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16.3 Special Function Registers (SFR) User Interface

Note 1: If an offset is not listed in the table it must be considered as reserved.

Table 16-1: Register Mapping

Offset (1) Register Name Access Reset

0x04 DDR Configuration Register SFR_DDRCFG Read/Write 0x01

0x08–0x0C Reserved – – –

0x10 OHCI Interrupt Configuration Register SFR_OHCIICR Read/Write 0x0

0x14 OHCI Interrupt Status Register SFR_OHCIISR Read-only –

0x18 Reserved – – –

0x28 Security Configuration Register SFR_SECURE Read/Write 0x0

0x2C–0x3C Reserved – – –

0x40-0x48 Reserved – – –

0x4C Serial Number 0 Register SFR_SN0 Read-only –

0x50 Serial Number 1 Register SFR_SN1 Read-only –

0x54 AIC Interrupt Redirection Register SFR_AICREDIR Read/Write 0x0

0x58–0x3FFC Reserved – – –
DS60001525A-page 160 �⁄  2017 Microchip Technology Inc.



SAMA5D4 SERIES
22.6.4 RTC Calendar Register

Name: RTC_CALR

Address:0xFC0686BC

Access: Read/Write

CENT: Current Century

The range that can be set is 19–20 (Gregorian) or 13–14 (Persian) (BCD).

The lowest four bits encode the units. The higher bits encode the tens.

YEAR: Current Year

The range that can be set is 00–99 (BCD).

The lowest four bits encode the units. The higher bits encode the tens.

MONTH: Current Month

The range that can be set is 01–12 (BCD).

The lowest four bits encode the units. The higher bits encode the tens.

DAY: Current Day in Current Week

The range that can be set is 1–7 (BCD).

The coding of the number (which number represents which day) is user-defined as it has no effect on the date counter.

DATE: Current Day in Current Month

The range that can be set is 01–31 (BCD).

The lowest four bits encode the units. The higher bits encode the tens.

31 30 29 28 27 26 25 24

– – DATE

23 22 21 20 19 18 17 16

DAY MONTH

15 14 13 12 11 10 9 8

YEAR

7 6 5 4 3 2 1 0

– CENT
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23.2.1 System Controller Write Protection Mode Register

Name: SYSC_WPMR

Access: Read/Write 

WPEN: Write Protection Enable

0: Disables the write protection if WPKEY corresponds to 0x535943 (“SYC” in ASCII). 

1: Enables the write protection if WPKEY corresponds to 0x535943 (“SYC” in ASCII). 

See Section 23.1 “Functional Description” for the list of registers that can be write-protected.

WPKEY: Write Protection Key

31 30 29 28 27 26 25 24

WPKEY

23 22 21 20 19 18 17 16

WPKEY

15 14 13 12 11 10 9 8

WPKEY

7 6 5 4 3 2 1 0

– – – – – – – WPEN

Value Name Description

0x535943 PASSWD
Writing any other value in this field aborts the write operation of the WPEN bit. Always 
reads as 0.
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28.6.24 PIO Pull-Up Status Register

Name:PIO_PUSR

Address:0xFC06A068 (PIOA), 0xFC06B068 (PIOB), 0xFC06C068 (PIOC), 0xFC068068 (PIOD), 0xFC06D068 (PIOE)

Access:Read-only 

P0–P31: Pull-Up Status

0: Pullup resistor is enabled on the I/O line.

1: Pullup resistor is disabled on the I/O line.

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 P0
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Table 29-13: Sequential Mapping for DDR-SDRAM Configuration: 16K Rows,1024/ Columns, 8 banks

CPU Address Line

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

Bk[2:0] Row[13:0] Column[9:0] M0

Table 29-14: Interleaved Mapping for DDR-SDRAM Configuration: 16K Rows,1024/ Columns, 8 banks

CPU Address Line

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

Row[13:0] Bk[2:0] Column[9:0] M0
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32.5.2 Power Management

The LCD Controller is not continuously clocked. The user must first enable the LCD Controller clock in the Power Management Controller
(PMC_PCER) before using it.

