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What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

Active

ARM® Cortex®-M4

32-Bit Single-Core

120MHz

EBI/EMI, I2C, IrDA, Memory Card, SPI, SSC, UART/USART, USB
Brown-out Detect/Reset, DMA, POR, PWM, WDT
79

1MB (1M x 8)

FLASH

160K x 8

1.62V ~ 3.6V

A/D 16x12b; D/A 2x12b

Internal

-40°C ~ 105°C (TA)

Surface Mount

100-LQFP

100-LQFP (14x14)
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Figure 2-4. SAM4S16/S8 64-pin Version Block Diagram

-

¢}
" $
St & ® &
Yy L@ L L
QLN &
A A A A
TST YyYVvVYY
PCK([2:0] ﬁl
T v
JTAG and Serial Wire
In-Circuit Emulator
XIN Cortex-M4 Processor
YOUT 4— fuax 120 MHz
ERASE +—»
WKUP[15:0] «—» NVIC
XIN32 «—» Flash Uk
XOUT32 4+—p| Unique RS
Identifier 9
S /D l l
VDDIO —¥
VDDCORE — Flash
VDDPLL — M M s <):> 1024/512 Kbytes
RTCOUTO «+—»|
RTCOUT1 4| 4-layer AHB Bus Matrix SRAM
NRST fiuax 120 MHz S <):(> 128 Kbytes
= M 3 16 Kbytes
System Controller <\':> AHE_’/APB PDC
Bridge
TWCKO ¢ >
TWDO < > « > |« » DDP
> |¢ » DDM
TWCK1 < >
TWD1 < >
URXDO « >
UTXDO < > < » MCCK
< » MCCDA
URXD1 < > < » MCDA[3:0]
UTXD1 < >
< >
00 « 1> > miso
RXDO < > < » MOSI
RTSO < > < » SPCK
CTSO < > < » NPCS[3:0]
SCK1 >
TXD1 < > < »
RXD1 4 > « >
RTS1 < > ) > RD
CTS1 < > M > TK
DTR1 4 > N > RK
DSR1 < 2 M > TF
DCD1 < > < » RF
RI1 <« >
PIODCCLK »

PIODCEN[2:1] < b «—| |« » TCLK[2:0]
< > TIOA[2:0]
< > TIOB[2:0]

ADI[9:0] «
ADTRG »
ADVREF ]
DAC[1:0] 4 < » PWMH[3:0]
DATRG + 1< — < » PWML[3:0]
— «— | |« » PWMFIO
ADC >
DAC —»
Temp Sensor |
ADVREF L L
/It m eL SAMA4S Series [DATASHEET] 9

