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1 Introduction
 

Overview

This guide provides a detailed description of the N5990A Test Automation 
Software Platform.

The BitifEye “ValiFrame” Test Automation software is globally marketed 
and supported by Keysight Technologies (formerly Agilent Technologies) 
as N5990A. This document describes the calibrations and test procedures 
conducted by N5990A ValiFrame for Thunderbolt in detail. 
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Document History

Third Edition (August 2019)

The third edition of this user guide describes the functionality of software 
version N5990A ValiFrame Thunderbolt 2.50, according to CTS Revision 
1.5, Version 0.9 from February 2018.

Second Edition (July 2018)

The second edition of this user guide describes the functionality of 
software version N5990A ValiFrame Thunderbolt 2.40, according to CTS 
Revision 1.5, Version 0.9 from February 2018.

First Edition (April 2017)

The first edition of this user guide describes functionality of software 
version N5990A ValiFrame 2.23 Thunderbolt_2.00.
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2 N5990A Overview
 

Test Automation Software Platform

The Keysight Technologies N5990A Test Automation Software Platform 
“ValiFrame” is an open and flexible framework for automating electrical 
compliance tests for digital buses such as Thunderbolt, USB and PCI 
Express. 

The product runs on a standard PC that controls a wide range of test 
hardware. Typically, the hardware comprises of instruments for stimulus 
and response tests, such as pattern generators, bit error ratio testers 
(BERTs), and oscilloscopes. Key elements of the software platform are a 
test sequencer, receiver test libraries, and interfaces to the oscilloscope 
applications for transmitter tests. Additional options are also available, 
such as User Programming.

N5990A is implemented in C# within the Microsoft.NET Framework.

The software platform is specified in the data sheet 5989-5483EN, 
including the system requirements. 
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Refer to the N5990A Getting Started Guide.pdf for instructions on how to 
install and start the ValiFrame Test Automation software platform. After 
the software has been installed, two icons are added to the desktop as 
shown in Figure 1 and Figure 8. One is for the Station Configuration and 
the other icon pertains to ValiFrame Thunderbolt.
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ValiFrame Thunderbolt Station Configuration 

Test Station Selection

The set of test instruments that are used for a specific application are 
referred to in the following as “Test Station” or in short “Station”. The test 
station is controlled by a suitable PC and the N5990A Test Automation 
Software Platform. 

The ValiFrame Thunderbolt Station Configuration must be started prior to 
launching ValiFrame. It allows you to select an application (such as MHL, 
PCI Express 3, HDMI …) and the required set of instruments. Double-click 
the icon (see Figure 1) to launch the software. Alternatively, to access the 
ValiFrame Station Configuration on a Windows-based PC:

Click Start > BitifEye Thunderbolt N5990A > ValiFrame Thunderbolt 
Station Configuration.

Figure 1 ValiFrame station configuration icon

When the ValiFrame Thunderbolt Station Configuration is launched, the 
Valiframe Configuration Wizard appears as shown in Figure 2. The 
available Test Stations are listed in the Select Station drop-down options. 
Multiple entries can be generated through User Programming (N5990A 
opt. 500) and the required station can be selected.
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Figure 2 Station selection window 

If option N5990A opt. 001 has been procured, the interface to SQL 
databases (and web browsers) is available. To establish connections to the 
database application server, check the “Use Database” check box and 
enter the IP address for the ‘Application Server’.

You may also select either (Microsoft) Excel or HTML as the viewer for test 
results.

Next, you may optionally assign sounds that would mark the attainment of 
different states of the program. 

1 End of Sequencer plays the selected sound at the end of a sequence.

2 Connection diagram plays the selected sound every time a connection 
diagram pops up.

3 Dialog Prompt plays the selected sound at each dialog prompt.

Select a sound tone from the following options available in the drop-down 
options. The option 'None' disables the sound for the respective action.

• Car brake

• Feep Feep

• Ringing

• TaDa
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• Tut

Click “Play” to test a sound before assigning it to a specific action.

Test Station Configuration

After selecting Test Station as Thunderbolt Station, click Next to 
continue. The Station Configuration stage of the Wizard is displayed as 
shown in Figure 3. It shows the various options for instruments that can be 
used for Thunderbolt testing. It contains such options as:

• Pattern Generator

• Common Mode Interference Source

• Error Detector

• ISI Channel

• Support for Type-C PDOs

Pattern Generator

The pattern generator is used to create patterns with specified stress 
parameters. Available options are: 

• Keysight J-BERT M8020A High Performance Serial BERT

Figure 3 Station configuration window
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Common Mode Interference Source

A common mode interface source is necessary to add AC common mode 
noise to the signal and to achieve worst-case transmitter characteristics. 
The common mode interface source options are:

• N5171B EXG

• N5182B MXG

• 81160A Pulse Function Arbitrary Noise Generator

Figure 4 Thunderbolt station: CMI source

Error Detector

It contains the following options:

• Automated Scripts: The BER tests are done are performed 
automatically using scripts, with minimal to no user intervention.

• Manual: The BER tests require user intervention when this option is 
selected. Link training and BER tests are done manually by running 
the related TenLira scripts.

• Custom DLL
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ISI Channel

It contains the following options:

• Internal M8020A ISI

• External ISI Channel

Support for Type-C PDOs

Check the option Support for Type-C PDOs to perform Type-C PDO tests. 
You must also choose a power supply from the following drop-down 
options:

• Keysight N67xx

• Simple 5V supply: The simple 5V power supply is just to power a 
DUT, but not to test any PDOs. You may use any fixed 5V supply with 
a current capability that is sufficient for the DUT. The recommended 
minimum current is 500 mA.

NOTE
The Automated Scripts option requires the installation of scripts for 
controlling the DUT. If the scripts are installed in a machine other than 
where ValiFrame is installed, it is also required that Thunderbolt Test 
Script Server software be installed.



Keysight N5990A-104 Test Automation Software Platform for Thunderbolt User Guide 19

ValiFrame Thunderbolt Station 3

 

Figure 5 Thunderbolt station: Enable PDO-Testing
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Test Instrument Configuration

Select a sound tone from the following options available in the drop-down 
options. The option 'None' disables the sound for the respective action.The 
instrument Configuration window appears as shown in Figure 6.

Figure 6 Instrument configuration window 

After the installation process, all instruments are configured by default in 
“Offline” mode. In the simulation mode, the hardware need not necessarily 
be physically connected to the test controller PC. The ValiFrame software 
cannot connect to any instrument in this mode. In order to control the 
instruments that are connected to the PC, the instrument address must be 
entered. The address depends on the bus type used for the connection, for 
example, GPIB (General Purpose Interface BUS) or LAN (Local Area 
Network). Most of the instruments used in the Thunderbolt station require 
a VISA (Virtual Instrument System Architecture) connection. To determine 
the VISA address, run the “Connection Expert” (right-click the Keysight IO 

NOTE
Make sure that all the selected instruments for the test station are 
connected to the test station PC controller by the remote control 
interfaces such as LAN or USB.
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Control icon in the task bar and select the first entry “Connection Expert”). 
Copy the address string for each instrument from the Connection Expert 
entries and paste it as the instrument address in the ‘Station Configuration 
Wizard’. After the address strings have been entered, click Check 
Connections to verify that the connections for the instruments are 
established properly. If an erroneous instrument address configuration is 
performed, the Wizard displays a prompt to indicate so.

NOTE
When starting a specific test station configuration for the first time, all 
instruments are set to the “Offline” mode. In this mode the test 
automation software does not connect to any instrument. This mode can 
be used for demonstrations or checks only.
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Using Keysight IO VISA Connection Expert

Introduction

The Keysight Connection Expert is recommended to setup new 
connections or verify existing connections. Start the Connection Expert by 
right-clicking on the Keysight IO Libraries Suite icon in the task bar and 
selecting “Connection Expert”. A window similar to the one shown in 
Figure 7 is displayed.

Figure 7 Keysight Connection Expert

Under “Instruments”, click Rescan.
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For each instrument that must be connected, verify that the corresponding 
information is listed on the menu to the left and that the VISA Address for 
each instrument shows a green tick. 

Once all the instruments to be used are listed properly, their address 
strings can be entered in the Instrument Configuration stage of the Wizard 
(see Figure 6). The recommended way of doing this is to copy and paste 
each instrument address as follows:

Click the “VISA Address” field next to an instrument in the Connection 
Expert and copy the address. Highlight the corresponding entry of that 
instrument in the Test Station Connection window, paste the address in 
the “Instrument Address” text field and click “Apply Address”. Repeat this 
procedure for all the instruments being used, except standard specific 
applications running on the oscilloscope.

The applications running on the oscilloscope use a different technology to 
provide remote access to ValiFrame, called .NET Remoting 
Communication. The remote access is only possible using a LAN 
connection to the oscilloscope; therefore, only an IP address is used to 
connect to such an instrument.

Once all the instruments are set with the appropriate addresses, tick the 
check boxes for all such instruments, which shall be used by the Test 
Automation Software. This will set the instrument mode to “Online”. Click 
“Check Connections” to verify that the instrument addresses are valid.

Click “Finish” to save the changes and close the ValiFrame Configuration 
Wizard.
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Starting the Thunderbolt Station

Start the ValiFrame Thunderbolt Test Station by double-clicking 
“ValiFrame Thunderbolt” icon on the desktop as shown in Figure 8. 
Alternatively, click Start > BitifEye Thunderbolt N5990A > ValiFrame 
Thunderbolt.

Figure 8 ValiFrame Thunderbolt Station icon

The ValiFrame N5990A connects automatically to the instruments which 
are set to “Online” mode in the ValiFrame Instrument Configuration (see 
Figure 6). The application is ready for use once all the connections have 
been initialized successfully. Clicking the ValiFrame Thunderbolt icon 
launches the N5990A Test Automation Software Platform window as 
shown in Figure 9.
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Figure 9 ValiFrame Thunderbolt user interface

The test parameters must be configured before running any test or 
calibration procedure. Click the “Configure DUT” button to open the 
Configure Product window (Figure 10). Alternatively, you may select the 
“Configure DUT” option from the File menu to access the Configure 
Product window.

Configuring DUT

The Configure DUT window allows you to select the DUT parameters, such 
as DUT Type, Spec Version, Compliance Mode or Expert Mode and also 
test parameters, which are related to the receiver test configuration. These 
parameters shall be used later in several calibrations and test procedures.
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Figure 10 Configure DUT panel 

The parameters that appear on the “Configure DUT” panel depend on the 
specific application. In the Configure DUT panel that corresponds to the 
Thunderbolt application, enter all the information relevant to the 
Thunderbolt DUT, such as Name, Type (Device or Host), and Specification 
version. The selected DUT’s parameters and the information entered by 
the user are shown in the measurement reports. It is also stored with the 
measurement data in case a connection to an SQL database exists. Since 
this information aids in data retrieval from the database, selecting unique 
identifiers and descriptions are imperative.
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If the “Use Database” option is selected in the ValiFrame Thunderbolt 
Station Selection stage of the Valiframe Configuration Wizard (see 
Figure 2), the “Register Product” button becomes available. To configure 
the DUT with database connection, enter appropriate values for “DUT 
Name” and “Serial Number” and click the “Register Product” button. When 
you click the “OK” button, the DUT is configured with the selected 
parameters. The procedures that run with the database settings are stored 
at ValiFrame WebViewer and can be viewed by selecting the 
corresponding “DUT Name” and “Serial Number”.

Configuration Parameters

In Figure 10, various parameters, such as DUT type, Data Rate, Spec 
Version, and compliance mode or expert mode, can be selected. The 
description for all such parameters are listed in Table 1.