32.5.3 Interrupt Sources

The LCD Controller interrupt line is connected to one of the internal sources of the interrupt con-troller. Using the LCD Controller interrupt

requires prior programming of the interrupt controller.

32.6 Functional Description

The LCD module integrates the following digital blocks:

• DMA Engine Address Generation (DEAG)—This block performs data prefetch and requests access to the AHB interface.
• Input Overlay FIFO—Stores the stream of pixels
• Color Lookup Table (CLUT)—These 256 RAM-based lookup table entries are selected when the color depth is set to 1, 2, 4 or 8 bpp.
• Chroma Upsampling Engine (CUE)—This block is selected when the input image sampling format is YUV (Y’CbCr) 4:2:0 and con-

verts it to higher quality 4:4:4 image.
• Color Space Conversion (CSC)—changes the color space from YUV to RGB
• Two Dimension Scaler (2DSC)—Resizes the image
• Global Alpha Blender (GAB)—Performs programmable 256-level alpha blending
• Output FIFO—Stores the blended pixel prior to display
• LCD Timing Engine—Provides a fully programmable HSYNC-VSYNC interface

The DMA controller reads the image through the AHB master interface. The LCD controller engine formats the display data, then the GAB
performs alpha blending if required, and writes the final pixel into the output FIFO. The programmable timing engine drives a valid pixel
onto the LCD_DAT[23:0] display bus.

32.6.1 Timing Engine Configuraton

32.6.1.1 Pixel Clock Period Configuration

The pixel clock (LCD_PCLK) generated by the timing engine is the source clock divided by the field CLKDIV in the LCDC_LCDCFG0 reg-
ister. The source clock can be selected between the system clock and the 2x system clock with the field CLKSEL located in the
LCDC_LCDCFG0 register. 

Pixel clock period formula:

The pixel clock polarity is also programmable.

LCDC LCDDAT21 PA21 A

LCDC LCDDAT22 PA22 A

LCDC LCDDAT23 PA23 A

LCDC LCDDEN PA29 A

LCDC LCDDISP PA25 A

LCDC LCDHSYNC PA27 A

LCDC LCDPCK PA28 A

LCDC LCDPWM PA24 A

LCDC LCDVSYNC PA26 A

Table 32-3: Peripheral IDs

Instance ID

LCDC 51

Table 32-2: I/O Lines (Continued)

LCD_PCLK
source clock
CLKDIV 2+
--------------------------------=
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32.6.9 Two Dimension Scaler

The High End Overlay (HEO) data path includes a hardware scaler that allows an image resize in both horizontal and vertical directions.

32.6.9.1 Video Scaler Description

The scaling operation is based on a vertical and horizontal resampling algorithm. The sampling rate of the original image is increased
when the video is upscaled, and decreased when the video is downscaled. A Vertical resampler is used to perform a vertical interpolation
by a factor of vI, and a decimation by a factor of vD. A Horizontal resampler is used to perform a vertical interpolation by a factor of hI, and
a decimation by a factor of hD. Both horizontal and vertical low pass filters are designed to minimize the aliasing effect. The frequency
response of the low pass filter has the following characteristics:

Taking into account the linear phase condition and anticipating the filter length M, the desired frequency response is modified.

Figure 32-6: Video Resampler Architecture

The impulse response of the low pass filter defined is:

Or, for the filter of length M:
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32.7.92 High End Overlay V DMA Address Register

Name: LCDC_HEOVADDR

Address:0xF0000380

Access: Read/Write

VADDR: DMA Transfer Start Address for V Chrominance

Frame Buffer Base Address.

