AtmeL ARM-based Flash MCU

SAMA4S Series

DATASHEET

Description

The Atmel SAMA4S series is a member of a family of Flash microcontrollers based on
the high-performance 32-bit ARM® Cortex®-M4 RISC processor. It operates at a
maximum speed of 120 MHz and features up to 2048 Kbytes of Flash, with optional
dual-bank implementation and cache memory, and up to 160 Kbytes of SRAM. The
peripheral set includes a full-speed USB Device port with embedded transceiver, a
high-speed MCI for SDIO/SD/MMC, an External Bus Interface featuring a Static
Memory Controller to connect to SRAM, PSRAM, NOR Flash, LCD Module and NAND
Flash, two USARTSs, two UARTSs, two TWIs, three SPI, one I12S, as well as one PWM
timer, two three-channel general-purpose 16-bit timers (with stepper motor and
guadrature decoder logic support), one RTC, one 12-bit ADC, one 12-bit DAC and one
analog comparator.

The SAMA4S series is ready for capacitive touch thanks to the Atmel QTouch® library,
offering an easy way to implement buttons, wheels and sliders.

The SAM4S device is a medium-range general-purpose microcontroller with the best
ratio in terms of reduced power consumption, processing power and peripheral set.
This enables the SAM4S to sustain a wide range of applications including consumer,
industrial control, and PC peripherals.

It operates from 1.62V to 3.6V.

The SAMA4S series is pin-to-pin compatible with the SAM3N, SAM3S series (64- and
100-pin versions), SAM4N and SAM7S legacy series (64-pin versions).

1. Features

e Core
e ARM Cortex-M4 with 2 Kbytes of cache running at up to 120 MHz
e Memory Protection Unit (MPU)
e DSP Instruction Set
e Thumb®-2 instruction set

® Pin-to-pin compatible with SAM3N, SAM3S (64- and 100- pin versions), SAM4N
and SAMYS legacy products (64-pin version)

e Memories

e Up to 2048 Kbytes embedded Flash with optional dual-bank and cache
memory

e Upto 160 Kbytes embedded SRAM
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16 Kbytes ROM with embedded boot loader routines (UART, USB) and IAP routines
8-bit Static Memory Controller (SMC): SRAM, PSRAM, NOR and NAND Flash support

System

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

Quartz or ceramic resonator oscillators: 3 to 20 MHz main power with failure detection and optional low-
power 32.768 kHz for RTC or device clock

RTC with Gregorian and Persian calendar mode, waveform generation in low-power modes
RTC clock calibration circuitry for 32.768 kHz crystal frequency compensation

High-precision 8/12 MHz factory-trimmed internal RC oscillator with 4 MHz default frequency for device
startup. In-application trimming access for frequency adjustment.

Slow clock internal RC oscillator as permanent low-power mode device clock
Two PLLs up to 240 MHz for device clock and for USB

Temperature sensor

Up to 22 Peripheral DMA (PDC) Channels

Low-Power Modes

Sleep and backup modes, down to 1 pA in backup mode
Ultra low-power RTC

Peripherals

USB 2.0 Device: 12 Mbps, 2668 byte FIFO, up to 8 bidirectional Endpoints. On-chip transceiver.

e Upto two USARTSs with ISO7816, IrDA®, RS-485, SPI, Manchester and Modem Mode

e Two 2-wire UARTS

e Up to two Two-Wire Interface modules (12C-compatible), one SPI, one Serial Synchronous Controller (12S),
one high-speed Multimedia Card Interface (SDIO/SD Card/MMC)

e Two three-channel 16-bit Timer/Counters with capture, waveform, compare and PWM mode. Quadrature
decoder logic and 2-bit Gray up/down counter for stepper motor

e 4-channel 16-bit PWM with complementary output, fault input, 12-bit dead time generator counter for motor
control

e 32-bit Real-time Timer and RTC with calendar, alarm and 32 kHz trimming features

e Upto 16-channel, 1IMsps ADC with differential input mode and programmable gain stage and auto
calibration

e One 2-channel 12-bit 1Msps DAC

e One Analog Comparator with flexible input selection, selectable input hysteresis

e 32-bit Cyclic Redundancy Check Calculation Unit (CRCCU)

e \Write-Protected registers

I/0

e Upto 79 1/0 lines with external interrupt capability (edge or level sensitivity), debouncing, glitch filtering and
on-die series resistor termination

e Three 32-bit Parallel Input/Output Controllers, Peripheral DMA-assisted Parallel Capture Mode

Packages

100-lead LQFP, 14 x 14 mm, pitch 0.5 mm/100-ball TFBGA, 9 x 9 mm, pitch 0.8 mm/100-ball VFBGA, 7 x 7
mm, pitch 0.65 mm

64-lead LQFP, 10 x 10 mm, pitch 0.5 mm/64-lead QFN 9x9 mm, pitch 0.5 mm/ 64-ball WLCSP, 4.42 x 3.42
mm, pitch 0.4 mm
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1.1  Configuration Summary
The SAMA4S series devices differ in memory size, package and features. Table 1-1 summarizes the configurations of the
device family.
Table 1-1. Configuration Summary
Feature SAM4SD32C | SAM4SD32B | SAM4SD16C | SAM4SD16B | SAM4SA16C | SAM4SA16B | SAM4S16C | SAM4S16B | SAM4S8C | SAM4SSB
2 x 1024 2 x 1024 2x512 2x512 1024
Flash Kbytes Kbytes Kbytes Kbytes 1024 Kbytes | 1024 Kbytes | 1024 Kbytes Kbytes 512 Kbytes | 512 Kbytes
SRAM 160 Kbytes 160 Kbytes 160 Kbytes 160 Kbytes 160 Kbytes 160 Kbytes 128 Kbytes | 128 Kbytes | 128 Kbytes | 128 Kbytes
HCACHE 2KBytes 2KBytes 2KBytes 2KBytes 2KBytes 2KBytes - - - -
LQFP 100
LQFP 64 LQFP 64
LQFP 100 LQFP 64 LQFP 100 LOFP 64 LQFP 100 LOFP 64 LQFP 100 Q TEBGA 100 Q
Package TFBGA 100 QFN 64 TFBGA 100 QFN 64 TFBGA 100 QFN 64 TFBGA100 | QFNG4 | \ponigg | QFN64
VFBGA 100 VFBGA 100 VFBGA 100 VFBGA 100 | WLCSP 64 WLCSP 64
Number of 79 47 79 47 79 47 79 47 79 47
P10s
External 8-bit data, 8-bit data, 8-bit data, 8-bit data, 40%3"8‘;?;;'5
Bus 4chip selects, - 4chip selects, - 4chip selects, - 4chip selects, - g4—bit ! -
Interface 24-bit address 24-bitaddress 24-bitaddress 24-bitaddress address
12-bit @ @) @ @ @ @) @) @ @) @
ADC 16 ch. 11 ch. 16 ch. 11 ch. 16 ch. 11 ch. 16 ch. 11 ch. 16 ch. 11 ch.
Jbi;?:lt 2 ch. 2 ch. 2 ch. 2 ch. 2 ch. 2 ch. 2 ch. 2 ch. 2 ch. 2 ch.
Timer
Counter 6 3 6 3 6 3 6 3 6 3
Channels
PDC
22 22 22 22 22 22 22 22 22 22
Channels
USART/ 212 2/2? 2/2? 22 2/2® 22 2/2? 2/2? 2/2@ 212
UART
HSMCI 1 port 1 port 1 port 1 port 1 port 1 port 1 port 1 port 1 port 1 port
4 bits 4 bits 4 bits 4 bits 4 bits 4 bits 4 bits 4 bits 4 bits 4 bits
Notes: 1. One channel is reserved for internal temperature sensor.

2. Full Modem support on USARTL1.

Atmel
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2. Block Diagram

Figure 2-1. SAM4S16/S8 100-pin version Block Diagram
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Figure 2-2. SAM4S16/S8 64-pin version Block Diagram
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Figure 2-3. SAM4SD32/SD16/SA16 100-pin version Block Diagram
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Figure 2-4. SAM4SD32/SD16/SA16 64-pin version Block Diagram
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3. Signal Description

Table 3-1 gives details on signal names classified by peripheral.

Table 3-1. Signal Description List
Signal Name Function Active Voltage Comments
Type Level reference
Power Supplies
VDDIO Peripherals I/O Lines and USB transceiver Power 162V 10 3.6V
Power Supply
VDDIN Voltage Regulator Input, ADC, DAC and Power 1.62V t0 3.6V@
Analog Comparator Power Supply
VDDOUT Voltage Regulator Output Power 1.2V Output
VDDPLL Oscillator and PLL Power Supply Power 1.08 V to 1.32V
i 1.08V to 1.32V
VDDCORE Power the core, the embedded memories Power
and the peripherals
GND Ground Ground
Clocks, Oscillators and PLLs
XIN Main Oscillator Input Input Reset State:
XOuUT Main Oscillator Output Output - P1O Input
XIN32 Slow Clock Oscillator Input Input - Internal Pull-up disabled
XOUT32 Slow Clock Oscillator Output Output voolo L Schmitt Trigger enabled”
Reset State:
- PIO Input
PCKO - PCK2 Programmable Clock Output Output
- Internal Pull-up enabled
- Schmitt Trigger enabled™®
Real Time Clock
RTCOUTO Programmable RTC waveform output Output
Reset State:
- P10 Input
VDDIO
RTCOUT1 Programmable RTC waveform output Output - Internal Pull-up enabled
- Schmitt Trigger enabled®
Serial Wire/JTAG Debug Port - SWJ-DP
TCK/SWCLK Test Clock/Serial Wire Clock Input
TDI Test Data In Input Reset State:
- SWJ-DP Mode
Test Data Out / Trace Asynchronous Data
TDO/TRACESWO | o Output - Internal pull-up disabled®
VDDIO o
i ; - Schmitt Trigger enabled
TMS/SWDIO Test Mode Select /Serial Wire Input / /O
Input/Output
JTAGSEL JTAG Selection Input High Permanent Internal
pull-down

