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Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
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processing power for a multitude of applications. In
consumer electronics, they manage the operations of
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automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
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systems.
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a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
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12.10.8.1  Instruction width selection

To use an instruction width suffix, place it immediately after the instruction mnemonic and condition code, if any. The 
example below shows instructions with the instruction width suffix.

BCS.W label ; creates a 32-bit instruction even for a short branch

ADDS.W R0, R0, R1 ; creates a 32-bit instruction even though the same
; operation can be done by a 16-bit instruction
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• WDDIS: Watchdog Disable

0: Enables the Watchdog Timer.

1: Disables the Watchdog Timer. 
225SAM3U Series [DATASHEET]
Atmel-6430G-ATARM-SAM3U-Series-Datasheet_31-Mar-15



23.6 Bus Matrix (MATRIX) User Interface 

Table 23-1. Register Mapping 

Offset Register Name Access Reset

0x0000 Master Configuration Register 0 MATRIX_MCFG0 Read-write 0x00000000

0x0004 Master Configuration Register 1 MATRIX_MCFG1 Read-write 0x00000000

0x0008 Master Configuration Register 2 MATRIX_MCFG2 Read-write 0x00000000

0x000C Master Configuration Register 3 MATRIX_MCFG3 Read-write 0x00000000

0x0010 Master Configuration Register 4 MATRIX_MCFG4 Read-write 0x00000000

0x0014 - 0x003C Reserved – – –

0x0040 Slave Configuration Register 0 MATRIX_SCFG0 Read-write 0x00010010

0x0044 Slave Configuration Register 1 MATRIX_SCFG1 Read-write 0x00050010

0x0048 Slave Configuration Register 2 MATRIX_SCFG2 Read-write 0x00000010

0x004C Slave Configuration Register 3 MATRIX_SCFG3 Read-write 0x00000010

0x0050 Slave Configuration Register 4 MATRIX_SCFG4 Read-write 0x00000010

0x0054 Slave Configuration Register 5 MATRIX_SCFG5 Read-write 0x00000010

0x0058 Slave Configuration Register 6 MATRIX_SCFG6 Read-write 0x00000010

0x005C Slave Configuration Register 7 MATRIX_SCFG7 Read-write 0x00000010

0x0060 Slave Configuration Register 8 MATRIX_SCFG8 Read-write 0x00000010

0x0064 Slave Configuration Register 9 MATRIX_SCFG9 Read-write 0x00000010

0x0068 - 0x007C Reserved – – –

0x0080 Priority Register A for Slave 0 MATRIX_PRAS0 Read-write 0x00000000

0x0084 Reserved – – –

0x0088 Priority Register A for Slave 1 MATRIX_PRAS1 Read-write 0x00000000

0x008C Reserved – – –

0x0090 Priority Register A for Slave 2 MATRIX_PRAS2 Read-write 0x00000000

0x0094 Reserved – – –

0x0098 Priority Register A for Slave 3 MATRIX_PRAS3 Read-write 0x00000000

0x009C Reserved – – –

0x00A0 Priority Register A for Slave 4 MATRIX_PRAS4 Read-write 0x00000000

0x00A4 Reserved – – –

0x00A8 Priority Register A for Slave 5 MATRIX_PRAS5 Read-write 0x00000000

0x00AC Reserved – – –

0x00B0 Priority Register A for Slave 6 MATRIX_PRAS6 Read-write 0x00000000

0x00B4 Reserved – – –

0x00B8 Priority Register A for Slave 7 MATRIX_PRAS7 Read-write 0x00000000

0x00BC Reserved – – –

0x00C0 Priority Register A for Slave 8 MATRIX_PRAS8 Read-write 0x00000000
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24.10.1.3  Read Cycle

The NRD_CYCLE time is defined as the total duration of the read cycle, i.e., from the time where address is set on
the address bus to the point where address may change. The total read cycle time is equal to:

NRD_CYCLE = NRD_SETUP + NRD_PULSE + NRD_HOLD 

= NCS_RD_SETUP + NCS_RD_PULSE + NCS_RD_HOLD

All NRD and NCS timings are defined separately for each chip select as an integer number of Master Clock cycles.
To ensure that the NRD and NCS timings are coherent, the user must define the total read cycle instead of the
hold timing. NRD_CYCLE implicitly defines the NRD hold time and NCS hold time as:

NRD_HOLD = NRD_CYCLE - NRD SETUP - NRD PULSE 

NCS_RD_HOLD = NRD_CYCLE - NCS_RD_SETUP - NCS_RD_PULSE

24.10.2   Read Mode

As NCS and NRD waveforms are defined independently of one other, the SMC needs to know when the read data
is available on the data bus. The SMC does not compare NCS and NRD timings to know which signal rises first.
The READ_MODE parameter in the SMC_MODE register of the corresponding chip select indicates which signal
of NRD and NCS controls the read operation.
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Figure 24-29. Clock Rate Transition Occurs while the SMC is Performing a Write Operation

Figure 24-30. Recommended Procedure to Switch from Slow Clock Mode to Normal Mode or from Normal Mode to Slow Clock 
Mode 
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25. Peripheral DMA Controller (PDC)

25.1 Description

The Peripheral DMA Controller (PDC) transfers data between on-chip serial peripherals and the on- and/or off-chip
memories. The link between the PDC and a serial peripheral is operated by the AHB to APB bridge.