Atmel-11100K-ATARM-SAM4S-Datasheet_09-Jun-15



Table 3-1. Signal Description List (Continued)
Active Voltage
Signal Name Function Type Level | Reference | Comments
Flash Memory
Reset State:
lash and " ) . - Erase Input
ERASE E;sseacnomNn\]/aI‘\ﬁllfon 'guration Bits Input High VDDIO | - Internal pull-down
enabled
- Schmitt Trigger enabled™
Reset/Test
NRST Synchronous Microcontroller Reset I/10 Low Permanent Internal
VDDIO pUtp
ST Test Select Input _ Permanent Internal
pull-down
Wake-up
WKUP[15:0] Wake-up Inputs Input ‘ - ‘ VDDIO -
Universal Asynchronous Receiver Transceiver - UARTx
URXDx UART Receive Data Input - - -
UTXDx UART Transmit Data Output - - -
PI1O Controller - PIOA - PIOB - PIOC
PAO-PA31 Parallel 10 Controller A /10 - Reset State:
PBO-PB14 Parallel 10 Controller B o - voplo |~ P10 or System 105
- Internal pull-up enabled
PCO-PC31 Parallel IO Controller C 1’10 - - Schmitt Trigger enabled®
PIO Controller - Parallel Capture Mode
PIODCO-PIODCY Parallel Capture Mode Data Input -
PIODCCLK Parallel Capture Mode Clock Input - VDDIO -
PIODCEN1-2 Parallel Capture Mode Enable Input -
External Bus Interface
D0-D7 Data Bus 110 - - -
A0-A23 Address Bus Output - - -
NWAIT External Wait Signal Input Low - -
Static Memory Controller - SMC
NCS0-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 - -
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Table 3-1. Signal Description List (Continued)
Active Voltage
Signal Name Function Type Level | Reference | Comments
Serial Peripheral Interface - SPI
MISO Master In Slave Out I/O - - -
MOSI Master Out Slave In I/0 - - -
SPCK SPI Serial Clock I/0 - - -
SPI_NPCSO SPI Peripheral Chip Select 0 I/O Low - -
SPI_NPCS1-SPI_NPCS3 | SPI Peripheral Chip Select Output Low - -
Two-Wire Interface - TWI
TWDx TWIx Two-wire Serial Data 1/0 - -
TWCKX TWIx Two-wire Serial Clock I/0 - -
Analog
ADVREE ADC, DAC and Analog Comparator Analog B B
Reference
12-bit Analog-to-Digital Converter - ADC
ADO-AD14 Analog Inputs A[;‘ig'i?;{' - -
ADTRG ADC Trigger Input - VDDIO
12-bit Digital-to-Analog Converter - DAC
DACO-DAC1 Analog output Al;gligg' - -
DACTRG DAC Trigger Input - VDDIO
Fast Flash Programming Interface - FFPI
PGMENO-PGMEN2 Programming Enabling Input - VDDIO
PGMMO0-PGMM3 Programming Mode Input -
PGMDO-PGMD15 Programming Data 1/0 -
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: 1. Schmitt triggers can be disabled through PIO registers.
2. Some PIO lines are shared with system I/Os.
3. Refer to USB section of the product Electrical Characteristics for information on pull-down value in USB mode.
4. See “Typical Powering Schematics” section for restrictions on voltage range of analog cells.
5. TDO pin is set in input mode when the Cortex-M4 processor 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
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5.4  Typical Powering Schematics

The SAMA4S supports a 1.62-3.6 V single supply mode. The internal regulator input is connected to the source and
its output feeds VDDCORE. Figure 5-2 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 5-2. Single Supply
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Note:  Restrictions:
For USB, VDDIO needs to be greater than 3.0V.
For ADC, DAC and Analog Comparator, VDDIN needs to be greater than 2.4V.

Figure 5-3. Core Externally Supplied
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Note:  Restrictions:
For USB, VDDIO needs to be greater than 3.0V.
For ADC, DAC and Analog Comparator, VDDIN needs to be greater than 2.4V.
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4. Maintain the ERASE pin high for at least the minimum assertion time.

8.1.3.7 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.

8.1.3.8 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.

8.1.3.9 User Signature

Each device 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.

8.1.3.10 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.

8.1.3.11 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.

8.1.3.12 GPNVM Bits
The SAM4S16/S8/S4/S2 feature two GPNVM bits.

The SAM4SA16/SD32/SD16 feature three GPNVM bits, coming from Flash 0, that can be cleared or set,
respectively, through the "Clear GPNVM Bit" and "Set GPNVM Bit" commands of the EEFCO User Interface.

There is no GPNVM bit on Flash 1.
The GPNVMO is the security 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. GPNVM2 is used only to swap the Flash 0 and
Flash 1. If GPNVM2 is ENABLE, the Flash 1 is mapped at address 0x0040_0000 (Flash 1 and Flash 0 are
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12.6.11.9 SEV

Send Event.
Syntax
SEV{ cond}
where:
cond is an optional condition code, see “Conditional Execution” .
Operation

SEV is a hint instruction that causes an event to be signaled to all processors within a multiprocessor system. It
also sets the local event register to 1, see “Power Management” .

Condition Flags
This instruction does not change the flags.

Examples
SEV ; Send Event

12.6.11.10 SVC
Supervisor Call.

Syntax
SVC{ cond} #i nm
where:
cond is an optional condition code, see “Conditional Execution” .
imm is an expression evaluating to an integer in the range 0-255 (8-bit value).
Operation

The SVC instruction causes the SVC exception.

imm is ignored by the processor. If required, it can be retrieved by the exception handler to determine what service
is being requested.

Condition Flags
This instruction does not change the flags.

Examples
SVC 0x32 ; Supervisor Call (SVC handler can extract the i medi ate val ue
; by locating it via the stacked PC)

SAMA4S Series [DATASHEET 193
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15.4 Functional Description

The programmable 16-bit prescaler value can be configured through the RTPRES field in the “Real-time Timer
Mode Register” (RTT_MR).

