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Abbreviations in This Document

A list of abbreviations and abbreviations used in this document.

Abbreviations Definition

AVTP Audio Video Transport Protocol

FIFO First In, First Out

HDMI High-Definition Multimedia Interface
IP Intellectual Property

MAC Medium Access Control

MIPI Mobile Industry Processor Interface
MTU Maximum Transmission Unit

PHY Physical Layer

RD Reference Design
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1. Introduction
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The MIPI CSI-2 to Ethernet reference design is an advanced system that integrates two camera sensors with each
Lattice Avant™ Versa board. It leverages the Audio Video Transport Protocol (AVTP) layer 2 for efficient video

transmission, ensuring high-quality video streaming and seamless integration across various components. This design is
ideal for applications requiring high-quality, real-time video streaming due to its modular design and support for

high-definition video output.

Camera 1 Board 1
. S
\j. Camera Sensor Select Camera Video Processing Display
_ . Subsystem 1 Subsystem Subsystem
e.® Camera 2 T | Network
. . "l Subsystem | "
Camera 3 Board 2
- S
\\:. Camera Sensor Select Camera Video Processing Display
- - Subsystem 7 Subsystem Subsystem
Camera 4 T | Network
. ° Subsystem Ethernet
Network
Tl ) e s Board 3 i Y ¥ Switch
T .® Camera Sensor Select Camera Video Processing Display o
» , i%
B . Subsystem 3 Subsystem Subsystem 4
7 e‘e Camera 6 T | Network
B 7 . - Subsystem
~—— ) Camera 7 Board 4
\\\\’ Camera Sensor Select Camera Video Processing Display
B - Subsystem 7 Subsystem Subsystem »
/,’/ Q‘e Camera 8 T JW‘
prd . . Subsystem
— -

Figure 1.1. Overview of MIPI CSI-2 to Ethernet Reference Design

1.1. Quick Facts

Download the reference design files from the Lattice reference design web page.

Table 1.1. Summary of the Reference Design

Target Devices Avant-AT-X
General - -
Source code format Verilog and System Verilog
. . . Performed for reference design only (refer to the Simulating
Functional simulation . .
Reference Design section).
Simulation Timing simulation Not performed

Testbench

Available

Testbench format

System Verilog

Software tool and version

Lattice Radiant™ software version 2025.1
QuestaSim™ software 2024.1

Software Requirements
IP version (if applicable)

MIPI CSI-2 D-PHY Receiver IP v2.0.0
Byte-to-Pixel Converter IP v1.9.1

Debayer IP v1.2.2

Automatic White Balance (AWB) IP v1.3.0
Color Correction Matrix (CCM) IP v1.2.1
PLLIP v2.6.1

ROM IP v2.5.0

Video frame buffer IP v1.3.0

Memory Controller IP v2.6.0
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DP RAM IP v2.4.0
DC FIFO IP v2.3.0
10G Ethernet v3.3.0
25G Ethernet v2.2.0

Hardware Requirements

Avant-X Versa Board

Board HDMI-FMC
Sony IMX258 camera module
10 Gb SFP+ optical transceiver module
25 Gb SFP28 optical transceiver module
Cable

Optical fiber cable
HDMI cable

1.2. Features

Key features of the MIPI CSI-2 to Ethernet reference design include:
Supports up to two camera sensors per Lattice Avant Versa board

1.3.

1.3.1. Nomenclature

Supports 10 Gbps and 25 Gbps Ethernet operating speed
HDMI display output interface

Video format:

e 4K video resolution at 30 frames per second
e 1080p video resolution at 60 frames per second

Layer 2 AVTP

Naming Conventions

The nomenclature used in this document is based on Verilog HDL.

1.3.2. Signal Names

_n are active low signals (asserted when value is logic 0)

_iareinput signals

_o are output signals
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2. Directory Structure and Files

The following figure shows the directory structure of the reference design.

RD02311_MIPI_CSI2_Ethernet

—| fpga_lavat |

radiant l—

| MIPI_ETH_RDL1.sty

precompiled_file |

—  MIPI_ETH_RD1.rdf

| ]

sim |

L ]

rtl |

testbench |

constraints |

NN

I

4K |

1080p |

common |

Figure 2.1. Directory Structure

The MIPI CSI-2 to Ethernet reference design is a comprehensive solution that integrates the functionalities of MIPI
CSI-2 to HDMI with Ethernet connectivity. This combined approach leverages the strengths of each individual design to
create a robust and versatile system.

The following table lists the files included in the reference design package.
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Folders

Description

fpga_lavat This folder contains the complete project design files, simulation waveform script
(wave.do), and precompiled bitstream files.
radiant This folder includes the project.rdf file and a src directory where all design-related

collateral is organized.

precompiled_file

This folder stores precompiled bitstreams for both 4K and 1080p resolutions supporting
10 Gb and 25 Gb configurations.

This folder contains the wave.do simulation script intended to be launched using the

sim

QuestaSim software.
src This folder contains RTL modules, testbench files, constraints files, and IP directories.
ip This folder comprises three subdirectories with IP cores categorized by resolution and

shared/common IP cores used across both resolution implementations.
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3. Functional Description

This section describes the architecture of the MIPI CSI-2 to Ethernet reference design. The system architecture of the
MIPI CSI-2 to Ethernet reference design involves several key subsystems working together seamlessly.

Each Lattice Avant Versa board is equipped with two camera sensors that capture video data, which is initially
processed through the MIPI CSI-2 D-PHY Rx intellectual property (IP). This IP receives the raw video input from the
camera sensors and converts it to pixel format for processing by other subsystems.

The video data in pixel format is then packetized as AVTP packets by the Video Transport Subsystem and transmitted
over the Ethernet network. The AVTP that is designed for real-time audio and video streaming, ensures low latency and
synchronized delivery of media streams. This protocol is crucial for maintaining the integrity and timing of the video
data as it travels through the network.

The Video Transport Subsystem plays a pivotal role in reference design. It not only facilitates the transmission of video
data but also allows for the selection of which camera feed to display, which is controlled via a push button on the
Lattice Avant Versa board.

The Network Subsystem manages network-related aspects to ensure seamless data transmission supporting high-
speed connectivity with 10 Gbps and 25 Gbps Ethernet operating speeds, while the Video Processing Subsystem
performs various tasks to enhance the video quality and prepare it for display. Finally, the video stream is routed to the
Display Subsystem, which converts the video data into a format suitable for display on HDMI-compatible devices.
Supporting high-definition resolutions, including 1080p and 4K, as illustrated in Figure 3.1. The Display Subsystem
handles tasks such as frame rate conversion and other necessary adjustments to match the device display capabilities.

This comprehensive flow ensures that the video captured by the camera sensors is accurately processed and displayed
with high quality.

Avant-X Versa Board

Camera Camera Sensor Video Transport Video Processing

— Di —» i
Sensor Subsystem Subsystem Subsystem Display Subsystem Display

A

Network
Subsystem

Figure 3.1. Reference Design Block Diagram

3.1. Transport Protocols

The AVTP is utilized to carry video data and transmit it over Ethernet. Defined in IEEE 1722-2016, the AVTP serves as
the transport protocol within the Audio Video Bridging (AVB) profile of the Time Sensitive Network (TSN).

The primary objective of this reference design is to demonstrate the transport of video data over Ethernet, with AVTP
selected as the transport protocol for this purpose. Therefore, full compliance with AVTP and AVB standards is beyond
the scope of this reference design. For example, time synchronization with gPTP is not supported. You may leverage
this reference design to expand its functionality for full compliance with AVB or modify the transport protocol for other
video-to-Ethernet applications.
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3.1.1. Frame Size and Bandwidth Calculations

IEEE 1722 Annex C specify that AVTP frames are encapsulated with Ethernet frame with VLAN tag. The calculation for
required frame size and bandwidth of transporting 4K video over Ethernet are described in this section.

General frame format of AVTP frame and the size of each field are shown in the following table.

Table 3.1. General AVTP Frame Format

Field Size (Bytes)
Ethernet Header 14
VLAN Tag 4
AVTP Header 32
Video Payload Variable
FCS 4
Let:
MTU = 1,504 Bytes (Q-tagged frames — from IEEE 802.3 Clause 3.2.7)
Pixel Size =1 Byte (for RAWS)
4K Resolution : 3,840 x 2,160
Frame Rate =30 Frame per Second
Calculation:
Headers Size = (VLAN Tag + AVTP Header)
=(4+32)
= 36 Bytes

Note: Ethernet header and FCS are not part of MTU

Available size for video data per Ethernet frame = MTU — Headers size
=1,504 - 36
= 1,468 Bytes

Maximum number of pixels per Ethernet frame = Round down (Max available video data size / pixel size)
= Round down (1,468 / 1)
= 1,468 pixels

Number of Ethernet frames per video line = Round Up (Pixels per video line / Max pixel per Ethernet frame)
= Round up (3,840 / 1468)
= Round up (2.6158...)

= 3 Ethernet frames

Number of pixels per Ethernet frame =3,840/3
=1,280 pixels
Ethernet frame length = Ethernet header + Headers size + (Pixels per Ethernet frame * pixel size) + FCS

=14+36+(1,280*1)+4
=1,334 Bytes

Number of Ethernet frame per video frame = (Lines per video frame) * (Ethernet frame per line)
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Ethernet bandwidth consumed

3.1.2. Frame Format

=2,160 * 3
= 6480 Ethernet frames

=(8+1334+12)*6480*30*8
=2.1057408 Gbps

= (Preamble + Ethernet packet length + IPG) * (Packets per frame) * (Frame rate) *
(Byte-to-bit conversion)

Figure 3.2 and Figure 3.3 show the format of AVTP frame in AXI-S data bus for 25G Ethernet, transmitting RAWS video
data in RGB Bayer format. Figure 3.4 and Figure 3.5 presents the corresponding AVTP frame format for the 10G
Ethernet AXI-S data bus.

AXI-S Bus
7:0 Etheme; Header\ " Eihertype1 Y AVTP Header 15 Y AVTP Header 31 Vge(‘;:;;’l‘;d V;dle(‘;:;g:o;)d / X Y;‘é?};:f;ﬁ Y;‘;:O(;:\‘;'e"ras)
15:8 Etheme; Header\/ i ertype2 Y AVTP Header 16 Y AVTP Header 32 V;‘;e(‘;:;eyr"gd V;‘;e(‘;::g:‘gd Yzi‘éi"(g:fe‘:g ;/Zi‘;g"(::;"e‘:zd)
23:16 Etheme; Header\/ \\/p Header 1 Y AVTP Header 17 Vidfé’azae‘:':‘;‘d 1 V;‘;e(‘;:;z:";)d V;ie(‘;:;z'r";)d / / ;’;‘é;"(g:;"e"ra;) FCS1
31:24 Etheme‘t‘ Header\/ \vTp Header2 X AVTP Header 18 Vid(eé’az:‘:'g‘;‘d 2 Vi‘;i‘;:;g’:“gd Vsiie(::yaey:cg)d / / ;/2'220(;:\:2:”'6‘1) FCS2
39:32 Etheme; Header\/ \1p Header3 Y AVTP Header 19 Vid?é’aiaef:;’d 3 Vge(‘;::z:";)d V;dse(%::::ﬁd / / Y;:o(::\ﬂ:?arg FCS3
47:40 Ethe"‘e; Header\/ \\1p Header 4 Y AVTP Header 20 Vid(eé’a:‘:'g?d 4 Vzi‘ée(:::eyr"gd Vai‘ée(:::eyr"g)d / / ;’2'2;0(::\‘/’;‘:2") FCS4
ssas(SPLHT) yeers  enr o fendVieerafesd e rand (| et )
G356 (SN o ner ) AVTe Heser 2 ) S0 P¥I0296\, Videopaond \  Videopatond / f;ggjg;yvg;gx >
71:64 Etheme; Header\/ \vTp Header 7 X AVTP Header 23 Vidf;;i‘:':)ad 7 V;ij‘;:;g:";d V;‘;Té::;’lc;d Yé‘;i"(::;"ec:f)x >
roz2 (e s v beser e e rolendsVieeratesd ) isaratent [ ieermmd )
8780 (SRR st aders Y v Header 2 ) V920 PaIond o Video Parcad [ video payions / / YQ‘iZ‘}EZJLTaSX >
s (L) e 10 v ester 6 Ve ) Visermtend ) isaratend (| ieermind )
103:96 VLANTag1 X AVTP Header 11 X AVTP Header 27 Vldle(‘;::z:";)d Vge(‘;ap;;’:";)d V‘i‘dae(‘;::z:";)d Y;;"(:::’rafgx >
111:104 VLANTag2 X AVTP Header 12 X AVTP Header 28 Vl";e(‘;:;z:"g)d V;‘;e(:::eyr"gd Vi‘ie(oB;:eyr"’Ga)d / / ;’;‘;Z"(g:\j'e‘:gx >
oat2 (e (v e 13) v venserzs ) Vtatesd ) Vs ) vieeratond (| s miend )
127420 wanTags Y AV Header 10 ) TP e 30 ViieoPaina \/ videorpayana [ videopaions /| / y;g;jg:yvggx >
Header size: Legend:
Ethernet Header: 14-byte
VLAN Tag: 4-byte
AVTP Header: 32-byte
Figure 3.2. AVTP Frame in AXI-S Data Bus for 25G Ethernet (Odd Line Number)
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19112 vuivToes XV seader ) e eser a9 Vi Pt Vi ped ) s e o pat . )
127:120 < VLAN Tag 4 ><AVTP Header 14><AVTP Header 30 >< Vﬂe(‘;:iglro;d >< Vs“:]e(%:::'::d >< V"l‘ée(‘;:;g"f;d ;’g;"(;:\ioras)x >

Ethernet Header: 14-byte
VLAN Tag: 4-byte
AVTP Header: 32-byte

Figure 3.3. AVTP Frame in AXI-S Data Bus for 25G Ethernet (Even Line Number)
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]
Il

/ FCs1
/ FCS2
/ FCS3
FCsa

/
I,

A

1
Ethernet Header\ /Ethernet Head
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39:32 5 VLAN Tag 1 AVTP Header 3 X AVTP Header 11 X AVTP Header 19 X AVTP Header 27 (Bayer R)
v
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Header: Legend:
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VLAN Tag: 4-byte
AVTP Header: 32-byte

Figure 3.4. AVTP Frame in AXI-S Data Bus for 10G Ethernet (Odd Line Number)
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3 E i
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Ethernet Header Video Payload 4
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Header: Legend:
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AVTP Header: 32-byte
Figure 3.5. AVTP Frame in AXI-S Data Bus for 10G Ethernet (Even Line Number)
Figure 3.6 shows the detailed format of AVTP header for Raw Video Format. Refer to Table 3.3. AVTP Header Format

Values in the Reference Design for description and value of each field. Refer to IEEE 1722 and IEEE 802.1Q specification
for details of each field.

0 1 2 3
d0123456789012345678 olo[1]2[3[4[5]6]7]8[o]0[1
0

DA
802.3 MAC header 4 (Destination MAC address) ‘ SA
8 (Source MAC address)
802.1Q TagField 12 TRID PCP ‘DEI‘ VID (VLAN Identifier)
Ethertype 16 AVTP Ethertype The rest of the AVTP
AVTP payload 20 header and data

Figure 3.6. AVTP Frame Format — Ethernet Header

Table 3.2. Ethernet Header Format Values in Reference Design

Field Width Specification Value Description
(Bit)

DA (destination 48 IEEE 1722 Annex B.4, 91:E0:F0:00:FE:On n is the stream ID. Multicast.
MAC address) Annex C.2.1.2 and

Annex D
SA (source MAC 48 IEEE 1722 Annex C.2.1.3 | 00:D0:BD:17:22:0m m is the board ID. Unicast.
address)
TPID (tagged 16 IEEE 1722 Annex C.2.1.4 | 0x8100 VLAN tag EthernetType value.
protocol
identifier)
PCP (priority 3 IEEE 1722 Annex C.2.1.5 | 3 SR class A default priority.
code point) IEEE 802.1Q Clause

35.2.2.9.3

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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Field Width Specification Value Description
(Bit)

DEI 1 IEEE 1722 Annex C.2.1.6 | O —

(drop_eligible) IEEE 802.1Q Clause 9.6

VID (VLAN ID) 12 IEEE 1722 Annex C.2.1.7 | 2 Stream related traffic.
IEEE 802.1Q Clause
35.2.14

AVTP EtherType 16 IEEE 1722 Annex 0x22F0 AVTP EtherType value.
C.2.1.8, Clause 4.4.2

0 1 3
~01234567 8[9lo| 1| 2[3[4] 5| e[7]s] 9[0[1]2|3] 4[5]6] 7[8|90] 1
802.3 MAC 0 subtype sv| version mr | rsv |tv sequence_num reserved tu
header 4
8 stream_id

802.1Q Tag Field 12 avtp_timestamp
Ethertype 16 active_pixels total_lines
AVTP payload 20 stream_data_length(octets) ap If |ef| evt |pd |i

reserved pixel_depth | pixel_format frame_rate colorspace|num_lines
Raw header reserved i_seg_num line_number
Video payload video_data_payload

Figure 3.7. AVTP Frame Format — AVTP Header

Table 3.3. AVTP Header Format Values in the Reference Design

Field Width Specification Value Description
(Bit)
subtype 8 IEEE 1722 Clause 4.4.3.2 | 0x07 Raw Video Format (RVF).
sv (stream_id valid) 1 IEEE 1722 Clause 4.4.4.2. | 1 Stream ID field is valid.
version 3 IEEE 1722 Clause 4.4.3.4. | O —
mr (media clock restart) 1 IEEE 1722 Clause 4.4.4.3. | O No change in the source of
media clock in this reference
design.
tv (avtp_timestamp_valid) | 1 IEEE 1722 Clause 4.4.4.5 | 1 =first frame of the video | gPTP clock is not supported.
and Clause 12.2.2. line.
0 = remaining frames.
sequence_num (sequence | 8 IEEE 1722 Clause 4.4.4.6. | Value incremented for Value set but not used in this
number) every AVTP frame sent. reference design.
tu (timestamp uncertain) 1 IEEE 1722 Clause 4.4.4.7. | 1 gPTP clock is not supported.
stream_id 64 IEEE 1722 Clause 4.4.4.8 | 0x00DOBD17220m_000n m is the board ID.
IEEE 802.1Q Clause nis the stream ID.
35.2.2.8.2
avtp_timestamp 32 in IEEE 1722 Clause 0 Time synchronization is not
4.4.4.9 and Clause supported.
12.2.2.
active_pixels 16 IEEE 1722 Clause 12.2.3. | 4K: 3840 Number of horizontal pixels
1080p: 1920 per video line.

