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Understanding Embedded - Microprocessors

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.

Common Subcategories of Embedded -
Microprocessors

Embedded microprocessors can be categorized into
several common subcategories based on their
architecture, performance, and intended application.
These include:

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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21.13.10 PMC Clock Generator PLLB Register 

Name:CKGR_PLLBR

Address: 0xFFFFFC2C

Access: Read/Write 

Possible limitations on PLLB input frequencies and multiplier factors should be checked before using the PMC.

DIVB: Divider B 

0: Divider output is 0

1: Divider is bypassed

2�255: Divider output is the selected clock divided by DIVB

PLLBCOUNT: PLLB Counter

Specifies the number of slow clock cycles before the LOCKB bit is set in PMC_SR after CKGR_PLLBR is written.

OUTB: PLLB Clock Frequency Range

To optimize clock performance, this field must be programmed as specified in Section 47.8 �PLL Characteristics� .

MULB: PLLB Multiplier

0: The PLLB is deactivated.

1�254: The PLLB Clock frequency is the PLLB input frequency multiplied by MULB+1.
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Figure 22-6: Event Detector on Input Lines (Figure Represents Line 0) 

Example of interrupt generation on following lines:

� Rising edge on PIO line 0
� Falling edge on PIO line 1
� Rising edge on PIO line 2
� Low-level on PIO line 3
� High-level on PIO line 4
� High-level on PIO line 5
� Falling edge on PIO line 6
� Rising edge on PIO line 7
� Any edge on the other lines
Table 22-2 provides the required configuration for this example.

Table 22-2: Configuration for Example Interrupt Generation

Configuration Description

Interrupt Mode
All the interrupt sources are enabled by writing 32�hFFFF_FFFF in PIO_IER.

Then the additional interrupt mode is enabled for lines 0 to 7 by writing 32�h0000_00FF in 
PIO_AIMER.

Edge or Level Detection

Lines 3, 4 and 5 are configured in level detection by writing 32�h0000_0038 in PIO_LSR. 

The other lines are configured in edge detection by default, if they have not been previously 
configured. Otherwise, lines 0, 1, 2, 6 and 7 must be configured in edge detection by writing 
32�h0000_00C7 in PIO_ESR.

Falling/Rising Edge or Low/High-Level 
Detection

Lines 0, 2, 4, 5 and 7 are configured in rising edge or high-level detection by writing 
32�h0000_00B5 in PIO_REHLSR.

The other lines are configured in falling edge or low-level detection by default if they have 
not been previously configured. Otherwise, lines 1, 3 and 6 must be configured in falling 
edge/low-level detection by writing 32�h0000_004A in PIO_FELLSR.
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25.10.4 Bus Matrix Master Remap Control Register

Name:MATRIX_MRCR

Address: 0xFFFFDF00

Access: Read/Write  

RCBx: Remap Command Bit for Master x

0: Disables remapped address decoding for the selected Master.

1: Enables remapped address decoding for the selected Master.
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32.7.11 UDP Endpoint Control and Status Register (ISOCHRONOUS)

Name:UDP_CSRx [x = 0..5] (ISOCHRONOUS)

Address: 0xF803C030

Access: Read/Write 

TXCOMP: Generates an IN Packet with Data Previously Written in the DPR

This flag generates an interrupt while it is set to one.

Write (cleared by the firmware):

0: Clear the flag, clear the interrupt.

1: No effect.

Read (Set by the USB peripheral):

0: Data IN transaction has not been acknowledged by the Host.

1: Data IN transaction is achieved, acknowledged by the Host.

After having issued a Data IN transaction setting TXPKTRDY, the device firmware waits for TXCOMP to be sure that the host has acknowl-
edged the transaction.

RX_DATA_BK0: Receive Data Bank 0

This flag generates an interrupt while it is set to one.

Write (cleared by the firmware):

0: Notify USB peripheral device that data have been read in the FIFO�s Bank 0.

1: To leave the read value unchanged.

Read (Set by the USB peripheral):

0: No data packet has been received in the FIFO�s Bank 0.

1: A data packet has been received, it has been stored in the FIFO�s Bank 0.

When the device firmware has polled this bit or has been interrupted by this signal, it must transfer data from the FIFO to the microcontroller
memory. The number of bytes received is available in RXBYTCENT field. Bank 0 FIFO values are read through the UDP_FDRx. Once a
transfer is done, the device firmware must release Bank 0 to the USB peripheral device by clearing RX_DATA_BK0. 

After setting or clearing this bit, a wait time of 3 UDPCK clock cycles and 3 peripheral clock cycles is required before accessing DPR.

RXSETUP: Received Setup

This flag generates an interrupt while it is set to one.

Read:

0: No setup packet available.

1: A setup data packet has been sent by the host and is available in the FIFO.
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34.8.4 Write Operation

In write operation, the HSMCI Mode Register (HSMCI_MR) is used to define the padding value when writing non-multiple block size. If the
bit PADV is 0, then 0x00 value is used when padding data, otherwise 0xFF is used.

If set, the bit DMAEN in the HSMCI DMA Condiguration Register (HSMCI_DMA) enables DMA transfer.

The flowchart in Figure 34-9 shows how to write a single block with or without use of DMA facilities. Polling or interrupt method can be
used to wait for the end of write according to the contents of the HSMCI Interrupt Mask Register (HSMCI_IMR).
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35.7.3.2 Master Mode Flow Diagram 

Figure 35-7: Master Mode Flow Diagram
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35.8.6 SPI Interrupt Enable Register

Name:  SPI_IER

Address: 0xF0000014 (0), 0xF0004014 (1)

Access: Write-only 

The following configuration values are valid for all listed bit names of this register:

0: No effect.

1: Enables the corresponding interrupt.