The user interface of each PDC channel is integrated into the user interface of the peripheral it serves. The user
interface of mono directional channels (receive only or transmit only), contains two 32-bit memory pointers and two
16-bit counters, one set (pointer, counter) for current transfer and one set (pointer, counter) for next transfer. The
bi-directional channel user interface contains four 32-bit memory pointers and four 16-bit counters. Each set
(pointer, counter) is used by current transmit, next transmit, current receive and next receive. 

Using the PDC removes processor overhead by reducing its intervention during the transfer. This significantly
reduces the number of clock cycles required for a data transfer, which improves microcontroller performance.

To launch a transfer, the peripheral triggers its associated PDC channels by using transmit and receive signals.
When the programmed data is transferred, an end of transfer interrupt is generated by the peripheral itself.

25.2 Embedded Characteristics
 AMBA™ Advanced High-performance Bus (AHB Lite) Compliant Master

 Performs Transfers to/from APB Communication Serial Peripherals 

 Supports Half-duplex and Full-duplex Peripherals
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Figure 30-7. Receiver Clock Management

30.7.1.4 Serial Clock Ratio Considerations

The Transmitter and the Receiver can be programmed to operate with the clock signals provided on either the TK
or RK pins. This allows the SSC to support many slave-mode data transfers. In this case, the maximum clock
speed allowed on the RK pin is:

̶ Master Clock divided by 2 if Receiver Frame Synchro is input

̶ Master Clock divided by 3 if Receiver Frame Synchro is output

In addition, the maximum clock speed allowed on the TK pin is:

̶ Master Clock divided by 6 if Transmit Frame Synchro is input

̶ Master Clock divided by 2 if Transmit Frame Synchro is output
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Figure 30-15. Receive Frame Format in Continuous Mode 

Note: 1. STTDLY is set to 0.

30.7.8  Loop Mode

The receiver can be programmed to receive transmissions from the transmitter. This is done by setting the Loop
Mode (LOOP) bit in SSC_RFMR. In this case, RD is connected to TD, RF is connected to TF and RK is connected
to TK.

30.7.9  Interrupt

Most bits in SSC_SR have a corresponding bit in interrupt management registers.

The SSC can be programmed to generate an interrupt when it detects an event. The interrupt is controlled by
writing SSC_IER (Interrupt Enable Register) and SSC_IDR (Interrupt Disable Register) These registers enable
and disable, respectively, the corresponding interrupt by setting and clearing the corresponding bit in SSC_IMR
(Interrupt Mask Register), which controls the generation of interrupts by asserting the SSC interrupt line connected
to the NVIC.

Figure 30-16. Interrupt Block Diagram
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Figure 32-20. TWI Read Operation with Multiple Data Bytes with or without Internal Address
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Figure 34-6. Character Transmit 

The characters are sent by writing in the Transmit Holding Register (US_THR). The transmitter reports two status
bits in the Channel Status Register (US_CSR): TXRDY (Transmitter Ready), which indicates that US_THR is
empty and TXEMPTY, which indicates that all the characters written in US_THR have been processed. When the
current character processing is completed, the last character written in US_THR is transferred into the Shift
Register of the transmitter and US_THR becomes empty, thus TXRDY rises.

Both TXRDY and TXEMPTY bits are low when the transmitter is disabled. Writing a character in US_THR while
TXRDY is low has no effect and the written character is lost.

Figure 34-7. Transmitter Status 

34.7.3.2 Manchester Encoder

When the Manchester encoder is in use, characters transmitted through the USART are encoded based on
biphase Manchester II format. To enable this mode, set the MAN field in the US_MR register to 1. Depending on
polarity configuration, a logic level (zero or one), is transmitted as a coded signal one-to-zero or zero-to-one. Thus,
a transition always occurs at the midpoint of each bit time. It consumes more bandwidth than the original NRZ
signal (2x) but the receiver has more error control since the expected input must show a change at the center of a
bit cell. An example of Manchester encoded sequence is: the byte 0xB1 or 10110001 encodes to 10 01 10 10 01
01 01 10, assuming the default polarity of the encoder. Figure 34-8 illustrates this coding scheme.