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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Field Width Specification Value Description
(Bit)
total_lines 16 IEEE 1722 Clause 12.2.4. | 4K: 2160 Number of lines per video
1080p: 1280 frame.
stream_data_length 16 IEEE 1722 Clause 4K: 1280 Video data payload size in
4.4.4.10. 1080p: 960 octets.
ap (active pixels) 1 IEEE 1722 Clause 12.2.5. | 1 No blanking in the video
payload.
r (reserved) 1 0 —
f (field) IEEE 1722 Clause 12.2.6. | O Always O for progressive video.
ef (end frame) 1 IEEE 1722 Clause 12.2.7. | 1 =last Ethernet frame of End of video frame.
the video frame.
0 = other Ethernet frames.
evt 4 IEEE 1722 Clause 12.2.8. | O Reserved for upper-level
protocols.
pd (pull-down) 1 IEEE 1722 Clause 12.29. | O 30/60 Hz video frame rate is
used in this design.
i (interlaced) 1 IEEE 1722 Clause 0 0 for progressive video.
12.2.10.
pixel_depth 4 IEEE 1722 Clause 0x1 8 bits per pixel.
12.2.11.
pixel_format 4 IEEE 1722 Clause 0x9 RGGB Bayer pattern.
12.2.12.
frame_rate 8 IEEE 1722 Clause 30 fps: 0x15 Video frame rate.
12.2.13. 60 fps: 0x18
colorspace 4 IEEE 1722 Clause OxF User defined. Bayer pattern is
12.2.14. not part of all listed
colorspace.
num_lines 4 IEEE 1722 Clause 12.2.15 | 0 Number of video lines within
and 12.2.17. single AVTP packet.
0 for 4K and 1080p, which
need three and two packets
for single video line.
i_seq_num 8 IEEE 1722 Clause 0 = first Ethernet frame of Number reset to O for first
12.2.16. the video line Ethernet frame of the next
Increment for subsequent | video line.
Ethernet frame of same
video line.
line_number 16 IEEE 1722 Clause 1 =first line of video frame | All Ethernet frames that
12.2.17. Increment for Ethernet belong to the same video line
frames belongs to have identical value.
subsequent video lines.
video_data_payload Oton IEEE 1722 Clause Contain pixel data from —
octets 12.2.18,12.2.19 and camera sensor in Bayer

12.2.20.

format.
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3.2. Design Components

The MIPI CSI-2 to Ethernet reference design includes the following subsystems:
e Camera Sensor Subsystem

e Video Transport Subsystem

e Video Processing Subsystem

e Display Subsystem

o Network Subsystem

The following figure shows the block diagram and submodules of each subsystem. The description of each subsystem
and submodules is described in subsequent sections.

FPGA

Camera Sensor Subsystem Video Transport Subsystem Video Processing Display

Terasic
Camera Automatic Color Frame Buffer
Sensor L MIPI CS1-2 Byte to Pixel Map to AXI-S [ Video to Aggregator Video Source Ethemet o | [ Debayer White || Correction [ Memory VideoTiming| | | | HDMI-FMC Display
Convert ter Ethernet Selector Video ‘ ‘ Controller Generator Daughter
(IMX258) Balance Matrix e
Camera 12C HOMI2C | i
Controller Controller
| memery

Camera Sensor Subsystem Network Subsystem
Camera
Sensor —4-{ MIPI CSI-2 H BZ:;:“E;:’E' H Map to AXI-S }»—4-{ z“:::’n‘e"( | Ethemet l«——
IMx258)

Camera 12¢
Controller

Figure 3.8. MIPI CSI-2 to Ethernet Reference Design Components Block Diagram

3.2.1. Camera Sensor Subsystem

The Camera Sensor Subsystem captures video images using a camera sensor. It converts the captured video data and

sends it to other subsystems. This subsystem uses designs from the Lattice MIPI CSI-2 to HDMI reference design. For

more details, refer to the MIPI CSI-2 to HDMI Reference Design User Guide.

The following lists brief explanations of each part within this subsystem in Figure 3.9:

e Camera Sensor: The subsystem captures video images using the IMX258 camera sensor, which sends the video
data to an FPGA using the MIPI CSI-2 interface.

e MIPI CSI-2 IP: This component receives video data and sends it to the Byte-to-Pixel Converter IP, which converts
the data into pixel format.

e Map to AXI-S Block: The pixel data is then converted to the AXI-S interface format by this block. All subsequent
data transactions within this subsystem use the AXI-S interface.

e |2C Controller: This controller is used to configure the camera sensor.

Camera Sensor Subsystem

Camera Sensor - ‘ Byte to Pixel .~ .~
(IMX258) > MIPI CSI-2 —» Convertor > Map to AXI-S >
A
Camera 12C
Controller

Figure 3.9. Camera Sensor Subsystem Block Diagram
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3.2.2. Video Processing Subsystem

The Video Processing Subsystem uses designs from the Lattice MIPI CSI-2 to HDMI reference design. For more details,
refer to the MIPI CSI-2 to HDMI Reference Design User Guide.

Within the subsystem shown in Figure 3.10, the Debayer IP converts RAWS8 data (raw image data) into RGB888 format
(standard color image data). Following this, the Automatic White Balance IP and the Color Correction Matrix IP work
together to enhance the quality of the video images. These enhancements ensure that the colors are accurate, and the
overall image quality is improved before the video data is sent to other subsystems.

Video Processing Subsystem

Automatic White Color Correction
» Debayer > > .
Balance Matrix

v

Figure 3.10. Video Processing Subsystem Block Diagram

3.2.3. Display Subsystem

The Display Subsystem is part of the MIPI CSI-2 to HDMI reference design. It receives video images in RGB888 format
from the Video Processing Subsystem and sends these images to the display via the Terasic HDMI-FMC daughter card.

The following lists brief explanations of each part within the subsystem in Figure 3.11:

e Video Frame Buffer: By storing video frames temporarily, the Frame Buffer ensures that the video output is
continuous and smooth. This prevents any interruptions or glitches that could degrade the viewing experience.

e Video Timing Generator: This component generates precise timing signals for the HDMI output, which is essential
for synchronizing the video display. Proper timing ensures that the video is displayed correctly without any
distortions or misalignments.

e 12C Controller: This controller configures the HDMI-FMC daughter card to ensure that the hardware settings are
optimized for the best possible video output.

Overall, these components work together to ensure that the video images are displayed smoothly and accurately,
which preserves the quality of the video processed by the previous subsystems.

Display Subsystem

Frame Buffer Video Timing Terasic HDMI-FMC .
> Memory > » > Display
Generator Daughter Card
Controller
A
HDMI 12C
Controller

> Memory

Figure 3.11. Display Subsystem Block Diagram
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3.2.4. Network Subsystem

The Network Subsystem is responsible for sending captured video data from the Video Transport Subsystem to the

network and receiving video data from the network. It includes Ethernet Media Access Control (MAC) and Physical

Layer (PHY) IP components, which handle the basic functions of network communication. These components support

the first two layers of the OSI model:

e layer 1 (Physical Layer): This layer deals with the physical connection between devices, including the transmission
and reception of raw data bits over a physical medium.

e layer 2 (Data Link Layer): This layer is responsible for node-to-node data transfer, error detection, and managing
data frames between devices on the same network.

By supporting these functionalities, the Network Subsystem ensures that video data can be efficiently transmitted and
received over the network, which maintains the integrity and quality of the video stream.

Network Subsystem

Ethernet — —
, Network

Figure 3.12. Network Subsystem Block Diagram

3.2.5. Video Transport Subsystem

The Video Transport Subsystem as shown in Figure 3.13 receives video frame data in RAWS8 format from the Camera
Sensor Subsystems. It then encapsulates this data into AVTP payloads. These AVTP frames are sent to both the Video
Source Selector and the Network Subsystem.

An Aggregator with round-robin scheduling is used to multiplex the AVTP frames from multiple Camera Sensor
Subsystems before forwarding them to the Video Source Selector or the Network Subsystem. This ensures that video
data from multiple cameras is efficiently managed and transmitted.

The Video Source Selector receives video data from the Aggregator and from the network. It dropped all packets
except AVTP frames with matching selected video stream ID.

Ethernet to Video decapsulates the AVTP frames from the user-selected source and forwards the video data to the
Display Subsystem.

Video Transport Subsystem
> Video to Aggregator |— | Video Source Ethe'rnet to >
Ethernet > Selector Video
A
,| Videoto | | >
"] Ethernet v

Figure 3.13. Video Transport Subsystem Block Diagram
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Detailed architecture of the Video Switching Network Subsystem is shown in Figure 3.14 and explained further in the
following sub-chapters of Video Transport Subsystem.

Video Transport Subsystem ’—‘
Ethernet TX
Video to Ethernet FIFO To Network sS
From Camera ‘ Video to AVTP Fosr;‘:f d&DC AVTP Header From Network S
Sensor SS Payload fro Inserter
Aggregator Video Source Selector Ethernet to Video

Header _ L || AVTP Header Video e |
Decoder r F’a"‘”"‘e'% *{ Remover H ser | To Display S

Video to Ethernet

From Camera ‘ Video to AVTP Store & AVTP Header
Forward DC

Sensor S5 Payload Hro Inserter

Pixel Clock
(148.5 MHz)
Ethernet Clock
(195.3125 MHz)

Figure 3.14. Video Switching Network Subsystem Detail Architecture

3.2.5.1. Video to AVTP Payload
Within the Video Transport Subsystem, the process begins with the Video to AVTP Payload module.

This module receives video pixel data in RAWS8 format from the Camera Sensor Subsystem and forms the payload
portion of the AVTP frame. Figure 3.15 and Figure 3.16 illustrate the input AXI-S data bus from the Camera Sensor
Subsystem, which processes two pixels per cycle with the RGGB Bayer pattern.

Figure 3.17 shows the output AVTP frame for 25G Ethernet, where the video data is encapsulated in a 128-bit AXI-S
data bus. The position of the first video data in the 128-bit data bus is adjusted based on the lengths of the Ethernet
and AVTP headers. TUSER[2] signal indicates end of current video frame.

In contrast, for 10G data rate, video data is similarly encapsulated using a 64-bit AXI-Stream data bus, following the
format shown in Figure 3.18.

As calculated in the Frame Size and Bandwidth Calculations section, each line of 4K video is encapsulated across three
AVTP frames, with each AVTP frame carrying 1,280 pixels.

In the internal architecture of video to Ethernet, Figure 3.19 shows the input pixel data is concatenated into a wider
data bus according to the AVTP_WIDTH parameter. After a cycle's worth of data is formed, it is forwarded downstream.
When the expected number of pixel data has been received, an end-of-packet boundary indicated by TLAST is sent out.

AXI-S Bus

7:0 Pixel 1R Pixel 3R Pixel 5R >< Pixel 7R // X // X Pixel 3837 R Pixel 3839 R
15:8 Pixel 2 G Pixel 4 G Pixel 6 G Pixel8G X / / X // Pixel 3838 G Pixel 3840 G

Figure 3.15. Video to AVTP Payload AXI-S Input Data (Odd Line Number)

AXI-S Bus

7:0 Pixel 1 G Pixel 3 G Pixel 5 G Pixel 7 G // X // X Pixel 3837 G Pixel 3839 G
15:8 Pixel 2 B Pixel 4 B Pixel 6 B Pixel 8 B X / / X // Pixel 3838 B Pixel 3840 B

Figure 3.16. Video to AVTP Payload AXI-S Input Data (Even Line Number)
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TDATA
7:0 Video Payload Video Payload Video Payload
’ 15 (Bayer R) 1263 (Bayer R) 1279 (Bayer R)
15:8 Video Payload Video Payload Video Payload
’ 16 (Bayer G) 1264 (Bayer G) 1280 (Bayer G)
23:16 Video Payload 1 Video Payload Video Payload
’ (Bayer R) 17 (Bayer R) 1265 (Bayer R)
31.24 Video Payload 2 Video Payload Video Payload
’ (Bayer G) 18 (Bayer G) 1266 (Bayer G)
39:32 Video Payload 3 Video Payload Video Payload
’ (Bayer R) 19 (Bayer R) 1267 (Bayer R)
47:40 Video Payload 4 Video Payload Video Payload
! (Bayer G) 20 (Bayer G) 1268 (Bayer G)
5548 Video Payload 5 Video Payload Video Payload
’ (Bayer R) 21 (Bayer R) 1269 (Bayer R)
63:56 Video Payload 6 Video Payload Video Payload
’ (Bayer G) 22 (Bayer G) 1270 (Bayer G)
71:64 Video Payload 7 Video Payload Video Payload
’ (Bayer R) 23 (Bayer R) 1271 (BayerR)
79:72 Video Payload 8 Video Payload Video Payload
’ (Bayer G) 24 (Bayer G) 1272 (Bayer G)
37:80 Video Payload 9 Video Payload Video Payload
’ (Bayer R) 25 (Bayer R) 1273 (BayerR)
95.88 Video Payload Video Payload Video Payload
’ 10 (Bayer G) 26 (Bayer G) 1274 (Bayer G)
103:96 Video Payload Video Payload Video Payload
’ 11 (Bayer R) 27 (Bayer R) 1275 (Bayer R)
111:104 Video Payload Video Payload Video Payload
’ 12 (Bayer G) 28 (Bayer G) 1276 (Bayer G)
119:112 Video Payload Video Payload Video Payload
’ 13 (Bayer R) 29 (Bayer R) 1277 (Bayer R)
127:120 Video Payload Video Payload Video Payload
’ 14 (Bayer G) 30 (Bayer G) 1278 (Bayer G)
TVALID m /
TKEEP 16'hFFFC 16'hFFFF 16'hFFFF 16'h0003
TUSER[2] / \
Header size: Legend:

Ethernet Header: 14-byte
VLAN Tag: 4-byte

AVTP Header: 32-byte

Figure 3.17. Video to AVTP Header AXI-S Output Data for 25G Ethernet (Odd Line Number)
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Video Payload
1271 (Bayer R)

Video Payload
1279 (Bayer R)

Video Payload
1272 (Bayer G)

Video Payload
1280 (Bayer G)

Video Payload
1273 (Bayer R)

Video Payload
1274 (Bayer G)

Video Payload
1275 (Bayer R)

Video Payload
1276 (Bayer G)

Video Payload
1277 (Bayer R)

<

TDATA
. Video Payload 7
7:0 (Bayer R)
. Video Payload 8
15:8 >< (Bayer G)
23:16 Video Payload 1 Video Payload 9
(Bayer R) (Bayer R)
31:24 Video Payload 2 Video Payload

’ (Bayer G) 10 (Bayer G)

39:32 Video Payload 3 Video Payload
(Bayer R) 11 (Bayer R)

. Video Payload 4 Video Payload
47:40 (Bayer G) 12 (Bayer G)

. Video Payload 5 Video Payload
35:48 (Bayer R) 13 (Bayer R)
63:56 Video Payload 6 Video Payload

(Bayer G) 14 (Bayer G)

Video Payload
1278 (Bayer G)

<

TKEEP 8'hFC 8'hFF 8'hFF 8'h03
TUSER[2] / \
Header size: Legend:

Ethernet Header: 14-byte
VLAN Tag: 4-byte
AVTP Header: 32-byte

Figure 3.18. Video to AVTP Header AXI-S Output Data for 10G Ethernet (Odd Line Number)

Video to AVTP Payload

Packet Boundary
Generation

4

v

4

Width Conversion

Pixel In Interface

Figure 3.19. Video to Ethernet Encapsulation Internal Architecture

» AVTP Out Interface
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3.2.5.2. Store & Forward FIFO

The AVTP frame output from the Video-to-AVTP Payload module becomes valid once every 8 clock cycles in the
Ethernet clock domain. This is due to the pixel data width (16-bit) is combined to match the Ethernet data width (25G:
128-bit, 10G: 64-bit). Additionally, due to the clock domain crossing from the slower pixel clock (4K: 148.5 MHz, 1080p:
74.25 MHz) to the faster Ethernet clock (25G: 195.3125 MHz, 10G: 156.25 MHz), the data valid gap increased further.

The Ethernet MAC requires continuous data in the transmit data path to prevent packet underflow. Therefore, the
Ethernet frame data must be continuous before being forwarded to Ethernet MAC. The Store & Forward FIFO buffer
stores the entire AVTP frame data from the start-of-packet to the end-of-packet and only provides valid output when
the end-of-packet is received. This module also handles the clock domain crossing from the pixel clock domain (4K:
148.5 MHz, 1080p: 74.25 MHz) to the Ethernet clock domain (25G: 195.3125 MHz, 10G: 156.25MHz). Figure 3.20 and

Figure 3.21 show the AXI-S output interface waveforms for 10G and 25G Ethernet, respectively.

