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I nt I'Od u CﬁOn (Ask a Question)

The Serial Digital Interface Transmitter (SDI_TX) core is a high-performance solution that fully complies with

the Society of Motion Picture and Television Engineers (SMPTE) standards. It is designed for the reliable
encoding and transmission of uncompressed digital video over coaxial interfaces. The core supports a wide
range of industry-standard data rates, including 270 Mbps SD-SDI, 1.5G-SDI, 3G-SDI, 6G-SDI, and 12G-SD|,
ensuring seamless interoperability with professional HD and UHD video equipment. Additionally, the IP core
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_TX a robust and future-proof solution for FPGA-based broadcast, cinema, and professional AV applications.

The SDI_TX IP is engineered to meet the needs of broadcast, medical imaging, and professional video capture
systems. It also provides a user-friendly interface for video and audio inputs. The SDI_TX IP along with
PolarFire® transceivers provides low-latency, lossless video, and audio encoding or transmission, making it
an ideal choice for FPGA-based video processing and monitoring systems.

Advantages Over Alternative

The SDI_TX 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_TX IP ensures consistent and reliable data transmission, minimizing the risk of data loss
or corruption.

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

+ Scalability: SDI_TX 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_TX 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
The following table lists a summary of the SDI_TX IP characteristics.

Table 1. SDI_TX IP Characteristics

[HESEEE s user guide supports SDI_TX P v1.2

Supported Device . PolarFire® SoC
EIIIES )
+ PolarFire

Supported Tool Flow Requires Libero® SoC v12.0 or later releases

Licensing SDI_TX IP core is provided for free in encrypted form, allowing users to perform simulation, synthesis, layout and
FPGA programming with the Libero design suite.

(BN EIEWCLNIN {4l SDI_TX IP must be installed to the IP Catalog automatically through the IP Catalog update function. Alternatively,
SDI_TX IP could be manually downloaded from the catalog. Once the IP core is installed, it is configured,

generated, and instantiated for inclusion in the project.
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1- Key Features (Ask a Question)
The SDI TX IP core is fully compliant with the following standards:

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

« Supports Four Pixels per Clock

+ 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)

+ Supports Progressive Segmented Frame (PSF)

+ Supports 8-bit, 10-bit, and 12-bit per color component. When using 8-bit input, the data is
provided MSB-aligned and padded to 10-bit for processing through the data path

+ Supports both Video and Audio, with an option to disable audio

+ Supports two and four Channel 24-bit embedded Audio at 48 kHz per SMPTE Standards
+ Supports Static HDR metadata embedding for SDR, PQ (HDR10) and HLG formats

« Supports SMPTE ST 352 payload packet insertion into both Y and C streams

+ Supports AXI Stream and Native Interface for both Video and Audio

+ Supports Native and AXI4-Lite interface for register access to configure data and fractional frame
rates, manage HDR metadata, and perform IP resets or enable/disable control

+ Supports fractional frame rates (1/1.001 divider) for National Television Standards Committee
(NTSC) compatibility, configurable through Native Port, AXl4-Lite Register, or Auto-Detection

Video, Audio, and Metadata Standards: The SDI_TX IP supports the SMPTE SDI standards, data
rates, video resolutions, color formats, pixel bit widths, and audio formats are listed in the following
tables.

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

270 Mbps 720x525 59.94i YCbCr 4:2:2
720x625 50i YCbCr 4:2:2 10
1.5G 1280x720 60p/59.94p/50p/30p/29.97p/25p YCbCr 4:2:2 10
1920x1080 30p/29.97p/25p YCbCr 4:2:2 10
1920x1080 60i/59.94i/50i YCbCr 4:2:2 10
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Table 1-1. Supported SDI Standards, Resolutions, and Color Formats (continued)

1280x720 60p/50p/30p/29.97p/25p RGB 4:4:4
YCbCr 4:4:4 10
YCbCr 4:2:2 10
RGBA 4:4:4:4 10
1920x1080 60p/59.94p/50p YCbCr 4:2:2 10
2048x1080 60p/59.94p/50p
1920x1080 30p/29.97p/25p RGB 4:4:4 12
10
YCbCr 4:4:4 12
10
YCbCr 4:2:2 12
YCbCrA 4:4:4:4 10
RGBA 4:4:4:4 10
30psf/29.97psf/25psf RGB 4:4:4 12
10
YCbCr 4:4:4 12
10
YCbCr 4:2:2 12
60i/59.94i/50i RGB 4:4:4 12
10
YCbCr 4:4:4 12
10
YCbCr 4:2:2 12
2048x1080 30p/29.97p/25p RGB 4:4:4 12
10
YCbCr 4:4:4 12
10
YCbCr 4:2:2 12

YCbCrA 4:2:2:4 12
YCbCrA 4:4:4:4 10

RGBA 4:4:4:4 10

30psf/29.97psf/25psf RGB 4:4:4 12

10

YCbCr 4:4:4 12

10

YCbCr 4:2:2 12

60i/59.94i/50i/ RGB 4:4:4 12

10

YCbCr 4:4:4 12

10

YCbCr 4:2:2 12

6G 4096x2160 30p/29.97p/25p/24p/23.98p YCbCr 4:2:2 10
3840x2160 30p/29.97p/25p/24p/23.98p YCbCr 4:2:2 10
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Table 1-1. Supported SDI Standards, Resolutions, and Color Formats (continued)

12G 3840x2160 60p/59.94p/50p/48p YCbCr 4:2:2
30p/29.97p/25p/24p/23.98p RGB 4:4:4 10
12
YCbCr 4:4:4 10
12
YCbCrA 4:4:4:4 10
YCbCr 4:2:2 12
YCbCrA 4:2:2:4 12
RGBA 4:4:4:4 10
4096x2160 60p/59.94p/50p/48p/47.95p YCbCr 4:4:2 10
30p/29.97p/25p/24p/23.98p RGB 4:4:4 10
12
YCbCr 4:4:4 10
12
YCbCrA 4:2:2:4 12
RGBA 4:4:4:4 10

YCbCrA 4:4:4:4 10

Table 1-2. Supported Embedded Audio

SMPTE Audio Standard SDI Rate Number of Channels Channel Data Width Sampling Rate

SMPTE ST 272 270 Mbps 4 24 bits 48 kHz
SMPTE ST 299-1 1.5G 4 24 bits 48 kHz
SMPTE ST 299-1 + ST 299-2 3G 4 24 bits 48 kHz
SMPTE ST 299-1 + ST 299-2 6G 4 24 bits 48 kHz
SMPTE ST 299-1 + ST 299-2 12G 4 24 bits 48 kHz
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2- Tested Sink DEViCES (Ask a Question)
The following are the tested sink devices:

