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Embedded microprocessors are specialized computing
chips designed to perform specific tasks within an
embedded system. Unlike general-purpose
microprocessors found in personal computers, embedded
microprocessors are tailored for dedicated functions within
larger systems, offering optimized performance, efficiency,
and reliability. These microprocessors are integral to the
operation of countless electronic devices, providing the
computational power necessary for controlling processes,
handling data, and managing communications.

Applications of Embedded - Microprocessors

Embedded microprocessors are utilized across a broad
spectrum of applications, making them indispensable in
modern technology. In consumer electronics, they power
devices such as smartphones, tablets, and smart home
appliances, enabling advanced features and connectivity.
In the automotive industry, embedded microprocessors are
critical for engine control units (ECUs), infotainment
systems, and advanced driver-assistance systems (ADAS).
Industrial automation relies on these microprocessors for
controlling machinery, managing production lines, and
ensuring safety protocols. Medical devices, including
diagnostic equipment and patient monitoring systems,
depend on embedded microprocessors for accurate data
processing and reliable performance. Additionally,
embedded microprocessors are used in
telecommunications, aerospace, and defense applications,
where precision and dependability are paramount.
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Microprocessors

Embedded microprocessors can be categorized into
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architecture, performance, and intended application.
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General-Purpose Microprocessors: Designed for
a wide range of applications, offering a balance of
performance and flexibility.

Application-Specific Integrated Circuits
(ASICs): Custom-designed for specific tasks,
providing optimal performance for particular
applications.

Digital Signal Processors (DSPs): Specialized for
real-time signal processing tasks, ideal for audio,
video, and communication systems.

System on Chip (SoC): Integrates the
microprocessor with other system components, such
as memory and peripherals, on a single chip for
compact and efficient designs.
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AT91SAM9G45
The internal reset signals are asserted as soon as the register write is performed. This is
detected on the Master Clock (MCK). They are released when the software reset is left, i.e.; syn-
chronously to SLCK.

If EXTRST is set, the nrst_out signal is asserted depending on the programming of the field
ERSTL. However, the resulting falling edge on NRST does not lead to a User Reset.

If and only if the PROCRST bit is set, the Reset Controller reports the software status in the field
RSTTYP of the Status Register (RSTC_SR). Other Software Resets are not reported in
RSTTYP.

As soon as a software operation is detected, the bit SRCMP (Software Reset Command in Prog-
ress) is set in the Status Register (RSTC_SR). It is cleared as soon as the software reset is left.
No other software reset can be performed while the SRCMP bit is set, and writing any value in
RSTC_CR has no effect.

Figure 12-7. Software Reset

12.4.4.5 Watchdog Reset
The Watchdog Reset is entered when a watchdog fault occurs. This state lasts 3 Slow Clock
cycles.

When in Watchdog Reset, assertion of the reset signals depends on the WDRPROC bit in
WDT_MR:

• If WDRPROC is 0, the Processor Reset and the Peripheral Reset are asserted. The NRST 
line is also asserted, depending on the programming of the field ERSTL. However, the 
resulting low level on NRST does not result in a User Reset state.
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12.5 Reset Controller (RSTC) User Interface

Note: 1. The reset value of RSTC_SR either reports a General Reset or a Wake-up Reset depending on last rising power supply.

Table 12-1. Register Mapping

Offset Register Name Access  Reset Backup Reset 

0x00 Control Register RSTC_CR Write-only -

0x04 Status Register RSTC_SR Read-only 0x0000_0001 0x0000_0000

0x08 Mode Register RSTC_MR Read-write - 0x0000_0001
80 
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14.6.2 RTC Mode Register
Name: RTC_MR

Address: 0xFFFFFDB4

Access Type: Read-write 

• HRMOD: 12-/24-hour Mode
0 = 24-hour mode is selected.

1 = 12-hour mode is selected.

All non-significant bits read zero.

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

– – – – – – – HRMOD
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AT91SAM9G45
The HSMCI_ARGR contains the argument field of the command.

To send a command, the user must perform the following steps:

• Fill the argument register (HSMCI_ARGR) with the command argument.

• Set the command register (HSMCI_CMDR) (see Table 35-7).

The command is sent immediately after writing the command register.

As soon as the command register is written, then the status bit CMDRDY in the status register
(HSMCI_SR) is cleared.

It is released and the end of the card response.

If the command requires a response, it can be read in the HSMCI response register
(HSMCI_RSPR). The response size can be from 48 bits up to 136 bits depending on the com-
mand. The HSMCI embeds an error detection to prevent any corrupted data during the transfer.

