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Introduction 

This application note is intended to help customers understand how to use NVIDIA® Jetson™ 
Orin NX series and Jetson Orin Nano series module, Hereafter referred to as “Orin module” 
Input/Output Buffer Information Specification (IBIS) models and module S-Parameters in their 
Signal Integrity (SI) simulations. IBIS models and module S-Parameters for multi-gigabit 
interfaces are available on Orin module SO-DIMM connector. That is, UPHY (PCIe, USB 3.2), 
CSI, VESA® DisplayPort™ (DP), and HDMI™ interfaces are covered in the following chapters. 
 

 

Note: All occurrences of “Orin” refer to the NVIDIA Orin™ NX series or NVIDIA Orin Nano series 
system-on-chips (SoCs) product line and are hereafter referred to as “Orin.” 

 

For the lower speed interfaces on the Orin module connector, IBIS models are provided. These 
interfaces are not covered in detail like the high-speed interfaces. Only the IBIS models are 
included for simulation purposes. In addition, the Jetson Orin NX Series and Jetson Orin Nano 
Series Product Design Guide (DG-10931-001) for PCB routing guidelines should be met. 
 

 

Note: A complete package of IBIS models and S-Parameters for Jetson Orin NX series and 
Jetson Orin Nano series module is attached to this application note. 

 

Table 1. NVIDIA Orin Module High-Speed Signal Integrity IBIS Models and 
Package S-Parameters Summary 

File Name Description 

t234_dphy_rx_rev1p00.ibs 

ondie_T234_P3767A03_CSI_0_1.s24p 

ondie_T234_P3767A03_CSI_2_3.s24p 

CSI DPHY IBIS RX model and S-Parameters for Orin Module 

t234_dp_hdmi_ibis_ami_rev1p00.zip  

ondie_T234_P3767A03_HDMI_DP.s16p 

DP/HDMI IBIS-AMI Model and package S-Parameters for Orin 
Module 

t234_uphy_ibis_ami_rev1p01.zip  

t234_uphy_rx.ibs  

t234_pexclk_rev1p00.ibs  

ondie_T234_P3767A03_UPHY0.s64p 

ondie_T234_P3767A03_UPHY2_Lane01.s16p 

UPHY IBIS-AMI Model supports PCIe Gen4 and USB 3.2 
interfaces. S-Parameters for the UPHY0 and UPHY2 bricks on 
the Orin Module are included 



Introduction 
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For each interface, explanation of how to use the Orin SoCs IBIS models and module S-
Parameter files and the expected output and passing result is provided.  

SI simulation if performed before Gerber-out of the PCB provides maximum benefits as it can 
help reduce the number of design iterations to fix any SI or related EMI or EMC issues. SI 
simulations are performed to ensure that the design meets the eye height and width 
requirements, relevant interface electrical timing margins, channel performance 
requirements, and can run at their supported maximum frequency of operation.  

Impedance mismatch across the entire channel, which might include two PCBs and a 
connector or cable must be minimized or optimized to avoid reflections, which in turn could 
generate unwanted emissions. 

Also included are IBIS models for the lower speed interfaces supported by the Orin NX and 
Orin Nano modules. 

Table 2. NVIDIA Orin Module Lower-Speed Signal Integrity IBIS Models 
Summary 

File Name Description 

t234_can_rev1p0.ibs 

t234_gpio_pwm_i2c.ibs 

t234_i2s_dap_rev1p0 

Miscellaneous low-speed interface IBIS Models for Orin Module 
covering: 

I2S / DAP, I2C, CAN, PWMs, GPIOs 

t234_rgmii_qspi_rev1p00 Medium-speed interface IBIS Models for Orin Module. These cover SPI. 
The IBIS models also include RGMII and QSPI models. These interfaces 
are used on-module so are not needed for simulation. 

Attachments 
The following file is attached to this application note. 

JetsonOrinNX_OrinNano_IBIS_Sparameters.nvzip 

File names and relative paths referenced throughout this application note are from the 
attached .nvzip file. 

To access the attached file, click the Attachment icon on the left-hand toolbar on this PDF 
(using Adobe Acrobat Reader or Adobe Acrobat). Select the file and use the Tool Bar options 
(Open, Save) to retrieve the documents. Files with the .nvzip extension can be extracted using 
7-Zip file archive software or may be renamed to .zip and extracted with other archive 
software.  
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Simulation Environment 

Depending on the design simulation strategy and requirements, the following components are 
required: 
 SI Simulator: For example, HSpice, Advanced Design System (ADS), Ansoft Designer, 

HyperLynx, PCI-SIG Seasim. 
 2D and 3D s-parameters extractor.  