Phabrix® QxP SDI analyzer

Prism® SDI 12G analyzer

Lilliput® BM280-12GABBP monitor

Blackmagic® 12G SDI/HDMI converter

Tektronix® WFM2300 analyzer

Decimator® MD-CROSSv2 HDMI/SDI cross converter
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Architecture Description (s auestion)

The SDI_TX hardware implementation is a modular system designed to process and transmit video
and audio data according to SMPTE standards. It starts with the input interface, which receives video
data and audio channel data. The First-In-First-Out (FIFO) module manages clock domain crossing

to ensure smooth data transfer. The video data is converted into sub-images, which the SDI framer
then frames to include line numbers, Cyclic Redundancy Check (CRC) and embedded audio. The
channel encoder, acting as an SDI scrambler, scrambles the framed data to maintain signal integrity
and comply with the SMPTE standards.

Finally, the output interface sends the scrambled SDI stream to the physical interface, supporting
SD-SDI, HD-SDI, 3G-SDI, 6G-SDI, and 12G-SDI standards for resolutions ranging from SD to 4K. The
270 Mbps mode uses a 10x up-sampler module that converts the 80-bit parallel SDI data stream
into an oversampled format suitable for high-speed transceivers. The top-level module selects
between up-sampled and direct data paths based on the video format, allowing modern high-speed
transceivers to transmit the lower-rate SD signal. This modular design ensures efficient, reliable,
and standards-compliant SDI transmission for a wide range of video production and broadcasting
applications.

The following figure shows the SDI_TX IP block diagram.

Figure 3-1. SDI_TX IP Block Diagram
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3.1.

M

This section provides detailed information about the blocks used in the IP.

Input Interface (Ask a Question)
The input interface is the entry point for video and ancillary data into the SDI TX system.

Video Input: The IP accepts video in YCbCr 4:2:2, YCbCr 4:4:4, RGB 4:4:4, YCbCrA 4:2:2:4, YCbCrA
4:4:4:4, and RGBA 4:4:4:4 formats. For alpha-channel formats, the alpha sample position is filled with
the constant c_Alpha value.

ICROCHIP
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Video: The SDI TX IP supports CEA-861 compliant video formats across data rates from 270 Mbps to
12G-SDI. For SD-SDI operation (270 Mbps), input video must be provided using 4x pixel repetition
2880 x 576i or 2880 x 480i. Ancillary Data Input: The IP supports two types of ancillary data for
embedding into the SDI stream:

+ Audio: Left and right channel audio data (2 or 4 channels) is synchronized with video for
embedding in the Horizontal Ancillary (HANC) space per SMPTE.

+ HDR Metadata: HDR static metadata per SMPTE ST 2108-1, including mastering display color
volume (ST.2086) and content light level (CTA-861.3), is embedded in the Vertical Ancillary (VANC)
space. The input interface provides raw video and ancillary data to the processing modules for
SDI-compliant formatting.

3.2. Video or AUdio CDC FIFO (Ask a Question)

The FIFO buffer manages clock domain crossing between the video source clock and the SDI_TX IP
clock. Since the input data may arrive at a different clock rate than the SDI processing pipeline, the
FIFO ensures smooth and reliable data transfer between these asynchronous domains. The FIFO
stores video input up to 4K pixels and the audio FIFO stores up to 128 audio samples.

3.3. Video to SDI Pixel Mapping Conversion (aska question)

The Video to SDI Pixel Mapping Conversion module transforms input video data into a format
suitable for SDI transmission across the supported color formats and color depths. During this
process, the video components are arranged into pixel groups that align with the active SDI
transmission standard. This conversion organizes the luminance/chrominance or RGB components
into a structure compatible with the SDI framing requirements for the configured format and bit
depth. The pixel-mapped data is then passed to the SDI framer for further processing. This step
ensures that the video data is properly formatted for efficient handling and compliance with the
applicable SMPTE standards during transmission.

Video Data Mapping

Video samples are packed using a four-pixel-per-clock format. Supported input pixel widths are 8
bits, 10 bits, and 12 bits. Therefore, the total video input bus width is: 12 x Input Pixel Width. The slot
mapping for each supported color format and pixel bit width, is shown in the following figure.

Figure 3-2. Video Data Mapping

| Rav3 R2IY2 RV RO/YO 6acB3 | | GacB2 | | G1icB1 | | GorcBo | | B3/CR3 | | B2icR2 | | Bi/CR1 | | BoicRO
RGBIYCBCRA44 810-bY 10 e 10 bits 10 bits 10 bits 10 bits 10 bits 10 bits 10 bits 10 bits 10 bits 10 bits 10 bits
RGBIYCBCR444 12-bit |  R3/Y3 R2/Y2 R1IY1 RO/YO G3CB3 | G2CB2 | G1CB1 | GOICBO | B3ICR3 B2CR2 | B/CR1 | BOICRO
12 bits 12bits | 12bits 12 bits 12 bits 12 bits 12bits | 12bits 12 bits 12bits | 12bits 12 bits
: Y3 Y2 Y1 Yo CR3 cB2 CR1 €80
YCBCRAZZBIObIt | 4y 10 bits 10 bits 10 bits 10 bits 10 bits 10 bits 10 bits
) Y3 \Z Y1 Yo CR3 cB2 CR1 CBO
YCBCRA22 12-bit 12 bits 12 bits 12 bits 12 bits 12bits 12 bits 12bits | 12bits

143‘ -|132131‘ ----- ‘120119| ----- |1os107‘ ----- ‘96 95|- -|tu 33‘ ----- ‘71 71‘-- ‘su 59| ----- |4a 47‘ ----- ‘35 35|- -|z4 23‘ ----- ‘11 11‘ ----- ‘o

12Bit

3.4. Advanced Encryption Standard (AES) Packetization (aska question)
The Advanced Encryption Standard (AES) Packetization module in the SDI_TX IP is responsible for
formatting audio data into 32-bit structure as defined by AES3 standards. This process is essential
for embedding audio into SDI video streams in broadcast and professional video systems. The
module aligns the audio data within the AES frame, adds necessary control and status bits, and
ensures that each audio sample is properly encapsulated for error detection and synchronization.
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3.5.

3.6.

