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About This Manual 
This manual assumes that you are familiar with using Teledyne LeCroy oscilloscopes and that you have 
purchased the QPHY-USB4-TX-RX software option.  

Some of the images in this manual may show QualiPHY products other than QPHY-USB4-TX-RX, or were 
captured using different model oscilloscopes, as they are meant to illustrate general concepts only. Rest assured 
that while the user interface may look different from yours, the functionality is identical. 

This manual also serves as Teledyne LeCroy’s electrical physical layer Method of Implementation (MOI) for the 
USB and Thunderbolt 3/4 compliance test programs. Official MOI approval for these standards is governed by the 
USB-IF for USB4 and Intel for Thunderbolt 3/4 through their respective compliance programs.  
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Introduction 
QualiPHY is highly automated compliance test software meant to help you develop and validate the PHY 
(physical-electrical) layer of a device in accordance with the official documents published by the applicable 
standards organizations and special interest groups (SIGs). You can additionally set custom variables and limits 
to test compliance to internal standards.  

QualiPHY is composed of a “wizard” application that enables the configuration and control of separate tests for 
each standard through a common user interface. Features include: 

• User-Defined Test Limits: Tighten limits to ensure devices are well within the passing region, even if 
subsequently measured with different equipment. 

• Flexible Test Results Reporting that includes XML Test Record Generation. Understand device 
performance distribution or obtain procedural information from the devices under test. 

QPHY-USB4-TX-RX is a software package designed to capture, analyze and report measurements in 
conformance with the USB4™ and Thunderbolt 3 electrical specifications. The following compliance test 
specifications are supported: 

• USB4 Router Assembly Electrical Compliance Test Specification 

• USB4 Captive Device Electrical Compliance Test Specification  

• Thunderbolt 3 Alt Mode Host/Device Compliance Test Specification 

Released USB4 specifications can be found at www.usb.org. Thunderbolt 3 specifications are available through 
Intel’s Thunderbolt Developer Portal.  

USB4 testing can be run on any Teledyne LeCroy oscilloscope with at least 25 GHz bandwidth, sample rate of 80 
GS/s and memory depth of 40 MS. 

For more required equipment, see USB4 Transmitter Testing and MOI and USB4 Receiver Testing and MOI. 

  

http://www.usb.org/
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Installation and Setup 
QualiPHY is a Windows-based application that can be configured to run one or more serial data compliance 
components. Each compliance component is purchased as a separate software option. 

Remote Host System Requirements 
Usually, the oscilloscope is the host computer for the QualiPHY software, and all models that meet the acquisition 
requirements will also meet the host system requirements.  

However, if you wish to install QualiPHY on a PC and connect to the oscilloscope remotely, these minimum host 
requirements apply: 

• Windows 10 Professional operating system 

• 1 GHz or faster processor 

• 8 GB RAM 

• Ethernet (LAN) network capability 

• Hard Drive: 

o At least 100 MB free to install the framework application 

o Up to 2 GB per standard installed to store the log database (each database grows from a few MB to a 
maximum of 2 GB) 

See Set Up Remote Control for configuration instructions. 

Install Base Application 
Download the latest versions of the MAUI firmware and QualiPHY software from: 
teledynelecroy.com/support/softwaredownload. The link is under Oscilloscope Downloads > Software Utilities. 

If the oscilloscope is not connected to the Internet, copy the installer onto a USB memory stick and transfer it to 
the oscilloscope desktop or a folder on the D:\ drive to execute it. 

First, update the oscilloscope firmware and install any other required software packages (e.g., SDAIII). Then, run 
QualiPHYInstaller.exe and follow the installer prompts. Choose all the components you plan to activate. If you 
omit any components now, you will need to update the installation to activate them later. 

By default, the oscilloscope appears as localhost when QualiPHY is executed on the oscilloscope. Follow the 
steps under Add Connection to QualiPHY to check that the IP address is 127.0.0.1.  

Activate Components 
The serial data compliance components are installed as part of the main oscilloscope application and are 
individually activated through the use of an alphanumeric code uniquely matched to the oscilloscope’s serial 
number. This key code is what is delivered when purchasing a software option. 

To activate a component on the oscilloscope: 

1. From the menu bar, choose Utilities > Utilities Setup. 

2. On the Options tab, click Add Key. 

3. Use the Virtual Keyboard to Enter Option Key, then click OK. 

 If activation is successful, the key code now appears in the list of Installed Option Keys. 

4. Restart the oscilloscope application by choosing File > Exit, then double-clicking the Start DSO icon on 
the desktop. 
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Set Up Dual Monitor Display 
Teledyne LeCroy recommends running QualiPHY on an oscilloscope equipped with Dual Monitor Display 
capability. This allows the waveforms and measurements to be shown on the oscilloscope LCD display while the 
QualiPHY application and test results are displayed on a second monitor. 

See the oscilloscope Operator’s Manual for instructions on setting up dual monitor display. 

Set Up Remote Control 
QualiPHY software can be executed from a remote host computer, controlling the oscilloscope through a LAN 
Connection. To set up remote control: 

• The oscilloscope must be connected to a LAN and assigned an IP address (fixed or dynamic). 

• The host computer must be on the same subnet as the oscilloscope. 

Configure Oscilloscope for Remote Control 
1. From the menu bar, choose Utilities > Utilities Setup... 

2. Open the Remote tab and set Remote Control to TCP/IP. 

3. Verify that the oscilloscope shows an IP address.  

Add Connection to QualiPHY 
1. On the host PC, download and run QualiPHYInstaller.exe.  

2. Start QualiPHY and click the General Setup button.  

3. On the Connection tab, click Scope Selector.  

4. Click Add and choose the connection type. Enter the oscilloscope IP address from Step 3 above. Click 
OK. 

5. When the oscilloscope is properly detected, it appears on the Scope Selector dialog. Select the 
connection and click OK.  

 QualiPHY is now ready to control the oscilloscope.  

Select Connection 
Multiple oscilloscopes may be accessible to a single remote host. In that case, go to General Setup and use the 
Scope Selector at the start of the QPHY session to choose the correct connection. 

QualiPHY tests the oscilloscope connection when starting a test. The system warns you if there is a connection 
problem.  
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Using QualiPHY  
This section provides an overview of the QualiPHY user interface and general procedures. For information about 
USB4 compliance testing, see USB4 Transmitter Testing and USB4 Receiver Testing. 

Accessing the Software 
Once QualiPHY is installed and activated, it can be accessed from the oscilloscope menu bar by choosing 
Analysis > QualiPHY, or by double-clicking the QualiPHY desktop icon on a remote computer.  

The QualiPHY wizard illustrates the overall software flow, from general set up through running individual 
compliance tests. Work from left to right, making all desired settings on each sub-dialog. 

  
Figure 1 − QualiPHY wizard and Standard selection menu 

If Pause on Failure is checked, QauliPHY prompts to retry a measure whenever a test fails. 

Report Generator launches the manual report generator dialog. 

The Exit button at the bottom of the wizard closes the QualiPHY application. 
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General Setup 
The first sub-dialog contains general system settings. These remain in effect for each session, regardless of 
Standard, until changed.  

Connection tab 
Shows IP Address of the test oscilloscope (localhost 127.0.0.1 if QualiPHY is run from the oscilloscope). The 
Scope Selector allows you to choose the oscilloscope used for testing when several are connected to the 
QualiPHY installation. See Set Up Remote Control for details. 

Session Info tab 
Optional information about the test session that may be added to reports, such as: Operator Name, Device Under 
Test (DUT), Temperature (in °C) of the test location, and any additional Comments. There is also an option to 
Append Results or Replace Results when continuing a previous session. 

To optimize report generation, enter at least a DUT name at the beginning of each session. 

Note: Although the product tested may be a device or host, the conventional term DUT is retained to refer to 
either.  

Report tab 
Settings related to automatic report generation. Choose: 

• Reporting behavior of: 

o “Ask to generate a report after tests,” where you’ll be prompted to create a new file for each set of 
test results.  

o “Never generate a report after tests,” where you’ll need to manually execute the Report Generator 
to create a report. 

o “Always generate a report after tests,” to autogenerate a report of the latest test results.  

• Default report output type of XML, HTML, or PDF. 

• A generic Output file name, including the full path to the report output folder. 

Optionally, check Allow style sheet selection in Report Generator to enable the use of a custom .xslt when 
generating reports (XML and HTML output only). The path to the .xslt is entered on the Report Generator dialog. 

Report Generator launches the Report Generator dialog, which contains the same settings as the Report tab, only 
applied to individual reports.  

Advanced tab 
This tab launches the X-Replay Mode dialog. See X-Replay Mode. 

About tab 
Information about your QualiPHY installation. 
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QualiPHY Test Process 
Once general system settings are in place, these are the steps for running test sessions. 

 
Figure 2 − QualiPHY wizard shows test protocol and configuration selected 

1. Open the QualiPHY software to display the wizard. 

2. If running QualiPHY remotely, click General Setup and open the Scope Selector to select the correct 
oscilloscope connection. 

3. If you have more than one component activated, click the Standard button and select the desired protocol 
to test against. Otherwise, your one activated component will appear as the default selection. 

Note: Although all the QualiPHY components appear on this dialog, only those selected when installing 
QualiPHY are enabled. 

4. Click the Configuration button and select the test configuration to run. These pre-loaded configurations 
are set to run all the tests required for compliance and provide a quick, easy way to begin compliance 
testing. 

You can also create custom configurations for informative tests by copying and modifying the pre-loaded 
configurations. See Customizing QualiPHY for details. 

5. Return to the wizard, then click the Edit/View Configuration button to open the Configuration Setup tab. 
Make selections as required to tailor the configuration to your test setup (e.g., changing DUT Type). Save 
As a new configuration.  

6. Close the Edit/View Configuration dialog to return to the wizard. The modified configuration will be pre-
selected on the wizard. 
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Figure 3 − Setup tab lets you quickly modify key configuration variables 

1. On the wizard, click Start to begin testing.  

When tests are in progress, this button changes to Stop. Click it at any time to stop the test in process. 
You’ll be able to resume from the point of termination or from the beginning of the test. 

2. Follow the pop-up prompts. QualiPHY guides you step-by-step through each of the tests described in the 
standard specification, including diagrams of the connection to the DUT for each required test mode. 

