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I nt I'Od u CﬁOn (Ask a Question)

The Serial Digital Interface Receiver (SDI_RX) IP core is a high-performance, fully SMPTE-compliant solution
designed for the reliable reception and decoding of uncompressed digital video over coaxial interfaces.

It supports a wide range of industry-standard data rates, including 270 Mbps SD-SDI, 1.5G-SDI, 3G-SDI,

6G-SDI and 12G-SDI. This ensures seamless interoperability with professional HD and UHD video equipment.
The IP core also supports dynamic color formats and variable bit widths, allowing real-time adaptation to
changes in chroma sub-sampling and bit depth without requiring hardware reconfiguration. This architectural
flexibility makes SDI_RX a robust, future-proof solution for FPGA-based broadcast, cinema and professional AV
applications.

Engineered to meet the needs of broadcast, medical imaging and professional video capture systems, the
SDI_RX IP provides a user-friendly interface for video and audio outputs. The IP supports real-time link
detection and dynamic multi-rate operation.

The SDI_RX IP along with PolarFire® transceivers provides a low-latency, lossless video and audio reception and
makes it an ideal choice for FPGA-based video processing and monitoring systems.

Advantages Over Alternative
SDI_RX IP is designed to provide superior performance and flexibility, which are crucial for modern digital video
applications. Here are some of the key advantages:

+ High-Reliability: SDI_RX IP ensures consistent and reliable data transmission, minimizing the risk of data
loss or corruption.

+ Low Latency: The architecture of SDI_RXIP is optimized for low latency, making it ideal for real-time video
processing applications.

+ Scalability: SDI_RX IP can be easily scaled to accommodate different data rates and resolutions, providing
flexibility for various application needs.

+ Cost-Effectiveness: Compared to alternative solutions, SDI_RX IP offers a cost-effective approach without
compromising on quality or performance.

+ Ease of Integration: The IP is designed for seamless integration into existing systems, reducing
development time and complexity.
Summary

Table 1. SDI_RX IP Characteristics

[HAESEE s document applies to the SDI_RX IP v1.2.

Supported Device «  PolarFire® SoC
Families )
+  PolarFire®

Supported Tool Flow Requires Libero® SoC v12.0 or later releases.
Licensing The SDI_RX IP core is provided free of charge in encrypted form, allowing users to perform simulation,
synthesis, layout and FPGA programming using the Libero design suite.

BN ElEWMLNI N {(Iad[I, I SDI_RX [P must be installed to the IP Catalog of Libero SoC automatically through the IP Catalog update
function. Alternatively, it can be manually downloaded from the catalog. Once the IP core is installed, it is
configured, generated and instantiated within SmartDesign for inclusion in the project.

Device Utilization and A summary of utilization and performance information is listed in Performance and Resource Utilization.
Performance
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1- Key Featu rES (Ask a Question)
Following are the key features of SDI_RX IP core:
« Supports four Pixel per Clock

+ Supports the SMPTE SDI standards SMPTE 259M, SMPTE 292M, SMPTE 424M Level A, SMPTE ST
2081-1 Type 2 Mode 1 and SMPTE ST 2082-1 Mode 1 across the Resolutions and Frame Rates.

+ Supports Dynamic SDI Rates from 270 Mbps to 12 Gbps with automatic rate detection and
reconfiguration.

+ Supports Dynamic Color Formats (YCbCr 4:2:2, YCbCr 4:4:4, RGB 4:4:4, YCbCrA 4:4:4:4 and RGBA
4:4:4:4) and Dynamic Pixel Bit Widths (10-bit and 12-bit), which are detected from the SDI VPID.

+ Supports Two Channel and 24-bit embedded audio at 48 kHz per SMPTE ST 299-1:2009
+ Supports extraction of HDR Static Metadata, including PQ/HDR10 and HLG.
+ Provides CEA-861-Compatible Video Data Output

« SD 270 Mbps Video Data Output is provided in 4 Pixel repetition mode that is, (720 x 4) 2880 x
576 and (720 x 4) 2880 x 480

+ Performs CRC check on SDI data stream

+ VPID Extraction and Checksum Validation

« Supports AXI Stream and Native interface for both video and audio
+ Supports AXl4-Lite interface for IP configuration

The SDI_RX IP supports the SMPTE SDI standards, data rates, video resolutions, color formats and
pixel bit widths which are listed in the following table.

Table 1-1. Supported SDI Standards, Resolutions and Color Formats

SDI Standard Video Resolution Color Space Bit Width (Bits)

SMPTE 259M 270 Mbps ~ 720x525 59.94i YCbCr 4:2:2
720x625 50i YCbCr 4:2:2 10
SMPTE 292M 1.5G 1280x720 YCbCr 4:2:2 10
50p/30p/29.97p/25p
SMPTE 292M 1.5G 1920x1080 YCbCr 4:2:2 10
30p/29.97p/25p
2048x1080 YCbCr 4:2:2 10

30p/29.97p/25p
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Table 1-1. Supported SDI Standards, Resolutions and Color Formats (continued)

SDI Standard Data Rate | Video Resolution Color Space Bit Width (Bits)

SMPTE 424M Level A 1280x720 RGB 4:4:4
30p/23.97p/25p RGBA 4:4:4:4 10
YCbCr 4:4:4 10
YCbCrA 4:4:4:4 10
1920x1080 YCbCr 4:2:2 10
60p/59.94p/50p
2048x1080
60p/59.94p/50
1920x1080 RGB 4:4:4 10
30p/29.97p/25p/ RGBA 4:4:4:4 10
60i/59.94i/50i/ YCbCr 4:4:4 10
30psf/29.97psf/25psf YCbCrA 4:4:4:4 10
2048x1080 RGB 4:4:4 12
30p/29.97p/25p/ YCbCr 4:4:4 12
60i/59.94i/50i/
YCbCr 4:2:2 12
30psf/29.97psf/25psf
ST2081-1 Type 2 Mode 1 6G 3840x2160 YCbCr 4:2:2 10
30p/29.97p/25p/24p/23.98p
4096x2160
30p/29.97p/25p/24p/23.98p
12G ST2082-1 Mode 1 12G 3840x2160 YCbCr 4:2:2 10
60p/59.94p/50p
4096x2160
60p/59.94p/50p
3840x2160 RGB 4:4:4 10
30p/29.97p/25p/24p/23.98p RGBA 4:4:4:4 10
4096x1080 YCbCr 4:4:4 10
RGB 4:4:4 12
YCbCr 4:4:4 12
YCbCr 4:2:2 12

Note: Fractional frame rates, such as 23.98 Hz, 29.97 Hz and 59.94 Hz, are equal to 1000/1001
of the corresponding integer frame rates. Fractional frame rates are signaled using the
FRACTIONAL_FRAME_RATE bit of the Video_Code register. For more information, see Registers
section.

The SDI_RX IP extracts embedded audio from the SDI stream in accordance with SMPTE ST 299-1.
The following table lists the supported embedded audio standards.

Table 1-2. Supported Embedded Audio

SMPTE Audio Standard Number of Channels | Channel Data Width
(Blts)

SMPTE ST 272 270 Mbps 48 kHz
SMPTE ST 299-1 1.5G 2 24 48 kHz
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Table 1-2. Supported Embedded Audio (continued)

SMPTE Audio Standard | SDI Rate Number of Channels | Channel Data Width Sampling Rate
(Blts)

SMPTE ST 299-1 + ST 48 kHz
299-2 6G 2 24 48 kHz
126 2 24 48 kHz
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2- Tested Sou I'CES (Ask a Question)
The following sources are tested with SDI_RX IP;

Phabrix® QxP SDI Analyzer

Prism® SDI 12G Analyzer

AVMATRIX® PG4K 12G- SDI Signal Generator
Blackmagic® 12G SDI/HDMI Converter

Tektronix® WFM2300 Analyzer

Decimator® MD-CROSSv2 HDMI/SDI cross converter
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3.1.

3.1.1.

3.1.2.

3.1.3.

Architecture Description (s auestion)

The SDI_RX IP receives 80 bit deserialized data from the transceiver and descrambles the data along
with data alignment. The SDI deframer then processes this recovered data, identifying line numbers,
validating Cyclic Redundancy Check (CRC) information and separating video and audio from the SDI
stream.

The incoming SDI video stream is converted to CEA-861-compliant video format. The video output is
generated as four pixels per clock. The audio is extracted as 2-channel 24-bit audio output.