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 “Real-time Timer Status Register” (RTT_SR) is set
each time there is a prescaler roll-over (see Figure 15-2)

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 real-time timer counter is incremented every second. The RTTINC bit is set independently from
the 32-bit counter increment.

The real-time timer 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 CRTYV field can be read at any time in the “Real-time Timer Value Register” (RTT_VR). As this value can be
updated asynchronously with the Master Clock, the CRTV 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 “Real-time Timer 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 (OXFFFF_FFFF) 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 Figure 15-1).

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 Real-time Timer 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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18.5.8 Supply Controller Status Register

Name: SUPC_SR

Address: 0x400E1424

Access: Read-only
31 30 29 28 27 26 25 24

| WKUPIS15 | WKUPIS14 | WKUPIS13 | WKUPIS12 | WKUPIS11 | WKUPIS10 | WKUPIS9 | WKUPIS8 |
23 22 21 20 19 18 17 16

| WKUPIS7 | WKUPIS6 | WKUPIS5 | WKUPIS4 | WKUPIS3 | WKUPIS2 | WKUPIS1 | WKUPISO |
15 14 13 12 11 10 9 8

| - | LPDBCS1 | LPDBCSO | - | - | - | - | - |
7 6 5 4 3 2 1 0

| OSCSEL | SMOS | SMS | SMRSTS | BODRSTS | SMWS | WKUPS | - |

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.

« WKUPS: WKUP Wake-up Status (cleared on read)
0 (NO): No wake-up due to the assertion of the WKUP pins has occurred since the last read of SUPC_SR.
1 (PRESENT): At least one wake-up due to the assertion of the WKUP pins has occurred since the last read of SUPC_SR.

* SMWS: Supply Monitor Detection Wake-up Status (cleared on read)
0 (NO): No wake-up due to a supply monitor detection has occurred since the last read of SUPC_SR.
1 (PRESENT): At least one wake-up due to a supply monitor detection has occurred since the last read of SUPC_SR.

« BODRSTS: Brownout Detector Reset Status (cleared on read)
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.

When the voltage remains below the defined threshold, there is no rising edge event at the output of the brownout detec-
tion cell. The rising edge event occurs only when there is a voltage transition below the threshold.

« 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.

* SMS: Supply Monitor Status (cleared on read)
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.

e SMOS: Supply Monitor Output Status
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.
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20.

20.1

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 or 64-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.

20.2 Embedded Characteristics
Increases Performance in Thumb-2 Mode with 128-bit or 64-bit-wide Memory Interface up to 120 MHz

Code Loop Optimization

256 Lock Bits, Each Protecting a Lock Region
GPNVMx General-purpose GPNVM Bits

One-by-one Lock Bit Programming
Commands Protected by a Keyword
Erase the Entire Flash

Erase by Plane

Erase by Sector

Erase by Page

Provides Unique Identifier

Provides 512-byte User Signature Area
Supports Erasing before Programming
Locking and Unlocking Operations
Supports Read of the Calibration Bits

20.3 Product Dependencies

20.3.1 Power Management

20.3.2

352

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 bit EEFC_FMR.FRDY is 1.

Table 20-1. Peripheral IDs

Instance ID
EFCO 6
EFC1 7

SAM4S Series [DATASHEET]
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22.5.2 Cache Controller Configuration Register

Name: CMCC_CFG

Address: 0x4007C004

Access: Read/Write
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

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

| - | - | - | - | - | - | - | GCLKDIS |

* GCLKDIS: Disable Clock Gating
0: Clock gating is activated.
1: Clock gating is disabled.

SAMA4S Series [DATASHEET 391
Atmel ! ]

Atmel-11100K-ATARM-SAM4S-Datasheet_09-Jun-15



26.12 Data Float Wait States
Some memory devices are slow to release the external bus. For such devices, it is necessary to add wait states
(data float wait states) after a read access:
e before starting a read access to a different external memory
e before starting a write access to the same device or to a different external one.
The Data Float Output Time (tpg) for each external memory device is programmed in the TDF_CYCLES field of the
SMC_MODE register for the corresponding chip select. The value of TDF_CYCLES indicates the number of data

float wait cycles (between O and 15) before the external device releases the bus, and represents the time allowed
for the data output to go to high impedance after the memory is disabled.