TDATA
7:0 Video Payload Video Payload Video Payload Video Payload
' 15 (Bayer R) 31 (Bayer R) 1263 (Bayer R) 1279 (Bayer R)
15:8 Video Payload Video Payload Video Payload Video Payload
. 16 (Bayer G) 32 (Bayer G) 1264 (Bayer G) 1280 (Bayer G)
23:16 Video Payload 1 Video Payload Video Payload Video Payload
: (Bayer R) 17 (Bayer R) 33 (Bayer R) 1265 (Bayer R)
31:24 Video Payload 2 Video Payload Video Payload Video Payload
: (Bayer G) 18 (Bayer G) 34 (Bayer G) 1266 (Bayer G)
39:32 Video Payload 3 Video Payload Video Payload Video Payload
: (Bayer R) 19 (Bayer R) 35 (Bayer R) 1267 (Bayer R)
47:40 Video Payload 4 Video Payload Video Payload Video Payload
. (Bayer G) 20 (Bayer G) 36 (Bayer G) 1268 (Bayer G)
55.48 Video Payload 5 Video Payload Video Payload Video Payload
: (Bayer R) 21 (Bayer R) 37 (Bayer R) 1269 (Bayer R)
63:56 Video Payload 6 Video Payload Video Payload Video Payload
: (Bayer G) 22 (Bayer G) 38 (Bayer G) 1270 (Bayer G)
71:64 Video Payload 7 Video Payload Video Payload Video Payload
: (Bayer R) 23 (Bayer R) 39 (Bayer R) 1271 (Bayer R)
79:72 Video Payload 8 Video Payload Video Payload Video Payload
. (Bayer G) 24 (Bayer G) 40 (Bayer G) 1272 (Bayer G)
87:80 Video Payload 9 Video Payload Video Payload Video Payload
: (Bayer R) 25 (Bayer R) 41 (Bayer R) 1273 (Bayer R)
95:88 Video Payload Video Payload Video Payload Video Payload
: 10 (Bayer G) 26 (Bayer G) 42 (Bayer G) 1274 (Bayer G)
103:96 Video Payload Video Payload Video Payload Video Payload
) 11 (Bayer R) 27 (Bayer R) 43 (Bayer R) 1275 (Bayer R)
111:104 Video Payload Video Payload Video Payload Video Payload
: 12 (Bayer G) 28 (Bayer G) 44 (Bayer G) 1276 (Bayer G)
119:112 Video Payload Video Payload Video Payload Video Payload
: 13 (Bayer R) 29 (Bayer R) 45 (Bayer R) 1277 (Bayer R)
127:120 Video Payload Video Payload Video Payload Video Payload
: 14 (Bayer G) 30 (Bayer G) 46 (Bayer G) 1278 (Bayer G)
TVALID / \
TKEEP 16'hFFFC 16'hFFFF 16'hFFFF 16'hFFFF 16'hFFFF 16'h0003
TUSER <Header Info> <Error>
Header size: Legend:

Ethernet Header: 14-byte
VLAN Tag: 4-byte
AVTP Header: 32-byte

Figure 3.20. Store & Forward FIFO AXI-S Output Data for 25G Ethernet (Odd Line Number)
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TDATA
70 Video Payload 7 Video Payload Video Payload Video Payload Video Payload
’ (Bayer R) 15 (Bayer R) 23 (Bayer R) 1271 (Bayer R) 1279 (Bayer R)
15:8 Video Payload 8 Video Payload Video Payload Video Payload Video Payload
. (Bayer G) 16 (Bayer G) 24 (Bayer G) 1272 (Bayer G) 1280 (Bayer G)
23:16 Video Payload 1\ /Video Payload 9 Video Payload Video Payload Video Payload
’ (BayerR) (Bayer R) 17 (Bayer R) 25 (Bayer R) 1273 (Bayer R)
3124 Video Payload 2\ / Video Payload Video Payload Video Payload Video Payload
' (Bayer G) 10 (Bayer G) 18 (Bayer G) 26 (Bayer G) 1274 (Bayer G)
39:32 Video Payload 3 Video Payload Video Payload Video Payload Video Payload
: (Bayer R) 11 (Bayer R) 19 (Bayer R) 27 (Bayer R) 1275 (Bayer R)
47:40 Video Payload 4\/ Video Payload Video Payload Video Payload Video Payload
' (Bayer G) 12 (Bayer G) 20 (Bayer G) 28 (Bayer G) 1276 (Bayer G)
55.48 Video Payload 5 Video Payload Video Payload Video Payload Video Payload
: (Bayer R) 13 (Bayer R) 21 (Bayer R) 29 (Bayer R) 1277 (Bayer R)
63:56 Video Payload 6 Video Payload Video Payload Video Payload Video Payload
' (Bayer G) 14 (Bayer G) 22 (Bayer G) 30 (Bayer G) 1278 (Bayer G)
TVALID /
TKEEP 8'hFC 8'hFF 8'hFF 8'hFF 8'hFF 8'hFF 8'h03
TUSER <Header Info> <Error>
Header size: Legend:

Ethernet Header: 14-byte
VLAN Tag: 4-byte
AVTP Header: 32-byte

Figure 3.21. Store & Forward FIFO AXI-S Output Data for 10G Ethernet (Odd Line Number)

The AVTP header contains information indicating the end of the video frame, which is available only at the end of the
packet from upstream, as shown by the TUSER[2] signal in Figure 3.17.

Figure 3.22 shows the module internal architecture that includes two FIFOs with different widths and depths to

manage data flow:

o A 1-bit width FIFO stores the information indicated by TUSER[2] (end of current video frame) when TLAST
(indicating the end of a packet) is asserted and presents it to downstream at the start of the packet.
e  148-bit width DC FIFO is used to store remaining packet data for 25G and a 76-bit DC FIFO is used for 10G.

AXI-S In Interface —

Store & Forward FIFO

DC FIFO

(TUSER[2] only)

DC FIFO

(All Data Except
TUSER[2])

TUSER[2H

»

Figure 3.22. Store & Forward FIFO Internal Architecture

. AXI-S Out Interface
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The DC FIFO width for 25G is calculated as follows:

e  FIFO Width = TDATA + TLAST + TKEEP + TUSER =128 + 1 + 16 + (4 - 1) = 148 bits

e  Minimum FIFO Depth = [AVTP frame size without FCS] / Data width = 1330 / 16 = 83.125 entries, rounded up to
128 entries.

e Depth of FIFO for TUSER[2] = Two entries

Whereas the DC FIFO width for 10G is calculated as follows:

e  FIFO Width = TDATA + TLAST + TKEEP + TUSER =64 +1 + 8 + (4 - 1) = 76 bits

e  Minimum FIFO Depth = [AVTP frame size without FCS] / Data width = 1330 / 8 = 166.25 entries, rounded up to 256
entries.

e Depth of FIFO for TUSER[2] = Two entries

When the packet input data is valid, all signals of the AXI-S In Interface are written to the main FIFO, except TUSER[2].
The FIFO for TUSER[2] is written only when a valid TLAST is asserted. Data stored in the main FIFO is read out and
presented downstream only when valid data is available in the FIFO for TUSER[2] and downstream is ready for data.
The data read from the main FIFO continues for the same Ethernet frame until TLAST is read out. The FIFO

for TUSER[2] is read only when the first data of the packet from the main FIFO is read out.

3.2.5.3. AVTP Header Inserter

After the data exits the Store & Forward FIFO module, it enters the AVTP Header Inserter module. This module is
responsible for adding the necessary headers to the video data to prepare it for network transmission. The following
figure shows the internal components of this module.

AVTP Header Inserter

Header Input » Header Generator

—>

TUSER ¢

» Header Inserter P AVTP Out Interface

AVTP Payload In
Interface

Figure 3.23. AVTP Payload Inserter Internal Architecture

The following describes the AVTP Header Inserter module:

e Header Generation and Insertion: The AVTP Header Inserter adds both Ethernet and AVTP headers to the video
data (payload) it receives from the upstream module. These headers contain important information needed for the
data to be correctly transmitted and interpreted by the receiving devices.

e Data Flow:

e Input: Figure 3.20 shows the input AXI-S data bus from the Store & Forward FIFO, which carries the video data
without headers.

e  Output: Figure 3.24 shows the output AVTP frame, which now includes the complete headers and the
encapsulated video data in a 128-bit AXI-S data bus for 25G Ethernet.
The generated AVTP header is inserted right before the AVTP payload (the video data). This combined data
(header + payload) is then sent to the downstream output interface, ready for network transmission.

By adding these headers, the AVTP Header Inserter ensures that the video data is properly formatted for transmission
over the network, which allows it to be correctly received and processed by other devices.
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TDATA
7:0 Ethe”‘ei Header\/ tipertype1 Y AVTP Header 15 X AVTP Header 31 Vi‘;e(‘;:;;’ﬁ;d V;‘ie(‘;ap:l:"sd / l’é‘;"(g:ﬁ‘f’g l’é‘i‘;"(;:\‘/"e‘:a;)
15:8 Etherne; Header EtherType 2 AVTP Header 16 X AVTP Header 32 Vi:i;::g:‘::)d V?i’&;e((;:;g:(gd / / ;lzicéio(;:;/:;ag) :\llzi:go(;::leoraGd)
23:16 Etheme; Header\/ \/1p Header 1 X AVTP Header 17 Vid‘fga';ae\:';’;“d 1 Vf;e(’;::::c’sd V;ie(‘;::;’:‘):)d / / Y;é;"(g:\‘l";a;)
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Figure 3.24. AVTP Header Inserter AXI-S Output Data for 25G Ethernet (Odd Line Number)
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Figure 3.25. AVTP Header Inserter AXI-S Output Data for 10G Ethernet (Odd Line Number)

3.2.5.4. Aggregator

The Aggregator multiplexes AVTP frames from two AXI-S video streams using a round-robin scheduling method as
shown in Figure 3.26 into single AXI-S interface. It then forwards these frames to the Ethernet TX FIFO and the Video
Source Selector.

The Aggregator consists of the following criteria:

e Multiplexing: The Aggregator takes video data from multiple cameras and combines it into a single stream. This is
done in a round-robin fashion, meaning it takes turns processing data from each camera.

e Source Selection: The Aggregator only selects a new video source when it is not currently processing an AVTP
frame or has finished processing the current frame. This ensures smooth transitions between video sources.

e No Backpressure at Output: The system is designed to avoid backpressure, which means the downstream
components must always be ready to receive data without causing delays.

AXI-S In O Interface

AXI-S In 1 Interface

Aggregator

|-
Ll

Figure 3.26. Aggregator Internal Architecture

{

h 4

t—————p AXI-S Out Interface
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3.2.5.5. Video Source Selector

This module is responsible for selecting video sources in two stages, ensuring that only the desired video data is
processed and transmitted as shown in Figure 3.27.

Video Source Selector
AXI-S In O Interface o
(Local) g )
+——» Header Decoder » Frame Filter P AXI-S Out Interface
AXI-S In 1 Interface N
Ll
(Network) £ ¢ 2 A
Video Frame
Boundary
Detection
Selector Matching Criteria

Figure 3.27. Video Source Selector Internal Architecture

Stage 1: Initial Source Selection (Local Camera Sensors or Network)

o Data Reception: The module receives Ethernet frames from both local Camera Sensor Subsystems and the
Network Subsystem.

e Source Filtering: It only forwards the Ethernet frames from the selected source to the next stage. Frames from
other sources are ignored and dropped internally.

Stage 2: Header Decoding and Frame Filtering

o Header Decoding: The module decodes the headers of the Ethernet frames.

e Frame Filtering: It forwards only the AVTP frames that match specific criteria (as described in Table 3.4) to the
downstream blocks. Frames that do not match are ignored and dropped internally.

Table 3.4. Video Source Selector Ethernet Frame Matching Criteria

Fields Byte Offsets Matching Criteria

DA (destination MAC address) 0-5 91:E0:F0:00:FE:0n, where n is the selected stream ID.

TPID (tagged protocol identifier) 12-13 0x8100

AVTP EtherType 16-17 0x22F0

subtype 18 0x17

sv (stream_id valid) 19 (bit-7) 1

stream_id 22-29 0x00_D0_BD_17_22_0m_00_0n, where n is the selected stream ID, and
m=n/2.

Filtering Based on Video Frame Boundaries

Filtering is essential to ensure that only complete and valid video frames are processed and transmitted. The system
detects the boundaries of video frames, identifying the start and end of each frame. This detection is crucial for
ensuring that only complete frames are processed. After the frame boundaries are detected, the system filters the
video data to ensure that only frames meeting specific criteria are forwarded. This process may include verifying frame
stream ID and ensuring that the frames originate from the selected video source.

Handling Different Scenarios

The module ensures that only complete video frames are output by handling various scenarios:

e Normal Operation: Outputs video packets from the start to the end of the video frame for the selected source.

e Source Switching Outside Frame Boundaries: If the video source switches outside the start and end of a video
frame boundary, the switch happens immediately.
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Source Switching Within Frame Boundaries: If the switch occurs between the start and end of a video frame, the
module waits until the current frame is fully processed before switching.

Receiving Mid-Frame Packets from New Source: If a switch happens outside frame boundaries but the new source
packets start mid-frame, the module waits until the current frame is fully output before switching. It then waits for
the start of the new frame from the new source.

Receiving Mid-Frame Packets from Current Source: If packets from the current source start mid-frame, the
module waits for the start of the next frame before outputting data. This can happen if the display board connects
to the network after the video source has already started transmitting.

Incomplete Frame Reception: If only part of a frame is received (For example, due to a reset or disconnection), the
module requires system-level detection to handle the scenario. If no packets are received after a timeout, a
system-level reset may be needed, which is beyond the scope of this design.

3.2.5.6. AVTP Header Remover

This module is responsible for processing AVTP frames by removing their headers and forwarding the pixel data to the
Video Line Buffer.

AVTP Header Remover

» Header Extractor

TUSER

AVTP In Interface P Header Remover P AVTP Out Interface

Figure 3.28. AVTP Header Remover Internal Architecture

The following lists the operations included for the AVTP Header Remover module:

Receiving AVTP Frames: The module receives AVTP frames, which include video data along with Ethernet and

AVTP headers.

Header Extraction: The Header Extractor component extracts important header information from the incoming

AVTP frames. This information is presented as TUSER (sideband signal) on the output interface when the first pixel

of the AVTP frame is sent out. This ensures that the necessary control information accompanies the video data.

Removing Headers: In the main data path, the Ethernet and AVTP headers are removed. This is achieved by de-

asserting the TVALID and TKEEP signal for the corresponding bytes, effectively stripping the headers from the data.

Figure 3.28 illustrates this process.

e  AVTP Input: Figure 3.24 shows the input AXI-S data bus from the Video Source Selector, which includes the
headers.

e AVTP Output: Figure 3.29 shows the output AXI-S data bus with the headers removed, resulting in a 128-bit
data stream that contains only the video pixel data for 25G Ethernet.
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TDATA
7.0 Video Payload Video Payload Video Payload Video Payload
’ 15 (Bayer R) 31 (Bayer R) 1263 (Bayer R) 1279 (Bayer R)
15:8 Video Payload Video Payload Video Payload Video Payload
! 16 (Bayer G) 32 (Bayer G) 1264 (Bayer G) 1280 (Bayer G)
23:16 Video Payload 1 Video Payload Video Payload Video Payload
’ (Bayer R) 17 (Bayer R) 33 (Bayer R) 1265 (Bayer R)
31:24 Video Payload 2 Video Payload Video Payload Video Payload
’ (Bayer G) 18 (Bayer G) 34 (Bayer G) 1266 (Bayer G)
39:32 Video Payload 3 Video Payload Video Payload Video Payload
) (Bayer R) 19 (Bayer R) 35 (Bayer R) 1267 (Bayer R)
47:40 Video Payload 4 Video Payload Video Payload Video Payload
' (Bayer G) 20 (Bayer G) 36 (Bayer G) 1268 (Bayer G)
55.48 Video Payload 5 Video Payload Video Payload Video Payload
: (Bayer R) 21 (Bayer R) 37 (Bayer R) 1269 (Bayer R)
63:56 Video Payload 6 Video Payload Video Pay load Video Payload
' (Bayer G) 22 (Bayer G) 38 (Bayer G) 1270 (Bayer G)
71:64 Video Payload 7 Video Payload Video Payload Video Payload
’ (Bayer R) 23 (Bayer R) 39 (Bayer R) 1271 (BayerR)
79:72 Video Payload 8 Video Payload Video Payload Video Payload
: (Bayer G) 24 (Bayer G) 40 (Bayer G) 1272 (Bayer G)
87:30 Video Payload 9 Video Payload Video Payload Video Payload
’ (Bayer R) 25 (Bayer R) 41 (Bayer R) 1273 (Bayer R)
95:88 Video Payload Video Payload Video Payload Video Payload
: 10 (Bayer G) 26 (Bayer G) 42 (Bayer G) 1274 (Bayer G)
103:96 Video Payload Video Payload Video Payload Video Payload
: 11 (Bayer R) 27 (Bayer R) 43 (Bayer R) 1275 (Bayer R)
111:104 Video Payload Video Payload Video Payload Video Payload
) 12 (Bayer G) 28 (Bayer G) 44 (Bayer G) 1276 (Bayer G)
119:112 Video Payload Video Payload Video Payload Video Payload
! 13 (Bayer R) 29 (Bayer R) 45 (Bayer R) 1277 (Bayer R)
127:120 Video Payload Video Payload Video Payload Video Payload
! 14 (Bayer G) 30 (Bayer G) 46 (Bayer G) 1278 (Bayer G)
TVALID /
TKEEP 16'hFFFC 16'hFFFF 16'hFFFF 16'hFFFF 16'hFFFF 16'h0003
TUSER <Header Info>
Header size: Legend:

Ethernet Header: 14-byte
VLAN Tag: 4-byte
AVTP Header: 32-byte

Figure 3.29. AVTP Header Remover AXI-S Output Data for 25G Ethernet (Odd Line Number)
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TDATA
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Video Payload 7 Video Payload Video Payload Video Payload Video Payload
7:0 (Bayer R) 15 (Bayer R) 23 (Bayer R) 1271 (Bayer R) 1279 (Bayer R)
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31:24 (Bayer G) 10 (Bayer G) 18 (Bayer G) 26 (Bayer G) 1274 (Bayer G)
Video Payload 3 Video Payload Video Payload Video Payload Video Payload
39:32 (Bayer R) 11 (Bayer R) 19 (Bayer R) 27 (Bayer R) 1275 (Bayer R)
Video Payload 4 Video Payload Video Payload Video Payload Video Payload
47:40 (Bayer G) 12 (Bayer G) 20 (Bayer G) 28 (Bayer G) 1276 (Bayer G)
Video Payload 5 Video Payload Video Payload Video Payload Video Payload
55:48 (Bayer R) 13 (Bayer R) 21 (Bayer R) 29 (Bayer R) 1277 (Bayer R)
Video Payload 6 Video Payload Video Payload Video Payload Video Payload
63:56 (Bayer G) 14 (Bayer G) 22 (Bayer G) 30 (Bayer G) 1278 (Bayer G)
TVALID / \
TKEEP 8'hFC 8'hFF 8'hFF 8'hFF 8'hFF 8'hFF 8'h03
TUSER <Header Info>
Header size: Legend:

Ethernet Header: 14-byte
VLAN Tag: 4-byte
AVTP Header: 32-byte
Figure 3.30. AVTP Header Remover AXI-S Output Data for 10G Ethernet (Odd Line Number)

e Forwarding Header Information: Certain header information is forwarded to the Video Line Buffer as part of the
AXI-S TUSER signal along with the first cycle of every AVTP packet. This includes:
e active_pixels: The number of active pixels in the frame.
e total_lines: The total number of lines in the frame.
e stream_data_length: The length of the video data stream.
e line_number: The current line number being processed.
e i_seqg_num: The input sequence number.
e ef (end frame): Indicates the end of the video frame.

For detailed video format value, refer to Table 3.3.

3.2.5.7. Video Line Buffer

When video data is transferred over an Ethernet network, the received Ethernet frames containing the video data may
encounter several issues:

e The order of the packets received may differ from the original sequence.

e Variable latency of packets may be introduced by the network.

e Some packets may be dropped in the network due to various reasons.

To address these issues, data buffering and reordering are necessary to ensure that continuous video data in the
correct sequence is transferred to the Video Processing Subsystem.