Atmel
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Table 3-1.  Signal Description List (Continued)

Signal Name Function Active Voltage Comments
Type Level reference
Flash Memory
Reset State:
ERASE Elc?;r:nzlr:% VM Configuration Bis Erase Input High VDDIO : iﬁ?:lngjltl—down enabled
- Schmitt Trigger enabled®
Reset/Test
NRST Synchronous Microcontroller Reset I/0 Low Permanent Interal
vDDIO | pull-up
TST Test Select Input Permanent Internal
pull-down
Wake-up
WKUP[15:0] Wake-up Inputs Input ‘ ‘
Universal Asynchronous Receiver Transceiver - UARTX
URXDx UART Receive Data Input
UTXDx UART Transmit Data Output
PIO Controller - PIOA - PIOB - PIOC
PAO - PA31 Parallel 10 Controller A I/10 Reset State:
PBO - PB14 Parallel IO Controller B /0 vopio | ~ P10 or System 10s®
- Internal pull-up enabled
PCO - PC31 Parallel 10 Controller C I/0 - Schmitt Trigger enabled®
PIO Controller - Parallel Capture Mode
PIODCO-PIODC7 Parallel Capture Mode Data Input
PIODCCLK Parallel Capture Mode Clock Input VDDIO
PIODCEN1-2 Parallel Capture Mode Enable Input
External Bus Interface
DO - D7 Data Bus l[e}
AO - A23 Address Bus Output
NWAIT External Wait Signal Input Low
Static Memory Controller - SMC
NCSO - NCS3 Chip Select Lines Output Low
NRD Read Signal Output Low
NWE Write Enable Output Low
NAND Flash Logic
NANDOE NAND Flash Output Enable Output Low
NANDWE NAND Flash Write Enable Output Low
High Speed Multimedia Card Interface - HSMCI
MCCK Multimedia Card Clock I/0
MCCDA Multimedia Card Slot A Command I}

Atmel SAMA4S [DATASHEET] 9
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Table 3-1.  Signal Description List (Continued)

Signal Name Function Active Voltage Comments
Type Level reference

MCDAO - MCDA3 Multimedia Card Slot A Data /0

Universal Synchronous Asynchronous Receiver Transmitter USARTX

SCKx USARTXx Serial Clock I/0
TXDx USARTX Transmit Data I/10
RXDx USARTX Receive Data Input
RTSx USARTx Request To Send Output
CTSx USARTX Clear To Send Input
DTR1 USART1 Data Terminal Ready I/O
DSR1 USART1 Data Set Ready Input
DCD1 USART1 Data Carrier Detect Output
RI1 USART1 Ring Indicator Input

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/10
TF SSC Transmit Frame Sync I/O
RF SSC Receive Frame Sync I/O

Timer/Counter - TC

TCLKXx TC Channel x External Clock Input Input
TIOAX TC Channel x I/O Line A /0
TIOBx TC Channel x I/O Line B /0

Pulse Width Modulation Controller- PWMC

PWMHXx PWM Waveform Output High for channel x Output
only output in

PWMLx PWM Waveform Output Low for channel x Output complement_ary _mode_ .
when dead time insertion is
enabled.

PWMFIO PWM Fault Input Input

Serial Peripheral Interface - SPI

MISO Master In Slave Out I/0

MOSI Master Out Slave In I/0

SPCK SPI Serial Clock I/0
SPI_NPCSO0 SPI Peripheral Chip Select 0 I/O Low
SPI_NPCS1 - . .

SPI_NPCS3 SPI Peripheral Chip Select Output Low

Atmel SAMA4S [DATASHEET] 10

11100E-ATARM-24-Jul-13



Table 3-1.

Signal Description List (Continued)

. Some PIO lines are shared with System 1/Os.

Signal Name Function Active Voltage Comments
Type Level reference
Two-Wire Interface- TWI
TWDx TWIx Two-wire Serial Data I/0
TWCKX TWIx Two-wire Serial Clock I/10
Analog
ADVREF ADC, DAC and Analog Comparator Analog
Reference

12-bit Analog-to-Digital Converter - ADC
ADO-AD14 Analog Inputs '?Dnigli?agl '
ADTRG ADC Trigger Input VDDIO

12-bit Digital-to-Analog Converter - DAC
DACO - DAC1 Analog output /-\Dﬂg:?agl
DACTRG DAC Trigger Input VDDIO

Fast Flash Programming Interface - FFPI
igmgng Programming Enabling Input VDDIO
PGMMO-PGMM3 Programming Mode Input
PGMDO0-PGMD15 Programming Data I/0
PGMRDY Programming Ready Output High
PGMNVALID Data Direction Output Low VDDIO
PGMNOE Programming Read Input Low
PGMCK Programming Clock Input
PGMNCMD Programming Command Input Low

USB Full Speed Device
DDM USB Full Speed Data - Reset State:
Analog, VDDIO - USB Mode
DDP USB Full Speed Data + Digital - internal Pull-down®
Note: . Schmitt Triggers can be disabled through PIO registers.

. See “Typical Powering Schematics” Section for restrictions on voltage range of Analog Cells.

. TDO pin is set in input mode when the Cortex-M4 Core is not in debug mode. Thus the internal pull-up corresponding
to this PIO line must be enabled to avoid current consumption due to floating input

Atmel
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4. Package and Pinout

SAMA4S devices are pin-to-pin compatible with SAM3N, SAM3S products in 64- and 100-pin versions, and AT91SAM7S
legacy products in 64-pin versions.

4.1 SAM4SD32/SD16/SA16/S16/S8C Package and Pinout
4.1.1 100-lead LQFP Package Outline

Figure 4-1. Orientation of the 100-lead LQFP Package

75 51

1 1
76 — 50

100 o
26
\ —
1] U
1 25

4.1.2 100-ball TFBGA Package Outline

The 100-Ball TFBGA package has a 0.8 mm ball pitch and respects Green Standards. Its dimensions are 9 x 9 x 1.1 mm.
Figure 4-2 shows the orientation of the 100-ball TFBGA Package.

Figure 4-2. Orientation of the 100-ball TFBGA Package
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4.1.3 100-ball VFBGA Package Outline

Figure 4-3. Orientation of the 100-ball VFBGA Package
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4.1.4 100-lead LQFP Pinout

Table 4-1. SAMA4SD32/SD16/SA16/S16/S8C 100-lead LQFP Pinout
1 ADVREF 26 GND 51 TDI/PB4 76 | TPV T'TD%(;ESWO/
2 GND 27 VDDIO 52 PAB/PGMNOE 77 JTAGSEL
3 PBO/ADA4 28 PA16/PGMD4 53 PA5/PGMRDY 78 PC18
4 PC29/AD13 29 PC7 54 PC28 79 | TMs/swbioPBs
5 PB1/AD5 30 PA15/PGMD3 55 PA4/PGMNCMD 80 PC19
6 PC30/AD14 31 PA14/PGMD2 56 VDDCORE 81 PA31
7 PB2/AD6 32 PC6 57 PA27/PGMD15 82 PC20
8 PC31 33 PA13/PGMD1 58 PC8 83 | Tck/SwcCLk/PB7
9 PB3/AD7 34 | PA24/PGMDI2 59 PA2S 84 pC21
10 VDDIN 35 PC5 60 NRST 85 VDDCORE
11 VDDOUT 36 VDDCORE 61 TST 86 PC22
12 PA”QE%MDS/ 37 pCa 62 PC9 87 ERASE/PB12
13 PC26 38 | PA25/PGMD13 63 PA29 88 DDM/PB10
PA18/PGMD6/
14 o 39 | PA26/PGMD14 64 PA30 89 DDP/PB11
PA21/PGMDY/
15 40 PC3 65 PC10 90 PC23
ADS
16 VDDCORE a1 PA12/PGMDO 66 PA3 091 VDDIO
17 PC27 42 PA11/PGMM3 67 PA2/PGMEN2 92 PC24
18 PAlgﬁBC;MDW 43 PC2 68 PC11 93 PB13/DACO
19 PC15/AD11 44 | PA10/PGMM2 69 VDDIO 94 PC25
PA22/PGMD10/
20 45 GND 70 GND 95 GND
AD9
21 PC13/AD10 46 PAY/PGMM1 71 pC14 96 PB&/XOUT
22 | PA23/PGMDI11 47 PC1 72 PA1/PGMEN1 97 | PBY/PGMCKIXIN
PAS/XOUT32/
23 PC12/AD12 48 Al 73 PC16 98 VDDIO
PA20/PGMD8/ PA7/XIN32/
24 o 49 ASapavivee 74 PAO/PGMENO 99 PB14/DAC1
25 PCO 50 VDDIO 75 PC17 100 VDDPLL

Atmel

SAM4S [DATASHEET] 14

11100E-ATARM-24-Jul-13



415 100-ball TFBGA Pinout
Table 4-2. SAM4SD32/SD16/SA16/S16/S8 100-ball TFBGA Pinout
PA18/PGMD6/
Al PB1/AD5 C6 TCK/SWCLK/PB7 F1 ADL H6 PC4
A2 PC29 Cc7 PC16 F2 PC26 H7 PA11/PGMM3
A3 VDDIO C8 PA1/PGMEN1 F3 VDDOUT H8 PC1
A4 PB9/PGMCK/XIN c9 PC17 F4 GND H9 PA6/PGMNOE
A5 PB8/XOUT C10 PAO/PGMENO F5 VDDIO H10 TDI/PB4
A6 PB13/DACO D1 PB3/AD7 F6 PA27/PGMD15 Ji PC15/AD11
A7 DDP/PB11 D2 PBO/AD4 F7 PC8 J2 PCO
A8 DDM/PB10 D3 PC24 F8 PA28 J3 PA16/PGMD4
A9 TMS/SWDIO/PB6 D4 pPC22 F9 TST J4 PC6
Al0 JTAGSEL D5 GND F10 PC9 J5 PA24/PGMD12
B1 PC30 D6 GND Gl PA21/PGMD9/ADS8 J6 PA25/PGMD13
B2 ADVREF D7 VDDCORE G2 pPC27 J7 PA10/PGMM2
B3 GNDANA D8 PA2/PGMEN2 G3 PA15/PGMD3 J8 GND
B4 PB14/DAC1 D9 PC11 G4 VDDCORE J9 VDDCORE
B5 PC21 D10 PC14 G5 VDDCORE J10 VDDIO
PA22/PGMD10/
B6 PC20 El PAL7/PGMDS/ G6 PA26/PGMD14 K1
ADO AD9
B7 PA31 E2 PC31 G7 PA12/PGMDO K2 PC13/AD10
B8 PC19 E3 VDDIN G8 PC28 K3 PC12/AD12
PA20/PGMD8/
B9 PC18 E4 GND G9 PA4/PGMNCMD K4
AD3
B10 TDO/T'T:%(;ESWO/ E5 GND G10 PA5/PGMRDY K5 PC5
C1l PB2/AD6 E6 NRST H1 PAngTD(;MDW K6 PC3
Cc2 VDDPLL E7 PA29/AD13 H2 PA23/PGMD11 K7 PC2
C3 PC25 E8 PA30/AD14 H3 PC7 K8 PA9/PGMM1
PA8/XOUT32/
C4 PC23 E9 PC10 H4 PA14/PGMD2 K9 PGMMO
PA7/XIN32/
C5 ERASE/PB12 E10 PA3 H5 PA13/PGMD1 K10 PGMNVALID