Figure 34-8. NRZ to Manchester Encoding
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• CTSIC: Clear to Send Input Change Flag

0: No input change has been detected on the CTS pin since the last read of US_CSR.

1: At least one input change has been detected on the CTS pin since the last read of US_CSR.

• RI: Image of RI Input

0: RI is set to 0.

1: RI is set to 1.

• DSR: Image of DSR Input

0: DSR is set to 0

1: DSR is set to 1.

• DCD: Image of DCD Input

0: DCD is set to 0.

1: DCD is set to 1.

• CTS: Image of CTS Input

0: CTS is set to 0.

1: CTS is set to 1.

• MANERR: Manchester Error

0: No Manchester error has been detected since the last RSTSTA.

1: At least one Manchester error has been detected since the last RSTSTA.
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Figure 36-9. Write Functional Flow Diagram 

Note: 1. It is assumed that this command has been correctly sent (see Figure 36-7).

2. This field is also accessible in the HSMCI Block Register (HSMCI_BLKR).

The following flowchart (Figure 36-10) shows how to manage read multiple block and write multiple block transfers
with the DMA Controller. Polling or interrupt method can be used to wait for the end of write according to the
contents of the Interrupt Mask Register (HSMCI_IMR).
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36.14.6  HSMCI Command Register

Name: HSMCI_CMDR

Address: 0x40000014

Access: Write-only  

This register is write-protected while CMDRDY is 0 in HSMCI_SR. If an Interrupt command is sent, this register is only writ-
able by an interrupt response (field SPCMD). This means that the current command execution cannot be interrupted or 
modified.

• CMDNB: Command Number

This is the command index.

• RSPTYP: Response Type 

• SPCMD: Special Command

31 30 29 28 27 26 25 24

– – – – BOOT_ACK ATACS IOSPCMD

23 22 21 20 19 18 17 16

– – TRTYP TRDIR TRCMD

15 14 13 12 11 10 9 8

– – – MAXLAT OPDCMD SPCMD

7 6 5 4 3 2 1 0

RSPTYP CMDNB

Value Name Description

0 NORESP No response.

1 48_BIT 48-bit response.

2 136_BIT 136-bit response.

3 R1B R1b response type

Value Name Description

0 STD Not a special CMD.

1 INIT
Initialization CMD:
74 clock cycles for initialization sequence.

2 SYNC
Synchronized CMD:
Wait for the end of the current data block transfer before sending the pending command.

3 CE_ATA
CE-ATA Completion Signal disable Command.
The host cancels the ability for the device to return a command completion signal on the 
command line.

4 IT_CMD
Interrupt command:
Corresponds to the Interrupt Mode (CMD40).

5 IT_RESP
Interrupt response:
Corresponds to the Interrupt Mode (CMD40).

6 BOR
Boot Operation Request.
Start a boot operation mode, the host processor can read boot data from the MMC device directly.

7 EBO
End Boot Operation.
This command allows the host processor to terminate the boot operation mode.
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37.6.2.4 Output Override

The two complementary outputs DTOHx and DTOLx of the dead-time generator can be forced to a value defined
by the software.

Figure 37-7. Override Output Selection

The fields OSHx and OSLx in the “PWM Output Selection Register”  (PWM_OS) allow the outputs of the dead-time
generator DTOHx and DTOLx to be overridden by the value defined in the fields OOVHx and OOVLx in the“PWM
Output Override Value Register”  (PWM_OOV).

The set registers “PWM Output Selection Set Register”  and “PWM Output Selection Set Update Register” 
(PWM_OSS and PWM_OSSUPD) enable the override of the outputs of a channel regardless of other channels. In
the same way, the clear registers “PWM Output Selection Clear Register”  and “PWM Output Selection Clear
Update Register”  (PWM_OSC and PWM_OSCUPD) disable the override of the outputs of a channel regardless of
other channels.

By using buffer registers PWM_OSSUPD and PWM_OSCUPD, the output selection of PWM outputs is done
synchronously to the channel counter, at the beginning of the next PWM period.

By using registers PWM_OSS and PWM_OSC, the output selection of PWM outputs is done asynchronously to
the channel counter, as soon as the register is written.

The value of the current output selection can be read in PWM_OS.

While overriding PWM outputs, the channel counters continue to run, only the PWM outputs are forced to user
defined values.
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Figure 37-10. Method 2 (UPDM=1)

CCNT0
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37.7.2 PWM Enable Register

Name: PWM_ENA

Address: 0x4008C004

Access: Write-only

• CHIDx: Channel ID

0 = No effect.

1 = Enable PWM output for channel x.

31 30 29 28 27 26 25 24

– – – – – – – –

23 22 21 20 19 18 17 16

– – – – – – – –

15 14 13 12 11 10 9 8

– – – – – – – –

7 6 5 4 3 2 1 0

– – – – CHID3 CHID2 CHID1 CHID0
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37.7.20 PWM Output Selection Clear Register

Name: PWM_OSC

Address: 0x4008C050

Access: Write-only

• OSCHx: Output Selection Clear for PWMH output of the channel x

0 = No effect.