This module includes a pseudo dual-port memory that can store up to two lines of video data as shown in Figure 3.31.
When video data from the AVTP Header Remover is received, the data is stored in the memory dedicated to the first
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line, based on the pixel offset derived from the i_seq_num field of the AVTP header. Once all video data for the scan
line is received, the data is sent downstream.

In cases where packets are received out of sequence (For example, data for the next line is received before data for the
current line), the data for the next line is stored in the memory dedicated to the next line, while the data for the
current line, received later, is stored in the memory for the current line.

If packets are lost or experience significant delays, the design cannot wait indefinitely for these packets. Therefore, a
timeout mechanism is implemented to start sending out video data for the specific line after a timeout period. For
segments with lost or delayed data, the previous content from the memory will be sent as part of the current line.

Video Line Buffer

A 4

Storage Tracker

A 4 \ 4

Pseudo Dual-port
RAM

AVTP In Interface

A 4

Write Controller — —»  Read Controller » Pixel Out Interface

Figure 3.31. Video Line Buffer Internal Architecture

This module also functions as a clock-crossing data buffer, transitioning data from the Ethernet clock domain (25G:
195.3125 MHz, 10G: 156.25 MHz) to the pixel clock domain (4K: 148.5 MHz, 1080p: 74.25 MHz). Figure 3.15 shows the
input AXI-S data bus from the AVTP Header Remover, while Figure 3.29 shows the output pixel data.

To comply with the input requirements of downstream video IP, horizontal blanking is inserted after the end of each
video line, and vertical blanking is inserted after the end of each video frame.

Segment 0 Segment 1 Segment 2 Segment 3 Segment 4 Segment 5

AVTP_WIDTH Odd Line Number | Odd Line Number | Odd Line Number | Even Line Number | Even Line Number | Even Line Number

Pixel 1-1280 Pixel 1281 - 2560 | Pixel 2561 - 3840 Pixel 1 - 1280 Pixel 1281 - 2560 | Pixel 2561 - 3840

\
H_ACTIVE / AVTP_BYTE

Figure 3.32. Video Line Buffer RAM Logical Structure

The video line buffer uses a Pseudo Dual-port RAM to store up to two lines of video data. Each video line is divided into
three segments to manage the data efficiently.
The following lists the descriptions for Figure 3.31 and Figure 3.32:
e  Storing Video Data:
e The buffer can store up to two lines of video data at a time.
e Eachvideo line is divided into three segments (4K) or two segments (1080p) to organize the data.
e The pixel data is written to a specific segment based on the line_number and i_seq_num (sequence number)
from the TUSER signals.
e  For odd-numbered lines, the data is stored in segments 0, 1, or 2.
e For even-numbered lines, the data is stored in segments 3, 4, or 5.
e Handling Out-of-Sequence Data:
The system can handle Ethernet frames that arrive out of order. It places the pixel data in the correct segment
according to the control signals, ensuring the data is in the right sequence.
e  Write Controller:
When video data is written to a segment, the Write Controller updates the status of that segment to 1 in the
Storage Tracker. This indicates that the segment is filled with data.
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e Read Controller:
e The Read Controller checks the Storage Tracker. If all segments for a line are filled, it starts reading the video
data and sends it downstream for further processing.
e After reading the data, the Read Controller resets the status of the segment to 0 in the Storage Tracker,
indicating that the segment is ready for new data.

Timeout Calculation
e 4K:
Time required to transfer 3,840 pixels = (3,840 pixels / 2 pixels per clock) / (148.5 MHz) = 12.93 ps. Therefore, the
current video lines must be transmitted within expected 12.93 ps after reception of first pixel of the video lines.
Convert to number of clock cycle of 148.5 MHz clock = RoundDown [ (12.93 us) / (148.5 MHz) ] = 1,920 clock cycles
e 1080p:
Time required to transfer 1,920 pixels = (1,920 pixels / 2 pixels per clock) / (74.25 MHz) = 12.93 ps.
Therefore, the current video lines must be transmitted within expected 12.93 ps after reception of first pixel of the
video lines.
Convert to number of clock cycle of 74.25 MHz clock = RoundDown [(12.93 pus) / (74.25 MHz) ] = 960 clock cycles

Status Generation

Out of sequence status is generated by detecting if the current i_seq_num is not increment of previous AVTP frames.
Exception is when i_seq_num is 0. Segment lost error status will be generated if it is time to read/transmit the data for
that segment, but it is not yet received.

3.2.5.8. Ethernet TX FIFO

The Ethernet TX FIFO buffer is an important component in managing data flow in Ethernet communication. The
Ethernet TX FIFO helps manage data flow between different parts of the Ethernet system. It temporarily stores data
packets to handle situations where the Ethernet MAC interface is busy or needs to pause.

By default, the FIFO can store up to three AVTP frames. However, you can adjust this capacity based on specific needs.
Figure 3.33 shows the flow of internal architecture.

Ethernet TX FIFO

TLAST—P>
AXI-S In Interface — FIFO P AXI-S Out Interface

Partial Full

Figure 3.33. Ethernet TX FIFO Internal Architecture

The following describes the Ethernet TX FIFO buffer:
e Handling Data Flow:
e The FIFO stores data packets when the Ethernet MAC interface cannot immediately process them. This helps
prevent data loss and ensures smooth communication.
e [f the Ethernet MAC receives a pause frame (a signal to temporarily stop sending data), the FIFO will store
incoming packets until the MAC is ready to continue.
e  No Backpressure Support:
e The FIFO input interface does not support backpressure. This means it cannot signal the sender to stop
sending data if the FIFO is full.
e If the FIFO becomes full, it will mark the last available slot with a special signal (TLAST=high) to indicate the end
of the packet. It will also set an error signal (TUSER=high) to show that there was an issue.
e Any additional data received while the FIFO is full will be discarded until the current packet is fully processed.
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The input and output interfaces of the FIFO follow the same structure as shown in Figure 3.24.
When input interface is valid, all signals of AXI-S In Interface are written to the FIFO.

The FIFO is read out whenever there is valid data, as indicated by empty flag, and when the AXI-S output TREADY is
asserted.

FIFO Depth Calculation
AVTP frame length (without FCS) =1,330 bytes

FIFO Width =128 bits
=16 bytes

Depth for each AVTP frame = Round Up (1,330 bytes / 16 bytes)
=84

Depth for three AVTP frames =84x3
=252

Therefore, the depth of FIFO =256

3.3. Clocking Scheme

3.3.1. Clocking Overview

The following figure shows the clock network architecture for the MIPI CSI-2 to Ethernet Reference Design in Lattice
Avant devices.

FPGA
Camera Sensor Subsystem Video Transport Subsystem Video Processing Subsystem Display Subsystem

Tomatie Coror
Camera Sensor Byte to Pixel | [ Videoto Video Source Ethemet to | [ o |
‘ v }» 4-{ MIPI CSI-2 H e Map o A1 { cthemet Aggregator Pt Vo | | ebaver White Correction Pk et
T Camera 12¢ T—I;,fgf I HOMI 12
Controller ‘ Controller
%

i i
I T

Memory
Camera Sensor Subsystem Network Subsystem
Camera Sensor ] Byte to Pixel | [ videoto T ethernet Network
(IMX258) }’ M csl2 F:‘ Converter VP toAXIS | | ethemet

Camera 12 el ethernet
Controller

system_clocks_pll

erasic HDOWIT-
FMC Daughter

ck_i clki_i clkop_o

Figure 3.34. Reference Design Clock Domain Block Diagram

The following table lists the details of the clock frequency and distribution.

Table 3.5. Clock Domain Distribution

Clocks Frequency (MHz) Description
clk_i 27 Reference clock for system PLL.
clk_system 27 12C clock for camera sensors and HDMI display.
clk_pixel 4K: 148.5 Clock for all AXI-S pixel interfaces of
1080p: 74.25 e  Camera sensor subsystems

e  Video to Ethernet and Ethernet to Video of Video Transport Subsystem
e  Video Processing Subsystem

e  Display Subsystem

pclk 90 Clock for Video Frame Buffer.
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Clocks Frequency (MHz) Description

clk_hdmi 4K: 297 Clock for HDMI display.
1080p: 148.5

clk_sync 66 Clock for MIPI CSI-2 D-PHY Rx IP.

clk_eth 25 Gb: 195.3125 Clock for data path of Network Subsystem and AVTP interface of Video Transport
10 Gb: 156.25 Subsystem.

3.4. Reset Scheme

3.4.1. Reset Overview

The following figure shows an overview of the reference design reset domain. In this design, the asynchronous reset
pin is used as a system reset. This means you can reset the entire device by pressing a push button connected to this
pin. The reset input from the push button is debounced before its first use to prevent issues caused by unstable reset.
System PLL locked status is used as input to reset controller to ensure all other logic come out from reset only when
the clocks driving them are stable.

The reset signals are synchronized to respective clock domain to ensure de-assertion of the reset are synchronized to
the clock driving the logic.

— All Other Logic

reset_en_i — Debouncer > PLL Reset > Reset Syn'chronlzer
Controller (of respective clocks)

Ethernet Camera

B Subsystem g Sensor 0

Memory Camera

> Controller B Sensor 1

[, HOMmI
Display

Figure 3.35. Reference Design Reset Block Diagram
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4. Reference Design IP and Parameter Description

4.1. IP Description

This reference design is an advancement of the MIPI CSI-2 to HDMI reference design and the 25G and 10G Ethernet IP.
Therefore, the IP and parameters are expected to be largely the same. This chapter provides a brief explanation of the
IP used and focuses on the additional changes from the individual reference designs.

In this reference design, the project has organized the IP into three folders: one for 4K, one for 1080p, and a common
IP directory used for both resolutions. This structure eliminates the need for you to regenerate IP cores when switching
resolution between 4K and 1080p. Subchapters 4.1.1 to 4.1.10 in the IP Description section detail the IP cores used in
4K and 1080p with different configurations, while subchapters 4.1.11 to 4.1.13 cover the common IP used in both
implementations with the same configuration.

Note 1: Regenerate the Automatic White Balance (AWB) IP only when the project location changes.
Note 2: To prevent overwriting internal IP constraints, do not regenerate the Memory Controller IP unless necessary.
If regeneration is required, follow these steps:

1. Manually copy the constraints from:
RD02311_MIPI_CSI2_Ethernet\fpga_lavat\radiant\src\constraints\mc_constraint.sdc.

2. Replace the constraint starting from line 252 to the end of the file based on your resolution:
e For4Kk:
RD02311_MIPI_CSI2_Ethernet\fpga_lavat\radiant\src\ip\4K\mc\constraints\constraints.sdc.
e For 1080p:
RD02311_MIPI_CSI2_Ethernet\fpga_lavat\radiant\src\ip\1080p\mc\constraints\constraints.sdc.

For more details regarding the individual design, refer to the MIPI CSI-2 to HDMI Reference Design User Guide (FPGA-
UG-02206), 25G Ethernet MAC+PHY IP Core User Guide (FPGA-IPUG-02249), and 10G Ethernet MAC+PHY IP Core User
Guide (FPGA-IPUG-02245).

4.1.1. MIPI CSI-2 D-PHY Receiver IP

The MIPI CSI-2 D-PHY Receiver IP for the Lattice Avant Versa board converts CSI-2 serial data on the D-PHY bus to a
32-bit parallel byte data. It utilizes four serial data lanes geared down to 8. This IP is implemented as a soft IP on the
FPGA. Additionally, it generates an output byte clock based on the data type, which is then passed to the top-level logic
of the DUT. Table 4.1 lists the parameters that must be changed when switching between different resolutions. Note
for both configurations, the sensor is outputting a continuous D-PHY clock. In this mode, the recommendation is to
disable RX_FIFO in the RX_FIFO settings and drive the clk_byte_fr_i input clock with the clk_byte_hs_o output clock
directly.

www.latticesemi.com/legal


http://www.latticesemi.com/legal
https://www.latticesemi.com/view_document?document_id=54140
https://www.latticesemi.com/view_document?document_id=54140
https://www.latticesemi.com/view_document?document_id=54083
https://www.latticesemi.com/view_document?document_id=54082
https://www.latticesemi.com/view_document?document_id=54082

= LATTICE

Madule/IP Block Wizard >
E

Configure Component from IP dphy_rx Version 2.0.0
Set the following parameters to configure this component.

Mo DRC issues are found.

Diagram CS1_2_D_PHY_Receiver Coenfigure IP
CSI_2_D_PHY_Receiver General RX_FIFO Settings
bd_a[3140 Property Value
eli_byte_hs_o ~ Recoiver
clk_byte o
clk_nio R¥ Interface Type csl-2
clk_p_ic
dnic[30] Number of RX Lanes 4
d_p_ic[3:0
Pl RX Gear 2
dphy_cfg_nur_lanes_o[1:0]
dphy_nedstawidth_hs_o[10] Enable Deskew Calibration Detection
dt_c[=0] ~ Clock
etk byt s sec-thi.eror.a RX Line Rate (Mbps) [0 - 1800] 742.5
ecc_2bit_emor_o
—pll_leck_i
ecc_byte_emor_o
=t vt i[50]
ecc_check o
—freset_byte fr_n_i
lreserni sccel=] D-PHY Clock Mode Continuous
edgemon_done_o|
=—{necsr_dropnulli n Sync Clock Frequency (MHz) [60 - 200] |66
) 5 Sy
— CECST_WO_ON_) |p_5-v_er_ = 'l I I .ﬂ.rcll'l re
—syne_eiki
syncrsti lp_d_rs_n_o[30 Enable Lane Aligner Module =2
—zyne_rs
Ip_d. 30
—_rdyi p-d-ep-ol Enable Packet Parser =2
Ip_en_s
payioad_bytevid_o[T0 Enable AX|4-5tream Interface
payload_crc_o[150 Enable LMMI Interface
payiazd_crevid Enable Miscellaneous Status Signals
payload_en_
. Enable CRC Check
payload_o[310
ready_ ~ Timing Parameter
=p-en Customize Data Settle Cycle =
ve-oIral Data Settle Cycle [0 - 255] 1
vex_o[1:0]
ve_a[15] Configurable Data Settle Count
dphy_rx
4

Generate

Cancel

Figure 4.1. CSI-2 to HDMI IP GUI

Table 4.1. Parameters to Change in MIPI CSI-2 D-PHY IP

Attribute

‘ Value for 1080p Configuration ‘ Value for 4K Configuration

Clock

Rx Line Rate (Mbps) | 371.25 | 74225

4.1.2. Byte-to-Pixel Converter IP

The Byte-to-Pixel Converter IP converts CSI-2 standard-based video payload packets from the D-PHY Receiver Module
output to pixel format. Additionally, the Byte-to-Pixel Converter IP generates image sensor control signals such as line
valid and frame valid in the pixel domain based on the CSI-2 short packets. Table 4.2 lists the parameters that must be
changed when switching between different resolutions. Note that with the IMX258 configurations for both resolutions,
the Data Type from the sensor is configured to be RAW10, which means 10-bit per pixel. However, the downstream
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components such as Debayer IP only requires 8-bit per pixel. Thus, in this design, each of the 10-bit pixel from this
module is truncated at the low significant bits, turning them into an 8-bit pixel format.

| Module/IP Block Wizard

Diagram byte_to_pixel_converter

Configure Component from IP byte2pixel Version 1.9.1
Set the following parameters to configure this component.

Configure [P

byte_to_pixel_converter

—clk_byte_i
—iclk_pixel_i

= dt_i[5:0]
—lp_av_en_i
—payload_en_i
= payload_i[31:0]

—reset_byte n_i

p_odd_o[1:0]m=
pd_0[19:0]m=
pix_out_cntr_o[15:0]m=

pixcnt_c_o[18:0]m

fv_o—

Iv_o—

—{reset_pixel_n_i
wC_pix_sync_o[15:0]
—sp_en_i
- i[15:0]
byte2pixel

Property

~ General
Data Type

~ Byte Interface
RX Interface

Number of RX Lanes

RX Gear

Byte Clock Frequency (MHz) [10 - 250]
Enable AXI4-Stream Receiver Interface

~ Pixel Interface
Mumber of Output Pixel Lanes
Camera/Display Control Polarity

Pixel Clock Frequency (MHz) [10 - 250]

Pixel-Side Transmitter Interface

- FIFO
Manual Adjust

FIFQ Implementation

Word Count [3 - 63535]
¥ Miscellaneous

Enable Debug Ports

Register Interface

Mo DRC issues are found.

Value

RAWTD

C5l-2

4
8
92.8125

2

Pasitive

143,53

Mative Interface

EBR
4300

OFF

Generate

Cancel

Figure 4.2. Byte-to-Pixel IP GUI

Table 4.2. Parameters to Change in Byte-to-Pixel IP

Attribute | Value for 1080p Configuration | Value for 4K Configuration
Byte Interface

Byte Clock Frequency (MHz) | 46.40625 | 92.81250

Clock

Pixel Clock Frequency (MHz) | 74.25 | 148.50

FIFO

Word Count | 2,400 | 4,800
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4.1.3. Debayer IP

CMOS color image sensors do not capture all three-color components for each pixel. They capture only one of the
three-color components per pixel. Because green is the dominant component that closely captures luminance
compared to red or blue, half of the pixels in a sensor capture the green component, while a quarter of the pixels
capture the blue component, and the other quarter capture the red component. The process of interpolating and
recreating the missing color components not captured by the sensor is called Debayering, De-Mosaicing, or Color Filter
Array (CFA) Interpolation. After Debayering, each pixel is represented by all three-color components. Table 4.3 lists the
parameters that must be changed when switching between different resolutions. Note that with the IMX258, the Bayer
pattern is set to RGGB pattern.

Meodule/IP Block Wizard E
[

Configure Component from IP debayer Version 1.2.2
Set the following parameters to configure this component.

Diagram image_debayer Configure IP
= DEBAYER Test parameters
Property Value
~ Debayer Configuration
Bits per pixel H]

Pixels per clock 2

image_debayer

Partial Resolution
Horizontal size [312 - 4096] 3240
—[Hxaas_so
= Dynamic Configuration
Enable dynamic configuration

—laxis_rx_clk_i Ax[45_M— ~ FIFO

— axis_rx_arstn_i

—{axis_tx_arstn_i T« buffer depth 1024
. ) Blanking buffer Depth 2192
—axis_b_clk_i o
Bayer pattern RGGE
debayer
4 »
Document Mo DR.C issues are found.