31 30 29 28 27 26 25 24

VADDR

23 22 21 20 19 18 17 16

VADDR

15 14 13 12 11 10 9 8

VADDR

7 6 5 4 3 2 1 0

VADDR
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THMASK: Threshold Mask 

SLD: Start of Line Delay

SLD pixel clock periods to wait before the beginning of a line.

SFD: Start of Frame Delay

SFD lines are skipped at the beginning of the frame.

Value Name Description

0 BEATS_4 Only 4 beats AHB burst allowed

1 BEATS_8 Only 4 and 8 beats AHB burst allowed

2 BEATS_16 4, 8 and 16 beats AHB burst allowed
 2017 Microchip Technology Inc. DS60001525A-page 819
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34.6.4 ISI Preview Decimation Factor Register

Name: ISI_PDECF

Address:0xF000800C

Access:Read/Write 

DEC_FACTOR: Decimation Factor

DEC_FACTOR is 8-bit width, range is from 16 to 255. Values from 0 to 16 do not perform any decimation.

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

DEC_FACTOR
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SIP: Synchronization in Progress

When the status of the preview or codec DMA channel is modified, a minimum amount of time is required to perform the clock domain
synchronization.

0: The clock domain synchronization process is terminated.

1: This bit is set when the clock domain synchronization operation occurs. No modification of the channel status is allowed when this bit
is set, to guarantee data integrity.

P_OVR: Preview Datapath Overflow (cleared on read)

0: No overflow

1: An overrun condition has occurred in input FIFO on the preview path. The overrun happens when the FIFO is full and an attempt is
made to write a new sample to the FIFO since the last read of ISI_SR.

C_OVR: Codec Datapath Overflow (cleared on read)

0: No overflow

1: An overrun condition has occurred in input FIFO on the codec path. The overrun happens when the FIFO is full and an attempt is made
to write a new sample to the FIFO since the last read of ISI_SR.

CRC_ERR: CRC Synchronization Error (cleared on read)

0: No CRC error in the embedded synchronization frame (SAV/EAV)

1: Embedded Synchronization Correction is enabled (CRC_SYNC bit is set) in the ISI_CR and an error has been detected and not cor-
rected since the last read of ISI_SR. The frame is discarded and the ISI waits for a new one. 

FR_OVR: Frame Rate Overrun (cleared on read)

0: No frame overrun

1: Frame overrun. The current frame is being skipped because a vsync signal has been detected while flushing FIFOs since the last read
of ISI_SR.
 2017 Microchip Technology Inc. DS60001525A-page 831



 2017 Microchip Technology Inc. DS60001525A-page 961

SAMA5D4 SERIES

37.6.6 Checksum Offload for IP, TCP and UDP

The GMAC can be programmed to perform IP, TCP and UDP checksum offloading in both receive and transmit directions, which is enabled
by setting bit 24 in the Network Configuration register for receive.

IPv4 packets contain a 16-bit checksum field, which is the 16-bit 1’s complement of the 1’s complement sum of all 16-bit words in the
header. TCP and UDP packets contain a 16-bit checksum field, which is the 16-bit 1’s complement of the 1’s complement sum of all 16-
bit words in the header, the data and a conceptual IP pseudo header.

To calculate these checksums in software requires each byte of the packet to be processed. For TCP and UDP this can use a large amount
of processing power. Offloading the checksum calculation to hardware can result in significant performance improvements.

For IP, TCP or UDP checksum offload to be useful, the operating system containing the protocol stack must be aware that this offload is
available so that it can make use of the fact that the hardware can either generate or verify the checksum.