The following flowchart shows how to send a command to the card and read the response if
needed. In this example, the status register bits are polled but setting the appropriate bits in the
interrupt enable register (HSMCI_IER) allows using an interrupt method.

TRCMD (transfer command) 0 (No transfer)

TRDIR (transfer direction) X (available only in transfer command)

TRTYP (transfer type) X (available only in transfer command)

IOSPCMD (SDIO special command) 0 (not a special command)

Table 35-7. Fields and Values for HSMCI_CMDR Command Register 

Field Value
663
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35.8.5 WRITE_SINGLE_BLOCK Operation using DMA Controller

1. Wait until the current command execution has successfully terminated.

a. Check that CMDRDY and NOTBUSY fields are asserted in HSMCI_SR

2. Program the block length in the card. This value defines the value block_length.

3. Program the block length in the HSMCI configuration register with block_length value.

4. Program HSMCI_DMA register with the following fields:

– OFFSET field with dma_offset.

– CHKSIZE is user defined and set according to DMAC_DCSIZE.

– DMAEN is set to true to enable DMA hardware handshaking in the HSMCI. This bit 
was previously set to false.

5. Issue a WRITE_SINGLE_BLOCK command writing HSMCI_ARG then HSMCI_CMDR.

6. Program the DMA Controller.

a. Read the channel Register to choose an available (disabled) channel.

b. Clear any pending interrupts on the channel from the previous DMAC transfer by 
reading the DMAC_EBCISR register.

c. Program the channel registers.

d. The DMAC_SADDRx register for channel x must be set to the location of the 
source data. When the first data location is not word aligned, the two LSB bits 
define the temporary value called dma_offset. The two LSB bits of 
DMAC_SADDRx must be set to 0.

e. The DMAC_DADDRx register for channel x must be set with the starting address of 
the HSMCI_FIFO address.

f. Program DMAC_CTRLAx register of channel x with the following field’s values:

–DST_WIDTH is set to WORD.

–SRC_WIDTH is set to WORD.

–DCSIZE must be set according to the value of HSMCI_DMA, CHKSIZE field.

–BTSIZE is programmed with CEILING((block_length + dma_offset) / 4), where 
the ceiling function is the function that returns the smallest integer not less than 
x.

g. Program DMAC_CTRLBx register for channel x with the following field’s values:

–DST_INCR is set to INCR, the block_length value must not be larger than the 
HSMCI_FIFO aperture.

–SRC_INCR is set to INCR.

–FC field is programmed with memory to peripheral flow control mode.

–both DST_DSCR and SRC_DSCR are set to 1 (descriptor fetch is disabled).

–DIF and SIF are set with their respective layer ID. If SIF is different from DIF, the 
DMA controller is able to prefetch data and write HSMCI simultaneously.

h. Program DMAC_CFGx register for channel x with the following field’s values:

–FIFOCFG defines the watermark of the DMAC channel FIFO.

–DST_H2SEL is set to true to enable hardware handshaking on the destination.

–DST_PER is programmed with the hardware handshaking ID of the targeted 
HSMCI Host Controller.
670
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36.6.8 Interrupt Status Register
Name: EMAC_ISR

Address: 0xFFFBC024

Access: Read-write

• MFD: Management Frame Done
The PHY maintenance register has completed its operation. Cleared on read.

• RCOMP: Receive Complete
A frame has been stored in memory. Cleared on read.

• RXUBR: Receive Used Bit Read
Set when a receive buffer descriptor is read with its used bit set. Cleared on read.

• TXUBR: Transmit Used Bit Read
Set when a transmit buffer descriptor is read with its used bit set. Cleared on read.

• TUND: Ethernet Transmit Buffer Underrun
The transmit DMA did not fetch frame data in time for it to be transmitted or hresp returned not OK. Also set if a used bit
is read mid-frame or when a new transmit queue pointer is written. Cleared on read.

• RLE: Retry Limit Exceeded
Cleared on read.

• TXERR: Transmit Error
Transmit buffers exhausted in mid-frame - transmit error. Cleared on read.

• TCOMP: Transmit Complete
Set when a frame has been transmitted. Cleared on read.

• ROVR: Receive Overrun
Set when the receive overrun status bit gets set. Cleared on read.

• HRESP: Hresp not OK
Set when the DMA block sees a bus error. Cleared on read.

• PFR: Pause Frame Received
Indicates a valid pause has been received. Cleared on a read.