3. When all tests are successfully completed, both progress bars on the wizard are completely green and the 
message “All tests completed successfully” appears. If problems are encountered, you’ll be offered 
options to: 

• Retry the test from the latest established point defined in the script 

• Ignore and Continue with the next test 

• Abort Session 
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Figure 4 − Connection diagrams instruct how to connect/reconnect hardware during testing 
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Generate Reports 
The QualiPHY software automates report generation. On the wizard, go to General Setup > Report to pre-
configure reporting behavior. You can manually launch the Report Generator from the wizard once a test is run. 

The Report Generator offers the same selections as the Report tab, only applied to each report individually, rather 
than as a system setting. This enables you to save reports for each test session, rather than overwrite the generic 
report file. There are also options to link a custom style sheet (.xslt) to the report, or to Exclude Informative 
Results. 

Reports are output to the folder D:\QPHY\Reports on the oscilloscope, or C:\LeCroy\QPHY\Reports on remote 
computers. The Test Report includes a summary table with links to the detailed test result pages. 

You can add your own logo to the report cover by replacing the file D:\QPHY\StyleSheets\CustomerLogo.jpg.  

The recommended maximum size is 250x100 pixels at 72 ppi, 16.7 million colors, 24 bits. Use the same file name 
and format. 

   
Figure 5 − The test report Summary Table and Details pages 
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Customizing QualiPHY 
The preformatted configurations reflect what is required for compliance based on the DUT type and should rarely 
require changes. Customizations made on the Setup tab are usually sufficient for testing compliance to the 
standard. However, it may be beneficial to modify tests, variables, or limits for purposes of testing internal 
compliance. 

Create custom test configurations by copying one of the standard configurations and modifying it. The pre-loaded 
configurations cannot be modified. 

Copy Configuration 
1. Access the QualiPHY wizard and select a Standard.  

2. Click Edit/View Configuration and select the configuration upon which to base the new configuration. This 
can be a pre-loaded configuration or another copy. 

3. Click Copy and enter a name and description. Once a custom configuration is defined, it appears on the 
Configuration tab for selection. 

4. Select the new, copied configuration and follow the procedures below to continue making changes. 

 

Figure 6 − Copied configuration ready for modification 
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Edit Setup 
On the Setup tab, make any changes required to tailor the configuration to your DUT. Your selections here will 
modify the corresponding test variables. 

 
Figure 7 – Change key variables on Configuration Setup tab 
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Select Tests 
On the Test Selector tab, check the tests that make up the configuration. Each test is defined by the USB4 
electrical specification. A description of each test is displayed when it is selected. 

 
Figure 8 – Choose tests in new configuration from Test Selector tab 
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Edit Variables 
The Variable Setup tab contains a list of test variables. See USB4 TX Test Variables and USB4 RX Test Variables 
for a description of each.  

To modify a variable, select it from the Variable Setup tab, then click Edit Variable. (You can also choose to Reset 
to Default at any time.) 

The conditions of this variable appear on a pop-up. Choose the new condition to apply. 

 
Figure 9 – Modify any variable on the Variable Setup tab 
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Edit Test Limits 
The Limits tab shows the Limit Set currently associated with the configuration. Any limit set can be associated with 
a custom configuration by selecting it from this field.  

The Limits Manager shows the value for every test limit in a limit set. Those in the default set are the limits defined 
by the standard. 

To create a custom limit set: 

1. On the Limits tab, click Limits Manager. 

2. With the default set selected, click Copy Set and enter a name.  

Note: You can also choose to copy and/or modify another custom set that has been associated with this 
configuration.  

3. Double click the limit to be modified, and in the pop-up enter the new values. 

You can also Import Limits from a .csv file. Navigate to the file location after clicking the button. 

Tip: Likewise, Export Limits creates a .csv file from the current limit set. You may wish to do this and copy 
it to format the input .csv file. 

 
Figure 10 – Edit limits values on Limits Manager dialog 
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X-Replay Mode 
The X-Replay mode window is an advanced (“developer”) view of QualiPHY. The tree in the upper-left frame 
enables you to navigate to processes in the QualiPHY test script, in case you need to review the code, which 
appears in the upper-right frame.  

Two other particularly useful features are: 

• A list of recent test sessions in the lower-left frame. While you can only generate a report of the current 
test session in the QualiPHY wizard, in X-Replay Mode you can generate a report for any of these recent 
sessions. Select the session and choose Report > Create Report from the menu bar. 

• The QualiPHY log in the bottom-right frame. The frame can be split by dragging up the lower edge. The 
bottom half of this split frame now shows the raw Python output, which can be useful if ever the script 
needs debugging. 

 
Figure 11 – X-Replay Mode window 
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USB4 and Thunberbolt 3/4 Transmitter Testing MOI 
Required Equipment 

• Teledyne LeCroy LabMaster 10Zi-A or SDA/WaveMaster 8 Zi-B real-time oscilloscope: 

o LabMaster Models (25 GHz – 65 GHz) 

 80 GS/s on 4 channels, enabling simultaneous Multi-Lane Testing 

 64 Mpt/ch or greater required (option LM10Zi-M-64, standard on SDA MCM Zi-A models) 

o WaveMaster/SDA Models (25 GHz – 30 GHz) 

 80 GS/s on 2 channels, enabling sequential Multi-Lane Testing 

o Oscilloscope must be installed with the following Teledyne LeCroy software: 

 MAUI v9.8.x.x or later with an activated QPHY-USB4-TX-RX option key  

 QualiPHY v9.8.x.x or later with an activated USB4 component 

 SDAIII-CompleteLinQ Multi-Lane Serial Data Analysis software (includes required LINQ, 
EYEDR2 and VIRTUALPROBE options) 

Note: The MAUI and QualiPHY versions must match to the second place, so upgrade QualilPHY 
if you have upgraded your oscilloscope firmware since installing it. The QualiPHY software may 
be installed on a remote PC, but all other software must be run on the oscilloscope.  

• Third Party Software: 

o USB-IF Tools: latest available at https://www.usb.org/documents 

 USB4 ETT (Electrical Test Tool) 

 USB4 SigTest (Required if “Use SigTest (Beta)” is selected as analysis method) 

 MATLAB Runtime Engine MCR R2019b (9.7) 

o Thunderbolt Electrical Test Scripts – available through Thunderbolt Development Portal 

Note: Software required for DUT and other instrument control may need to be installed on the 
oscilloscope for automated testing. These tools are ever changing, and the automation scripts change to 
support them every QualiPHY release. Unless otherwise indicated, consult your Teledyne LeCroy 
representative to ensure you have the latest 3rd party software tools.  

• USB4 or Thunderbolt 3/4 Test Fixtures and Controller available from www.wildertech.com 

• ISI-USB4 Loss Modeling Kit available from https://wildrivertech.com/index.php/si-test-fixtures/isi-usb4-
loss-modeling-kit Includes the following that will be used for both Tx and Rx testing: 

o 4 ea. 2.92 mm-Male to 2.92 mm-Male 40 GHz phase-matched cable pairs (2 ea. 1 m and 2 ea. 
0.5 m lengths) 

 Phase-matched max ±5° @ 40 GHz   

 Max IL in 10 GHz < 1.5 dB  

 Test cable S-parameters for deembedding 

Note: Any length of cable is permitted up to 1 m.  

o 24 ISI Boards (6 ea. boards, 4 ISI traces per board) 

 IL = Varied 2-10 dB @ 5 GHz and @10 GHz 

 Very low return-loss -30 dB at 10 GHz 

 IEEE P370 Tier 1 Signal Integrity rated 

http://www.wildertech.com/
https://wildrivertech.com/index.php/si-test-fixtures/isi-usb4-loss-modeling-kit
https://wildrivertech.com/index.php/si-test-fixtures/isi-usb4-loss-modeling-kit
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• 4 ea. 2.92mm-Female to Mini SMP-Male Adapters (2 per Test Cable pair) 

o Rosenberger 02K118-K00S3 Straight RPC-2.92 Jack-Mini-SMP Jack Adapter 

Or  

o Huber-Suhner 32024E-29573HTCR-29092HTCR-2.5PM1PS-STD 

Note: Note the phase-matched cable requirement is < 1.5 dB @ 10 GHz, including the Test Cable 
Pair + Adapters. These cable pairs are required to be deembedded when making QPHY-USB4 
TX and RX measurements. The .s4p or .s2p S-parameters can be measured using the 
WavePulser 40iX High-speed Interconnect Analyzer (or equivalent performance VNA). In this 
case, 2ea. 2.92 mm-Female to Mini SMP-Male Adapters (Pasternack PE PE91127 or equivalent) 
are required for the S-parameter measurements.  

Transmitter Test Approach 
Transmitter testing requires the DUT to output specific compliance patterns upon which tests are performed.   

The following diagram shows the connection diagram for testing both lanes of a USB4 or Thunderbolt3 device 
simultaneously using the LabMaster 10 Zi-A oscilloscope.  

  
Figure 12 − USB4/TBT4 Router Transmitter Connection Diagram 

Lane0 is connected to (Ch1-Ch2) and Lane1 is connected to (Ch3-Ch4) using phase-matched cables. Acquisition, 
analysis, and compliance tests are performed simultaneously on the LabMaster 10 Zi-A if ‘Both Lanes’ are 
selected in the Setup Tab. If only one lane is selected, or if testing both lanes on the SDA/WaveMaster 8 Zi-B, the 
lanes are tested simultaneously. Connection diagrams pop up automatically during testing to prompt the user to 
change connections.  

Note: All example tests are shown using multi-lane testing with results from both lanes. If only one lane is being 
tested, then only one lane at a time will be displayed on the oscilloscope.  



  

18   

For Thunderbolt 3 testing (shown in diagram), xTalk signals are connected to the RX pins of the USB-C Plug 
Fixture from the uController using phase-matched cables. USB4/TBT4 fixtures do not have an external connection 
for xTalk.  

On the connection diagram, indicators are shown where S-parameter files must be used to deembed the test 
cables from the measurement. The .s4p files may be provided with the cables, or measured with a WavePulser 
40iX High-speed Interconnect Analyzer or a VNA. The .s4p files must be imported in the Variables tab. Once the 
.s4p file is imported, all TX measurements are made with the cables deembedded.  

