supply Controller Control
Register (SUPC_CR).
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Slow RC Oscillator (32 kHz typical)
By default, the Slow RC oscillator is enabled and selected as a source of SLCK.

Compared to the 32.768 kHz crystal oscillator, this oscillator offers a faster startup time and is less
exposed to the external environment, as it is fully integrated. However, its output frequency is subject to
larger variations with supply voltage, temperature and manufacturing process. Therefore, the user must
take these variations into account when this oscillator is used as a time base (startup counter, frequency
monitor, etc.). Refer to the section “Electrical Characteristics”.

This oscillator is disabled by clearing the SUPC_CR.XTALSEL.

Related Links
58. Electrical Characteristics for SAM V70/V71
59. Electrical Characteristics for SAM E70/S70

32.768 kHz Crystal Oscillator

By default, the 32.768 kHz oscillator is disabled. To use this oscillator, the XIN32 and XOUT32 pins must
be connected to a 32.768 kHz crystal or to a ceramic resonator. Refer to the section “Electrical
Characteristics” for appropriate loading capacitors selection on XIN32 and XOUT32.

Note that the user is not obliged to use the 32.768 kHz crystal oscillator and can use the Slow RC
oscillator instead. Using the 32.768 kHz crystal oscillator provides a more accurate frequency than the
Slow RC oscillator.

To select the 32.768 kHz crystal oscillator as the source of SLCK, the bit SUPC_CR.XTALSEL must be
set. This results in a sequence which first configures the PIO lines multiplexed with XIN32 and XOUT32
to be driven by the crystal oscillator, then enables the 32.768 kHz crystal oscillator and then disables the
Slow RC oscillator to save power. The switch of SLCK source is glitch-free.

Reverting to the Slow RC oscillator is only possible by shutting down the VDDIO power supply. If the user
does not need the 32.768 kHz crystal oscillator, the XIN32 and XOUT32 pins can be left unconnected
since by default the XIN32 and XOUT32 system I/O pins are in PIO input mode with pullup after reset.

The user can also set the 32.768 kHz crystal oscillator in Bypass mode instead of connecting a crystal. In
this case, the user must provide the external clock signal on XIN32. For input characteristics of the XIN32
pin, refer to the section “Electrical Characteristics”. To enter Bypass mode, the OSCBYPASS bit of the
Supply Controller Mode register (SUPC_MR) must be set prior to setting SUPC_CR.XTALSEL.

Related Links

58. Electrical Characteristics for SAM V70/V71
59. Electrical Characteristics for SAM E70/S70

Main Clock
The Main clock (MAINCK) has two sources:

* A Main RC oscillator (4/8/12 MHz) with a fast startup time and that is selected by default to start the
system

* A Main crystal oscillator with Bypass mode
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Figure 30-2. Main Clock (MAINCK) Block Diagram
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XOouT
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After reset, the Main RC oscillator is enabled with the 12 MHz frequency selected. This oscillator is
selected as the source of MAINCK. MAINCK is the default clock selected to start the system.

Only the 8/12 MHz RC oscillator frequencies are calibrated in production. Refer to the section “Electrical
Characteristics”.

The software can disable or enable the Main RC oscillator with the MOSCRCEN bit in the Clock
Generator Main Oscillator Register (CKGR_MOR).

The output frequency of the Main RC oscillator can be selected among 4, 8 or 12 MHz. Selection is done
by configuring the field MOSCRCF in CKGR_MOR. When changing the frequency selection, the
MOSCRCS bit in the Power Management Controller Status Register (PMC_SR) is automatically cleared
and MAINCK is stopped until the oscillator is stabilized. Once the oscillator is stabilized, MAINCK restarts
and PMC_SR.MOSCRCS is set. Note that enabling the Main RC oscillator (MOSCRCEN = 1) and
changing its frequency (MOSCRCF) at the same time is not allowed.

This oscillator must be enabled first and its frequency changed in a second step.

When disabling the Main RC oscillator by clearing the CKGR_MOR.MOSCRCEN bit, the
PMC_SR.MOSCRCS bit is automatically cleared, indicating that the oscillator is OFF.

Setting the MOSCRCS bit in the Power Management Controller Interrupt Enable Register (PMC_IER)
triggers an interrupt to the processor.

Related Links

58. Electrical Characteristics for SAM V70/V71
59. Electrical Characteristics for SAM E70/S70

Main RC Oscillator Frequency Adjustment

The 8 MHz and 12 MHz frequencies are factory-centered to the typical values by using Flash calibration
bits (refer to the “Electrical Characteristics” chapter).

The Flash calibration bits setting the Main RC oscillator frequency to 8 MHz and 12 MHz vary from device
to device. To get a starting point when changing the CAL8 or CAL12 fields, it is recommended to first read
their corresponding Flash calibration bits in the Flash Controller.
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The user can adjust the value of the Main RC oscillator frequency by modifying the trimming values done
in production on 8 MHz and 12 MHz. This may be used to compensate frequency drifts due to
temperature or voltage. The values stored in the Flash cannot be erased by a Flash erase command or
by the ERASE signal. Values written by the user application in the Oscillator Calibration Register
(PMC_OCR) are reset after each power-up or peripheral reset.

By default, SEL4/SEL8/SEL12 are cleared, so the Main RC oscillator is driven with the factory-
programmed Flash calibration bits which are programmed during chip production.

In order to calibrate the oscillator lower frequency, SEL4 must be set to ‘1’ and a valid frequency value
must be configured in CAL4. Likewise, SEL8/12 must be set to ‘1’ and a trim value must be configured in
CAL8/12 in order to adjust the other frequencies of the oscillator.

It is possible to adjust the oscillator frequency while operating from this oscillator. For example, when
running on lowest frequency, it is possible to change the CAL4 value if SEL4 is set in PMC_OCR.

At any time, the user can measure the main RC oscillator output frequency by means of the Main
Frequency Counter (refer to "Main Frequency Counter"). Once the frequency measurement is done, the
main RC oscillator calibration fields ( CALx) can be adjusted accordingly to correct this oscillator output
frequency.

Related Links
58. Electrical Characteristics for SAM V70/V71
59. Electrical Characteristics for SAM E70/S70

Main Crystal Oscillator
After reset, the Main crystal oscillator is disabled and is not selected as the source of MAINCK.

As the source of MAINCK, the Main crystal oscillator provides a very precise frequency. The software
enables or disables this oscillator in order to reduce power consumption via CKGR_MOR.MOSCXTEN.

When disabling this oscillator by clearing the CKGR_MOR.MOSCXTEN, PMC_SR.MOSCXTS is
automatically cleared, indicating the oscillator is off.

When enabling this oscillator, the user must initiate the startup time counter. The startup time depends on
the characteristics of the external device connected to this oscillator.

When CKGR_MOR.MOSCXTEN and CKGR_MOR.MOSCXTST are written to enable this oscillator, the
P10 lines multiplexed with XIN and XOUT are driven by the Main crystal oscillator. PMC_SR.MOSCXTS
is cleared and the counter starts counting down on SLCK divided by 8 from the CKGR_MOR.MOSCXTST
value. Since the CKGR_MOR.MOSCXTST value is coded with 8 bits, the startup time can be
programmed up to 65536 SLCKperiods, corresponding to about 62 ms when running at 32.768 kHz.

When the startup time counter reaches ‘0’, PMC_SR.MOSCXTS is set, indicating that the oscillator is
stabilized. Setting the MOSCXTS bit in the Interrupt Mask Register (PMC_IMR) can trigger an interrupt to
the processor.

Main Clock Source Selection
The source of MAINCK can be selected from the following:
* The Main RC oscillator
* The Main crystal oscillator
* An external clock signal provided on the XIN input (Bypass mode of the Main crystal oscillator)

The advantage of the Main RC oscillator is its fast startup time. By default, this oscillator is selected to
start the system and it must be selected prior to entering Wait mode.
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The advantage of the Main crystal oscillator is its high level of accuracy.

The selection of the oscillator is made with bit CKGR_MOR.MOSCSEL. The switchover of the MAINCK
source is glitch-free, so there is no need to run MCK out of SLCK, PLLACK or UPLLCK in order to
change the selection. PMC_SR.MOSCSELS indicates when the switch sequence is done.