Atmel
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41.6 100-ball VFBGA Pinout
Table 4-3.  SAM4SD32/SD16/SA16/S16/S8 100-ball VFBGA Pinout
Al ADVREF C6 PC9 F1 VDDOUT H6 PA12/PGMDO
PA18/PGMD6/

A2 VDDPLL Cc7 TMS/SWDIO/PB6 F2 ADL H7 PA9/PGMM1

A3 PB9/PGMCK/XIN Cc8 PA1/PGMEN1 F3 PAl?LFI;GOMDS/ H8 VDDCORE

A4 PB8/XOUT C9 PAO/PGMENO F4 GND H9 PA6/PGMNOE

A5 JTAGSEL C10 PC16 F5 GND H10 PA5/PGMRDY

A6 DDP/PB11 D1 PB1/AD5 F6 PC26 J1 PA20/AD3

A7 DDM/PB10 D2 PC30 F7 PA4/PGMNCMD J2 PC12/AD12

A8 PC20 D3 PC31 F8 PA28 J3 PA16/PGMD4

A9 PC19 D4 pPC22 F9 TST J4 PC6

A10 TDO/TF;AI;C;ESWOI D5 PC5 F10 PC8 J5 PA24

Bl GNDANA D6 PA29/AD13 G1 PC15/AD11 J6 PA25

B2 PC25 D7 PA30/AD14 G2 PAlg'/AFI;GZMDW J7 PA11/PGMM3

B3 PB14/DAC1 D8 GND G3 PA21/AD8 J8 VDDCORE

B4 PB13/DACO D9 PC14 G4 PA15/PGMD3 J9 VDDCORE

B5 PC23 D10 PC11 G5 PC3 J10 TDI/PB4

B6 PC21 El VDDIN G6 PA10/PGMM2 K1 PA23

B7 TCK/SWCLK/PB7 E2 PB3/AD7 G7 PC1 K2 PCO

B8 PA31 E3 PB2/AD6 G8 PC28 K3 PC7

B9 PC18 E4 GND G9 NRST K4 PA13/PGMD1

B10 PC17 E5 GND G10 PA27 K5 PA26

C1 PBO/AD4 E6 GND H1 PC13/AD10 K6 PC2

C2 PC29 E7 VDDIO H2 PA22/AD9 K7 VDDIO

C3 PC24 E8 PC10 H3 pC27 K8 VDDIO

C4 ERASE/PB12 E9 PA2/PGMEN2 H4 PA14/PGMD2 K9 PABIXOUTS2/

PGMMO

PAT7/XIN32/

C5 VDDCORE E10 PA3 H5 PC4 K10 PGMNVALID
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4.2 SAMA4SD32/SD16/SA16/S16/S8 Package and Pinout
4.2.1 64-lead LQFP Package Outline

Figure 4-4. Orientation of the 64-lead LQFP Package
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4.2.2 64-lead QFN Package Outline

Figure 4-5. Orientation of the 64-lead QFN Package
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4.2.3 64-ball WLCSP Package Outline

Figure 4-6. Orientation of the 64-ball WLCSP Package
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4.2.4 64-lead LQFP and QFN Pinout
Table 4-4. 64-pin SAM4SD32/SD16/SA16/S16/S8 Pinout
1 ADVREF 17 GND 33 TDI/PB4 49 TDO/TITD%C;ESWO/
2 GND 18 VDDIO 34 PA6/PGMNOE 50 JTAGSEL
3 PBO/AD4 19 PA16/PGMDA4 35 PA5/PGMRDY 51 TMS/SWDIO/PB6
4 PB1/AD5 20 PA15/PGMD3 36 PA4/PGMNCMD 52 PA31
5 PB2/AD6 21 PA14/PGMD2 37 PA27/PGMD15 53 TCK/SWCLK/PB7
6 PB3/AD7 22 PA13/PGMD1 38 PA28 54 VDDCORE
7 VDDIN 23 PA24/PGMD12 39 NRST 55 ERASE/PB12
8 VDDOUT 24 VDDCORE 40 TST 56 DDM/PB10
9 PA”'{_\FE)%MDS/ 25 PA25/PGMD13 41 PA29 57 DDP/PB11
10 PAlBﬁTﬁMDG/ 26 PA26/PGMD14 42 PA30 58 VDDIO
11 PAZliTDC;MDgl 27 PA12/PGMDO 43 PA3 59 PB13/DACO
12 VDDCORE 28 PA11/PGMMS3 44 PA2/PGMEN2 60 GND
13 PAIQL\FI;GZMD7/ 29 PA10/PGMM2 45 VDDIO 61 XOUT/PB8
14 PAZZ/:S;\ADN/ 30 PA9/PGMM1 46 GND 62 XIN/PGMCK/PB9
15 PA23/PGMD11 31 PAB/XOUT32/ 47 PA1/PGMEN1 63 PB14/DAC1
PGMMO
PA20/PGMD8/ PA7/XIN32/
16 AD3 32 PGMNVALID 48 PAO/PGMENO 64 VDDPLL
Note: The bottom pad of the QFN package must be connected to ground.
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4.25 64-ball WLCSP Pinout

Table 4-5.  64-ball WLCSP Pinout

Al PA31 C1 GND E1l PA29 Gl PA5
A2 PB7 Cc2 PA1 E2 TST G2 PAG6
A3 VDDCORE C3 PAO E3 NRST G3 PA9
A4 PB10 C4 PB12 E4 PA28 G4 PA11
A5 VDDIO C5 ADVREF ES PA25 G5 VDDCORE
A6 GND C6 PB3 E6 PA23 G6 PA14
A7 PB9 Cc7 PB1 E7 PA18 G7 PA20
A8 PB14 C8 PBO E8 VDDIN G8 PA19
Bl PB5 D1 VDDIO F1 PA27 H1 PA7
B2 JTAGSEL D2 PA3 F2 VDDCORE H2 PA8
B3 PB6 D3 PA30 F3 PA4 H3 PA10
B4 PB11 D4 PA2 F4 PB4 H4 PA12
B5 PB13 D5 PA13 F5 PA26 H5 PA24
B6 VDDPLL D6 PA21 F6 PA16 H6 PA15
B7 PB8 D7 PAl7 F7 PA22 H7 VDDIO
B8 GND D8 PB2 F8 VDDOUT H8 GND

Atmel
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5. Power Considerations

5.1 Power Supplies

The SAMA4S has several types of power supply pins:

e VDDCORE pins: Power the core, the first flash rail and the embedded memories and peripherals. Voltage ranges
from 1.08V to 1.32V.

e VDDIO pins: Power the Peripherals 1/O lines (Input/Output Buffers), the second flash rail, USB transceiver, Backup
part, 32 kHz crystal oscillator and oscillator pads. Voltage ranges from 1.62V to 3.6V.

e VDDIN pin: Voltage Regulator Input, ADC, DAC and Analog Comparator Power Supply. Voltage ranges from
1.62V to 3.6V.

e VDDPLL pin: Powers the PLLA, PLLB, the Fast RC and the 3 to 20 MHz oscillator. Voltage ranges from 1.08V to
1.32v.

5.2 Voltage Regulator
The SAM4S embeds a voltage regulator that is managed by the Supply Controller.

This internal regulator is designed to supply the internal core of SAM4S It features two operating modes:

e In Normal mode, the voltage regulator consumes less than 500 pA static current and draws 80 mA of output
current. Internal adaptive biasing adjusts the regulator quiescent current depending on the required load current.
In Wait Mode quiescent current is only 5 pA.

e In Backup mode, the voltage regulator consumes less than 1pA while its output (VDDOUT) is driven internally to
GND. The default output voltage is 1.20V and the start-up time to reach Normal mode is less than 300 ps.

For adequate input and output power supply decoupling/bypassing, refer to the “Voltage Regulator” section in the
“Electrical Characteristics” section of the datasheet.

5.3 Typical Powering Schematics

The SAM4S supports a 1.62V-3.6V single supply mode. The internal regulator input is connected to the source and its
output feeds VDDCORE. Figure 5-1 below shows the power schematics.

As VDDIN powers the voltage regulator, the ADC, DAC and the analog comparator, when the user does not want to use
the embedded voltage regulator, it can be disabled by software via the SUPC (note that this is different from Backup
mode).

Figure 5-1. Single Supply

Main Supply
(1.62V-3.6V)

_ ‘VDD 10 : Use
T ! Transceivers.

ADC, DAC
Analog Comp.

VDDOUT — f
4@‘_ Voltage

VDDIN

£}

' Regulator
VDDCORE [~

TH—D
VDDPLL E:I:

Note: Restrictions
For USB, VDDIO needs to be greater than 3.0V.
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For ADC, VDDIN needs to be greater than 2.0V.
For DAC, VDDIN needs to be greater than 2.4V.