 
Figure 13 − 4-Port S-parameter indicators for TX testing 

The test points defined in the USB4 and Thunderbolt 3 CTS documents are as follows: 

 
Figure 14 − Test Point Definition 

• Test Point 2 (TP2) is defined as the connector of an upstream port and is accessed using a USB-C plug 
test fixture.  

• Test Point 3 (TP3) is defined as the test point at the connector interface on the downstream side of a 
USB-C cable.  

For all TP3 measurements, a 4-port S-parameter model is used to embed the USB-C cable loss parameters. At 
10Gb/s a 2m passive cable model is embedded and at 20 Gb/s, a 0.8m passive cable model is used. The path of 
the .s4p file used by QualiPHY for the embedded cable model is set on the Variable Setup tab. A single test point 
to is defined for USB4 Captive Device testing and is accessed using a USB-C receptacle test fixture.  
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The following table lists the USB4 and Thunderbolt 3 CTS measurements, the test points at which they are 
performed, and the patterns used for each measurement. Measurements are listed in the order they appear in the 
Test Selector menu.  

CTS TX Measurement DUT Type Compliance Requirement  
and Test Point Test Pattern 

RA (Router Assembly), CD (Captive Device), 
TBT3 (Thunderbolt 3) 

USB4/TBT4 
RA 

USB4/TBT4 
CD TBT3  

Preset Calibration N* N* TP2 PRBS31 

Transmitter Equalization TP3 TP3 TP2 SQ128 

CTLE/DFE Calibration  
(required prior to TP3 jitter and eye tests) TP3 TP3 TP3 PRBS31 

Unit Interval TP2 TP3 TP2 PRBS31 

SSC Down Spread Range TP2 TP3 TP2 PRBS31 

SSC Down Spread Rate TP2 TP3 TP2 PRBS31 

SSC Phase Deviation TP2 TP3 TP2 PRBS31 

SSC Slew Rate TP2 TP3 TP2 PRBS31 

TX Frequency Variation Training TP2 TP3 TP3** SQ128 or SQ4 
switched to PRBS31 

Lane to Lane Skew TP2** TP2** TP2 PRBS31 

Rise/Fall Time 
TP2 TP3 TP2 

USB4: SQ128 
TBT3: SQ32 

Electrical Idle Voltage TP2 TP3 TP2** Electrical Idle 

AC Common Mode (ACCM) TP2 TP3 TP2 PRBS31 

Total Jitter (TJ) TP2, TP3 TP3 TP2, TP3 PRBS15 

Uncorrelated Jitter (UJ) TP2, TP3 TP3 TP2, TP3 PRBS15 

Uncorrelated Deterministic Jitter (UDJ) TP2, TP3 TP3 TP2, TP3 PRBS15 

Low Frequency UDJ (UDJ_LF) TP2, TP3 TP3 TP2, TP3 PRBS15 

Odd/Even DCD Jitter (OEJ) TP2, TP3 TP3 TP2, TP3** PRBS15 

Eye Diagram & Mask Test TP2, TP3 TP3 TP2, TP3 PRBS31 

Wireless Band Conducted Emissions na TP3 na  

*Preset Calibration is a silicon validation step that is not part of Compliance testing.  

**Informative only, not Normative for Compliance. 
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Test Preparation 
Before beginning any test or data acquisition, warm the oscilloscope for at least 20 minutes. 

Oscilloscope calibration is performed automatically; no manual calibration is required. Calibration will be run again 
if the temperature of the oscilloscope changes by more than a few degrees.  

USB4 TX Script Selection 
Select USB4-TX Test Script. 

 
Figure 15 − Selecting Transmitter Test Script 
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Test Setup 
All essential variable selections can be made from the Setup tab prior to starting a test. Select the DUT Type, 
Speeds, Ports, Lanes to Test, Analysis Method, Preset Calibration Method and Acquisition Settings. 

 
Figure 16 − Transmitter test setup menu 

Device (DUT) Type 
The Device Type is defined by the CTS that is being tested. Currently, QPHY-USB4-TX-RX supports USB4 
Router Assembly, USB4 Captive Device, and Thunderbolt 3 Host/Device CTSs. The USB4 Active Cable CTS is 
under development and will be supported by QPHY-USB4-TX-RX in the future.  

Data Rates 
Data rate selections include USB4 (Gen2) and USB4 (Gen3) ‘rounded bit rates’ at two lanes of 10 Gb/s and 20 
Gb/s. Also supported are Thunderbolt 3/4 lane data rates of 10.3125 Gb/s and 20.625 Gb/s. The test report 
screenshots and report examples in the following pages show 20 Gb/s per lane as an example.  

Ports 
The automation script supports testing up-to-two ports at once, with results for both in a single report. Select the 
port to be tested: PortA, PortB or both. 

Lanes 
The automation script supports testing both lanes on each port to be tested. Select Lane0, Lane1 or both. If both 
lanes are selected when testing on the LabMaster 10 Zi-A, both lanes are tested simultaneously. If both lanes are 
selected when testing with the SDA/WaveMaster 8 Zi-B, both lanes are tested sequentially. 
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Analysis 
Choose either the LeCroy analysis method, which uses the SDAIII software to run measurements, or the SigTest 
method. Be sure the path to SigTest shown matches your installation. 

Preset Calibration Method 
During development of a USB4/TBT4 or Thunderbolt 3 PHY, the DUT’s presets must be calibrated to meet the 
specification. These values are typically programmed into the DUT’s firmware prior to final compliance and not 
changed for the life of the product.  

For each Port, Speed, and Lane to be programmed, preset calibration must be run. If all presets are undefined 
and “Run Preset Cal” is run, then the preset calibration procedure will be run on all selected Ports and Lanes, and 
the optimal preset will be written to the Selected Preset Calibration File. Once this file is completely populated with 
all passing results, then the DUT’s firmware can be burned and set to Fixed. If the PHY’s optimal presets are 
known by the user, then Defined can be used to manually set the optional presets prior to testing.  

 
Figure 17 − Transmitter test setup menu 

• Fixed: Performs tests without modifying the preset that has been programmed into the DUT. 

• Run Cal: Performs the Preset Calibration and uses the cal results to configure the DUT's preset. 

• Defined: Performs tests using pre-defined presets stored in a selected preset calibration file. 

Acquisition Settings 
Select whether to use live waveform acquisition or saved waveforms. If live waveforms are selected, then either 
the DUT will be controlled automatically using controller scripts or the user will be prompted to send the proper 
test pattern from the DUT. If Live Waveforms is selected, then the DUT Control Method also must be selected on 
the Variable Setups tab. If Saved Waveforms is selected, enter the path to where acquired waveforms used for 
analysis are saved.  
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USB4 TX Test Configurations  
These pre-set test configurations are available for selection on the Wizard Configuration tab. They may be copied 
and used as the basis for custom configurations. 

Captive Device, All Rates 
Executes all transmitter tests for a Captive Device at all USB4 bitrates. 

Router Assembly, All Rates 
Executes all transmitter tests for a Router Assembly at all USB4 bitrates. 

Router Assembly, 20 Gb/s, Stored Waveforms 
Executes the 20 GB/s transmitter tests for a Router Assembly using waveforms stored in the Saved Waveform 
Path subfolder. 

Thunderbolt 3, All Rates 
Modified version of Router Assembly, All Rates. Executes all transmitter tests for a TB3 device at all USB4 
bitrates. 
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USB4 TX Test Descriptions 
Following are the automated test steps available from the QualiPHY wizard Test Select tab. For custom 
configurations, these may be selected/deselected as you wish. 

Deskew 
Enables the Deskew group when using a WaveMaster 825 Zi-A or 830 Zi-A Oscilloscope and when the channel-
channel skew without performing the deskew is known to be > ~2 ps. 

For LabMaster 10 Zi-A users, the script will confirm that the oscilloscope's Channel Sync Calibration is in place, 
independent of whether or not this group is enabled. If the Channel Sync cal has not been run, the user will be 
prompted. 

Acquire Signal Library (Required for SigTest Analysis) 
When this step is selected, the script will acquire and save signals to disk, then recall the saved signals into 
memories to conduct each selected test, which is required for SigTest analysis. When using the LeCroy analysis 
method, this can be helpful if the device is only available for a limited amount of time. QualiPHY will capture the 
waveforms from the DUT, which can then be disconnected from the oscilloscope before running the analysis on 
the saved waveforms.  

CTLE/DFE Calibration 
This step performs the CTLE/DFE calibration on each selected port, lane and bitrate. The calibration is a required 
preliminary step when performing the Eye and Jitter tests at TP3. 

During CTLE/DFE Calibration, A PRBS31 waveform is captured. CTLE values from 0 dB through -9 dB are swept 
and a single tap DFE applied for each CTLE setting; the Eye Height (EH) and Eye Width (EW) are then measured 
and the eye area (EH x EW) is calculated. This process is repeated for five different acquisitions and the eye 
areas from each acquisition are averaged. The optimal eye area is chosen based on the CTLE setting that results 
in the largest averaged eye area across five acquisitions. Once the optimal CTLE/DFE has been established, it is 
used for all TP3 Eye and Jitter measurements. The range of CTLE settings and the number of waveforms to be 
averaged during CTLE/DFE Calibration can be set in the Variable Setup Menu. 
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Figure 18 − Screen and report for CTLE Calibration 

Transmitter Equalization 
This step performs the Transmitter Equalization tests over a user-selectable set of presets. For each preset, 
measurements are taken with preshoot and deemphasis on and off, and the preshoot and deemphasis values for 
the preset are measured and determined as per the test specification. 
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UI Tests 

Minimum Unit Interval MinMax Measurement  
For USB4 test specifications, this test confirms that the minimum UI found over 5 acquisitions is within the limits 
defined in the specifications. 

For Thunderbolt3, this test confirms that the no UI time is more than a maximum or less than a minimum in 1 
acquisition. 

 

 
Figure 19 − Screen and report for SSC Unit Interval Min/Max 

Unit Interval Mean 
This test performs a scan of the waveform of boxcar-averaged UI times forming a moving average that must be 
within limits. This test is not a part of the USB4 test specification and is reported as "informative". It is required for 
Thunderbolt 3 testing. 

A 27 Mpt PRBS31 waveform is used for this test. 
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SSC Tests 
This test group performs all the SSC tests, including SSC Downspread Range, SSC Downspread Rate, SSC 
Phase Deviation and SSC Slew Rate. These measurements are performed on the same 27 Mpt PRBS31 
waveform acquisition as for the UI Minimum test. 