Data float wait states do not delay internal memory accesses. Hence, a single access to an external memory with
long tye will not slow down the execution of a program from internal memory.

The data float wait states management depends on the READ_MODE and the TDF_MODE fields of the
SMC_MODE register for the corresponding chip select.

26.12.1 READ_MODE

Setting the READ_MODE to 1 indicates to the SMC that the NRD signal is responsible for turning off the tri-state
buffers of the external memory device. The Data Float Period then begins after the rising edge of the NRD signal
and lasts TDF_CYCLES MCK cycles.

When the read operation is controlled by the NCS signal (READ_MODE = 0), the TDF field gives the number of
MCK cycles during which the data bus remains busy after the rising edge of NCS.

Figure 26-17 illustrates the Data Float Period in NRD-controlled mode (READ_MODE =1), assuming a data float
period of 2 cycles (TDF_CYCLES = 2). Figure 26-18 shows the read operation when controlled by NCS
(READ_MODE = 0) and the TDF_CYCLES parameter equals 3.

Figure 26-17. TDF Period in NRD Controlled Read Access (TDF = 2)
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28. Clock Generator

28.1 Description

The Clock Generator user interface is embedded within the Power Management Controller and is described in
Section 29.17 "Power Management Controller (PMC) User Interface”. However, the Clock Generator registers are
named CKGR_.

28.2 Embedded Characteristics

The Clock Generator is made up of:
e Alow-power 32768 Hz slow clock oscillator with Bypass mode
e A low-power RC oscillator
e A 3to 20 MHz crystal or ceramic resonator-based oscillator, which can be bypassed.
[ ]

A factory-programmed fast RC oscillator. Three output frequencies can be selected: 4/8/12 MHz. By default
4 MHz is selected.

e Two 80 to 240 MHz programmable PLL (input from 3 to 32 MHZz), capable of providing the clock MCK to the
processor and to the peripherals.
It provides the following clocks:
e SLCK, the slow clock, which is the only permanent clock within the system.

e MAINCK is the output of the main clock oscillator selection: either the crystal or ceramic resonator-based
oscillator or 4/8/12 MHz fast RC oscillator.

e PLLACK is the output of the divider and 80 to 240 MHz programmable PLL (PLLA).
PLLBCK is the output of the divider and 80 to 240 MHz programmable PLL (PLLB).
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31.6.32 PIO Pad Pull-Down Status Register

Name: PIO_PPDSR

Address: 0x400EOQE98 (PIOA), 0x400E1098 (PIOB), 0x400E1298 (PIOC)

Access: Read-only
31 30 29 28 27 26 25 24

| P31 | P30 | P29 | P28 | P27 | P26 | P25 | P24 |
23 22 21 20 19 18 17 16

| P23 | P22 | P21 | P20 | P19 | P18 | P17 | P16 |
15 14 13 12 11 10 9 8

| P15 | P14 | P13 | P12 | P11 | P10 | P9 | P8 |
7 6 5 4 3 2 1 0

| P7 | P6 | P5 | P4 | P3 | P2 | P1 | PO |

 PO-P31: Pull-Down Status
0: Pull-down resistor is enabled on the I/O line.
1: Pull-down resistor is disabled on the I/O line.

SAMA4S Series [DATASHEET 619
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33.7.3 Master Mode Operations

When configured in Master mode, the SPI operates on the clock generated by the internal programmable baud
rate generator. It fully controls the data transfers to and from the slave(s) connected to the SPI bus. The SPI drives
the chip select line to the slave and the serial clock signal (SPCK).

The SPI features two holding registers, the Transmit Data Register (SPI_TDR) and the Receive Data Register
(SPI1_RDR), and a single shift register. The holding registers maintain the data flow at a constant rate.

After enabling the SPI, a data transfer starts when the processor writes to the SPI_TDR. The written data is
immediately transferred in the Shift register and the transfer on the SPI bus starts. While the data in the Shift
register is shifted on the MOSI line, the MISO line is sampled and shifted in the Shift register. Data cannot be
loaded in the SPI_RDR without transmitting data. If there is no data to transmit, dummy data can be used
(SPI_TDR filled with ones). When the SPI_MR.WDRBT bit is set, new data cannot be transmitted if the SPI_RDR
has not been read. If Receiving mode is not required, for example when communicating with a slave receiver only
(such as an LCD), the receive status flags in the SPI Status register (SP1_SR) can be discarded.