Generate Cancel
Figure 4.3. Debayer IP GUI
Table 4.3. Parameters to Change in Debayer IP
Attribute | Value for 1080p Configuration | Value for 4K Configuration
Debayer — Debayer Configuration
Horizontal Size | 1,920 | 3,840
Test Parameter — Test Configuration
Horizontal pixel size 1,920 3,840
Vertical pixel size 1,080 2,160
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4.1.4. Automatic White Balance IP

The Automatic White Balance (AWB) IP automatically compensates for illumination temperature-based color
differences, ensuring that white appears white. This operation is primarily performed in the Bayer domain but can also
be done in the RGB domain. AWB is a pixel-based operation that uses image statistics. Because pixel correction is
scene-based, it does not require calibration. White balancing is a two-step process: determining the nature of the
illuminant and correcting the image based on the illuminant. Table 4.4 lists the parameters that must be changed when
switching between different resolutions.

| Module/IP Block Wizard *

Configure Component from IP awb Version 1.3.0
Set the following parameters to configure this component.

Diagram automatic_white_balance Configure IP
= AWEB Test parameters
Property Value
* AWE Configuration
Bits per pixel H]
automatic_white_balance Pixels per clock 2
Partial Resclution
_qums_so ~ Dynamic Configuration
—laxis_rx_arstr_i Enable Dynamic Configuration
i i ~ FIFO
—axis_rx_clk_i AXI4S_MCE—
T« buffer depth 1024
—|axis_t_arstn_i ~ Configuration Default Values
—laxis_t_clk i Video type RGB
awb
-
1 [

Mo DRC issues are found.

Generate Cancel
Figure 4.4. Automatic White Balance IP GUI
Table 4.4. Parameters to Change in Automatic White Balance IP
Attribute Value for 1080p Configuration Value for 4K Configuration
Test parameters — Test configuration
Horizontal pixel size 1,920 3,840
Vertical pixel size 1,080 2,160
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4.1.5. Color Correction Matrix IP

The measured RGB values from the image sensors differ from the true RGB values of the image, primarily due to the
characteristics of the optical filter overlay in the sensor. To obtain accurate colors, the pixels need to be mapped from
the sensor RGB color space to the standard RGB color space. This linear mapping of the color components is achieved
using a 3x3 matrix, known as the Color Correction Matrix (CCM). CCM is a pixel-level operation that does not require
any line buffers and is performed in the RGB domain. Table 4.5 lists the parameters that must be changed when
switching between different resolutions.

=] Madule/IP Block Wizard X

Configure Compeonent from IP ccm Version 1.2.1
Set the following parameters to configure this component.

Diagram color_correction_matrix Configure IP
= CCM Test parameters
Property Value
~ CCM Configuration
Bits per pixel 8
Pixels per clock 2

Partial Resolution

~ Dynamic Configuration
Enable dynamic configuration
. - ~ FIFQ
color_correction_matrix
T buffer depth 1024
—EAXI“S_SO ~ Configuration Default values

—axis_rx_arstn_i
- - ~ Translation Vector Elements

—faxis_rx_ck_i  AXI4S_MO4s= Translation
—axis_tx_arstn_i
—faxis_tx_clk_i
ccm ~ Color Correction Martrix Elements
MRR [-0.99 - 0.99] 0.99
MRG [-0.99 - 0.99] 0
MRB [-0.99 - 0.99] 0
MGR [-0.99 - 0.99] 0
MGG [-0.99 - 0.99] 0.99
MGB [-0.99 - 0.99] 0
MEBR [-0.99 - 0.99] 0
MBG [-0.99 - 0.99] 0
- MBB [-0.99 - 0.99] 0.99
4 [
Document Mo DRC issues are found.

Generate Cancel
Figure 4.5. Color Correction Matrix IP GUI
Table 4.5. Parameters to Change in Color Correction Matrix IP
Attribute Value for 1080p Configuration Value for 4K Configuration
Test parameters — Test configuration
Horizontal pixel size 1,920 3,840
Vertical pixel size 1,080 2,160

www.latticesemi.com/legal


http://www.latticesemi.com/legal

4.1.6. System Clocks PLL IP

= LATTICE

The PLL IP is used to generate clocks for the Byte-to-Pixel Converter (B2P), succeeding IP cores, HDMI, image sensor,
I2C modules, and the sync clock input for the D-PHY Receiver. It takes a 27 MHz clock input from the board and the D-
PHY Receiver output byte clock as an input. The PLL must be configured according to the operating resolution and
frequency of the design. Table 4.6 shows the respective clock output frequencies for the design.

= | Madule/IP Block Wizard

Configure Component from Module pll Version 2.6.1
Set the following parameters to configure this component.

Diagram systern_clocks_pll Configure IP

General Optional Ports Sirnulation
Property

* General

Set Maxirnum Error Option
Set Number of Clock Outputs [1-7]
Enable Fractional Accumulation (Dithering)

system_clocks_pll

Enable Spread Spectrum Clock Generation

é ) Synchronize CLKOUT Enable to CLKOP
clkop_o—
~ Reference Clock
clkos2_o}—
Reference Clock: Frequency (MHz) [10 - 800]
—clki_i clkos3 _o}—
H ~ Feedback
—rstn_i clkos4_o}—
clkos_of—
lock_o}l—
. J
pl | ~ Clock Output 0
CLKQUT 0: Port Mame
CLKOUT 0 Bypass
CLKOUT 0 Desired Frequency Value (MHz) [13.625 - 1250]
CLKOUT O Static Phase Shift (Degrees)
»| ™ Clock Output 1
1 L LT 10 ek Blann s

User Guide Mo DRC issues are found.

DEBUG: PLL Parameters

Value

Use larger multiplication fa...

5
=

27

CLKOP

[ i

Generate

Cancel

Figure 4.6. System Clock PLL IP GUI
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Attribute | Value for 1080p Configuration Value for 4K Configuration
Clock output

CLKOUT 0: Desired Frequency Value (MHz) 27 27

CLKOUT 1: Desired Frequency Value (MHz) 74.25 148.5

CLKOUT 2: Desired Frequency Value (MHz) 90 90

CLKOUT 3: Desired Frequency Value (MHz) 148.5 297

CLKOUT 4: Desired Frequency Value (MHz) 66 66

4.1.7. ROM IP for Image Sensor 12C

This ROM IP stores the 12C commands used to configure the image sensor for 1080p and 4K resolutions in the required

sequence. You must regenerate this IP with the correct memory file stored. Load it

from RD02311_MIPI_CSI2_Ethernet\foga_lavat\radiant\src\rtl\cam_i2c\.

Figure 4.8 shows the file location.

=] Module/IP Block Wizard

Diagram rom_imx258_4k

Configure Component from Module rom Version 2.5.0
Set the following parameters to configure this component.

Configure IP

rom_imx258 4k

= rd_addr_i[8:0]
—rd_clk_en_i
—rd_clk_i
—rd_en_i
—rst_i

rom

rd_data_o[7:0]p=

| Property
~ Configuration
Address Depth  [2 - 65336]
Data Width [1-512]
~ Configuration

Enable Qutput Register
Enable Qutput ClockEn
Reset Assertion

- [Initialization

Mermory File
Memeary File Format

Allow update of initialization data

Mo DRC issues are found.

Value

320

sync

source/ cam_i2c/imx258_bare_dk.mem

hex

=

Generate

Cancel

Figure 4.7. ROM IP GUI for Image Sensor 12C

www.latticesemi.com/legal



http://www.latticesemi.com/legal

= LATTICE

Downloads >

I ® T Sort

camera_i2c_master.v
camera_i2c_master_controller.v

camera_i2c_top.wv

RDO2311_MIPI_CSIZ_Ethernet >

fpga_lavat >

== View .

radiant >

src » ril * cam_i2c

Figure 4.8. Image Sensor Memory File Location

4.1.8. ROM IP for HDMI 12C

This ROM IP stores the 12C commands used to configure the HDMI for 1080p and 4K resolutions in the required
sequence. You must regenerate this IP with the correct memory file stored. Load it from
RD02311_MIPI_CSI2_Ethernet\fpga_lavat\radiant\src\rt/\hdmi_i2c\. Figure 4.10 shows the file location.

=] Module/IP Block Wizard

Configure Component from Module rom Version 2.5.0
Set the following parameters to configure this component.

rom

Diagram rom_hdmi_k Configure IP
| Property
~ Configuration
Address Depth  [2 - 65536]
Data Width [1-512]
rom_hdmi_4k ~ Configuration
. Enable Output Register
-rd—addr—l[ﬁ'o] Enable Qutput ClockEn
= I'd_C|k_EF'I_i Reset Assertion
—rd_clk_i rd_data_o[15:0]= ™ Initialization
—{rd_en_i
. Memaory File
—rst Memory File Format

Allow update of initialization data

Document

Mo DRC issues are found.

Value

65
16

sync

source/hdmi_i2Zc/hdmi_bare_dk.mem

hex

=

Generate Cancel

Figure 4.9. ROM IP GUI for HDMI 12C
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Downloads » RDO02311_MIPI_CSI2_Ethernet » fpga_lavat » radiant > src > rtl >  hdmi_i2c

T Sort == View “as

hdmi_i2c_masterv
hdmi_i2c_master_controllerv
hdmi_i2c_master_controller_delay_ready.v
hdmi_i2c_master_controller_reset.w
hdmi_i2c_top.w

Isc_iZemwv

lzc_i2erm_hdmi_fmecwv

Figure 4.10. HDMI Memory File Location

4.1.9. Video Frame Buffer IP

A frame buffer is used between the CCM output and HDMI input, inside the CSI-2 to HDMI core design. A frame buffer
is required for the demonstration design to handle timing synchronization between the sensor stream and HDMI
transmitter input. Frame buffer IP is used to store the video frames onto the on-board memory by interfacing with the
Memory Controller IP to make sure outgoing video are continuous with the compliant blanking periods

2| Module/IP Block Wizard k4

Configure Component from IP frame_buffer Version 1.3.0
Set the following parameters to configure this component.

Diagram vfb Configure TP
Architecture 1f0 Specification Implementation
Property Value
vfb

~ Frame Dimensions

w= din_i[47:0] Video format Y¥CbCrd:d:4 or RGB

~ Frame Dimensions
— dout_enable_i AXI4_MOlfm
- - - Video frame width [64 - 4096] | 1920

—{dvalid_in_i dout_o[47:0] = Video frame height (64 - 4096] | 2160
—frmsync_in_i dvalid_out_o— Parallel processing =
—liclk_i frm_drop_o— Dynamic parameter updating Off
Frame rate conversion =
— mem_clk_i frm_repeat_o—
—oclk_i frm_resync_o—
—pclk_i frmsync_out_o—
—rstn_i ready_ol—
—{sr_i
frame_buffer
S
4 |3
Document Mo DRC issues are found.

Generate Cancel

Figure 4.11. Video Frame Buffer IP GUI
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Table 4.7. Parameters to Change in Video Frame Buffer IP

Attribute Value for 1080p Configuration Value for 4K Configuration
Architecture — Frame Dimension

Video Frame Width 960 1,920

Video Frame Height 1,080 2,160

1/0 Specification — Memory Interface
Memory Base Address | 25'b0000000000000000000000000 27'b0000000000000000000000000

4.1.10. Memory Controller for Avant IP

The Memory Controller IP core for Lattice Avant devices consists of three main blocks:
e  Memory controller

e DDRPHY

e Training engine

The data interface allows you to initiate command/address/control and read/write operations to external
DDR4/LPDDR4 SDRAM. The configuration interface provides access to the training engine and the Configuration Set
Registers (CSRs), which configure the memory controller and perform the DDR4/LPDDR4 training sequences. The
memory interface allows the selected Lattice FPGA to communicate with the external DDR4/LPDDR4 memory. For
more information on the data and configuration interfaces, refer to the DDR Memory Controller IP User Guide
(FPGA-IPUG-02208).

Note: The IP constraint file is already pre-generated. To prevent overwriting these constraints, you must not
regenerate the IP.
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= | Module/IP Block Wizard A
Configure Component from IP ddr_mc Version 2.6.0
Set the following parameters to configure this component.
Diagram mc Configure P
General Memory Device Timing Training 5ettings Example Design
Property Value =
Interface Type LPDDR4
mc /0 Buffer Type LVSTLI1
DDR Command Frequency (MHz) 1066
ddr_ca_o[5:0] B :
<o ddr_ck_o[0:0] Enable Read DEI
E o ddr_cke_o[0:0] R 24
—aclk_i
] ddr_cs_o[0:0]
—areset_n_i . able Internal RISC-V CP
o . ddr_dmi_io[1:0]
—init_start_1 Enable Reveal Debug
L SO
—pclk_i .
. ddr_dgs_io[1:0] Enable PLL
—pll_refclk_i
. ddr_reset_n_ Reference Clock Frequency (MHz) 100.0
—pll_rst_n_i . N
. init_done_ e
—preset_n_i .
. rg_
—rst_n_I DDR Density (per Channel) Gk
. pll_lock_ -
- trn_opr_l [g :O] DDR Bus Width 16
Sdk— Mumber of Ranks 1
trn_err_ Mumber of DOR Clocks 1
ddr_mc I
Data Width 128
ID Width 4
Maxirmurn Burst Length 256
Al Ld Whiwibm Clerlmrim e Chmasme B -
User Guide Mo DRC issues are found.
Generate Cancel
Figure 4.12. Memory Controller Avant IP GUI
© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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4.1.11. DP RAM IP for Video Line Buffer
Video Line Buffer module within the Video Transport Subsystem described in the Video Line Buffer section requires
RAM to store the video data. The DP RAM IP is instantiated as memory to store the video data.

For more information, refer to the module in
RD02311_MIPI_CSI2_Ethernet\fpga_lavat\radiant\src\rt/\video_transport\Iscc_video_line_buffer.sv.

_ | Module/IP Block Wizard X

Configure Component from Module ram_dp Version 2.4.0
Set the following parameters to configure this component.

Diagram lsce_video_line_buffer_dp_ram Configure IP
= Property Value
~ Configuration
B o Write Port: Address Depth  [2 - 63536] 480
Iscc_video_line_buffer_dp_ram ntere ressDepth [ !
Write Port : Data Width [1-256] 128
= rd_addr_i[8:0] Read Port : Address Depth  [2-63336] 480
—ird_clk_en_i Read Port : Data Width [1-256] 128
—rd_clk_i
—rd_en_i - Lot
ret i Read Port : Enable Output Register =

rd_data_o[127:0]m= ~ Configuration

= wi_addr_i[8:0
- i8:0] Read Port : Enable Output ClockEn

—wr_clk_en_i Reset Aszertion sync
—wr_clk_i Enable Byte Enable
= wr_data_i[127:0] Enable ECC
—wr_en_i ~ Initialization
Memory Initialization none
ram_dp
Allow update of initialization data
4 3 "
Document No DRC issues are found.

Generate Cancel

Figure 4.13. Video Line Buffer DP RAM IP GUI for 25G Ethernet Data Rate

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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| Module/IP Block Wizard

Configure Component from Module ram_dp Version 2.4.0
Set the foll ters to confi this c

9 P

Diagram lscc_video_line_buffer_dp_ram_64x960

Iscc_video_line_buffer dp_ram_64x960

rd_addr_i[9:0]

—rd_clk_en_i
—rd_clk_i
—rd_en_j
—rst_i

= wr_addr_i[9:0]

—wr_clk_en_i

rd_data_o[63:0]

—wr_clk_i
= wr_data_i[63:0]

—wr_en_i

ram_dp

4 »
User Guide

Configure IP
Property Value

Write Port : Address Depth  [2- 63536] | 960
Write Port : Data Width [1-256] 64
Read Port: Address Depth  [2- 63536] 960
Read Port : Data Width [1-256] 64

Read Port : Enable Qutput Register

Read Port : Enable Qutput ClockEn

Reset Assertion sync
Enable Byte Enable

Enable ECC

Memory Initialization nonge

Allow update of initialization data

Mo DRC issues are found.

Generate Cancel

Figure 4.14. Video Line Buffer DP RAM IP GUI for 10G Ethernet Data Rate

4.1.12.FIFO IP

Store & Forward FIFO module and Ethernet TX FIFO module within Video Transport Subsystem described in the Store &

Forward FIFO section and Ethernet TX FIFO requires FIFO memory to store the AVTP packet data. FIFO IP cores are

instantiated as memory to store the packet data.

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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|- | Module/IP Block Wizard

Configure Component from Module fifo_dc Version 2.3.0
Set the following parameters to configure this component.

Diagram lscc_fifo_2x1 Configure IP
*| Property Value
Write Port : Address Depth  [2-63536] | 2
Write Port : Data Width [1-25%] 1
Read Port : Address Depth  [2-65536] |2
Read Port : Date Width [-25] 1
Controller Implementation Feature-Rich (LUT)
Iscc_fifo_2x1 2
== Enable FWFT
—{rd_clk_i Implementation Type LuT
reend T Cofiguraton
—{rp_rst.i empty_oj— Enable Qutput Register
—irst_i full_o— Reset Mede async
—wr_clk_i rd_data_o[0:0]}= Enable ALMOST FULL flag
= wr_data_i[0:0]
—wr_en_i
fifo_dc
Enable ALMOST EMPTY flag
Enable Date Count (Write)
Enable Data Count (Read)
4 »
Document Mo DRC issues are found.

Generate Cancel

Figure 4.15. FIFO 2x1 IP GUI

] Module/IP Block Wizard

Configure Component from Module fifo_dc Version 2.3.0
Set the following parameters to configure this component.

Diagram Iscc_fifo_128x143 Configure IP

“| Property Value

Write Port : Address Depth  [2 - 65536] | 128
Write Port : Data Width [1-256] 148

Read Port: Address Depth  [2-63336] | 128
Read Port: Data Width [1-258] 148

Controller Implementation Feature-Rich (LUT)
Iscc_fifo_128x148 Enable FWFT
. Implementation Type EBR
—rd_clk_i
A almost_full_o}—
; empty_oi—
—rp_rsti full ol Enable Output Register
—rst_i - Reset Mad
. rd_data_cnt_o[7:0] = esetMode async
—fwr_clk_i Enable ALMOST FULL flag
) rd_data_o[147:0]jm=
={wi_data_i[147:0] ALMOST FULL assertion type Static - Single Threshold
wr_data_cnt_o[7:0] =
—wr_en_i Assert LEVEL: [1-127] 127
fifo_dc
Enable ALMOST EMPTY flag
Enable Data Count (Write)
= Enable Data Count (Read)
4 »
Document No DRC issues are found.

Generate Cancel

Figure 4.16. FIFO 128x148 IP GUI for 25G Ethernet Data Rate
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2] Medule/IP Block Wizard

Configure Component from Module fifo_dc Version 2.5.0
Set the following parameters te configure this component.