SSC Down Spread Range Measurement 
The SSC down spread range measurement is calculated dynamically using a uniform moving average filter 
procedure with a window size of 3000 symbols.  

 

 

 

 
Figure 20 − Screen and report for SSC Down Spread Range 

SSC Down Spread Rate Measurement 
As in the SSC down spread range measurement, the SSC down spread rate is calculated dynamically using a 
uniform moving average filter procedure with a window size of 3000 symbols. 

 

 

 
Figure 21 − Report for SSC Down Spread Rate 
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SSC Phase Deviation 
The SS phase deviation is extracted from the signal phase after applying a 2nd order Low-Pass-Filter (LPF) with  
3 dB point at 5 MHz. 

 

 

 
Figure 22 − Screen and report for SSC Phase Deviation 
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SSC Slew Rate 
The SSC slew rate is extracted from the transmitted signal over measurement intervals of 0.5 us and extracted 
from the signal phase after applying a 2nd order Low-Pass-Filter (LPF) with the 3 dB point at 5 MHz. 

 

 

 
Figure 23 − Screen and report for SSC Slew Rate  

TX Frequency Variation Training Test 
For emulating link training, DUT shall be configured such that the Router transmitting PRBS31 with SSC 
modulation on all lanes. The Re-Timer placed near the USB Type-C connector shall be configured to transmit 
SQ128 based on local clock without SSC modulation on all lanes. If additional Re-Timer exist in the DUT, it shall 
be configured to transmit SQ4 based on local clock without SSC modulation on all lanes. Initiate clock switch from 
local clock to recovered clock for the Re-Timer placed near the USB Type-C connector. Capture the clock switch 
period during three stages: pre-clock switch, clock switch, and post-clock switch in a single waveform. 

The signal phase shall be extracted after applying a 2nd order Low-Pass-Filter (LPF) with 3 dB point at 5 MHz. 
Calculate the initial non-modulated transmit frequency (aka INIT_FREQ_VARIATION). Calculate the frequency 
variation during Link training (switch clock) over 200ns measurement windows (aka DELTA_FREQ_200ns). 
Calculate the frequency variation during Link training (switch clock) over 1000 ns measurement windows (aka 
DELTA_FREQ_1000ns).  

If additional Re-Timer exist in the DUT, then the 2nd clock switch needs to be analyzed as well from the saved 
waveform in step 6 above. Repeat this procedure 20 times and report the worst captured waveform.  
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Figure 24 − Screen and report for TX Frequency Variation Test  

Note: The TX frequency variation test is not part of the Thunderbolt 3 compliance test specification. When 
selecting to perform this test with the DUT Type set to Thunderbolt 3, the test will be reported as informational. 

Jitter Tests at TP2 and TP3 
Jitter tests are performed at both TP2 and TP3 for USB4 Router Assembly and Thunderbolt 3 devices and at TP3 
for Captive Cable devices. Jitter is analyzed at the CTLE/DFE setting that was optimized during the CTLE/DFE 
Calibration.  

Total Jitter 
Total Jitter (TJ): 

 Tj(BER) = α(BER)*Rj(δδ) + Dj(δδ) 

 Where Rj(δδ) ≈ Rj RMS 

 Dj(δδ) is time separation of centers of Gaussian edges of jitter CDF 

Where α = 14.7 for a 1e-13 BER 
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Total Jitter measurements are made with a PRBS15 pattern using standard Dual Dirac model using the Spectral 
Rj-Dj CDF Fit Method.  

If TJ exceeds the specification limit with Rj decomposed from PRBS15, then TJ is rerun using the Rj measured 
from a SQ2 (Nyquist) pattern.  

USB4 Jitter Decomposition 
The Jitter decomposition for USB4 and Thunderbolt 3 deviates from the traditional Dual Dirac approach. Jitter 
separation as defined in the USB4 CTS is as follows: 

 
Figure 25 − USB4 CTS Jitter Breakdown 

This diagram translates to Teledyne LeCroy measurements as follows: 
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Figure 26 − USB4 Jitter Breakdown as per Teledyne LeCroy  

 

 
Figure 27 − Screen and report for Jitter Tests 
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Eye Diagram Mask Tests at TP2 and TP3 
Creates an eye diagram for PRBS31 using the Teledyne LeCroy SDA toolkit, and performs a mask test to verify 
that the eye meets the USB4 specification limits. Test includes emulation of the Long Channel S-parameter model 
required by the USB4 test specification. For TP3 compliance testing, the measurements are made after a 
compliance channel by applying the CTLE/DFE setting determined during the CTLE/DFE Calibration step.  

 
 

 
 

 
Figure 28 − TP2 and TP3 Eye Mask Test screens and report  
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Rise/Fall Time Test 
Configure DUT transmitter to output alternating square pattern of 64 0’s and 64 1’s (SQ128) on all lanes with SSC 
turned on. If a Re-Timer is placed near the USB Type-C connector, then the Re-Timer transmitter shall be 
configured to transmit SQ128 based on local clock without SSC modulation on all lanes. TRISE and TFALL 
measurement thresholds are 20% to 80% of the differential swing voltage. 

 

 
Figure 29 − Screen and report for Rise/Fall Time Test 
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Electrical Idle Test 
Configure DUT to be in electrical idle mode. V_ELEC_IDLE shall be extracted after applying first order low-pass 
filter with 3 dB point at 1.25 GHz. 

 

 
Figure 30 − Screen and report for Electrical Idle Test 

Note: The Electrical Idle test is not part of the Thunderbolt 3 compliance test specification. When selecting to 
perform this test with the DUT Type set to Thunderbolt 3, the test will be reported as informational. 
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AC Common Mode Test 
Configure DUT transmitter to output PRBS31 on all lanes with SSC turned on. VAC-CM=(VTX-P+VTX-N)/2 

 

 
Figure 31 − Screen and report for AC Common Mode Test 

Wireless Band Conducted Measurement Test 
The Wireless Band Conducted Measurements test is performed on devices with captive cables. Configure the 
DUT transmitter to output PRBS31 on all lanes with SSC turned on. Perform an FFT of the differential and 
common mode math functions on the oscilloscope. Measure the PWR_diff of the signal at each frequency band 
below: 

PWR_diff_1-14≤-17 dBm 

PWR_comm_1-14≤-47 dBm 

PWR_diff_36-64≤-22 dBm 

PWR_comm_36-64≤-43 dBm 

PWR_diff_100-140≤-23 dBm 

PWR_comm_100-140≤-44 dBm 

PWR_diff_149-165≤-23 dBm 

PWR_comm_149-165≤-45 dBm 
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Figure 32 − Screen and report for Wireless Band Conducted Measurement Test 
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Lane to Lane Skew Test 
Configure DUT transmitter to output PRBS31 on all lanes with SSC turned on. Capture the waveforms from two 
lanes from the same port together and post process. 

 

 
Figure 40 − Screen and report for Lane to Lane Skew Test 
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USB4/TBT4 and Thunderbolt 3 TX Test Variables 
Basic 

Device Type 
Select the DUT type. 

Note: The limits used can depend on the DUT type selected. 

(+) Signal Channel 
Enter the oscilloscope channel used to input the positive side of the differential pair when performing tests on a 
single lane. 

Note: When selecting “Both” in the Lanes to Test variable, C1 and C2 will be used for Lane0, and C3 and C4 for 
Lane1. 

(-) Signal Channel 
Enter the oscilloscope channel used to input the negative side of the differential pair when performing tests on a 
single lane. 

Note: When selecting “Both” in the Lanes to Test variable, C1 and C2 will be used for Lane0, and C3 and C4 for 
Lane1. 

Pause after tests to review? 
Select “Yes” to pause the script after each test to review results on the oscilloscope display. You will be prompted 
to continue when ready. 

Note: After initial setup, the script always stops to allow you to adjust channel V/div and Offset, independent of this 
variable. 

Run using saved waveforms? 
Select “Yes” to run tests using previously saved waveforms stored in the <Saved Waveform Path> subfolder.  

You will still be prompted with connection diagrams based on other variable selections.  

Saved Waveform Path 
Path to the root oscilloscope folder where waveform files are saved and recalled.  

After each run, waveforms acquired for transmitter tests are saved in a new subfolder of this path named 
\<DUT_Name>\<DUT_Name>_<datastamp>_<timestamp>. 

Save individual runs? 
When “Yes,” during the run, waveforms are saved in a date-stamped subfolder \<DUTName>\SourceWaveforms. 

When "No" is selected, the folder is deleted at the end of the run. 

DUT Control Method 
Select to automatically control the DUT via the Thunderbolt uC or to use manual control. 

Analysis Method 
Select to analyze signals using SigTest software, LeCroy analysis software, or both. 

CTLE/DFE Calibration Set Name 
Enter a name for the CTLE Calibration set. If set to a value other than "Default", that is inserted into the calibration 
file names. Calibration results are stored in D:\QPHY\USB4\CTLEDFE_Calibrations_TX. 
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Bitrate Setup  

Enable testing at <speed> GB/s? 
For each of these variables, select “Yes” to run applicable tests at this bitrate. 

Port/Lane Setup 

Lanes Under Test 
Select the lane(s) to be tested, Lane0, Lane1 or Both. 

Port Under Test 
Select the port(s) to be tested, A, B or Both. 

ETT Control 

Folder for ETT CLI Application 
Enter the path to the folder containing the ETT CLI application. Used when controlling the DUT via a USB4 uC 
with ETT SW. 

Is the DUT Tiger Lake? 
Enter "Yes" if the DUT is Tiger Lake. Used when controlling the DUT via a USB4 uC and ETT SW. 

Tested Port for ET SW <PortA | PortB> 
For each port, enter the port number to use when controlling the DUT via the ETT SW. Port number should be in 
the range of 0 to 63. 

FTDI Name 
If you are running the ETT software and have multiple FTDI devices, enter the name of the FTDI device for this 
test. If you have only one FTDI device, you can leave the default setting.  

SigTest Analysis 

Test Points to Analyze 
Selet whether to limit analysis to only TP2 tests, only TP3 tests, or to run tests for both TP2 and TP3. 

Path to SigTest_USB4 Executable 
Enter the full path to the SigTest executable. 

Max SigTest Instances 
Enter the maximum number of simultaneous instances of SigTest allowed. 