The following figure shows the SDI_RX IP block diagram.
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Figure 3-1. SDI_RX IP Block Diagram
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The SDI_RX IP core implements four main functions:
+ SDI Deframing

+ Video Re-Timing
« Audio Extraction
+ HDR metadata Extraction

DEfra mer (Ask a Question)

The Deframer module is responsible for processing the incoming SDI data stream and preparing it
for video and audio extraction. The following sections list the key functions of Deframer.

Channel Decoder Block (ask a question)
The key functions of the Channel Decoder block are as follows:
+ Implements Non-Return-to-Zero Inverted (NRZI) descrambling of the input SDI data stream.

+ Follows SMPTE-specified polynomials:
- 61(x)=x"+x"+1
- G2X)=X+1
+ Outputs 80-bit decoded data to the Word Alignment block.

Word Alignment Block (ask a question)
The key functions of the Word Alignment block are as follows:
+ Aligns the SDI data stream to the required 80-bit word boundary.

+ Detects the Timing Reference Pattern (TRP) for alignment.
«  Works across all SDI speeds and generates a data-aligned signal when alignment is complete.

Sync Bits Removal Block (ask a question)
The key functions of the Sync Bits Removal block are as follows:

@ MICROCHIP
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* Removes sync bits from timing reference words.
+ Active only for 6G-SDI and 12G-SDI standards.

3.1.4. Stream Control Block (ask a question)
The key functions of the Stream Control block are as follows:
« Generates control signals for:

Sync Bits Removal

Line Number Extraction

VPID Extraction

CRC Calculation and Checking

« Produces status signals indicating which components are present in the output stream.

3.1.4.1. Stream Detect Block (aska question)
The key functions of the Stream Detect block are as follows:
+ Detects timing reference words in the SDI stream.
+ Generates control signals for the Stream Control and Sync Bits Removal blocks.

3.1.5. Line Number Extraction Block (aska question)
The key functions of the Line Number Extraction block are as follows:
+ Extracts LNO and LN1 line number packets from the SDI stream.

+ Decodes line number information according to SMPTE specifications.

3.1.6. VPID Extraction Block (aska question)
The key functions of the VPID Extraction block are as follows:
« Extracts Video Payload ID (VPID) bytes from the current frame.
+ Outputs the line number where VPID packets are detected.
+ Generates a VPID checksum error signal if calculated and extracted checksums do not match.

3.1.7. CRC Calculation and Checking (ask a question)
The key functions of the CRC calculation and checking block are as follows:
+ Computes an 18-bit CRC for each line using the following SMPTE polynomial:
CRC(X) =x"+ x>+ x* +1
+ It calculates the expected CRC for received lines and compares it with received CRO/CR1 packets.
* Generates a one-cycle CRC error signal if mismatches are detected.

3.2. Video Re'Timer (Ask a Question)

3.2.1. Video CDC FIFO (Ask a Question)
The Video CDC FIFO bridges two independent clock domains:

«  RX_CLK_I: This is the SDI deframer parallel clock, which is recovered from the SDI line rate. The
clock is fixed by the active SDI data rate.

+  PIX_CLK_I: This is the video demapper and video output clock. PIX_CLK_| is supplied externally
and is not derived from RX_CLK_I. Typically, PIX_CLK_l is the pixel clock of the downstream sink,
such as an HDMI transmitter (HDMI TX).

The required frequency for PIX_CLK_| depends on the active color format and pixel bit width of the
stream. The required PIX_CLK_| frequency for each supported SDI mode and output format is as
follows:
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3.2.2.

3.3.

3.4.

3.5.

« For non-SD modes, YCbCr 4:2:2 10-bit: PIX_CLK_| = RX_CLK_|I
+ For all other supported combinations: PIX_CLK_| = RX_CLK_I / 2

+ For 270 Mbps SD-SDI, PIX_CLK_I = 4 x RX_CLK_| because the output operates in four-pixel
repetition mode.

If the active color format or bit width changes during runtime, the PIX_CLK_| source must be
adjusted to match the new ratio.

Video Demapper (aska question)

The video demapper uses locally generated timing to convert the data from SDI format to CEA 861
format. It converts SDI sub-images into line wise outputs generating four pixels per clock as video
output.

Audio Demapper (askaquestion)

The audio demapper module extracts SDI audio packets from the embedded audio data provided
by the SDI deframer and outputs AES audio for audio extraction.

Following are the key functional details of audio demapper:

1. Output Format: 24-bit samples at 48 kHz.

2. Embedded Location
- Audio data is decoded from the Cb/Cr data stream within the HANC region.

- Control packets are retrieved from the Y data stream, arriving once per frame in progressive
systems or once per field in interlaced systems.

3. Standards Compliance

- Fully compliant with SMPTE ST 299-1:2009, supporting embedded AES audio in HD and
higher SDI formats.

The following figure shows the audio packet structure:

Figure 3-2. Audio Packet Structure

AES1_CH1 AES1_CH2 AES2_CH1 AES2_CH2
ADF DID DBN DC CLK " N . N ECC cs
(CH1) (CH2) (CH3) (CH4)

HDR Metadata Demapper (askaauestion)

The HDR Metadata Demapper module extracts High Dynamic Range (HDR) metadata from the SDI
VANC (Vertical Ancillary Data) stream. It processes incoming SDI data streams and decodes HDR
information including:

+ EOTF (Electro-Optical Transfer Function) - HDR transfer function identifier

+ Display Primaries (X0/Y0, X1/Y1, X2/Y2) - Color gamut coordinates

«  White Point (X, Y) - Reference white point coordinates

* Mastering Display Luminance (Max/Min) - Brightness range used during content mastering

+ Content Light Levels (Max Content, Max Frame Average) - Peak and average brightness levels

Down Sampling (aska question)

Transition Detection

Detects transitions in the incoming SDI data stream for SDI SD 270 Mbps mode. When the
transceiver operates at 2.7 Gbps, it provides 10x oversampled data at 270 Mbps speed. The
transition detector identifies the valid data edges/transitions within this oversampled stream and
aligns the data properly before downsampling.
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Downsampling

Takes the 10 times oversampled, aligned data from the transition detector and downsamples it to
recover the correct SDI SD data rate of 270 Mbps. It reduces the 10 samples per bit down to 1
sample per bit, extracting the actual SDI data from the oversampled stream.

Example Flow: Transceiver (2.7 Gbps) - 10 times oversampled data - Transition Detector (align) -
Downsampler (270 Mbps) = Async FIFO (clock domain crossing) - Deframer.

These blocks are used when DATA_RATE_| == 6 (SDI SD 270 Mbps mode)
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4.1.

IP Parameters and Interface Signals (s«aauestion)
This section describes the SDI_RX configurator settings and 1/0 signals.

Configuration (as«a question)

This section provides an overview of the SDI_RX configurator interface and its components. The
SDI_RX configurator provides a graphical interface to set up the SDI_RX IP core for specific
requirements. The following figure shows the detailed view of the SDI_RX configurator interface.

The following table lists the SDI_RX parameters for configuring the core using the Libero® SoC.

Figure 4-1. SDI_RX Configuration Settings

Configuration 1
Options

Simulation Mode r

5D 270Mbps Mode  |Enable ¥
Interface

Config Interface  |AXI4Lite hd
Native hd
Audio Interface  |AXI4_Stream ¥

Video

Video Interface

=]

Qutput Pixel Width

Debug

debug ports |Disable

License: Encrypted

Table 4-1. SDI_RX Configuration Parameters

SDI_RX_0

-

rx_cLk_1
rx_xcvR_cLK 1
—|cLK_50MHZ_1
—|RX_ARSTN_I
erx_cik 1
—|RX_READY_I
—rx_DATA_1[79:0]
Jacik 1
—|ARESETN_I

15\:{[4LrtE7Ccnﬁgfsd|rx

~

H_SYNC_O|—

V_SYNC_O|-
VIDEO_DATA_VALID_O|—
VIDEO_DATA_0[95:0]
RATE_LOCKED_O—
RX_ALIGNMENT_LOST_IRQ_O}—
VIDEO_CODE_O[7:0]
DATA_RATE_O[2:0]
AXI4stream_Initator_IF_Aud T

SDI_RX

\_Symbal /

Simulation Mode
SD 270Mbps Mode
Output Pixel Width

Video Interface

Audio Interface

Config Interface

debug ports
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Enables simulation mode

Enables or disables support for the 270 Mbps SD rate

Provides the option to select the output pixel width as either

8-bit, 10-bit, and 12-bit.

+ Native: Video interface ports are provided in native mode
with valid signal.

*  AXl4-Stream: An AXI4-Stream master interface is provided

+ Native: Audio output ports are provided as 24-bit channel
outputs along with valid signal.

