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I nt rOd u CﬁOn (Ask a Question)

This application note describes how to run video passthrough design using the PolarFire® Video Kit with a
video source, display, High-Definition Multimedia Interface Transmitter (HDMI TX) port, and High-Definition
Multimedia Interface Receiver (HDMI RX) port. The demo design features a fully-integrated solution developed
using Microchip's Libero® System-on-Chip (SoC) software that enables you to evaluate PolarFire FPGA in smart
embedded vision applications and to build prototypes, quickly. The design is capable of dynamically supporting
video resolutions from 480i59.94 fps to 4K@60 fps, color depths of 8, 10, 12, and 16 bits and color formats

of RGB, YUV444, YUV422, and YUV420. For more information about Smart Embedded Vision IPs, see Smart
Embedded Vision.

The demo design captures the video and audio from a source using the HDMI 2.0 RX port and decodes the
HDMI data as a video and audio data. The decoded data is then written to the FIFOs before looping back to an
external HDMI complaint source or a monitor using the HDMI 2.0 TX port.

Features
This section provides the overview of supported features and the supported audio and video resolutions.

The features of the HDMI passthrough design are as follows:

+ HDMI RX to HDMI TX with Dynamic Switching of Various Resolutions from 480i59.94 fps to 4K 60 fps
+ Dynamic Switching of RGB/YUV422/YUV444/YUV420

+ Dynamic Switching of 8-bit, 10-bit, 12-bit, and 16-bit Pixel Width

+ Two-channel 48 kHz Audio Support

+ HDR Support

+ Auto-detection of Resolution

The following table lists the supported video resolutions.

Table 1. Video Resolutions

2880 x 480i59.94 8-bit, RGB, YUV422, and YUV444
2880 x 576i50 8-bit, RGB, YUV422, and YUV444
2880 x 480p59.94 8-bit, RGB, YUV422, and YUV444
2880 x 576p50 8-bit, RGB, YUV422, and YUV444
720p23.98 8-bit, RGB, YUV422, and YUV444
720p24 8-bit, RGB, YUV422, and YUV444
720p29.97 8-bit, RGB, YUV422, and YUV444
720p30 8-bit, RGB, YUV422, and YUV444
720p50 8-bit, RGB, YUV422, and YUV444
720p59.94 8-bit, RGB, YUV422, and YUV444
720p60 8-bit, RGB, YUV422, and YUV444
1080i50 8-bit/10-bit/12-bit/16-bit, RGB, YUV422, and YUV444
1080i59.94 8-bit/10-bit/12-bit/16-bit, RGB, YUV422, and YUV444

1080i60 8-bit/10-bit/12-bit/16-bit, RGB, YUV422, and YUV444


https://www.microchip.com/askaquestion?pub_guid=GUID-E53BF8BF-3873-4114-B0D0-8D9F271708E2&pub_lang=en-US&pub_ver=4&pub_type=Application%20Note&bu=fpga&tpc_guid=GUID-8E04CE6D-26CB-4FA3-A86A-53FC0C22B59E&cover_title=HDMI%20Passthrough%20Design%20Application%20Note&tech_support_link=NA&revision_letter=D&source=PDF&title=Introduction
https://www.microchip.com/en-us/solutions/industrial/smart-embedded-vision
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Table 1. Video Resolutions (continued)

1080p23.98 8-bit, RGB, YUV422, and YUV444

1080p24 8-bit, RGB, YUV422, and YUV444

1080p25 8-bit, RGB, YUV422, and YUV444

1080p29.97 8-bit/10-bit/12-bit/16-bit, RGB, YUV444, and YUV422

1080p30 8-bit/10-bit/12-bit/16-bit, RGB, YUV444, and YUV422

1080p50 8-bit/10-bit/12-bit/16-bit, RGB, YUV444, and YUV422

1080p59.94 8-bit/10-bit/12-bit/16-bit, RGB, YUV444, and YUV422

1080p60 8-bit/10-bit/12-bit/16-bit, RGB, YUV444, and YUV422

2160p23.98 8-bit, RGB, YUV422, and YUV444

2160p24 8-bit, RGB, YUV422, and YUV444

2160p25 8-bit/10-bit/12-bit/16-bit, RGB, YUV444, and YUV422

2160p29.97 8-bit/10-bit/12-bit/16-bit, RGB, YUV444, and YUV422

2160p30 8-bit/10-bit/12-bit/16-bit, RGB, YUV444, and YUV422

2160p50 8-bit, RGB, YUV422, and YUV444
8-bit/10-bit/12-bit/16-bit, YUV420

2160p59.94 8-bit, RGB, YUV422, and YUV444
8-bit/10-bit/12-bit/16-bit, YUV420

2160p60 8-bit, RGB, YUV422, and YUV444

8-bit/10-bit/12-bit/16-bit, YUV420
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1. Demo Requirements (s auestion)
The following table lists the hardware and software required to run the demo.