Deembedding / Embedding 

S-parameters for Cable Deembedding 
Select to use 2-port (s2p) or 4-port (s4p) files for cable deembedding. To run the script without deembedding the 
cables, select None.   

Note: The compliance test specification requires cable deembedding but does not require either 2-port or 4-port 
Touchstone files specifically. 
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S-parameter Type <Deembedding | Embedding> 
When using 4-port S-parameters for either cable deembedding or embedding, select: 

• “Single-ended” when using normally formatted single-ended S-parameters. 

• “Mixed-mode” when using S-parameters with mixed-mode ports. 

Note: Teledyne LeCroy strongly recommends using single-ended S-parameters to avoid confusion.  

L0 Cable (+) Deembedding File Path 
Path to .s2p Touchstone file for Lane0 (+) cable. 

L0 Cable (-) Deembedding File Path 
Path to .s2p Touchstone file for Lane0 (-) cable. 

L1 Cable (+) Deembedding File Path 
Path to .s2p Touchstone file for Lane1 (+) cable. 

L1 Cable (-) Deembedding File Path 
Path to .s2p Touchstone file for Lane1 (-) cable. 

L0 4-port Deembedding File Path 
Path to 4-port S-parameter file for Lane 0. 

L0 Touchstone File Port Ordering 
Port ordering of the L0 4-port S-parameter Touchstone file, if used. 

L1 4-port Deembedding File Path 
Path to 4-port S-parameter file for Lane 1. 

L1 Touchstone File Port Ordering 
Port ordering of the L1 4-port S-parameter Touchstone file, if used. 

Gen2 Cable Model for TP3 Measurements 
Use the default value of this variable to use the official cable model. 

Note: Using a different cable model is only recommended for R&D purposes. The official cable model should be 
used for official compliance testing. 

Gen2 Cable Touchstone File Port Ordering 
Select the Gen2 cable Touchstone file port ordering. Use the default for the official Gen2 embedding cable. 

Gen3 Cable Model for TP3 Measurements 
Use the default value of this variable to use the official cable model. 

Note: Using a different cable model is only recommended for R&D purposes. The official cable model should be 
used for official compliance testing. 

Gen3 Cable Touchstone File Port Ordering 
Select the Gen3 cable Touchstone file port ordering. Use the default for the official Gen2 embedding cable. 
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Host Program Control Setup 

Enable Host Program Control? 
Enables/disables Host Program Control using Sync file. 

Sync File Path 
Full path to the Sync file to be used for Host Program Control. 

Debugging Options 

User <CTLE | DFE> Value 
For each equalization type, select a value to use when running jitter and eye testing for "debug" purposes. If a 
value other than "CTLE/DFE Calibrated Value" is selected, that value will be used instead of the value found in the 
CTLE/DFE calibration, and the requirement in the Eye and Jitter tests to run the CTLE/DFE calibration step is not 
enforced.  

Note: For official compliance testing, this variable must be set to "CTLE/DFE Calibrated Value". 

Acquire Signal Library 

Acquire Signal Library Group 
The Acquire Signal Library Group allows you to select which type of waveforms to acquire. Analysis can be done 
at a later date; you do not need to run the associated compliance tests to acquire the waveforms.   

Acquire Library Mode 
Select a mode of operation for Acquire Signal Library: 

“All Tests/Patterns” directs the script to acquire waveforms for all tests. 

“Selected Patterns” directs the script to acquire waveforms for the patterns selected in this folder. 

“Selected Tests” directs the script to acquire waveforms for all tests selected in the Test Selector dialog. 

Pause after acquiring signal library? 
Select Yes to pause when the Acquire Signal Library waveform group is completed. Used to verify all the desired 
waveforms were captured during Acquire Signal Library.  

Acquire PRBS31 waveforms? 
Select "Yes" to acquire the PRBS31 waveforms. 5 waveforms will be acquired; which is the number of waveforms 
needed for the CTLE/DFE calibration. 

Acquire PRBS15 waveforms? 
Select "Yes" to acquire a PRBS15 waveform for the TP2 and TP3 jitter tests. 

Acquire SQ128 waveforms? 
Select "Yes" to acquire an SQ128 waveform for the Rise and Fall Time tests. 

Acquire SQ2 waveforms? 
Select "Yes" to acquire an SQ2 waveform. This might be needed for the jitter test if TJ fails. 
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Acquire waveforms for TXEQ test? 
Select "Yes" to acquire the SQ128 waveforms at all presets with preshoot and deemphasis on/off for the 
Transmitter Equalization tests. 

Acquire TX Freq Variation Test Waveform? 
Select "Yes" to acquire the waveform required to measure Tx Frequency Variation test. This waveform is the 
transition from a SQ2 Nyquist pattern to a PRBS31 pattern during Tx clock switching.  

Acquire Electrical Idle Waveform? 
Select “Yes” to acquire a waveform for the Electrical Idle test. 

Acquire Preset Cal Waveforms? 
Select "Yes" to acquire the waveforms based on programmed pre-set values for the DUT.  

Preset Calibration 

Device Preset Mode 
Select a mode of operation for preset calibration: 

• Fixed: Performs tests without modifying the preset that has been programmed into the DUT. 

• Run Cal: Performs the Preset Calibration and uses the cal results to configure the DUT's preset. 

• Defined: Performs tests using pre-defined presets stored in a selected preset calibration file. 

Preset Calibration File Name 
Enter the full path to the preset calibration file name to use when running in Defined device preset mode. If the file 
doesn't currently exist, it will be created when either running the script or when opening the Preset Manager dialog 
accessed from the Setup dialog. 

Presets to Test 
Comma-delimited list of the preset numbers to test. Enter the word All to test all presets required by the CTS. 
Presets are tested in the order listed. Repeats are allowed for repetitive testing. 

Example 1: Entering 1,4,7 tests presets 1, 4 and 7 in that order. 
Example 2: Entering 3,3,3 tests preset 3 three times. 

CTLE/DFE Calibration 

CTLE Values for CTLE/DFE Calibration 
Enter “All” to use CTLE values 0 dB through -9 dB. Otherwise, enter a comma-delimited “start,stop” pair. 

Example 1: Entering 0,-3 calibrates from 0 dB to -3 dB. 
Example 2: Entering -4,-4 calibrates at only -4 dB. 

Number of Waveforms to Average 
Enter the number of waveforms to use for averaging results during a CTLE/DFE calibration. 

Note: The default value “5” is required for official compliance testing. 
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Transmitter Equalization 

Presets to Test 
Comma-delimited list of the preset numbers to test. Enter the word All to test all presets required by the CTS. 
Presets are tested in the order listed. Repeats are allowed for repetitive testing. 

Example 1: Entering 1,4,7 tests presets 1, 4 and 7 in that order. 
Example 2: Entering 3,3,3 tests preset 3 three times. 

TX Frequency Variation Training  

Number of Acquisitions 
Enter a number of acquisitions to use for the TX Frequency Variation test. 

Jitter Tests 

Measure Rj with SQ2? 
Select “Yes” to have the script always acquire a waveform with the SQ2 compliance test pattern. 

Note: The SQ2 Rj result will be logged as "Informative", and the result will only be used if the Tj result using 
PRBS15 is not passing, as per the requirements in the CTS. 

USB4 TX Limit Sets 
The default installation contains only the limit set USB4, which compares the results to the limits set forth in the 
USB4 Electrical Compliance Test Specification. 

The limits for each value tested are encoded in or computed by the script and cannot be changed. Any change to 
a limit for internal testing purposes requires that the limit set be copied and the new limit set assigned to a copied 
configuration. 
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USB4 and Thunberbolt 3 Receiver Testing MOI 

Required Equipment 
• Teledyne LeCroy real-time oscilloscope installed with all software listed for TX testing, plus: 

o NI-VISA Version 19.5.0 or above  

• Anritsu MP1900A Signal Quality Analyzer-R with the following options: 

o 12.5 GHz 4 Port Synthesizer MU181000B 

o Jitter Modulation Source MU181500B 

o 21 or 32 Gbit/s SI PPG MU195020A 

o Noise Generator MU195050A 

o 2 ea. K261 DC Blocks 

• USB4 or Thunderbolt 3 test fixtures and controller available from www.wildertech.com 

• All Test Cables and Adapters listed for TX testing 

Receiver Test Approach 
USB4 Router Assembly and Thunderbolt Host/Device CTS 
The receiver test procedure for the USB4 Router Assembly CTS and the Thunderbolt 3 Host/Device CTS can be 
summarized by the following four steps.  

1. Calibrate the stressed BERT signal at TP3’ (Test Case 1) with the oscilloscope - ‘near end’ calibration. 

 
Figure 33 − TP3’ (Test Case 1) Calibration 

http://www.wildertech.com/
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2. Replace oscilloscope with test fixture and DUT and test BER at Test Case 1. 

 
Figure 34 − TP3’ (Test Case 1) Test 

 

3. Add calibrated channel loss for TP3 (Test Case 2), calibrate using oscilloscope - ‘far end’ calibration.  

 
Figure 35 − TP3 (Test Case 2) Calibration 
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4. Replace oscilloscope with DUT and Test BER for Test Case 2. 

 
Figure 36 − TP3 (Test Case 2) Test 

USB4 Captive Device CTS 
The receiver test procedure for USB4 Captive Device CTS can be summarized by the following two steps.  

 

1. Calibrate the stressed BERT signal at TP2 with the oscilloscope - ‘near end’ calibration. 

 
Figure 37 − TP2 Captive Device Calibration 
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2. Replace oscilloscope with DUT and test BER.  

 
Figure 38 − TP2 Captive Device Test 

A test uController is used to read the BER from the DUTs error registers using test scripts provided by the USB-IF 
for USB4 testing and by Intel for Thunderbolt 3. Automation of the DUT is enabled by connecting the uController 
to one of the oscilloscopes USB ports.  

On the connection diagram for RX testing, gray Indicators are shown where S-parameter files must be used to 
deembed the test cables from the measurement and red indicators are used where the channel insertion loss is to 
be measured. 

For test cable deembed, the .s4p files may be provided with the cables or measured with a Teledyne LeCroy 
WavePulser 40iX High-speed Interconnect Analyzer or a VNA. The .s4p files must be imported in the Variables 
tab. Once the .s4p file is imported, all RX calibration measurements are made with the cables deembedded.  