Ancillary (ANC) Data Wrapper (aska question)

The ANC Data Wrapper module manages the embedding of ancillary data into the SDI stream. It
encapsulates both audio and HDR metadata processing, ensuring proper packet formatting and
placement in compliance with SMPTE standards.

Audio Embedding

This sub-module takes 32-bit AES3-formatted audio data as input and embeds it into the SDI stream
using the ancillary data space as defined by SMPTE. It constructs the required ANC data and control
packets, placing audio information into the Horizontal Ancillary (HANC) region of the SDI signal with
appropriate headers, control flags, and checksums. The module supports up to four channels of
32-bit AES3 audio at 48 kHz sampling rate. Audio data packets are placed in the HANC region of the
Cb/Cr data stream. The audio control packet is transmitted once per field in interlaced systems or
once per frame in progressive systems. For audio packet structure details, see SMPTE ST 272M and
SMPTE ST 299-1:2009.

HDR Embedding

This sub-module enables the carriage of High Dynamic Range (HDR) and Wide Color Gamut (WCG)
metadata by embedding HDR metadata packets into the SDI stream. HDR metadata is supplied
through native interface ports or through AXI4-Lite registers. The module constructs HDR/WCG
ancillary data packets in accordance with SMPTE ST 2108-1 and inserts them into the Vertical
Ancillary (VANC) space of the SDI signal, typically around line 20, using the appropriate Data ID
(DID), Secondary Data ID (SDID), Data Count, User Data Words, and checksum fields as defined

for ancillary data packets in SMPTE ST 291-1. The current implementation supports the carriage
of static HDR metadata only, including mastering display color volume and content light level
information, enabling signaling of mastering display characteristics and color volume associated
with the video content. HDR metadata packets are inserted into the VANC space once per video
frame, ensuring correct association of metadata with the corresponding video essence and enabling
downstream receivers to interpret HDR parameters correctly. For detailed packet structure and
metadata carriage requirements, see SMPTE ST 2108-1.

SDI Fra mer (Ask a Question)

The SDI Framer generates an SMPTE-compliant SDI stream by organizing video data and embedding
audio data. It performs several essential functions to ensure the integrity, synchronization and
compliance of the SDI stream.

The key functions of the SDI Framer are as follows:

+ Framing Video Data: The SDI Framer structures the pixel-mapped video data into SMPTE-
compliant frames. It organizes the data into a format suitable for transmission, ensuring proper
alignment and compliance with the SDI standard.

+ Line Number Insertion: The framer inserts line numbers into the SDI stream to identify the
position of each video line as per the SMPTE specification. These line numbers are critical for
maintaining synchronization and alignment during transmission and reception.

+ Cyclic Redundancy Check (CRC): The CRC Generation block computes the CRC value for each
line of the input data stream and inserts into the SDI stream. The 18-bit CRC computation follows
the CRC polynomial specified in the SMPTE specification, as shown in the following equation.
CRC(X) = X18 + X5+ X4 + 1

+ Video Payload Identifier (VPID) Insertion: The SDI Framer inserts VPID into the SDI stream
as per SMPTE specification. The VPID is a metadata packet that provides information about the
video format being transmitted, such as resolution, frame rate, color space and whether the
signal is progressive or interlaced. This metadata is essential for downstream devices to correctly
interpret and process the video signal.

+ Sync Bit Insertion: The sync-bit insertion process in SDI is designed to mitigate pathological
conditions caused by long runs of consecutive zeros or ones in the serialized data stream,
which can challenge clock recovery and signal equalization circuits. This process limits these
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3.7.

3.8.

3.9.

runs to a maximum of 20 consecutive bits, ensuring reliable signal integrity and reducing
unwanted DC shifts or loss of signal issues. To achieve this, preamble values such as 3FFh and
000h are replaced with modified illegal video code words such as 3FDh, 3FEh, 001h and 002h,
which cannot appear within the active video data stream. These modified values are uniquely
identifiable, allowing the receiver to reliably synchronize and frame the serial data stream into
10-bit parallel words. Additionally, the process retains one complete sequence of 3FFh, 000h and
000h to ensure robust receiver framing, while other preamble values are adjusted to prevent
conflicts with legal video or ancillary data.

+ Embedding Packetized Audio Data: The SDI Framer embeds packetized audio data into the
SDI stream as per SMPTE specification. The audio data, which has already been formatted into
packets by an upstream audio processing module, is inserted into the appropriate locations
within the SDI stream.

Channel Encoder (SDI Scrambler) (asa question)

The channel encoder, also known as the SDI scrambler, is essential for preparing framed SDI data
for transmission. Scrambling is a crucial step in SDI transmission as it ensures the transmitted signal
has a balanced distribution of ones and zeros. This balance prevents issues such as DC bias or
synchronization problems in the physical layer. To modify the framed data, the SDI scrambler uses a
scrambling algorithm that is defined by SMPTE standards. This algorithm changes the bitstream

in a deterministic way, allowing the receiver to descramble the data and recover the original

stream. By scrambling the data, the channel encoder enhances signal integrity and ensures reliable
communication over the physical SDI interface.

The channel encoding is performed as per the polynomials specified in the following SMPTE
specification.
G1(X) = X9+ X4+ 1and G2(X) =X + 1

Output Interface (Ask a Question)

The output interface is the final stage of the SDI_TX system. It transmits the scrambled SDI stream
to the physical SDI output. The stream includes SMPTE-compliant video data, embedded audio
data, HDR metadata, line numbers, and CRC for error detection. For standard definition (270 Mbps)
operation, the interface utilizes an integrated 10x upsampler to maintain signal integrity over high-
speed serial transceivers. The output interface ensures that the SDI stream is transmitted reliably
over the physical interface, completing the process of video and audio transmission.

Resolution Auto-Detect (asa question)

The Resolution Auto Detect module is an RTL sub block within the SDI_TX IP that performs real

time analysis of input video timing using a 50 MHz reference clock. The module identifies the active
video resolution, frame rate, and frame rate type (exact or fractional) by monitoring synchronization
signals and measuring video timing parameters. Based on the detected sync timing, the module
automatically determines the corresponding video_code for supported video formats.

When a change in resolution or frame rate is detected, the module asserts the RES_CHANGE_IRQ_O
interrupt signal and updates both the video_code register and the fractional_fps field in the
VIDEO_FORMAT register (address 0x0C, bit 0). The module interfaces with the AXI4 Lite register map,
providing software access to the detected video resolution and frame rate information for system
monitoring and control.
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4. IP Parameters and Interface Signals (s«aauestion)
This section discusses the parameters of the SDI_TX GUI configurator and I/0 signals.