Diagram Iscc_fifo_76x236

Configure IP

Iscc_fifo_76x256

—{rd_clk_i

—rd_en_i

rp_rst_i

rst_i

—wr_clk_i

—{wr_en_i

almost_full_o
empty_o

full_of
rd_data_cnt_o[8:0]
rd_data_o[75:0]

wr_data_cnt_o[8:0]

wr_data_i[75:0]

4

fifo_dc

Property

= Configuration
Write Port: Address Depth  [2 - 65536]
Write Port : Data Width [1-256]
Read Port: Address Depth  [2 - 63536]
Read Port : Data Width [1-256]
Controller Implementation
Enable FWFT

Implementation Type

~ Configuration
Enable Output Register
Reset Mode
Enable ALMOST FULL flag
ALMOST FULL assertion type
Assert LEVEL:  [1-253]

Enable ALMOST EMPTY flag

Enable Data Count (Write)
Enable Data Count (Read)

User Guide

Neo DRC issues are found.

Value

256

76

256

76

Feature-Rich (LUT)

EBR

async
=

Static - Single Threshold
255

Generate Cancel

Figure 4.17. FIFO 256x76 IP GUI for 10G Ethernet Data Rate

4.1.13.10G and 25G Ethernet IP

The reference design supports flexible integration of either the 25G or 10G Ethernet IP core, each comprising a Media
Access Control (MAC) and Physical Layer (PHY) components. You have the flexibility to select the desired Ethernet data
rate 25G or 10G based on your specific application requirements.

The 25G Ethernet IP core uses the 25-Gigabit Media Independent Interface (25GMII) to connect the MAC and PHY,
while the 10G Ethernet IP core employs the 10-Gigabit Media Independent Interface (XGMII) for the same purpose. In
both configurations, the MAC ensures compliance with IEEE 802.3 Ethernet standards during frame transmission and
reception. On the transmit path, the MAC receives data frames via the AXI4-Stream interface and forwards them to
PHY. On the receive path, the MAC extracts frame components from the PHY and delivers them to higher-level
applications through the AXI4-Stream interface.

The PHY implements the Physical Coding Sublayer (PCS) and Physical Medium Attachment (PMA) functions, conforming
to the IEEE 802.3 25GBASE-R or 10GBASE-R specifications, depending on the selected configuration. The MAC and PHY

are interconnected through their respective media-independent interfaces (25GMlIl or XGMII), and the MAC receives its
clock input from the PHY via the xg_tx_gclk_o signal.
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The configuration parameters for the 25G and 10G Ethernet IP cores are detailed in and Table 4.8 and Table 4.9,

respectively.

Table 4.8. 25G Ethernet IP Configuration Supported by the Reference Design

Parameter Settings Value

IP Option MAC + PHY
Multicast Address Filtering Disabled
Statistic Counter Registers Disabled
FEC Mode Disabled

Table 4.9. 10G Ethernet IP Configuration Supported by the Reference Design

=ty _pfc_tuser_i[7:0]

eth_25g

4

User Guide

Parameter Settings Value
IP Option MAC + PHY
Host Interface AX14-lite
Loopback Mode Disabled
Multicast Address Filtering Disabled
TX Pause Frame Generation via Ports Disabled
RX Coupling Mode AC Coupling
RX Loss of Sig port Enabled Enabled
DFE Enable Enabled
DFE Tap Configuration All Taps
| Module/1P Block Wizard
Configure Component from IP eth_25g Version 2.1.0
Set the following parameters to configure this component.
Diagram Iscc_eth23G Configure [P
Property Value
Iscc_eth25G ps 1 Confi .
AXIS_M Select IP Option MAC + PHY
INT ~ MAC Configuration
-EQXML_SD axis_rx_tuser_o Multicast Address Filtering
= 15_50
qu - pad_txn_o TX Pause Frame Generation via Ports
—axis_tx_tuser_i o !
- pad_txp_o ~ Statistics Counter Configuration
—pad_refclkn_i - .
. phy_init_done_o Statistics Counter Registers
—{pad_refclkp_i
. rx_pfc_tuser_o[7:0]
—pad_rxn_i
i r¥_staten_o
—pad_rxp_i
. rx_statvec_o[28:0]
—{reset_n_i
. tx_staten_o ~ General Configuration
= rx_pfc_tready_i[7:0]
. tx_statvec_o[28:0] FEC Mode Disabled
—sysbus_clk_i
xg_pcsrdy_o Fast Mode

Mo DRC issues are found.

Generate

Cancel

Figure 4.18. 25G Ethernet IP GUI
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] Module/IP Block Wizard X

Configure Component from IP eth_10g Version 3.2.0
Set the following parameters to configure this component.

Diagram lscc_eth10g Configure IP
“| Property Value
Iscc_eth10g -G J—
AXIS_M- Select IP Option MAC + PHY

axis_rx_tuser_op— Host Interface AX]4-lite

pad_txn_oj— Loopback Mode Disabled
Fast Mode
pad_txp_ot—
—EAXML_SD ~ MAC G "

phy_init_done_of—

EAXI5750

. Multicast Add Filteri
pma_nd_sigdet hf ol ultica ress Filtering

—faxis_tx_tuser_i TX Pause Frame Generation via Ports
. pma_rx0_sigdet_If_o}—
—pad_refclkn_i ~ Statistics Counter Confi
) rx_staten_of— =
—pad_refclkp_i Statistics Counter Registers
rx_statvec_o[27:0] =
—pad_rxn_i
i tx_staten_o}—
—pad_rxp_i
] tx_statvec_o[27:0]m=
—{reset_n_|
xg_pesrdy_op— .
—isysbus_clk_i " ~ PMA Setup-Receiver Subgroup
xg_rx_clk_o—
g ek RX Coupling Mode AC Coupling
xg_rx.golk o= RX Loss of Sig port Enable =
xg_te_clk_o—
xg_tx_gelk_o[1:0]= DFE Enable Enabled
eth 10g DFE Tap Configuration All Taps
4 »
User Guide Mo DRC issues are found.

Generate Cancel

Figure 4.19. 10G Ethernet IP GUI

4.2. Reference Design Top File
The MIPI CSI-2 to Ethernet reference design includes the parameters shown in Table 4.10. You can modify the
parameters by editing the fpga_top.sv file.

Table 4.10. Parameters in fpga_top.sv

Parameter Default Value Description

This parameter is used to speed up simulation time by bypassing the

Ethernet:

e  0: Disables the Ethernet. The AXI-Stream TX interface loops back directly
to the AXI-Stream RX interface, bypassing the full Ethernet path.

e 1:Enables the full Ethernet MAC and PHY for 25G or 10G operation.

Its value is overridden by simulation testbench tb_top to 0 by default.

ETH_EN 1

No changes are needed. For simulation, make sure simulation top module is

SIM 0 . - . . . .
selecting tb_top as shown in Figure 7.2, which will overwrite this parameter.

To change the resolution to 4K or 1080p, go to the file location
RD02311_MIPI_CSI2_Ethernet\fpga_lavat\radiant\src\rt/\rd_params.svh,
define only IP_DIR_1080P to select 1080p video resolution, or define only
IP_DIR_4K to select 4K video resolution.

‘include "rd_params.svh" 4K
Example:

4K:

//” define IP_DIR_1086P
“define IP_DIR_4K

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

FPGA-RD-02311-1.1 55


http://www.latticesemi.com/legal

MIPI CSI-2 to Ethernet
Reference Design

= LATTICE

Parameter

Default Value

Description

1080p:
“define IP_DIR_1080P
// define IP DIR_ 4K

ETH_RATE

0: To select 10G Ethernet data rate for reference design.
1: To select 25G Ethernet data rate for reference design.

Detailed steps are shown in Figure 6.5.
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5. Signal Description

The input or output interface signals for the reference design top level module (fpga_top.sv) are shown in Table 5.1.

Table 5.1. fpga_top.sv 1/0

Port Name 1/0 Width Description

reset_n_i In 1 Active low asynchronous system reset.

clk_i In 1 27 MHz.

mcddr_refclk_i In 1 100 MHz - go straight to ddr_controller pll.

cam_0_scl_io Inout 1 Image sensor 12C configuration serial clock lane for camera 0.
cam_0_sda_io Inout 1 Image sensor 12C configuration serial data lane for camera 0.
clk_p_0O_io Inout 1 MIPI D-PHY positive clock lane for camera 0.

clk_n_0_io Inout 1 MIPI D-PHY negative clock lane for camera 0.

d_p_0_io Inout 4 MIPI D-PHY positive data lane for camera 0.

d_n_0_io Inout 4 MIPI D-PHY negative data lane for camera 0.

cam_0_rst_n_o Out 1 Output reset Camera 0 sent to Modular FMC Adapter.
cam_0_clk_o Out 1 Output clock Camera 0 sent to Modular FMC Adapter.
cam_1_scl_io inout 1 Image sensor 12C configuration serial clock lane for camera 1.
cam_1_sda_io Inout 1 Image sensor 12C configuration serial data lane for camera 1.
clk_p_1_io Inout 1 MIPI D-PHY positive clock lane for camera 1.

clk_n_1_io Inout 1 MIPI D-PHY negative clock lane for camera 1.

d p_1io Inout 4 MIPI D-PHY positive data lane for camera 1.

d n_1io Inout 4 MIPI D-PHY negative data lane for camera 1.

cam_1_rst_n_o Out 1 Output reset Camera 1 sent to Modular FMC Adapter.
cam_1 clk_o Out 1 Output clock Camera 1 sent to Modular FMC Adapter.
ddr_dq_io Inout 16 LPDDR4 DQ signal.

ddr_dgs_io Inout 2 LPDDR4 DQS signal.

ddr_dmi_io Inout 2 LPDDR4 DMl signal.

ddr_ck_o Out 1 LPDDR4 CK signal.
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Port Name 1/0 Width Description

ddr_cke_o Out 1 LPDDR4 CKE signal.

ddr_cs_o Out 1 LPDDR4 CS signal.

ddr_ca_o Out 6 LPDDR4 CA signal.

ddr_odt_ca_o Out 1 LPDDR4 CA signal.

ddr_reset_n_o Out 1 LPDDR4 Memory reset signal.

hdmi_scl_io Inout 1 HDMI 12C configuration serial clock lane.
hdmi_sda_io Inout 1 HDMI 12C configuration serial data lane.
hdmi_clk_o Out 1 Output clock sent to HDMI FMC board.
hdmi_rst_n_o Out 1 Output reset sent to HDMI FMC board.
data_o Out 24 HDMI output data payload.

zeros_o Out 12 Stream of zeros sent to HDMI along with data.
vsync_o Out 1 HDMI output vertical sync signal.

hsync_o Out 1 HDMI output horizontal sync signal.

de_o Out 1 HDMI output data enable.

dbg_led_o Out 3 Debug LED.

sfp_refclkp_i In 1 156.25 MHz SERDES PLL reference clock signal (+).
sfp_refclkn_i In 1 156.25 MHz SERDES PLL reference clock signal (-).
sfpl_txp_o Out 1 Ethernet SFP TX+ differential signal.
sfpl_txn_o Out 1 Ethernet SFP TX- differential signal.

sfpl_rxp_i In 1 Ethernet SFP RX+ differential signal.
sfpl_rxn_i In 1 Ethernet SFP RX- differential signal.

www.latticesemi.com/legal



http://www.latticesemi.com/legal

MIPI CSI-2 to Ethernet == LATTICE

Reference Design

5.1. Push Button

Table 5.2. Push Button

Port Name Board Reference Description

0 (Push): Assert global reset.

reset_n_i SW12
1 (Release): Deassert global reset.

Press to change the ID of the board.
The selected board ID is displayed in Digit 1 of 7-segment LED.

The board ID selection will toggle in following sequence when this push button is
pressed.
02122>3->0

The board ID is used as:

board_id_tg_i SwW13 e  Unicast MAC address of Ethernet port.
e Multicast MAC address of AVTP frames.
e  Stream ID of camera sensors.

e Camera 1: Board ID x 2.

e Camera2:BoardIDx 2 +1.

Example: If Board ID is 3
CamerallD=6
Camera2ID=7

Press to change the selection of video source ID to be displayed.
The selected video source ID is displayed in Digit 2 of 7-segment LED.

The video source ID selection will toggle in the following sequence when this push
button is pressed.

021222>324>526>7>10~>Ll1>0

video_src tg | Swi4 0 to 7: Video source from network.

LO, L1: Video source from local camera sensors.

The selected video source ID from network is displayed in Digit 2 of 7-segment LED.

LO is displayed with alphabet ‘L’ in Digit 2 with DP LED off.
L1 is displayed with alphabet ‘L’ in Digit 2 with DP LED on.

5.2. 7-Segment LED

A _2

6 2 C 6 2
DIG 1 DIG 2 DIG 3

0 P X 0o B Y 1o >

Figure 5.1. 7-Segment LED

®
®
®
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Table 5.3. 7-Segment LED

Digit Segment Description
1 A Display the ID of the board selected by board_id_tg_i push button.
B
C
D
E
F
G
DP Unused.
2 A Display the ID of the video stream source selected by video_src_tg_i push button.
B
C
D
E
F
G
DP N/A
3 A SFP1 - FCS error
e  Off: No error.
e Blink: Error occurs currently.
e On: Error received previously (latched status).
B SFP1 — Frames are received.
e  Off: No frames are received.
e  Blink: Frame are received.
C Segment lost error — AVTP frame carrying segment of video data missing or experience
unexpected large delay
e  Off: No error.
e  Blink: Error occurs currently.
e On: Error received previously (latched status). Latched status clear if video source
has changed.
D Store & Forward FIFOs error — FIFO full
e  Off: No error
e Blink: Error occurs currently
e On: Error received previously (latched status)
E Ethernet SC FIFOs error — FIFO full
e  Off: No error.
e Blink: Error occurs currently.
e On: Error received previously (latched status).
F SFP1 — Frames transmitted
e Off: No frames are transmitting.
e  Blink: Frames are transmitting.
G SFP1 — PCS is ready
e No glow: Link is down.
e  Blink: Link is not stable.
e  On:Linkis up.
DP Out of sequence error — Sequence ID of received AVTP frame missing or out of order.

e  No glow: No error.

e  Blink: Error occurs currently.

e On: Error received previously (latched status). Latched status clear if video source
has changed.
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6. Running Reference Design

This section describes how to run the MIP CSI-2| to Ethernet reference design using the Lattice Radiant software. For
more details on the Lattice Radiant software, refer to the Lattice Radiant Software User Guide.

6.1. Compiling the Reference Design

The following steps guide you through the implementation of the design. This reference design includes two
implementations (1080p and 4K), and two Ethernet data rate selection. The 4K design will be used as an example to
describe the compilation steps. The steps are the same for compiling the 1080p design.

1. Select 4K resolution:

a. Toselect the 4K resolution as the reference design, modify the parameter in the project
folder RD02311_MIPI_CSI2_Ethernet\foga_lavat\radiant\src\rtl\rd_params.svh.

b. Comment out line 5 and uncomment line 4.

either IP_DIR_4K f
IP_DIR_4K

Figure 6.1. Enable 4K IP Collateral Files in rd_params.svh Folder

2. Launch the Lattice Radiant software, as shown in Figure 6.2.

Note that the project is compiled using the Radiant software version 2025.1.0.39.0.

attce Radhant So A Page -
Fie Eat v

Tools Window Help

7 Start Page.

LATTICE
RADIANT
piinkda Welcome Back

Project

Recent Project List

New Project Open Project Open Example

Information Center

\

Getting Started Tutorials User Guides Support Center

= LATTICE

Figure 6.2. Lattice Radiant Software

3. To open the project, follow these steps:
a. Click File > Open Project.
b. From the project database, open the Radiant software project file (MIPI_ETH_RD.rdf), as shown in Figure 6.3.
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Open Project

&« > v 1
Organize ~ New folder
| I Desktop

<+ Downloads
—| Documents
0 Music

I PN pictures
B videos

* % % % % %

Lattice Radiant Software -[C:/Users/aloh/Downloads/RD02311_MIPI_CSI2_Ethernet/fpga_lavat/radiant/MIPI_ETH_RD.rdf] - Report Browser

File name: |MIPI_LETH_RD.rdf

X
» Downloads > RD02311_MIPI_CSI2_Ethernet > fpga_lavat > radiant ~ C Search radiant »p
=- 0 e
v
Name Date modified Type Size
~ Today
‘ [ MIPILETH_RD.rdf 23-Jul-25 13:09 RDF File 24 KE|
impl_4K 23-Jul-25 13:09 File folder
23-Jul-25 12:28 File folder
impl_1080p 23-Jul-25 08:36 File folder
~ Earlier this week
21-Jul-2513:17 File folder
~| Project Files (rd) -

Figure 6.3. Open Project File

4. To set the Active Implementation, follow these steps:

a. Onthe left side of the project file list interface, you will see two implementations listed.

b. Right-click on impl_4k and select Set as Active Implementation.

c. The active implementation design appears in bold.

- [ZI] MIPI_ETH_RD
1 LAV-AT-X70-3LF G 11561
- Strategies
[:= Area
= Timing
'@ Strategy1
» 2 impl_1080p (Synplify Pro)
[ limpl_ 4K Gynplify Pra)!

Open Containing Folder

Regenerate All IPs...

Clone Implementation...

Set as Active Implementation

Remove
Set Reference Design...
4
A ﬂ fpga_top - fpaga_top.sv
v 4F custem clocks nlllu s Properties

Figure 6.4. Select Active Implementation
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5. To configure the Ethernet data rate used in this reference design, follow these steps:

a. Inthe active implementation project, navigate to the list of design files containing the modules and
instantiated IP cores.

b. Open the fpga_top.sv file.
Within the top-level module, locate the parameter named ETH_RATE.

d. Set ETH_RATE to '0' to enable the 10G Ethernet data rate or leave it at the default value of '1' to operate with
the 25G Ethernet data rate.

Q> FindTec.. 2 x A Start Page = Report Browser / fpga_top.sv X
1 ‘define USE_TERASIC
o 2
v [ MIPLETH RD = “include "../testbench/tb _pkg.svh" // Parameters definition based on IP configuration
# LAV-AT-X70-3LFG 11561 4 ‘include "rd_params.svh" // Change the parameter in this file when running 1080p / 4K
= [ Strategies -
6 moduls fpga_top #(
E‘ Area 7 1
ETiming 8 = // 1 = to use 25G. 0 = to use 10G
Strategyl l:~ , p:‘arame:e: SIM =0
? impl_1080p (Synplify Pro) 11 input wire reset_n i,
- ? impl_4K (Synplify Pro) 12 input wire clk i, // 12MHz
B - . 13 input wire mcddr refelk i, // 100MHz - go straight to ddr controller pll
- _ - _
Input Files 14 //Camera signals (camera 0)
@ src/rtl/fpga_top.sv 5 inout wire cam_0_scl_io,

Figure 6.5. Select Ethernet Data Rate in the fpga_top.sv File

Notes:

1. Select the appropriate implementation and data rate based on your desired resolution, and configure the
parameters accordingly in rd_params.svh and fpga_top.sv.