Before writing the SPI_TDR, the PCS field in the SPI_MR must be set in order to select a slave.

If new data is written in the SPI_TDR during the transfer, it is kept in the SPI_TDR until the current transfer is
completed. Then, the received data is transferred from the Shift register to the SPI_RDR, the data in the SPI_TDR
is loaded in the Shift register and a new transfer starts.

As soon as the SPI_TDR is written, the Transmit Data Register Empty (TDRE) flag in the SPI_SR is cleared. When
the data written in the SPI_TDR is loaded into the Shift register, the TDRE flag in the SPI_SR is set. The TDRE bit
is used to trigger the Transmit PDC channel.

See Figure 33-5.

The end of transfer is indicated by the TXEMPTY flag in the SPI_SR. If a transfer delay (DLYBCT) is greater than
0 for the last transfer, TXEMPTY is set after the completion of this delay. The peripheral clock can be switched off
at this time.

Note:  When the SPI is enabled, the TDRE and TXEMPTY flags are set.

Figure 33-5. TDRE and TXEMPTY flag behavior
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'

T
'
'
'
'
'

N | W/ o |
Transfer /. : Q Transfer >—< v Transfer >__. :
" ( ’ 1 ' E a ! " ‘ ) 1
DLYBCT DLYBCT DLYBCT

The transfer of received data from the Shift register to the SPI_RDR is indicated by the Receive Data Register Full
(RDREF) bit in the SPI_SR. When the received data is read, the RDRF bit is cleared.

If the SPI_RDR has not been read before new data is received, the Overrun Error (OVRES) bit in the SPI_SR is
set. As long as this flag is set, data is loaded in the SPI_RDR. The user has to read the SPI_SR to clear the
OVRES hit.

Figure 33-6, shows a block diagram of the SPI when operating in Master mode. Figure 33-7 on page 695 shows a
flow chart describing how transfers are handled.
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34.6

34.6.1

34.6.2

34.6.3

34.7

34.7.1

Product Dependencies

I/O Lines

Both TWD and TWCK are bidirectional lines, connected to a positive supply voltage via a current source or pull-up
resistor. When the bus is free, both lines are high. The output stages of devices connected to the bus must have
an open-drain or open-collector to perform the wired-AND function.

TWD and TWCK pins may be multiplexed with PIO lines. To enable the TWI, the user must program the PIO
Controller to dedicate TWD and TWCK as peripheral lines.

The user must not program TWD and TWCK as open-drain. This is already done by the hardware.

Table 34-4. I/0 Lines

Instance Signal I/O Line Peripheral
TWIO TWCKO PA4 A
TWIO TWDO PA3 A
TWI1 TWCK1 PB5 A
TWI1 TWD1 PB4 A

Power Management

The TWI may be clocked through the Power Management Controller (PMC), thus the user must first configure the
PMC to enable the TWI clock.

Interrupt Sources

The TWI has an interrupt line connected to the Interrupt Controller. In order to handle interrupts, the Interrupt
Controller must be programmed before configuring the TWI.

Table 34-5. Peripheral IDs

Instance ID
TWIO 19
TWI1 20

Functional Description

Transfer Format
The data put on the TWD line must be 8 bits long. Data is transferred MSB first; each byte must be followed by an
acknowledgement. The number of bytes per transfer is unlimited (see Figure 34-3).
Each transfer begins with a START condition and terminates with a STOP condition (see Figure 34-2).
e A high-to-low transition on the TWD line while TWCK is high defines the START condition.
e A low-to-high transition on the TWD line while TWCK is high defines the STOP condition.
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Figure 34-14. TWI Write Operation with Single Data Byte without Internal Address

Atmel

BEGIN

Set TWI clock
(CLDIV, CHDIV, CKDIV) in TWI_CWGR
(Needed only once)

Set the Control register:
- Master enable
TWI_CR = MSEN + SVDIS

Set the Master Mode register:
- Device slave address (DADR)
- Transfer direction bit
Write ==> bit MREAD = 0

Load Transmit register
TWI_THR = Data to send

Write STOP Command
TWI_CR = STOP

Read Status register
No
TXRDY =17
Yes [«
Read Status register
No

Yes

Transfer finished
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e To prevent any unexpected activation of the Fault Protection on the channel x, the bit FPEX[y] can be set to
‘1’ only if the FPOLy bit has been previously configured to its final value.