*  AXl4-Stream: An AXI4-Stream master interface is provided

+ Native: Provides direct access to configuration ports

+  AXl4-Lite: Enables register access through an AXI4-Lite
slave interface

Exposes the debug ports when enabled
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Table 4-1. SDI_RX Configuration Parameters (continued)

License Specifies the type of license. By default, Encrypted is selected.

4.2. POI‘tS (Ask a Question)
The following tables list the input and output ports of SDI_RX IP.

Table 4-2. AXlI4-Lite Interface Ports

wih @
1

ACLK_I Input AXI clock

ARESETN_| Input 1 Asynchronous active-low AXI4 reset
AWVALID_| Input 1 Write address valid
AWREADY_O Output 1 Write address ready
AWADDR_I Input 32 Write address
WDATA_| Input 32 Write data

WVALID_I Input 1 Write data valid
WREADY_O Output 1 Write data ready
BRESP_O Output 2 Write response
BVALID_O Output 1 Write response valid
BREADY_I Input 1 Write response ready
ARADDR_| Input 32 Read address
ARVALID_| Input 1 Read address valid
ARREADY_O Output 1 Read address ready
RREADY_| Input 1 Read data ready
RDATA_O Output 32 Read data

RRESP_O Output 2 Read data response
RVALID_O Output 1 Read valid

Table 4-3. AXI4-Stream Video Interface Ports

i @

TVALID_VIDEO_O Output 1 AXI4-Stream video data valid output
TDATA VIDEO_O Output 3 x4 x Qutput AXI4-Stream video data output. The most recent pixel is in the MSB of each
Pixel Width component.

*  RGB 4:4:4: R3R2R1R0, G3G2G1G0, B3B2B1B0
* YCbCr 4:4:4: Y3Y2Y1YO0, Cb3Cb2Ch1Cb0,Cr3Cr2Cr1Cro
e YCbCr 4:2:2: Y3Y2Y1YO0, Cr3Cb2Cr1Cb0, XXXX

TSTRB_VIDEO_O Output 12 AXl4-Stream pixel qualifier
TLAST_VIDEO_O Output 1 AXl4-Stream Tlast indicates the falling edge of a videoline.
TUSER_VIDEO_O Output 16 AXI4-Stream user output

The bit values are as follows:
+  Bit0: V_.SYNC_O

+  Bit1: H_.SYNC_O

+ Bit 2-Bit 15: Reserved

TREADY_VIDEO_| Input 1 Unused port, no back pressure support

Table 4-4. AXI4-Stream Audio Interface Ports

i @i

TVALID_AUDIO_O Output 1 AXl4-Stream audio data valid output
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Table 4-4. AXI4-Stream Audio Interface Ports (continued)

ooy

TDATA_AUDIO_O Output AXl4-Stream audio data output

TSTRB_AUDIO_O Output 3 AXl4-Stream byte qualifier

TLAST_AUDIO_O Output 1 AXI4-Stream Tlast indicates the falling edge of a audio channel.
TID_AUDIO_O Output 4 Stream ID output indicates the audio channel number:

+  0x0: Channel 1
*  0x1:Channel 2

+ Others: Reserved

TREADY_AUDIO_| Input 1 Unused port, no back pressure support

Table 4-5. Native Interface Ports

Port Name Direction| Width Description
(Blts)

RX_ARSTN_I Input Active-low asynchronous reset signal
RX_CLK_I Input 1 Receive clock input

Recommended to connect to LANEx_RX_CLK of the
Transceiver when SD 270Mbps Mode Enabled is not
selected, with the SD 270 Mbps mode use a fabric PLL to
drive the required frequency. Following are the required
clock frequency for different SDI rates.

12G 148.5/(148.5/1.001) MHz

6G 74.25/(74.25/1.001) MHz

3G 37.125/(37.125/1.001) MHz
1.5G 18.5626 /(18.5626/1.001) MHz

270 Mbps 3.375 MHz

RX_XCVR_CLK_I Input 1 Receive transceiver clock input enabled only when SD
270Mbps Mode is enabled.

It is recommended to connect to LANEx_RX_CLK of the
Transceiver. Following are the required clock frequency for
different SDI rates.

12G 148.5/(148.5/1.001) MHz

6G 74.25/(74.25/1.001) MHz

3G 37.125/(37.125/1.001) MHz
1.5G 18.5626 /(18.5626/1.001) MHz

270 Mbps 33.75 (10x Oversampling clock)

DATA_RATE_I Input 3 Specifies the Transceiver data rate configuration
Following are the data rates:
+  1:Reserved

+ 2:12 Gbps or 12 Gbps/(1.001)
*  3:6 Gbps or 6 Gbps/(1.001)

+ 4:3 Gbps or 3 Gbps/(1.001)

* 5:1.5Gbps or 1.5 Gbps/(1.001)
*  6:270 Mbps or SD 625i or 525i

RX_READY_| Input 1 Recommended to connect to LANEx_RX_READY of
Transceiver
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Table 4-5. Native Interface Ports (continued)

Port Name Direction| Width Description
(BItS)

RX_DATA_I

CLK_50MHZ_I
PIX_CLK_I

VIDEO_CODE_O
COLOR_FORMAT_O

PIX_'WIDTH_O

VIDEO_DATA_O

VIDEO_DATA_VALID_O

AUDIO_DATA_CH1_O
AUDIO_DATA_CH2_O
AUDIO_VALID_O
VIDEO_DETECTED_O

RATE_LOCKED_O

RX_ALIGNMENT_LOST_IRQ_O

V_SYNC_O

H_SYNC_O

CRC_ERROR_O
RX_VPID_LINK_A_O
RX_VPID_CS_ERROR_LINK_A_O

RX_VPID_LINK_B_O
RX_VPID_CS_ERROR_LINK_B_O

HDR_DATA_VALID_O
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Input

Input
Input

Output
Output

Output

Output

Output

Output
Output
Output
Output

Output

Output

Output
Output
Output
Output
Output

Output
Output

Output

I

3x4x
Output
Pixel Width

24
24

32

32

SDI data input

Recommended to connect to LANEx_RX_DATA of
Transceiver

50 MHz stable clock input

Video output clock. For more information, see Clocking in
the Design Guidelines section.

Video Code. For more information, see Video_Code.
Detected SDI color format

+ 0:YCbCr4:2:2

*  1:YCbCr 4:4:4

* 2:RGB4:4:4

* 3:Reserved

*  4:YCbCrA 4:2:2:4

+ 5:YCbCrA 4:4:4:4

*  6:RGBA4:4:4:4

+ 7-15: Reserved

Detected SDI pixel width
+  1:10bit
«  2:12bit

Four pixels output data. The most recent pixel is in the MSB
of each component.

*  RGB 4:4:4: R3R2R1R0, G3G2G1G0, B3B2B1B0

* YCbCr 4:4:4: Y3Y2Y1Y0, Cb3Cb2Cb1Cb0, Cr3Cr2Cr1Cr0

*  YCbCr 4:2:2: Y3Y2Y1Y0, Cr3Cb2Cr1Cb0, XXXX

Output Video Valid signal indicates the VIDEO_DATA_O data
is valid

Audio data output for channel 1

Audio data output for channel 2

Valid signal for all audio channels

Debug signal showing rate is locked, resolution detected
and IP starts generating video output.

Indicates that the incoming actual SDI data rate and SDI_RX
IP configured data rate both are locked.

Indicates loss of alignment by driving this signal high for
eight clock cycles of ACLK.

Vertical Sync signal

Horizontal Sync signal

Debug signal indicates the CRC Errors detected
Video Payload Identification Debug signal for Link A

Video Payload Identification Checksum Error Debug signal
for Link A

Video Payload Identification Debug signal for Link B

Debug signal Video Payload Identification Checksum Error
for Link B

Data valid signal



Table 4-5. Native Interface Ports (continued)

Port Name Direction| Width Description
(Bits)

HDR_EOTF_O

HDR_DISPLAY_PRIMARIES_X0_O
HDR_DISPLAY_PRIMARIES_Y0_O
HDR_DISPLAY_PRIMARIES_X1_O
HDR_DISPLAY_PRIMARIES_Y1_O
HDR_DISPLAY_PRIMARIES_X2_O
HDR_DISPLAY_PRIMARIES_Y2_O
HDR_WHITEPOINT_X_O
HDR_WHITEPOINT_Y_O
HDR_MAX_DISP_MASTERING_LUM_O
HDR_MIN_DISP_MASTERING_LUM_O
HDR_MAX_CONTENT_LIGHT_LEVEL_O

Output

Output
Output
Output
Output
Output
Output
Output
Output
Output
Output
Output

HDR_MAX_FRAME_AVG_LIGHT_LEVEL_O Output

2

16
16
16
16
16
16
16
16
32
32
16
16

Transfer Function
0: SDR

1: HLG

2:PQ

Display primary X0

Display primary YO

Display primary X1

Display primary Y1

Display primary X2

Display primary Y2

White point X coordinate

White point Y coordinate

Maximum display mastering luminance
Minimum display mastering luminance
Maximum content light level

Maximum frame average light level

Important: All ports in the preceding table are active-high unless otherwise

specified.
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Te St be n C h (Ask a Question)

Testbench is provided to check the functionality of SDI_RX IP core. The following table lists the

parameters that are configured according to the application.