• 2D extractor (for example, Ansys SIwave).  
• 3D Electro Magnetic Full-wave for extraction of PCB and Channel S-parameters (for 

example, ADS, Ansys HFSS) 
 NVIDIA Orin SoCs IBIS and module S-parameter models 
 Other vendor’s device IBIS and package S-parameter models 
 S-parameters from actual layout or PCB extracted for the relevant end-to-end channels to 

be simulated 
 Stimulus. NVIDIA provided data patterns or from IBIS simulator as appropriate. 

S-Parameters Extractor 

If broadside coupling is used for trace layout in the PCB stack-up, then a 3D s-parameters 
extractor is required to capture the impact of broadside coupling and its effects correctly. 
Otherwise, a 2D s-parameters extractor might be good enough. 

Orin IBIS Models and S-Parameters 
All Orin IBIS models are generated from their Spice models. They are correlated through 
simulations and lab measurements will be done during post-silicon characterization. All Orin 
IBIS models provided are calibrated and compliant with the relevant IBIS version. The default 
TT (Typical-Typical) IBIS model is calibrated to RCOMP (Compensation Resistor) to target 50 
ohm default impedance. FF (Fast-Fast) compared to SS (Slow-Slow) corner impedance is 
calibrated from TT default of 50 ohms to reflect PVT (Process, Voltage, and Temperature) IBIS 
model range.  

Calibrated IBIS models are balanced and provide a symmetrical impedance range like 50 
ohms ± 20%, which will provide 40 ohms to 60 ohms impedance range. 

A summary of Orin IBIS models for the multi-gigabit interfaces supported on Orin module 
connector is provided in Table 3. 



Simulation Environment 
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Table 3. Orin IBIS Models Summary 

Interface IBIS and Circuit Model 
Specification Reference for SI Pass or 
Fail and Timing Requirements 

PCIe IBIS-AMI for TX 
t234_uphy_ibis_ami_rev1p01.zip 

t234_pexclk_rev1p00.ibs for reference 
clock outputs 

Use PCI-SIG Seasim or  

t234_uphy_rx.ibs for RX 

PCI Express 3.0  

PCI Express 4.0   

USB 3.2 IBIS-AMI for TX 
t234_uphy_ibis_ami_rev1p01.zip  

Use PCI-SIG Seasim or  

t234_uphy_rx.ibs for RX 

USB 3.2 Specification 

CSI t234_dphy_rx_rev1p00.ibs Camera device/de-serializer datasheet or 
MIPI D-PHY Revision 1.2 

DisplayPort and HDMI IBIS-AMI 
t234_dp_hdmi_ibis_ami_rev1p00.zip 

DP 1.4a Specification 

HDMI 2.1 Specification 

 

In the Orin module s-parameters files provided throughout this application note, the first N 
ports are at the Orin silicon bump side. The last N ports are at the module connector side. 
 

 

Notes: Unless otherwise specified, NVIDIA provides cascaded s-parameter models for complete 
Orin module.  

This includes the NVIDIA Orin on-die parasitic, Orin SoC package, PCB routing on Orin module 
including SO-DIMM edge fingers. 

The SO-DIMM socket on the customer system or baseboard is not included in Orin Module S-
Parameters provided by NVIDIA. 

 

Device IBIS Models and S-Parameters from 
Other Vendors 
Customers will need balanced and calibrated IBIS models from other vendors for their devices 
and package s-parameters as appropriate. IBIS models, which are not balanced, exhibit a wide 
variation in impedance range across FF to SS corner models. If the IBIS models are not 
balanced, then it might be difficult to meet eye height and width, slew rate, and timing 
requirements for some interfaces. An unbalanced IBIS model will look like having asymmetric 
impedance range around the target or characteristic impedance. For example, 20 ohms to 100 
ohms impedance range compared to 50 ohms target impedance. If the IBIS model is 
unbalanced for the device being used, contact the device vendor to provide balanced IBIS 
models.   