2. Before generating the bitstream, ensure that the timing constraint file (constraints_versa_XX.pdc) is updated to
match the selected data rate as shown in Figure 6.6.

~

Q- FindText 2 x 12 Start Page Report Browser ./ constraints versa_dk pde

[get_ports (vsync_o hsync_o de_o hdmi_clk_o data_o*}]
|_sig_int_3d*/g)

o [get_pins -hierarchical wfb_mc_wrapper_inst/vfb_mc_ready_meta_z/D]

rom [get_pins GEN I2C.hdmi i2c/u_hdmi_i2c master_controller delay ready/rst_cnt*/Q] -through [get_nsts GEN_I2C.hdmi ilc/u

» 1 RIL Files

» [ Constraint Files

» [ Testbench Files
byte_to_pisel_converter.cfg

-sstup -from [get_clocks cam 0_clk byte] -to [gst clocks clk pixel*] 2
-hold -from [get _clocks cam 0_clk byte] -to [get_clocks clk pixsl*] 1
~ [} src/ip/4K/automatic_white_balance/automatic_

Il e -setup -from [get_clocks cam 1_clk byte] -to [get_clocks clk pixsl*] 2

= -hold -from [get_clocks cam_1_clk_byte] -to [get_clocks clk_pixsl<] 1
» [ Constaint Files
» ] Testiench Files

_n_phy.mac_n_phy_
mac_n_phy.mac_n_phy

-name {clk_eth) -s Iget_pins mipi_rx_hdmi/ethernet_inst/qgen_sth_snabled.gen_:
-name {clk_eth_rx} -source [get pins mipi_rx hdmi/ethernst_inst/gen_sth enabled.gen_

automatic_white_balance.cig

{clk_eth} —source [get_pins mipi rx hdmi/ethernst i \_ath_enabled.gen_10: : n_phy.
k -name {clk _eth rx} -source [get pins mipi rx hdmi/sthern /gen_sth_snabled.gen 10G mac_n p

[get_clocks clk i] -group [get clocks osc_inst clk out o] -asynchronous

= [ Pre-Synthesis Constraint Files
src/constraints/constraints versa.sdc

.ethl0g msc phy if

~ 3 Post-Synthesis Constraint Files [get_clocks clk i] -group [get_clocks clk eth] -asynchronous
| sre/constraints/constraints_versa_4k.pdc [get_clocks clk_i] -group [get_clocks clk_pixesl®] -asynchronous
R [get_clocks clk i] -group [get_clocks selk o] -asynchroncus
L el [get_clocks clk i] -group [get_clocks clk eth rx) -asynchronous
Script Files [get_clocks clk_pixel*] -group [get_clocks clk_sth] -asynchromous
B3 Analysis Files [get_clocks osc_inst_clk_out_o] -group [get_clocks clk_sth] -asynchronous
: i {get_clocks osc_inst_clk_out_o] -grous [get_clocks clk_eth_rx] -asynchronous
= 1 Programming Files - st ol out_ - TR

1", source/impl_4Kaxcf

Figure 6.6. Clock Path Adjustment Based on Selected Data Rate in constraints_versa_XX.pdc
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6.2. Generating the Bitstream File

This section provides the procedure to create your FPGA bitstream file using the Lattice Radiant software.

To create the FPGA bitstream file, follow these steps:

1. Click Export Files to generate the bit file. View the log message in the Export Reports folder for the generated

bitstream.

> n Synthesize Design

u Map Design

u Place & Route Design

L

b |

X

n Export Files ‘

Run Export Files

o Start Dans

Figure 6.7. Generate and Export Bitstream File

Note: Four pre-generated bitstreams are available for immediate programming onto the board. These can be found in

the following directories:

RD02311_MIPI_CSI2_Ethernet\fpga_lavat\precompiled_file

Table 6.1. Pre-generated Bitstream Directories

Video Resolution Ethernet Rate Bitstream

4K 10G MIPI_ETH_RD_impl_4K_10G.bit
25G MIPI_ETH_RD_impl_4K_25G.bit

1080p 10G MIPI_ETH_RD_impl_1080p_10G.bit
25G MIPI_ETH_RD_impl_1080p_25G.bit
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7. Simulating Reference Design

To simulate the design, follow these steps:
1. Open the reference design project file (MIPI_ETH_RD.rdf) using the Lattice Radiant software.
2. To launch the Simulation Wizard, click on Tools > Simulation Wizard.

3. To configure the simulation project, enter project name and click Next.

Simulation Wizard >

Simulator Project Name and Stage
Enter name and directory for your simulation project. Choose simulator and the process
stage you wish to simulate. &vailable stages are automatically displayed.

Project

Project name: simulation_4K

Project location: | ers/aloh/Downloads/RD02311_MIPI_C5I2_Ethernet/fpga_lavat/radiant = Browse...

Simulataor
@ CuestaSim

ChuestaSim Crun

ﬂ Invoke

Process Stage

® RTL
Post-Synthesis
Post-Route Gate-Level

Post-Route Gate-Level+Timing

< Back Mext = Cancel

Figure 7.1. Simulation Wizard: Create Simulation Project

Note: Ensure the simulation project is created in the same location as the reference design project location
(MIPI_ETH_RD.rdf) to prevent data fetching issues due to the csi2_model location not being found.

4. Setthe simulation Top Module to tb_top as testbench and click Next.
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5.

Simulation Wizard *

Parse HDL files for simulation
Parse HOL files for simulation.

Simulation top parsing finished.
s e o T 1 L L S TS SR e o 1Y S e Y b e 1w e ot i i S e et
lscc_bed_to_7seg.sv' (WVERI-1482)
— Analyzing Verilog file "C: Users aloh/OneDrive - Lattice Semiconductor Corp/my_designs MIPI-Ethernet/p4/latest_nov1l_ip_separationfavant/
source/board_io/lscc_board_io.sv' (VERI-1482)
— Analyzing Verilog file 'C: /Users/aloh/OneDrive - Lattice Semiconductor Corp/my_designs/MIPI-Ethernet/p4/latest_nov11_ip_separation/avant/
sourceboard_ioflscc_led_blink.sv' (VERI-1482)
- Analyzing Verilog file 'C:/Users/aloh/OneDrive - Lattice Semiconductor Corp/my_designs/MIPI-Ethernet/p4/latest_nov11_ip_separation/avant/
source/board_io/lscc_pulse_stretch.sv' (VERI-1482)
— Analyzing Verilog file "C: Users aloh/OneDrive - Lattice Semiconductor Corp/my_designs MIPI-Ethernet/p4/latest_nov1l_ip_separationfavant/
source/board_io/lscc_push_button_debounce.sv' (VERI-1482)
- Analyzing Verilog file 'C: /Users/aloh/OneDrive - Lattice Semiconductor Corp/my_designs/MIPI-Ethernet/p4/latest_nov11_ip_separation/avant/
ip_dir_common/lscc_snf_dcfifo/rilscc_snf_dcfifo.v' (VERI-1482)
- Analyzing Verilog file "C:/Users/aloh/OneDrive - Lattice Semiconductor Corp/my_designs/MIPI-Ethernet/p4/latest_nov11_ip_separation/avant/
sourcevideo_transport/lscc_store_and_forward_fifo.sv' (VERI-1482)
— Analyzing Verilog file "C: Users aloh/OneDrive - Lattice Semiconductor Corp/my_designs MIPI-Ethernet/p4/latest_nov1l_ip_separationfavant/
ip_dir_common/0SC_100/rt/0SC_100.v' (VERI-1482)
- Analyzing Verilog file 'C: /Users/aloh/OneDrive - Lattice Semiconductor Corp/my_designs/MIPI-Ethernet/p4/latest_nov11_ip_separation/avant/
sourcefvideo_transportlscc_video_aggregator.sv' (VERI-1482)
— Analyzing Verilog file "C: Users aloh/OneDrive - Lattice Semiconductor Corp/my_designs MIPI-Ethernet/p4/latest_nov1l_ip_separationfavant/
ip_dir_commonlscc_fifo_2x1frtlscc_fifo_2x1.v' (VERI-1482)
— Analyzing Verilog file 'C: /Users/aloh/OneDrive - Lattice Semiconductor Corp/my_designs/MIPI-Ethernet/p4/latest_nov11_ip_separation/avant/
ip_dir_common/lscc_fifo_128x148/rt/lscc_fifo_128x148.v' (VERI-1482)
- Analyzing Verilog file 'C:/Users/aloh/OneDrive - Lattice Semiconductor Corp/my_designs/MIPI-Ethernet/p4/latest_nov11_ip_separation/avant/
ip_dir_4k/rom_hdmi_4k/rtlfrom_hdmi_4k.v' (VERI-1482)
— Analyzing Verilog file "C: Users aloh/OneDrive - Lattice Semiconductor Corp/my_designs MIPI-Ethernet/p4/latest_nov1l_ip_separationfavant/
ip_dir_4k/rom_imx258_4k/rilfrom_imx255_4k.v' (VERI-1432)

Hdl files parsing messages are saved at: C: /Users/aloh/OneDrive - Lattice Semiconductor Corp/my_designs/MIPI-Ethernet/p4/
latest_nov1l_ip_separation/avant/simulation_aK/hdlparser.log -

Simulation Top Module: | th_top -

< Badk Next > Cancel

Figure 7.2. Simulation Wizard: Select Simulation Top Module

Select the configuration as shown in Figure 7.3 and click Finish.

Simulation Wizard X

Summary

Simulator : QuestaSim Qrun

Project Name : simulation_4K

Project Location : C:/Users/aloh/OneDrive - Lattice Semiconductor Corp/my_designs/MIPI-Ethernet/pd/latest_now11_ip_separation/a\

Simulation Stage: RTL

Simulation Files:
C:/Users/aloh/OneDrive - Lattice Semiconductor Corp/my_designs/MIPI-Ethernet/p4/latest_nov11_ip_separation/avant/source/fp:
C:/Users/aloh/OneDrive - Lattice Semiconductor Corp/my_designs/MIPI-Ethernet/pd/latest_nov11_ip_separation/avant/ip_dir_108
C:/Users/aloh/OneDrive - Lattice Semiconductor Corp/my_designs/MIPI-Ethernet/pd/latest_nov11_ip_separation/avant/ip_dir_108
C:/Users/aloh/OneDrive - Lattice Semiconductor Corp/my_designs/MIPI-Ethernet/pd/latest_nov11_ip_separation/avant/ip_dir_103
Cif/Users/aloh/OneDrive - Lattice Semiconductor Corp/my_designs/MIPI-Ethernet/pd/latest_nov11_ip_separation/avant/ip_dir_108
C:/Users/aloh/OneDrive - Lattice Semiconductor Corp/my_designs/MIPI-Ethernet/pd/latest_nov11_ip_separation/avant/ip_dir_108
C:/Users/aloh/OneDrive - Lattice Semiconductor Corp/my_designs/MIPI-Ethernet/pd/latest_nov11_ip_separation/avant/ip_dir_108
Cif/Users/aloh/OneDrive - Lattice Semiconductor Corp/my_designs/MIPI-Ethernet/pd/latest_nov11_ip_separation/avant/ip_dir_108
C:/Users/aloh/OneDrive - Lattice Semiconductar Corp/ry_designs/MIPI-Ethernet/pd/latest_nov11_ip_separation/avant/ip_dir_108
C:/Users/aloh/OneDrive - Lattice Semiconductor Corp/my_designs/MIPI-Ethernet/pd/latest_nov11_ip_separation/avant/ip_dir_108

O I PR S Y S PP A, RS U PN PSP PR PRV NSRS PR pupupty| ' 1) Y [N o™ AP i JU 1 SRS [ -SSP U S PP JRPPU N -S - -n’\ﬂ.v
4
u Launch Simulator GUI
u Design Optimization - Full Debug Add topdevel signals to waveform display

E Run simulation
Default Run 100.000 | 'ns | (0means ‘run -all)

Simulator Resolution | default ~

< Back Finish Cancel

Figure 7.3. Simulation Wizard: Summary Page
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6. Wait until the QuestaSim Lattice FPGA Edition software loads.
Note: If you encounter an error while executing vsim, as shown in Figure 7.4., go to the simulation folder, open the
transcript file, copy the grun command, and paste it into the QuestaSim prompt.

1 Transcript

¥ -- UDLINIZInG WOAULE 13CC_DOATA_10(Cast]
+

# -- Optimizing module fpga_tep(fast)

# Optimized design name is qrun_opt
+

# End time: 14:26:37 on Nov 27,2024, Elapsed time: 0:00:04
+

# Errors: 0, Warnings: 4

+

vsim L work -L pmi_work -L ovi_lavat -1ib grun.out/work -wlf vsim.wlf -qui —do {view wave} -do {add wave /*} -do {run 100 ns} -statslog grun.out/stats_log qrun_opt -suppress vsim-7033,vsim-8630,3009,3389 -appendlog -1 grun.log
§ 4% Summary FATAETHEREEARKATALA SRR LA ARk

i qrun: Errors: 0, Warnings: 0
wleg: Errors: []

wopt: Errors 4

12

while exec

i

i

¢ Totals: Errors
i

g

Questa Lattice OEM> qrun -clean -f "C:/Users/aloh/OneDrive - Lattice Semiconductor Corp/my_designs/MIPI-Ethernet/pd/latest_novll ip separation/avant/similation l080p/similation 1080p.f™

Figure 7.4. Error while Executing vsim

7. Go tothe Wave window from the View menu.

[ ests ttice OEM Eaition 64 20022
Fic Edt |Wiew| Compile Smuiste Add Wave Tools Leyout Bookmarks Window Hep
|| eBERA|| o5 4 e |31 10 pa 3 & REE 2ane || x ble e P L Layout [S1malate ~

S s I T T - -

-5 oy |8 sz 1icata - 3 <

G35 -Defi  ass Browser

istmee | Coversse

S b i
o Fes)

F5M Ust (q)

Lrary ()

™

Locals

Message Vewer 8

Memory List (w)

Objects

omia .

P4 Stoe ochne Ust (3

B - TmeMode () 3 =T

Process
Profiing »
Praject (x)

chematic (1)

¥ Stvuchre ()

Transapt

VM Dt (4)
Verfication Mansgement * |,
Wach 1

B e

<

O | searenFer = | @l @ 0y

Figure 7.5. QuestaSim Interface

8. Toload the .dofile, click on Tools > TCL > Execute Macro, and select the wave.do file from simulation_4K folder.

B uesta Latice OEM Eaition-4 20242
Fle fdit View Compie Simulste Add Wave Took Lsyout Bookmarks Window Help
H-sEeS LB D2 o4 Wehmtmre ¥ || gl g gusp | B 200 pat] [
-89 g e e : Przcorum
-9-g8-9)aaansn one |
|5 sm - Defauit 2% Togge Coverage | EEE|

flgiingy L S Layout |Simalate -

K Caverage Save.
T Caversoe Repert

ol viss_output_fle_riting e LT

o vt gt fie_wneng_cami erafie

2 viss_rput_Sle_yeiing_cam) Garbage Colector

8 oot Breakounts..
text_eomp_ ¢ red et S

ol text_comp_t_green e S

o vt somp_t bhae

o text_com t Cheng

o st end Tobsor

o systen_reset

o Fux_outout_fie_sitng_cam1 b

o Rx_outst fie_sritng_comd ‘Widcard Fiter...

o HOMI_output_fle_eitng
o SR ST
o fie_comp ¢
43 desgn_tom
3 Debaver _ouput_fie mrng
o Debayer_input_fie_uriting
B COM_puit_ie_wning

Edit Preferences.

& # .
& MaTALES el |
2l 0

xiend: | 88 Searchfor v | [ A

ary 0 Project | B8 memory et | s [l

A | searchber ~ | [ @ W oaw

Figure 7.6. QuestaSim Interface: Execute wave.do File

9. The added signals are displayed in the waveform window.
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PRI I EIMES ] It avout Simulare

=9

b 5 oun fie_word_cama W8D... e
- 3 B _out fle_mord_caml 1D, inte
BYTE_CLK_PER. HotL... Far

T 0.