1 = Dead-time generator output DTOHx selected as PWMH output of channel x.

• OSCLx: Output Selection Clear for PWML output of the channel x

0 = No effect.

1 = Dead-time generator output DTOLx selected as PWML output of channel x.

31 30 29 28 27 26 25 24

– – – – – – – –

23 22 21 20 19 18 17 16

– – – – OSCL3 OSCL2 OSCL1 OSCL0

15 14 13 12 11 10 9 8

– – – – – – – –

7 6 5 4 3 2 1 0

– – – – OSCH3 OSCH2 OSCH1 OSCH0
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37.7.30 PWM Write Protect Status Register

Name: PWM_WPSR

Address: 0x4008C0E8

Access: Read-only

• WPSWSx: Write Protect SW Status

0 = The Write Protect SW x of the register group x is disabled.

1 = The Write Protect SW x of the register group x is enabled.

• WPHWSx: Write Protect HW Status

0 = The Write Protect HW x of the register group x is disabled.

1 = The Write Protect HW x of the register group x is enabled.

• WPVS: Write Protect Violation Status

0 = No Write Protect violation has occurred since the last read of the PWM_WPSR register.

1 = At least one Write Protect violation has occurred since the last read of the PWM_WPSR register. If this violation is an 
unauthorized attempt to write a protected register, the associated violation is reported into field WPVSRC.

• WPVSRC: Write Protect Violation Source

When WPVS is active, this field indicates the write-protected register (through address offset) in which a write access has 
been attempted.

Note: The two LSBs of the address offset of the write-protected register are not reported

Note: Reading PWM_WPSR automatically clears WPVS and WPVSRC fields.

31 30 29 28 27 26 25 24

WPVSRC

23 22 21 20 19 18 17 16

WPVSRC

15 14 13 12 11 10 9 8

– – WPHWS5 WPHWS4 WPHWS3 WPHWS2 WPHWS1 WPHWS0

7 6 5 4 3 2 1 0

WPVS – WPSWS5 WPSWS4 WPSWS3 WPSWS2 WPSWS1 WPSWS0
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Configuration examples of UDPHS_EPTCTLx (UDPHS Endpoint Control Register) for Bulk IN endpoint type follow
below.

 With DMA 

̶ AUTO_VALID: Automatically validate the packet and switch to the next bank.

̶ EPT_ENABL: Enable endpoint.

 Without DMA:

̶ TX_BK_RDY: An interrupt is generated after each transmission.

̶ EPT_ENABL: Enable endpoint.

Configuration examples of Bulk OUT endpoint type follow below.

 With DMA

̶ AUTO_VALID: Automatically validate the packet and switch to the next bank.

̶ EPT_ENABL: Enable endpoint.

 Without DMA

̶ RX_BK_RDY: An interrupt is sent after a new packet has been stored in the endpoint FIFO.

̶ EPT_ENABL: Enable endpoint. 

38.6.6 DPRAM Management

Endpoints can only be allocated in ascending order, from the endpoint 0 to the last endpoint to be allocated. The
user shall therefore configure them in the same order.

The allocation of an endpoint x starts when the Number of Banks field in the UDPHS Endpoint Configuration
Register (UDPHS_EPTCFGx.BK_NUMBER) is different from zero. Then, the hardware allocates a memory area
in the DPRAM and inserts it between the x-1 and x+1 endpoints. The x+1 endpoint memory window slides up and
its data is lost. Note that the following endpoint memory windows (from x+2) do not slide.

Disabling an endpoint, by writing a one to the Endpoint Disable bit in the UDPHS Endpoint Control Disable
Register (UDPHS_EPTCTLDISx.EPT_DISABL), does not reset its configuration:

 the Endpoint Banks (UDPHS_EPTCFGx.BK_NUMBER), 

 the Endpoint Size (UDPHS_EPTCFGx.EPT_SIZE),

 the Endpoint Direction (UDPHS_EPTCFGx.EPT_DIR), 

 and the Endpoint Type (UDPHS_EPTCFGx.EPT_TYPE).

To free its memory, the user shall write a zero to the UDPHS_EPTCFGx.BK_NUMBER field. The x+1 endpoint
memory window then slides down and its data is lost. Note that the following endpoint memory windows (from
x+2) do not slide.

Figure 38-5 on page 947 illustrates the allocation and reorganization of the DPRAM in a typical example.
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Figure 42-24. SSC Transmitter, TK and TF as Input

Figure 42-25. SSC Receiver RK and RF as Input

Figure 42-26. SSC Receiver, RK as Input and RF as Output
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