37.6.6.1 Receiver Checksum Offload

When receive checksum offloading is enabled in the GMAC, the IPv4 header checksum is checked as per RFC 791, where the packet
meets the following criteria:

• If present, the VLAN header must be four octets long and the CFI bit must not be set.
• Encapsulation must be RFC 894 Ethernet Type Encoding or RFC 1042 SNAP Encoding.
• IPv4 packet
• IP header is of a valid length

The GMAC also checks the TCP checksum as per RFC 793, or the UDP checksum as per RFC 768, if the following criteria are met:

• IPv4 or IPv6 packet
• Good IP header checksum (if IPv4)
• No IP fragmentation
• TCP or UDP packet

When an IP, TCP or UDP frame is received, the receive buffer descriptor gives an indication if the GMAC was able to verify the checksums.
There is also an indication if the frame had SNAP encapsulation. These indication bits will replace the type ID match indication bits when
the receive checksum offload is enabled. For details of these indication bits refer to Table 37-4 “Receive Buffer Descriptor Entry”.

If any of the checksums are verified as incorrect by the GMAC, the packet is discarded and the appropriate statistics counter incremented.

37.6.7 MAC Filtering Block

The filter block determines which frames should be written to the FIFO interface and on to the DMA.

Whether a frame is passed depends on what is enabled in the Network Configuration register, the state of the external matching pins, the
contents of the specific address, type and Hash registers and the frame's destination address and type field.

If bit 25 of the Network Configuration register is not set, a frame will not be copied to memory if the GMAC is transmitting in half duplex
mode at the time a destination address is received.

Ethernet frames are transmitted a byte at a time, least significant bit first. The first six bytes (48 bits) of an Ethernet frame make up the
destination address. The first bit of the destination address, which is the LSB of the first byte of the frame, is the group or individual bit.
This is one for multicast addresses and zero for unicast. The all ones address is the broadcast address and a special case of multicast.

The GMAC supports recognition of four specific addresses. Each specific address requires two registers, Specific Address Bottom register
and Specific Address Top register. Specific Address Bottom register stores the first four bytes of the destination address and Specific
Address Top register contains the last two bytes. The addresses stored can be specific, group, local or universal.

The destination address of received frames is compared against the data stored in the Specific Address registers once they have been
activated. The addresses are deactivated at reset or when their corresponding Specific Address Bottom register is written. They are acti-
vated when Specific Address Top register is written. If a receive frame address matches an active address, the frame is written to the FIFO
interface and on to DMA memory.

Frames may be filtered using the type ID field for matching. Four type ID registers exist in the register address space and each can be
enabled for matching by writing a one to the MSB (bit 31) of the respective register. When a frame is received, the matching is implemented
as an OR function of the various types of match.

The contents of each type ID register (when enabled) are compared against the length/type ID of the frame being received (e.g., bytes 13
and 14 in non-VLAN and non-SNAP encapsulated frames) and copied to memory if a match is found. The encoded type ID match bits
(Word 0, Bit 22 and Bit 23) in the receive buffer descriptor status are set indicating which type ID register generated the match, if the receive
checksum offload is disabled.

The reset state of the type ID registers is zero, hence each is initially disabled.
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37.8.19 GMAC Hash Register Top

Name:GMAC_HRT

Address:0xF8020084 (0), 0xFC028084 (1)

Access: Read-only

The unicast hash enable (UNIHEN) and the multicast hash enable (MITIHEN) bits in the GMAC Network Configuration Register enable
the reception of hash matched frames. Refer to Section 37.6.9 “Hash Addressing”.

ADDR: Hash Address

Bits 63 to 32 of the Hash Address Register.

31 30 29 28 27 26 25 24

ADDR

23 22 21 20 19 18 17 16

ADDR

15 14 13 12 11 10 9 8

ADDR

7 6 5 4 3 2 1 0

ADDR
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37.8.26 GMAC Specific Address 4 Bottom Register

Name:GMAC_SAB4

Address:0xF80200A0 (0), 0xFC0280A0 (1)

Access: Read/Write

The addresses stored in the Specific Address Registers are deactivated at reset or when their corresponding Specific Address Register
Bottom is written. They are activated when Specific Address Register Top is written. 

ADDR: Specific Address 4

Least significant 32 bits of the destination address, that is, bits 31:0. Bit zero indicates whether the address is multicast or unicast and
corresponds to the least significant bit of the first byte received.

