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At a Glance 

High-speed digital standards are quickly evolving to keep pace with emerging 

technologies such as 5G, Internet of Things (IoT), artificial intelligence (AI), virtual 

reality (VR), and autonomous vehicles. 

Each generational change introduces new test challenges for your digital designs. 

You need to test your high-speed digital designs across all product development 

stages — from design and simulation, analysis, debug, and compliance test. The 

latest N5991 software solution anticipates test challenges, optimizes performance, 

and accelerates time-to-market of your high-speed computing interfaces, data 

center connections, and consumer electronics. 

• Supported standards include HDMI, SATA, SAS, PCIe, CCIX, and USB / 

Thunderbolt, MIPI C-PHY and other standards will be continuously added 

with the requirements for higher data speed testing 

• Guided setup with automated fast stress signal calibration and compliance 

measurement functions 

• Modern look and feel with enhanced functionalities 

• System modularity allows the user to enable only required functionalities 

• HTML / Excel test reports  

• Link training suites available that also feature debugging of DUTs 

• Node-locked and transportable licenses 

• Single and multi-lane device testing 

• Characterization mode for in-depth testing 

• Supports real-time parameter changes of amplitude levels, etc. 

Note 

This datasheet outlines 

the covered tests, 

instrument 

requirements as well 

requirements for the 

PC the test automation 

software is running on. 

 

Figure 1. N5991 Software Solution Path 
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Turn Your Instruments into a Solution 

An efficient test strategy is a proven competitive advantage. The Keysight Technologies N5991 is the 

successor of the well-known industry standard N5990A test automation software platform. It follows the 

same concept - combining the performance of your instruments with the convenience of your PC. The 

system’s software provides unprecedented test integration, high-throughput, and ease-of-use for a wide 

range of stimulus and response systems, providing a level of control that transforms a collection of 

instruments into a universal, user-friendly and highly productive test solution. 

 

Fast and Reliable Testing 

The comprehensive N5991 software platform increases test speed, reduces test costs, and ensures 

greater thoroughness than manual electrical testing. Using PCI Express as an example, the system can 

test a range of devices - transmitters, receivers and bridges, network adapters, DSP, TV, and data-

acquisition cards - whether they are production-ready prototypes, development boards, or chipsets 

 

 

 

 

 

Figure 2. Software Platform Block Diagram 
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Standardize Your Tests 

The N5991 receiver-test options provide dedicated receiver compliance tests for popular and emerging 

digital buses. You can choose compliance mode for fast certification testing, or characterization mode 

for in-depth analysis. The Receiver Test Automation Platform’s compliance testing capabilities have 

been repeatedly proven at interoperability workshops or “plug-fests” and at Methods of Implementation 

(MOI) events. 

The N5991 platform has been built upon the success of previous generations to deliver significant gains 

in productivity. Like its predecessor (the N5990A software), the interface for the new system has been 

designed using a common framework, which makes it easy to test multiple buses, such as HDMI, USB, 

PCI Express, CCIX, SAS and more. It delivers additional gains by using HTML or Excel formats for 

reporting results. The N5991 software architecture is based on C# code and Microsoft .NET, which, in 

conjunction with on-the-fly amplitude and jitter control supported by many Keysight instruments, ensures 

fast interaction, calibration, and test execution for the highest possible throughput. 

 

Test Selection and Test Results 

The test automation software platform lets you select tests from an intuitive tree structure with multiple 

levels of detail. Select the tests you want to run, as well as the number of their repetitions. Test results 

are provided in HTML or Microsoft Excel format. Measuring results are reported in parameter tables and 

graphically in curves (see Figure 3). 

 

 

 

 

   

Figure 3. 10 Gb/s dual lane jitter tolerance test result 
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N5991HP1A HDMI 2.1 Receiver Tests 

N5991HP1A HDMI electrical performance validation and compliance software solution offers a complete 

test execution environment for validating and troubleshooting the electrical performance of HDMI 1.4 

and HDMI 2.1 sink devices. The N5991 HDMI software guides you through the whole process – from 

setup to analysis of results. The intuitive graphical user interface for this process allows you to select the 

specifics of test such as configuring test setup and test system connection, as well as the initial 

calibrations that will govern the product’s required test plan. The test algorithms have been certified 

through HDMI Forum sponsored test event qualification and are officially approved by the HDMI Forum. 

In HDMI 2.1, with the introduction of new video transport method (fixed rate link) where the data rate of 

each data channel to 12 Gbps, the new ultra-high-speed Category 3 connector and cable specifications 

requiring new test regimen, and enhanced audio return channel (eARC) capability. N5991 Valiframe 

Software also offers Superior intra-pair skew performance with less than one picosecond of accuracy for 

FRL testing. 

 

 

 

 

 

 

 

 

 

Figure 4. HDMI FRL Receiver Test Setup based on M8195A 
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Calibrations 

The HDMI Receiver testing support automatic control of the Keysight Technologies M8195A AWG 

(Arbitrary Waveform Generator). It calibrates the stress conditions and controls all test electronic 

equipment for automated receiver tolerance tests. The N5991 implements the tests according to the 

requirements of the “Compliance Test Specification for Sink Devices of HDMI” version 1.4 and 2.1. It also 

offers some custom characterization tests to provide more details on DUT behavior beyond the limits. 