Table 5-1. Application Parameters Configuration

Simulation Mode
270Mbps Mode
Output Pixel Width
Video Interface
Audio Interface

Config Interface

Enabled
Disabled
8-bit
Native
Native

Native

To simulate the core using testbench, perform the following steps:

1. Navigate to Libero® SoC Catalog, select View > Windows > IP Catalog, and then expand

Solutions-Video. Double click SDI_RX, and then click OK.

2. To generate the required SmartDesign for the SDI_RX IP simulation, click
Libero Project > Execute script. Browse the script using the following
path: . .\<Project name>\component\Microchip\SolutionCore\SDI RX\< SDI RX IP
version>\scripts\SDI RX SD.tcl, and then click Run. The SmartDesign appears as shown

in the following figure.

Figure 5-1. SmartDesign Canvas

RESETN_|
PIX_CLK_I
AUDIO_CLK I
SDI_TX_CLK_|
XCVR_CLK_|
V_SYNC_I

H_SYNC_I
VIDEO_CODE _I[7:0]
VIDEO_DATA_VALID_I

VIDEO_DATA_STROBE__I[3:0]
COLOR_FORMAT_I[3:0]
COLOR_DEPTH_I[1:0]

VIDEO_DATA_I[95:0]

AUDIO_DATA_VALID_I
AUDIO_DATA_CHANNEL1_I[23:0]

RX_CLK_|
CLK_80MHZ_I
PIX_CLK_I_0

DATA_RATE_I[2.0]
RX_READY_|

SDI_TX_CO0_sim_0

1)
CLK I

LK I

LTX_CLK_I

_CLK_I

SYNC.

SYNC_I

)_CODE_I[7:0]

) DATA_VALID_|

. SDITX_DATA 0[79.)
$JFRACTIONAL_FPS_|

_DATA_STROBE_I[30]

OR_FORMAT_[30]

OR_DEPTH_I[1:0]
+pic_FORMAT

) DATA_I[95:0]

)_DATA_VALID_|

DATA_CHANNEL1_[23:0]

I0_DATA_CHANNEL2 I[23:0]

SDI_TX_CO_sim

SDI_RX_CO_sim_0

CCLK I

( XCVR_CLK_|

K_5OMHZ_|

CARSTN_I

CLK I

RATE_I[20]

 READY_|
IRX_DATA_I[79:0]

H.SYNC O]
v_s¥ne_of
VIDEO_DATA_VALID_0]
VIDEO_DATA_O{95:0]}
AUDIO_DATA_CH1_0p23:0)
AAUDIO_DATA_CH2_0{23:0]}
AUDIO_VALD_0|
RATE_LOCKED_0)
VIDEO_CODE_O[7:0]f
'COLOR_FORMAT_O[3.0]
PIX_WIDTH_O[1:0
DATA_RATE_O[2:0)

SDI_RX_CO_sim

H_SYNC_O
V_SYNC_O
VIDEO_DATA_VALID_O
VIDEO_DATA_0[95:0]
AUDIO_DATA_CH1_0[23:0]
AUDIO_DATA_CH2_O[23:0]
AUDIO_VALID_O
RATE_LOCKED_O
VIDEO_CODE_O[7:0]
COLOR_FORMAT_0[3:0]
PIX_WIDTH_O[1:0]
DATA_RATE_0[2:0]

3. On the Design Hierarchy tab, right click SDI_RX_SD, and then select Set As Root.

4. On the Stimulus Hierarchy tab, right click tb_SDI_RX_SD (tb_SDI RX SD.v)testbench file, and
then click Simulate Pre-Synth Design > Open Interactively.

The ModelSim® tool opens with the testbench file, as shown in the following figure.
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Figure 5-2. ModelSim Waveform Capture

] wave - o x
Fle Edit View Add Format Tools Bookmarks Window Help
g Wave - Default K3}

RS LB HEE T LI i EOIEEE |tatit a1

xauuﬂu [ deae]acassn|TymEr.
__ﬂ_l

% /SDI_T_Rx_th/SYSCLK.
JSDI_Ti Rx_th/CIKS0
[SDI_Tx_Rx_tb/NSYSRESET
/SDI_T_Rx_th/SDI_Tx_Rx_0/SDI_TX_CO_0/SDI_TX_C0_ORESETN I

/SDI_Ts_Rx_th/SDI_Tx_Rx_/SDI_TX_C0_0/SDI_TX_C0_0/AUDIO_GLK T
/SDI_Tx_Rx_tb/SDI_Tx_Rx_O/SDI_TX_CO_0/SDI_TX_C0_0/SDLTX_CLK I
/SDI_T_Rx_tb/SDI_Tx_Rx_O/SDI_TX_CO_0/SDI_TX_€0_ON_SYNC_IL
JSDI_T_Rx_ib/SDI_Tx_Rx_D/SDI_T¥_CO_0/SDI_TX_€0_OMH_SYNC_I
/SDI_Tx_Rx_tb/SDI_Tx_Rx_0/SDI_TX_CO_0/SDI_TX_C0_OVIDEO_CODE
[SD1_T Rx_th/SDI_Tx_Rx_0/SDI_TX_CO_/SDI_TX_C0_O/VIDEQ_DATA_VALID T
/SDI_Tx_Rx_tb/SDI_Tx_Rx_0/SDI_TX_CO_0/SDI_TX_C0_O/VIDEO_DATA_STROBE I
/SDI_Ti_Ro_th/SDI_Tx_Rx_D/SDI_TX_CO_0/SDI_TX_0_ONIDEO_DATA Y1
/SDI_Ti_Rx_th/SDI_Tx_Rx_D/SDI_TX_CO_0/SDI_TX__C0_O/VIDEO_DATA_C_I

. [SDI_Tx_Rx_tb/SDI_Tx_Rx_0/SDI_TX_CO_0/SDI_TX_CO_0/SDI_TX_DATA_O

— NewDivider
4 [SDI_Tx Rx_th/SDI_Tx_Rx_O/SDLRX.

D [SDI_Tx R_t/SDI_Tx_Rx_D/SDI_RX C

£ [SDI_Tx_R_th/SDI_Tx_Rx_D/SDIRX C

-4 /SDI_Tx_Rx_{b/SDI_Tx_Rx_D/SDI_RX_CO_O/ALDIO_DATA_CH1_O
3. SDI_Tx_Rx_/SDI_Tx_Rx_D/SDI_RX_CO_O/AUDIO_DATA_CH2_O

Cursor1 | ss7sips

Kl I KT i |

xlFnd: (8, SearchFor v | @) ¥ @
0ps to 4659544430 ps Now: 4,532,6%,600ps Delt: 11

Time: 0 pa Iteration: 1 Inatence: /SDI_Tx Rx_th/SDI_Tx Rx_0/SDI_RX_CO_0/SDI_RA_CO_0/COREURD SDIRK MR_INST/SDI_I EXT_VPID_C_DS1 AJ[

Important: If the simulation is interrupted due to the runtime limit specified in
the . DO file, use the run -all command to complete the simulation.
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6.2.

DESign GUidElines (Ask a Question)

Dynamic SDI Data Rate Support (askaquestion)

The SDI_RX IP can dynamically switch among 12G, 6G, 3G or 1.5G and 270 Mbps SDI data rates. The
data rate can be configured in one of two ways:

« By providing the desired rate through the DATA_RATE_I input in Native Configuration mode, or
+ By setting the SDI_DATA_RATE register through the AXI4-Lite interface in Configuration mode.

When the incoming SDI signal's data rate matches the configured rate, the SDI_RX IP asserts

the RATE_LOCKED_O signal to indicate successful rate detection. If there is a rate change, the
RATE_LOCKED_O signal goes low and the RX_ALIGNMENT_LOST_IRQ_O signal is driven high for eight
clock periods of AXl4-Lite clock to report the event.

Once the data rate is locked, the core automatically detects the input video resolution and the frame
rate. It then generates a corresponding VIDEO_CODE for the detected format and issues internal
resets whenever a change in video format is detected. A stable 50 MHz reference clock is required
for resolution detection logic.