Setting PMC_IMR.MOSCSELS triggers an interrupt to the processor.
MAINCK Switching Sequence
When switching the Main Clock MAINCK source from the Main Crystal oscillator to the Main RC oscillator

it is mandatory to follow the below steps:

» Start the Main RC oscillator and keep MAINCK on the Main Crystal Oscillator (this step is optional at
startup as it is the default configuration)

» Switch MAINCK to the Main RC oscillator and keep the Main Crystal Oscillator on
» Switch off the Main Crystal Oscillator is a third separate step

Bypassing the Main Crystal Oscillator

Prior to bypassing the Main crystal oscillator, the external clock frequency provided on the XIN pin must
be stable and within the values specified in the XIN Clock characteristics in the section “Electrical
Characteristics”.

The sequence is as follows:

1. Ensure that an external clock is connected on XIN.

2. Enable the bypass by setting CKGR_MOR.MOSCXTBY.

3. Disable the Main crystal oscillator by clearing CKGR_MOR.MOSCXTEN.

Main Frequency Counter

The Main frequency counter measures the Main RC oscillator and the Main crystal oscillator against the
SLCK and is managed by CKGR_MCFR.

During the measurement period, the Main frequency counter increments at the speed of the clock defined
by the bit CKGR_MCFR.CCSS.

A measurement is started in the following cases:

* When CKGR_MCFR.RCMEAS is written to ‘1"

* When the Main RC oscillator is selected as the source of MAINCK and when this oscillator is stable
(i.e., when the MOSCRCS bit is set)

*  When the Main crystal oscillator is selected as the source of MAINCK and when this oscillator is
stable (i.e., when the MOSCXTS bit is set)

« When MAINCK source selection is modified

The measurement period ends at the 16th falling edge of SLCK, the MAINFRDY bit in CKGR_MCFR is
set and the counter stops counting. Its value can be read in the MAINF field of CKGR_MCFR and gives
the number of clock cycles during 16 periods of SLCK, so that the frequency of the Main RC oscillator or
Main crystal oscillator can be determined.

If switching the source of MAINCK to the Main crystal oscillator from the Main RC oscillator, follow the
programming sequence below to ensure that the oscillator is present and that its frequency is valid:
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4.
5.
6.

Enable the Main crystal oscillator by setting CKGR_MOR.MOSCXTEN. Configure the
CKGR_MOR. MOSCXTST field with the Main crystal oscillator startup time as defined in the

section “Electrical Characteristics”.

Wait for PMC_SR.MOSCXTS flag to rise, indicating the end of a startup period of the Main crystal

oscillator.

Select the Main crystal oscillator as the source clock of the Main frequency counter by setting

CKGR_MCFR.CCSS.

Initiate a frequency measurement by setting CKGR_MCFR.RCMEAS.

Read CKGR_MCFR.MAINFRDY until its value equals 1.

Read CKGR_MCFR.MAINF and compute the value of the Main crystal frequency.

If the MAINF value is valid, software can switch MAINCK to the Main crystal oscillator. Refer to "Main
Clock Source Selection".

Figure 30-3. Main Frequency Counter Block Diagram
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CKGR_MCFR

PLLA Clock

The PLLA clock (PLLACK) is generated from MAINCK by the PLLA and a predivider. This combination
allows a wide range of frequencies to be selected on either MCK, HCLK or the PCKx outputs.

The following figure shows the block diagram of the dividers and PLLA blocks.
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Figure 30-4. Divider and PLLA Block Diagram
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Divider and Phase Lock Loop Programming

The divider can be set between 1 and 255 in steps of 1. When a divider field (DIV) is cleared, the output
of the corresponding divider and the PLL output is a continuous signal at level 0. On reset, each DIV field
is cleared, thus the corresponding PLL input clock is stuck at ‘0.

The PLL (PLLA) allows multiplication of the divider’s outputs. The PLL clock signal has a frequency that
depends on the respective source signal frequency and on the parameters DIV (DIVA) and MUL (MULA).
The factor applied to the source signal frequency is (MUL + 1)/DIV. When MUL is written to ‘0’ or DIV = 0,
the PLL is disabled and its power consumption is saved. Note that there is a delay of two SLCK clock
cycles between the disable command and the real disable of the PLL. Re-enabling the PLL can be
performed by writing a value higher than ‘0’ in the MUL field and DIV higher than ‘0.

Whenever the PLL is re-enabled or one of its parameters is changed, the LOCK (LOCKA) bit in PMC_SR
is automatically cleared. The values written in the PLLCOUNT field (PLLACOUNT) in CKGR_PLLR
(CKGR_PLLAR) are loaded in the PLL counter. The PLL counter then decrements at the speed of SLCK
until it reaches ‘0’. At this time, PMC_SR.LOCK is set and can trigger an interrupt to the processor. The
user has to load the number of SLCK cycles required to cover the PLL transient time into the PLLCOUNT
field.

To avoid programming the PLL with a multiplication factor that is too high, the user can saturate the
multiplication factor value sent to the PLL by setting the PLLA_ MMAX field in the PLL Maximum Multiplier
Value Register (PMC_PMMR).

It is forbidden to change the MAINCK characteristics (oscillator selection, frequency adjustment of the
Main RC oscillator) when:

« MAINCK is selected as the PLLA clock source, and
« MCK is sourced from PLLA.

To change the MAINCK characteristics, the user must:

1. Switch the MCK source to MAINCK by writing a ‘1’ to PMC_MCKR.CSS.

2. Change the Main RC oscillator frequency (MOSCRCF) or oscillator selection (MOSCSEL) in
CKGR_MOR.

3.  Wait for MOSCRCS (if frequency changes) or MOSCSELS (if oscillator selection changes) in
PMC_SR.

4. Disable and then enable the PLL.

5.  Wait for the LOCK flag in PMC_SR.

6. Switch back MCK to the PLLA by writing the appropriate value to PMC_MCKR.CSS.
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UTMI PLL Clock

The source of the UTMI PLL (UPLL) is the Main Crystal oscillator. The UPLL provides the UTMI PLL
Clock (UPLLCK) and UPLLCKDIV clock signals.

The UPLL has two possible multiplying factors: x40 and x30. To generate UPLLCK at 480 MHz (typical
USB case), this leads to two possible crystal oscillator frequencies: 12 or 16 MHz. The crystal oscillator
frequency (12 or 16 MHz) must be programmed in UTMI_CKTRIM.FREQ prior to enabling the UPLL.

When the UPLL is enabled by writing a ‘1’ to bit UPLLEN in the UTMI Clock Register (CKGR_UCKR), the
LOCKU bit in PMC_SR is automatically cleared. The values written in the PLLCOUNT field in
CKGR_UCKR are loaded in the UTMI PLL counter. The UTMI PLL counter then decrements at the speed
of SLCK divided by 8 until it reaches ‘0’. At this time, the LOCKU bit is set in PMC_SR and can trigger an
interrupt to the processor. The user has to load the number of SLCK cycles required to cover the UTMI
PLL transient time into the PLLCOUNT field.

Figure 30-5. UTMI PLL Block Diagram
CKGR_UCKR

UPLLEN
I

Main Crystal —— > UTMIPLL |———— UPLLCK
Oscillator Output

CKGR_UCKR

UPLLCOUNT
PMC_SR

SLCK ———— > UTMIPLL 1 LOCKU
Counter
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Power Management Controller (PMC)

Description

The Power Management Controller (PMC) optimizes power consumption by controlling all system and
user peripheral clocks. The PMC enables/disables the clock inputs to many of the peripherals and the
Cortex-M7 processor.

The Supply Controller selects either the Slow RC oscillator or the 32.768 kHz crystal oscillator as the
source of SLCK. The unused oscillator is disabled automatically so that power consumption is optimized.

By default, at startup, the chip runs out of MCK using the Main RC oscillator running at 12 MHz.