31 30 29 28 27 26 25 24

ADDR

23 22 21 20 19 18 17 16

ADDR

15 14 13 12 11 10 9 8

ADDR

7 6 5 4 3 2 1 0

ADDR
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39.8.3 SPI Receive Data Register

Name: SPI_RDR

Address:0xF8010008 (0), 0xFC018008 (1), 0xFC01C008 (2)

Access: Read-only  

RD: Receive Data

Data received by the SPI Interface is stored in this register in a right-justified format. Unused bits are read as zero.

PCS: Peripheral Chip Select

In Master mode only, these bits indicate the value on the NPCS pins at the end of a transfer. Otherwise, these bits are read as zero.

Note: When using Variable Peripheral Select mode (PS = 1 in SPI_MR), it is mandatory to set the SPI_MR.WDRBT bit if the PCS
field must be processed in SPI_RDR.

31 30 29 28 27 26 25 24

– – – – – – – –

23 22 21 20 19 18 17 16

– – – – PCS

15 14 13 12 11 10 9 8

RD

7 6 5 4 3 2 1 0

RD
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41.9.12 SSC Receive Compare 1 Register

Name:SSC_RC1R

Address:0xF800803C (0), 0xFC01403C (1)

Access:Read/Write  

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

CP1: Receive Compare Data 1

31 30 29 28 27 26 25 24

– – – – – – – –

23 22 21 20 19 18 17 16

– – – – – – – –

15 14 13 12 11 10 9 8

CP1

7 6 5 4 3 2 1 0

CP1
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46.7.16 TC QDEC Interrupt Enable Register

Name:TC_QIER

Address:0xF801C0C8 (0), 0xFC0200C8 (1), 0xFC0240C8 (2)

Access:Write-only 

IDX: Index

0: No effect.

1: Enables the interrupt when a rising edge occurs on IDX input.

DIRCHG: Direction Change

0: No effect.

1: Enables the interrupt when a change on rotation direction is detected.

QERR: Quadrature Error

0: No effect.

1: Enables the interrupt when a quadrature error occurs on PHA, PHB.

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

– – – – – QERR DIRCHG IDX
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47.7.32 PWM Fault Protection Value Register 2

Name:PWM_FPV2

Address:0xF800C0C0

Access:Read/Write

This register can only be written if bits WPSWS5 and WPHWS5 are cleared in the PWM Write Protection Status Register.

FPZHx: Fault Protection to Hi-Z for PWMH output on channel x

0: When fault occurs, PWMH output of channel x is forced to value defined by the bit FPVHx in PWM Fault Protection Value Register 1.

1: When fault occurs, PWMH output of channel x is forced to high-impedance state.

FPZLx: Fault Protection to Hi-Z for PWML output on channel x

0: When fault occurs, PWML output of channel x is forced to value defined by the bit FPVLx in PWM Fault Protection Value Register 1.

1: When fault occurs, PWML output of channel x is forced to high-impedance state.

31 30 29 28 27 26 25 24

– – – – – – – –

23 22 21 20 19 18 17 16

– – – – FPZL3 FPZL2 FPZL1 FPZL0

15 14 13 12 11 10 9 8

– – – – – – – –

7 6 5 4 3 2 1 0

– – – – FPZH3 FPZH2 FPZH1 FPZH0
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48.5 Product Dependencies

48.5.1 Power Management

The ADC Controller is not continuously clocked. The programmer must first enable the ADC Controller peripheral clock in the Power Man-
agement Controller (PMC) before using the ADC Controller. However, if the application does not require ADC operations, the ADC Con-
troller clock can be stopped when not needed and restarted when necessary. Configuring the ADC Controller does not require the ADC
Controller clock to be enabled.

48.5.2 Interrupt Sources

The ADC interrupt line is connected on one of the internal sources of the Interrupt Controller. Using the ADC interrupt requires the interrupt
controller to be programmed first.