Figure 5-2. Core Externally Supplied

Main Supply VDDIO :
(1.62V-3.6V) - H T | USB
'. - ! Transceivers.
Can be the : ‘II E
same supply | ' ADC, DAC
. . Analog Comp.
ADC, DAC, Analog __y . VDDIN 1™ f
Comparator Supply - L
(2.0V-3.6V) II, !
VDDOUT m<— Voltage
! Regulator
VDDCORE Supply VDDCOR%I ' |

(1.08V-1.32V) T

VDDPLL

Note:  Restrictions
For USB, VDDIO needs to be greater than 3.0V.
For ADC, VDDIN needs to be greater than 2.0V.
For DAC, VDDIN needs to be greater than 2.4V.

Figure 5-3 below provides 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). External wake-up of the system can be from a push button
or any signal. See Section 5.6 “Wake-up Sources” for further details.

Figure 5-3. Backup Battery

ADC, DAC, Analog
Comparator Supply

(2.0V-3.6V)
VDDIO :
Backup I o E:I— usB
Transceivers.
Battery | + ]
e : ADC, DAC
- ' Analog Comp.
I VDDIN
] : |
Main Supply N out VDDOUT
3.3V Voltage
: ! Regulator

LDO VDDCORE —
VDDPLL El

I ' | PIOx (Output)

4»[[' WAKEUPX
External wakeup signal T

Note: The two diodes provide a “switchover circuit” (for illustration purpose)
between the backup battery and the main supply when the system is put in
backup mode.
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5.4  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 frequency and to disable the peripheral clocks.
5.5 Low-power Modes

The SAM4S has the following low-power modes: backup mode, wait mode and sleep mode.

Note:  The Wait For Event instruction (WFE) of the Cortex-M4 core can be used to enter any of the low-power modes, how-
ever, this may add complexity in the design of application state machines. This is due to the fact that the WFE
instruction goes along with an event flag of the Cortex core (cannot be managed by the software application). The
event flag can be set by interrupts, a debug event or an event signal from another processor. Since it is possible for an
interrupt to occur just before the execution of WFE, WFE takes into account events that happened in the past. As a
result, WFE prevents the device from entering wait mode if an interrupt event has occurred.

Atmel has made provision to avoid using the WFE instruction. The workarounds to ease application design are as fol-
lows:
- For backup mode, switch off the voltage regulator and configure the VROFF bit in the Supply Controller Control Reg-
ister (SUPC_CR).
- For wait mode, configure the WAITMODE bit in the PMC Clock Generator Main Oscillator Register of the Power Man-
agement Controller (PMC)
- For sleep mode, use the Wait for Interrupt (WFI) instruction.
Complete information is available in Table 5-1 “Low-power Mode Configuration Summary".
5.5.1 Backup Mode

The purpose of backup mode is to achieve the lowest power consumption possible in a system which is performing

periodic wake-ups to perform tasks but not requiring fast startup time. Total current consumption is 1 pA typical (VDDIO

= 1.8 Vto 25°).

The Supply Controller, zero-power power-on reset, RTT, RTC, 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.

The SAMA4S can be awakened from this mode using the WKUPO-15 pins, the supply monitor (SM), the RTT or RTC

wake-up event.

Backup mode is entered by writing a 1 to the VROFF bit of the Supply Controller Control Register (SUPC_CR) (A key is

needed to write the VROFF bit, refer to the Supply Controller SUPC section of the product datasheet) and with the
SLEEPDEEP bit in the Cortex-M4 System Control Register set to 1. (See the power management description in the ARM
Cortex-M4 Processor section of the product datasheet).
To enter backup mode using the VROFF bit;
e Write a 1 to the VROFF bit of SUPC_CR.

To enter backup mode using the WFE instruction:
e Write a 1 to the SLEEPDEEP bit of the Cortex-M4 processor.
e Execute the WFE instruction of the processor.

In both cases, exit from backup mode happens if one of the following enable wake up events occurs:
e WKUPENO-15 pins (level transition, configurable debouncing)
e  Supply Monitor alarm
e RTCalarm
e RTT alarm

5.5.2 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 ys. Current consumption in wait mode is typically 32 pA (total current

consumption) if the internal voltage regulator is used.
SAMA4S [DATASHEET)] 22
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5.5.3

In this mode, the clocks of the core, peripherals and memories are stopped. However, the core, peripherals and
memories power supplies are still powered. From this mode, a fast start up is available.

This mode is entered by setting the WAITMODE bit to 1 in the CKGR_MOR register in conjunction with FLPM = 0 or
FLPM = 1 bits of the PMC_FSMR register or by the WFE instruction.

The Cortex-M4 is able to handle external or internal events in order to wake-up the core. This is done by configuring the
external lines WUPO-15 as fast startup wake-up pins (refer to Section 5.7 “Fast Start-up”). RTC or RTT Alarm and USB
wake-up events can be used to wake up the CPU.
To enter wait mode with WAITMODE bit:
® Select the 4/8/12 MHz fast RC oscillator as Main Clock.
Set the FLPM field in the PMC Fast Startup Mode Register (PMC_FSMR).
Set Flash Wait State at 0.
Set the WAITMODE bit = 1 in PMC Main Oscillator Register (CKGR_MOR).
Wait for Master Clock Ready MCKRDY =1 in the PMC Status Register (PMC_SR).

To enter wait mode with WFE:
e Select the 4/8/12 MHz fast RC oscillator as Main Clock.
e Setthe FLPM field in the PMC Fast Startup Mode Register (PMC_FSMR).
e Set Flash Wait State at 0.
e Setthe LPM bit in the PMC Fast Startup Mode Register (PMC_FSMR).
e Execute the Wait-For-Event (WFE) instruction of the processor.
In both cases, depending on the value of the field Flash Low Power Mode (FLPM), the Flash enters three different
modes:
e FLPM =0 in Standby mode (Low consumption)
e FLPM =1 in Deep power-down mode (Extra low consumption)
e FLPM =2 in Idle mode. Memory ready for Read access

Table 5-1 summarizes the power consumption, wake-up time and system state in wait mode.

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 via Wait for Interrupt (WFI) or WFE instructions.

The processor can be awakened from an interrupt if the WFI instruction of the Cortex-M4 is used or from an event if the
WEFE instruction is used.
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5.5.4 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. Table 5-1 below shows a summary of the configurations of the low-power modes.
Table 5-1. Low-power Mode Configuration Summary
SUPC,
32 kHz Osc,
RTC, RTT
Backup
Registers,
POR Core Core at PIO State PIO State
(Backup Memory Potential Wake Up Wake | whilein Low | at Wake | Consumption | Wake-up
Mode Region) Regulator | Peripherals Mode Entry Sources Up Power Mode Up QR0 Time®
VROFF = 1 . . PIOA &
Backup ON OFF OFF or \évl\l/IJzI(;rer? Pe Reset Previous state E:gg & 1 uA typ® <1ms
Mode (Not powered) WEFE + RTC alarm saved Inputs with HAyp
SLEEPDEEP = 1 | RTT alarm pull ups
WAITMODE =1
+FLPM =0 Any Event from:
Wait Mode or Fast startup through
w/Flash in Powered WUPO-15 pins Clocked | Previousstate | Unchange ©)
Standby ON ON (Not clocked) WFE + _ | RTC alarm back saved d 32.2pA <10ps
Mode SLEEPDEEP =0 | R1T alarm
+LPM=1 USB wake-up
+FLPM =0
WAITMODE =1
+FLPM =1 Any Event from:
Wait Mode or Fast startup through
w/Flash in Powered WUPO0-15 pins Clocked | Previousstate | Unchange
Deep Power ON ON (Not clocked) WFE + _ | RTC alarm back saved d 27.6 pA <100 ps
Down Mode SLEEPDEEP =0 | R1T alarm
+LPM=1 USB wake-up
+FLPM =1
Entry mode =WFI
Interrupt Only;
Entry mode =WFE
WFE Any Enabled Interrupt
4O or and/or Any Event ocked h
Powere from: Clocke Previous state | Unchange | (7 (7)
Sleep Mode ON ON (Not clocked) SLEE\é’vI'D::EEP — o | Fast start-up through | back saved d
~ " | WUPO0-15 pins
*LPM=0 RTC alarm
RTT alarm
USB wake-up
Notes: 1. The external loads on PIOs are not taken into account in the calculation.
2. Supply Monitor current consumption is not included.
3. When considering wake-up time, the time required to start the PLL is not taken into account. Once started, the device works with the 4/8/12
MHz fast RC oscillator. The user has to add the PLL start-up time if it is needed in the system. The wake-up time is defined as the time
taken for wake up until the first instruction is fetched.
4. Total consumption 1 pA typ to 1.8V on VDDIO to 25°C.
5. 20.4 pA on VDDCORE, 32.2 pA for total current consumption.
6. Depends on MCK frequency.
7. Depends on MCK frequency. In this mode, the core is supplied but some peripherals can be clocked.
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5.6 Wake-up Sources

The wake-up events allow the device to exit the backup mode. When a wake-up 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.

Figure 5-4. Wake-up Source
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5.7  Fast Start-up

The SAM4S allows the processor to restart in a few microseconds while the processor is in wait mode. A fast start-up can
occur upon detection of a low level on one of the 19 wake-up inputs (WKUPO to 15 + USB + RTC + RTT).

The fast restart circuitry, as shown in Figure 5-5, is fully asynchronous and provides a fast start-up signal to the Power
Management Controller. As soon as the fast start-up signal is asserted, the PMC automatically restarts the embedded
4/8/12 MHz Fast RC oscillator, switches the master clock on this 4 MHz clock and reenables the processor clock.