Embedded Characteristics
The Power Management Controller provides the following clocks:

Master Clock (MCK), programmable from a few hundred Hz to the maximum operating frequency of
the device. It is available to the modules running permanently, such as the Enhanced Embedded
Flash Controller

Processor Clock (HCLK), automatically switched off when entering the processor in Sleep mode
Free-running processor Clock (FCLK)

The Cortex-M7 SysTick external clock

USB Clock (USB_48M), required by the USB peripheral

Peripheral Clocks with independent ON/OFF control, provided to the peripherals

Programmable Clock Outputs (PCKXx), selected from the clock generator outputs to drive the device
PCK pins

Clock sources independent of MCK and HCLK, provided by internal PCKx for USART, UART, TC,
Embedded Trace Macrocell (ETM) and CAN Clocks

Generic Clock (GCLK) with controllable division and ON/OFF control, independent of MCK and
HCLK. Provided to selected peripherals.

The Power Management Controller also provides the following features on clocks:

.

.

A Main crystal oscillator failure detector

A 32.768 kHz crystal oscillator frequency monitor

A frequency counter on Main crystal oscillator or Main RC oscillator
An on-the-fly adjustable Main RC oscillator frequency
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Block Diagram
Figure 31-1. General Clock Distribution Block Diagram
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Master Clock Controller
The Master Clock Controller provides the Master Clock (MCK) with the selection and division of the clock
generator's output signals. MCK is the source clock of the peripheral clocks.

The clock to be selected between SLCK, MAINCK, PLLACK and UPLLCKDIV is configured in
PMC_MCKR.CSS. The prescaler supports the 1, 2, 3, 4, 8, 16, 32, 64 division factors and is configured
using PMC_MCKR.PRES.

Each time PMC_MCKR is configured to define a new MCK, the MCKRDY bit is cleared in PMC_SR. It
reads ‘0’ until MCK is established. Then, the MCKRDY bit is set and can trigger an interrupt to the
processor. This feature is useful when switching from a high-speed clock to a lower one to inform the
software when the change is completed.

Note: Users cannot modify MDIV and CSS at the same access. Each field must be modified separately
with a wait for the MCKRDY flag between the first field modification and the second field modification.

Processor Clock Controller

The PMC features a Processor Clock (HCLK) Controller that implements the processor Sleep mode.
HCLK can be disabled by executing the WFI (WaitForinterrupt) or the WFE (WaitForEvent) processor
instruction while the LPM bit is at ‘0’ in the PMC Fast Startup Mode register (PMC_FSMR).

HCLK is enabled after a reset and is automatically re-enabled by any enabled interrupt. The processor
Sleep mode is entered by disabling HCLK, which is automatically re-enabled by any enabled fast or
normal interrupt, or by the reset of the product.

When processor Sleep mode is entered, the current instruction is finished before the clock is stopped, but
this does not prevent data transfers from other masters of the system bus.
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SysTick External Clock

When the processor selects the SysTick external clock, the calibration value is fixed to 150000. This
allows the generation of a time base of 1 ms with the SysTick clock at the maximum frequency on HCLK
divided by 2.

Refer to the section “ARM Cortex-M7 Processor” for details on selecting the SysTick external clock.

Related Links
15. ARM Cortex-M7 (ARM)

USB Full-speed Clock Controller

The user can select the PLLA or the UPLL output as the USB FS clock (USB_48M) by writing a ‘1’ to the
USBS bit in the USB Clock Register (PMC_USB). The user then must program the corresponding PLL to
generate an appropriate frequency depending on the USBDIV bit in PMC_USB.

When PMC_SR.LOCKA and PMC_SR.LOCKU are set to ‘1°, the PLLA and UPLL are stable. Then,
USB_48M can be enabled by setting the USBCLK bit in the System Clock Enable register (PMC_SCER).
To save power on this peripheral when not used, the user can set the USBCLK bit in the System Clock
Disable register (PMC_SCDR). The USBCLK bit in the System Clock Status register (PMC_SCSR) gives
the status of this clock. The USB port requires both the USB clock signal and the peripheral clock. The
USB peripheral clock is controlled by means of the Master Clock Controller.

Core and Bus Independent Clocks for Peripherals

The following table lists the peripherals that require a PCKXx clock to operate while the core, bus and
peripheral clock frequencies are modified, thus providing communications at a bit rate which is
independent for the core/bus/peripheral clock. This mode of operation is possible by using the internally
generated independent clock sources.

Internal clocks can be independently selected between SLCK, MAINCK, any available PLL clock, and
MCK by configuring PMC_PCKx.CSS. The independent clock sources can be also divided by configuring
PMC_PCKx.PRES.

Each internal clock signal (PCKx) can be enabled and disabled by writing a ‘1’ to the corresponding
PMC_SCER.PCKx and PMC_SCDR.PCKXx, respectively. The status of the internal clocks are given in
PMC_SCSR.PCKXx.

The status flag PMC_SR.PCKRDYx indicates that the programmable internal clock has been
programmed in the Programmable clock registers.

The independent clock source must also be selected in each peripheral in the Clock Assignments table to
operate communications, timings, etc without influencing the frequency of the core/bus/peripherals
(except frequency limitations listed in each peripheral).

Table 31-1. Clock Assignments
PCK3 ETM
PCK4 UARTX/USARTXx
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........... continued

PCK5 MCANX
PCK6 TCx
PCK7 TCO

Note: USB, GMAC and MLB do not require PCKx to operate independently of core and bus peripherals.

Peripheral and Generic Clock Controller

The PMC controls the clocks of the embedded peripherals by means of the Peripheral Control register
(PMC_PCR). With this register, the user can enable and disable the different clocks used by the
peripherals:

» Peripheral clocks (periph_clk[PID]), routed to every peripheral and derived from the master clock
(MCK), and

» Generic clocks (GCLK[PID]), routed to 12SC0 and 12SC1. These clocks are independent of the core
and bus clocks (HCLK, MCK and periph_clk[PID]). They are generated by selection and division of
the following sources: SLCK, MAINCK, UPLLCKDIV, PLLACK and MCK. Refer to the description of
each peripheral for the limitation to be applied to GCLK[PID] compared to periph_clk[PID].

To configure a peripheral’s clocks, PMC_PCR.CMD must be written to ‘1’ and PMC_PCR.PID must be
written with the index of the corresponding peripheral. All other configuration fields must be correctly set.

To read the current clock configuration of a peripheral, PMC_PCR.CMD must be written to ‘0’ and
PMC_PCR.PID must be written with the index of the corresponding peripheral regardless of the values of
other fields. This write does not modify the configuration of the peripheral. The PMC_PCR can then be
read to know the configuration status of the corresponding PID.

The user can also enable and disable these clocks by configuring the Peripheral Clock Enable
(PMC_PCERXx) and Peripheral Clock Disable (PMC_PCDRX) registers. The status of the peripheral clock
activity can be read in the Peripheral Clock Status registers (PMC_PCSRXx).

When a peripheral or a generic clock is disabled, it is immediately stopped. These clocks are disabled
after a reset.

To stop a peripheral clock, it is recommended that the system software wait until the peripheral has
executed its last programmed operation before disabling the clock. This is to avoid data corruption or
erroneous behavior of the system.

The bit number in PMC_PCERx, PMC_PCDRXx, and PMC_PCSRXx is the Peripheral Identifier defined at
the product level. The bit number corresponds to the interrupt source number assigned to the peripheral.

Asynchronous Partial Wakeup

Description

The asynchronous partial wakeup wakes up a peripheral in a fully asynchronous way when activity is
detected on the communication line. The asynchronous partial wakeup function automatically manages
the peripheral clock. It reduces overall power consumption of the system by clocking peripherals only
when needed.
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Asynchronous partial wakeup can be enabled in Wait mode (SleepWalking), or in Active mode.
Only the following peripherals can be configured with asynchronous partial wakeup: UARTx and TWIHSKX.

The peripheral selected for asynchronous partial wakeup must first be configured so that its clock is
enabled. To do so, write a ‘1’ to the appropriate PIDx bit in PMC_PCER registers.

Asynchronous Partial Wakeup in Wait Mode (SleepWalking)

When the system is in Wait mode, all clocks of the system except SLCK are stopped. When an
asynchronous clock request from a peripheral occurs, the PMC partially wakes up the system to feed the
clock only to this peripheral. The rest of the system is not fed with the clock, thus optimizing power
consumption. Finally, depending on user-configurable conditions, the peripheral either wakes up the
whole system if these conditions are met or stops the peripheral clock until the next clock request. If a
wakeup request occurs, SleepWalking is automatically disabled until the user instructs the PMC to enable
SleepWalking. This is done by writing a ‘1’ to PIDx in the PMC SleepWalking Enable register
(PMC_SLPWK_ER).