For channel Insertion Loss (IL) measurements, the channel component shown in the diagram must be measured 
using a Teledye LeCroy WavePulser 40iX High-speed Interconnect Analyzer or VNA.  

 
Figure 39 − 4-Port S-parameter indicators for RX Testing 
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Test Preparation 
Before beginning any test or data acquisition, warm the oscilloscope for at least 20 minutes. 

Calibration is performed automatically by the oscilloscope; no manual calibration is required. Calibration will be 
run again if the temperature of the oscilloscope changes by more than a few degrees.  

USB4 RX Script Selection 
Select from the QualiPHY wizard, select the USB4 RX Test Script. 

 
Figure 40 − Selecting Receiver Test Script 
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Test Setup 
In the wizard Setup tab, select the DUT Type, Selected Speeds, Ports, Lanes to Test, and Analysis Method. 

The Anritsu MP 1900A IP Address field is used to enter the BERTs LAN IP address. Refer to Appendix B for 
detailed procedure for connecting QualiPHY to the Anritsu MP1900A BERT.  

 
Figure 41 − Receiver Test Setup Menu 

USB4 RX Test Configurations 

Captive Device Calibration & Test, All Speeds 
Configuration for a Captive Device, with all tests and speeds enabled. 

Retimer Calibration & Test, All Speeds 
Configuration for a USB4 Retimer, with all tests and speeds enabled. 

Router Assembly Calibration & Test, All Speeds 
Configuration for a USB4 Router Assembly, with all tests and speeds enabled. 

Thunderbolt 3 Calibration & Tests, All Speeds 
Configuration for a Thunderbolt 3 device, with all tests and speeds enabled. 
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USB4 RX Test Descriptions 
QualiPHY fully automates the Receiver Test procedure as defined in the USB4 Compliance Test Specification. 
When running any of the RX tests, the user is given the option to run the calibration procedure prior to running the 
test. If QualiPHY detects that there is a pre-existing calibration file, then the user is given the option of skipping the 
calibration and using the existing file. 

Calibration and Test Point Definitions 
The following table shows the USB4 and Thunderbolt 3 CTS required calibrations and test patterns used for each 
calibration and test step. 

CTS RX Test Procedure DUT Type Compliance Requirement  
and Test Point 

Test Pattern 

 USB4 RA 
Rev0.96 

USB4 CD 
Rev0.94 

TBT3 
Rev1.5 

 

Near End Calibrations     

SSC Offset Calibration TP3’ TP2 *TP3’ PRBS31 

Preset Calibration TP3’ TP2 *TP3’ PRBS15 

AC Common Mode TP3’ TP2 *TP3’ PRBS31 

Rj Calibration TP3’ TP2 *TP3’ PRBS15 

Pj Calibration TP3’ TP2 *TP3’ PRBS15 

Tj Calibration TP3’ TP2 *TP3’ PRBS15 

Test Case 1 Eye Calibration  TP3’ TP2 *TP3’ PRBS31 

Test Case 1 BER Observation Time 
10 (10.3125) Gb/s 

20 (20.625) Gb/s 

 
400 sec. 

200 sec. 

 
400 sec. 

200 sec. 

 
400 sec. 

200 sec. 

 

PRBS31 

Far End Calibrations     

TP2 DDJ na 120mUI na PRBS15 

Cable Insertion Loss at Nyquist: 

10 (10.3125) Gb/s (2m Cable) 
20 (20.625) Gb/s (0.8m Cable) 

 

13 ± 0.5dB 
10.5 ± 0.5dB 

  

13 ± 0.5dB 
10.5 ± 0.5dB 

 

Total Channel Insertion Loss at Nyquist: 

10 (10.3125) Gb/s 
20 (20.625) Gb/s 

 

16 -17 dB 
16 -17 dB 

  

16 -17 dB 
16 -17 dB  

 

Test Case 2 Eye Calibration TP3 na *TP3 PRBS31 

Text Case 2 BER Observation Time 
10 (10.3125) Gb/s 
20 (20.625) Gb/s 

 
400 sec. 
200 sec. 

na 
 

400 sec. 
200 sec. 

 
PRBS31 

 

*Note: For Thunderbolt 3, TP3’ and TP3 in the table are as defined in this document. These test points are referred to as 
TP3EQ in the Thunderbolt 3 CTS.  
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Deskew 
Enables the Deskew group when using a WaveMaster 825 Zi-A or 830 Zi-A Oscilloscope and when the channel-
channel skew without performing the deskew is known to be > ~2 ps. 

For LabMaster 10 Zi-A users, the script will confirm that the oscilloscope's Channel Sync Calibration is in place, 
independent of whether or not this group is enabled. If the Channel Sync cal has not been run, the user will be 
prompted. 

Receiver Calibrations 
This “test” group calibrates the BERT output to the parameters required for receiver tests. Calibration results are 
stored in D:\QPHY\Results\<Calibration_set>, where <Calibration_set> is the name you defined for the Calibration 
Data Set Name variable. Each time the calibration is run, the previous calibration file is overwritten. It is 
recommended to calibrate at least once a day, or whenever there has been a change in temperature of more than 
a few degrees. The calibration examples shown below are for 20Gb/s calibration.  

The calibrations include: 

SSC Offset Calibration  
Executes calibration of frequency offset to achieve specified start of SSC deviation. 

 
 

 
Figure 42 − Screen and report for SSC Offset Calibration 
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Preset Calibration 
Executes the preset calibration, which determines the preset with the lowest ddj. 

 
 

Figure 43 − Report for Preset Calibration 

Cm Calibration 
Executes the AC common mode voltage calibration.  

 

 
Figure 44 − Report for CM Calibration 

Rj Calibration 
Executes the Rj calibration. 

 

 
Figure 45 − Report for RJ Calibration 

Pj Calibration 
Calibrates Pj to each of the following frequencies: 1 MHz, 2 MHz, 10 MHz, 50 MHz and 100 MHz. 

 

 
Figure 46 − Report for SJ Calibration 
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Test Case 1 and Test Case 2 Total Jitter and Eye Diagram Calibration 
Executes the total jitter and eye diagram calibration at the given test point.  

 

 

 
Figure 47 − Screen and report for Test Case1 Jitter & Eye test 
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Test Case 2 CTLE & DFE Optimization 
Executes CTLE and DFE calibration. 

 

 

 
Figure 48 − Screen and report for Test Case2 Eye Calibration test 

Test Case 1 and Test Case 2 Signal Frequency Variations Training Test 
Executes calibrations required for the the Receiver Signal Frequency Variations Training test for Test Case 1 
and/or Test Case 2. 
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Receiver Tests 

Transfer Calibration Settings for Frequency 
This “test” step configures the BERT to execute the RX tests at a specified frequency (in MHz). When selected, 
BER tests will run at only the frequency and test point specified by this variable group. 

BER Test Case 1 / Captive Device 
Executes the RX BER tests at the given test point. 

Note: An existing calibration set must be specified in the BERT Calibration Data Set variable, or else the 
calibration test groups must be selected, as well, to run this test. 

BER Test Case 2 
Executes the RX BER tests at the given test point. 

Note: An existing calibration set must be specified by the BERT Calibration Data Set variable, or else the 
calibration groups must be selected, as well, to run this test. 

 
Figure 49 − BER Test Report 

Test Case 1 and Test Case 2 Signal Frequency Variations Training 
Executes the Receiver Signal Frequency Variations Training test for Test Case 1 and/or Test Case 2. 
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USB4 RX Test Variables 
Bitrate Setup 

Enable testing at <speed> GB/s?  
For each of these variables, select “Yes” to run applicable tests at this bitrate. 

Port/Lane Setup 

Lanes Under Test 
Select the lane(s) to be tested: Lane0, Lane1 or Both. 

Port Under Test 
Select the port(s) to be tested: A, B or Both. 

Basic 

Device Type 
Select the device being tested: USB4 Captive Device, USB4 Router Assembly or TBT3. This variable determines 
which connection diagrams are shown by QualiPHY. 

Note: The limit set used can depend on the DUT type selected. 

(+) Positive Signal Channel 
Enter the oscilloscope channel used to input the positive side of the differential pair when performing tests on a 
single lane. 

Note: When selecting “Both” in the Lanes to Test variable, C1 and C2 will be used for Lane0, and C3 and C4 for 
Lane1. 

(-) Negative Signal Channel 
Enter the oscilloscope channel used to input the negative side of the differential pair when performing tests on a 
single lane. 

Note: When selecting “Both” in the Lanes to Test variable, C1 and C2 will be used for Lane0, and C3 and C4 for 
Lane1. 

Analysis Method 
Choose to analyze signals using SigTest software, Teledyne LeCroy SDAIII analysis software, or both. 

Use BERT ISI generator?  
Allows for using a BERT ISI generator for Captive Device ISI channel calibration.  

Note: The Bert ISI generator may add up to -3 dB loss to channel to calibrate ISI loss channel for Captive Device 
testing. 

PJ Frequencies Under Test 
Specifies what Pj frequencies (in MHz) will be calibrated and used in BER tests.  

To calibrate and test all frequencies, enter "All" or "1,2,10,50,100". 

To calibrate and test a specific subset, enter it as a comma-delimited list, for example: “50,100”. 
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Presets for Calibration and Test 
Comma-delimited list of the preset numbers to measure for RX Calibration and use for RX tests. Enter the word 
All to test all presets required by the CTS. Preset 15 is reduced swing and is excluded when 'All' is entered.  

Presets are tested in the order listed. Repeats are allowed to facilitate repetitive testing. 

Example 1: Entering 1,4,7 tests presets 1, 4 and 7 in that order. 
Example 2: Entering 3,3,3 tests preset 3 three times. 

Saved Waveform Path 
Path to the root oscilloscope folder where waveform files are saved and recalled.  

After each run, waveforms acquired for receiver tests are saved in a new subfolder of this path named 
\SourceWaveforms_<datastamp>_<timestamp>. 

Waveforms saved for analysis by SigTest are stored in the \SigTestAnalysis subfolder. 

Save individual runs? 
When “Yes”, new date-stamped subfolders named \<DUT_Name>\SourceWaveforms will be created in the Saved 
Waveform Path after each acquisition. 

When “No”, files in \<DUT Name>\SourceWaveforms are overwritten after each acquisition. 

Pause after tests to review? 
Select “Yes” to pause the script after each test to review results on the oscilloscope display. You will be prompted 
to continue when ready. 