Table 1  Data Table for DUT Parameters 

Parameter name Description

DUT Parameters

DUT Name Name of the DUT. Used to identify the product when database option is selected.

Serial Number Serial number of the Product. Used to identify the product when database option is selected.

DUT Type The DUT type can be chosen as:
• Device
• Host 

Spec Vers. The selected spec version defines the calibrations and tests according to the Thunderbolt specification revision. Currently, the 
Spec Version is 1.5. 

Description Text field for description of the product.

Data Rates The tests for the selected data rates will be included in the generated test tree.

Test Parameters

User Name User name text field.

Comment Text file for user comments.

Initial Start Time stamp of the start of the current session.

Last Test Time stamp of the last test conducted in the current session.

Compliance Mode Test are conducted as mandated by the CTS and they run according to the specific test specification. The parameters that are 
shown in the calibrations and test procedures cannot be modified by the user. 
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Expert Mode Calibration and tests can be conducted beyond the limits and constrains of the CTS. The parameters that are shown in the 
calibrations and test procedures can be modified by the user. The DUT can be characterized to determine performance margins. 
It is provided for advanced users and includes additional tests as well as additional parameters to run tests differently than in 
compliance mode.

Re-Negotiation 
after BitErrors

In the first step of the receiver tests, a negotiation of the optimal preset is done during the initialization. If this option is checked, 
the negotiation will be repeated each time the BER test fails. If not, the negotiation is not repeated and the same preset is used 
for all the steps.

Script Automation Parameters

Path Path where the TenLira scripts, for the link training BER are saved.
The responses for each script are saved in a temporary file in the following location: C:\ProgramData\BitifEye\ValiFrame\Tmp\
TBTScriptLog.

Support for 
EyeMonitor

The eye monitor is a tool to perform advanced signal analysis at the DUT’s Chip. For example, it allows performing predictions 
concerning the DUT behavior.
If the Eye monitor is used, the tests will run in the same manner as before but there will be an additional step, where a TCL script 
is called. In the Jitter Tolerance test, the script is called for the maximum tolerated point at each tested frequency. ValiFrame 
does not take any action during this step other than calling the script and waiting until it finishes running.
A sample script is distributed along with the software. You may find this script in C:\ProgramData\BitifEye\ValiFrame\Settings\
Thunderbolt\RunEyeMonitor. This script can be programmed to start any application, show some messages or write to a file.

Type-C related

Fixture Type It has two available options:
• Wilder TBT Type-C Test Fixture
• Keysight N7015A Test Fixture
• The Keysight Test fixtures are only available in Expert Mode

Select PDO  Refer to the section Thunderbolt-Chapter 3-ValiFrame DUT Configuration of “Keysight ValiFrame Type C Extension” User Guide. 

Parameter name Description
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During the execution of all calibration and test procedures, the results are 
displayed automatically in a data table as well as graphically. You may 
choose the viewer in the Station Configuration either as MS-Excel 
worksheet or as HTML viewer (refer to Figure 2). Once a specific 
calibration or test procedure is finished, the MS Excel/HTML worksheet is 
closed. To re-open it at any time, double click the respective procedure. All 
calibration and test data worksheets can be saved in a workbook by 
selecting File > Save Results as Workbook... at any time. It is 
recommended that this step is carried out at least once at the end of each 
ValiFrame run. If the calibration and test procedures are conducted during 
the same ValiFrame run, the calibration and test result worksheets are 
combined in the workbook. If a test procedure is conducted without prior 
execution of calibration procedures in the same test run, only the test 
results will be saved to the workbook.

By default, all calibration and test procedure results are saved in the 
ValiFrame “Tmp” directory. In addition to the calibration data worksheets, 
the calibration data files are also generated. These files are saved by 
default to the ValiFrame calibrations folder (refer to the N5990A Getting 
Started Guide.pdf).
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Introduction

Once the DUT has been configured, click OK in the Configure DUT Panel. 
All calibration and test procedures are included in the respective groups in 
a manner similar to how they are organized in the CTS.

Figure 11 Thunderbolt main window

Use the “Properties” and “Log List” buttons on the main menu (highlighted 
in Figure 11) to display additional information on the right side and at the 
bottom of the N5990A main window, respectively. The parameter grid on 
the right side of the window shows the parameters which are related to the 
selected calibration or test procedure subgroups or to individual 
procedures. These parameters can be set only before the procedure 
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subgroup or procedure is performed. The log list at the bottom of the 
window shows calibration and test status messages (regular progress 
updates as well as warnings and error messages).

Once all the procedures are run, the N5990A configuration can be stored 
as a single ‘.vfp’ file using the Save button and recalled using the Load 
button without the need to configure the DUT again.

CAUTION
Before executing the calibration or test procedures, ensure that the 
Thunderbolt Station Configuration is configured properly with all 
necessary instruments such as the Infiniium oscilloscope set to “online”. 
All calibrations can be run in offline mode, that is, without any instrument 
connected. The offline mode is intended for product demonstrations with 
simulated data. CALIBRATIONS RUN IN OFFLINE MODE DO NOT 
GENERATE VALID CALIBRATION DATA.
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Selecting, Modifying & Running Tests

All calibration and test procedures are organized in the respective groups 
such as “Calibration” and “Receiver”. For most of the calibration and test 
procedures, you may configure some specific parameters in the expert 
mode. In Figure 12, the “Data Dependent Jitter Calibration” procedure is 
highlighted as an example and the respective calibration parameters are 
shown on the right-hand side of the ValiFrame user interface. This is 
achieved by clicking the calibration name. To start the calibration or test 
procedure, check the box corresponding to the selected procedure. Then 
the “Start” button is enabled and colored green. Clicking the “Start” 
button runs the calibration/test.

Figure 12 N5990A main window with the procedures 
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Click the “Properties” and “Log List” buttons of the main toolbar 
(highlighted in Figure 12) to display or hide procedure parameters on the 
right side and log messages at the bottom of the ValiFrame main window, 
respectively. The parameter grid on the right side of the window shows the 
parameters which are related to the selected calibration or test procedure 
subgroups or to individual procedures. These parameters can only be set 
before running the procedure subgroup or the procedure. The log list at 
the bottom of the window shows calibration and test status messages 
(regular progress updates as well as warnings and error messages).

System Calibration

It is necessary to calibrate the test system before running the first test, in 
order to ensure that the test results are consistent each time they are run. 
Ensure that the test equipment has achieved thermal stability before the 
calibration is started (typically after 30 min of warm-up). Also, make sure 
that no system elements have been exchanged. By doing so, the 
calibration is stable and may only have to be repeated once a week or even 
less frequently. The calibration interval depends on the degree of accuracy 
desired. If the station is not calibrated prior to a DUT test, the results of the 
previous calibration are used for the current tests.

Selecting Procedures

The calibration, receiver, and transmitter test procedure groups can be 
selected globally by selecting the check box at the top of the group. 
Alternatively, an individual test procedure can be selected by checking the 
corresponding check box. Click Start to run the select test procedures.

Modifying Parameters

Most calibration and test procedures, as well as the groups containing 
them, have parameters that control the details of how the procedures are 
run. In compliance mode, most of these parameters are read-only. In 
expert mode, almost all the parameters can be modified. First, select a 
specific calibration or test procedure or one of the groups containing them 
in the ValiFrame procedure tree. The parameters should be displayed in a 
property list on the right side of the screen. If they are not displayed, click 
the “Properties” icon on the toolbar. Depending on the user selection in 
the Properties pane, the properties are ordered either alphabetically or in 
categories. The test parameters available can be changed individually (see 
Figure 13). The test parameters selected are listed in the results viewer as 
shown in the sample test result window in Figure 15.
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Figure 13 Modifying parameters
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Running Procedures

To run the selected procedures, click the “Start” icon on the toolbar (see 
Figure 12). The procedures are run sequentially in the order shown in the 
procedure selection tree. Some procedures may require user interaction, 
such as changing cable connections or entering DUT parameters. The 
required action is prompted in pop-up dialog boxes prior to running the 
calibration/test procedures, as shown in Figure 14.

Figure 14 Connection diagram pop-up window 

Results

Runtime Data Display 

Most procedures generate data output. While the procedure is running, 
the data is displayed in a temporary MS Excel worksheet or HTML 
document (depending on the selected view in the Station configuration), 
which opens automatically for each individual procedure. An example is 
given in Figure 15. See Appendix for more details about the file directories.
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Figure 15 An Example of test results 
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Any MS-Excel worksheet or HTML documents, which are open during the 
procedure runs are closed automatically once the specific procedure is 
finished. As long as the N5990A Software is running, each result file can be 
reopened by double-clicking the respective procedure. However, the 
individual files are lost when the N5990A main window is closed, unless 
you save the individual files or a collection of them.

Figure 16 Selecting the repeated procedure and show test results 

Results Workbook

For your convenience, all individual results are summarized in an MS Excel 
workbook or HTML document at the end of the test run. All calibration and 
test data worksheets can be saved in a workbook using File > Save Results 
as Workbook... as shown in Figure 17. Keysight recommends performing 
this action at least once at the end of each N5990A procedure runs to 
avoid any data loss. If the calibration and test procedures are conducted 
several times during the same N5990A run, the resulting worksheets are 
combined in the workbook. If a test procedure is conducted without prior 
execution of calibration procedures in the same test run, only the test 
results will be saved to the workbook.

After all tests have been run, a test report document can be generated 
additionally for easy documentation and printing with the standard Print 
function of the File menu (see Figure 17). A sample test report for 
Thunderbolt is shown in Figure 18.

NOTE
If a test or calibration procedure was run more than once, the list of 
results is visible below the particular procedure after expanding the tree 
below the procedure (see Figure 16). 
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Figure 17 Save Results as workbook

NOTE
As a safety feature, all calibration and test results are saved by default to 
the N5990A “Tmp” directory (refer to “N5990A Getting Started Guide”). 
The sub-folder “Results/Thunderbolt Station” contains the Excel files of 
the final results measured at each calibration and test procedure. In 
addition to the calibration data worksheets, the calibration data files are 
generated. These files are saved by default to the N5990A calibrations 
folder. If these calibrations are run again, the data file is overwritten. To 
save the calibration data files at each configuration, the files must be 
copied from the directory: C:\ ProgramData\BitifEye\N5990A\
Calibrations\Thunderbolt and saved manually in any folder before 
rerunning the calibrations.
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Figure 18 Selecting the repeated procedure and showing test results 
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Smiley's Representation

Once the selected procedures are run successfully, the smiley at the 
individual procedure indicates the result (Pass / Fail / Incomplete) by 
displaying its face in specific ways as described below (Table 2).

Table 2  Smiley's Result description 

Smiley Description

Indicates that the procedure passed successfully at the previous run and the results are available.

Indicates that the procedure was passed in offline mode previously and the results are available.

Indicates that the procedure passed successfully at the present run.

Indicates that the procedure was aborted/disturbed somehow and failed at the previous run.

Indicates that the procedure was aborted/disturbed somehow and failed at the present run.

Indicates that the procedure failed at the previous run.

Indicates that the procedure failed at the present run.

Generally this kind of smiley displays two results such as the first half indicates that the result of the present run and the 
second half shows the result of the previous run. In this example, the first half indicates that the procedure passed 
successfully at the present run and the second half means that it was not completely run at the previous run.
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Thunderbolt Parameters

The Thunderbolt parameters are of three types:

• Sequencer Parameters

• Common Parameters

• Procedure Parameters Sufficient to use 

Sequencer Parameters

The sequencer parameters control the flow of the test sequencer, not the 
behavior of individual procedures. They are identical across all versions of 
ValiFrame. One of them, Repetitions, is available for all procedures and 
groups in the procedure tree. The others are only available for procedures. 
Like all other parameters the sequencer parameters are shown on right 
side of the ValiFrame user interface and you may manually change them, 
as illustrated in Figure 19.
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Figure 19 Thunderbolt Sequencer Parameters
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All sequencer parameters are listed in alphabetical order in Table 3.