4.1. Configurator (asaaqueston)
This section provides an overview of the SDI_TX Configurator interface and its components.

The SDI_TX configurator provides a graphical interface to set up the SDI_TX IP core for specific
requirements. This configurator allows the user to select the parameters such as Simulation Mode,
Resolution Auto-Detect, SD-270Mbps Support, Pixel Width, Audio Mode, Audio Channels, Config
Interface, Video Interface, Audio Interface, HDR Mode, Testbench, and License. The interface of the
SDI_TX configurator consists of various dropdown menus and options. The key configurations are
described in the following table.

The following figure shows the detailed view of the SDI_TX configurator interface.

Figure 4-1. SDI_TX IP Configurator

e Configuration I AXI4L Reg Presets
Options
Simulation Mode [
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5D-270Mbps Support Enable e S DI—TX—O
p
Interface _lrEsETn 1
Config Interface  |Native hd 6 —{PD_CLK_I
—|AUDIO_CLK_I
Video Interface  |Native hd
—{SDI_TX_CLK_I
Audio Interface  |Native hd —[XCVR_CLK_I
—{V_SYNC_I
Video
—{H_SYNC_I
Pixel Width 2 - —|viDEO_CODE_117:0]
Audio —|VIDEO_DATA_VALID_I
SDL_TX_DATA_O[79:0]—
Audio Mode Ensble * |7l S L R L
—{VIDEO_DATA_STROBE_I
Audio Channels |2 hd —|{COLOR._FORMAT I[3:0]
HOR —|COLOR_DEPTH_I[1:0]
—{PIC_FORMAT_I
HDR Mode Dissble ¥ — -
—|VIDEO_DATA_1[143:0]
Testbench [User = —{AUDIO_DATA_VALID_I
—|AUDIO_DATA_CHANNEL1_I[23:0]
Ucense  Encrypted _|auDIO_DATA_CHANNELZ_1[23:0]

LS

SDI_TX

Y _Symbol f

The interface also includes OK and Cancel buttons to confirm or discard the configurations.
The following table lists the configuration parameters used in the hardware implementation of the
SDI_TXIP.

Table 4-1. SDI_TX IP Configuration Parameters

Simulation Mode Option to enable the simulation mode

Resolution Auto-Detect Provides an option to enable or disable automatic resolution detection and configuration for the IP
core based on the input signal.
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Table 4-1. SDI_TX IP Configuration Parameters (continued)

Pixel Width

SD-270 Mbps Support
HDR Mode

Audio Mode

Audio Channels

Video Interface

Audio Interface

Config Interface

License

4.2. PortS (Ask a Question)

Provides the option to select the pixel width as either 8-bit, 10-bit or 12-bit.
Provides the option to enable or disable support for the 270 Mbps data rate.
Provides the option to enable the HDR input

Provides the option to enable the audio input

Provides the option to configure the number of audio channels to either 2 or 4.

The IP core supports the following video interfaces:
* Native: Direct video interface ports are provided when Native mode is selected.

«  AXl4_Stream: An AXI4_Stream slave interface is provided.

The IP core supports the following audio interfaces:
Native: Direct audio interface ports are provided when Native mode is selected.

*  AXI4_Stream: An AXI4_Stream slave interface is provided.

The IP core supports the following configuration interfaces:
+ Native: Provides direct access to configuration ports when Native mode is selected.

+ AXI4_Lite: Enables register access through an AXI4_Lite slave interface. Default (reset) values for
the registers can be set using the AXI4L Reg Presets tab.

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

The following table lists the input and output ports of the SDI_TX IP.

Table 4-2. Input and Output Ports

wi @)

RESETN_I
CLK_50MHz_I
PIX_CLK_I

XCVR_CLK_|

AUDIO_CLK_I
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Input 1 Active-low asynchronous reset signal
Input 1 Input 50 MHz reference clock for resolution detection
Input 1 Input pixel clock

Table 4-3. Pixel Clock Values

PIX_CLK_| Frequency

12G 148.5 MHz
6G 74.25 MHz
3G 37.125 MHz
1.5G 18.5626 MHz
270 Mbps 13.5 MHz
Input 1 Input Tx clock from Transceiver. For 270 Mbps, 10x

oversampling is used.

Table 4-4. XCVR Clock Values

XCVR_CLK_I Frequency

12G 148.5 MHz

6G 74.25 MHz

3G 37.125 MHz

1.5G 18.5626 MHz

270 Mbps 33.75 MHz
Input 1 Input audio clock
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Table 4-2. Input and Output Ports (continued)
Table 4-7. Color Depth (continued)

it i)

SDI_TX_CLK_I Input 1 Input sdi_tx clock. SDI_TX_CLK_I clock port enabled when
G_SD270Mbps_SUPPORT =1.

Table 4-5. SDI_TX Clock Values
12G 148.5 MHz
6G 74.25 MHz
3G 37.125 MHz
1.5G 18.5626 MHz
270 Mbps 3.375 MHz

V_SYNC_I Input
H_SYNC_I Input
VIDEO_DATA_VALID_| Input
VIDEO_DATA_STROBE_|I Input

Vertical sync signal input
Horizontal sync signal input

Input pixel data valid

QRN N

If the number of active or blanking pixel counts is not
divisible by four, then VIDEO_DATA_STROBE_| is required
to indicate the pixels that are valid in the VIDEO_DATA_x_|.
If both are divisible, VIDEO_DATA_STROBE_| can be

tied to high (with all bits set to "1"), or all the

bits of VIDEO_DATA_STROBE_I can be connected to
VIDEO_DATA _VALID_|, indicating that all pixels are valid in
each cycle.

COLOR_FORMAT_I Input 4 Selects the active color format.