• PTZ: Pause Time Zero

31 30 29 28 27 26 25 24

– – – – – – – –

23 22 21 20 19 18 17 16
– – – – – – – –

15 14 13 12 11 10 9 8
– WOL PTZ PFR HRESP ROVR – –

7 6 5 4 3 2 1 0
TCOMP TXERR RLE TUND TXUBR RXUBR RCOMP MFD
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36.6.27.3 Single Collision Frames Register
Name: EMAC_SCF

Address: 0xFFFBC044

Access: Read-write

• SCF: Single Collision Frames
A 16-bit register counting the number of frames experiencing a single collision before being successfully transmitted, i.e.,
no underrun.

36.6.27.4 Multicollision Frames Register
Name: EMAC_MCF

Address: 0xFFFBC048

Access: Read-write

• MCF: Multicollision Frames
A 16-bit register counting the number of frames experiencing between two and fifteen collisions prior to being successfully
transmitted, i.e., no underrun and not too many retries.

31 30 29 28 27 26 25 24

– – – – – – – –

23 22 21 20 19 18 17 16
– – – – – – – –

15 14 13 12 11 10 9 8
SCF

7 6 5 4 3 2 1 0
SCF

31 30 29 28 27 26 25 24

– – – – – – – –

23 22 21 20 19 18 17 16

– – – – – – – –

15 14 13 12 11 10 9 8

MCF

7 6 5 4 3 2 1 0

MCF
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Figure 38-14. Data OUT Transfer for an Endpoint with Two Banks

38.5.8.13 High Bandwidth Isochronous Endpoint OUT

Figure 38-15. Bank Management, Example of Three Transactions per Microframe

USB 2.0 supports individual High Speed isochronous endpoints that require data rates up to 192
Mb/s (24 MB/s): 3x1024 data bytes per microframe.

To support such a rate, two or three banks may be used to buffer the three consecutive data
packets. The microcontroller (or the DMA) should be able to empty the banks very rapidly (at
least 24 MB/s on average).

NB_TRANS field in UDPHS_EPTCFGx register = Number Of Transactions per Microframe.

If NB_TRANS > 1 then it is High Bandwidth.
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fills with zeroes. This process ensures that the least significant bits do not introduce any DC biasing, regardless of the imple-
mented DAC’s resolution (16-, 18-, or 20-bit)

• CEM: Channel B Endian Mode
0: Transferring Data through Channel B is straight forward (Little-Endian).

1: Transferring Data through Channel B from/to a memory is performed with from/to Big-Endian format translation.

• CEN: Channel B Enable
0: Data transfer is disabled on Channel B.

1: Data transfer is enabled on Channel B.

• PDCEN: Peripheral Data Controller Channel Enable
0: Channel B is not transferred through a Peripheral Data Controller Channel. Related PDC flags are ignored or not
generated.

1: Channel B is transferred through a Peripheral Data Controller Channel. Related PDC flags are taken into account or
generated.
1027
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• LINESIZE is the horizontal size of the display in pixels, minus 1, as programmed in the 
LINESIZE field of the LCDFRMCFG register of the LCD Controller.

• Bpp is the number of bits per pixel configured.

• PIXELOFF is the pixel offset for 2D addressing, as programmed in the DMA2DCFG register. 
Applicable only if 2D addressing is being used.

• LINEVAL is the vertical size of the display in pixels, minus 1, as programmed in the LINEVAL 
field of the LCDFRMCFG register of the LCD Controller.

Note: X_size is calculated as an up-rounding of a division by 32. (This can also be done adding 31 to the 
dividend before using an integer division by 32). When using the 2D-addressing mode (see “2D 
Memory Addressing” on page 1068), it is important to note that the above calculation must be exe-
cuted and the FRMSIZE field programmed with every movement of the displaying window, since a 
change in the PIXELOFF field can change the resulting FRMSIZE value.

45.6.1.4 Channel-L
This block has the same functionality as Channel-U, but for the Lower Panel in dual scan mode
only.

45.6.1.5 Control
This block receives the request signals from the LCDC core and generates the requests for the
channels.

45.6.2 LCD Controller Core

45.6.2.1 Configuration Block
The configuration block is a set of programmable registers that are used to configure the LCDC
core operation. These registers are written via the AHB slave interface. Only word access is
allowed.

The description of the configuration registers can be found in “LCD Controller (LCDC) User
Interface” on page 1071.

45.6.2.2 Datapath
The datapath block contains five submodules: FIFO, Serializer, Palette, Dithering and Shifter.
The structure of the datapath is shown in Figure 45-2.
1046 
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