Table 3  Thunderbolt Sequencer Parameters

Parameter Name Parameter Description

Procedure Error Case Behavior • “Proceed With Next Procedure”: If an error occurs in the current test or calibration procedure, continue by 
running the next procedure in the sequence.

• “Abort Sequence”: Abort the execution of the sequence.

Procedure Failed Case Behavior • “Proceed With Next Procedure”: If the current test or calibration procedure fails, continue by running the next 
procedure in the sequence.

• “Abort Sequence”: Abort the execution of the sequence.

Repetitions The number of times the group or procedure is going to be repeated. If the value is '0', it runs only once.
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Common Parameters

The group parameters are used for several related calibration or test 
procedures. They are shown on the right side of the ValiFrame user 
interface when the selected entry of the procedure tree on the left is a 
group instead of an individual procedure.

The Thunderbolt Receiver Test Software has some group parameters (in 
addition to “Repetitions”) on the Calibration and the Receiver entry of the 
procedure tree as shown in Figure 20. These are common for all calibration 
and receiver procedures respectively.

Figure 20 Thunderbolt Calibration Group Parameters

Procedure Parameters

The Procedure Parameters are all such parameters that are not part of any 
of the previously described categories. They are shown on the right side of 
the ValiFrame user interface when the selected entry of the procedure tree 
on the left is an individual procedure. Their purpose is to modify the 
behavior of that single procedure. Procedures often have parameters with 
the same name, but pre-configured settings always apply on the selected 
procedure, while their meaning may be slightly different.
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Table 4 shows a list of parameters that are used in several procedures 
individually.

Table 4  Thunderbolt Procedure Parameters

Parameter Name Parameter Description

Generator

Pattern The pattern sent by the signal generator.

SSC Enables / Disables the Spread Spectrum Clocking.

SSC Frequency The frequency of the SSC added to the signal.

SSC Amplitude The amplitude of the SSC added to the signal.

SSC DataRateShift The deviation of the SSC added to the signal.

Voltage Step Size The level of voltage amplitude that is incremented at each step.

First Set Voltage First value of the voltage set in the Pattern Generator.

Applied Amplitude Voltage amplitude set in the Pattern Generator.

Data Output Polarity Select the data polarity as Normal or Inverted.

Scope

Scope Connection for 
Calibration

Allows to select the connection to the Oscilloscope as Direct Connect to Channels 1&3 or to Channels 2&4.

Scope Memory Depth at 80GS/s Select the memory depth of the Oscilloscope.
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Scope Bandwidth Select the bandwidth of the Oscilloscope.

Eye Height / Target Eye Height The target Eye Height value.

Number of Waveforms The number of waveforms acquired by the Oscilloscope to measure the Eye Height.
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Before any receiver test procedure can be run, the Thunderbolt receiver 
test system must be calibrated. 

The ValiFrame calibration procedures are implemented such that the 
calibration process is conducted as fast as possible and is automated as 
much as possible, for example, by minimizing the number of 
reconfigurations of the hardware connections.

Calibration are common for Hosts and Devices.
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High Level Procedure Description

This section describes the tests for compliance verification of Thunderbolt 
receiver. The host/device RX testing are all aligned to the compliance 
reference points, TP2 and TP3EQ.
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Calibration Procedures

The stressed electrical signal must be calibrated in both compliance points 
TP2 and TP3EQ. To do so, the Total Jitter and the Eye Diagram Calibration 
are performed at TP2 and TP3EQ calibration setups and repeated for four 
data rates as well as for five different periodic jitter frequencies.

Calibrations are common for Hosts and Devices.

The calibration process must be repeated for 10 Gbps, 10.3125 Gbps, 
20 GBps and for 20.625 Gbps.

Common Parameters for Calibrations

The parameters for the calibration group are:

• UXR Amplifier Scale: (This parameter is available when using a UXR 
Oscilloscope only to perform calibrations.) The UXR has less floor noise 
than the legacy scopes, based on which the procedures in the CTS were 
written. Because of this factor in the UXR scopes, it is required to inject 
more jitter to the input signal to obtain the compliance eye, which may 
result in the failure of the Rx tests. Setting the scale factor to a value 
greater than 1 amplifies the signal and adds noise. Therefore, the UXR 
setup has calibration results similar to the other scopes. The default 
value, 1.6, is the amplifier scale that has been tested and provides 
similar results to the legacy oscilloscopes.

• Repetitions: The number of times to repeat a test or a test sequence

• Use Embedding: Select ‘True’ to apply embedding.

• De-Embed cables: Controls if the cable is de-embedded.According to 
the Thunderbolt3 CTS, it is mandatory to de-embed the cables 
between the receptacle fixture and the scope. This is accomplished by 
applying a transfer function to the scope's input channel. 
De-embedding is enabled by default and can only be disabled in Expert 
mode.

• Transfer function for de-embedding (at the scope): This parameter 
shows the path of the transfer function file that is applied to the scope’s 
input channel for cable de-embedding. The transfer function file must 
be made available at the scope.

The N5990A Test Automation Platform provides a pre-calculated 
transfer function, which is related to the recommended cables. That 
transfer function file “1mCable.tf4” is installed in the directory “C:\
ProgramData\BitifEye\ValiFrame\SParameter\”. It must be copied 
into the directory “C:\Filters\Thunderbolt\” at the scope being used.
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If different cables are used, those S-parameters must be measured 
and a corresponding transfer function for de-embedding must be 
calculated.

Common Parameters for TP3EQ

At each root node for the TP3EQ calibrations:

• Internal ISI: This parameter appears when “Internal M8020A ISI” has 
been selected during Station Configuration (refer to Figure 4). It sets 
the amount of ISI for all calibrations.
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Receiver Eye Diagram Calibration (Jitter Off)

Purpose and Method:

The purpose of this procedure is to calibrate the Eye Height when no jitter 
sources are injected at the signal. 

The data generator sends the PRBS15 pattern. The test automation sets 
several differential voltage amplitudes and the oscilloscope measures the 
corresponding eye height amplitude for each one. 

The set and measured eye height values are stored in a cal table file.

Connection Diagram:

The connection diagrams are shown in Connection setup for Receiver Eye 
Diagram Calibration (Jitter Off).

Figure 21 Connection setup for Receiver Eye Diagram Calibration (Jitter Off)

Parameters in Expert Mode 

The following Sequencer parameters are available for all the tests:

• Procedure Error Case Behavior: Specifies the action to be taken 
when an error occurs during the execution of a test in a test 
sequence. The available options include: 

• Proceed with Next Procedure 

• Abort Sequence

• Procedure Failed Case Behavior: Specifies the action to be taken 
when the execution of a test fails in a test sequence. The available 
options include: 
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• Proceed with Next Procedure 

• Abort Sequence 

• Repetitions: Specifies the number of times to repeat the execution of 
a test.

Additionally, the following parameters are available for this calibration:

Generator

• Pattern

• SSC

• SSC Frequency

• SSC Amplitude

• SSC DataRateShift

• Voltage Step Size

• First Set Voltage

Scope

• Scope Connection for Calibrations

• Scope Memory Depth at 80GS/s

• Scope Bandwidth

• Eye Height

• Number of Waveforms

For the description of the additional parameters, refer to Table 4.

Dependencies: 

• None
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Result:

An example of HTML worksheet for the Receiver Eye Diagram Calibration 
(Jitter Off) procedure are shown in Figure 22:

Figure 22 Result description of Receiver Eye Diagram Calibration (Jitter Off)
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Table 5  Data Table for Receiver Eye Diagram Calibration (Jitter Off) 

Parameter name Parameter Description

Set Voltage The voltage value set to the signal generator at each step.

Eye Height The eye height measured in the real-time oscilloscope at each step.
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Data Dependent Jitter Calibration

Purpose and Method:

The purpose of this procedure is to calibrate the data dependent jitter to 
the minimum possible.

The data generator is configured to transmit the PRBS15 pattern with SSC 
enabled and all the jitter sources turned off. The voltage amplitude is 
tuned to fit into the Receiver Eye Mask by using the “Receiver Eye Diagram 
Calibration (Jitter Off)”. 

Then the data dependent jitter is measured on an oscilloscope using the 
RJ/DJ separation software EZJIT. This step is repeated for each 
Transmitter Equalization Preset defined in the Thunderbolt specifications. 

In receiver tests, the data generator is configured with a preset that 
minimizes the data dependent jitter.

Connection Diagram

Same as Figure 21.

Parameters in Expert Mode: 

Sequencer parameters are same as described in the Receiver Eye Diagram 
Calibration (Jitter off) Parameters in Expert Mode. 

Additionally, the following parameters are available for this calibration:

Generator

• Pattern

• SSC

• SSC Frequency

• SSC Amplitude

• SSC DataRateShift

Scope

• Scope Connection for Calibrations

• Scope Memory Depth at 80GS/s

• Scope Bandwidth

For the description of the additional parameters, refer to Table 4.

Dependencies: 

• Receiver Eye Diagram Calibration (Jitter Off)
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Result:

An example of HTML worksheet for the Data Dependent Jitter Calibration 
procedure are shown in Figure 23.

Figure 23 Result description of Data Dependent Jitter Calibration
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Table 6  Data Table for Data Dependent Jitter Calibration 

Parameter name Parameter Description

Preset Number The number of the preset tested at each step.

Measured DDJ [mUI] The DDJ measured in the oscilloscope for each preset.

Preshoot [dB] The pre-shoot value set according to each preset.

DeEmphasis [dB] The DeEmphasis value set according to each preset.

Amplitude Scaling Scale factor of voltage amplitude.

C-1: The C-1 coefficient set according to each preset.

C0 The C0 coefficient set according to each preset.

C+1 The C+1 coefficient set according to each preset.



58 Keysight N5990A-104 Test Automation Software Platform for Thunderbolt User Guide

5 Thunderbolt Computer Bus Test Application
 

AC Common Mode Calibration

Purpose and Method:

The purpose of this procedure is to calibrate the AC common mode 
voltage to have a value of 100mVpp at 400MHz.

The JBERT is configured to transmit the PRBS15 pattern with SSC enabled 
and all the jitter sources turned off. The CMI state is turned on with gain of 
1. 

The common mode interference source is configured to 400MHz 
frequency. It sets several voltage amplitudes and the oscilloscope 
measures the corresponding AC common mode voltage for each one. 

Connection Diagram: 

Same as Figure 21.

Parameters in Expert Mode: 

Sequencer parameters are same as described in the Receiver Eye Diagram 
Calibration (Jitter off) Parameters in Expert Mode. 

Generator

• Pattern

• SSC

• SSC Frequency

• SSC Amplitude

• SSC DataRateShift

• Target Voltage: The target AC Common Mode voltage.

• Voltage Step Size: The amount of voltage level that is incremented at 
the CMI source at each step.

• First Set Voltage: The first value of voltage set in the CMI source.

• PRBS Voltage: The differential voltage amplitude added to the signal.

Scope

• Scope Connection for Calibrations

• Scope Memory Depth at 80GS/s

• Scope Bandwidth

For the description of the additional parameters, refer to Table 4.
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Dependencies:

• Receiver Eye Diagram Calibration (Jitter Off)

• Data Dependent Jitter Calibration

Result: 

An example of HTML worksheet for the AC Common Mode Calibration 
procedure are shown in Figure 24.
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Figure 24 Result description of AC Common Mode Calibration
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Table 7  Data Table for AC Common Mode Calibration 

Parameter name Parameter Description

Set Voltage [mV] The voltage amplitude set in the CMI source.