The calibration procedures are calibrating the TMDS and FRL signal generator levels and timings. The 

order of the procedures is mainly driven by the dependencies of the calibrations. Depending on the DUT 

configuration, more or less calibrations will need to be conducted. The results of each calibration will be 

stored in the Calibration folder of ValiFrame, so that it can be further used in another calibrations or test. 

Calibration data for levels and rise times are required at least once for all data rates. Jitter calibrations 

are required for each data rate as specified in the HDMI Specification. ValiFrame automation helps in 

automatically determines the required test procedures from the combination of the supported video 

modes, color depth and color modes. 

 

 

 

 

 

 

 

Figure 5. eARC calibration test setup 
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Figure 6. e.g. FRL Swing Calibration Clock+ Valiframe test 

 

 

Figure 7. Example of Skew Calibration test result 
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Receiver Tests 

HDMI FRL sink electrical compliance testing is conducted by applying a stressed signal, performing the 

loopback training and reading automatically the errors with the SCDC Controller. FRL tests has to be 

conducted for the highest and the lowest supported data rate. 

HDMI TMDS sink electrical compliance testing is conducted by applying a stressed signal and observing 

the video output for errors. There are three different test cases: Swing voltage tolerance, jitter tolerance 

and intra-pair skew tolerance. Additionally, the ValiFrame solution provides some of the sink video and 

protocol compliance tests. 

 

 

 

 

 

 

 

Figure 8. HFR 2-5. Jitter Tolerance_12 GBit/s FourLane 
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Figure 9. Example of Sink Test, HFR 2-5. Jitter Tolerance_3 GBit/s Three Lane 

 

Brief explanantion, connection diagram and ValiFrame screenshot 

 

Add-ons 

Active Optical Cable and Cat3 Cable Test 

HDMI cable electrical compliance testing is conducted by applying a stressed signal and measuring the 

output with a digital oscilloscope. The ValiFrame HDMI only covers a few cable compliance tests (for 

extended cable compliance tests use the ValiFrame HDMI Cable add on). 

There are two different test cases: The Cable Eye Mask and the Cable Inter-Pair skew. 

The cable eye mask tests as well as the cable inter-pair skew tests are performed only for 74.25 MHz, 

165 MHz and 340MHz data rates. ValiFrame automatically determines required tests from the 

combination of the Cable Category. 
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Figure 10. Example of Active Optical Cable and Cat3 Cable Test: ID 5-3: Cable Eye Mask Measurement 

 

Jitter Characterization Test 

Jitter Characterization is an Expert Mode Test. It allows the user to go beyond compliance testing. 

ValiFrame will sweep SJ amplitude to find the maximum limit for a particular SJ frequency. SJ 

Frequency is user configurable. The purpose of this test is to search for the maximum sinusoidal jitter 

that the Sink DUT can tolerate at a specific SJ frequency. 

AWG increases the sinusoidal jitter amplitude in steps of 100mUI until the BER test fails. 

 

Customized S-Parameter Injection 

Custom S-parameter selection is available in ValiFrame (only in Expert mode under parameter grid) and 

Frame Generator (under Instrument parameter setup). User can select s2p or s4p touchstone file and 

embed the characteristics over the output waveform. In ValiFrame this selection is available in all 

procedures where "Cable Emulator" was selectable before. 
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SCDC Controller Software 

The main purpose of SCDC controller is to perform FRL link training between TE and Sink DUT. It is 

performed by using I2C interface. The software also performs CED check on DUT. In addition, the 

scrambling bit is also set on Sink DUT during 6G TMDS transmission. 

The software also helps in reading the EDID and SCDC information from Sink DUT. 

 

Figure 11. 12C software interface 

 

N5991HP1E HDMI 2.1 Debug Tools Frame Generator 

The HDMI (High-Definition Multimedia Interface) Debug Tools Frame Generator software is a stand-

alone software utility. It provides semi-automatic control of Keysight Technologies M8195A AWG 

(Arbitrary Waveform Generator) TMDS and FRL Signal Generator for physical layer tests. The Frame 

Generator is a flexible tool for troubleshooting and debugging. It complements the full Test Automation 

Software (Keysight N5991 HDMI Rx tests, depending on the configuration), which provides automated 

physical layer compliance tests and device characterization. 