Figure 31-2. SleepWalking Waveforms
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31.10.2.1 Configuration Procedure

Before configuring SleepWalking for a peripheral, check that the PIDx bit in PMC_PCSR is set. This
ensures that the peripheral clock is enabled.

The steps to enable SleepWalking for a peripheral are the following:

1. Check that the corresponding PIDx bit in the PMC SleepWalking Activity Status register
(PMC_SLPWK_ASR) is set to ‘0’. This ensures that the peripheral has no activity in progress.

2. Enable SleepWalking for the peripheral by writing a ‘1’ to the corresponding PIDx bit in the
PMC_SLPWK_ER.

3. Check that the corresponding PIDx bit in PMC_SLPWK_ASR is set to ‘0’. This ensures that no
activity has started during the enable phase.

4. Inthe PMC_SLPWK_ASR, if the corresponding PIDx bit is set, SleepWalking must be immediately
disabled by writing a ‘1’ to the PIDx bit in the PMC SleepWalking Disable register
(PMC_SLPWK_DR). Wait for the end of peripheral activity before reinitializing the procedure.

If the corresponding PIDx bit is set to ‘0’, then the peripheral clock is disabled and the system can
then be placed in Wait mode.

Before entering Wait mode, check that the AIP bit in the PMC SleepWalking Activity In Progress Register
(PMC_SLPWK_AIPR) is cleared. This ensures that none of the peripherals is currently active.

Note: When SleepWalking for a peripheral is enabled and the core is running (system not in Wait mode),
the peripheral must not be accessed before a wakeup of the peripheral is performed.
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Asynchronous Partial Wakeup in Active Mode

When the system is in Active mode, peripherals enabled for asynchronous partial wakeup have their
respective clocks stopped until the peripherals request a clock. When a peripheral requests the clock, the
PMC provides the clock without processor intervention.

The triggering of the peripheral clock request depends on conditions which can be configured for each
peripheral. If these conditions are met, the peripheral asserts a request to the PMC. The PMC disables
the Asynchronous Partial Wakeup mode of the peripheral and provides the clock to the peripheral until
the user instructs the PMC to re-enable partial wakeup on the peripheral. This is done by setting
PMC_SLPWK_ER.PIDx.

If the conditions are not met, the peripheral clears the clock request and the PMC stops the peripheral
clock until the clock request is reasserted by the peripheral.

Note: Configuring Asynchronous Partial Wake-up mode requires the same registers as Sleep-Walking
mode.

Figure 31-3. Asynchronous Partial Wake-up in Active Mode
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Configuration Procedure

Before configuring the asynchronous partial wakeup function of a peripheral, check that the PIDx bit in
PMC_PCSR is set. This ensures that the peripheral clock is enabled.

The steps to enable the asynchronous partial wakeup function of a peripheral are the following:
1. Check that the corresponding PIDx bit in the PMC SleepWalking Activity Status register

(PMC_SLPWK_ASR) is set to ‘0’. This ensures that the peripheral has no activity in progress.

2. Enable the asynchronous partial wakeup function of the peripheral by writing a ‘1’ to the
corresponding PIDx bit in the PMC_SLPWK_ER.

3. Check that the corresponding PIDx bit in PMC_SLPWK_ASR is set to ‘0’. This ensures that no
activity has started during the enable phase.

If an activity has started during the enable phase, the asynchronous partial wakeup function must be
immediately disabled by writing a ‘1’ to the PIDx bit in the PMC SleepWalking Disable register
(PMC_SLPWK_DR). Wait for the end of peripheral activity before reinitializing the procedure.

Free-running Processor Clock

The free-running Processor clock (FCLK) used for sampling interrupts and clocking debug blocks ensures
that interrupts can be sampled, and sleep events can be traced, while the processor is sleeping.
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Programmable Clock Output Controller

The PMC controls three signals to be output on the external pins PCKx. Each signal can be
independently programmed via the Programmable Clock registers (PMC_PCKX).

PCKXx can be independently selected between SLCK, MAINCK, PLLACK, UPLLCKDIV and MCK by
configuring PMC_PCKx.CSS. Each output signal can also be divided by 1 to 256 by configuring
PMC_PCKx.PRES.

Each output signal can be enabled and disabled by writing a ‘1’ to the corresponding bits
PMC_SCER.PCKx and PMC_SCDR.PCKXx, respectively. The status of the active programmable output
clocks is given in PMC_SCSR.PCKXx.

The status flag PMC_SR.PCKRDYXx indicates that PCKXx is actually what has been programmed in
registers PMC_PCKXx.

As the Programmable Clock Controller does not manage with glitch prevention when switching clocks, it
is strongly recommended to disable PCKx before any configuration change and to re-enable it after the
change is performed.

Fast Startup

At exit from Wait mode, the device allows the processor to restart in several microseconds only if the C-
code function that manages the Wait mode entry and exit is linked to and executed from on-chip SRAM.

The fast startup time cannot be achieved if the first instruction after an exit is located in the embedded
Flash.

If fast startup is not required, or if the first instruction after exit from Wait mode is located in embedded
Flash, see "Startup from Embedded Flash".

To instruct the device to enter Wait mode, refer to section “Power Considerations”.

A fast startup occurs upon the detection of a programmed level on one of the 14 wakeup inputs (WKUP)
or upon an active alarm from the RTC, RTT and USB Controller. The polarity of each of the 14 wakeup
inputs is programmable in the PMC Fast Startup Polarity Register (PMC_FSPR).

AWARNING The duration of the WKUPX pins active level must be greater than four MAINCK cycles.

The fast startup circuitry, as shown in the following figure, is fully asynchronous and provides a fast
startup signal to the PMC. As soon as the fast startup signal is asserted, the Main RC oscillator restarts
automatically.

When entering Wait mode, the embedded Flash can be placed in one of the low-power modes (Deep-
powerdown or Standby mode) with PMC_FSMR.FLPM. FLPM can be configured at any time and its value
will be applied to the next Wait mode period.

The power consumption reduction is optimal when PMC_FSMR.FLPM is configured to ‘1’ (Deep-
powerdown mode). If the field is configured to ‘0’ (Standby mode), the power consumption is slightly
higher than in Deep-powerdown mode.

When PMC_FSMR.FLPM is configured to 2’, the Wait mode Flash power consumption is equivalent to
that of the Active mode when there is no read access on the Flash.
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Figure 31-4. Fast Startup Circuitry
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Each wakeup input pin and alarm can be enabled to generate a fast startup event by setting the
corresponding bit in PMC_FSMR.

Eilx

The user interface does not provide any status for fast startup. The status can be read in the PIO
Controller and the status registers of the RTC, RTTand USB Controller.

Related Links
7. Power Considerations

Startup from Embedded Flash
The inherent startup time of the embedded Flash cannot provide a fast startup of the system.
If system fast startup time is not required, the first instruction after a Wait mode exit can be located in the

embedded Flash. Under these conditions, prior to entering Wait mode, the Flash controller must be
programmed to perform access in 0 wait-state (refer to the embedded Flash controller section).

The procedure and conditions to enter Wait mode and the circuitry to exit Wait mode are strictly the same
as fast startup (see "Fast Startup").

Related Links
22. Enhanced Embedded Flash Controller (EEFC)
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31.15 Main Crystal Oscillator Failure Detection

The Main crystal oscillator failure detector monitors the Main crystal oscillator against the Slow RC
oscillator and provides an automatic switchover of the MAINCK source to the Main RC oscillator in case
of failure detection.

The failure detector can be enabled or disabled by configuring the CKGR_MOR.CFDEN, and it can also
be disabled in either of the following cases:

» After a VDDCORE reset
*  When the Main crystal oscillator is disabled (MOSCXTEN = 0)

A failure is detected by means of a counter incrementing on the Main crystal oscillator output and
detection logic is triggered by the Slow RC oscillator which is automatically enabled when CFDEN = 1.

The counter is cleared when the Slow RC oscillator clock signal is low and enabled when the signal is
high. Thus, the failure detection time is one Slow RC oscillator period. If, during the high level period of
the Slow RC oscillator clock signal, less than eight Main crystal oscillator clock periods have been
counted, then a failure is reported. Note that when enabling the failure detector, up to two cycles of the
Slow RC oscillator are needed to detect a failure of the Main crystal oscillator.