Figure 5-5. Fast Start-up Sources
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6. Input/Output Lines
The SAMA4S has several kinds of input/output (I/O) lines such as general purpose 1/0Os (GPIO) and system 1/Os. GPIOs
can have alternate functionality due to multiplexing capabilities of the P1O controllers. The same PIO line can be used
whether in I/O mode or by the multiplexed peripheral. System 1/Os include pins such as test pins, oscillators, erase or
analog inputs.
6.1 General Purpose I/O Lines
GPIO Lines are managed by PIO Controllers. All I/Os have several input or output modes such as pull-up or pull-down,
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 PIO controller user interface. For more details, refer to
the product “PIO Controller” section.
Some GPIOs can have alternate function as analog input. When the GPIO is set in analog mode, all digital features of
the 1/O are disabled.
The input/output buffers of the PIO lines are supplied through VDDIO power supply rail.
The SAM4S embeds high speed pads able to handle up to 70 MHz for HSMCI (MCK/2), 70 MHz for SPI clock lines and
46 MHz on other lines. See the “AC Characteristics” sub-section of the product Electrical Characteristics. Typical pull-up
and pull-down value is 100 kQ for all 1/Os.
Each 1/O line also embeds an ODT (On-Die Termination), (see Figure 6-1 below). It consists of an internal series resistor
termination scheme for impedance matching between the driver output (SAM4S) and the PCB trace impedance
preventing signal reflection. The series resistor helps to reduce |0s 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. In conclusion ODT helps diminish signal integrity issues.
Figure 6-1. On-Die Termination
Z0 ~ Zout + Rodt
! opT
E 36 Ohms Typ. !
| I
E E ) ) Receiver
! SAM4 Driver with ! PCB Trace
! Zout ~ 10 Ohms ! 70 ~ 50 Ohms
i 4
6.2 System I/O Lines
System /O lines are pins used by oscillators, test mode, reset and JTAG to name but a few. Described below in Table 6-
lare the SAMA4S system I/O lines shared with PIO lines.
These pins are software configurable as general purpose I/O or system pins. At startup the default function of these pins
is always used.
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Table 6-1. System I/O Configuration Pin List.

SYSTEM_IO Default function Constraints for
bit number after reset Other function normal start Configuration
12 ERASE PB12 Low Level at startup®
10 DDM PB10 -
11 DDP PB11 - In Matrix User Interface Registers
7 TCK/SWCLK PB7 _ (Refer to the System 1/O
Configuration Register in the “Bus
6 TMS/SWDIO PB6 - Matrix” section of the datasheet.)
5 TDO/TRACESWO PB5 -
4 TDI PB4 -
- PA7 XIN32 -
See footnote @ below
- PA8 XOUT32 -
- PB9 XIN -
See footnote ©) below
- PB8 XOUuT -
Notes: 1. If PB12is used as PIO input in user applications, a low level must be ensured at startup to prevent Flash erase before

6.2.1

6.3

the user application sets PB12 into PIO mode,
2. In the product Datasheet Refer to: “Slow Clock Generator” of the “Supply Controller” section.
3. In the product Datasheet Refer to: “3 to 20 MHZ Crystal Oscillator” information in the “PMC” section.

Serial Wire JTAG Debug Port (SWJ-DP) Pins

The SWJ-DP pins are TCK/SWCLK, TMS/SWDIO, TDO/SWO, TDI and commonly provided on a standard 20-pin JTAG
connector defined by ARM. For more details about voltage reference and reset state, refer to Table 3-1 on page 8.

At startup, SWJ-DP pins are configured in SWJ-DP mode to allow connection with debugging probe. Please refer to the
“Debug and Test” Section of the product datasheet.

SWJ-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 SWJ-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 JTAG pin and PA7 pin are used to select the JTAG Boundary Scan when asserted JTAGSEL at a high level and
PA7 at low level. It integrates a permanent pull-down resistor of about 15 kQ to GND, so that it can be left unconnected
for normal operations.

By default, the JTAG Debug Port is active. If the debugger host wants to switch to the Serial Wire Debug Port, it must
provide a dedicated JTAG sequence on TMS/SWDIO and TCK/SWCLK which disables the JTAG-DP and enables the
SW-DP. When the Serial Wire Debug Port is active, TDO/TRACESWO can be used for trace.

The asynchronous TRACE output (TRACESWO) is multiplexed with TDO. So the asynchronous trace can only be used
with SW-DP, not JTAG-DP. For more information about SW-DP and JTAG-DP switching, please refer to the “Debug and
Test” Section.

Test Pin

The TST pin is used for JTAG Boundary Scan Manufacturing Test or Fast Flash programming mode of the SAM4S
series. The TST pin integrates a permanent pull-down resistor of about 15 kQ to GND, so that it can be left unconnected
for normal operations. To enter fast programming mode, see the Fast Flash Programming Interface (FFPI) section. For
more on the manufacturing and test mode, refer to the “Debug and Test” section of the product datasheet.
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6.4 NRST Pin

The NRST pin is bidirectional. It is handled by the on-chip reset controller and can be driven low to provide a reset signal
to the external components or asserted low externally to reset the microcontroller. It will reset the Core and the
peripherals except the Backup region (RTC, RTT and Supply Controller). There is no constraint on the length of the reset
pulse and the reset controller can guarantee a minimum pulse length. The NRST pin integrates a permanent pull-up
resistor to VDDIO of about 100 kQ. By default, the NRST pin is configured as an input.

6.5 ERASE Pin

The ERASE pin is used to reinitialize the Flash content (and some of its NVM bits) to an erased state (all bits read as
logic level 1). It integrates a pull-down resistor of about 100 kQ to GND, so that it can be left unconnected for normal
operations.

This pin is debounced by SCLK to improve the glitch tolerance. When the ERASE pin is tied high during less than 100
ms, it is not taken into account. The pin must be tied high during more than 220 ms to perform a Flash erase operation.

The ERASE pin is a system I/O pin and can be used as a standard 1/O. At startup, the ERASE pin is not configured as a
PIO pin. If the ERASE pin is used as a standard /O, startup level of this pin must be low to prevent unwanted erasing.
Refer to Section 11.2 “Peripheral Signal Multiplexing on 1/0O Lines” on page 42. Also, if the ERASE pin is used as a
standard I/O output, asserting the pin to low does not erase the Flash.
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7.

Product Mapping

Figure 7-1. SAMA4S Product Mapping
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8.

8.1

8.1.1

8.1.2

8.1.3

8.1.3.1

Memories

Embedded Memories

Internal SRAM

The SAM4SD32 device (2x1024 Kbytes) embeds a total of 160-Kbytes high-speed SRAM.

The SAM4SD16 device (2x512KBytes)embeds a total of 160-Kbytes high-speed SRAM.

The SAM4SA16 device (1024 Kbytes) embeds a total of 160-Kbytes high-speed SRAM.

The SAM4S16 device (1024 Kbytes) embeds a total of 128-Kbytes high-speed SRAM.

The SAM4S8 device (512 Kbytes) embeds a total of 128-Kbytes high-speed SRAM.

The SRAM is accessible over System Cortex-M4 bus at address 0x2000 0000.

The SRAM is in the bit band region. The bit band alias region is from 0x2200 0000 to Ox23FF FFFF.

Internal ROM

The SAM4S embeds an Internal ROM, which contains the SAM Boot Assistant (SAM-BA®), In Application Programming
routines (IAP) and Fast Flash Programming Interface (FFPI).

At any time, the ROM is mapped at address 0x0080 0000.

Embedded Flash

Flash Overview

The memory is organized in sectors. Each sector has a size of 64 KBytes. The first sector of 64 KBytes is divided into 3
smaller sectors.

The three smaller sectors are organized to consist of 2 sectors of 8 KBytes and 1 sector of 48 KBytes. Refer to Figure 8-
1, "Global Flash Organization" below.

Figure 8-1. Global Flash Organization

Sector size Sector name

8 KBytes Small Sector 0

8 KBytes Small Sector 1 | sector 0
48 KBytes Larger Sector

64 KBytes Sector 1

64 KBytes Sector n
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Each Sector is organized in pages of 512 Bytes.

For sector O:
e The smaller sector 0 has 16 pages of 512Bytes
e The smaller sector 1 has 16 pages of 512 Bytes
e The larger sector has 96 pages of 512 Bytes

From Sector 1 to n:

The rest of the array is composed of 64-KByte sectors of 128 pages, each page of 512 bytes. Refer to Figure 8-2, "Flash
Sector Organization" below.

Figure 8-2. Flash Sector Organization

A sector size is 64 KBytes

16 pages of 512 Bytes Smaller sector 0

Sector 0 16 pages of 512 Bytes Smaller sector 1

96 pages of 512 Bytes Larger sector

Sector 1 128 pages of 512 Bytes

Sector n 128 pages of 512 Bytes

Flash size varies by product:

e SAMA4S8/S16: the Flash size is 512 KBytes
e Internal Flash address is 0x0040_0000

e SAM4SD16/SA16: the Flash size is 2 x 512 KBytes
e Internal FlashO address is 0x0040_0000
e Internal Flashl address is 0x0048_ 0000

e SAMA4SD32: the Flash size is 2 x 1024 KBytes
e Internal FlashO address is 0x0040_0000
e Internal Flashl address is 0x0050_0000

Refer to Figure 8-3, "Flash Size" below for the organization of the Flash following its size.
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Figure 8-3. Flash Size

Flash 1 MBytes Flash 512 KBytes

2 * 8 KBytes 2 * 8 KBytes

1 * 48 KBytes 1 * 48 KBytes

7 * 64 KBytes
15 * 64 KBytes

Erasing the memory can be performed as follows:
e Onab512-byte page inside a sector, of 8K Bytes

Flash 256 KBytes

2 * 8 KBytes

1 * 48 KBytes

3 * 64 KBytes

Note: EWP and EWPL commands can be only used in 8 KBytes sectors.
e On a4-Kbyte Block inside a sector of 8 KBytes/48 Kbytes/64 KBytes

Note: Erase Page commands can be only used with FARG[1:0] = 1

e On a sector of 8 KBytes/48 KBytes/64 KBytes

Note: Erase Page commands can be only used with FARG[1:0] = 2

e Onchip

The Write commands of the Flash cannot be used under 330 kHz.

8.1.3.2 Enhanced Embedded Flash Controller

The 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.