It allows a wide range of HDMI video formats to be generated and provides control over parameters 

such as color depth and color code. It comprises jitter insertion for jitter tolerance tests, to set the skew 

and other key parameters. 
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Figure 12. Debug Tools Frame Generator Test main window 
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Ordering Information for HDMI 2.1 Software Products 

N5991HP1A HDMI 2.1 Receiver Test 

N5991HP1A-1FP HDMI 2.1 Receiver Tests, Perpetual node-locked license 

N5991HP1A-1TP HDMI 2.1 Receiver Tests, Perpetual transportable single license 

N5991HP1A –SFM HDMI 2.1 Receiver Tests, SW maintenance, 12 Months, Node-locked License 

N5991HP1A –SF3 HDMI 2.1 Receiver Tests, SW maintenance, 36 Months, Node-locked License 

N5991HP1A –STM HDMI 2.1 Receiver Tests, SW maintenance, 12 Months, transportable License 

N5991HP1A –ST3 HDMI 2.1 Receiver Tests, SW maintenance, 36 Months, transportable License 

N5991HP1A HDMI 2.1 Receiver Test Add-Ons 

N5991HPCY-ADD HDMI 2.1 Active Optical Cable Test Add-on 

N5991HPJY-ADD HDMI 2.1 Receiver Test Jitter Characterization Test Add-on 

N5991HPYY-ADD HDMI 2.1 Receiver Test Customized S-Parameter Injection Add-on 

N5991HPSE-ADD HDMI 2.1 Receiver Test SCDC Controller Software Add-on 

N5991HPCY-ADD HDMI 2.1 Active Optical Cable Test Add-on 

N5991HP1E HDMI 2.1 Debug Tools Frame Generator 

N5991HP1E-1FP HDMI 2.1 Debug Tools Frame Generator, Perpetual node-locked license 

N5991HP1E-1TP HDMI 2.1 Debug Tools Frame Generator, Perpetual transportable single license 

N5991HP1E -SFM HDMI 2.1 Debug Tools Frame Generator, SW maintenance, 12 Months,  

Node-locked License 

N5991HP1E –SF3 HDMI 2.1 Debug Tools Frame Generator, SW maintenance, 36 Months,  

Node-locked License 

N5991HP1E –STM HDMI 2.1 Debug Tools Frame Generator, SW maintenance, 12 Months, 

transportable License 

N5991HP1E –ST3 HDMI 2.1 Debug Tools Frame Generator, SW maintenance, 36 Months, 

transportable License 

 

Instrument Requirements for HDMI 2.1 Receiver Testing 

• The N5991HP1A Receiver Test Automation for HDMI requires the following hardware an M9505A AXIe 

chassis containing two M8195A AWGs, a M8197A sync module and an optional M9537A controller 

• Periodic calibration with a V, Z, UXR 16GHz scope is strongly recommended 

• Please ask for a complete configuration for details on instrument options, accessories, and additional 

software 
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System Requirements 

Software 

Requirements 

• OS: Windows 10 - 64-Bit, English version 

• Microsoft .NET Framework version 4.7.1 or higher 

• Keysight IO Libraries Suite 18.1 or higher 

 

Recommendation 

• Microsoft Office Excel 2016 or higher, English version 

 

Hardware 

Requirements 

• Connectivity hardware for instrumentation, depending on configuration e.g. USB3, Ethernet 

 

Recommendations 

• Multicore processor with 12 logical processors or more 

• 16 GB RAM or higher 

 

Remote Power Cycling 

All N5991 Receiver Test Automation products can control remote power strips from Koukaam, Allnet 

and Synaccess to power cycle a device under test. 

 

Remote Programming 

The N5991 ValiFrame remote interface allows ValiFrame functionality (such as test setup information, 

calibration, and test procedures, and results) to be accessed from external programming environments. 

Remote interface does not need a special license to be used, it is included in the base product of 

particular standards. The remote interface can thus be used to control the N5991 with external software. 

In typical use, a top-level external test sequencer takes advantage of ValiFrame functionality. 

 

 



 

Find us at www.keysight.com          Page 15 
This information is subject to change without notice. © Keysight Technologies, 20 21, Published in USA, March 17, 2021, 3121-1078.EN 

 

Learn more at: www.keysight.com 

For more information on Keysight Technologies’ products, applications or services,  

please contact your local Keysight office. The complete list is available at:  

www.keysight.com/find/contactus 

 

Software Maintenance 

The purchase of one -SFM maintenance license for -1FP product licenses or one -STM maintenance 

license for -1TP product licenses provides the ability to install updates for one year. 

The purchase of one –SF3 maintenance license for -1FP product licenses or one –ST3 maintenance 

license for -1TP product licenses provides the ability to install updates for three years. 

A software maintenance license is always valid for the respective RX test or Debug Tools Frame 

Generator product only. 

Maintenance updates do include updates to newer instrument firmware as well as procedure and test 

limit changes for the test specifications covered by the products the software maintenance license 

belongs to. Upgrades to a different test specification are not covered. 

All N5991 RX test or Debug Tools Frame Generator licenses which were purchased after  

October 31. 2020 will no longer include update coverage during the first year and will require a 

respective -SWM license to be able to install updates. This is in-line with other Keysight software 

offerings. 

Products, which do not have a software maintenance offering and are not an Add-On, will not be 

updated. 

 

Related Products 

• D9021HDMC - HDMI Electrical Performance, Validation and Compliance Test Software 

• N5991HE – HDMI eARC and HEAC Receiver Compliance Test Automation Platform 

https://www.keysight.com/en/pd-3004032-pn-D9021HDMC/hdmi-electrical-performance-validation-and-compliance-test-software?nid=-32976.1270115&cc=CA&lc=eng