Simulation Environment 
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PCB Channel S-Parameters 
Customers will also need extracted s-parameters for the end-to-end channel to correctly 
simulate the channel insertion loss and return loss in frequency domain. Channel crosstalk 
jitter and Inter-Symbol Interference (ISI) should be included.  

Individual s-parameters file size should be less than 2 GB. Otherwise, some SI simulators 
have difficulty in handling larger files. To work around large file size issues, reduce the file 
size through interpolation, before starting any SI simulations.  
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PCI Express 

This chapter covers PCIe SI simulation setup, IBIS, and S-Parameter files to be used. As well 
as eye masks and insertion loss targets for expected simulation results. 

PCIe and USB 3.2 interfaces use the same UPHY PHYs and share a set of I/O pins on Orin SoC. 
There are two UPHY bricks in Orin NX or Orin Nano. The pin mux defines which interfaces are 
supported on these UPHY bricks in the customer platform. 

Although the IBIS model files used for these interfaces are the same, the s-parameters are 
different.  

UPHY PHYs use different TX and RX SI models:  
 TX uses IBIS-AMI model 
 RX uses only IBIS (non-AMI) model without the Equalizer (EQ) function.  

Where  
 IBIS stands for Input/output Buffer Information Specification and 
 AMI stands for Algorithmic Modeling Interface 

IBIS Model 
For PCIe lanes TX, use the following IBIS-AMI file:  

/UPHY/ t234_uphy_ibis_ami_rev1p01.zip 
 

 

Note: This model is for PCIe TX only.  

 

For PCIe reference clock outputs, use the following IBIS file: 

/UPHY/t234_pexclk_rev1p00.ibs 

If IBIS-AMI model not available for RX device, then use AMI probe of IBIS simulator as RX to 
analyze TX channel SI. 

The PCIe RX IBIS model is available in: 

/UPHY/ t234_uphy_rx.ibs 



PCI Express 
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The Orin PCIe RX IBIS model only includes Cdie and Rload behavior, there is no EQ function. 
PCI-SIG Seasim tool is recommended for simulations. 
 

 

Note: Seasim is available to PCI-SIG members only. 

 

Figure 1. PCIe IBIS Model Setup 

Orin IBIS-
AMI Model 
PCIe – TX

Input  stimulus 
set within 

simulator box

CPU/PCIe 
Switch/

Device IBIS 
Model 

PCIE-RX

Signal Pin – 2 (TXP)  

Signal Pin – 3 (TXN)  

Orin IBIS 
Model 

PCIe – RX

(Orin PKG + Module Channel) + 
SO-DIMM Connector + 

Baseboard PCIe Channel +  
CPU/PCIe Switch/Device PKG

(Orin PKG + Module Channel) + 
SO-DIMM Connector + 

Baseboard PCIe Channel +  
CPU/PCIe Switch/Device PKG

CPU/PCIe 
Switch/

Device IBIS-
AMI Model 

PCIe TX 

Signal Pin – 2 (RXP)  

Signal Pin – 3 (RXN)  

Input  stimulus 
set within 

simulator box  

Orin Module S-Parameters 
Orin Module S-Parameters are available in: /UPHY/sparam/ 

ondie_T234_P3767A03_UPHY0.s64p 

ondie_T234_P3767A03_UPHY2_Lane01.s16p 

PCIe Channel Model 
Extract S-Parameters for the end-to-end PCIe channel on the design or platform. This 
includes the PCB and connectors (exclude the Mezzanine connector plug on system or 
baseboard to avoid double counting). Extracted model should have the following features: 
 Worst case PCIe lanes are chosen for modeling 
 TX/RX are extracted in the same model, FEXT/NEXT both are included 
 Three lanes PCB model for typical statistical PCIe analysis flow (Seasim) 
 Recommend using PCI-SIG Seasim tool for channel estimation.  



PCI Express 
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PCIe Simulation and Validation  
Figure 2 shows the eye mask and insertion loss for the PCIe TX simulation and validation. 

Figure 2. PCIe TX Simulation and Validation 
 

Eye Mask

Gen3 -> EW = 0.30UI, EH=25mV

Insertion Loss 

Gen4 -> EW = 0.30UI, EH=15mV

Gen3 -> −20dB @ 4GHz             
Gen4 -> −28dB @ 8GHz

Freq (GHz)

IL (dB)

0 4 GHz 8 GHz

-20dB

-28dB

EW EH

 
 

For PCIe RX validation, checking the frequency domain for channel loss is sufficient. 
Customers are recommended to keep RX routing the same as TX routing. Seasim tool is 
recommended since this is particularly designed for PCIe PCB and channel verification. 