Table 1-1. Demo Requirements

Hardware

PolarFire® Video kit DVP-102-000512-001 REV 1.0
USB A to mini-B cable Required for FPGA programming
HDMI Display 4096 x 2160 (60 Hz) resolution
Two HDMI cables HDMI A male-to-male cable
Power Adapter 12V, 5A

Software

This executable file installs FlashPro Express that is used to program FPGA. For more

Program Debug vxx.x win.exe . . "
gram_ 9 - information, see Programming and Debug Tools.
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2. Demo Prerequisites (s auestion)
Before you begin, perform the following steps:

« Download the design files from the following link: www.microchip.com/en-us/application-notes/
AN4768.

+ Download and install the Libero SoC Design Suite from Libero SoC Software Downloads.
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3. Design Description (s«a question)
The following figure shows a high-level block diagram of the design.

Figure 3-1. Block Diagram

PolarFire®” MPF 300-VIDEO KIT

PolarFire’ FPGA \

-~
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XCVR FIFO
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H HDMI TX IP

- /

The video input is received through an HDMI compliant video source through the HDMI RX port.
The serial HDMI data is converted to parallel data by Transceiver (XCVR). XCVR is configured for four
lanes for HDMI video reception and transmission. The XCVR Lane 3 is a clock lane and remaining
three lanes 0, 1, and 2 are used as data channels. XCVR is configured with 40 bits parallel data width
to serialize four pixels per clock.

The 40 bits (4 pixels) data received at HDMI RX IP is decoded as either a video data or an auxiliary
data, and the respective valid signals and frame control signals are generated. The decoded video
data and audio data are packed and written into a FIFO. The FIFO output data is unpacked to video
and audio data, which are given as inputs to the HDMI TX IP. The HDMI TX IP encodes the data

using TMDS encoding. The encoded data is serialized by XCVR and sent to HDMI TX port. The display
connected to the HDMI TX port receives the encoded data from the HDMI TX IP, which is the same
video and audio as the HDMI RX input.
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.
3.1. Hardware Implementation (asa auestion)
The following figure shows the Libero SoC implementation of the top-level SmartDesign.
Figure 3-2. Top-Level HDMI Passthrough Design View
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The top-level HDMI passthrough design includes the following key IP cores:

+ XCVR

+ HDMITXIP
+ HDMIRXIP
* FIFO

+ PROC SUBSYSTEM

XCVR is configured in Full-Duplex mode, as the system receives Transition Minimized Differential
Signaling (TMDS) data and transmits the encoded TMDS. The XCVR uses LANE 3 for clock data,
LANE_O_JA_CLK as the clock source for PF_TX_PLL. The HDMI_RX input clocks for the Blue (B),

Green (G), and Red (R) channels are driven by LANE_O0_RX_CLK, LANE_1_RX_CLK, and LANE_2_RX_CLK,
respectively. Correspondingly, the HDMI_TX input clocks for the B, G, and R channels are provided
by LANE_O_TX_CLK_R, LANE_1_TX_CLK_R, and LANE_2_TX_CLK_R, respectively. LANE_O, LANE_1, and
LANE_2 serve as the data lanes carrying the Blue, Green, and Red channel data of HDMI_RX,
respectively. In this system, the XCVR data rate is selected to support Full High Definition (FHD) video
data transmission and reception at 60 FPS. The Dynamic Reconfiguration Interface (DRI, for setting
matching data rates) is used to configure the Transceiver (XCVR) for different speeds. XCVR serializes
or deserializes the HDMI 40 bits data that contains four pixels where MSB 10 bits represent the
latest pixel.

The following figure shows the XCVR configurator.
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Figure 3-3. XCVR Configuration
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The HDMI RX IP is configured with four pixels per clock for native interface. The following figure
shows the HDMI RX IP configurator.