Measured Voltage [mV] The ACCM measured voltage amplitude measured with the real time oscilloscope.
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Random Jitter Calibration

Purpose and Method:

In the Rx tests, the input signal are stressed with a combination of jitter 
sources to simulate the possible impairments expected at the Rx input 
when operating in a target system. Random jitter is added to simulate the 
effects of thermal noise. 

The purpose of this procedure is to calibrate the random jitter. The target 
random jitter for receiver tests is 140 mUI at the test point.

The data generator is configured to transmit the PRBS15 pattern with SSC 
turned on. It sets several values of random jitter. Then, the actual jitter is 
measured an oscilloscope using the RJ/DJ separation software EZJIT.

Connection diagram:

Same as Figure 21.

Parameters in Expert Mode:

Sequencer parameters are same as described in the Receiver Eye Diagram 
Calibration (Jitter off) Parameters in Expert Mode. 

Additionally, the following parameters are available for this calibration:

Generator

• Pattern

• SSC

• SSC Frequency

• SSC Amplitude

• SSC DataRateShift

Jitter Sources

• Target Random Jitter: The amount of RJ required by the Rx tests.

• Set Random Jitter Step Size: The amount of random jitter that is 
incremented at each step.

• First Set Random Jitter: The first random jitter value that is set in the 
pattern generator.

Scope

• Scope Connection for Calibrations

• Scope Memory Depth at 80GS/s

• Scope Bandwidth
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For the description of the additional parameters, refer to Table 4.

Dependencies:

• Receiver Eye Diagram Calibration (Jitter off)

• Data Dependent Jitter Calibration

Result:

An example of HTML worksheet for Random Jitter Calibration procedure 
are shown in Figure 25.
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Figure 25 Result description of Random Jitter Calibration
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Table 8  Data Table for Random Jitter Calibration

Parameter name Parameter Description

Set Jitter [mUI] The random jitter set in the data generator.

Measured Jitter [mUI] The actual random jitter measured in the real time oscilloscope.
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Periodic Jitter Calibration

Purpose and Method: 

The purpose of this procedure is to calibrate the periodic jitter. The target 
periodic jitter for receiver tests is 170 mUI at the test point.

The data generator is configured to transmit the PRBS15 pattern with SSC 
set to ON. It sets several values of periodic jitter. Then, the actual jitter is 
measured on an oscilloscope using the RJ/DJ separation software EZJIT.

This calibration must be executed for several periodic jitter frequencies: 
1MHz, 2MHz, 10MHz, 50MHz and 100MHz. Each result is saved in a 
different calibration table.

Connection Diagram: 

Same as Figure 21.

Parameters in Expert Mode: 

Sequencer parameters are same as described in the Receiver Eye Diagram 
Calibration (Jitter off) Parameters in Expert Mode. 

Additionally, the following parameters are available for this calibration:

Generator

• Pattern

• SSC

• SSC Frequency

• SSC Amplitude

• SSC DataRateShift

Jitter Sources

• Target Periodic Jitter: The amount of periodic jitter required by the Rx 
tests.

• Set Periodic Jitter Step Size: The amount of periodic jitter that is 
incremented at each step.

• First Set Periodic Jitter: The first periodic jitter value that is set in the 
pattern generator.

Scope

• Scope Connection for Calibrations

• Scope Memory Depth at 80GS/s

• Scope Bandwidth
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For the description of the additional parameters, refer to Table 4.

Dependencies:

• Receiver Eye Diagram Calibration (Jitter off)

• Data Dependent Jitter Calibration

Result:

An example of HTML worksheet for the Periodic Jitter Calibration 
procedure are shown in Figure 26.
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Figure 26 Result description of Periodic Jitter Calibration
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Table 9  Data Table for Periodic Jitter Calibration

Parameter name Parameter Description

Set Jitter [mUI] The periodic jitter set in the data generator.

Measured Jitter [mUI] The actual periodic jitter measured in the real time oscilloscope.
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Total Jitter Calibration (for TP2)

Purpose and Method:

The purpose of this procedure is to calibrate the total jitter. The target 
total jitter for receiver tests is 380 mUI at the test point. The calibration 
must be repeated for the periodic jitter frequencies: 1MHz, 2MHz, 10MHz, 
50MHz and 100MHz.

The data generator is configured to transmit the PRBS15 pattern with SSC 
set to ON. The calibrated jitter sources and the CMI state are also turned 
on. 

According to the CTS, for periodic jitter of 100MHz, the random jitter is 
fixed and the periodic jitter is set to different amplitudes. For the other 
frequencies, the periodic jitter amplitude is fixed and the random jitter is 
set to several values. At each step, the total jitter is measured on an 
oscilloscope using the RJ/DJ separation software EZJIT.

Connection Diagram:

Same as Figure 21.

Parameters in Expert Mode:

Sequencer parameters are same as described in the Receiver Eye Diagram 
Calibration (Jitter off) Parameters in Expert Mode. 

Additionally, the following parameters are available for this calibration:

Generator

• Pattern

• SSC

• SSC Frequency

• SSC Amplitude

• SSC DataRateShift

• Applied Amplitude

Jitter Sources

• Target Total Jitter: The value of Total Jitter required by the Rx tests.

• Random Jitter: The random jitter amplitude set for all calibration steps. 
This is applicable only for cases where frequency is 100MHz.

• Periodic Jitter: The periodic jitter amplitude set for all calibration steps. 
This is applicable for all frequencies except for cases where frequency is 
100MHz.



Keysight N5990A-104 Test Automation Software Platform for Thunderbolt User Guide 71

Thunderbolt Computer Bus Test Application 5

 

• Start Set Jitter: Sets the first value of jitter (random or periodic 
depending on the frequency) that is incremented at each calibration 
step.

• Max. Set Jitter: Maximum amount of jitter amplitude that is set in the 
data generator.

Scope

• Scope Connection for Calibrations

• Scope Memory Depth at 80GS/s

• Scope Bandwidth

For the description of the additional parameters, refer to Table 4.

Dependencies:

• Receiver Eye Diagram Calibration (Jitter Off)

• Data Dependent Jitter Calibration

• AC Common Mode Calibration

• Random Jitter Calibration

• Periodic Jitter Calibration

Result:

An example of HTML worksheet for the Total Jitter Calibration (for TP2) 
procedure are shown in Figure 27:
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Figure 27 Result description of Total Jitter Calibration (for TP2)
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Table 10  Data Table for Total Jitter Calibration (for TP2)

Parameter name Parameter Description

Set Periodic/ Random Jitter [mUI] The periodic/random jitter amplitude set in the pattern generator.

Measured Total Jitter [mUI] The measured total jitter amplitude with the real time oscilloscope.
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Receiver Eye Diagram Calibration (for TP2)

Purpose and Method:

The purpose of this procedure is to calibrate the Eye Diagram. The 
measured eye must be within the limits of the Received Eye Mask defined 
in the specifications. The calibration must be repeated for the periodic 
jitter frequencies: 1MHz, 2MHz, 10MHz, 50MHz and 100MHz.

The data generator is configured to transmit the PRBS31 pattern with SSC 
set to ON. The jitter sources (random and periodic) and the CMI state are 
also set to ON. 

Random and periodic jitter amplitudes are set to reach the desired total 
jitter by using the Total Jitter Calibrations. The test automation sets 
several differential voltage amplitudes and the oscilloscope measures the 
corresponding eye height amplitude for each one. 

Connection Diagram:

Same as Figure 21.

Parameters in Expert Mode:

Sequencer parameters are same as described in the Receiver Eye Diagram 
Calibration (Jitter off) Parameters in Expert Mode. 

Additionally, the following parameters are available for this calibration:

Generator

• Pattern

• SSC

• SSC Frequency

• SSC Amplitude

• SSC DataRateShift

• Voltage Step Size

• First Set Voltage

Jitter Sources

• Total Jitter: The target Total Jitter that is achieved.

• Random Jitter: The amount of random jitter necessary to achieve the 
target total jitter.

• Periodic Jitter: The amount of periodic jitter necessary to achieve the 
target total jitter.

Scope
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• Scope Connection for Calibrations

• Scope Memory Depth at 80GS/s

• Scope Bandwidth

• Eye Height

• Number of Waveforms

For the description of the additional parameters, refer to Table 4.

Dependencies:

• AC Common Mode Calibration 

• Data Dependent Jitter Calibration

• Random Jitter Calibration

• Periodic Jitter Calibration

• Total Jitter Calibration

Result:

An example of HTML worksheet for the Receiver Eye Diagram Calibration 
(for TP2 procedure are shown in Figure 28).



76 Keysight N5990A-104 Test Automation Software Platform for Thunderbolt User Guide

5 Thunderbolt Computer Bus Test Application
 

Figure 28 Result description of Receiver Eye Diagram Calibration (for TP2)
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Table 11  Data Table for Receiver Eye Diagram Calibration for (TP2)

Parameter name Parameter Description

Set Voltage The amount of voltage set in the oscilloscope at each step.

Eye Height The average eye height for each voltage value. 
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CTLE Calibration (for TP3EQ)

Purpose and Method:

When testing at TP3EQ, equalization must be applied on the oscilloscope. 
This procedure calibrates the DC gain of the scope to find the DC value 
that gives the maximal eye height.

The data generator is configured to transmit the PRBS31 pattern with SSC 
set to ON. The calibrated jitter sources and the CMI state are also set to 
ON. Adjustable ISI is set to -3.5dB insertion loss at 5GHz.

The test automation software sets several values of DC gain, from 1 to 
0.355. The oscilloscope captures the waveform and measures the eye 
height for each DC gain. In case of two DC gains with the same eye height, 
it will be chosen the one with the greater eye width.

Connection Diagram:

The connection diagrams are shown in Figure 29:

Figure 29 Connection setup for Calibration at TP3EQ (when Internal M8020A ISI is 
selected)
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Parameters in Expert Mode: 

Sequencer parameters are same as described in the Receiver Eye Diagram 
Calibration (Jitter off) Parameters in Expert Mode. 

Additionally, the following parameters are available for this calibration:

Generator

• Pattern

• SSC

• SSC Frequency

• SSC Amplitude

• SSC DataRateShift

• Applied Amplitude

Jitter Sources

• Total Jitter: The target Total Jitter that is achieved.

• Random Jitter: The amount of random jitter necessary to achieve the 
target total jitter.

• Periodic Jitter: The amount of periodic jitter necessary to achieve the 
target total jitter.

Scope

• Scope Connection for Calibrations

• Scope Memory Depth at 80GS/s

• Scope Bandwidth

• Average Number: Number of times the eye height is measured for each 
DC gain. The measured eye height has some variance. To get more 
reliable results, the reported eye height value is measured several times 
(by default, 5 times) and then the results are averaged. This raises the 
overall measurement time significantly.

• Number of Waveforms

For the description of the additional parameters, refer to Table 4.

Dependencies:

• Receiver Eye Diagram Calibration (Jitter Off)

• Data Dependent Jitter Calibration

• AC Common Mode Calibration

• Random Jitter Calibration

• Periodic Jitter Calibration
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Result:

An example of HTML worksheet for the CTLE Calibration procedure are 
shown in Figure 30.
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Figure 30 Result description of CTLE Calibration
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Table 12  Data Table for CTLE Calibration (TP3EQ)

Parameter name Parameter Description

Set DC Gain The DC gain set in the pattern generator.

Eye Height The eye height measured with the oscilloscope.
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Receiver Eye height Calibration (for TP3EQ)

Purpose and Method:

The purpose of this procedure is to calibrate the eye height according to 
the required value in the CTS. The target eye height at Gen2 data rates 
(10.0 and 10.3125 Gb/s) is 104mV. The calibration must be repeated for 
the periodic jitter frequencies: 1MHz, 2MHz, 10MHz, 50MHz and 100MHz.