Table 4-6. Color Formats

YCbCr 4:2:2
YCbCr 4:4:4
RGB

Reserved
YCbCrA 4:2:2:4
YCbCrA 4:4:4:4
RGBA 4:4:4:4

o uu A W N = O

COLOR_DEPTH_I Input 2 Selects the active color depth

Table 4-7. Color Depth
0 8
1 10
2 12

PIC_FORMAT_| Input 1 +  0: 1—PsF (Supports only for Interlaced Video
Resolutions)

*+ 1:0—Interlace
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Table 4-2. Input and Output Ports (continued)

Table 4-7. Color Depth (continued)

it i)

VIDEO_DATA_|

AUDIO_DATA_VALID_I
AUDIO_DATA_CHANNEL1_I

AUDIO_DATA_CHANNEL2_|
AUDIO_DATA_CHANNEL3_|
AUDIO_DATA_CHANNELA4_|

VIDEO_CODE_|

FRACTIONAL_FPS_I

HDR_DATA_VALID_I
EOTF_TYPE_I

DISPLAY_PRIMARIES_R_X_I
DISPLAY_PRIMARIES_R_Y_I
DISPLAY_PRIMARIES_G_X_I
DISPLAY_PRIMARIES_G_Y_I
DISPLAY_PRIMARIES_B_X_|
DISPLAY_PRIMARIES_B_Y_|
DISPLAY_WHITE_POINT_X_I
DISPLAY_WHITE_POINT_Y_I
DISPLAY_MAX_LUMINANCE_|
DISPLAY_MIN_LUMINANCE_I
MAX_CONTENT_LIGHT_LEVEL_|I
MAX_FRAME_AVG_LIGHT_LEVEL_|
SDI_TX_DATA_O
RES_CHANGE_IRQ_O
AXl4-Lite Interface Ports
ACLK_I

ARESETN_I
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Input

Input
Input

Input

Input

Input

Input

Input

Input
Input

Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Output
Output

Input
Input

3 x
G_NO_OF_PIXELS
x G_PIXEL_WIDTH

24

24

24

24

16
16
16
16
16
16
16
16
32
32
16
16
80
1

Combined video-data bus carrying Y/R, Cb/G, and Cr/B
components for G_NO_OF_PIXELS pixels per clock at
G_PIXEL_WIDTH bits each. Component order and packing
follows the active COLOR_FORMAT _|.

For PIXEL WIDTH = 8, the SDI word is 10-bitswide. The
lower 2-bit (LSBs) is padded with zeros internally by IP to
form the full 10-bit SDI word.

For PIXEL WIDTH = 12, 8-bit and 10-bit input is MSB-aligned
in the 12-bit pixel slot on the data path.

Input audio sample valid

Audio channel 1 input; Applicable when the number of
audio channels is either 2 or 4.

Audio channel 2 input; Applicable when the number of
audio channels is either 2 or 4.

Audio channel 3 input; Applicable when the number of
audio channels is 4.

Audio channel 4 input; Applicable when the number of
audio channels is 4.

Video code defines the data rate and resolution. For more
information, see the VIDEO_CODE (0x08) in the Register
Map and Description.

Fractional frame rate indicator:
+ 0 =Exact rate (24/25/30/50/60 Hz)
* 1 =Fractional rate (23.97/29.97/59.94 Hz)

Input HDR data valid

EOTF type to support different HDR formats.
+ 00=SDR

+ 01=HLG

* 10=PQHDR10

+ 11 =Unspecified

Red primary X chromaticity

Red primary Y chromaticity

Green primary X chromaticity

Green primary Y chromaticity

Blue primary X chromaticity

Blue primary Y chromaticity

White point X chromaticity

White point Y chromaticity

Max mastering display luminance (cd/mA2)
Min mastering display luminance (cd/mA2)
MaxCLL per CTA-861.3

MaxFALL per CTA-861.3

Output of sdi_tx data

Resolution change interrupt signal

AXI clock
Asynchronous active-low AXI reset



Table 4-2. Input and Output Ports (continued)

Table 4-7. Color Depth (continued)

i i)

AWVALID_I
AWREADY_O
AWADDR_I
WDATA_I
WVALID_I
WREADY_O
BRESP_O
BVALID_O
BREADY_|
ARADDR _|
ARVALID_I
ARREADY_O
RREADY_|
RDATA_O
RRESP_O
RVALID_O
AXI-Stream Video Signals
TVALID_VIDEO_|
TDATA_VIDEO_I

TSTRB_VIDEO_I
TLAST_VIDEO_I

TUSER_VIDEO_|

TREADY_VIDEO_O
AXI-Stream Audio Signals
TVALID_AUDIO_I
TDATA_AUDIO_I
TLAST_AUDIO_I
TID_AUDIO_I

TUSER_AUDIO_|

TREADY_AUDIO_O
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Input
Output
Input
Input
Input
Output
Output
Output
Input
Input
Input
Output
Input
Output
Output
Output

Input
Input

Input

Input

Input

Output

Input
Input
Input
Input

Input

Output

1
1

32
32

- A NN s .

1

3 x4 x
G_PIXEL_WIDTH

16

1

24

16

1

Write address valid
Write address ready
Write address

Write data

Write data valid
Write data ready
Write response
Write response valid
Write response ready
Read address

Read address valid
Read address ready
Read data ready
Read data

Read data response
Read valid

AXl4-Stream video data valid input

AXl4-Stream video data input
It has Luma four pixels in MSB and Chroma four pixels in
LSB.

AXI4-Stream pixel qualifier

AXl4-Stream Tlast input indicates the falling edge of a video
line.

AXl4-Stream user input. The bit values are as follows:
*  Bit0: V_.SYNC_|

+  Bit1: H_.SYNC_I

+ Bit 2-Bit 15: Reserved

AXl4 Tready signal (No back pressure support)

AXl4-Stream audio data valid input
AXl4-Stream audio data input
AXI4-Stream Tlast input

AXl4-Stream data identifier input; the channel values are as
follows:

+  0x0: Channel 1
+ 0x1:Channel 2
+ 0x2:Channel 3
+ 0x3:Channel 4
+ Others: Reserved

AXl4-Stream user input
All the 16 bits are reserved bits.

AXl4 Tready signal (No back pressure support)



Te St be n C h (Ask a Question)

Testbench is provided to check the functionality of SDI_TX core. The following table lists the
parameters that are configured according to the application.

Table 5-1. Configuration Parameters

Simulation Mode
Resolution Auto-Detect
270Mbps Support
Pixel Width

Audio Mode

HDR Mode

Video Interface

Config Interface

Enable
Disable
Disable
8
Enable
Disable
Native

Native

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

1. In Libero® SoC Catalog, open the IP Catalog from the View menu, expand Solutions >
Video, then double-click SDI_TX and SDI_RX one at a time, configure them using the specified

parameters, and click OK.

2. To generate the required SmartDesign for the SDI_TX_RX IP simulation,
click Libero ProjectExecute script. Browse the script using the following
path: . .\<Project name>\component\Microchip\SolutionCore\SDI TX\<SDI TX IP
version>\scripts\SDI Tx Rx SD.tcl, and then click Run. The SmartDesign appears, as
shown in the following figure.