If a failure of Main crystal oscillator is detected, PMC_SR.CFDEV and PMC_SR.FOS both indicate a
failure event. PMC_SR.CFDEV is cleared on read of PMC_SR, and PMC_SR.FOS is cleared by writing a
‘1’ to the FOCLR bit in the PMC Fault Output Clear Register (PMC_FOCR).

Only PMC_SR.CFDEV can generate an interrupt if the corresponding interrupt source is enabled in
PMC_IER. The current status of the clock failure detection can be read at any time from PMC_SR.CFDS.

Figure 31-5. Clock Failure Detection Example
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Note: Ratio of clock periods is for illustration purposes only.

If the Main crystal oscillator is selected as the source clock of MAINCK (CKGR_MOR.MOSCSEL = 1),
and if the MCK source is PLLACK or UPLLCKDIV (CSS = 2 or 3), a clock failure detection automatically
forces MAINCK to be the source clock for MCK. Then, regardless of the PMC configuration, a clock
failure detection automatically forces the Main RC oscillator to be the source clock for MAINCK. If the
Main RC oscillator is disabled when a clock failure detection occurs, it is automatically re-enabled by the
clock failure detection mechanism.

Two Slow RC oscillator clock cycles are necessary to detect and switch from the Main crystal oscillator to
the Main RC oscillator if the source of MCK is MAINCK, or three Slow RC oscillator clock cycles if the
source of MCK is PLLACK or UPLLCKDIV.

A clock failure detection activates a fault output that is connected to the Pulse Width Modulator (PWM)
Controller. With this connection, the PWM controller is able to force its outputs and to protect the driven
device, if a clock failure is detected.
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32.768 kHz Crystal Oscillator Frequency Monitor

The frequency of the 32.768 kHz crystal oscillator can be monitored by means of logic driven by the Main
RC oscillator known as a reliable clock source. This function is enabled by configuring the XT32KFME bit
of CKGR_MOR. Prior to enabling this frequency monitor, the 32.768 kHz crystal oscillator must be started
and its startup time be elapsed. Refer to details on the Slow clock generator in the section “Supply
Controller (SUPC)".

An error flag (XT32KERR in PMC_SR) is asserted when the 32.768 kHz crystal oscillator frequency is out
of the £10% nominal frequency value (i.e., 32.768 kHz). The error flag can be cleared only if the
frequency monitor is disabled.

When the Main RC oscillator frequency is set to 4 MHz, the accuracy of the measurement is +40% as this
frequency is not trimmed during production. Therefore, £10% accuracy is obtained only if the Main RC
oscillator frequency is configured for 8 or 12 MHz.

The monitored clock frequency is declared invalid if at least 4 consecutive clock period measurement
results are over the nominal period £10%. Note that modifying the trimming values of the Main RC
oscillator (PMC_OCR) may impact the monitor accuracy and lead to inappropriate failure detection.

Due to the possible frequency variation of the Main RC oscillator acting as reference clock for the monitor
logic, any 32.768 kHz crystal frequency deviation over +10% of the nominal frequency is systematically
reported as an error by means of PMC_SR.XT32KERR. Between -1% and -10% and +1% and +10%, the
error is not systematically reported.

Thus only a crystal running at 32.768 kHz frequency ensures that the error flag will not be asserted. The
permitted drift of the crystal is 10000 ppm (1%), which allows any standard crystal to be used.

If the Main RC oscillator frequency range needs to be changed while the frequency monitor is operating,
the monitoring must be stopped prior to change the Main RC oscillator frequency. Then it can be re-
enabled as soon as PMC_SR.MOSCRCS is set.

The error flag can be defined as an interrupt source of the PMC by setting PMC_IER.XT32KERR. This
flag is also routed to the RSTC and may generate a reset of the device.

Related Links
23. Supply Controller (SUPC)

Recommended Programming Sequence

Follow the steps below to program the PMC:

1.  If the Main crystal oscillator is not required, the PLL and divider can be directly configured (Step 6.)
else this oscillator must be started (Step 2.).

2. Enable the Main crystal oscillator by setting CKGR_MOR.MOSCXTEN. The user can define a
startup time. This can be done by configuring the appropriate value in CKGR_MOR.MOSCXTST.
Once this register has been correctly configured, the user must wait for PMC_SR.MOSCXTS to be
set. This can be done either by polling PMC_SR.MOSCXTS, or by waiting for the interrupt line to
be raised if the associated interrupt source (MOSCXTS) has been enabled in PMC_IER.

3. Switch MAINCK to the Main crystal oscillator by setting CKGR_MOR.MOSCSEL.

4. Wait for PMC_SR.MOSCSELS to be set to ensure the switch is complete.

5. Check MAINCK frequency:

This frequency can be measured via CKGR_MCFR.
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Read CKGR_MCFR until the MAINFRDY field is set, after which the user can read
CKGR_MCFR.MAINF by performing an additional read. This provides the number of Main clock
cycles that have been counted during a period of 16 SLCK cycles.

If MAINF = 0, switch MAINCK to the Main RC Oscillator by clearing CKGR_MOR.MOSCSEL. If
MAINF # 0, proceed to Step 6.

6. Set PLLA and Divider (if not required, proceed to Step 7.):
All parameters needed to configure PLLA and the divider are located in CKGR_PLLAR.

CKGR_PLLAR.DIVA is used to control the divider. This parameter can be programmed between 0
and 127. Divider output is divider input divided by DIVA parameter. By default, DIVA field is cleared
which means that the divider and PLLA are turned off.

CKGR_PLLAR.MULA is the PLLA multiplier factor. This parameter can be programmed between 0
and 62. If MULA is cleared, PLLA will be turned off, otherwise the PLLA output frequency is PLLA
input frequency multiplied by (MULA + 1).

CKGR_PLLAR.PLLACOUNT specifies the number of SLCK cycles before PMC_SR.LOCKA is set
after CKGR_PLLAR has been written.

Once CKGR_PLLAR has been written, the user must wait for PMC_SR.LOCKA to be set. This can
be done either by polling PMC_SR.LOCKA or by waiting for the interrupt line to be raised if the
associated interrupt source (LOCKA) has been enabled in PMC_IER. All fields in CKGR_PLLAR
can be programmed in a single write operation. If MULA or DIVA is modified, the LOCKA bit goes
low to indicate that PLLA is not yet ready. When PLLA is locked, LOCKA is set again. The user
must wait for the LOCKA bit to be set before using the PLLA output clock.

7. Select MCK and HCLK:
MCK and HCLK are configurable via PMC_MCKR.

CSS is used to select the clock source of MCK and HCLK. By default, the selected clock source is
MAINCK.

PRES is used to define the HCLK and MCK prescaler.s The user can choose between different
values (1, 2, 3, 4, 8, 16, 32, 64). Prescaler output is the selected clock source frequency divided by
the PRES value.

MDIV is used to define the MCK divider. It is possible to choose between different values (0, 1, 2,
3). MCK output is the HCLK frequency divided by 1, 2, 3 or 4, depending on the value programmed
in MDIV.

By default, MDIV is cleared, which indicates that the HCLK is equal to MCK.

Once the PMC_MCKR has been written, the user must wait for PMC_SR.MCKRDY to be set. This
can be done either by polling PMC_SR.MCKRDY or by waiting for the interrupt line to be raised if
the associated interrupt source (MCKRDY) has been enabled in PMC_|IER. PMC_MCKR must not
be programmed in a single write operation. The programming sequence for PMC_MCKR is as
follows:

If a new value for PMC_MCKR.CSS corresponds to any of the available PLL clocks:
a. Program PMC_MCKR.PRES.

b. Wait for PMC_SR.MCKRDY to be set.

c. Program PMC_MCKR.MDIV.

d. Wait for PMC_SR.MCKRDY to be set.
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e. Program PMC_MCKR.CSS.

f. Wait for PMC_SR.MCKRDY to be set.

If a new value for PMC_MCKR.CSS corresponds to MAINCK or SLCK:
a. Program PMC_MCKR.CSS.

b. Wait for PMC_SR.MCKRDY to be set.

c. Program PMC_MCKR.PRES.

d. Wait for PMC_SR.MCKRDY to be set.