The data generator is configured to transmit the PRBS31 pattern with SSC 
set to ON. The calibrated jitter sources and the CMI state are also set to 
ON. Adjustable ISI is set to -3.5dB insertion loss.

Periodic jitter and the random jitter are fixed to the values described in the 
CTS. At each step, the amplitude swing of the BERT is set to different 
values and the resulting inner eye height, is measured on an oscilloscope 
using histogram method.

Scope measurement are done with the calibrated CTLE.

Connection Diagram:

Same as Figure 29.

Parameters in Expert Mode:

Sequencer parameters are same as described in the Receiver Eye Diagram 
Calibration (Jitter off) Parameters in Expert Mode.

Additionally, the following parameters are available for this calibration:

Generator

• Pattern

• SSC

• SSC Frequency

• SSC Amplitude

• SSC DataRateShift

• Voltage Step Size

• First Set Voltage

Jitter Sources

• Random Jitter: The amount of random jitter set for all steps.

• Periodic Jitter: The amount of periodic jitter set for all steps.

Scope

• Scope Connection for Calibrations
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• Scope Memory Depth at 80GS/s

• Scope Bandwidth

• Target Eye Height

• Number of Waveforms

For the description of the additional parameters, refer to Table 4.

Dependencies:

• Receiver Eye Diagram Calibration (Jitter off)

• Data Dependent Jitter Calibration

• AC Common Mode Calibration

• Random Jitter Calibration

• Periodic Jitter Calibration

Result

In addition to the eye height, the measurement method returns the eye 
width. This is also reported in the result table and the graph to get 
information about how the eye width is influenced by the amplitude swing 
(displayed as dashed line in the graph).

An example of HTML worksheet for the Eye Height Calibration (for TP3EQ) 
procedure are shown in Figure 31.
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Figure 31 Result description of Receiver Eye Height Calibration (TP3EQ)
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Table 13  Data Table for Receiver Eye Height Calibration (TP3EQ)

Parameter name Parameter Description

Set Periodic/Random Jitter [mUI] The periodic/random jitter amplitude set in the pattern generator.

Measured Total Jitter [mUI] The measured total jitter amplitude with the real time oscilloscope.



Keysight N5990A-104 Test Automation Software Platform for Thunderbolt User Guide 87

Thunderbolt Computer Bus Test Application 5

 

Input Eye Diagram Verification (for TP3EQ)

Purpose and Method:

The purpose of this procedure is to verify the requested Eye Diagram. The 
measured eye must be within the limits of the TP3EQ Received Eye Mask 
defined in the specifications. The verification must be done for the periodic 
jitter frequencies: 1MHz, 2MHz, 10MHz, 50MHz and 100MHz.

The data generator is configured to transmit the PRBS31 pattern with SSC 
set to ON. The jitter sources (random and periodic) and the CMI state are 
also set to ON. Adjustable ISI is set to -3.5dB insertion loss. If necessary, 
the periodic jitter (for jitter frequency 100MHz) or random jitter (for all 
other jitter frequencies) amplitudes are adjusted to get the desired eye 
width by using the Jitter Calibrations. 

Scope measurements are done with the histogram method and the 
settings of the calibrated CTLE are used.

Connection Diagram: 

Same as Figure 29.

Parameters in Expert Mode:

Sequencer parameters are same as described in the Receiver Eye Diagram 
Calibration (Jitter off) Parameters in Expert Mode. 

Additionally, the following parameters are available for this calibration:

Generator

• Pattern

• SSC

• SSC Frequency

• SSC Amplitude

• SSC DataRateShift

Jitter Sources

• Random Jitter: The amount of random jitter according to the specs.

• Periodic Jitter: The amount of periodic jitter according to the CTS.

• Random/Periodic Jitter Step Size: The amount of jitter variation, if the 
measured eye width exceeds the limits defined in the specs. At jitter 
frequency value of 100MHz, the periodic jitter is adjusted whereas the 
random jitter is adjusted at all other frequency values.

Scope
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• Scope Connection for Calibrations

• Scope Memory Depth at 80GS/s

• Scope Bandwidth

• Target Eye Height

• Target Eye Width

• Number of Waveforms

For the description of the additional parameters, refer to Table 4.

Dependencies:

• Data Dependent Jitter Calibration

• AC Common Mode Calibration

• Random Jitter Calibration

• Periodic Jitter Calibration

• Total Jitter Calibration

• Receiver Eye Height Calibration

Result:

Both, the eye height as well as the width have to be in the limits defined by 
the spec. Therefore, the measured eye height and the measured eye width 
are reported.

An example of HTML worksheet for the Receiver Eye Diagram Calibration 
(for TP3EQ) procedure are shown in Figure 32.
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Figure 32 Result Description of Receiver Eye Diagram Calibration (for TP3EQ)
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Table 14  Data Table for Receiver Eye Diagram Calibration (for TP3EQ)

Parameter name Parameter Description

Set Voltage The voltage value set to the signal generator at each step.

Eye Height The eye height measured in the real-time oscilloscope at each step.

Eye Width The eye width measured in the real-time oscilloscope at each step.
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Receiver Test Procedure

The receiver test must be repeated for all lanes on all ports, for data rates 
10.0 Gbps, 10.3125 Gbps, 20 Gbps and 20.650Gbps, and for compliance 
test points TP2 and TP3EQ.

Common Parameters for Receiver Tests

• Script Run Location: This property is available when the error detection 
is done with automated scripts. Select ‘Local’ if the scripts are installed 
on the same machine where ValiFrame is installed, else select ‘Remote’.

• Remote Script Address: Select the address of the remote machine 
where scripts are installed.

• Internal ISI: This parameter appears when “Internal M8020A ISI” is 
selected during Station Configuration. It sets the amount of ISI for all 
calibrations.

PDO Iterations Node

When at least one PDO has been selected, there will be an additional node 
in the test tree. This is the PDO iterations node that will contain all the 
receiver test procedures (Refer to Figure 33).
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Figure 33 PDO Iteration Node

If you select the PDO iterations node, the property panel will display 
information of all the selected PDOs and some configurable parameters. 
For connection diagrams, refer to the folowing link: 
https://literature.cdn.keysight.com/litweb/pdf/N5990-91210.pdf?id=2986
388.

NOTE
The procedure is the same as that for other tests.

https://literature.cdn.keysight.com/litweb/pdf/N5990-91210.pdf?id=2986388
https://literature.cdn.keysight.com/litweb/pdf/N5990-91210.pdf?id=2986388
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Receiver Test Procedure

Purpose and Method:

This test determines if the DUT meets the receiver Compliance Test 
Specification. It must be repeated for periodic jitter frequencies: 1MHz, 
2MHz, 10MHz, 50MHz and 100MHz.

The procedure measures the number of symbol errors when all the jitter 
types and the eye height are set to their specification limit values

The DUT is configured to transmit PRBS31 on all lanes with SSC turned 
on. 

The negotiation with the DUT is initialized with the optimal preset given by 
the calibrations. If the DUT request a new preset the negotiation is 
repeated using the new preset value. This is repeated until there is not a 
requested to change the preset. After this preset negotiation, a BER test 
runs for 10 seconds.

During this phase, the chip type of the DUT is detected (AlpineRidge or 
TitanRidge). This information is important for some script calls in 
subsequent steps.

This negotiation step is repeated four times and each has to complete 
without any symbol error.

Then the BER test starts: for predefined period (depending on the data 
rate), test pattern PRBS31 is transmitted to the DUT and the number of bit 
errors is recorded by the DUT. At the end of the test period, the error 
counter of the DUT is read out.

The test passes, if the number of symbol errors 0. If there are errors 
reported by the DUT's error counter; a second BER test phase starts: the 
test period is longer, but at least two errors are allowed. If the DUT's error 
counter reports more than 2 errors, the test fails.

In case of Manual Error detector, the negotiation with the DUT must be 
done with the command on prompt window by running the several script 
with the suitable parameters.ValiFrame interactively guides through the 
negotiation and BER test phase. 
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Connection Diagram:

The connection diagrams are shown in Figure 34 and Figure 35 for TP2 
and TP3EQ respectively.

Figure 34 Connection diagram for Rx Compliance tests at TP2
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Figure 35 Connection diagram for Rx Compliance tests at TP3EQ
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Parameters in Expert Mode:

Sequencer parameters are same as described in the Receiver Eye Diagram 
Calibration (Jitter off) Parameters in Expert Mode. 

Additionally, the following parameters are available for this procedure:

BER Test

• SJ Frequencies for test: By default, the test is performed successively 
at all 5 periodic jitter frequencies. Doing so consumes a lot of time, so 
in ExpertMode, some of the periodic jitter frequencies can be excluded.

• Test Duration 1st Approach: Duration of the first phase of the BER test.

• Test Duration 2nd Approach: Duration of the second phase of the BER 
test.

Generator

• Pattern

• SSC

• SSC Frequency

• SSC Amplitude

• SSC DataRateShift

• Data Output Polarity

• Eye Height

Jitter Sources

• Total Jitter: The target Total Jitter.

• CMI: Enables/disables the addition of common mode interference to 
the signal.

• ISI: Enables/disables the addition of Inter Symbol Interference to the 
signal.

For the description of the additional parameters, refer to Table 4.

Dependencies:

• All calibrations

Result:

An example of HTML worksheet for the Receiver Test procedure are shown 
in Figure 36:
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Figure 36 Result description of Receiver Test Procedure

Table 15  Data Table for Receiver Test Procedure

Parameter name Parameter Description

Result Pass if the number of symbol errors is smaller than or equal to 2, failed otherwise.

SJ Frequency The frequency of the jitter, which is applied during this test step.

Applied Random Jitter Amount of applied random jitter, which was calibrated to get the desired eye 
width

Applied Periodic Jitter Amount of applied periodic jitter, which was calibrated to get the desired eye 
width

Passed negotiations Number of negotiation steps which passed without error (max. 4)
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Errors Approach 1 Number of detected bit errors during the 1st BER test approach

Received Symbols 1 Number of symbols received in the 1st BER test approach

Errors Approach 2 Number of errors in the 2nd BER test approach (only if the 1st approach showed 
.errors)

Received Symbols 2 Number of symbols received in the 2nd BER test approach (only if the 1st 
approach showed errors).

Final Preset Value The Preset that is returned by the DUT after the negotiation.

Parameter name Parameter Description
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Receiver Jitter Tolerance Characterization

Purpose and Method:

This test determines the maximum jitter values at which the DUT is able to 
recognize a bit pattern without errors. It varies the random or the periodic 
jitter, does the negotiation with the DUT (by running the appropriate script 
with the relevant parameters) and checks the BER by testing for 10s or 20s 
(depending on the current data rate). If no bit error is detected during this 
BER test, the amount of jitter will be increased in the next step. If there are 
errors, the amount of jitter will be decreased.

There are different methods to find the jitter tolerance limits. It can be 
selected with “search algorithm” parameter as: Binary, Linear, Linear with 
two sizes, Linear with Hysteresis, Linear with two results confidence levels 
or Logarithmic.

• The default method is Linear with two results confidence levels. The 
test first uses relatively large steps to go upwards linearly from “Start 
Jitter”. When BER test fails, it goes back to the last passed point and 
steps up again with small steps until an error is found again. For the 
large steps, the duration of the BER test is shorter than the compliance 
(“Short Test Duration”, default 20s). Once the BER test fails, the small 
steps are done with the compliance duration (400s).