Dynamic Color Format and Bit Width Support (asa question)

The SDI_RX IP can dynamically adapt to changes in the incoming video stream's color format and
pixel bit width without requiring hardware reconfiguration. The supported combinations are:

* Color Formats: YCbCr 4:2:2, YCbCr 4:4:4, RGB 4:4:4, YCbCrA 4:4:4:4 and RGBA 4:4:4:4
* Pixel Bit Widths: 10-bit and 12-bit

The color format and bit width are decoded from the Video Payload Identifier (VPID) extracted from
the SDI stream by the VPID Extraction block. Once the SDI data rate is locked and a valid VPID is
received, the IP automatically:

1. Decodes the relevant VPID fields per SMPTE ST 352 to identify the sampling structure and bit
depth.

Updates the detected color format and pixel width on the corresponding outputs and registers.

Packs four pixels per clock onto the VIDEO_DATA_O bus (width = 3 x 4 x Qutput Pixel Width)
using the component ordering described in Table 4-5.

Whenever the incoming color format or bit width changes, the IP tracks the VPID changes, issues an
internal reset to the Video Demapper, and refreshes the reported values. The VIDEO_DATA_VALID_O
signal is deasserted during this transition and reasserts once the demapper resumes producing
valid output.

The detected color format and pixel width can be read in either of the two ways, depending on the
configuration interface selected:

+ Native Configuration mode: The values are driven on the COLOR_FORMAT_O (4-bit) and
PIX_WIDTH_O (2-bit) output ports. For the encoding details, see Table 4-5.

+ AXl4-Lite Configuration mode: The values are reflected in the Video_Code register (offset
0x08): COLOR_FORMATI[3:0] at bits 12:9 and PIX_WIDTH[1:0] at bits 14:13. Software can read
this register at anytime to obtain the current stream attributes alongside VIDEO_CODE and
FRACTIONAL_FRAME_RATE.

Note: For YUV422, only the first 8 x Output Pixel Width bits of VIDEO_DATA_O carry valid
component data; the remaining 4 x Output Pixel Width bits are unused. Output Pixel Width refers to
the configured output bit width (for more information, see Output Bit Width Selection section), not
the SDI-detected input bit width.
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6.3. Dynamic vs Static SDI Data Rates Handling (aska auestion)

The SDI_RX IP supports two configuration interfaces: AXI4-Lite and Native. These interfaces
determine how the SDI data rate is supplied to the IP and how detected stream attributes are
reported back to the system. In both modes, the IP automatically detects the input video resolution,
frame rate, color format and pixel bit width from the SDI stream. The choice of interface depends on
whether the incoming SDI data rate is expected to change during runtime.

6.3.1. Dynamic SDI Data Rate—AXI4-Lite Config Interface (Recommended) (aska question)

This mode is ideal for systems where the input SDI data rate and resolution can vary dynamically
during runtime. In this configuration, the SDI_RX IP automatically detects changes in the incoming
video format and adjusts its internal settings with the help of a processor such as Mi-V. The AXl4-Lite
interface is recommended in this mode to access configuration and status registers.

The following sequence describes how the Mi-V processor and AXIl4-Lite configuration interface
work together to manage dynamic SDI rate detection and transceiver reconfiguration:

1. The Mi-V processor configures the transceiver (XCVR) settings for one of the supported data
rates: 12G, 6G, 3G, 1.5G or 270 Mbps. The target rate is determined either by the sweep method,
where the processor cycles through the supported rates until it locks onto one, or by reading
the data rate from an external SDI reclocker device. Once the rate is determined, the processor
writes the matching value to the SDI_DATA_RATE register to ensure the IP's expected rate aligns
with the XCVR configuration.

2. When the received data rate matches the configured rate, the IP asserts the RATE_LOCKED_O
signal, which is also reflected in the Status_Register.

3. After rate lock, the IP automatically decodes the Video Payload Identifier (VPID) and updates the
Video_Code register with the detected stream attributes:

- Bits 7:0 - VIDEO_CODE, indicating resolution and frame rate.

- Bit 8 - FRACTIONAL_FRAME_RATE, indicating fractional rates such as 59.94 Hz, 29.97 Hz and
23.98 Hz.

- Bits 12:9 - COLOR_FORMAT, indicating YCbCr 4:2:2, YCbCr 4:4:4, RGB 4:4:4, YCbCrA 4:4:4:4 or
RGBA 4:4:4:4.

- Bits 14:13 - PIX_WIDTH, indicating 10-bit or 12-bit pixel width.

The processor can read this register at any time to obtain the current stream attributes. No
software action is required when only the color format, bit width, resolution or frame rate
changes; the IP issues an internal reset to the Video Demapper, and refreshes the reported
values.

4. |If the SDI input data rate changes, the RATE_LOCKED_O signal deasserts and the IP generates a
RX_ALIGNMENT_LOST_IRQ_O interrupt to notify the processor.

5. Upon receiving this interrupt, the Mi-V processor reconfigures the transceiver data rate and
updates the SDI_DATA_RATE register, using the sweep method until the configured rate matches
the new incoming SDI rate.

6. After each successful rate reconfiguration, the Mi-V processor resets the SDI_RX IP by writing to
the IP RESET bit of the Control_Register. A software reset is required only for data rate changes;
the IP handles all other stream-attribute changes internally.
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Figure 6-1. Dynamic Rate Detection
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6.3.2. Static SDI Data Rate—Native Config Interface (Recommended) (ask a question)

In this mode, the SDI_RX IP operates using a predefined DATA_RATE_| input available through the
native interface. This approach is ideal for applications that run at a fixed SDI data rate, as it
eliminates the need for software-based control and requires only minimal external logic for setup.
Although the data rate is fixed in this mode, the IP continues to detect color format and pixel bit
width dynamically from the SDI stream.

The configuration process involves the following steps:

1.
2.

Set the SDI_RX IP Configuration Interface to Native mode.

Specify the desired SDI data rate of the IP through DATA_RATE_| input. For example, 12G, 6G, 3G
or 1.5G and 270 Mbps. For information about encoded values, see Table 4-5.

Configure the XCVR with the same data rate as the IP data rate.

When the incoming SDI Serial data rate matches the configured data rate, the IP asserts the
RATE_LOCKED_O signal to indicate proper data alignment.

IP then generates the corresponding VIDEO_CODE_O, which represents the detected resolution
and frame rate, and makes it available for internal modules and external use.

The IP decodes the VPID and drives the detected color format on the COLOR_FORMAT_O output
(4-bit) and the detected pixel bit width on the PIX_WIDTH_O output (2-bit). Downstream logic
uses these signals to interpret VIDEO_DATA_O without software intervention. If the incoming
color format or bit width changes during operation, the IP automatically re-detects them,
updates these outputs, and momentarily deasserts VIDEO_DATA_VALID_O while the Video
Demapper re-synchronizes.

Once rate locked, the SDI_RX IP generates video and audio outputs along with corresponding
valid signals.
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6.4.

Figure 6-2. Static Mode Usage
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Video Data Mapping (Ask a Question)

The Video Demapper outputs extracted video samples on the VIDEO_DATA_O bus in Native mode
and on TDATA_VIDEO_O in AXl4-Stream mode. Video samples are packed using a four-pixel-per-
clock format.

The output bus is organized as twelve component slots, three components for each of four pixels.
The data width of each slot is equivalent to Output Pixel width as per the configurator. Supported
output pixel widths are 8-bit, 10-bit and 12-bit. Therefore, the total video output bus width is: 12 x
Output Pixel Width.

When the configured output width is 12-bit and the SDI input sample width is smaller than 12-bit,
each sample is MSB-aligned within its 12-bit slot. The remaining lower bits are padded to zero. For
example, a 10-bit sample occupies bits [11:2], and bits [1:0] are zero.

The slot mapping for each supported color format and pixel bit width is shown in the following
figure.
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6.4.1.

6.5.

Figure 6-3. Video Data Mapping for Output Pixel Width =12
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Output Bit Width Selection (Ask a Question)

The SDI_RX IP gives independent bit width configuration for the video output irrespective of input
SDI stream width. This allows the IP to interface with downstream blocks that require a fixed sample
width, such as an HDMI transmitter that supports only 8-bit or 10-bit pixel data.

The SDI_RX IP supports the following bit widths:
+ Detected SDI input bit widths: 10-bit and 12-bit

+ Configurable output bit widths: 8-bit, 10-bit and 12-bit
The output bit width is selected using Output Pixel Width. For more information, see Configuration.

Downstream logic that requires the actual SDI input bit width must be read PIX_WIDTH_O (Native) or
PIX_WIDTH (AXI4-Lite Video code Reg). Downstream logic must treat the unused lower bits of each
slot as don't-care bits.