48.5.3 I/O Lines

The digital input ADTRG is multiplexed with digital functions on the I/O line and the selection of ADTRG is made using the PIO controller.

The analog inputs ADC_ADx are multiplexed with digital functions on the I/O lines. ADC_ADx inputs are selected as inputs of the ADCC
when writing a one in the corresponding CHx bit of ADC_CHER and the digital functions are not selected.

48.5.4 Hardware Triggers

The ADC can use internal signals to start conversions. Refer to “TRGSEL: Trigger Selection” for the exact wiring of internal triggers.

48.5.5 Fault Output

The ADC Controller has the FAULT output connected to the FAULT input of PWM. Refer to Section 48.6.13 “Fault Output” and to Section
PWM.

48.6 Functional Description

48.6.1 Analog-to-Digital Conversion

Once the programmed startup time (ADC_MR.STARTUP) has elapsed, ADC conversions are sequenced by three operating times: 

• Tracking time—the time for the ADC to charge its input sampling capacitor to the input voltage. The tracking time is always per-
formed before the conversion time and can be configured using the TRACKTIM field in the Mode Register (ADC_MR). 

• ADC inherent conversion time—the time for the ADC to convert the sampled analog voltage. This time is constant and is defined 
from start of conversion to end of conversion.

• Channel conversion period—the effective time between the end of the current channel conversion and the end of the next channel 
conversion.

Table 48-2: Peripheral IDs

Instance ID

ADC 44

Table 48-3: I/O Lines

Instance Signal I/O Line Peripheral

ADC ADTRG PE31 A

ADC AD0 PC27 X1

ADC AD1 PC28 X1

ADC AD2 PC29 X1

ADC AD3 PC30 X1

ADC AD4 PC31 X1
 2017 Microchip Technology Inc. DS60001525A-page 1491



SAMA5D4 SERIES
Note 1: For output signals, minimum and maximum access time must be extracted. The minimum access time is the time between the
SPCK rising or falling edge and the signal change. The maximum access timing is the time between the SPCK rising or falling
edge and the signal stabilizes. Figure 56-11 illustrates minimum and maximum accesses for SPI2. The same applies for SPI5,
SPI6 and SPI9.

Figure 56-11: Minimum and Maximum Access Time for SPI Output Signal

Table 56-38: SPI Timings with 1.8V Peripheral Supply (SPI0 only)

Symbol Parameter Conditions Min Max Unit

Master Mode

SPI0 MISO Setup time before SPCK rises — 11.6 — ns

SPI1 MISO Hold time after SPCK rises — 8.9 — ns

SPI2 SPCK rising to MOSI — 0(1) 5.1(1) ns

SPI3 MISO Setup time before SPCK falls — 11.7 — ns

SPI4 MISO Hold time after SPCK falls — 8.6 — ns

SPI5 SPCK falling to MOSI — 0(1) 4.8(1) ns

Slave Mode

SPI6 SPCK falling to MISO — 3.5(1) 10.6(1) ns

SPI7 MOSI Setup time before SPCK rises — 3.5 — ns

SPI8 MOSI Hold time after SPCK rises — 0.6 — ns

SPI9 SPCK rising to MISO — 3.3(1) 10.3(1) ns

SPI10 MOSI Setup time before SPCK falls — 3.5 — ns

SPI11 MOSI Hold time after SPCK falls — 0.6 — ns

SPI12 NPCS0 setup to SPCK rising — 7.0 — ns

SPI13 NPCS0 hold after SPCK falling — 20.4 — ns

SPI14 NPCS0 setup to SPCK falling — 6.7 — ns

SPI15 NPCS0 hold after SPCK rising — 20.8 — ns

SPI16 NPCS0 falling to MISO valid — — 16.6 ns

SPCK

MISO

MOSI

SPI2max

SPI0 SPI1

SPI2min
 2017 Microchip Technology Inc. DS60001525A-page 1681