Ll lkkELLE

Ci/Daera/alok/OneDrive - Latsice Semiconducior Corp/my_designa/MIFI-Eihesnet/pd/Latess_novll_ip_separation/svant/simulation_L080p/wave.ds]

ow: 100rs Deea: 3 v _tast) 0ps to 125105 ms

Figure 7.7. QuestaSim Interface: Signals Added

10. To run the simulation, type restart, log -r /*, and run 150us in the Transcript window.

o)

igna/MIFI-Ethes: tion/avant/scurce/vid

= /video_transport/iac

0 Word couat = 2400

3/alon/0ne0TIve - LATTiCE SERLCO

y_des1qns/MIPI-ECheInet/ D4/ 1aTest _Novil 19 Separation/avant/sinulacio

Figure 7.8. QuestaSim Interface: Restart Simulation
11. Wait for the simulation to complete to see the waveforms.
J | | | \ | | :l

3 FE] B & I | b E—
L | | L

S N R S 2 S § R S N S
. S Y S [ - M S 5 10 S D I S ¢ S i ¢
4. pixel_out_tvalid_o [ 1] [H] LI 8]

Figure 7.9. QuestaSim Interface: Passing Condition

12. Type quit -sim in the ModelSim console to terminate the simulation.

S

Now: 150,100 s Deta: 3 100

Figure 7.10. QuestaSim Interface: Quit Simulation
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7.1. Simulation Results

1. After the simulation is completed, the simulation folder contains the results generated in .txt.

Name

qgrun.out
w ._Real__Math_vhd
D awb_out_blue.txt
g awb_out_green.txt
D awb_out_red.txt
D B2P_output_byte_camO.txt
D B2P_output_byte_cam1.txt
g B2P_output_word_cam0.txt
D B2P output word_cam1.txt
D ccm_out_bluetxt
D ccm_out_green.txt
D ccm_out_red.txt
D debayer_in_byte.txt
D debayer_in_word.txt
g debayer_out_blue.txt
D debayer out_green.txt
D debayer_out_red.txt
D debug_vtss_0_in.txt
D debug vitss 1 intxt
D debug_vtss_outtxt

Status Date modified

26-Nov-24 13:48
27-Nov-24 14:24
26-Nov-24 13:52
26-Nov-24 13:52
26-Nov-24 13:52
26-Nov-24 13:52
26-Nov-24 13:52
26-Nov-24 13:52
26-Nov-24 13:52
26-Nov-24 13:52
26-Nov-24 13:52
26-Nov-24 13:52
26-Nov-24 13:52
26-Nov-24 13:52
26-Nov-24 13:52
26-Nov-24 13:52
26-Nov-24 13:52
26-Nov-24 13:52
26-Nov-24 13:52
26-Nov-24 13:52

(OCRONONONONORONONONONONONONONOHONORORONE

Type Size

File folder

Hard Disk Image F... 89 KB
Text Document 48 KB
Text Document 43 KB
Text Document 48 KB
Text Document 89 KB
Text Document 89 KB
Text Document T8 KB
Text Document T8 KB
Text Document 48 KB
Text Document 43 KB
Text Document 48 KB
Text Document T8 KB
Text Document 59 KB
Text Document 43 KB
Text Document 48 KB
Text Document 48 KB
Text Document 496 KB
Text Document 496 KB
Text Document 442 KB

Figure 7.11. Simulation Results

2. Compared the input file (debayer_in_byte.txt) and output file of camera 0 (B2P_output_byte_camO.txt) or camera
1 (B2P_output_byte_caml.txt). The results must be identical for both files.

ooooz 6d
ooz | &3
ooz | &5
oot | Sc
ooos | 79
oooe | 61
o007 | o4
pooos | &0
pooos | o1
pooto | &5
oot | 7o
o1z | 76
o1z | &3
poo1s | 6o
poo1s | se
poo1e | ad
o017 | 4c
oote | 41
poo1s | 47
poozo | 3
ooz | 40
oozz | 37
poozz | 38
pooze | 37
poozs | 33
pooze | 37
00027 | 2a
pooze | 38
pooza | 22
poozo | 3z
o031 | v
003z | za
boo3a | 11
003s | 1e
poo3s | of
oo3e | 1b
0037 | 0
pooze | 1a
poozs | oc
poosn | 1c
poosr | od

00001 6d
00002 | &3
00003 | &5
00004 | Sc
00005 | 79
00006 | 61
00007 | o4
00008 | &0
00008 | o1
00010 | &5
00011 | 7o
o001z | 76
00013 | &3
00014 | &0
00015 | s6
00016 | ad
00017 | ac
ooo1e | 41
0001s | 47
00020 | 3b
00021 | 40
oo00zz | 37
00023 | 38
00024 | 37
00025 | 33
00026 | 37
00027 | 2a
00028 | 38
o00zs | 22
00030 | 3z
00031 b
00032 | 2a
00033 1
00034 e
00035 | of
00036 | 1b
00037 | Oe
00038 | 1a
0003% | Oc
00040 | 1c
00041 | 0d

Encading: Sydem.

Une end sie: 005,

Figure 7.12. Passing Results for Camera 0
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o016 | 44 4d
00017 | 4e ic
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oooa1 | 1v 00031 | 1b
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ooo3s | of 00035 | Of
00036 | 1b 00036 | 1b
00037 | oe 00037 | 0e
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Figure 7.13. Passing Results for Camera 1
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8. Implementing the Reference Design on Board

8.1. Requirements

The following lists the requirements for the reference design implementation on board:
e Lattice Avant G/X ES

e  USB cable for programming

e Power supply

e  Optical fiber cables

e  25G Ethernet SFP28 module

e 10G Ethernet SFP+ module

e HDMIl cable

e 1080p 60fps or 4K 30fps capable monitor
e 2IMX258 camera sensor

e Third-party HDMI card

e  Optical loopback module

8.2. Device Hardware

This section describes the device hardware and setup on the board for the reference design implementation—Lattice
Avant Versa Board X.

Third Party HDMI card
connected and HDMI ; - e =
~——cabletomonitor ; <53

Camera sensor with
jumper enabled

Power cable
Goe alic

7 Segment LED

Figure 8.1. Overview Hardware Setup
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8.2.1. Camera Sensor
To enable the sensor, you must connect the jumper and short pin 2-3 respectively on J24 and J21.

Figure 8.2. Camera Sensor Setup

8.2.2. Third-Party HDMI Card

Attach the HDMI card onto J19 pin, FPGA Mezzanine Card Plus (FMC+) connector on the Lattice Avant Versa board,
connect the HDMI cable to J3, and connect the HDMI TX connector on the HDMI card.

DJ_ (G e
; oNDI®) 02
e oy FReat 4

* S119136_GP10

o~ w
2 94V-|
@OENY;

HOM/[-FMC

gned & M. d by Terasic

Figure 8.3. Third-Party HDMI Setup
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8.3. Board Testing

This section provides the details of the reference design hardware testing on the board.

8.3.1. Bit File Programming
This section guides you through the process of uploading the .bit file.
Make sure the board is connected to the PC with the mini—USB Type-A cable, as shown in Figure 8.4.

)

Connect cable I i i)
‘to laptop - =

- o
2028 ¢
Led i e

Figure 8.4. Avant Versa Board

1. Click on the Radiant Programmer icon (ﬂ) if the project is already opened inside the Radiant software. Otherwise,
launch the standalone Radiant Programmer. Enter the Project Name, Project Location, and click OK. The Radiant
Programmer window is shown in Figure 8.5.

Figure 8.5. Radiant Programmer Window
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2. On the cable setup branch, click on Detect Cable and select FTUSB-1 and click OK to proceed.
B3 Programmer: Multiple Cables Detected ? X Cable Settings
Select Cable:
= Cable 1: USB2 Cable: HW-USBN-2B (FTDI) ~
+== FTUSB-0 (Dual R5232-HS A Location 0000) Port: FTUSB-0 w
i< FTUSB-1 (Dual RS232-HS B Location 0001) |
Custom port:
Programming Speed Settings
(O Use default Clock Divider
® Use custom Clock Divider
TCK Divider Setting (0-30x):
fconcel 1/O Settings
Figure 8.6. Select Cable Settings
3. Click on the ... button under the File Name bar and select the bitstream file to program. Refer to Table 6.1. to
choose the appropriate pre-generated bitstream for demonstrating the design.
## Radiant Programmer - impl_-
TEH &S E & s S E
Enable Status Device Family Device Operation File Name File Date/Time  Che|
1 LAV-AT LAV-AT-X70 Fast Configuration
B Open File X
’P « RDO02311_MIPI_CSI2_Ethernet > fpga_lavat > precompiled_file v O Search precompiled_file po)
Organize ~ New folder = - [ 0
A Pictures » Name Date mod f'\;d Type Size
& videos » ~ Today
. D MIPILETH_RD_impl_4K_25G.bit 23-Jul-25 10:40 BIT File 12,500 KB
[™) MIPLETH_RD_impl_4K_10G.bit 23-Jul-25 09:50 BIT File 12477 KB
radiant
v Yesterday
= cam_i2c [ MIPLETH_RD_impl_1080p_10G.bit 22-Jul-25 18:33 BIT File 12,472 KB
precompiled_file [ MIPILLETH_RD_imp!_1080p_25G.bit 22-Jul-25 15:34 BIT File 12,495 KB
5 [l Thic Dr
File name: “ v| Programming File (*bit *rbt) -
Figure 8.7. Load Bitstream File
4. Click on the program device toolbar icon to load the bitstream onto the board as shown in Figure 8.8.
O me = % e T e ] Fp ¥ % @
(& v ! x 3 d
2] B WP @ Wt [iSEe M
Figure 8.8. Program Device Toolbar Icon
5. On the output window, verify that the status of the program device is “Operation: successful”, as shown in Figure

8.9.
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Output

INFO <85021077> - Check configuration setup: Successful (Ignored JTAG Connection Checking).
INFO <85021278> - Devicel LAV-AT-X70ES: Fast Configuration

INFO <85021298> - Operation Done. No errors.

INFO <85021371> - Elapsed time: 00 min : 57 sec

INFO <85021373> - Operation: successful.

Output ~ Tcl Console
Ready

Figure 8.9. Message on Successful Programming

8.3.2. External Loopback Setup
1. Connect the optical cable back-to-back (TX-RX), as shown in Figure 8.10.

Lattice Avant Versa Board

Camera Sensor

Subsystem 0
Video Transport Video Processing o .
Subsystem Subsystem »| Display Subsystem " ITI

Camera Sensor

Subsystem 1
Optical
Fiber Cable — %
Loopback » Network
RX Subsystem

Figure 8.10. External Loopback Connection

2. After successfully programming the bitstream onto the board, you will see the third digit of the seven-segment
display (D) blinking. Press the reset button (SW12) to reset the reference design.

g
E
<

[}

Figure 8.11. Press Reset Button to Initialize the Reference Design
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3. After the reset, the design selects camera 0 by default. As shown in Figure 8.12, camera 1 is arranged vertically for
a better view. On the three-digit seven-segment LED, you will see TX and RX transactions, indicating that the video
is successfully captured and displayed on the monitor. The results are as shown in Figure 8.13.

4. To switch to camera 1, press SW14 and observe the difference. Figure 8.14 shows the monitor displaying video
from camera 1.

Camera 1to
—be vertical

Figure 8.12. Camera 0 Successfully Captures Video
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Figure 8.14. Monitor Shows Camera 1 Video
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9. Resource Utilization

The following tables show the sample resource utilization of the MIPI CSI-2 to Ethernet reference design for the Lattice
Avant Versa X70-3LFG1156C device using the Synplify Pro tool of the Lattice Radiant software 2025.1.0.39.0. The

default configuration is used, and some attributes are changed from the default value to show the effect on the

resource utilization.

Table 9.1. Reference Design Map Resource Utilization for 4K Resolution and 25G Data Rate

LUT4 LUT4 PEU
LUT4 Logic | Distributed Rip;.)Ie Registers DSP MULT | EBR
RAM Logic
Camera Sensor 0 Subsystem 1,703 48 126 1,196 0 5
Camera Sensor 1 Subsystem 1,668 48 126 1,195 0 5
Video Transport Subsystem 2,898 894 290 3,318 0 11
Video Processing Subsystem 4,954 432 3,114 7,680 24 19
Display Subsystem 8,230 1,254 1,338 8,674 0 34
25G Ethernet Network Subsystem 9,289 0 264 6,462 0 4
Miscellaneous 501 0 300 802 0 1.5
Total 29,243 2,676 5,558 29,327 24 79.5
Note: Other submodules are categorized as miscellaneous in this table.
Table 9.2. Reference Design Map Resource Utilization for 4K Resolution and 10G Data Rate
LUT4 LUT4 PFU
LUT4 Logic | Distributed Rip;.)Ie Registers DSP MULT | EBR
RAM Logic
Camera Sensor 0 Subsystem 1,688 48 126 1,195 5
Camera Sensor 1 Subsystem 1,693 48 126 1,196 5
Video Transport Subsystem 2,153 462 378 2,179 8
Video Processing Subsystem 4,954 432 3,114 7,680 24 19
Display Subsystem 8,231 1,254 1,338 8,671 34
10G Ethernet Network Subsystem 3,870 0 150 3,127 2
Miscellaneous 492 0 300 634 15
Total 23,081 2,244 5,532 24,682 24 74.5
Note: Other submodules are categorized as miscellaneous in this table.
Table 9.3. Reference Design Map Resource Utilization for 1080p Resolution and 25G Data Rate
Wt oibute | mople | P | osaaurr | ean
RAM Logic
Camera Sensor 0 Subsystem 1,701 48 124 1,194 5
Camera Sensor 1 Subsystem 1,708 48 124 1,197 5
Video Transport Subsystem 2,912 894 280 3,300 11
Video Processing Subsystem 4,960 432 3,114 7,672 24 19
Display Subsystem 8,206 1,242 1,322 8,624 0 33
25G Ethernet Network Subsystem 9,289 0 264 6,462 4
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LUT4 LUT4
LL:T: Distributed Ripple :Zuisters DSP MULT | EBR
g RAM Logic &
Miscellaneous 492 0 300 802 0 1.5
Total 29,268 2,664 5,528 2,9251 24 78.5

Note: Other submodules are categorized as miscellaneous in this table.

Table 9.4. Reference Design Map Resource Utilization for 1080p Resolution and 10G Data Rate

LUT4 LUT4 PEU
LUT4 Logic | Distributed Rip{)le Registers DSP MULT | EBR

RAM Logic
Camera Sensor 0 Subsystem 1,669 48 124 1,191 0 5
Camera Sensor 1 Subsystem 1,671 48 124 1,190 0 5
Video Transport Subsystem 2,148 462 370 2,161 0 8
Video Processing Subsystem 4,960 432 3,114 7,672 24 19
Display Subsystem 8,205 1,242 1,322 8,621 0 33
10G Ethernet Network Subsystem 3,870 0 150 3,127 0 2
Miscellaneous 490 0 300 634 0 15
Total 23,013 2,232 5,504 24,596 24 73.5

Note: Other submodules are categorized as miscellaneous in this table.
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Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.

For frequently asked questions, refer to the Lattice Answer Database at
www.latticesemi.com/Support/AnswerDatabase.

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

FPGA-RD-02311-1.1 81


http://www.latticesemi.com/legal
http://www.latticesemi.com/techsupport
http://www.latticesemi.com/Support/AnswerDatabase

MIPI CSI-2 to Ethernet
Reference Design

= LATTICE

Revision History

Revision 1.1, August 2025

Section

Change Summary

Introduction

Updated Table 1.1. Summary of the Reference Design.

Directory Structure and Files

Updated Figure 2.1. Directory Structure.

Functional Description

Updated the introductory section.

Updated the Frame Format section.

Added Figure 3.4. AVTP Frame in AXI-S Data Bus for 10G Ethernet (Odd Line Number).
Added Figure 3.5. AVTP Frame in AXI-S Data Bus for 10G Ethernet (Even Line Number).
Updated the Video to AVTP Payload section.

Updated the Store & Forward FIFO section.

Updated the AVTP Header Inserter section.

Updated the AVTP Header Remover section.

Updated the Video Line Buffer section.

Updated Table 3.5. Clock Domain Distribution.

Reference Design IP and
Parameter Description

Updated the IP Description section.

Updated the following figures:

. Figure 4.1. CSI-2 to HDMI IP GUI.

e  Figure 4.2. Byte-to-Pixel IP GUI.

e  Figure 4.4. Automatic White Balance IP GUI.

e  Figure 4.6. System Clock PLL IP GUI.

e  Figure 4.8. Image Sensor Memory File Location.

e  Figure 4.10. HDMI Memory File Location.

e  Figure 4.12. Memory Controller Avant IP GUI.

Added the following figures:

e  Figure 4.14. Video Line Buffer DP RAM IP GUI for 10G Ethernet Data Rate.
e  Figure 4.17. FIFO 256x76 IP GUI for 10G Ethernet Data Rate.
Updated the 10G and 25G Ethernet IP section.

Updated Table 4.10. Parameters in fpga_top.sv.

Running Reference Design

Updated the following sections:

Compiling the Reference Design section.
Generating the Bitstream File section.

Simulating Reference Design

Updated the simulation steps and Figure 7.1. Simulation Wizard: Create Simulation Project.

Implementing the Reference
Design on Board

Updated the Requirements section.
Updated Figure 8.1. Overview Hardware Setup.
Updated step 3 and Figure 8.7. Load Bitstream File in the Bit File Programming section.

Resource Utilization

Updated the following tables:

e Table 9.1. Reference Design Map Resource Utilization for 4K Resolution and 25G
Data Rate.

e  Table 9.3. Reference Design Map Resource Utilization for 1080p Resolution and 25G
Data Rate.

Added the following tables:

e  Table 9.2. Reference Design Map Resource Utilization for 4K Resolution and 10G
Data Rate.

e  Table 9.4. Reference Design Map Resource Utilization for 1080p Resolution and 10G
Data Rate.

Revision 1.0, March 2025

Section

Change Summary

All

Initial release.

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

FPGA-RD-02311-1.1

82


http://www.latticesemi.com/legal

s=LATTICE


http://www.latticesemi.com/

	MIPI CSI-2 to Ethernet
	Contents
	Abbreviations in This Document
	1. Introduction
	1.1. Quick Facts
	1.2. Features
	1.3. Naming Conventions
	1.3.1. Nomenclature
	1.3.2. Signal Names


	2. Directory Structure and Files
	3. Functional Description
	3.1. Transport Protocols
	3.1.1. Frame Size and Bandwidth Calculations
	3.1.2. Frame Format

	3.2. Design Components
	3.2.1. Camera Sensor Subsystem
	3.2.2. Video Processing Subsystem
	3.2.3. Display Subsystem
	3.2.4. Network Subsystem
	3.2.5. Video Transport Subsystem
	3.2.5.1. Video to AVTP Payload
	3.2.5.2. Store & Forward FIFO
	3.2.5.3. AVTP Header Inserter
	3.2.5.4. Aggregator
	3.2.5.5. Video Source Selector
	Filtering Based on Video Frame Boundaries
	Handling Different Scenarios

	3.2.5.6. AVTP Header Remover
	3.2.5.7. Video Line Buffer
	Timeout Calculation
	Status Generation

	3.2.5.8. Ethernet TX FIFO
	FIFO Depth Calculation



	3.3. Clocking Scheme
	3.3.1. Clocking Overview

	3.4. Reset Scheme
	3.4.1. Reset Overview


	4. Reference Design IP and Parameter Description
	4.1. IP Description
	4.1.1. MIPI CSI-2 D-PHY Receiver IP
	4.1.2. Byte-to-Pixel Converter IP
	4.1.3. Debayer IP
	4.1.4. Automatic White Balance IP
	4.1.5. Color Correction Matrix IP
	4.1.6. System Clocks PLL IP
	4.1.7. ROM IP for Image Sensor I2C
	4.1.8. ROM IP for HDMI I2C
	4.1.9. Video Frame Buffer IP
	4.1.10. Memory Controller for Avant IP
	4.1.11. DP RAM IP for Video Line Buffer
	4.1.12. FIFO IP
	4.1.13. 10G and 25G Ethernet IP

	4.2. Reference Design Top File

	5. Signal Description
	5.1.   Push Button
	5.2. 7-Segment LED

	6. Running Reference Design
	6.1. Compiling the Reference Design
	6.2. Generating the Bitstream File

	7. Simulating Reference Design
	7.1. Simulation Results

	8. Implementing the Reference Design on Board
	8.1. Requirements
	8.2. Device Hardware
	8.2.1. Camera Sensor
	8.2.2. Third-Party HDMI Card

	8.3. Board Testing
	8.3.1. Bit File Programming
	8.3.2. External Loopback Setup


	9. Resource Utilization
	References
	Technical Support Assistance
	Revision History
	Revision 1.1, August 2025
	Revision 1.0, March 2025