 

 

EW = Eye Width 

EH = Eye Height 
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USB 3.2 

This chapter covers USB 3.2 SI simulation setup, IBIS, and S-Parameter files to be used. As 
well as eye masks and insertion loss targets for expected simulation results. 

PCIe and USB 3.2 interfaces use the same UPHY PHYs and share a set of I/O pins on Orin SoC. 
The pin mux defines which interfaces are supported in the customer platform.   

The IBIS-AMI model used is same for all the UPHY PHYs. However, the s-parameters are 
different. 

IBIS Model 
This section describes the IBIS model setup for USB 3.2. Model usage notes are as follows: 
 Refer to T234_Uphy_TX_IBIS-AMI_model_readme_20200811.pdf for AMI model setup. 
 If there is no device IBIS-AMI USB3 TX model, use Orin IBIS-AMI USB3 TX model. 
 TP4EQ is the eye test probe location, and it follows the compliance test specification.  
 For USB3 compliance channel and spec EQ, refer to the USB-IF. 

Figure 3. USB IBIS Model Setup 

 
 
  



USB 3.2 
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For USB 3.2 TX, use the following IBIS-AMI file: /UPHY/ t234_uphy_ibis_ami_rev1p01.zip. 
 

 

Note: This Orin IBIS-AMI model is for USB 3.2 TX only. For USB 3.2 RX, use Orin UPHY RX IBIS 
model or PCI-SIG Seasim. Seasim available to PCI-SIG members only. 

 

Since Orin UPHY RX IBIS model is not AMI, and it does not support the EQ function. Orin UPHY 
RX IBIS model is available in: /UPHY/ t234_uphy_rx.ibs. 

Customers are recommended to use PCIe IBIS model from PCI-SIG. Since Seasim can be 
used for evaluating the board channel, customers may use this IBIS model to simulate the 
PCB layout, but without a cable. 

Orin Module S-Parameters  
See Section “Orin Module S-Parameters,” for Orin Module S-Parameters for UPHY bricks.  

USB 3.2 Channel Model 
USB 3.2 simulation must add compliance reference channel model, and an RX model with 
reference CTLE. This depends on the simulation tool capability. 

NVIDIA suggests performing frequency-domain check instead of time-domain (eye diagram) 
simulation. For USB 3.2 Gen1 and Gen2 Channel Loss Budgets refer to the 
USB_3.1_Loss_Budget_Rev_1.0_-_2015-03-02.pdf, which is available at https://www.usb.org   

Keep USB 3.2 TX and RX routing as identical as possible. 

NVIDIA recommends using the PCI-SIG Seasim tool to check USB 3.2 channel compliance 
requirements. 

USB 3.2 Frequency Domain Validation 
Table 4 contains the source channel model IL/PSNEXT frequency domain specification. 

Table 4. USB 3.2 Frequency Domain Validation Electrical Specification 

Channel Model Electrical Specification 

IL Host:  

• Gen1 (type-C): ≥ −6.5 dB @ 2.5 GHz 

• Gen1 (type-A): ≥ −10 dB @ 2.5 GHz  

• Gen2:               ≥ −8 dB @ 5 GHz (dual role mode) 

Device:  

• Gen1 (type-C): ≥ −6.5 dB @ 2.5 GHz 



USB 3.2 
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Channel Model Electrical Specification 
• Gen1 (uB):        ≥ −(6.0 − 1.25[*]) dB @ 2.5 GHz 

• Gen2:                ≥ -8 dB @ 5 GHz (dual role mode) 

Resonance dip Frequency: 

• Gen1: > 8 GHz 

• Gen2: > 20 GHz 

NEXT ≤ −40 dB at DC ~5 GHz for PS-NEXT on RX 

 
 

 

Notes: 
• On-die parasitic, PKG, and PCB with onboard components is considered. Connector is 

excluded.  
• In Gen2 the loss budget is same for all types of connectors. 
• Dual role mode: host and device have the same loss budget. 
•  [*] The consideration of Gen1 fixture loss. 

 

USB 3.2 Time Domain Validation 
Refer to Section “Transmitter Eye,” in the Universal Serial Bus 3.2 Specification available at: 
https://www.usb.org to verify time domain eye specification. 