Note: For YCbCr 4:2:2 video, the four reserved slots remain unused regardless of the selected
output bit width and must be ignored by downstream logic.

CIOCking (Ask a Question)

The following table lists the required SDI deframer clock frequency, RX_CLK_|, for each supported
SDI data rate. It also lists the corresponding Video Demapper and video output clock frequency,
PIX_CLK_|, required for the active color format and bit width.

Table 6-1. RX_CLK_I and PIX_CLK_I Frequencies

SDI Data Rate RX_CLK_I MHz PIX_CLK_I
YCbCr 4:2:2 10-bit All Other Formats
NA

270 Mbps 3.375 13,5

15G 18.5625 18.5625 NA

3G 37.125 37.125 18.5625
6G 74.25 74.25 NA
12G 148.5 148.5 74.25
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Notes:

6.6.

The frequencies in the preceding table are the integer frame rates (24, 25, 30, 50, and 60).
Fractional frame rates (23.98, 29.97, and 59.94) use 1000/1001 multiples of the integer rates
listed in the preceding table; SMPTE 259M (270 Mbps) does not define fractional-rate variants.

PIX_CLK_I must be derived from RX_CLK_I. See Video CDC FIFO section.

When the active color format or pixel bit width changes at runtime, the PIX_CLK_| must be
reconfigured to match the required clock ratio. For more information, see Dynamic Color Format
and Bit Width Support and Dynamic SDI Data Rate—AXI4-Lite Config Interface (Recommended)
sections.

SMPTE 259M at 270 Mbps is delivered using the four-pixel repetition mode described in the
Features list. Therefore, for YCbCr 4:2:2 10-bit video, PIX_CLK_I is four times the RX_CLK_|I
frequency, operating at 13.5 MHz while RX_CLK_| operates at 3.375 MHz.

System Integration (aska question)

This section describes how all modules function together properly.

The following figure shows the SDIRX_HDMITX_Bridge_12G—4K60 YUV422 10 Bit sample design,
where SDI_RX IP is configured with Output Pixel Width = 8, Simulation Mode = Disabled, SD 270Mbps
Mode = Disable, Config Interface, Video and Audio Interface is set to Native.

Figure 6-4. SDI_RX IP Integration
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The following figure shows the Transceiver Interface configuration details.
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6.7.

Figure 6-5. Transceiver Interface Configuration
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Sample integration for DATA_RATE_| = 2 (12G—4K60/50), the following components are the part of
the design:

+ PF_XCVR_ERM (PF_XCVR_ERM_CO_O0) is configured for a data rate of 11880 Mbps in PMA mode for
RX only, with the data width configured as 80 bits for 12G—4K60 and 148.5 MHz reference clock,
based on the preceding table settings.

+ The LANEO_CDR_REF_CLK input PF_XCVR_ERM_CO_0 is sourced from On board 148.5 MHz clock
source, based on the preceding table settings.

The following table lists the configurations of PolarFire® XCVR.

Table 6-2. Configuration Details of PolarFire® XCVR

Data Rate Resolution RX Data Rate (Mbps)| RX PCS Fabric Width | RX Reference Clock Frequency | CDR lock Mode
(bltS) (MHz)

12G 11880 148.51 Lock to Data

6G 5940 80 148.51 Lock to Data

3G 2970 80 148.51 Lock to Data

1.5G 1485 80 148.51 Lock to Data

270 Mbps—SD 625i, 525i 2700 80 1352 Lock to Reference
Notes:

1. On Board reference clock
2. SDI Re-clocker clock output

For 270 Mbps SD-SDI, the transceiver operates at 2.7 Gbps to provide 10 x oversampled data. The
SDI_RX IP then performs transition detection and down sampling to recover the 270 Mbps stream.

CO nSt ra i ntS (Ask a Question)

Clock Constraints

SDI_RX IP Uses RX_XCVR_CLK_I, RX_CLK_I, PIX_CLK_I and CLK_50MHZ_I clock inputs. Use the clock
grouping constraints for place and route, and verify timing as per the IP implements the clock
domain crossing.
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Performance and Resource Utilization (as auestion)

The following table lists the resource utilization for a sample SDI_RX IP design made for the
PolarFire® FPGA (MPF300TS-1FCG1152I package).

Table 7-1. Resource Utilization

(Mode ~ |Fabric4LUT |FabricDFF |Interface 4LUT | Interface DFF |LSRAM |uSRAM

SD-270Mbps Disabled 19756 9325 4512 4512 124
SD-270Mbps Enabled 20885 11145 4512 4512 124 4 NA

The following table lists the maximum frequencies of the clocks.

Table 7-2. Maximum Frequencies of the Input Clocks

Clock domain Maximum Frequency

RX_CLK_| 210 MHz
PIX_CLK_| 204 MHz
RX_XCVR_CLK_| 210 MHz
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8.

I S T O N S S

0x00 IP_Version
0x04 Control_Register
0x08 Video_Code
0x0C SDI_Data_Rate
0x10 Status_Register
0x14 CRC_err_cnt
0x18 VPID_CS_err_cnt
0x1C

Reserved
Ox1F
0x20 HDR_REGO
0x24 HDR_REG1
0x28 HDR_REG2
0x2C HDR_REG3
0x30 HDR_REG4
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23:16
31:24

Register Map and Descriptions s auestion)

IP_VERSION[7:0]
IP_VERSION[15:8]
IP_VERSION[23:16]

2 | 10

CRC/CS
ERROR
COUNT IP RESET
CLEAR
VIDEO_CODE[7:0]
TRANS_PIC_F FRACTIONAL
i PIXEL_WIDTH[1: LOR_FORMATI[3: -
ORMAT[0] - (1:0] COLORFO (3:0] FRAME_RATE
TRANS_PIC_F
ORMAT[1]

RESET_STATU VIDEO_ENABL
E

S

CRC_ERR_CNT[7:0]
CRC_ERR_CNT[15:8]
CRC_ERR_CNT[23:16]
CRC_ERR_CNT[31:24]
VPID_CS_ERR_CNT[7:0]
VPID_CS_ERR_CNT[15:8]
VPID_CS_ERR_CNT[23:16]
VPID_CS_ERR_CNT[31:24]

RESERVED[S5:0]
RESERVED[13:6]
RESERVED[21:14]
RESERVED[29:22]
RED_X[7:0]
RED_X[15:8]
RED_Y[7:0]
RED_Y[15:8]
GREEN_X[7:0]
GREEN_X[15:8]
GREEN_Y[7:0]
GREEN_Y[15:8]
BLUE_X[7:0]
BLUE_X[15:8]
BLUE_Y[7:0]
BLUE_Y[15:8]
WHITE_X[7:0]
WHITE_X[15:8]
WHITE_Y[7:0]
WHITE_Y[15:8]

SDI_DATA_RATE[2:0]

RX_ALIGNED = RX_READY

EOTF_TYPE[1:0]
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Register Map and Descriptions (continued)

I S T N N N N

15:8
23:16
31:24

7:0

15:8
23:16
31:24

7:0
15:8
23:16
31:24

0x34 HDR_REG5
0x38 HDR_REG6

0x3C HDR_REG7

@ MICROCHIP
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MAX_LUMINANCE[7:0]
MAX_LUMINANCE[15:8]
MAX_LUMINANCE[23:16]
MAX_LUMINANCE[31:24]
MIN_LUMINANCE[7:0]
MIN_LUMINANCE[15:8]
MIN_LUMINANCE[23:16]
MIN_LUMINANCE[31:24]

MAX_CLL[7:0]
MAX_CLL[15:8]
MAX_FALL[7:0]
MAX_FALL[15:8]

2 | 10
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8 . 1 . VPI D_Cs_e rr_cnt (Ask a Question)

Name: VPID_CS_err_cnt
Offset: 0x018

Reset: 0x0

Property: Read-only

This register holds VPID CS Error count value.