If a comparison unit is enabled (see Section 39.6.3 “PWM Comparison Units”) and if a fault is triggered in the
channel 0, then the comparison cannot match.

As soon as the fault protection is triggered on a channel, an interrupt (different from the interrupt generated at the
end of the PWM period) can be generated but only if it is enabled and not masked. The interrupt is reset by reading
the interrupt status register, even if the fault which has caused the trigger of the fault protection is kept active.

39.6.2.7 Synchronous Channels

Some channels can be linked together as synchronous channels. They have the same source clock, the same
period, the same alignment and are started together. In this way, their counters are synchronized together.

The synchronous channels are defined by the SYNCx bits in the PWM Sync Channels Mode Register
(PWM_SCM). Only one group of synchronous channels is allowed.

When a channel is defined as a synchronous channel, the channel 0 is also automatically defined as a
synchronous channel. This is because the channel 0 counter configuration is used by all the synchronous
channels.

If a channel x is defined as a synchronous channel, the fields/bits for the channel 0 are used instead of those of
channel x:

e CPRE in PWM_CMRO instead of CPRE in PWM_CMRXx (same source clock)
e CPRD in PWM_CPRDO instead of CPRD in PWM_CPRDx (same period)
e CALG in PWM_CMRO instead of CALG in PWM_CMRXx (same alignment)

Modifying the fields CPRE, CPRD and CALG of for channels with index greater than 0 has no effect on output
waveforms.

Because counters of synchronous channels must start at the same time, they are all enabled together by enabling
the channel 0 (by the CHIDO bit in PWM_ENA register). In the same way, they are all disabled together by
disabling channel 0 (by the CHIDO bit in PWM_DIS register). However, a synchronous channel x different from
channel 0 can be enabled or disabled independently from others (by the CHIDx bit in PWM_ENA and PWM_DIS
registers).

Defining a channel as a synchronous channel while it is an asynchronous channel (by writing the bit SYNCx to ‘1’
while it was at ‘0") is allowed only if the channel is disabled at this time (CHIDx = 0 in PWM_SR). In the same way,
defining a channel as an asynchronous channel while it is a synchronous channel (by writing the SYNCx bit to ‘0’
while it was ‘1") is allowed only if the channel is disabled at this time.

The UPDM field (Update Mode) in the PWM_SCM register selects one of the three methods to update the
registers of the synchronous channels:

e Method 1 (UPDM = 0): The period value, the duty-cycle values and the dead-time values must be written by
the processor in their respective update registers (respectively PWM_CPRDUPDx, PWM_CDTYUPDx and
PWM_DTUPDXx).The update is triggered at the next PWM period as soon as the bit UPDULOCK in the PWM
Sync Channels Update Control Register (PWM_SCUC) is set to ‘1’ (see “Method 1: Manual write of duty-
cycle values and manual trigger of the update”).

e Method 2 (UPDM = 1): The period value, the duty-cycle values, the dead-time values and the update period
value must be written by the processor in their respective update registers (respectively PWM_CPRDUPDX,
PWM_CDTYUPDx and PWM_DTUPD). The update of the period value and of the dead-time values is
triggered at the next PWM period as soon as the bit UPDULOCK in the PWM_SCUC register is set to ‘1.
The update of the duty-cycle values and the update period value is triggered automatically after an update
period defined by the field UPR in the PWM Sync Channels Update Period Register (PWM_SCUP) (see
“Method 2: Manual write of duty-cycle values and automatic trigger of the update” ).
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Figure 39-16. Event Line Block Diagram
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Figure 39-17. Event Line Generation Waveform (Example)
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39.6.5 PWM Controller Operations

39.6.5.1 Initialization

Before enabling the channels, they must be configured by the software application as described below:
e Unlock User Interface by writing the WPCMD field in the PWM_WPCR.

e Configuration of the clock generator (DIVA, PREA, DIVB, PREB in the PWM_CLK register if required).
e Selection of the clock for each channel (CPRE field in PWM_CMRX)
e Configuration of the waveform alignment for each channel (CALG field in PWM_CMRX)
e Selection of the counter event selection (if CALG = 1) for each channel (CES field in PWM_CMRX)
e Configuration of the output waveform polarity for each channel (CPOL bit in PWM_CMRX)
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42.7.2 ADC Mode Register