Figure 5-1. SmartDesign
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3. On the Design Hierarchy tab, right click SDI_Tx_Rx_SD, and then select Set as Root.
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4. On the Stimulus Hierarchy tab, right click tb SDI Tx Rx SD(tb SDI Tx 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.

Figure 5-2. ModelSim® Tool
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é Important: If the simulation is interrupted due to the runtime limit specified
in the . DO file, use the run -al1l command to complete the simulation.
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6- DESign GUidElines (Ask a Question)

6.1. Resolution Handling Modes (aska auestion)
The SDI_TX IP supports three methods for handling video resolution configuration.

6.1.1. Auto-Detect Mode (Resolution Auto-Detect Enabled) (aska question)

This mode is ideal for systems where the input video resolution is variable and might change

during runtime. The SDI_TX IP automatically detects the incoming resolution and updates its internal
configuration without requiring user intervention. In this mode, only the AXl4-Lite interface is
supported for accessing configuration and status registers.

The following steps outline the process:

1. The SDI_TX IP automatically detects the input video resolution. The module determines if the
frame rate is exact or fractional (59.94/29.97/23.97 Hz) by measuring sync timing with the 50
MHz reference clock.

2. When a change is detected, the new resolution code is updated in the "video_code" register,
which is accessed through the AXI4-Lite interface.

3. The IP asserts the "RES_CHANGE_IRQ_O" interrupt signal to notify the MI-V processor.

The Mi-V processor handles the interrupt and reads the updated "video_code" from the
SDI_TX IP through the register address 0x08 (AXl4-Lite interface). Other fields of the register
(color_format, color_depth, and pic_format) are not auto-detected and remain under host
control; the Mi-V processor must program them to match the active source.

5. The Mi-V processor then updates the Transceiver (XCVR) configuration based on the new
"video_code", color format, and color depth through DRI.

6. To apply the new configuration, the Mi-V processor resets the SDI_TX IP by writing to the reset
register at address 0x04 through the AXl4-Lite interface.

7. The SDI_TX IP re-initializes with the updated resolution and starts transmitting video. For
270 Mbps formats (video_code 25 or 10), the IP internally applies 10x oversampling using
XCVR_CLK_I.

The following block diagram shows the Auto-Detect mode when it is enabled.
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Figure 6-1. Block Diagram—Auto-Detect Mode Enabled
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6.1.2. Manual Mode (Resolution Auto-Detect Disabled and AXI4-Lite Config) (ask a question)

This mode allows the Mi-V processor to manually configure the SDI_TX resolution using AXI4-Lite
register access. It is suited for applications that require run-time resolution changes based on
software logic or user input.

The following steps outline the process:
1. Resolution auto-detect feature is disabled in the SDI_TX IP.

2. The Mi-V processor determines the input resolution using an external logic, a fixed configuration
or a user input.

3. The Mi-V processor selects the corresponding "video_code" for the input resolution.

The selected "video_code" is written to the register at offset 0x08 through the AXl4-Lite interface.
Other fields of the register (color_format, color_depth, and pic_format) are not auto-detected
and remain under host control; the Mi-V processor must program them to match the active
source. For fractional frame rates (59.94/29.97/23.97 Hz), the Mi-V processor writes "1" to bit 0 of
the VIDEO_FORMAT register at offset 0xOC. For exact rates, write "0".

5. The Mi-V processor configures the Transceiver (XCVR) with parameters that match the selected
resolution through DRI.

6. The Mi-V processor resets the SDI_TX IP by writing to the reset register at address 0x04 through
the AXl4-Lite interface, which loads the new configuration.

7. The SDI_TX IP re-initializes with the manually selected resolution and starts video transmission.
For 270 Mbps formats (video_code 25 or 10), the IP internally applies 10x oversampling using
XCVR_CLK_L.

The following block diagram shows Manual mode when Auto-Detect is disabled.
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6.1.3.

Figure 6-2. Block Diagram—Manual Mode
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Manual Mode (Resolution Auto-Detect Disabled and Native Config Interface) (aska question)

In this mode, the SDI_TX IP is provided with a predefined video_code through the native interface,
making it well-suited for applications operating at a fixed resolution. It removes the need for
software intervention and requires only minimal external logic for setup.

The following steps outline the process:
1. Disable the resolution auto-detect feature.

2. The input resolution is set either by a fixed configuration or by a user input.

3. Custom user logic or external control drives the native configuration ports:

- VIDEO_CODE_I: VIC for the active resolution.

- FRACTIONAL_FPS_I: Set to 1 for fractional frame rates (59.94 / 29.97 / 23.97 Hz), O for exact

rates.

- COLOR_FORMAT_I: Selects the active color format (YCbCr 4:2:2, YCbCr 4:4:4, RGB 4:4:4, or
one of the alpha-channel formats: YCbCrA 4:2:2:4, YCbCrA 4:4:4:4, and RGBA 4:4:4:4).

- COLOR_DEPTH_I: Selects the active color depth (8/10/12-bit).
Transceiver parameters are configured to match the selected video mode.

5. The SDI_TX IP is initialized by deasserting and asserting the RESETN_| signal and applying the
configured settings.

6. The SDI_TX IP starts transmitting video using the manually configured settings. For 270 Mbps
formats (video_code 25 or 10), the IP internally applies 10x oversampling using XCVR_CLK_|.

The following block diagram shows the Manual mode when Auto-Detect is disabled and Native

interface.
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Figure 6-3. Block Diagram-Manual Mode (Auto-Detect is Disabled, Native Interface)
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6.2. System Integration (as«aauestion)
This section shows a sample design description.

The following table lists the configurations of PF XCVR and PF TX PLL.

Table 6-1. PF XCVR and PF TX PLL Configurations

TX Data Rate | TX Clock TX PCS Fabric| XCVR CLOCK | Desired Output | Reference Clock
(Mbps) Division Factor | Width (MHz) Bit Clock (Mbps)| Frequency (MHz)

12G 11880 148.5 11880 148.5*
6G 5940 2 80 74.25 11880 148.5*
3G 2970 4 80 37.125 11880 148.5*
1.5G 1485 8 80 18.5625 11880 148.5*
1.5G 1485 8 80 18.5625 11880 148.5*
270Mbps - 2700 4 80 33.75 10800 148.5*
SD625i50 and

SD525i59.94

Important: *On board reference clock

The SDI_TX 12G—4K60 sample design, configured with Pixel Width = 8, Simulation Mode = Disabled,
270Mbps Support = Disable, Resolution Auto-Detect = Disabled, Config Interface = AX|4 Lite, Audio
Mode = Disabled, HDR Mode = Disable and Video Interface set to Native, is shown in the following
figure.
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Figure 6-4. 12G—4K60 Sample Design
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The transceiver interface configuration, is shown in the following figure.