• If Binary is selected, the binary search algorithm is used. At first, the 
jitter amplitude is set to the middle of the tested range. When the BER 
test passes it goes forward and when the test fails it goes down, At 
each step, the step size is reduced until the target resolution is reached.

• If Linear is selected, the test uses the defined step size to go linearly 
from “Start Jitter” up until the BER test fails.

• If Linear with two step size is selected, the test first uses relatively large 
steps to go linearly from “Start Jitter” up. When BER test fails it goes 
back to the last passed point and steps up again with small steps until 
an error is found again.

• If Linear with Hysteresis is selected, the test first uses relatively large 
steps to go linearly from “Start Jitter” up. When BER test fails it goes 
back down with mid-sized steps until it passes again. From there it 
steps up again with small steps until an error is found again.

• If Logarithmic is selected, the test uses the defined step factor to 
increase with a logarithmic scale from “Start Jitter” up until the BER 
test fails.

The maximum passed value is the last test point that did not return an 
error. All of this happens separately for each frequency.
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The search is done at each defined jitter frequency step. This definition can 
be done by the following modes:

• The 5 compliance frequencies are equally spaced frequencies with an 
arbitrary number of frequency steps

• User defined frequencies

• One single frequency

Connection Diagram:

The connection diagrams are same as that shown in Figure 34 and 
Figure 35 for TP2 and TP3EQ respectively.

Parameters in Expert Mode

Sequencer parameters are same as described in the Receiver Eye Diagram 
Calibration (Jitter off) Parameters in Expert Mode. 

Additionally, the following parameters are available for this procedure:

BER Test

• Step Size Ratio: For two steps search algorithms, this is the ratio 
between the large step size and the small step size.

• Short Test Duration: Available only for Linear with two result confidence 
levels search algorithm. It is the duration of the BER test for the first 
phase of the search algorithm.

• Compliance Test Duration: Duration that must have the BER test 
according to the CTS.

• Re-Negotiation after BitErrors: Must be set to TRUE to perform the 
negotiation after the BER test fails. If set to FALSE, the negotiation is 
only done in the first step.

• Frequency mode: It defines the distribution of the tested frequencies.

• Jitter Frequencies: List of frequencies to test.

• Start Jitter amplitudes: The jitter amplitude used in the first step of the 
search algorithm for each frequency.

• Use fixed number of steps. If set to FALSE, the jitter amplitude steps are 
defined by the “Jitter linear step size”. If set to TRUE, the range from 
the start amplitude to the jitter capability is divided in a fixed “Number 
of jitter steps”.

NOTE
Jitter Tolerance Test is available only in Expert Mode.
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• Show min. failed points: If set to TRUE, the first point where the DUT 
fails the BER test is shown in the results.

• Search Algorithm: Each search algorithm defines different step 
distribution to reach the maximum jitter amplitude that passes the BER 
test.

Generator

• Pattern

• SSC

• SSC Frequency

• SSC Amplitude

• SSC DataRateShift

• Data Output Polarity

• Eye Height

Jitter Sources

• CMI: Enables/disables the addition of common mode interference to 
the signal.

• ISI: Enables/disables the addition of Inter Symbol Interference to the 
signal.

• Random Jitter Spec: The amount of random jitter added to the signal. It 
is equal to the CTS nominal value.

• Periodic Jitter Spec: The amount of periodic jitter added to the signal. It 
is equal to the CTS nominal value.

For the description of the additional parameters, refer to Table 4.

Dependencies:

• All calibrations

Result:

The results are reported in two sheets:

• One sheet with the summarized results for each jitter frequency 
evaluation

• One sheet with a detailed table of each test step result

An example of the HTML worksheets for Jitter Tolerance Characterization 
is shown in Figure 37 and Figure 38.
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Figure 37 Result description (summary) of Receiver Jitter Tolerance Characterization
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Figure 38 Result description (Details) of Receiver Jitter Tolerance Characterization
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Table 16  Data Table for Receiver Jitter Tolerance Characterization (Summary)

Table 17  Data Table for Receiver Jitter Tolerance Characterization (Details)

Parameter name Parameter Description

Result Pass if the min failed jitter amount is higher than the value requested by the spec.

SJ Frequency The frequency of the jitter, which is applied during this test step.

SJ max passed Highest amount of applied sinusoidal jitter at which the receiver DUT detected no 
bit error

SJ max setup Highest amount of sinusoidal jitter which the BERT can generate. This is the 
highest testable amount of jitter.

Min spec Minimum SJ amplitude where the DUT should work properly according to the 
specifications.

TJ max passed Highest amount of applied Total Jitter when the receiver DUT detects the pattern 
without any bit error

TJ Min Spec Minimum Total Jitter amplitude where the DUT should work properly according 
to the specifications.

TJ Margin The margin between ‘the maximum TJ that results in pass' and 'the minimum TJ' 
defined in the specs.

Final Preset Value The preset that returns the DUT after the negotiations.

Parameter name Parameter Description

Result Pass if no error occurred during the BER test period

SJ Frequency The frequency of the sinusoidal jitter, which is applied during this test step

SJ Value Amount of applied sinusoidal jitter during this test step

SJ Set Value Amount of sinusoidal jitter set in the data generator during this test step

Test Time Length of the BER test phase, during which the number of detected bit errors is 
counted

Errors Number of bit errors detected during the BER test phase

Received Symbols Number of symbols received during the BER test phase
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Receiver Sensitivity Test

This test determines the minimal eye height at which the DUT is able to 
recognize a bit pattern without errors. It varies the amplitude swing at the 
signal generator, does the negotiation with the DUT (by running the 
appropriate script with the relevant parameters) and checks the BER by 
testing for 10s or 20s (depending on the current data rate). If no bit error is 
detected during this BER test, the amplitude will be decreased in the next 
step. If there are errors, the amplitude will be increased.

There are different methods to find the sensitivity limit. It can be selected 
with “search algorithm” parameter as: Binary, Linear, Linear with two sizes, 
Linear with Hysteresis or Logarithmic.

• If Binary is selected, the binary search algorithm is used. At first, the 
jitter amplitude is set to the middle of the tested range. When the BER 
test passes it goes forward and when the test fails it goes down, At 
each step, the step size is reduced until the target resolution is reached.

• If Linear is selected, the test uses the defined step size to go linearly 
from “Start Jitter” up until the BER test fails.

• If Linear with two step size is selected, the test first uses relatively large 
steps to go linearly from “Start Jitter” up. When BER test fails it goes 
back to the last passed point and steps up again with small steps until 
an error is found again.

• If Linear with Hysteresis is selected, the test first uses relatively large 
steps to go linearly from “Start Jitter” up. When BER test fails it goes 
back down with mid-sized steps until it passes again. From there it 
steps up again with small steps until an error is found again.

• If Logarithmic is selected, the test uses the defined step factor to 
increase with a logarithmic scale from “Start Jitter” up until the BER 
test fails.

The minimum passed value is the last test point that did not return an 
error. The test procedure has passed, if the minimum passed eye height is 
smaller than the eye height required by the spec.

Connection Diagram:

The connection diagrams are same as that shown in Figure 34 and 
Figure 35 for TP2 and TP3EQ respectively.

NOTE
Sensitivity Test is available only in Expert Mode.
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Parameters in Expert Mode

Sequencer parameters are same as described in the Receiver Eye Diagram 
Calibration (Jitter off) Parameters in Expert Mode. 

Additionally, the following parameters are available for this procedure:

BER Test

• Short Test Duration: Available only for Linear with two result confidence 
levels search algorithm. It is the duration of the BER test for the first 
phase of the search algorithm.

• Compliance Test Duration: Duration that must have the BER test 
according to the CTS.

• Re-Negotiation after BitErrors: Must be set to TRUE to perform the 
negotiation after the BER test fails. If set to FALSE, the negotiation is 
only done in the first step.

• Search Algorithm: Each search algorithm defines different step 
distribution to reach the maximum jitter amplitude that passes the BER 
test.

• Start Eye Height Value: The first applied Eye Height.

• Stop Eye Height Value: The smallest Eye height that must be applied.

• Eye height Step Size: The resolution of the search. If the min. passed 
and the max. failed eye height differ not more than this value, the 
search algorithm stops.

Generator

• Pattern

• SSC

• SSC Frequency

• SSC Amplitude

• SSC DataRateShift

• Data Output Polarity

Jitter Sources

• Random Jitter Spec: The amount of random jitter added to the signal.

• Periodic Jitter Spec: The amount of periodic jitter added to the signal.

• CMI: Enables/disables the addition of common mode interference to 
the signal.

• ISI: Enables/disables the addition of Inter Symbol Interference to the 
signal.

• Jitter Frequency: The frequency of the Sinusoidal Jitter, which is 
applied to the signal at this test.
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For the description of the additional parameters, refer to Table 4.

Dependencies:

• All calibrations

Result:

An example of the HTML worksheets for Receiver Sensitivity Test is shown 
in Figure 39.

Figure 39 Result description of Receiver Sensitivity Test
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Table 18  Data Table for Receiver Sensitivity Test)

Parameter name Parameter Description

Result Pass if the no error occurred during the BER test period

Eye height The eye height at the receiver test point according to the eye height calibration 
table as a function of the swing amplitude at the BERT’s output

Generator output swing Actual amplitude swing at the BERT’s output

Test Time Length of the BER test phase, when the number of detected bit errors is counted

Errors Number of bit errors detected during the BER test phase

Received Symbols Number of symbols received in the BER test phase

Preset Value The preset that returns the DUT after negotiations
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Running the TBT3 Tenlira test scripts

Receiver tests require special test scripts. Those scripts control the 
communication with the DUT through the SSTX/SSRX lanes. They are 
used to manage the link training process and to read out the link quality 
(Bit errors, received symbol). These scripts can be run manually or fully 
automated.

Basic settings and installations

To run the scripts, following are the prerequisites:

• Thunderbolt Gen2 uController with Jtag adapter

• Type C to SMP Smart-Fixtures or the Keysight Type-C controller 
N7018A

• TenLira software

• Active-TCL software

• Optional: Thunderbolt TestScriptServer software

The Thunderbolt Gen2 uController is connected via USB to the PC where 
the scripts are running. The JTag adatpter is connected to the Type C to 
the SMP Smart-Fixture. But if the Keysight Type-C fixture N7015A is used, 
the JTag adapter is connected to the Keysight Type-C controller N7018A.

To be able to communicate with the DUT, it is recommended that the 
TenLira and the Active-TCL software must be installed at the PC where the 
Thunderbolt Gen2 uController is connected to.

If the scripts are running in a different PC that ValiFrame, the Thunderbolt 
TestScriptServer must be installed and started at this PC.

In any case, the path to the installation directory of the used scripts must 
be given to ValiFrame:

Figure 40 Input of the script path in the “Configure DUT” dialog 
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Figure 41 Input of the script path in the Parameters panel

Following are the two ways to run the scripts:

Full automated mode

In “Automated Mode”, ValiFrame runs the appropriate script at the 
appropriate timings, during the test process. It configures the script calls 
according to the test conditions, evaluates the script results and reacts 
properly.

In this mode, it is easily possible to run tests like Jitter Tolerance 
Characterizations or Sensitivity tests, which need a huge amount of script 
calls.

Figure 42 shows how to configure the “Automated Scripts” option in the 
Station Configuration Wizard:
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 Figure 42 Selection of “Automated mode” in the Station Configuration Wizard

Manual mode

In Manual mode, you must run the scripts by typing all the commands and 
the right parameters manually into a Command Prompt window. This 
mode is useful as it allows to run scripts different than the default ones as 
scripts can be run with different parameters or in different orders.