8.1.3.3 Flash Speed

The user needs to set the number of wait states depending on the frequency used:

For more details, refer to the “AC Characteristics” sub-section of the product “Electrical Characteristics”.

8.1.3.4 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 8-1. Lock Bit Number
Product Number of Lock Bits Lock Region Size
SAM4SD32 256 (128 + 128) 8 Kbytes
SAM4SD16 128 (64 + 64) 8 Kbytes
SAM4S16/SA16 128 8 Kbytes
SAM4S8 64 8 Kbytes

Atmel
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8.1.3.5

8.1.3.6

8.1.3.7

8.1.3.8

8.1.3.9

If a locked-region’s erase or program command occurs, the command is aborted and the EEFC triggers an interrupt.

The lock bits are software programmable through the EEFC User Interface. The command “Set Lock Bit” enables the
protection. The command “Clear Lock Bit” unlocks the lock region.

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

Security Bit Feature

The SAM4SD32 and SAM4SD16 feature 2 security bits, the SAM4S16/SA16/S8 feature a security bit, based on a
specific General Purpose NVM bit (GPNVM bit 0). When one of the security bits is enabled, any access to the Flash,
SRAM, Core Registers and Internal Peripherals either through the ICE interface or through the Fast Flash Programming
Interface, is forbidden. 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.

It is important to note that the assertion of the ERASE pin should always be longer than 200 ms.

As the ERASE pin integrates a permanent pull-down, it can be left unconnected during normal operation. However, it is
safer to connect it directly to GND for the final application.

Calibration Bits

NVM bits are used to calibrate the brownout detector and the voltage regulator. These bits are factory configured and
cannot be changed by the user. The ERASE pin has no effect on the calibration bits.

Unique Identifier

Each device integrates its own 128-bit unique identifier. These bits are factory configured and cannot be changed by the
user. The ERASE pin has no effect on the unique identifier.

User Signature

Each part contains a User Signature of 512 bytes. It can be used by the user to store user information such as trimming,
keys, etc., that the customer 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

The Fast Flash Programming Interface 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.

8.1.3.10 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 UART and USB.

The SAM-BA Boot provides an interface with SAM-BA Graphic User Interface (GUI).

The SAM-BA Boot is in ROM and is mapped in Flash at address 0x0 when GPNVM bit 1 is set to 0.

8.1.3.11 GPNVM Bits

The SAM4S16 features two GPNVM bits. These bits can be cleared or set respectively through the commands “Clear
GPNVM Bit” and “Set GPNVM Bit” of the EEFC User Interface.

The Flash of the SAM4S8 is composed of 512 Kbytes in a single bank.

The SAM4SA16/SD32/SD16 features 3 GPNVM bits (GPNVM from Flash0) that can be cleared or set respectively
through the "Clear GPNVM Bit" and "Set GPNVM Bit" commands of the EEFCO User Interface. The GPNVM bits of the
SAM4SA16/SD16/SD32 are only available on FLashO. There is no GPNVM bit on Flash1l. The GPNVMO is the security
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bit. The GPNVML1 is used to select the boot mode (boot always at 0x00) on ROM or FLASH. The SAM4SD32/16 embeds
an additional GPNVM bit: GPNVM2. This GPNVM bit is used only to swap the FlashO and Flashl. If GPNVM bit 2 is:

ENABLE: the Flashl is mapped at address 0x0040_0000 (Flashl and Flash0O are continuous). DISABLE: the FlashO is
mapped at address 0x0040_0000 (FlashO and Flashl1 are continuous).

Table 8-2. General-purpose Non volatile Memory Bits

GPNVMBIt[#] Function
0 Security bit
1 Boot mode selection
2 Flash selection (Flash 0 or Flash 1)

8.1.4 Boot Strategies

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

A general purpose NVM (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.

Setting GPNVM Bit 1 selects the boot from the Flash, clearing it selects the boot from the ROM. Asserting ERASE clears
the GPNVM Bit 1 and thus selects the boot from the ROM by default.

Setting the GPNVM Bit 2 selects bank 1, clearing it selects the boot from bank 0. Asserting ERASE clears the GPNVM
Bit 2 and thus selects the boot from bank 0 by default.

8.2 External Memories

The SAMA4S features one External Bus Interface to provide an interface to a wide range of external memories and to any
parallel peripheral.

8.2.1 Static Memory Controller

e 16-Mbyte Address Space per Chip Select
8- bit Data Bus
Word, Halfword, Byte Transfers
Programmable Setup, Pulse And Hold Time for Read Signals per Chip Select
Programmable Setup, Pulse And Hold Time for Write Signals per Chip Select
Programmable Data Float Time per Chip Select
External Wait Request
Automatic Switch to Slow Clock Mode
Asynchronous Read in Page Mode Supported: Page Size Ranges from 4 to 32 Bytes
NAND Flash additional logic supporting NAND Flash with Multiplexed Data/Address buses
Hardware Configurable number of chip selects from 1 to 4

Programmable timing on a per chip select basis
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9. Real Time Event Management

The events generated by peripherals are designed to be directly routed to peripherals managing/using these events
without processor intervention. Peripherals receiving events contain logic by which to select the one required.

9.1 Embedded Characteristics

Atmel

Timers, PWM, 10 peripherals generate event triggers which are directly routed to event managers such as ADC or
DACC, for example, to start measurement/conversion without processor intervention.

UART, USART, SPI, TWI, SSC, PWM, HSMCI, ADC, DACC, PIO also generate event triggers directly connected
to Peripheral DMA Controller (PDC) for data transfer without processor intervention.

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

PWM security events (faults) are in combinational form and directly routed from event generators (ADC, ACC,
PMC, TIMER) to PWM module.

PMC security event (clock failure detection) can be programmed to switch the MCK on reliable main RC internal
clock without processor intervention.
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9.2

Table 9-1.

Real Time Event Mapping List

Real Time Event Mapping List

Event Generator

Event Manager

Function

10 (WKUPO/1)

General Purpose Backup Register
(GPBR)

Security / Inmediate GPBR clear (asynchronous) on
Tamper detection through WKUPO/1 10 pins.

Power Management Controller
(PMC)

PMC

Safety / Automatic Switch to Reliable Main RC oscillator
in case of Main Crystal Clock Failure

PMC

Pulse Width Modulation(PWM)

Safety / Puts the PWM Outputs in Safe Mode (Main
Crystal Clock Failure Detection)

Analog Comparator Controller

Safety / Puts the PWM Outputs in Safe Mode

(ACC) PWM (Overcurrent sensor, ...)
. Safety / Puts the PWM Outputs in Safe Mode
Analog-to-Digital Converter (ADC) | PWM (Overspeed,Overcurrent detection ...)
Safety / Puts the PWM Outputs in Safe Mode
Timer Counter (TC) PWM (Overspeed detection through TIMER Quadrature
Decoder)
Safety / Puts the PWM Outputs in Safe Mode (General
10 PWM
Purpose Fault Inputs)
10 parallel Capture (PC) PCis embedd_ed in P10 (Capture Image from Sensor
directly to System Memory)
10 (ADTRG) ADC Trigger for measurement. Selection in ADC module
TC Output 0 ADC Trigger for measurement. Selection in ADC module
TC Output 1 ADC Trigger for measurement. Selection in ADC module
TC Output 2 ADC Trigger for measurement. Selection in ADC module
PWM Event Line 0 ADC Trigger for measurement. PWM cpntalns a
programmable delay for this trigger.
PWM Event Line 1 ADC Trigger for measurement. PWM contains a

programmable delay for this trigger.

DACC (Digital-Analog Converter

10 (DATRG) Controller) Trigger for conversion. Selection in DAC module
TC Output O DACC Trigger for conversion. Selection in DAC module
TC Output 1 DACC Trigger for conversion. Selection in DAC module
TC Output 2 DACC Trigger for conversion. Selection in DAC module
PWM Event Line 0 DACC Trigger for conversion. Selection in DAC module
PWM Event Line 1 DACC Trigger for conversion. Selection in DAC module

Atmel

SAMA4S [DATASHEET]

11100E-ATARM-24-Jul-13

37



10. System Controller

The System Controller is a set of peripherals which allows handling of key elements of the system, such as power,
resets, clocks, time, interrupts, watchdog, etc...

See the system controller block diagram in Figure 10-1 on page 39.

SAMA4S [DATASHEET] 38
A t m eL 11100E-ATARM-24-Jul-13



Figure 10-1. System Controller Block Diagram
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FSTTO - FSTT15 are possible Fast Startup sources, generated by WKUPO - WKUP15 pins,
but are not physical pins.

Atmel SAMA4S [DATASHEET] 39

11100E-ATARM-24-Jul-13



10.1

10.2

10.2.1

10.2.2

10.2.3

System Controller and Peripheral Mapping
Refer to Figure 7-1, "SAM4S Product Mapping".

All the peripherals are in the bit band region and are mapped in the bit band alias region.

Power-on-Reset, Brownout and Supply Monitor

The SAM4S embeds three features to monitor, warn and/or reset the chip:
* Power-on-Reset on VDDIO

* Brownout Detector on VDDCORE

* Supply Monitor on VDDIO

Power-on-Reset

The Power-on-Reset monitors VDDIO. It is always activated and monitors voltage at start up but also during power down.
If VDDIO goes below the threshold voltage, the entire chip is reset. For more information, refer to the Electrical
Characteristics section of the datasheet.

Brownout Detector on VDDCORE

The Brownout Detector 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 the
Supply Controller (SUPC) and Electrical Characteristics sections of the datasheet.