Figure 3-4. HDMI RX IP Configuration
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The HDMI RX IP decodes the TMDS data to video and audio data. The HDMI RX IP is configured to
operate in one pixel per clock or four with the interface type as Native and AXI4.

The FIFO core passes the decoded data of video and audio signals to HDMI TX IP for encoding. The
HDMI TX IP is configured in Audio Mode as Enable to encode the audio data along with the video

data.

The following figure shows the HDMI TX IP configurator.

Figure 3-5. HDMI TX IP Configuration
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3.2. I/O POI‘tS (Ask a Question)
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The following table lists the important I/0 ports of the design.

Table 3-1. Important I/O Ports
LANEO_RXD_N
LANEO_RXD_P
LANE1_RXD_N
LANE1_RXD_P
LANE2_RXD_N
LANE2_RXD_P
LANE3_RXD_N
LANE3_RXD_P
REF_CLK_PAD_N
REF_CLK_PAD_P
REF_CLK_27_MHz
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Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input

Lane 0 RX channel N
Lane 0 RX channel P
Lane 1 RX channel N
Lane 1 RX channel P
Lane 2 RX channel N
Lane 2 RX channel P
Lane 3 RX channel N
Lane 3 RX channel P
Reference clock N

Reference clock P

Reference clock
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Table 3-1. Important I/O Ports (continued)

REF_CLK_PAD_N_CABLE_CLK Input Reference clock cable clock N
REF_CLK_PAD_P_CABLE_CLK Input Reference clock cable clock P
SDA_RX_O Output Serial data

SCL_RX_I Input Serial clock

HPD_TX_I Input Hot plug detect input for TX
HPD_RX_5V_N Input Hot plug detect input for RX
HDMI_TX_SDA Output Serial data

HDMI_TX_SCL Output Serial clock

LANEO_TXD_N Output Lane 0 TX channel N
LANEQO_TXD_P Output Lane 0 TX channel P
LANE1_TXD_N Output Lane 1 TX channel N
LANE1_TXD_P Output Lane 1 TX channel P
LANE2_TXD_N Output Lane 2 TX channel N
LANE2_TXD_P Output Lane 2 TX channel P
LANE3_TXD_N Output Lane 3 TX channel N
LANE3_TXD_P Output Lane 3 TX channel P
HDMI_RX_HPD_N_O Output Hot plug detect output
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3.3.  Clocking Structure (asaauestion)
The design uses the following clocks:

+ The 27 MHz fabric clock is given to CLOCK_INIT, which then provides a 27 MHz clock to
PF_CCC_CO. This component generates a 50 MHz clock, used as the AXI4-Lite clock, for both
HDMI_RX and HDMI_TX for AXI configuration.

+ The 148.5 MHz oscillator provides a reference clock to CCC which generates CDR reference
clock to XCVR. The 148.5 MHz clock is also used for TXL PLL and PF_CCC_C2 reference clocks.
This setup generates an Extended Display Identification Data (EDID) clock of 150 MHz, which is

REF_150M_CLK for HDMI_RX, as shown in the following figure.

The following figure shows the clocking structure of the design.

Figure 3-6. Clocking Structure
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3-4. Reset Structu re (Ask a Question)

The PF_INIT_MONITOR block generates the DEVICE_INIT_DONE signal. When this signal is de-
asserted, it triggers a reset condition. The HDMI_TX, HDMI_RX, and PROC_SUBSYSTEM cores receive
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their respective reset inputs from dedicated CORE_RESET_PF_Cx blocks. The CORE_RESET_PF_Cx
blocks determine their reset condition based on the logic shown in following figure.

Figure 3-7. Reset Structure
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4- Setting Up the DemO (Ask a Question)

Setting up the demo involves the following steps:

1.
2.

Setting Up the Hardware
Programming the Device

4-1- Setﬁng Up the Hardware (Ask a Question)

Setting up the hardware involves interfacing HDMI source (Host PC) and HDMI display with the
PolarFire Video kit and verifying the jumper settings.

To set up the hardware, perform the following steps:

A wnN -

5.
6.
7.

Connect the Host PC and the video kit through J12 of the video kit using the USB mini cable.
Connect the HDMI 4096 x 2160 display to J1 (HDMI 2.0 TX port) of the video kit.
Connect the HDMI source to J35 (HDMI 2.0 RX port) of the video kit.