Bit 31 30 29 28 27 26
| VPID_CS_ERR_CNTI[31:24]
Access R R R R R R R R
Reset 0 0 0 0 0 0
Bit 23 22 21 20 19 18
VPID_CS_ERR_CNT[23:16]
Access R R R R R R
Reset 0 0 0 0 0 0
Bit 15 14 13 12 11 10
VPID_CS_ERR_CNTI[15:8]
Access R R R R R R
Reset 0 0 0 0 0 0
Bit 7 6 5 4 3 2
| VPID_CS_ERR_CNTI[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0

Bits 31:0 - VPID_CS_ERR_CNT[31:0] Number of VPID CS Errors in SDI data streams.
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8-2- Video_COde (Ask a Question)

Name: Video_Code
Offset: 0x008
Reset: 0x0

Property: Read-only
This register holds video code of SDI_RX IP.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
TRANS_PIC_F
ORMAT[1]
Access R
Reset 0
Bit 15 14 13 12 11 10 9 8
TRANS_PIC_F PIXEL_WIDTHI[1:0] COLOR_FORMAT[3:0] FRACTIONAL_|
ORMATI[O0] FRAME_RATE
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| VIDEO_CODE[7:0] |
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 16:15 - TRANS_PIC_FORMAT[1:0]

2'b00 Interlaced transmission and Interlaced picture
2'b01 Interlaced transmission and Progressive picture
2'b10 Progressive transmission and Interlaced picture
2'b11 Progressive transmission and Progressive picture

Bits 14:13 - PIXEL_WIDTH[1:0]

0 RESERVED
1 10-bit
2 12-bit
3 RESERVED

Bits 12:9 - COLOR_FORMAT[3:0]

0 YUuv422
1 YUuv444
2 RGB444
3 RESERVED
4 YUVA4224
5 YUVA4444
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COLOR_FORMAT (continued)

6 RGBA4444
7-15 RESERVED

Bit 8 - FRACTIONAL_FRAME_RATE This bit specifies the fractional frame rates 59.94Hz, 29.97Hz, and
23.98Hz are detected.

Bits 7:0 - VIDEO_CODE[7:0]

97 12G SDI: 3840x2160p at 60/59.94 fps
96 12G SDI: 3840x2160p at 50 fps

114 12G SDI: 3840x2160p at 48/49.95 fps
102 12G SDI: 4096x2160p at 60/59.94 fps
101 12G SDI: 4096x2160p at 50 fps

115 12G SDI: 4096x2160p at 48/47.95 fps
95 6G SDI: 3840x2160p at 30/29.97 fps
94 6G SDI: 3840x2160p at 25 fps

93 6G SDI: 3840x2160p at 24/23.98 fps
100 6G SDI: 4096x2160p at 30/29.97 fps
99 6G SDI: 4096x2160p at 25 fps

98 6G SDI: 4096x2160p at 24/23.98 fps
16 3G SDI: 1920x1080p at 60/59.94 fps
31 3G SDI: 1920x1080p at 50 fps

34 1.5G SDI: 1920x1080p at 30/29.97 fps
33 1.5G SDI: 1920x1080p at 25 fps

128 3G SDI: 2048x1080p at 60/59.94 fps
129 3G SDI: 2048x1080p at 50 fps

131 1.5G SDI: 2048x1080p at 30/29.97 fps
132 1.5G SDI: 2048x1080p at 25 fps

5 1.5G SDI: 1920x1080i at 60/59.94 fps
20 1.5G SDI: 1920x1080i at 50 fps

4 1.5G SDI: 1280x720p at 60/59.94 fps
19 1.5G SDI: 1280x720p at 50 fps

62 1.5G SDI: 1280x720p at 30/29.97 fps
61 1.5G SDI: 1280x720p at 25 fps

25 270M SDI: 720x576i (625i) at 50 fps
10 270M SDI: 720x480i (525i) at 59.94 fps
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8-3- StatUS_RegiSter (Ask a Question)

Name:
Offset:
Reset:

Property: Read-only

Status_Register
0x010

Indicates the Rx_ready, Rx_aligned, Video_Enable, and Ip_reset signals status.

Bit 31 30 29 28 27 26 25 24
Access
Reset

Bit 23 22 21 20 19 18 17 16
Access
Reset

Bit 15 14 13 12 11 10 9 8
Access
Reset

Bit 7 6 5 4 3 2 1 0

RESET_STATU|VIDEO_ENAB | RX_ALIGNED | RX_READY
S LE
Access R R R R
Reset 0 0 0 0

Bit 3 - RESET_STATUS SDI_RX IP reset status '1' indicates IP is in reset.

Bit 2 - VIDEO_ENABLE Indicates the SDI_RX IP Output is a valid video data.

Bit 1 - RX_ALIGNED Indicates the SDI_RX IP data is Aligned.

Bit 0 - RX_READY Indicates the SDI_RX IP input data source XCVR is ready and data is valid.

@ MICROCHIP
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8-4. SDI_Data_Rate (Ask a Question)

Name:

SDI_Data_Rate

Offset: 0x00C

Reset: 0x2

Property: Read/Write
This register holds Data Rate configuration value of SDI_RX IP.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
SDI_DATA_RATE[2:0]
Access R/W R/W R/W
Reset 0 1 0

Bits 2:0 - SDI_DATA_RATE[2:0]

Reserved
12G SDI
6G SDI
3G SDI
1.5G SDI

o U b WN -

@ MICROCHIP
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8-5. |P_VerSi0n (Ask a Question)

Name: IP_Version
Offset: 0x000
Reset: 0x10200
Property: Read-only

Current SDI_RX IP version number.

el

Bit 31 30 29 28 27
Access
Reset
Bit 23 22 21 20 19
| IP_VERSIONI[23:16]
Access R R R R R
Reset 0 0 0 0 0
Bit 15 14 13 12 11
IP_VERSIONI[15:8]
Access R R R R R
Reset 0 0 0 0 0
Bit 7 6 5 4 3
| IP_VERSION[7:0]
Access R R R R R
Reset 0 0 0 0 0

Bits 23:0 - IP_VERSION[23:0] Current SDI_RX version number.
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8.6. HDR_REG7 (Ask a Question)

Name: HDR_REG7
Offset: 0x03C
Reset: 0x0
Property: Read-only

HDR content light level information (MaxCLL and MaxFALL).

Bit 31 30 29 28 27 26 25 24

| MAX_FALL[15:8]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16

MAX_FALL[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8

MAX_CLL[15:8]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0

| MAX_CLL[7:0]

Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 31:16 - MAX_FALL[15:0] Maximum Frame Average Light Level (MaxFALL) in candelas per square meter
(cd/m?2).

Bits 15:0 - MAX_CLL[15:0] Maximum Content Light Level (MaxCLL) in candelas per square meter (cd/m?).

@ MICROCHIP


https://www.microchip.com/askaquestion?pub_guid=GUID-6B4FEF8F-0E73-4132-95B8-47DD5C3240F2&pub_lang=en-US&pub_ver=3&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-571D3EF3-980C-47CE-8EBA-5BC9AFAF29A3&cover_title=Serial%20Digital%20Interface%20Receiver%20%28SDI_RX%29%20IP%20User%20Guide&tech_support_link=NA&revision_letter=C&source=PDF&title=HDR_REG7

8.7. HDR_REGG (Ask a Question)

Name: HDR_REG6
Offset: 0x038
Reset: 0x0
Property: Read-only

HDR minimum mastering display luminance value.

Bit 31 30 29 28 27 26 25 24
| MIN_LUMINANCE[31:24]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
MIN_LUMINANCE[23:16]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
MIN_LUMINANCE[15:8]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| MIN_LUMINANCE[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 31:0 - MIN_LUMINANCE[31:0] Minimum mastering display luminance in candelas per square meter
(cd/m?2). Unsigned 32-bit value.

@ MICROCHIP

36


https://www.microchip.com/askaquestion?pub_guid=GUID-6B4FEF8F-0E73-4132-95B8-47DD5C3240F2&pub_lang=en-US&pub_ver=3&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-042EBFCB-5030-4E0F-8AB4-DAAE6BE45727&cover_title=Serial%20Digital%20Interface%20Receiver%20%28SDI_RX%29%20IP%20User%20Guide&tech_support_link=NA&revision_letter=C&source=PDF&title=HDR_REG6

8.8. HDR_REGS (Ask a Question)

Name: HDR_REG5
Offset: 0x034
Reset: 0x0
Property: Read-only

HDR maximum mastering display luminance value.

Bit 31 30 29 28 27 26 25 24
| MAX_LUMINANCE[31:24]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
MAX_LUMINANCE[23:16]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
MAX_LUMINANCE[15:8]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| MAX_LUMINANCE[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 31:0 - MAX_LUMINANCE[31:0] Maximum mastering display luminance in candelas per square meter

(cd/m?2). Unsigned 32-bit value.
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8.9. HDR_REG4 (Ask a Question)

Name: HDR_REG4
Offset: 0x030
Reset: 0x0
Property: Read-only

HDR white point chromaticity coordinates (X and Y).

Bit 31 30 29 28 27 26 25
| WHITE_Y[15:8]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17
WHITE_Y[7:0]
Access R R R R R R R
Reset 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9
WHITE_X[15:8]
Access R R R R R R R
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1
| WHITE_X[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0

Bits 31:16 - WHITE_Y[15:0] White point Y chromaticity coordinate. Encoding: 0.00002 per LSB.