If CSS, MDIV or PRES are modified at any stage, the MCKRDY bit goes low to indicate that MCK
and HCLK are not yet ready. The user must wait for MCKRDY bit to be set again before using MCK
and HCLK.

Note: If PLLA clock was selected as MCK and the user decides to modify it by writing a new value
into CKGR_PLLAR, the MCKRDY flag will go low while PLLA is unlocked. Once PLLA is locked
again, LOCKA goes high and MCKRDY is set.

While PLLA is unlocked, MCK selection is automatically changed to SLCK for PLLA. For further
information, see "Clock Switching Waveforms".

MCK is MAINCK divided by 2.

8. Select the Programmable clocks (PCKXx):
PCKXx are controlled via registers PMC_SCER, PMC_SCDR and PMC_SCSR.

PCKx can be enabled and/or disabled via PMC_SCER and PMC_SCDR. Three PCKx can be used.
PMC_SCSR indicates which PCKXx is enabled. By default all PCKx are disabled.

PMC_PCKXx registers are used to configure PCKXx.
PMC_PCKXx.CSS is used to select the PCKXx divider source. Several clock options are available:

— MAINCK
- SLCK
- MCK
— PLLACK

— UPLLCKDIV
SLCK is the default clock source.

PMC_PCKXx.PRES is used to control the PCKXx prescaler. It is possible to choose between
different values (1 to 256). PCKx output is prescaler input divided by PRES. By default, the
PRES value is cleared which means that PCKx is equal to Slow clock.

Once PMC_PCKXx has been configured, the corresponding PCKx must be enabled and the
user must wait for PMC_SR.PCKRDYx to be set. This can be done either by polling
PMC_SR.PCKRDYx or by waiting for the interrupt line to be raised if the associated interrupt
source (PCKRDYXx) has been enabled in PMC_IER. All parameters in PMC_PCKXx can be
programmed in a single write operation.

If the PMC_PCKx.CSS and PMC_PCKXx.PRES parameters are to be modified, the
corresponding PCKx must be disabled first. The parameters can then be modified. Once this
has been done, the user must re-enable PCKx and wait for the PCKRDYXx bit to be set.

9. Enable the peripheral clocks
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Once all of the previous steps have been completed, the peripheral clocks can be enabled and/or
disabled via registers PMC_PCERx and PMC_PCDRXx.

31.18 Clock Switching Details

31.18.1 Master Clock Switching Timings

The following two tables, Clock Switching Timings (Worst Case) and Clock Switching Timings Between
Two PLLs (Worst Case) give the worst case timings required for MCK to switch from one selected clock
to another one. This is in the event that the prescaler is deactivated. When the prescaler is activated, an
additional time of 64 clock cycles of the newly selected clock has to be added.

Table 31-2. Clock Switching Timings (Worst Case)

m MAINCK SLCK PLL Clock
To

MAINCK - 4 x SLCK + 3 x PLL Clock +
2.5 x MAINCK 4 x SLCK +
1 x MAINCK

SLCK 0.5 x MAINCK + - 3 x PLL Clock +

4.5 x SLCK 5 x SLCK
PLL Clock 0.5 x MAINCK + 2.5 x PLL Clock + See the following table.

4 x SLCK + 5x SLCK +

PLLCOUNT x SLCK + PLLCOUNT x SLCK

2.5 x PLL Clock

Note:
1. PLL designates any available PLL of the Clock Generator.
2. PLLCOUNT designates either PLLACOUNT or UPLLCOUNT.

Table 31-3. Clock Switching Timings Between Two PLLs (Worst Case)

To

PLLACK - 3 x PLLACK +
4 x SLCK +
1.5 x PLLACK
UPLLCKDIV 3 x UPLLCKDIV + -
4 x SLCK +

1.5 x UPLLCKDIV
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31.18.2 Clock Switching Waveforms
Figure 31-6. Switch Master Clock (MCK) from Slow Clock to PLLx Clock

Slow Clock

PLLx Clock

LOCK

MCKRDY

MCK
Write PMC_MCKR

Figure 31-7. Switch Master Clock (MCK) from Main Clock (MAINCK) to Slow Clock

Slow Clock | | | | | | | | | | |—

MCKRDY '| |

o

Write PMC_MCKR |
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Figure 31-8. Change PLLA Programming

Slow Clock
PLLA Clock l
LOCKA _| |
MCKRDY

MCK

Slow Clock
Write CKGR_PLLAR

Figure 31-9. Programmable Clock Output Programming

Any PLL Clock

PCKRDY

PCKx Output

Write PMC_PCKx PLL Clock is selected

Write PMC_SCER

—I PCKXx is enabled

Write PMC_SCDR PCKXx is disabled ﬂ

31.19 Register Write Protection
To prevent any single software error from corrupting PMC behavior, certain registers in the address space
can be write-protected by setting the WPEN bit in the PMC Write Protection Mode Register
(PMC_WPMR).

If a write access to a write-protected register is detected, the WPVS flag in the PMC Write Protection
Status Register (PMC_WPSR) is set and the field WPVSRC indicates the register in which the write
access has been attempted.
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The WPVS bit is automatically cleared after reading the PMC_WPSR.
The following registers are write-protected when the WPEN bit is set in PMC_WPMR:

* PMC System Clock Disable Register

* PMC Peripheral Clock Enable Register 0

* PMC Peripheral Clock Disable Register 0

* PMC Clock Generator Main Oscillator Register
* PMC Clock Generator Main Clock Frequency Register
* PMC Clock Generator PLLA Register

* PMC UTMI Clock Configuration Register

* PMC Master Clock Register

* PMC USB Clock Register

* PMC Programmable Clock Register

* PMC Fast Startup Mode Register

* PMC Fast Startup Polarity Register

* PMC Peripheral Clock Enable Register 1

* PMC Peripheral Clock Disable Register 1

* PMC Oscillator Calibration Register

* PMC SleepWalking Enable Register 0

* PMC SleepWalking Disable Register 0

*  PLL Maximum Multiplier Value Register

* PMC SleepWalking Enable Register 1

* PMC SleepWalking Disable Register 1

31.20 Register Summary

I T N S T

0x0000 System Clock Enable Register |PMC_SCER Write-only

0x0004 System Clock Disable Register PMC_SCDR Write-only -

0x0008 System Clock Status Register PMC_SCSR Read-only | 0x0000_0001

0x000C Reserved - - -

0x0010 Peripheral Clock Enable PMC_PCERO Write-only -
Register 0

0x0014 Peripheral Clock Disable PMC_PCDRO Write-only —
Register 0

0x0018 Peripheral Clock Status Register PMC_PCSRO0 Read-only | 0x0000_0000
0

0x001C UTMI Clock Register CKGR_UCKR Read/Write 0x1020_0800

0x0020 Main Oscillator Register CKGR_MOR Read/Write ' 0x0000_0008

0x0024 Main Clock Frequency Register CKGR_MCFR Read/Write  0x0000_0000
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Register 0