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. It allows to divide the supply monitor power consumption by a factor of up to 2048. For more information,
refer to the SUPC and Electrical Characteristics sections of the datasheet.
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11. Peripherals

111

Peripheral Identifiers

Table 11-1 defines the Peripheral Identifiers of the SAMA4S. 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 11-1. Peripheral Identifiers

PMC Instance Description

Instance ID Instance Name NVIC Interrupt Clock Control

0 SUPC X Supply Controller

1 RSTC 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 EEFCO X Enhanced Embedded Flash Controller O

7 EEFC1 - Enhanced Embedded Flash Controller 1

8 UARTO X X UART 0

9 UART1 X X UART 1

10 SMC - X Static Memory Controller

11 PIOA X X Parallel I/0 Controller A

12 PIOB X X Parallel /O Controller B

13 PIOC X X Parallel 1/0 Controller C

14 USARTO X X USART 0

15 USART1 X X USART 1

16 - - - Reserved

17 - - - Reserved

18 HSMCI X X Multimedia Card Interface

19 TWIO X X Two Wire Interface O

20 TWI1 X X Two Wire Interface 1

21 SPI X X Serial Peripheral Interface

22 SsC X X Synchronous Serial Controller

23 TCO X X Timer/Counter 0

24 TC1 X X Timer/Counter 1

25 TC2 X X Timer/Counter 2

26 TC3 X X Timer/Counter 3

27 TC4 X X Timer/Counter 4

28 TC5 X X Timer/Counter 5

29 ADC X X Analog To Digital Converter

30 DACC X X Digital To Analog Converter
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Table 11-1. Peripheral Identifiers (Continued)

PMC Instance Description
Instance ID Instance Name NVIC Interrupt Clock Control
31 PWM X Pulse Width Modulation
32 CRCCU X X CRC Calculation Unit
33 ACC X X Analog Comparator
34 UDP X X USB Device Port

11.2 Peripheral Signal Multiplexing on I/O Lines
The SAMA4S features 2 PIO controllers on 64-pin versions (PIOA and PIOB) or 3 PIO controllers on the 100-pin version
(PIOA, PIOB and PIOC), that multiplex the 1/O lines of the peripheral set.
The SAMA4S 64-pin and 100-pin PIO Controllers control up to 32 lines. Each line can be assigned to one of three

peripheral functions: A, B or C. The multiplexing tables in the following paragraphs define how the I/O lines of the
peripherals A, B and C are multiplexed on the PIO Controllers. The column “Comments” has been inserted in this table

for the user's own comments; it may be used to track how pins are defined in an application.

Note that some peripheral functions which are output only, might be duplicated within the tables.
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11.2.1 PIO Controller A Multiplexing

Table 11-2. Multiplexing on PIO Controller A (PIOA)

I/O Line Peripheral A Peripheral B Peripheral C Extra Function System Function Comments
PAO PWMHO TIOAO Al7 WKUPO
PAl PWMH1 TIOBO Al18 WKUP1
PA2 PWMH2 SCKO DATRG WKUP2
PA3 TWDO NPCS3
PA4 TWCKO TCLKO WKUP3
PAS5 RXDO NPCS3 WKUP4
PA6 TXDO PCKO
PA7 RTSO PWMH3 XIN32
PA8 CTSO ADTRG WKUP5 XOUT32
PA9 URXDO NPCS1 PWMFIO WKUP6
PA10 UTXDO NPCS2
PAl1l NPCSO PWMHO WKUP7
PA12 MISO PWMH1
PA13 MOSI PWMH2
PAl4 SPCK PWMH3 WKUPS8
PA15 TF TIOAl PWML3 WKUP14/PIODCEN1
PA16 TK TIOB1 PWML2 WKUP15/PIODCEN2
PA17 TD PCK1 PWMH3 ADO
PA18 RD PCK2 Al4 AD1
PA19 RK PWMLO Al5 AD2/WKUP9
PA20 RF PWML1 Al6 AD3/WKUP10
PA21 RXD1 PCK1 AD8 64/100 pins versions
PA22 TXD1 NPCS3 NCS2 AD9 64/100 pins versions
PA23 SCK1 PWMHO Al19 PIODCCLK 64/100 pins versions
PA24 RTS1 PWMH1 A20 PIODCO 64/100 pins versions
PA25 CTS1 PWMH2 A23 PIODC1 64/100 pins versions
PA26 DCD1 TIOA2 MCDA2 PIODC2 64/100 pins versions
PA27 DTR1 TIOB2 MCDA3 PIODC3 64/100 pins versions
PA28 DSR1 TCLK1 MCCDA PIODC4 64/100 pins versions
PA29 RI1 TCLK2 MCCK PIODC5 64/100 pins versions
PA30 PWML2 NPCS2 MCDAO WKUP11/PIODC6 64/100 pins versions
PA31 NPCS1 PCK2 MCDA1 PIODC7 64/100 pins versions
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11.2.2 PIO Controller B Multiplexing

Table 11-3. Multiplexing on PIO Controller B (PIOB)

:_/i?w Peripheral A Peripheral B Peripheral C Extra Function System Function Comments
PBO PWMHO AD4/RTCOUTO
PB1 PWMH1 AD5/RTCOUT1
PB2 URXD1 NPCS2 AD6/WKUP12
PB3 UTXD1 PCK2 AD7
PB4 TWD1 PWMH2 TDI
PB5 TWCK1 PWMLO WKUP13 TDO/TRACESWO
PB6 TMS/SWDIO
PB7 TCK/SWCLK
PB8 XOouT
PB9 XIN
PB10 DDM
PB11 DDP
PB12 PWML1 ERASE
PB13 PWML2 PCKO DACO 64/100 pins versions
PB14 NPCS1 PWMH3 DAC1 64/100 pins versions

Atmel

SAMA4S [DATASHEET]

11100E-ATARM-24-Jul-13

44




11.2.3 PIO Controller C Multiplexing

Table 11-4. Multiplexing on PIO Controller C (PIOC)

I/O Line Extra System
Peripheral A Peripheral B Peripheral C Function Function Comments
PCO DO PWMLO 100 pin version
PC1 D1 PWML1 100 pin version
PC2 D2 PWML2 100 pin version
PC3 D3 PWML3 100 pin version
PC4 D4 NPCS1 100 pin version
PC5 D5 100 pin version
PC6 D6 100 pin version
PC7 D7 100 pin version
PC8 NWE 100 pin version
PC9 NANDOE 100 pin version
PC10 NANDWE 100 pin version
PC11 NRD 100 pin version
PC12 NCS3 AD12 100 pin version
PC13 NWAIT PWMLO AD10 100 pin version
PC14 NCSO 100 pin version
PC15 NCS1 PWML1 AD11 100 pin version
PC16 A21/NANDALE 100 pin version
PC17 A22/NANDCLE 100 pin version
PC18 AO PWMHO 100 pin version
PC19 Al PWMH1 100 pin version
PC20 A2 PWMH2 100 pin version
PC21 A3 PWMH3 100 pin version
PC22 A4 PWML3 100 pin version
PC23 A5 TIOA3 100 pin version
PC24 A6 TIOB3 100 pin version
PC25 A7 TCLK3 100 pin version
PC26 A8 TIOA4 100 pin version
pPC27 A9 TIOB4 100 pin version
PC28 A10 TCLK4 100 pin version
PC29 All TIOA5S AD13 100 pin version
PC30 A12 TIOB5 AD14 100 pin version
PC31 Al3 TCLK5 100 pin version
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12.

12.1

12.11

12.1.2

ARM Cortex-M4

Description

The Cortex-M4 processor is a high performance 32-bit processor designed for the microcontroller market. It offers
significant benefits to developers, including outstanding processing performance combined with fast interrupt handling,
enhanced system debug with extensive breakpoint and trace capabilities, efficient processor core, system and
memories, ultra-low power consumption with integrated sleep modes, and platform security robustness, with integrated
memory protection unit (MPU).

The Cortex-M4 processor is built on a high-performance processor core, with a 3-stage pipeline Harvard architecture,
making it ideal for demanding embedded applications. The processor delivers exceptional power efficiency through an
efficient instruction set and extensively optimized design, providing high-end processing hardware including a range of
single-cycle and SIMD multiplication and multiply-with-accumulate capabilities, saturating arithmetic and dedicated
hardware division.

To facilitate the design of cost-sensitive devices, the Cortex-M4 processor implements tightly-coupled system
components that reduce processor area while significantly improving interrupt handling and system debug capabilities.
The Cortex-M4 processor implements a version of the Thumb® instruction set based on Thumb-2 technology, ensuring
high code density and reduced program memory requirements. The Cortex-M4 instruction set provides the exceptional
performance expected of a modern 32-bit architecture, with the high code density of 8-bit and 16-bit microcontrollers.

The Cortex-M4 processor closely integrates a configurable NVIC, to deliver industry-leading interrupt performance. The
NVIC includes a non-maskable interrupt (NMI), and provides up to 256 interrupt priority levels. The tight integration of the
processor core and NVIC provides fast execution of interrupt service routines (ISRs), dramatically reducing the interrupt
latency. This is achieved through the hardware stacking of registers, and the ability to suspend load-multiple and store-
multiple operations. Interrupt handlers do not require wrapping in assembler code, removing any code overhead from the
ISRs. A tail-chain optimization also significantly reduces the overhead when switching from one ISR to another.

To optimize low-power designs, the NVIC integrates with the sleep modes, that include a deep sleep function that
enables the entire device to be rapidly powered down while still retaining program state.

System Level Interface

The Cortex-M4 processor provides multiple interfaces using AMBA® technology to provide high speed, low latency
memory accesses. It supports unaligned data accesses and implements atomic bit manipulation that enables faster
peripheral controls, system spinlocks and thread-safe Boolean data handling.

The Cortex-M4 processor has a Memory Protection Unit (MPU) that provides fine grain memory control, enabling
applications to utilize multiple privilege levels, separating and protecting code, data and stack on a task-by-task basis.
Such requirements are becoming critical in many embedded applications such as automotive.

Integrated Configurable Debug

The Cortex-M4 processor implements a complete hardware debug solution. This provides high system visibility of the
processor and memory through either a traditional JTAG port or a 2-pin Serial Wire Debug (SWD) port that is ideal for
microcontrollers and other small package devices.

For system trace the processor integrates an Instrumentation Trace Macrocell (ITM) alongside data watchpoints and a
profiling unit. To enable simple and cost-effective profiling of the system events these generate, a Serial Wire Viewer
(SWV) can export a stream of software-generated messages, data trace, and profiling information through a single pin.