Connect the Host PC and video kit through the USB port (J12) of the video kit using the USB mini
cable.

Connect the power supply cable to J20 of the video kit.
Power up the HDMI monitor.
Power up the board using the SW4 slide switch.

4.2. Programming the Device (asaquestion)

To program the PolarFire device with the . job file provided as part of the design files using the
FlashPro Express software, see Appendix A : Programming the Device using FlashPro Express.
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5. Running the Demo (asa question)
When programming is done, the video sent by the source is displayed on the sink (monitor).

This concludes the demo.
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6. Appendix A : Programming the Device using FlashPro Express (sa queston)

This section describes how to program the PolarFire device with the . job file using FlashPro
Express. The HDMI RX TX.job file is available at the following location.

<$designfiles download
directory>\mpf an4768 v20xxpx df\VKPFHDMIRXTX\designer\HDMI RX TX\export

To program the PolarFire device with the . job file, perform the following steps :

1.
2.

On the Host PC, start the FlashPro Express software from its installation directory.

To create a new job project, select New or New Job Project from FlashPro Express Job from
Project menu.

Enter the following in the New Job Project from FlashPro Express Job dialog box:

a. Programming job file: Click Browse and navigate to the location where the HDMI RX TX.7job
file is located and select the file. The default location is <$designfiles download
directory>\mpf an4768 v20xxpx df\VKPFHDMIRXTX\designer\HDMI RX TX\export

b. FlashPro Express job project location: Select Browse and navigate to the location where you
want to save the project.

Click OK. The required programming file is selected and ready to be programmed in the device.
The FlashPro Express window appears.

Verify that a programmer number appears in the Programmer box. If it does not, verify the
board connections and click Refresh/Rescan Programmers.

To program the device, click Run. When the device is programmed successfully, a Run
PASSED status is displayed.

Close FlashPro Express (Project > Exit). The PolarFire device and SPI Flash are programmed.

Power cycle the board using the SW4 switch. After power cycling, the full HD displays the video
from the Host PC.
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7. Revision History (saauestion)

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

Table 7-1. Revision History

D 07/2026 The following is the list of changes in revision D of the document:
+ Updated Table 1 with resolutions information in the Introduction section.

+ Updated Figure 3-2 and Figure 3-3 in the Hardware Implementation section.

C 04/2026 The following is the list of changes in revision C of the document:

+ Changed the AN title to "HDMI Passthrough Design Application Note" from
"HDMI Loopback Design Application Note".

* Updated Introduction with supported features and video resolutions
information.

+ Updated Table 1-1 in the Demo Requirements section.

+ Updated Figure 3-2, Figure 3-3, Figure 3-4, and Figure 3-5 in the Hardware
Implementation section.

+ Updated Figure 3-6 in the Clocking Structure section.
* Updated HDMI resolution in the Setting Up the Hardware section.

B 0972025 The following is the list of changes in revision B of the document:
+ Updated Design Description section.

+ Updated Figure 3-3, Figure 3-4 and Figure 3-5 in the Hardware Implementation
section.

+ Updated Table 3-1 in the I/O Ports section.
+ Updated Figure 3-6 in the Clocking Structure section.
+ Updated Figure 3-7 in the Reset Structure section.

A 11/2022 Initial revision.
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Microchip FPGA Support

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

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

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

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

Trademarks

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

Legal Notice

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

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

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

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

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

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

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

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

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

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

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

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

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

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

@ MICROCHIP


https://www.microchip.com/en-us/about/legal-information/microchip-trademarks
https://www.microchip.com/en-us/about/legal-information/microchip-trademarks
https://www.microchip.com/en-us/support/design-help/client-support-services
https://www.microchip.com/en-us/support/design-help/client-support-services

	Introduction
	Table of Contents
	1.  Demo Requirements
	2.  Demo Prerequisites 
	3.  Design Description
	3.1.  Hardware Implementation
	3.2.  I/O Ports
	3.3.  Clocking Structure
	3.4.  Reset Structure

	4.  Setting Up the Demo
	4.1.  Setting Up the Hardware
	4.2.  Programming the Device

	5.  Running the Demo
	6.  Appendix A : Programming the Device using FlashPro Express
	7.  Revision History
	Microchip FPGA Support
	Microchip Information
	Trademarks
	Legal Notice
	Microchip Devices Code Protection Feature