RDRF: Receive Data Regist er Full Interrupt Enable

TDRE: SPI Transmit Data Register Empty Interrupt Enable

MODF: Mode Fault Error Interrupt Enable

OVRES: Overrun Erro r Interrupt Enable

NSSR: NSS Rising Interrupt Enable

TXEMPTY: Transmission Registers Empty Enable

UNDES: Underrun Error Interrupt Enable
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38.8.6 TWI Status Register

Name: TWI_SR

Address: 0xF8010020 (0), 0xF8014020 (1)

Access: Read-only 

TXCOMP: Transmission Completed (cleared by writing TWI_THR)

TXCOMP used in Master mode: 

0: During the length of the current frame.

1: When both holding register and internal shifter are empty and STOP condition has been sent.

TXCOMP behavior in Master mode can be seen in Figure 38-8.

TXCOMP used in Slave mode:

0: As soon as a START is detected.

1: After a STOP or a REPEATED START + an address different from SADR is detected.

TXCOMP behavior in Slave mode can be seen in Figure 38-25, Figure 38-26, Figure 38-27 and Figure 38-28.

RXRDY: Receive Holding Register Ready (cleared by reading TWI_RHR)

0: No character has been received since the last TWI_RHR read operation.

1: A byte has been received in the TWI_RHR since the last read.

RXRDY behavior in Master mode can be seen in Figure 38-8.

RXRDY behavior in Slave mode can be seen in Figure 38-23, Figure 38-26, Figure 38-27 and Figure 38-28.

TXRDY: Transmit Holding Register Ready (cleared by writing TWI_THR)

TXRDY used in Master mode:

0: The transmit holding register has not been transferred into internal shifter. Set to 0 when writing into TWI_THR.

1: As soon as a data byte is transferred from TWI_THR to internal shifter or if a NACK error is detected, TXRDY is set at the same time
as TXCOMP and NACK. TXRDY is also set when MSEN is set (enable TWI).

TXRDY behavior in Master mode can be seen in Figure 38.7.3.3.

TXRDY used in Slave mode:

0: As soon as data is written in the TWI_THR, until this data has been transmitted and acknowledged (ACK or NACK).

1: It indicates that the TWI_THR is empty and that data has been transmitted and acknowledged. 

If TXRDY is high and if a NACK has been detected, the transmission will be stopped. Thus when TRDY = NACK = 1, the programmer
must not fill TWI_THR to avoid losing it.

TXRDY behavior in Slave mode can be seen in Figure 38-22, Figure 38-25, Figure 38-27 and Figure 38-28.
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38.8.10 TWI Receive  Holding Register

Name: TWI_RHR

Address: 0xF8010030 (0), 0xF8014030 (1)

Access: Read-only 

RXDATA: Master or Slave Receive Holding Data
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40.6.1 UART Control Register

Name:UART_CR

Address: 0xF8040000 (0), 0xF8044000 (1)

Access: Write-only 

RSTRX: Reset Receiver

0: No effect.

1: The receiver logic is reset and disabled. If a character is being received, the reception is aborted.

RSTTX: Reset Transmitter

0: No effect.

1: The transmitter logic is reset and disabled. If a character is being transmitted, the transmission is aborted.

RXEN: Receiver Enable

0: No effect.

1: The receiver is enabled if RXDIS is 0.

RXDIS: Receiver Disable

0: No effect.

1: The receiver is disabled. If a character is being processed and RSTRX is not set, the character is completed before the receiver is
stopped.

TXEN: Transm itter Enable

0: No effect.

1: The transmitter is enabled if TXDIS is 0. 

TXDIS: Transmitter Disable

0: No effect. 

1: The transmitter is disabled. If a character is being processed and a character has been written in the UART_THR and RSTTX is not
set, both characters are completed before the transmitter is stopped.

RSTSTA: Reset Status 

0: No effect.

1: Resets the status bits PARE, FRAME and OVRE in the UART_SR.
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42. Synchronous Serial Controller (SSC)

42.1 Description

The Synchronous Serial Controller (SSC) provides a synchronous communication link with external devices. It supports many serial syn-
chronous communication protocols generally used in audio and telecom applications such as I2S, Short Frame Sync, Long Frame Sync,
etc.

The SSC contains an independent receiver and transmitter and a common clock divider. The receiver and the transmitter each interface
with three signals: the TD/RD signal for data, the TK/RK signal for the clock and the TF/RF signal for the Frame Sync. The transfers can
be programmed to start automatically or on different events detected on the Frame Sync signal.

The SSC high-level of programmability and its use of DMA permit a continuous high bit rate data transfer without processor intervention.

Featuring connection to the DMA, the SSC permits interfacing with low processor overhead to the following:

• Codecs in master or slave mode
• DAC through dedicated serial interface, particularly I2S
• Magnetic card reader

42.2 Embedded Characteristics

• Provides Serial Synchronous Communication Links Used in Audio and Telecom Applications 
• Contains an Independent Receiver and Transmitter and a Common Clock Divider
• Interfaced with the DMA Controller (DMAC) to Reduce Processor Overhead
• Offers a Configurable Frame Sync and Data Length
• Receiver and Transmitter Can be Programmed to Start Automatically or on Detection of Different Events on the Frame Sync Signal
• Receiver and Transmitter Include a Data Signal, a Clock Signal and a Frame Synchronization Signal 

42.3 Block Diagram

Figure 42-1: Block Diagram

SSC Interface PIO

DMA

Peripheral Bridge

Peripheral Clock

Peripheral
Bus

TF

TK

TD

RF

RK

RD
Interrupt Control

SSC Interrupt

PMC

Bus Clock

System
Bus
DS60001517A-page 884  2017 Microchip Technology Inc.