Note: After initial setup, the script always stops to allow you to adjust channel V/div and Offset, independent of this 
variable. 

DUT Control Method 
Select method used to control the DUT either automatically or manually: 

• USB4 uC (Titan Ridge): Uses the ETT CLI software from USB.org 

• AR Thunderbolt uC (Alpine Ridge): Uses TenLira and TCL scripts from Intel 

• Manual control: User is prompted to configure the DUT manually 

ETT Control 

Folder for ETT CLI Application 
Enter the path to the folder containing the ETT CLI application. Used when controlling the DUT via a USB4 uC 
with ETT SW. 

Is the DUT Tiger Lake? 
Enter "Yes" if the DUT is Tiger Lake. Used when controlling the DUT via a USB4 uC and ETT SW. 

Tested Port <A | B> for ETT SW 
For each port, enter the port number to use when controlling the DUT via the ETT SW. Port number should be in 
the range of 0 to 63. 

Note: This should be the port number for respective port under test A | B. 

Swap Lanes 
Select the ETT configuration for lane swapping. 
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FTDI Name 
If you are running the ETT software and have multiple FTDI devices, enter the name of the FTDI device for this 
test. If you have only one FTDI device, you can leave the default setting.  

SigTest Analysis 

Path to SigTest_USB4 Executable 
Enter the full path to the SigTest executable. 

Max SigTest Instances 
Enter the maximum number of simultaneous instances of SigTest allowed. 

Deembedding 

S-parameters for Cable Deembedding 
Select to use 2-port (s2p) or 4-port (s4p) files for cable deembedding. To run the script without deembedding the 
cables, select None.   

Note: The compliance test specification requires cable deembedding but does not require either 2-port or 4-port 
Touchstone files specifically. 

S-parameter Type 
When using 4-port S-parameters for cable deembedding, select: 

• “Single-ended” when using normally formatted single-ended S-parameters. 

• “Mixed-mode” when using S-parameters with mixed-mode ports. 

Note: Teledyne LeCroy strongly recommends using single-ended S-parameters to avoid confusion.  

Cable (+) Deembeding File Path  
Path to s2p Touchstone file for the (+) cable. 

Cable (-)Deembeding File Path  
Path to s2p Touchstone file for the (-) cable. 

4-port Deembedding File Path 
When the S-parameters for Cable Deembedding variable is set to 4-port, enter the path to the file to be used to 
deembed any fixture that is not included in the specified compliance channel. 

Touchstone File Port Ordering 
Port ordering of the 4-port Touchstone file, if used. 
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BERT Settings 

BERT IP Address 
IP Address of the Anritsu BERT machine.  

Calibration Data Set Name 
Identifier for the calibration data set. This can be the BERT's serial number or any text string that can be used to 
create a folder. Calibration files will be saved and recalled from a subfolder with this name. 

Anritsu MP1900A Settings 

Synthesizer Slot 
Mainframe slot used for the Synthesizer module. 

PPG Slot 
Mainframe slot used for the PPG module. 

Jitter Modulation Slot 
Mainframe slot used for the Jitter Modulation module. 

CM Generator Slot 
Mainframe slot used for the Noise Generator module. Enter None when not using a Noise module for the ping 
source. 

Data Channel 
BERT channel used to input the PPG module. 

Host Program Control Setup 

Enable Host Program Control? 
Enables/disables Host Program Control using Sync file. 

Sync File Name 
Full path to the Sync file to be used for Host Program Control. 

CTLE & DFE Optimization 

CTLE Values for CTLE/DFE Calibration 
Enter “All” to use CTLE values 0 dB through -9 dB. Otherwise, enter a comma-delimited “start,stop” pair. 

Example 1: Entering 0,-3 calibrates from 0 dB to -3 dB. 
Example 2: Entering -4,-4 calibrates at only -4 dB. 

Number of Waveforms to Average 
Enter the number of waveforms to use for averaging results during a CTLE/DFE calibration. 

Note: The default value “5” is required for official compliance testing. 
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Transfer Calibration Settings for Frequency 
These variables configure the MP1900A to execute the RX BER test for the specific frequency and test point only. 

Transfer Cal to BERT PJ Frequency  
Configures BERT to test at a single frequency. Enter frequency (in MHz). 

Calibration Test Point 
Select test point BERT is to calibrate. For Captive Cable testing, select TC1. 

USB4 RX Test Limit Set 
The default installation contains only the limit set Default, which compares the results to the limits included in the 
Electrical Compliance Test Specification. 

The limits for each value tested are encoded in or computed by the script and cannot be changed. Any change to 
a limit for internal testing purposes requires that the limit set be copied and the new limit set assigned to a copied 
configuration. 
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Appendix A: Host Program Control 
Host Program Control Mode (HPC) is a feature that allows QualiPHY to be started by a user’s host program with a 
number of arguments. Once running, a simple “Sync File” protocol is used by QualiPHY to signal the host 
program.  

When the QualiPHY script requires action from the host program, it writes a User Sync File to the disk in .xml 
format containing several tags. QualiPHY then pauses execution and waits. The host program should set the 
requested DUT parameters or test system configuration, respond as necessary, then delete the User Sync File. 
When QualiPHY sees that the User Sync File is deleted, it continues execution.  

In a QPHY-USB4 script, there are three situations when a Sync File is written out: 

1. When the user host program needs to change which signals are connected to the oscilloscope (typically 
utilized in systems involving an RF switch) 

2. When the user host program needs to change the signal type output from the DUT  
(e.g., the signal’s character rate) 

3. When an error condition has occurred 

In order to use Host Program Control Mode, the following considerations should be taken into account. 

Preparing Special Configuration for Host Program Control Mode  
In QualiPHY, create a custom Configuration that has the variables configured in the way you will need them when 
you run in Host Program Control Mode. Make sure you save the configuration after editing the variables so that it 
will be available to refer to when you startup QualiPHY via command line. 

Variables that need to be considered to run in HPC are: 

• Host Program Control sync file name 

o Definition: Used to specify sync file path. 

o Default: C:\USB4**_sync_file.xml (depending on script) 

o Comments: Just use the default unless conflict. 

• Use Host Program Control? 

o Definition:  Set to “Yes” to use the Host Program Control feature, “No” otherwise.  

o Default: No 

o Comment: When set to “Yes”, QualiPHY will pause execution after it creates a sync file and while 
it is waiting for the sync file to be deleted. 
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Host Program Elements Needed to Control the QualiPHY Script 

Launching QualiPHY (XReplay.exe) 
The Host program needs to launch the QualiPHY application (the actual program is named XReplay.exe) with the 
following command line, including arguments for USB4: 

C:\Program Files(x86)\LeCroy\XReplay\XReplay.exe –A –R –E –WIZARD – TECH:USB\USB4** –
CONFIG:HostProgramControlTests –N:IP Address 

The path shown above is where the XReplay.exe program (QualiPHY) is placed by the installer. 

Arguments are: 

-A  Stops all manual user interaction. (Always use) 

-R  Causes the test script (USB4TX or USB4RX in this case) to be run 
automatically. (Always use) 

-E  Automatically exit when test script is done executing. (Always use) 

-WIZARD Required.  

-TECH:USB4\USB4** Sets the technology to test, USB4TX or USB4RX 

-CONFIG:HostProgramControlTests Sets the name of the configuration that will be used; 
HostProgramControlTests. 

-N:IP Address IP address of the oscilloscope: 

 If QualiPHY is running on the oscilloscope, set to localhost.  

 If QualiPHY is not running on the oscilloscope, set to Host ID or  
IP Address of the oscilloscope. 

Monitoring for QualiPHY Termination 
The host program needs to continuously test to see if the QualiPHY process still exists, to be able to know when 
the QualiPHY test script has completed and take appropriate action. 

File Transfer Synchronization  
The host synchronization consists of three parts:  

1. Waiting for C:\USB4**_sync_file.xml (or other name specified in configuration) to be written by QualiPHY. 

2. Reading the file and performing the required actions. 

3. Deleting C:\ USB4**_sync_file.xml in order to signal QualiPHY that the operation is complete. 

Renaming the Test Report  
The test report that is created by the QualiPHY test script is always created with the same name (for example, 
D:\QPHY\Reports\LeCroyReport.pdf). For this reason, it needs to be renamed after QualiPHY (XReplay.exe) 
terminates in order to avoid overwriting it the next time QualiPHY is run. 

Note: The report path is C:\LeCroy\QPHY\Reports if QualiPHY is installed on a remote PC instead of the 
oscilloscope. 
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Sample Host Program 
This sample Python host program performs all the essential tasks involved in launching and synchronizing with 
the QualiPHY USB4TX test script. It is shown below and referred to in the text following it.  

import time 

import os 

import shutil 

import subprocess 

import xml.etree.ElementTree as ET 

import ctypes 

 

def mbox(title, text, style = 0): 

    ''' 

    message box with ok 

    ''' 

    return ctypes.windll.user32.MessageBoxA(0, text, title, style) 

 

def main(): 

    SyncFilePath = r'D:\QPHY\USB4TX_sync_file.xml' 

    args_list = [r'C:\Program Files (x86)\LeCroy\XReplay\XReplay.exe', r'-A', 
r'-R', r'-E', r'-WIZARD', r'-TECH:USB\USB4TX', r'-
CONFIG:HostProgramControlTests', r'-N:127.0.0.1'] 

    process = 
subprocess.Popen(args_list,stdout=subprocess.PIPE,stderr=subprocess.PIPE, 
shell=True) 

    time.sleep(1) 

    while process.poll() is None: 

        time.sleep(1) 

        if os.path.isfile(SyncFilePath) == True: 

            file = open(SyncFilePath, 'r') 

            xmlstring = file.read() 

            file.close() 

            root = ET.fromstring(xmlstring) 

            #print XML tags 

            print 'Check XML tags' 

            for child in root: 

                print (child.tag) 

            #print tag if text exists 
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            print 'Check XML text' 

            for child in root: 

                if child.text != None: 

                    print (child.text) 

            #send prompt if connectionsReq has text 

            print 'Pause if connection change required' 

            for child in root: 

                if child.tag == 'connectionsReq': 

                    if child.text != None: 

                        mbox('Pause for Connections', child.text) 

                    else: 

                        print 'No Connections required' 

            #send prompt if error detected 

            print 'Pause if error detected' 

            for child in root: 

                if child.tag == 'error': 

                    if child.text != None and child.text!= '0': 

                        mbox('Error!!', child.text) 

            ###other actions based on XML may be performed here### 

            try: 

                os.remove(SyncFilePath) 

            except: 

                pass 

    args_list_report = [r'C:\Program Files 
(x86)\LeCroy\XReplay\XReplay.exe',r'-D',r'-WIZARD'] 

    process = 
subprocess.Popen(args_list_report,stdout=subprocess.PIPE,stderr=subprocess.PIPE
, shell=True) 

    time.sleep(1) 

    print 'Generating Report...' 

    while process.poll() is None: 

        time.sleep(3) 

    # Check for report and rename if present 

    ReportPathSource = r'D:\Qphy\Reports\LeCroyReport_Auto.pdf' 

    ReportPathDest = r'D:\Qphy\Reports\USB4TX_Test_Results.pdf' 

    if os.path.isfile(ReportPathSource) == True: 

        try: 
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            shutil.move(ReportPathSource, ReportPathDest) 

        except: 

            print 'Error renaming report' 

    else: 

        print 'File not found' 

    done = "Host Program Control python example script complete" 

    return done 

end = main() 

print end 

HPC Sync File  

Sync File Tags 
The Host Program Control synchronization file includes the following tags: 

• connectionsReq: describes the connections that should be made. 

o When instructed to, connect bert output channels to the oscilloscope input channels. 

o Example: “C1, C2, Data_Out1, Data_Out1-bar” 

• error: includes an error code. Refer to the “detail” field for information about the error. 