Name: ADC_MR
Address: 0x40038004
Access: Read/Write

31 30 29 28 27 26 25 24
| USEQ | - TRANSFER | TRACKTIM

23 22 21 20 19 18 17 16
| ANACH | - | SETTLING | STARTUP

15 14 13 12 11 10 9 8
| PRESCAL

7 6 5 4 3 2 1 0
| FREERUN | FWUP | SLEEP | - | TRGSEL TRGEN

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

« TRGEN: Trigger Enable
Value Name Description
0 DIS Hardware triggers are disabled. Starting a conversion is only possible by software.
1 EN Hardware trigger selected by TRGSEL field is enabled.

» TRGSEL: Trigger Selection

Value Name Description
0 ADC_TRIGO External trigger
1 ADC_TRIG1 TIO Output of the Timer Counter Channel 0
2 ADC_TRIG2 TIO Output of the Timer Counter Channel 1
3 ADC_TRIG3 TIO Output of the Timer Counter Channel 2
4 ADC_TRIG4 PWM Event Line 0
5 ADC_TRIG5 PWM Event Line 1
6 ADC_TRIG6 Reserved
7 ADC_TRIG7 Reserved

» SLEEP: Sleep Mode

Value Name Description
0 NORMAL Normal Mode: The ADC core and reference voltage circuitry are kept ON between conversions.
1 SLEEP Sleep Mode: The wake-up time can be modified by programming FWUP bit.

 FWUP: Fast Wake Up

Value Name Description
0 OFF If SLEEP is 1, then both ADC core and reference voltage circuitry are OFF between conversions
1 ON If SLEEP is 1, then Fast Wake-up Sleep mode: The voltage reference is ON between conversions

and ADC core is OFF
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45.8 48-lead QFN Mechanical Characteristics

Figure 45-10. 48-lead QFN Package Drawing

PIN1 ID
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A ecelC]
[[aaa]C[A] * CONTROLLING DIMENSION : MM
SToealcTE :. sugoL|  MILLIMETER INCH

MIN. [NoM. [ max. [MIN. [nom. [ max.
A |-—=|-—=]0.90|-——|-—=]0.035
A1 |———|-——]0.050/ ——— | -—|0.002
A2 |--—|o0.65 | 0.70 |-—— |0.0260.028

A3 0.20 REF. 0.008 REF.
0.18 [0.20 | 0.23 |0.007)0.0080.009

D 7.00 bsc 0.276 bsc
D2 |5.45 |5.60 | 5.75 |0.215]0.220]0.226

E 7.00 bsc 0.276 bsc
E2 |5.45 |5.60 | 5.75 |0.215/0.220]0.226

SEATING L |0.35(0.40 | 0.45 (0.014/0.016|0.018

SIDE Pbﬁg\; e 0.50 bsc 0.020 bsc
R |0.09]-——|-——]o.004] ———|——-
TOLERANCES OF FORM AND POSITION
aaa 0.10 0.004
bbb 0.10 0.004
cce 0.05 0.002

NOTES :

1.ALL DIMENSIONS ARE IN MILLIMETERS.

2.DIE THICKNESS ALLOWABLE IS 0.305 mm MAXIMUM(.012 INCHES MAXIMUM)

3.DIMENSIONING & TOLERANCES CONFORM TO ASME Y14.5M. —1994.

4.THE PIN #1 IDENTIFIER MUST BE PLACED ON THE TOP SURFACE OF THE
PACKAGE BY USING INDENTATION MARK OR OTHER FEATURE OF PACKAGE BODY.

5.EXACT SHAPE AND SIZE OF THIS FEATURE IS OPTIONAL.

6.PACKAGE WARPAGE MAX 0.08 mm.

7.APPLIED FOR EXPOSED PAD AND TERMINALS. EXCLUDE EMBEDDING PART OF EXPOSED
PAD FROM MEASURING.

8.APPLIED ONLY TO TERMINALS.

Table 45-28. Device and 48-lead LQFP Package Maximum Weight

\ SAMA4S

\ 143

mg ‘

Table 45-29. 48-lead QFN Package Characteristics

‘ Moisture Sensitivity Level 3 ‘
Table 45-30. 48-lead QFN Package Reference

JEDEC Drawing Reference

JESD97 Classification e3
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