........... continued
ot Rewser | Namo | Acoms el
0x0028 PLLA Register CKGR_PLLAR Read/Write | 0x0000_3F00
0x002C Reserved - - -
0x0030 Master Clock Register PMC_MCKR Read/Write | 0x0000_0001
0x0034 Reserved - - -
0x0038 USB Clock Register PMC_USB Read/Write | 0x0000_0000
0x003C Reserved - - -
0x0040+chid*0x04 Programmable Clock Register PMC_PCK Read/Write  0x0000_0000
0x005C Reserved - - -
0x0060 Interrupt Enable Register PMC_IER Write-only -
0x0064 Interrupt Disable Register PMC_IDR Write-only -
0x0068 Status Register PMC_SR Read-only | 0x0003_0008
0x006C Interrupt Mask Register PMC_IMR Read-only 0x0000_0000
0x0070 Fast Startup Mode Register PMC_FSMR Read/Write ' 0x0000_0000
0x0074 Fast Startup Polarity Register PMC_FSPR Read/Write  0x0000_0000
0x0078 Fault Output Clear Register PMC_FOCR Write-only -
0x007C—0x00EO0 Reserved - - -
0x00E4 Write Protection Mode Register | PMC_WPMR Read/Write 0x0
0x00ES8 Write Protection Status Register PMC_WPSR Read-only 0x0
0x00EC-0x00FC Reserved - - -
0x0100 Peripheral Clock Enable PMC_PCER1 Write-only -
Register 1
0x0104 Peripheral Clock Disable PMC_PCDR1 Write-only -
Register 1
0x0108 Peripheral Clock Status Register PMC_PCSR1 Read-only A 0x0000_0000
1
0x010C Peripheral Control Register PMC_PCR Read/Write  0x0000_0000
0x0110 Oscillator Calibration Register PMC_OCR Read/Write (See Note 2)
0x0114 SleepWalking Enable Register 0 | PMC_SLPWK_ERO | Write-only -
0x0118 SleepWalking Disable Register 0 PMC_SLPWK_DRO = Write-only -
0x011C SleepWalking Status Register 0 |PMC_SLPWK_SRO @ Read-only | 0x00000000
0x0120 SleepWalking Activity Status PMC_SLPWK_ASRO Read-only 0x00000000
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........... continued
ot Rewser | Namo | Acoms el
0x0130 PLL Maximum Multiplier Value | PMC_PMMR Read/Write | 0x0000_07FF
Register
0x0134 SleepWalking Enable Register 1 PMC_SLPWK_ER1 = Write-only -
0x0138 SleepWalking Disable Register 1 | PMC_SLPWK_DR1 | Write-only -
0x013C SleepWalking Status Register 1 PMC_SLPWK_SR1  Read-only = 0x00000000
0x0140 SleepWalking Activity Status PMC_SLPWK_ASR1 | Read-only | 0x00000000
Register 1
0x0144 SleepWalking Activity In PMC_SLPWK_AIPR Read-only -

Progress Register

Note:
1. If an offset is not listed in this table it must be considered as “reserved”.
2. The reset value depends on factory settings.
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31.20.1 PMC System Clock Enable Register

Name: PMC_SCER
Offset: 0x0000
Property: Write-only

This register can only be written if the WPEN bit is cleared in the PMC Write Protection Mode Register.

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
PCK7 PCK6 PCK5 PCK4 PCK3 PCK2 PCKA1 PCKO
Access
Reset
Bit 7 6 5 4 3 2 1 0
USBCLK
Access
Reset

Bits 8, 9, 10, 11, 12, 13, 14, 15 - PCK Programmable Clock x Output Enable

Value Description

0 No effect.
1 Enables the corresponding Programmable Clock output.

Bit 5 - USBCLK Enable USB FS Clock

Value Description

0 No effect.
1 Enables USB FS clock.
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31.20.2 PMC System Clock Disable Register

Name: PMC_SCDR
Offset: 0x0004
Property: Write-only

This register can only be written if the WPEN bit is cleared in the PMC Write Protection Mode Register.

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
PCK7 PCK6 PCK5 PCK4 PCK3 PCK2 PCKA1 PCKO
Access
Reset
Bit 7 6 5 4 3 2 1 0
USBCLK
Access
Reset

Bits 8, 9, 10, 11, 12, 13, 14, 15 - PCK Programmable Clock x Output Disable

Value Description

0 No effect.
1 Disables the corresponding Programmable Clock output.

Bit 5 - USBCLK Disable USB FS Clock

Value Description

0 No effect.
1 Disables USB FS clock.
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31.20.3 PMC System Clock Status Register

Reset

Name: PMC_SCSR
Offset: 0x0008
Reset: 0x00000001
Property: Read-only

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 1" 10 9 8
PCK7 PCK6 PCK5 PCK4 PCK3 PCK2 PCK1 PCKO

0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0

USBCLK HCLKS
0 1

Bits 8, 9, 10, 11, 12, 13, 14, 15 - PCK Programmable Clock x Output Status

Value Description

0 The corresponding Programmable Clock output is disabled.
1 The corresponding Programmable Clock output is enabled.

Bit 5 - USBCLK USB FS Clock Status

Value Description

0 The USB FS clock is disabled.
1 The USB FS clock is enabled.

Bit 0 - HCLKS HCLK Status

Value Description

0 HCLK is disabled.
1 HCLK is enabled.
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31.20.4 PMC Peripheral Clock Enable Register 0

Name: PMC_PCERO
Offset: 0x0010
Property: Write-only

This register can only be written if the WPEN bit is cleared in the PMC Write Protection Mode Register.

Bit 31 30 29 28 27 26 25 24
| PD3t | PD3 | PID29 | PID28 | PID27 | PID26 PD25 | PID24 |
Access
Reset
Bit 23 22 21 20 19 18 17 16
PID23 PID22 PID21 PID20 PID19 PID18 PID17 PID16
Access
Reset
Bit 15 14 13 12 11 10 9 8
PID15 PID14 PID13 PID12 PID11 PID10 PID9 PID8
Access
Reset
Bit 7 6 5 4 3 2 1 0
PID7
Access
Reset

Bits 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 — PIDx
Peripheral Clock x Enable

Value Description

0 No effect.
1 Enables the corresponding peripheral clock.
Note:

1. PIDx refers to identifiers defined in the section “Peripheral Identifiers”. Other
peripherals can be enabled in PMC_PCER1 (see "PMC Peripheral Clock Enable
Register 1").

2. Programming the control bits of the Peripheral ID that are not implemented has no
effect on the behavior of the PMC.
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31.20.5 PMC Peripheral Clock Disable Register 0

Name: PMC_PCDRO
Offset: 0x0014
Property: Write-only

This register can only be written if the WPEN bit is cleared in the PMC Write Protection Mode Register.

Bit 31 30 29 28 27 26 25 24
| PD3t | PD3 | PID29 | PID28 | PID27 | PID26 PD25 | PID24 |
Access
Reset
Bit 23 22 21 20 19 18 17 16
PID23 PID22 PID21 PID20 PID19 PID18 PID17 PID16
Access
Reset
Bit 15 14 13 12 11 10 9 8
PID15 PID14 PID13 PID12 PID11 PID10 PID9 PID8
Access
Reset
Bit 7 6 5 4 3 2 1 0
PID7
Access
Reset

Bits 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 — PIDx
Peripheral Clock x Disable

Value Description

0 No effect.
1 Disables the corresponding peripheral clock.

Note: PIDx refers to identifiers defined in the section “Peripheral Identifiers”. Other
peripherals can be disabled in PMC_PCDR1 (see "PMC Peripheral Clock Disable Register
1").
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31.20.6 PMC Peripheral Clock Status Register 0

Name: PMC_PCSRO
Offset: 0x0018
Reset: 0x00000000

Property: Read-only

Bit 31 30 29 28 27 26 25 24
PID31 PID30 PID29 PID28 PID27 PID26 PID25 PID24
Access
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
PID23 PID22 PID21 PID20 PID19 PID18 PID17 PID16
Access
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
PID15 PID14 PID13 PID12 PID11 PID10 PID9 PID8
Access
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
PID7
Access
Reset 0

Bits 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 — PIDx
Peripheral Clock x Status

0 The corresponding peripheral clock is disabled.

1 The corresponding peripheral clock is enabled.

Note: PIDx refers to identifiers defined in the section “Peripheral Identifiers”. Other
peripherals status can be read in PMC_PCSR1 (see "PMC Peripheral Clock Status Register
1").
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31.20.7 PMC UTMI Clock Configuration Register

Name: CKGR_UCKR
Offset: 0x001C
Reset: 0x10200800
Property: Read/Write

This register can only be written if the WPEN bit is cleared in the PMC Write Protection Mode Register.

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

Bits 23:20 — UPLLCOUNT[3:0] UTMI PLL Startup Time
Specifies the number of SLCK cycles multiplied by 8 for the UTMI PLL startup time.

Bit 16 — UPLLEN UTMI PLL Enable

When UPLLEN is set, the LOCKU flag is set once the UTMI PLL startup time is achieved.
0 The UTMI PLL is disabled.
1 The UTMI PLL is enabled.
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31.20.8 PMC Clock Generator Main Oscillator Register
Name: CKGR_MOR
Offset: 0x0020
Reset: 0x00000008
Property: Read/Write
This register can only be written if the WPEN bit is cleared in the PMC Write Protection Mode Register.
Bit 31 30 29 28 27 26 25 24
| | | | | | XT32KFME CFDEN | MOSCSEL |
Access
Reset 0 0 0
Bit 23 22 21 20 19 18 17 16
KEY[7:0]
Access
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
MOSCXTSTI[7:0]
Access
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
MOSCRCF[2:0] MOSCRCEN | WAITMODE | MOSCXTBY | MOSCXTEN
Access
Reset 0 0 0 1 0 0 0

Bit 26 — XT32KFME 32.768 kHz Crystal Oscillator Frequency Monitoring Enable

Value Description
0 The 32.768 kHz crystal oscillator frequency monitoring is disabled.
1 The 32.768 kHz crystal oscillator frequency monitoring is enabled.