The Flash Patch and Breakpoint Unit (FPB) provides up to 8 hardware breakpoint comparators that debuggers can use.
The comparators in the FPB also provide remap functions of up to 8 words in the program code in the CODE memory
region. This enables applications stored on a non-erasable, ROM-based microcontroller to be patched if a small
programmable memory, for example flash, is available in the device. During initialization, the application in ROM detects,
from the programmable memory, whether a patch is required. If a patch is required, the application programs the FPB to
remap a humber of addresses. When those addresses are accessed, the accesses are redirected to a remap table
specified in the FPB configuration, which means the program in the non-modifiable ROM can be patched.
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12.2 Embedded Characteristics
Tight integration of system peripherals reduces area and development costs
Thumb instruction set combines high code density with 32-bit performance
Code-patch ability for ROM system updates
Power control optimization of system components

Integrated sleep modes for low power consumption

Saturating arithmetic for signal processing

Extensive debug and trace capabilities:

Deterministic, high-performance interrupt handling for time-critical applications
Memory Protection Unit (MPU) for safety-critical applications

Fast code execution permits slower processor clock or increases sleep mode time
Hardware division and fast digital-signal-processing oriented multiply accumulate

e Serial Wire Debug and Serial Wire Trace reduce the number of pins required for debugging, tracing, and

code profiling.
12.3 Block Diagram

Figure 12-1. Typical Cortex-M4 Implementation
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12.4 Cortex-M4 Models

12.4.1 Programmers Model

This section describes the Cortex-M4 programmers model. In addition to the individual core register descriptions, it
contains information about the processor modes and privilege levels for software execution and stacks.

12.4.1.1 Processor Modes and Privilege Levels for Software Execution

The processor modes are:
e Thread mode
Used to execute application software. The processor enters the Thread mode when it comes out of reset.
e Handler mode
Used to handle exceptions. The processor returns to the Thread mode when it has finished exception processing.
The privilege levels for software execution are:
e Unprivileged
The software:
e Has limited access to the MSR and MRS instructions, and cannot use the CPS instruction
e Cannot access the System Timer, NVIC, or System Control Block
e Might have a restricted access to memory or peripherals.
Unprivileged software executes at the unprivileged level.
e Privileged

The software can use all the instructions and has access to all resources. Privileged software executes at the
privileged level.

In Thread mode, the CONTROL register controls whether the software execution is privileged or unprivileged, see
“CONTROL Register” . In Handler mode, software execution is always privileged.

Only privileged software can write to the CONTROL register to change the privilege level for software execution in
Thread mode. Unprivileged software can use the SVC instruction to make a supervisor call to transfer control to
privileged software.

12.4.1.2 Stacks

The processor uses a full descending stack. This means the stack pointer holds the address of the last stacked item in
memory When the processor pushes a new item onto the stack, it decrements the stack pointer and then writes the item
to the new memory location. The processor implements two stacks, the main stack and the process stack, with a pointer
for each held in independent registers, see “Stack Pointer” .

In Thread mode, the CONTROL register controls whether the processor uses the main stack or the process stack, see
“CONTROL Register” .

In Handler mode, the processor always uses the main stack.

The options for processor operations are:

Table 12-1. Summary of processor mode, execution privilege level, and stack use options

Processor Used to Privilege Level for Stack Used
Mode Execute Software Execution
C Privileged or Main stack or
Thread Applications unprivileged ™ process stack®
Exception - .
Handler handlers Always privileged Main stack

Note: 1. See “CONTROL Register”.
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12.4.1.3 Core Registers

Figure 12-2. Processor Core Regist
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Table 12-2. Core Processor Registers

Program status register

Exception mask registers

CONTROL register

Special registers

Register Name Access® Required Reset
Privilege®
General-purpose registers RO-R12 Read-write Either Unknown
Stack Pointer MSP Read-write Privileged See description
Stack Pointer PSP Read-write Either Unknown
Link Register LR Read-write Either OXFFFFFFFF
Program Counter PC Read-write Either See description
Program Status Register PSR Read-write Privileged 0x01000000
Application Program Status Register APSR Read-write Either 0x00000000
Interrupt Program Status Register IPSR Read-only Privileged 0x00000000
Execution Program Status Register EPSR Read-only Privileged 0x01000000
Priority Mask Register PRIMASK Read-write Privileged 0x00000000
Fault Mask Register FAULTMASK Read-write Privileged 0x00000000
Base Priority Mask Register BASEPRI Read-write Privileged 0x00000000
CONTROL register CONTROL Read-write Privileged 0x00000000

Notes: 1. Describes access type during program execution in thread mode and Handler mode. Debug access can differ.

2. An entry of Either means privileged and unprivileged software can access the register.
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12.4.1.4 General-purpose Registers

R0O-R12 are 32-bit general-purpose registers for data operations.

12.4.1.5 Stack Pointer

The Stack Pointer (SP) is register R13. In Thread mode, bit[1] of the CONTROL register indicates the stack pointer to
use:

e 0= Main Stack Pointer (MSP). This is the reset value.
e 1 =Process Stack Pointer (PSP).

On reset, the processor loads the MSP with the value from address 0x00000000.

12.4.1.6Link Register
The Link Register (LR) is register R14. It stores the return information for subroutines, function calls, and exceptions. On
reset, the processor loads the LR value OxFFFFFFFF.

12.4.1.7 Program Counter

The Program Counter (PC) is register R15. It contains the current program address. On reset, the processor loads the
PC with the value of the reset vector, which is at address 0x00000004. Bit[0] of the value is loaded into the EPSR T-bit at
reset and must be 1.
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12.4.1.8 Program Status Register

Name: PSR

Access: Read-write

Reset: 0x000000000
31 30 29 28 27 26 25 24

| N Z C \Y | Q | ICIIT T |
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8

| ICIIT - ISR_NUMBER |
7 6 5 4 3 2 1 0

| ISR_NUMBER |

The Program Status Register (PSR) combines:
* Application Program Status Register (APSR)
* Interrupt Program Status Register (IPSR)
» Execution Program Status Register (EPSR).
These registers are mutually exclusive bitfields in the 32-bit PSR.

The PSR register accesses these registers individually or as a combination of any two or all three registers, using the register
name as an argument to the MSR or MRS instructions. For example:

» Read of all the registers using PSR with the MRS instruction
» Write to the APSR N, Z, C, V and Q bits using APSR_nzcvq with the MSR instruction.

The PSR combinations and attributes are:

Name Access Combination

PSR Read-write®™® APSR, EPSR, and IPSR
IEPSR Read-only EPSR and IPSR

IAPSR Read-write® APSR and IPSR
EAPSR | Read-write® APSR and EPSR

Notes: 1. The processor ignores writes to the IPSR bits.
2. Reads of the EPSR bits return zero, and the processor ignores writes to these bits

See the instruction descriptions “MRS” and “MSR” for more information about how to access the program status registers.
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12.4.1.9 Application Program Status Register

Name: APSR

Access: Read-write

Reset: 0x000000000
31 30 29 28 27 26 25 24

I N I z I c v I Q I - |
23 22 21 20 19 18 17 16

| - | GE[3:0] |
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0

The APSR contains the current state of the condition flags from previous instruction executions.

N: Negative Flag

o

: Operation result was positive, zero, greater than, or equal

=

: Operation result was negative or less than.

Z: Zero Flag
: Operation result was not zero

= O

: Operation result was zero.

» C: Carry or Borrow Flag
Carry or borrow flag:
0: Add operation did not result in a carry bit or subtract operation resulted in a borrow bit

1: Add operation resulted in a carry bit or subtract operation did not result in a borrow bit.

» V: Overflow Flag
0: Operation did not result in an overflow

1: Operation resulted in an overflow.

* Q: DSP Overflow and Saturation Flag

Sticky saturation flag:

0: Indicates that saturation has not occurred since reset or since the bit was last cleared to zero
1: Indicates when an SSAT or USAT instruction results in saturation.

This bit is cleared to zero by software using an MRS instruction.

» GE[19:16]: Greater Than or Equal Flags
See “SEL” for more information.
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12.4.1.10Interrupt Program Status Register

Name: IPSR
Access: Read-write
Reset: 0x000000000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
| - ISR_NUMBER |
7 6 5 4 3 2 1 0

| ISR_NUMBER |

The IPSR contains the exception type number of the current Interrupt Service Routine (ISR).

* ISR_NUMBER: Number of the Current Exception
0 = Thread mode

1 = Reserved

2 =NMI

3 = Hard fault

4 = Memory management fault
5 = Bus fault

6 = Usage fault

7-10 = Reserved

11 = SvCall

12 = Reserved for Debug

13 = Reserved

14 = PendSV

15 = SysTick

16 = IRQO

50 = IRQ34

See “Exception Types” for more information.
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12.4.1.11 Execution Program Status Register

Name: EPSR

Access: Read-write

Reset: 0x000000000
31 30 29 28 27 26 25 24

| - ICIIT T |
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8

| ICINT - |
7 6 5 4 3 2 1 0

The EPSR contains the Thumb state bit, and the execution state bits for either the If-Then (IT) instruction, or the Interruptible-
Continuable Instruction (ICI) field for an interrupted load multiple or store multiple instruction.

Attempts to read the EPSR directly through application software using the MSR instruction always return zero. Attempts to write
the EPSR using the MSR instruction in the application software are ignored. Fault handlers can examine the EPSR value in the
stacked PSR to indicate the operation that is at fault. See “Exception Entry and Return”

* ICI: Interruptible-continuable Instruction
When an interrupt occurs during the execution of an LDM, STM, PUSH, POP, VLDM, VSTM, VPUSH,
or VPOP instruction, the processor:
— Stops the load multiple or store multiple instruction operation temporarily
— Stores the next register operand in the multiple operation to EPSR bits[15:12].
After servicing the interrupt, the processor:
— Returns to the register pointed to by bits[15:12]
— Resumes the execution of the multiple load or store instruction.
When the EPSR holds the ICI execution state, bits[26:25,11:10] are zero.

e |T: If-Then Instruction
Indicates the execution state bits of the IT instruction.

The If-Then block contains up to four instructi