Figure 6-5. Transceiver Interface Configuration
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For information about SDI_TX IP parameter configuration, see Figure 4-1.
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Sample integration for (12G—4K60), the following components are 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
TX only, with the data width configured as 80 bits for 12G—4K60 and 148.5 MHz reference clock,
based on the Table 6-1 settings.

+ The LANEO_TX_CLK_G output of PF_XCVR_ERM_CO_0 is generated as 148.5 MHz clock, based on
the Table 6-1 settings.

+ XCVR_CLK_I (SDI_TX_IP) and REF_CLK for PF_CCC_C1 are driven by LANEO_TX_CLK_G, which is
148.5 MHz.
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«  PIX_CLK_l, SDI_TX_CLK_I (SDI_TX IP), SYS_CLK_I (Display_Controller and Test_pattern_Generator)
and CLK_I (RGBtoYCbCr and CORESET_PF) driven by OUTO_FABCLK_O of PF_CCC_C1, which is
148.5 MHz.

Note: For 270 Mbps operation with 10X oversampling, PF_CCC_C1 is configured with Dynamic
Reconfiguration Interface (DRI) to divide the reference clock from 33.75 MHz to 3.375

MHz, which drives PIX_CLK_I, SDI_TX_CLK_I (SDI_TX IP), SYS_CLK_I (Display_Controller and
Test_pattern_Generator) and CLK_I (RGBtoYCbCr and CORESET_PF). For all other speeds (12G, 6G,
3G, and 1.5G), PF_CCC_C1 operates in pass-through mode where input frequency equals output
frequency (1:1 ratio).

6.3. COI‘IStraintS (Ask a Question)
This section provides the information about constraints.
Clock Constraints
SDI_TX IP uses XCVR_CLK_I, SDI_TX_CLK_|, PIX_CLK_I, and CLK_50MHZ_| clock inputs. Use the clock

grouping constraints for place and route and verify timing to ensure proper clock domain crossing
implementation within the IP.
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Performance and Resource Utilization (as auestion)

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

Table 7-1. Resource Utilization

[Mode ~ [Fabric4LUT |Fabric DFF |Interface 4LUT |Interface DFF |LSRAM |uSRAM

SD-270 Mbps Disabled 8177 4364 1692 1692
SD-270 Mbps Enabled 9955 5092 2484 2484 69 0 NA

The following table lists the maximum frequencies of the clocks.

Table 7-2. Maximum Frequencies of the Input Clocks

Clock Domain Maximum Frequency

SDI_TX_CLK_| 230 MHz
PIX_CLK_| 220 MHz
XCVR_CLK_I 230 MHz
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8. Register Map and Description (s auestion)

I S T S S S N

IP_VERSION[7:0]

0x00 IP Version 15:8 IP_VERSION[15:8]
- 23:16 IP_VERSION[23:16]
31:24
IP ENABLE/
7:0 IP RESET DISABLE
0x04 Control_Register 15:8
23:16
31:24
7:0 VIDEO_CODE[7:0]
) 15:8 PIC_FORMAT COLOR_DEPTH[1:0] COLOR_FORMAT[3:0]
0x08 Video_Code
23:16
31:24
270 FRACTIONAL_
FRAME_RATE
0x0C Video_Format 15:8
23:16
31:24
7:0 RESERVEDI5:0] EOTF_TYPE[1:0]
0x10 HDR REGO 15:8 RESERVEDI[13:6]
- 23:16 RESERVED[21:14]
31:24 RESERVED[29:22]
7:0 RED_X[7:0]
ox14 HDR REG 15:8 RED_X[15:8]
- 23:16 RED_Y[7:0]
31:24 RED_Y[15:8]
7:0 GREEN_X[7:0]
0x18 HDR REG2 15:8 GREEN_X[15:8]
- 23:16 GREEN_Y[7:0]
31:24 GREEN_Y[15:8]
7:0 BLUE_X[7:0]
0x1C HDR REG3 15:8 BLUE_X[15:8]
- 23:16 BLUE_Y[7:0]
31:24 BLUE_Y[15:8]
7:0 WHITE_X[7:0]
15:8 WHITE_X[15:8]
0x20 HDR_REG4
23:16 WHITE_Y[7:0]
31:24 WHITE_Y[15:8]
7:0 MAX_LUMINANCE[7:0]
0x24 HDR REGS 15:8 MAX_LUMINANCE[15:8]
- 23:16 MAX_LUMINANCE[23:16]
31:24 MAX_LUMINANCE[31:24]
7:0 MIN_LUMINANCE[7:0]
0x28 HDR REG6 15:8 MIN_LUMINANCE[15:8]
- 23:16 MIN_LUMINANCE[23:16]
31:24 MIN_LUMINANCE[31:24]
7:0 MAX_CLL[7:0]
15:8 MAX_CLL[15:8]
0x2C HDR_REG7
23:16 MAX_FALL[7:0]
31:24 MAX_FALL[15:8]
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8.1. |P_VerSi0n (Ask a Question)

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

Current SDI_TX 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_TX version number.
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8.2.  Control_Register (saauestion)

Name: Control_Register
Offset: 0x004
Reset: 0x2

Property: Read/Write
Register to Enable/Disable/Reset the SDI_TX 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
IP RESET IP ENABLE/
DISABLE
Access W R/W
Reset 1 0

Bit 1 - IP RESET To initiate a reset of 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.

Bit 0 - IP ENABLE/DISABLE This bit controls Enabling/Disabling the IP. Register bit value of 1 enables the IP

and 0 disables.
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8-3- Video_COde (Ask a Question)

Name: Video_Code
Offset: 0x008
Reset: 0x0

Property: Read/Write
This register holds video code of SDI_TX 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
PIC_FORMAT COLOR_DEPTHI[1:0] | COLOR_FORMAT[3:0]
Access R R R R R R R
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| VIDEO_CODE[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 - PIC_FORMAT
0 Interlace
1 Progressive Segmented
Bits 14:13 - COLOR_DEPTHI[1:0]
0 8-bit
1 10-bit
2 12-bit
Bits 12:9 - COLOR_FORMAT[3:0]
0 Yuv422
1 Yuv4a44
2 RGB444
3 RESERVED
4 YUVA4224
5 YUVA4444
6 RGBA4444
7-15 RESERVED
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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 48/47.95 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

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

0x19 SD-SDI 270Mbps: SD PAL (625i) at 50 fps
0x0A SD-SDI 270Mbps: SD NTSC (525i) at 59.94 fps
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8.4. Video_Format (Ask a Question)

Name: Video_Format
Offset: 0x00C
Reset: 0x0

Property: Read/Write

Video format control register including fractional frame rate selection.