Figure 43 shows how to configure the “Manual” option in the Station 
Configuration Wizard:
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 Figure 43 Selection of “Manual mode” in the Station Configuration Wizard

In “Manual Mode”, ValiFrame guides go through several steps of calling 
the scripts and how to evaluate the script results. You must follow those 
guidlines to proceed:

Figure 44 Example dialog of the guidance through the script calling process
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Figure 45 Example of typing the script call command into a Windows Command 
Prompt

At several points, ValiFrame prompts various user inputs. They are 
important for the further steps and for estimating the test result:

Figure 46 Input of script results

Testing remotely with the TBT3 Test script server

If the Thunderbolt Gen2 uController is connected to different PC, where 
ValiFrame is running, the scripts can be run remotely through the 
Thunderbolt TestScriptServer.
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Download the installer from the BitifEye website and install it at the PC 
where the Thunderbolt Gen2 uController is connected to (remote PC). If it 
doesn't start immediately after installing, it can be started it via the 
Windows StartMenu.

With the installer, the ActiveTCL software at the remote PC should be 
installed.

In the Station Configuration, the Automated Script execution must be 
selected.

In Configure DUT window, on selecting the node “Receiver Tests”, an 
additional parameter “Script Run Location” is available to configure the 
Remote connection:

Figure 47 Configuring the remote script execution

It can be set as “Local” or “Remote”. 

• For Local: The scripts run directly at the ValiFrame PC.

• For Remote: The scripts is called at the PC whose IP address is 
mentioned in “Remote Script Address”.

After this, the script automation runs in the fully automated way, similarly 
as it runs for locally.

NOTE
Make sure that the Windows Firewall on both the PCs allows 
communications from / to ValiFrame and the TestScript.
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Log List and File

In case of problems, the Log List can often help in identifying the root 
cause. To display the Log List, click the Log List icon on the toolbar. The 
log file can be accessed by right-clicking within the Log List section as 
shown in  Figure 48.

Figure 48 ValiFrame N5990A log list and file

NOTE
All the log information is lost when the N5990A application is closed 
unless the log file is saved.
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In case of persisting problems with an application, send the Log File with 
the problem description to csg.support@keysight.com.
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Data Structure and Backup

ValiFrame Data Structure

All ValiFrame internal data is saved in the application data folder: 

“Documents and Settings\All Users\Application Data\BitifEye \ValiFrame” 
for Windows XP or “ProgramData\BitifEye\ValiFrame” for Windows 7.

Images

The “Images” folder contains the connection diagram images.

Settings

The “Settings” folder contains the default settings file for the instrument 
and .vset file, which contains the changes to the default registry entries. 
For each application, a sub folder is created and a ValiFrame.vset file is 
created in this sub folder as soon as any ValiFrame setting is changed from 
its default. The settings files contain, for example, the instrument 
connection setup.

NOTE
Windows hides the system folders, by default. To make the application 
data folder visible, the “Hidden Files and Folders” setting needs to be set 
to “Show hidden files and folders” in the Windows File Explorer > View 
Settings.

The ValiFrame application data folder contains the following folders:

• Images

• Settings
• Pattern
• Properties

• Calibrations
• Tmp
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Pattern

The Pattern folder contains the test pattern files. These are text files which 
contain the pattern in hexadecimal format.

Calibrations

The calibration data is stored in the “Calibrations” folder. For each 
calibration procedure, at least one calibration file is stored. These files are 
text files and can be imported into MS Excel or displayed with the HTML 
viewer.

Tmp

All temporary files are created in the Tmp folder. The sub folder “Results” 
contains the final result of each calibration and test procedure. This is a 
safety feature and these files are used for recovery in case the user forgets 
to save them.

ValiFrame Backup

Use the ValiFrame application data folder to save calibration data, 
modified test pattern or settings for backup or transfer to another PC.

The files in the folders, “Images” and “Pattern” will be generated or if they 
already exist, be overwritten during a ValiFrame installation. In the 
“Settings” folder, all instrument settings are overwritten by the installation 
except the .vset files. In the “Calibration” folder, all files are generated by 
the calibration procedures and will not be overwritten by the installation. 
To compare or archive the calibration data, backup the “Calibration” 
folder.
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Remote Interface

Introduction

The N5990A ValiFrame remote interface allows ValiFrame functionality 
(such as test setup information, calibration, and test procedures, and 
results) to be accessed from external programming environments, for 
example MS.NET/C#, VEE, LabView, TestExec SL, or TestStand. The 
remote interface can thus be used to control N5990A by external software. 
In typical use, a top-level external test sequencer takes advantage of 
ValiFrame functionality.

If ValiFrame is to be used as a top-level test sequencer, the control of 
external software is achieved with N5990A opt. 500, User Programming. 

Interface Description

The ValiFrame functionality is accessible via ValiFrameRemote.dll. It 
contains a class ValiFrameRemote in the 
BitifEye.ValiFrame.ValiFrameRemote namespace (see Figure 49). Its use is 
illustrated by the ValiFrameRemoteTester application. The source code 
and the Visual Studio solution of this example are available on the BitifEye 
support webpage. Using this interface requires that the ValiFrame dlls are 
either in the same folder or the Windows Path variable contains the folder 
in which these dlls are located.
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Figure 49 Members of the ValiFrameRemote class
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Using the Remote Interface

1 Add the ValiFrameRemote.dll as a reference to the project.

2 Create an instance of the ValiFrameRemote class.

3 Call SetConfigurationFile(string filename), if it is needed. It is required 
only when the station configuration file generated by the station 
configurator is not to be used. This file format is same as the files 
generated by the station configurator, which can be found in the 
Valiframe Application data folder (Windows XP: C:\documents and 
settings\all users\application data\bitifeye\valiframe\settings\
<application name>\ValiFrame.vset, or Windows 7: c:\programdata\
bitifeye\valiframe\settings\<application name>\ValiFrame.vset). The 
station configuration files contain just the differences to the registry. 
Refer to Example of a station configuration file for more details.

4 By calling InitApplication(string applicationName), the instruments of 
the selected Test Station (see Test Station Selection) are connected 
and initialized. 

5 Call either ConfigureApplication() or LoadProject(string filename) to 
initialize the DUT properties and test procedures. The project file can 
be generated with the ValiFrame User Interface and it contains the 
DUT properties, the selected test procedures and the properties of 
each test procedure.

6 Calling Configure Application() prompts a dialog for setting the DUT 
properties

7 Get the list of available procedures with GetProcedures(out int[] 
procedureIds, out string[] procedureNames[]).

8 Select procedures individually with SelectProcedures(int[] 
procedureIds) or combined with Run(int[] procedureIds, out 
stringxmlResult).

9 Execute selected procedures by calling any of the Run functions given 
below:

10 The Run(out string[]xmlResults) executes all selected procedures. The 
results of all procedures executed are returned at the end of the 
execution of all selected procedures.

11 The RunProcedure(int id, out string xmlResult) executes a single 
procedure and returns the result in an xml formatted string.

NOTE
The number and type of available test procedures can depend on the 
DUT properties.
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12 The RunProcedures(int[] procedureIds, out string[] xmlResults) 
executes the list of procedures given in the procedureIds array.

13 The StartRun() function returns immediately. It is mainly used for 
event-driven programming. In this case the events StatusChanged() 
and ProcedureCompleted() can be used to determine the actual status 
of the ValiFrame sequencer and read the results. The 
ProcedureCompleted() event provides the ID and the xmlResult of the 
procedure completed. After the run the xmlResults are also available 
via the Result property.

Example of a station configuration file

<?xml version="1.0" encoding="utf-8" 
standalone="yes"?>

<Folder name="Stations">

<Folder name="Thunderbolt Station">

      <Folder name="Instruments">

        <Folder name="Instrument1">

          <Property name="Description">M8041A 16Gb/s 
Generator-Analyzer</Property>

          <Property 
name="Dll">VFAgM8000.dll</Property>

          <Property 
name="Address">TCPIP0::192.168.0.133::inst0::INSTR</P
roperty>

        </Folder>

        <Folder name="Instrument0">

          <Property name="Offline">True</Property>

          <Property 
name="Address">TCPIP0::192.168.0.101::inst0::INSTR</P
roperty>

          <Property name="Timeout">00:01:00</Property>

          <Property name="Description">N4903B J-BERT 
for Pattern and Jitter Generation</Property>

          <Property 
name="Dll">VFAgN4903A.dll</Property>

        </Folder>
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        <Folder name="Instrument2">

          <Property name="Offline">True</Property>

          <Property 
name="Address">TCPIP0::192.168.0.2::inst0::INSTR</Pro
perty>

          <Property name="Timeout">00:00:30</Property>

          <Property name="Description">AC Common Mode 
Interference Source</Property>

          <Property 
name="Dll">VFAgN5182A.dll</Property>

        </Folder>

        <Folder name="Instrument3">

          <Property name="Offline">True</Property>

          <Property 
name="Address">TCPIP0::192.168.0.102::inst0::INSTR</P
roperty>

          <Property name="Timeout">00:01:00</Property>

          <Property name="Description">AC Common Mode 
Interference Source</Property>

          <Property 
name="Dll">VFAg81150A.dll</Property>

        </Folder>

        <Folder name="Instrument4">

          <Property name="Offline">True</Property>

          <Property 
name="Address">TCPIP0::192.168.0.110::inst0::INSTR</P
roperty>

          <Property name="Timeout">00:00:30</Property>

          <Property name="Description">Real Time Scope 
needed for system calibration</Property>

          <Property name="Dll">VFAgDso.dll</Property>

        </Folder>

      </Folder>
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      <Folder name="Properties">

        <Property name="Station Name">Thunderbolt 
Station</Property>

        <Property name="Show All 
Instruments">False</Property>

        <Property name="System 
Configuration">Unknown</Property>

        <Property name="Common Mode Interference 
Source">N5171B EXG</Property>

        <Property name="Error Detector 
Type">Manual</Property>

        <Property name="Pattern Generator">JBERT 
M8020A</Property>

        <Property name="ISI Channel">Internal M8020A 
ISI</Property>

      </Folder>

      <Folder name="Children" />

      <Property name="Software Version">ValiFrame 
1.0</Property>

    </Folder>

<Folder name="Database">

    <Folder name="Properties">

      <Property name="Offline">True</Property>

      <Property 
name="ApplicationServerHostname">127.0.0.1:8082</Prop
erty>

    </Folder>

  </Folder>

  </Folder>

If the ValiFrame sequencer is called via a .NET GUI 
(System.Windows.Forms.Form), the current status, the available 
procedures, and the procedure selection can be shown and modified by 
passing a TreeView control via the ProductPreTreeView property to the 
ValiFrame sequencer prior to the InitApplication() call. In this case, the 
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TreeView control directly shows which procedures were selected as well as 
the procedure currently being processed during the run. At the end of 
each run, the pass/fail result is given. Refer to the ValiFrameRemoteTester 
source code for more details.

The log entries generated by the ValiFrame sequencer can be accessed via 
the LogChanged() event. Each time the sequencer generates a log entry 
this event will be broadcast. It is recommended that the user monitors this 
event and tracks the log changes to identify problems during execution.

The procedures requiring interaction with the user will pop up dialog 
panels. For example, each time a new connection between an instrument 
and the DUT is necessary, the procedure will start to display pop-up 
windows with the required connections. The dialog can be suppressed by 
attaching to the ConnectionChangeRequired() event. In some cases, 
internal dialogs or message boxes are also shown. For full automation 
without any user interaction, events must be defined and implemented 
such that the controlling environment can react to all dialog and message 
boxes without user input. Currently, how to handle these dialogs has to be 
decided case by case.