 

 

https://www.usb.org/
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CSI 

This chapter covers CSI SI simulation setup, IBIS, and s-parameter files to be used. As well as 
eye masks and insertion loss targets for expected simulation results. 

CSI interface uses DPHY.   

DPHY Circuit Model  
DPHY RX IBIS model to use is /CSI/ t234_dphy_rx_rev1p00.ibs 
 

 

Note: NVIDIA recommends that customers obtain the TX model directly from the camera and 
deserializer vendor. 

 

Set up the DPHY circuit model as shown in Figure 4. 

Figure 4. DPHY Circuit Model Setup 

DPHY TX
DPHY Input 
Stimulus

PCB Channel + PKG

PCB Channel + PKG

RX_P

RX_N

Orin DPHY 
RX IBIS

 



CSI 
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Orin Module S-Parameters  
Refer to the Jetson Orin NX Series and Jetson Orin Nano Series Product Design Guide (DG-
10931-001)  for DPHY lane and port definition. 

Orin Module S-Parameters for CSI interface are available in /CSI/ 

ondie_T234_P3767A03_CSI_0_1.s24p 

ondie_T234_P3767A03_CSI_2_3.s24p 

Use s-parameters for CSI lanes that are to be simulated.  

CSI Simulation Validation Specification 
Refer to the camera device and deserializer device data sheet or CSI specification for details. 
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DisplayPort and HDMI 

This chapter covers DisplayPort and HDMI signal integrity simulation setup, IBIS, and s-
parameter files to be used. As well as eye masks and insertion loss targets for expected 
simulation results. 

DisplayPort and HDMI 2.0 Model Setup 
Set up the DP and HDMI 2.0 model as shown in Figure 5. 

For DP and HDMI TX, use the following IBIS-AMI file:  

/DP_HDMI/t234_dp_hdmi_ibis_ami_rev1p00.zip 

The IBIS-AMI model is a one-lane model. So, customers must use four instances to represent 
four differential pairs. 

Figure 5. DisplayPort and HDMI 2.0 Model Setup 
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The DP and HDMI 2.0 compliance cable+EQ model is an s-parameter model in Touchstone 
format. 

Model usage notes are as follows: 
 Refer to the “T234 DP_HDMI IBIS-AMI model readme.pdf” for DP and HDMI AMI model 

setup. 
 TP3EQ (TP2EQ in HDMI 2.1 specification) is the eye test probe location. It follows the 

compliance test specification.  
 Consult the standard development organization to request the compliance channel and EQ 

model.  

HDMI 2.1 Model Setup 
Set up the HDMI 2.1 model as shown in Figure 6. 

Figure 6. HDMI 2.1 Model Setup 
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For HDMI 2.1 TX, use the following IBIS-AMI file:  

/DP_HDMI/t234_dp_hdmi_ibis_ami_rev1p00.zip 

The IBIS-AMI model is a one-lane model. So, customers must use four instances to represent 
four differential pairs. 

HDMI 2.1 needs s16p instead of s4p for cable + EQ model to include crosstalk.  

Model usage notes are as follows: 
 TP2EQ (TP3EQ in HDMI 2.0 specification) is the eye test probe location. It follows the 

compliance test specification.  
 Consult the standard development organization to request the compliance channel and EQ 

model. 
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Orin Module S-Parameters 
For DP and HDMI port use Orin package s-parameters available in: /DP_HDMI/  

ondie_T234_P3767A03_HDMI_DP.s16p 

DP and HDMI Channel Model 
Customers should use extracted s-parameters for the end-to-end channel in their design or 
platform, taking note of the following considerations. 
 Choose worst case package lanes for modeling  
 Model lane-to-lane cross talk within the link  
 Use the extracted s-parameter channel model for the design  
 Use separate s-parameter model for each DP and HDMI port instance 

Source Channel Model Validation 
Specification  
Source channel model IL/PSFEXT frequency domain specifications are described in Table 5 
and Table 6. 