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
FRACTIONAL_|
FRAME_RATE
Access R/W
Reset 0

Bit 0 - FRACTIONAL_FRAME_RATE Fractional frame rate control: 0 = Exact frame rate (e.g. 60 Hz), 1 =

Fractional frame rate (e.g. 59.94 Hz).
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8.5. HDR_REGO (Ask a Question)

Name: HDR_REGO
Offset: 0x010
Reset: 0x1
Property: Read/Write

HDR EOTF (Electro-Optical Transfer Function) type selection.

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/W R/W
Reset 0 0 0 0 0 0 0 1

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 (ARIB STD-B67), 2 = PQ (HDR10/SMPTE ST

2084), and 3 = Unspecified.

@ MICROCHIP

32


https://www.microchip.com/askaquestion?pub_guid=GUID-019CAF81-364D-4B7C-9A88-A61DBCD42610&pub_lang=en-US&pub_ver=4&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-6CEED018-F2FF-408B-A06D-BACEBD7191B6&cover_title=Serial%20Digital%20Interface%20Transmitter%20%28SDI_TX%29%20IP%20User%20Guide&tech_support_link=NA&revision_letter=C&source=PDF&title=HDR_REG0

8.6. HDR_REG]. (Ask a Question)

Name: HDR_REG1
Offset: 0x014
Reset: 0x0
Property: Read/Write

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

Bit 31 30 29 28 27 26 25 24
| RED_Y[15:8]
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
RED_Y[7:0]
Access  R/W R/W R/W R/W RIW R/W RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
RED_X[15:8]
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| RED_X[7:0]
Access  R/W RIW RIW R/W RIW R/W RIW RIW
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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8.7. HDR_REGZ (Ask a Question)

Name: HDR_REG2
Offset: 0x018
Reset: 0x0
Property: Read/Write

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

Bit 31 30 29 28 27 26 25 24
| GREEN_Y[15:8]
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
GREEN_Y[7:0]
Access  R/W RIW R/W R/W RIW R/W R/W RIW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
GREEN_X[15:8]
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| GREEN_X[7:0]
Access  R/W RIW RIW R/W RIW RIW RIW RIW
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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8.8. HDR_REG3 (Ask a Question)

Name: HDR_REG3
Offset: 0x01C
Reset: 0x0
Property: Read/Write

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

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

@ MICROCHIP

35


https://www.microchip.com/askaquestion?pub_guid=GUID-019CAF81-364D-4B7C-9A88-A61DBCD42610&pub_lang=en-US&pub_ver=4&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-6DE040C0-6432-4588-AD5D-04EFEF77FC09&cover_title=Serial%20Digital%20Interface%20Transmitter%20%28SDI_TX%29%20IP%20User%20Guide&tech_support_link=NA&revision_letter=C&source=PDF&title=HDR_REG3

8.9. HDR_REG4 (Ask a Question)

Name: HDR_REG4
Offset: 0x020
Reset: 0x0
Property: Read/Write

HDR white point chromaticity coordinates (X and Y).

Bit 31 30 29 28 27 26 25 24
| WHITE_Y[15:8]
Access  R/W R/W R/W R/W R/W R/W R/W RIW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
WHITE_Y[7:0]
Access  R/W R/W R/W R/W RIW R/W RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
WHITE_X[15:8]
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| WHITE_X[7:0]
Access  R/W RIW RIW R/W RIW RIW RIW RIW
Reset 0 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_REGS (Ask a Question)

Name: HDR_REG5
Offset: 0x024
Reset: 0x0
Property: Read/Write

HDR maximum mastering display luminance value.

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

Name: HDR_REG6

Offset: 0x028

Reset: 0x0
Property: Read/Write

HDR minimum mastering display luminance value.

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

Bits 31:0 - MIN_LUMINANCE[31:0] Minimum
(cd/m?2). Unsigned 32-bit value.
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8.12. HDR_REG7 (Ask a Question)

Name: HDR_REG7
Offset: 0x02C
Reset: 0x0
Property: Read/Write

HDR content light level information (MaxCLL and MaxFALL).

Bit 31 30 29 28 27 26 25 24
| MAX_FALL[15:8]
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
MAX_FALL[7:0]
Access  R/W R/W R/W R/W RIW R/W RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
MAX_CLL[15:8]
Access  R/W R/W R/W R/W R/W R/W R/W RIW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| MAX_CLL[7:0]
Access  R/W R/W RIW R/W RIW R/W RIW RIW
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?).
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9. Revision History (saauestion)

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

Table 9-1. Revision History

C 07/2026 The following is the list of changes in revision C of the document:
+ Updated the overview of the Introduction section.

+ Updated and added the features in the Key Features section.
+ Added the Tested Sink Devices section.
+ Updated Figure 3-1 in the Architecture Description section.

+ Added video data mapping related information and Figure 3-2 in the Video to SDI Pixel Mapping
Conversion section.

+ Updated Figure 4-1 in the Configurator section.

* Updated parameters in Table 4-2 in the Ports section.

« Updated Figure 5-1 in the Testbench section.

+ Updated Figure 6-4 in the System Integration section.

+ Added the Constraints section.

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

B 04/2026 The following is the list of changes in revision B of the document:
* Updated the definition and overview of Introduction section.
+ Added and updated the features in the Key Features section.
+ Updated output interface related information in the Architecture Description section.
+ Updated Input Interface information in the Input Interface section.

* Following are the new sections:
- Added Ancillary (ANC) Data Wrapper section.
- Added Audio Embedding section.

+ Removed "Audio Mapper Structure" section.

+ Updated Output Interface section.

+ Updated the frame rate information in the Auto-Detect Mode (Resolution Auto-Detect Enabled)
section.

+ Updated the frame rate information in the Manual Mode (Resolution Auto-Detect Disabled and
AXl4-Lite Config) section.

+ Updated the frame rate information in the Manual Mode (Resolution Auto-Detect Disabled and
Native Config Interface) section.

A 08/2025 Initial release.
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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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