Bit 25 — CFDEN Clock Failure Detector Enable

Value Description
0 The clock failure detector is disabled.
1 The clock failure detector is enabled.

Bit 24 - MOSCSEL Main Clock Oscillator Selection

Value Description
0 The Main RC oscillator is selected.
1 The Main crystal oscillator is selected.

Bits 23:16 — KEY[7:0] Write Access Password
Value Name Description
0x37 PASSWD Writing any other value in this field aborts the write operation.

Always reads as 0.
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Bits 15:8 — MOSCXTST[7:0] Main Crystal Oscillator Startup Time
Specifies the number of SLCK cycles multiplied by 8 for the main crystal oscillator startup time.

Bits 6:4 — MOSCRCF[2:0] Main RC Oscillator Frequency Selection
At startup, the Main RC oscillator frequency is 12 MHz.

Value Name Description

0 4 MHz The RC oscillator frequency is at 4 MHz
1 8 MHz The RC oscillator frequency is at 8 MHz
2 12_MHz  The RC oscillator frequency is at 12 MHz

Note: MOSCRCF must be changed only if MOSCRCS is set in the PMC_SR.
Therefore MOSCRCF and MOSCRCEN cannot be changed at the same time.

Bit 3 - MOSCRCEN Main RC Oscillator Enable
When MOSCRCEN is set, the MOSCRCS flag is set once the Main RC oscillator startup time is achieved.

Value Description
0 The Main RC oscillator is disabled.
1 The Main RC oscillator is enabled.

Bit 2 - WAITMODE Wait Mode Command (write-only)

Value Description
0 No effect.
1 Puts the device in Wait mode.

Bit 1 —- MOSCXTBY Main Crystal Oscillator Bypass
When MOSCXTBY is set, the MOSCXTS flag in PMC_SR is automatically set.
Clearing MOSCXTEN and MOSCXTBY bits clears the MOSCXTS flag.

Value Description
0 No effect.
1 The Main crystal oscillator is bypassed. MOSCXTEN must be cleared. An external clock

must be connected on XIN.

Note: When the crystal oscillator bypass is disabled (MOSCXTBY = 0), the MOSCXTS flag
must be read at ‘0’ in PMC_SR before enabling the crystal oscillator (MOSCXTEN = 1).

Bit 0 —- MOSCXTEN Main Crystal Oscillator Enable

A crystal must be connected between XIN and XOUT.

When MOSCXTEN is set, the MOSCXTS flag is set once the Main crystal oscillator startup time is
achieved.

Value Description
0 The Main crystal oscillator is disabled.
1 The Main crystal oscillator is enabled. MOSCXTBY must be cleared.
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31.20.9 PMC Clock Generator Main Clock Frequency Register

Name: CKGR_MCFR
Offset: 0x0024
Reset: 0x00000000
Property: Read/Write

This register can only be written if the WPEN bit is cleared in the PMC Write Protection Mode Register.

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

Bit 24 — CCSS Counter Clock Source Selection

Value Description
0 The measured clock of the MAINF counter is the Main RC oscillator.
1 The measured clock of the MAINF counter is the Main crystal oscillator.

Bit 20 - RCMEAS RC Oscillator Frequency Measure (write-only)
The measurement is performed on the main frequency (i.e., not limited to the Main RC oscillator only). If
the source of MAINCK is the Main crystal oscillator, the restart of measurement may not be required
because of the stability of crystal oscillators.
0 No effect.
1 Restarts measuring of the frequency of MAINCK. MAINF carries the new frequency as soon
as a low-to-high transition occurs on the MAINFRDY flag.

Bit 16 — MAINFRDY Main Clock Frequency Measure Ready
Value Description
0 MAINF value is not valid or the measured oscillator is disabled or a measure has just been
started by means of RCMEAS.
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Value Description

1 The measured oscillator has been enabled previously and MAINF value is available.

Note: To ensure that a correct value is read on the MAINF field, the MAINFRDY flag must be
read at ‘1’ then another read access must be performed on the register to get a stable value
on the MAINF field.

Bits 15:0 — MAINF[15:0] Main Clock Frequency

Gives the number of cycles of the clock selected by the bit CCSS within 16 SLCK periods. To calculate
the frequency of the measured clock:

fseLcLk = (MAINF x fg ck)/16

where frequency is in MHz.
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31.20.10

PMC Clock Generator PLLA Register

Name: CKGR_PLLAR
Offset: 0x0028

Reset: 0x00003F00
Property: Read/Write

Possible limitations on PLLA input frequencies and multiplier factors should be checked before using the
PMC.

AWARNING Bit 29 must always be set to ‘1’ when programming the CKGR_PLLAR.

This register can only be written if the WPEN bit is cleared in the PMC Write Protection Mode Register.

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

Bit 29 — ONE Must Be Set to 1
Bit 29 must always be set to ‘1’ when programming the CKGR_PLLAR.

Bits 26:16 — MULA[10:0] PLLA Multiplier
1 up to 62 = PLLCK frequency is the PLLA input frequency multiplied by MULA + 1.
Unlisted values are forbidden.

Value Description

0 The PLLA is disabled (PLLA also disabled if DIVA = 0).

Bits 13:8 — PLLACOUNT[5:0] PLLA Counter
Specifies the number of SLCK cycles before the LOCKA bit is set in PMC_SR after CKGR_PLLAR is
written.

Bits 7:0 — DIVA[7:0] PLLA Front End Divider
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Value Name Description

0 0 PLLA is disabled.

1 BYPASS Divider is bypassed (divide by 1) and PLLA is
enabled.

2-255 Divider output is the selected clock
divided by DIVA.
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31.20.11 PMC Master Clock Register

Name: PMC_MCKR
Offset: 0x0030
Reset: 0x00000001
Property: Read/Write

This register can only be written if the WPEN bit is cleared in the PMC Write Protection Mode Register.

UPLLDIV2 UPLL Clock Division

0 UPLLCK frequency is divided by 1.
1 UPLLCK frequency is divided by 2.
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
UPLLDIV2 MDIV[1:0]
Access
Reset 0 0 0
Bit 7 6 5 4 3 2 1 0
PRES[2:0] CSS[1:0]
Access
Reset 0 0 0 0 1

Bit 13 — UPLLDIV2 UPLL Divider by 2

Bits 9:8 — MDIV[1:0] Master Clock Division

Value Name Description

0 EQ_PCK MCK is FCLK divided by 1.
1 PCK_DIV2 MCK is FCLK divided by 2.
2 PCK_DIV4 MCK is FCLK divided by 4.
3 PCK_DIV3 MCK is FCLK divided by 3.
Bits 6:4 — PRES[2:0] Processor Clock Prescaler

Value Name Description

0 CLK 1 Selected clock

1 CLK 2 Selected clock divided by 2

2 CLK 4 Selected clock divided by 4

3 CLK_ 8 Selected clock divided by 8
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Value Name Description

4 CLK_16 Selected clock divided by 16
5 CLK 32 Selected clock divided by 32
6 CLK 64 Selected clock divided by 64
7 CLK_3 Selected clock divided by 3

Bits 1:0 — CSS[1:0] Master Clock Source Selection

Value Name Description

0 SLOW_CLK SLCK is selected

1 MAIN_CLK MAINCK is selected

2 PLLA_ CLK PLLACK is selected

3 UPLL_CLK UPPLLCKDIV is selected
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31.20.12 PMC USB Clock Register

Name: PMC_USB
Offset: 0x0038
Reset: 0x00000000

Property: Read/Write

This register can only be written if the WPEN bit is cleared in the PMC Write Protection Mode Register.

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

USBDIV[3:0]

Access
Reset 0 0 0 0
Bit 