Bits 15:0 - WHITE_X[15:0] White point X chromaticity coordinate. Encoding: 0.00002 per LSB.
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8.10. HDR_REG3 (Ask a Question)

Name: HDR_REG3
Offset: 0x02C
Reset: 0x0
Property: Read-only

HDR blue display primary chromaticity coordinates (X and Y).

Bit 31 30 29 28 27 26 25 24
| BLUE_Y[15:8]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
BLUE_Y[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
BLUE_X[15:8]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| BLUE_X[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 31:16 - BLUE_Y[15:0] Blue primary Y chromaticity coordinate. Encoding: 0.00002 per LSB.

Bits 15:0 - BLUE_X[15:0] Blue primary X chromaticity coordinate. Encoding: 0.00002 per LSB.
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8.11. HDR_REGZ (Ask a Question)

Name: HDR_REG2
Offset: 0x028
Reset: 0x0
Property: Read-only

HDR green display primary chromaticity coordinates (X and Y).

Bit 31 30 29 28 27 26 25 24

| GREEN_Y[15:8]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16

GREEN_Y[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8

GREEN_X[15:8]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0

| GREEN_X[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 31:16 - GREEN_Y[15:0] Green primary Y chromaticity coordinate. Encoding: 0.00002 per LSB.

Bits 15:0 - GREEN_X[15:0] Green primary X chromaticity coordinate. Encoding: 0.00002 per LSB.
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8.12. HDR_REG]. (Ask a Question)

Name: HDR_REG1
Offset: 0x024
Reset: 0x0
Property: Read-only

HDR red display primary chromaticity coordinates (X and Y).

Bit 31 30 29 28 27 26 25 24
| RED_Y[15:8]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
RED_Y[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
RED_X[15:8]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| RED_X[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 31:16 - RED_Y[15:0] Red primary Y chromaticity coordinate. Encoding: 0.00002 per LSB, Range: 0 to 0.8
(0x0000 to 0x9C40).

Bits 15:0 - RED_X[15:0] Red primary X chromaticity coordinate. Encoding: 0.00002 per LSB, Range: 0 to 0.8
(0x0000 to 0x9C40).
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8 . 13 . CRC_e rr_cnt (Ask a Question)

Name: CRC err_cnt
Offset: 0x014
Reset: 0x0

Property: Read-only

This register holds CRC Error count value.

Bit 31 30 29 28 27 26 25 24

| CRC_ERR_CNT[31:24]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16

CRC_ERR_CNT[23:16]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8

CRC_ERR_CNT[15:8]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0

| CRC_ERR_CNT[7:0]

Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 31:0 - CRC_ERR_CNT[31:0] number of CRC Errors observed in the SDI data streams.
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8. 14. H DR_R EGO (Ask a Question)

Name: HDR_REGO
Offset: 0x020
Reset: 0x0
Property: Read-only

HDR metadata register 1 - EOTF value with padding.

Bit 31 30 29 28 27 26 25 24
| RESERVED[29:22]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
RESERVED[21:14]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
RESERVED[13:6]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| RESERVED[5:0] EOTF_TYPE[1:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 31:2 - RESERVED[29:0] Reserved bits. Always read as 0.

Bits 1:0 - EOTF_TYPE[1:0] EOTF type: 0 = SDR (BT.709), 1 = HLG, 2 = PQ (HDR10/SMPTE ST 2084), 3 =

Reserved.
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8.15. Control_Register (saauestion)

Name: Control_Register
Offset: 0x004
Reset: 0x0

Property: Read-Write

Register to Reset the SDI_RX IP and clear the crc/cs error counts stats.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
CRC/CS IP RESET
ERROR
COUNT
CLEAR
Access W R/W
Reset 0 0

Bit 1 - CRC/CS ERROR COUNT CLEAR This bit clears the crc and checksum error counter statistics. Writing
a value of 1 clears the error statistics. This bit is self-clearing and does not retain its value after the write
operation.

Bit 0 - IP RESET To initiate a reset to the IP core, a logic '1' must be written to this bit. This bit is self-clearing
and does not retain its value after the write operation.
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9- Glossa ry (Ask a Question)
Following are the list of terms and definitions used in the document.

Table 9-1. Terms and Definitions

ANC Ancillary Data

ASD Auto Standard Detection

BER Bit Error Rate

CDR Clock Data Recovery

CRC Cyclic Redundancy Check

EDH Error Detection and Handling

EAV/SAV End of Active Video / Start of Active Video
LN/F Line Number and Field Identification

PLL Phase-Locked Loop

SDI Serial Digital Interface

SDI_RX Serial Digital Interface Receiver

SMPTE Society of Motion Picture and Television Engineers
TPG Test Pattern Generator

TRS Timing Reference Signal
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10. Revision History s aueston)

The revision history describes the changes that were implemented in the document. The changes
are listed by revision, starting with the most current publication.

C 07/2026 The following changes have been made in revision C:

Updated Features list in the Key Features section.

Added Table 1-1 and Table 1-2 in the Key Features section.
Added Tested Sources section.

Updated Video CDC FIFO in the Architecture Description section.
Updated Figure 4-1 and Table 4-1 in the Configuration section.

Updated the description information for few parameters in Table 4-2, Table 4-3, and Table 4-4 in the
Ports section.

Added Dynamic Color Format and Bit Width Support, Video Data Mapping and Clocking sections in
the Design Guidelines section.

Updated System Integration in the Design Guidelines section.

Added Table 7-1 and Table 7-2 in the Performance and Resource Utilization section.

B 04/2026 The following changes have been made in revision B:

Added 270 Mbps rate in the Key Features section.

Updated the SDI_RX IP block diagram in the Figure 3-1 section.
Added Down Sampling in the Down Sampling section.
Updated Figure 4-1 in the Configuration section.

Added Table 4-5 in the Ports section.

A 11/2025 Initial release

@ MICROCHIP

46


https://www.microchip.com/askaquestion?pub_guid=GUID-6B4FEF8F-0E73-4132-95B8-47DD5C3240F2&pub_lang=en-US&pub_ver=3&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-14F80EB5-4410-4549-8603-A65FF9629BB5&cover_title=Serial%20Digital%20Interface%20Receiver%20%28SDI_RX%29%20IP%20User%20Guide&tech_support_link=NA&revision_letter=C&source=PDF&title=Revision%20History

Microchip FPGA Support

Microchip FPGA products group backs its products with various support services, including
Customer Service, Customer Technical Support Center, a website, and worldwide sales offices.
Customers are suggested to visit Microchip online resources prior to contacting support as it is
very likely that their queries have been already answered.

Contact Technical Support Center through the website at www.microchip.com/support. Mention the
FPGA Device Part number, select appropriate case category, and upload design files while creating a
technical support case.

Contact Customer Service for non-technical product support, such as product pricing, product
upgrades, update information, order status, and authorization.

«  From North America, call 800.262.1060
*  From the rest of the world, call 650.318.4460
+ Fax, from anywhere in the world, 650.318.8044
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Microchip Information

Trademarks

The “Microchip” name and logo, the “M" logo, and other names, logos, and brands are registered
and unregistered trademarks of Microchip Technology Incorporated or its affiliates and/or
subsidiaries in the United States and/or other countries (“Microchip Trademarks"). Information
regarding Microchip Trademarks can be found at https://www.microchip.com/en-us/about/legal-
information/microchip-trademarks.

Legal Notice

This publication and the information herein may be used only with Microchip products, including

to design, test, and integrate Microchip products with your application. Use of this information

in any other manner violates these terms. Information regarding device applications is provided
only for your convenience and may be superseded by updates. It is your responsibility to ensure
that your application meets with your specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at www.microchip.com/en-us/support/design-help/
client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY

OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR

ITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO
MICROCHIP FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer’s risk,

and the buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages,
claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or otherwise,
under any Microchip intellectual property rights unless otherwise stated.

Microchip Devices Code Protection Feature
Note the following details of the code protection feature on Microchip products:

+ Microchip products meet the specifications contained in their particular Microchip Data Sheet.

« Microchip believes that its family of products is secure when used in the intended manner, within
operating specifications, and under normal conditions.

« Microchip values and aggressively protects its intellectual property rights. Attempts to breach the
code protection features of Microchip products are strictly prohibited and may violate the Digital
Millennium Copyright Act.

+ Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its
code. Code protection does not mean that we are guaranteeing the product is “unbreakable”.
Code protection is constantly evolving. Microchip is committed to continuously improving the
code protection features of our products.
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