• detail: gives additional information, especially in situations where the error code is 0, which would indicate 
an issue. Example: “No trigger: Trigger timed out. Is signal present and trigger set correctly?” 

Sample XML Sync Files 

Request to change the connections 
<TestConfig> 

<connectionsReq>C1, C2, Data_Out1, Data_Out1-bar</connectionsReq> 

<detail>Connect a matched pair of 1-meter high quality SMA cables from the Data 
Output1 and Data Output1-bar outputs of the Noise Module to the channels 
configured in the variables dialog (C1 and C2).</detail> 

<error>0</error> 

</TestConfig> 

Request to check error condition 
<TestConfig> 

<connectionsReq/> 

<detail>No trigger: Trigger timed out. Is signal present and trigger set 
correctly?</detail> 

<error>3</error> 

</TestConfig> 
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Appendix B: Connecting QualiPHY to the Anritsu MP1900A 
This procedure covers the steps in getting QualiPHY automated test SW run on Teledyne LeCroy Oscilloscopes 
connected to the Anritsu MP1900A SQA-R BERT. 

The high-level procedure is as follows.  

1. Install NI VISA on the oscilloscope. 

2. Connect oscilloscope and MP1900A to LAN. 

3. Turn on the MP1900A. 

4. Map the MP1900A and oscilloscope IP addresses. 

5. Set the MP1900A’s IP address in QualiPHY. 

6. Launch the MP1900A Serial Data SW and select the technology (if applicable). 

7. Look for ‘Return to Local’ on the MP1900A when running QualiPHY. 

1. Install NI VISA on the Oscilloscope 
The latest version of NI VISA can be downloaded from: 

https://www.ni.com/en-us/support/downloads/drivers/download.ni-visa.html#329456 

2. Connect the Oscilloscope and the MP1900A to the same local area network. 

Connect using one of the below methods. 

• Direct connection (with one Ethernet cable) – Connect the cable between the “External Ethernet” 
connector on the back of the MP1900A and one of the ethernet connections on the oscilloscope.  

• Through a network switch (with two Ethernet cables) - Connect one cable between the “External Ethernet” 
connector on the back of the MP1900A to an available port on the network switch and the second cable 
between one of the ethernet connections on the oscilloscope to a second available port on the network 
switch.  

3. Turn on the MP1900A 
a. Turn on the MP1900A from the front panel. Once it boots, the Standard BERT for SI Application will 

launch.   

b. Press OK. The Standard BERT software GUI will appear.  

c. Minimize the BERT application by pressing the ‘-‘ button on the bottom of the application to expose the 
Windows desktop. 

 

https://www.ni.com/en-us/support/downloads/drivers/download.ni-visa.html#329456
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4. Map MP1900A and oscilloscope LAN IP addresses 
If the MP1900A and oscilloscope are connected directly: 

On the BERT: 

a. Access the Network and Sharing Center window from the toolbar icon. 

b. Select Local Area Connection.  

Note: there are two connections, the top one is associated with the External Port where the Ethernet 
Cable is connected. Local Area Connection 2 is an internal connection that should not be changed, as 
indicated by the text. 

c. Select Properties. 

d. Select TCP/IPv4. 

e. Select Use the following IP address and set the IP Address of the BERT to 10.10.10.1. 

 
On the Oscilloscope: 

f. Follow same steps above (a-d) on the oscilloscope as on the BERT. 

g. Select Use the following IP address and set the IP Address of the oscilloscope to 10.10.10.4. 

 
Note: The Subnet address between the oscilloscope and the BERT must be the same. In this case 
255.255.255.0. 

h. Select OK on the IP Properties on both instruments and close all networking windows. 
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If the MP1900A and oscilloscope are connected through a network switch: 

Use the same procedure as above, only on both instruments select Obtain IP Address Automatically from the IP 
Version 4 Properties menu. If connected to the same switch, then both IP addresses should be compatible for 
correct communication.  

Note: In order to verify whether IP addresses are set correctly, you can use the ‘ipconfig’ and ‘ping’ commands in 
the Windows Command Prompt utility to verify communication between the oscilloscope and the MP1900A.  

5. Set the MP1900A’s IP address in QualiPHY 

In QualiPHY, navigate to the Variable Setup tab and scroll down to the BERT Setup items.  

 
a. Select the BERT IP Address variable, then select Edit Variable and type the IP Address that was set 

above on the MP1900A. 

b. Under the BERT Used variable, select MP1900A. 

6. Launch the MP1900A Standard BERT for SI Software 
Prior to running a QualiPHY script on the oscilloscope that requires communication to the MP1900A, the Standard 
BERT for SI software on the MP1900A must be launched. 

The MP1900 Standard BERT application should launch at power up. Select the Application Selector at the top of 
the Standard BERT application.  
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7. Look for ‘Return to Local’ on the MP1900A when running QualiPHY 
At the conclusion of this procedure, when running the QualiPHY script, the oscilloscope will connect to the 
MP1900A through NI VISA and the Return to Local dialog box appears on the MP1900A. This confirms that the 
connection procedure has been properly completed. 
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Appendix C: Installing Thunderbolt 3 Electrical Scripts 
For Thunderbolt 3 DUT control using the WilderTech Thunderbolt Controller, the Intel Thunderbolt SW Tools must 
be loaded on the oscilloscope. The Thunderbolt Tools are provided by Intel and can only be accessed if you are a 
Licensee of Thunderbolt Technology. The following procedure shows how to download and install the Intel Tools 
accessed through the Thunderbolt Technologies developer site or Intel My Intel.  

1. Log in to My Intel site - https://www-
ssl.intel.com/content/www/us/en/secure/design/confidential/infodesk/document-library.html 

2. Access the Thunderbolt Developer’s website – https://thunderbolttechnology.net/developers. Click on the 
‘My Intel’ button. 

 

3. Log in to My Intel site - https://www-
ssl.intel.com/content/www/us/en/secure/design/confidential/infodesk/document-library.html 

 

4. Search for ‘Thunderbolt3 Electrical Scripts’. 

https://www-ssl.intel.com/content/www/us/en/secure/design/confidential/infodesk/document-library.html
https://www-ssl.intel.com/content/www/us/en/secure/design/confidential/infodesk/document-library.html
https://thunderbolttechnology.net/developers
https://www-ssl.intel.com/content/www/us/en/secure/design/confidential/infodesk/document-library.html
https://www-ssl.intel.com/content/www/us/en/secure/design/confidential/infodesk/document-library.html
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5. Download the latest electrical scripts. 

 

6. Copy contents of download folder into D:\Applications\USB4\TBT_Electrical folder on the oscilloscope.  

 

7. Follow the instructions in the PDF, which will include steps to download and intall TenLira Software and 
Active TCL Version x64 Version 8.5. 

Appendix D: Installing USB4 EV Compliance Tool 
The USB4 EV Compliance Tool is under development by the USB-IF. If testing a USB4 device, please consult 
with your Teledyne LeCroy representative for the latest guidance on this.  
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Appendix E: Manual Deskewing Procedure 
1. Warm the oscilloscope for at least a half-hour before proceeding. This procedure should be run again if 

the temperature of the oscilloscope changes by more than a few degrees. 

2. Connect a differential data signal to C1 and C2 using two approximately matching cables. Set up the 
oscilloscope to use the maximum sample rate. Set the timebase for a few repetitions of the pattern (at 
least a few dozen edges). 

 

3. On the C2 dialog, check Invert. Now C1 and C2 should look the same. 

4. Using the Measure dialog, set P1 to measure the Skew of C1, C2. Turn on Statistics (Measure menu). 
Write down the mean skew value after it stabilizes. This mean skew value is the addition of data skew + 
cable skew + channel skew. 

5. Swap the cable connections on the data source side (on the test fixture), and then press the Clear 
Sweeps button on the oscilloscope (to clear the accumulated statistics; since we changed the input). 

 

6. Write down the mean skew value after it stabilizes. This mean skew value is the addition of (-data skew) + 
cable skew + channel skew. 

7. Add the two mean skew values and divide the sum in half. 

8. Set the resulting value as the Deskew value in C1 menu. 

9. Restore the cable connections to their Step 2 settings. Press the Clear Sweeps button on the 
oscilloscope. The mean skew value should be approximately zero - that is the data skew. Typically, 
results are <1ps given a test fixture meant to minimize skew on the differential pair. 

10. On the C2 dialog, clear the Invert checkbox and turn off the parameters. 

In the previous procedure, we used the default setup of the Skew parameter (which is detecting positive edges on 
both signals at 50%). We also inverted C2 in order to make C1 and C2 both have positive edges at the same time. 

Alternately, we could have selected the Skew clock 2 tab of the P1 parameter dialog and set the oscilloscope to 
look for negative edges on the second input (C2). However, we believe the previous procedure is more 
aesthetically pleasing, as it displays C1 and C2 with the same polarity. 
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