Table 5. Frequency Domain Specification for DisplayPort 

DisplayPort Electrical Specification 

IL E-HBR:  ≥ −1.65 dB @ 0.675 GHz 

RBR:      ≥ −1.65 dB @ 0.68 GHz 

HBR:      ≥ −2.6 dB @ 1.35 GHz 

HBR2:    ≥ −6.8 dB @ 2.7 GHz 

HBR3:    ≥ −8.8 dB @ 4.05 GHz 

Resonance dip frequency: > 8 GHz, HBR2 

Resonance dip frequency: > 12 GHz, HBR3 

FEXT ≤ −40 dB at DC 

≤ −30 dB at 2.7 GHz 

≤ −30 dB at 5.4 GHz 

 
 

 

Note: On-die parasitic, PKG, and module PCB loss is considered. This is total source channel 
loss budget. 

 



DisplayPort and HDMI 
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Table 6. Frequency Domain Specification for HDMI 2.0 and HDMI 2.1 

HDMI Electrical Specification 

IL ≤ −2.7 dB @ 1 GHz 

≤ −3.7 dB @ 1.5 GHz 

≤ −5.9 dB @ 3 GHz 

≤ −8.2 dB @ 6 GHz  

Added components. For example, ESD, CMC are taken into consideration. 

Resonance dip frequency: > 12 GHz 

FEXT (PSFEXT) ≤ −60 dB at DC 

≤ −40 dB at 3 GHz 

≤ −40 dB at 6 GHz 

DP-HBR3 Validation  
Table 7 contains DP driving level for the corresponding IBIS model name. 

Table 7. DP IBIS Model and Driving Level 

IBIS model name for DP driving level VSL[0:3]/PEL[0:3] 

 PEL0 PEL1 PEL2 PEL3 

VSL0 drv_0x14_txpu_0x02_L0_0dB drv_0x1a_txpu_0x03_L0_3p5dB drv_0x21_txpu_0x04_L0_6dB drv_0x2b_txpu_0x06_L0_9p5dB 

VSL1 drv_0x1d_txpu_0x03_L1_0dB drv_0x23_txpu_0x04_L1_3p5dB drv_0x2d_txpu_0x06_L1_6dB  

VSL2 drv_0x29_txpu_0x04_L2_0dB drv_0x31_txpu_0x06_L2_3p5dB   

VSL3 drv_0x36_txpu_0x06_L0_0dB    

 

Sweep CTLE for each DP driving level is: VSL[0:3]/PEL[0:3]. Optimal CTLE gain at RX side 
(Cable+EQ) must be applied. Refer to the VESA DisplayPort 1.4a PHY Compliance Test 
Specification (PHY CTS) available at: https://www.vesa.org   

Eye mask: 
 EH, min = 65 mVpp 
 EW, min = 530 mUI 
 Number of simulated bits: shall be 2M UI at least.  
 Pass and Fail criteria: For each VSL[0:3], there should be at least one PEL meeting the eye 

mask. 

 
  

https://www.vesa.org/
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HDMI 2.0 Validation 
HDMI2.0 validation specification is as follows: 
 HDMI driving level is applied. 
 The reference cable equalizer must be applied. 

Refer to the HDMI 2.0 Specification available at: https://hdmiforum.org   

EH/EW  
 Number of simulated bits: shall be 2M UI at least.  
 Pass and Fail criteria: Eye at both positive and negative cable skews should pass the eye 

mask. 

Refer to the HDMI 2.0 Specification available at: https://hdmiforum.org  

HDMI 2.1 Validation 
HDMI 2.1 validation specification is as follows: 
 HDMI driving level is applied. 
 The reference cable equalizer must be applied according to scenarios listed in Table 8. 

Table 8. Cable Equalizer Options 

FRL Rate Cable + Equalization DFE 

12 Gbps WCM3_CTS_8dB.s16p  25 mv 

12 Gbps SCM3_CTS_1dB.s16p  Not applicable 

3/6/8/10 Gbps WCM3_CTS_8dB.s16p  Not applicable 

3/6/8/10 Gbps SCM3_CTS_1dB.s16p  Not applicable 

 

Refer to the HDMI 2.1 Specification available at: https://hdmiforum.org   

EH/EW  
 EH/EW is bit rate dependent. 
 Number of simulated bits: shall be 2M UI at least.  
 Pass and Fail criteria: Both WCM/SCM Eye should pass the eye mask. 

Refer to the HDMI 2.1 Specification available at: https://hdmiforum.org  

 

 

https://hdmiforum.org/
https://hdmiforum.org/
https://hdmiforum.org/
https://hdmiforum.org/
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