Results Format

Each Procedure Run will produce an xml-formatted result string, which 
can be accessed via the out parameters of the Run() functions or the 
Results property of the ValiFrameRemote class. The result string starts 
with a summary, which contains the procedure name, ID, result, and the 
time stamp of the procedure run (see Example of Result string format):

Example of Result string format

<?xml version="1.0" encoding="utf-16"?>

<Test Results>

  <Summary>

    <ProcedureName>Jitter Tolerance Test 2 MHz SJ RBR 
Lane 0</ProcedureName>

    <ProcedureID>400008</ProcedureID>

    <Result>Passed</Result>

    <DateTime>4/30/2009 11:29:14 AM</DateTime>

  </Summary>

  <DocumentElement>
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    <Parameters>

      <Name>Number of Lanes</Name>

      <Value>1</Value>

    </Parameters>

    <Parameters>

      <Name>Spec. Version</Name>

      <Value>1.1</Value>

    </Parameters>

    <Parameters>

      <Name>ISI Amplitude</Name>

      <Value>570 mUI</Value>

    </Parameters>

    <Parameters>

      <Name>Step Mode</Name>

      <Value>False</Value>

    </Parameters>

    <Parameters>

      <Name>Parade DP621 Device</Name>

      <Value>False</Value>

    </Parameters>

  </DocumentElement>

  <Data>

    <ColumnHeader>|Result|Jitter Freq.|Sin.-Jitter 
Amp.|Number of Errors|Min Spec|Max 
Spec|Details|</ColumnHeader>

    <Values>|pass|2000000|0.981|2|0|1000||</Values>

  </Data>

</Test Results>



130 Keysight N5990A-104 Test Automation Software Platform for Thunderbolt User Guide

7 Appendix
 

The following part contains the list of parameters. These parameters may 
be changed via the project file or the remote interface. The last part 
contains the test data. It starts with the column header, followed by one or 
more data rows. The format is similar to what is obtained in the Excel 
output if the same procedure is run via the ValiFrame user interface. Each 
column name/value is separated by the pipe symbol '|'.
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Controlling Loop Parameters and Looping Over Selected Tests

Often parameters such as temperatures or supply voltages must be varied 
systematically. A simple example would be repeating tests over a 
temperature range from –10 to 30 °C to verify an operating temperature 
range. In this case, after the tests have been run at –10 °C, the 
temperature of the climate chamber is increased by the selected 
temperature step width, for example, 1°C. The tests are then repeated at –
9 °C. After the test execution, the temperature is incremented again and 
the tests are rerun repeatedly until they are finally run at 30 °C. This 
repetitive process is called looping. In this example, the temperature 
within a climate chamber is the loop parameter. While the loop is 
executed, the test results have to be documented for each loop parameter 
value. In practice, multiple loop levels might be required, as shown in 
Figure 50.

Figure 50 Temperature and voltage sweeps using N5990A sequencer

As the loop parameters are typically customer-specific, N5990A permits a 
list of loop parameters to be specified. N5990A supports:

1 Looping over user-specified parameters or run tests with a single 
parameter value.

2 Defining a set of loop parameters and for each parameter a range of 
test points.

3 Using custom drivers to control instruments that are not part of the 
ValiFrame Test Station (see section Test Station Selection), e.g. 
climate chambers, ovens, and power supplies.
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4 Saving the results of each test together with the actual loop parameter 
value independently of the results from the other runs.

5 An overview of each run after the end of the test execution.

These features are provided by an interface called 
IVFEnvironmentalControl. 

The definition of this interface is:

namespace BitifEye.ValiFrame.Instruments

{

public interface IVFEnvironmentalControl

{

string UserLabel { get; }

void Connect();

void Disconnect();

string[] GetParameterList();

string[] GetParameterValues();

void Init();

bool SetNextValue();

void SetToDefault();

}

}

The interface has to be implemented by a class EnvironmentalControl in a 
.NET dll named EnvironmentalControl.dll, which then must be copied into 
the ValiFrame Program Files Folder. ValiFrame will load this dll and call the 
function of the Interface in the following order:

Connect()

At startup of ValiFrame allows the implementation to load the instrument 
drivers and connect to them.
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SetToDefault()

After the Connect() call, the implementation should set all instruments 
with initial values to set default values. It is recommended that the 
sequence is stated with nominal values to ensure that the test setup is 
done properly. With this setting, the first run will be done and the Init() call 
will not overwrite the values.

Init()

The function is used to initialize the instruments with start values at the 
beginning of test sequence.

GetParameterList() and GetParameterValues()

These functions are used to get the parameter names and values lists and 
put them into the result output of each test procedure.

SetNextValue()

If this function returns true at the end of each run over the selected test 
procedures, ValiFrame will run the selected tests again. This function 
should get the next parameter set, set the controlling instruments, and 
return true if a new set of parameters is available.

Example

For a sweep over temperature starts at 20 °C, increasing the temperature 
by 2 °C at each run, and ending at 40 °C, the function should increase the 
temperature of the chamber and return true if 40 °C is not reached. If the 
next step is greater than 40 °C, this function should return false. ValiFrame 
will end the test sequence in this case.

Disconnect()

It is called at the closing of ValiFrame. The driver should set the 
instruments to default values and disconnect from the instruments. An 
example project is available on the BitifEye webpage.
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IBerReader

ValiFrame cannot integrate all possible instruments and custom interfaces 
to communicate with the DUT. To overcome this problem, the customer 
can provide a .NET DLL which implements the IBerReader interface. This 
DLL is used by ValiFrame, and invoked during the test; the DLL then takes 
care of the instrument or DUT communication. 

To use this feature in ValiFrame Thunderbolt, go to Configure DUT > Show 
Parameters dialog and change the property BER Reader to “Custom BER 
Reader.” This option will only be available if the dll with the name 
ThunderboltCustomBerReader.dll is available in its installation folder.

• Thunderbolt specific calling conventions:

• Connect (string): The string parameter is an empty string by default. 
It can be changed by setting the “Custom DLL Address” property in 
the root node of the Thunderbolt test tree. This is used to do general 
initialization or start external programs, if it required.

• Disconnect(): This method will be called every time a test run is 
finished (after all selected tests are done, not after each individual 
test).
It is used to clean up or shut down external programs if applicable.

• Init (string): This will be called when the DUT needs to be put into a 
specific state. In the Thunderbolt case, the options are “Device” and 
“Host.

IBerReader Interface

using System;

using System.Collections.Generic;

using System.Text;

 

namespace BerReader

{

       public interface IberReader

       {

             /// <summary>
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             /// This method is called to connect to 
your error reader.

             /// </summary>

              /// <param name="address">The address 
string can be used by your implementation

             /// to configure the connection to the 
BerReader interface</param>

             void Connect(string address);

 

             /// <summary>

             /// This method is called to close the 
connection

             /// </summary>

             void Disconnect();

             /// <summary>

             /// This method will be called prior the 
individual tests to tell the device

            /// what mode is tested. This can be used 
to load appropriate

            /// setups.

           /// </summary>

"/// <param name="mode">configuration mode in which 
the DUT will be  tested. The mode must be “Device” or 
“Host”</param>"

           void Init(string mode);

 

   /// <summary>

             /// Is called at the beginning of the 
error measurement and allows

             /// a reset for the DUT to be implemented.

             /// </summary>
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             void ResetDut();

 

             /// <summary>

             /// Starts the counters. This method MUST 
reset all counters!

             /// </summary>

             void Start();

 

             /// <summary>

             /// Stop the DUT to read out the counters 
(see

             /// 
GetReadCounterWithoutStopSupported()).

             /// </summary>

             void Stop(); 

 

                    /// <summary>

             /// This method returns counters, the 1st 
counting the bits/frames/lines

             /// or bursts and the 2nd one counting the 
errors detected by the BerReader.

             /// The automation software will compute 
the BER using the following

             /// equation BER=errorCounter/bitCounter. 
In the case bitCounter = 0 even when

             /// the stimulus is sending data, this is 
also interpreted as fail.

             /// </summary>

             /// <param name="bitCounter"> Contains the 
number of bits which are received

             /// by the DUT. If it is not possible to 
count bits the value can also contain
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             /// frames, or bursts. It is just a matter 
of the value defined as target BER.

             /// If it is not possible to get the 
number of bits/frames/bursts then the

             /// method can return a value of -1 and 
the automation software can compute

             /// the number of bits from the data rate 
and the runtime.</param>

             /// <param name="errorCounter"> Total 
number of errors since the last start.

             /// </param>

             void GetCounter(out double bitCounter, out 
double errorCounter);

 

             /// <summary>

             /// This method returns a Boolean value 
indicating whether the device

             /// supports reading the counters while 
it is running. If this method

             /// returns false, the device needs to be 
stopped to read the counters.

             /// In this case the automation software 
will stop data transmission

            /// before calling the GetCounter() 
function, and re-start data transmission               

/// again after reading the counter values.

             /// </summary>

             /// <returns> false if device needs to be 
stopped before reading the counters,

             /// true if the counters can be read on 
the fly.</returns>

             bool 
GetReadCounterWithoutStopSupported();

             /// <summary>
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             /// This property returns a number to 
multiply the value delivered by the

             /// bitCounter in the GetCounter() 
function.

              /// </summary>

             Double NumberOfBitsPerFrame {set; get;};

 

             /// This property returns the number of 
payload

             /// bits in a frame used for the detection 
of the BER.

             /// If i.e. the errorCounter in the 
GetCounter() function is just the

             /// checksum error then this parameter is 
the number of the payload.

             /// </summary>

             double NumberOfCountedBitsPerFrame {set; 
get;};

 

       }

}



Keysight N5990A-104 Test Automation Software Platform for Thunderbolt User Guide 139

 



This information is subject to 
change without notice.
© Keysight Technologies 2019
Edition 9.0, September 2019

www.keysight.com

http://www.keysight.com

	Contents
	Introduction
	Overview
	Document History
	Third Edition (August 2019)
	Second Edition (July 2018)
	First Edition (April 2017)


	N5990A Overview
	Test Automation Software Platform

	ValiFrame Thunderbolt Station
	ValiFrame Thunderbolt Station Configuration
	Using Keysight IO VISA Connection Expert

	Starting the Thunderbolt Station
	Configuring DUT


	Using the Software
	Introduction
	Selecting, Modifying & Running Tests
	Results

	Thunderbolt Parameters
	Sequencer Parameters
	Common Parameters
	Procedure Parameters


	Thunderbolt Computer Bus Test Application
	High Level Procedure Description
	Calibration Procedures
	Receiver Eye Diagram Calibration (Jitter Off)
	Data Dependent Jitter Calibration
	AC Common Mode Calibration
	Random Jitter Calibration
	Periodic Jitter Calibration
	Total Jitter Calibration (for TP2)
	Receiver Eye Diagram Calibration (for TP2)
	CTLE Calibration (for TP3EQ)
	Receiver Eye height Calibration (for TP3EQ)
	Input Eye Diagram Verification (for TP3EQ)

	Receiver Test Procedure
	Common Parameters for Receiver Tests
	PDO Iterations Node
	Receiver Test Procedure
	Receiver Jitter Tolerance Characterization
	Receiver Sensitivity Test

	Running the TBT3 Tenlira test scripts
	Basic settings and installations
	Full automated mode
	Manual mode
	Testing remotely with the TBT3 Test script server


	Troubleshooting and Support
	Log List and File

	Appendix
	Data Structure and Backup
	ValiFrame Data Structure
	ValiFrame Backup

	Remote Interface
	Introduction
	Interface Description
	Using the Remote Interface
	Results Format

	Controlling Loop Parameters and Looping Over Selected Tests
	Connect()
	SetToDefault()
	Init()
	GetParameterList() and GetParameterValues()
	SetNextValue()
	Example
	Disconnect()

	IBerReader
	IBerReader Interface



