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USB3.2 Test Compliance Application—At a Glance
The Keysight D9020USBC USB3.2 Test Compliance Application helps you verify the USB3.2 device 
complies to the electrical requirements on the SuperSpeed physical layer as defined in the USB3.2 
specification, with the Keysight Infiniium digital storage oscilloscopes. The USB3.2 Test Compliance 
Application:

• Lets you select individual or multiple tests to run.

• Lets you identify the device being tested and its configuration.

• Shows you how to make oscilloscope connections to the device under test.

• Automatically checks for proper oscilloscope configuration.

• Automatically sets up the oscilloscope for each test.

• Provides detailed information for each test that has been run and lets you specify the thresholds 
at which marginal or critical warnings appear.

• Creates a printable HTML report of the tests that have been run.

For more information, see:

• Chapter 1, “Installing the USB3.2 Test Compliance Application,” starting on page 9.

• Chapter 2, “Preparing to Take Measurements,” starting on page 15.

• Chapter 3, “LFPS Tests,” starting on page 25.

• Chapter 4, “5G Tests,” starting on page 33.

• Chapter 5, “10G Tests,” starting on page 71.

See Also

Compliance testing measurements are described in the Universal Serial Bus 3.2 Specification, 
Revision 1.0. For more information, see the USB3.2 standards web site at "www.usb.org".

NOTE
The tests performed by the USB3.2 Test Compliance Application are intended to provide a quick check 
of the electrical health of the DUT. This testing is not a replacement for an exhaustive test validation 
plan.

http://www.usb.org
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1 Installing the USB3.2 Test 
Compliance Application

Installing the Software  /  10
Installing the License Key  /  11

If you purchased the D9020USBC USB3.2 Test Compliance Application separately from your 
oscilloscope, you need to install the software and license key.
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Installing the Software

1 Make sure you have the minimum required version of the Infiniium oscilloscope software.

The compliance test application's release notes file describes the minimum required version.

To check your current version of Infiniium oscilloscope software, choose Help > About Infiniium... 
from the main menu.

2 To obtain the USB3.2 Compliance Test Application, please go to Keysight website: 
http://www.keysight.com/find/D9020USBC

3 The link for  USB3.2 Compliance Test Application will appear. Double-click it and follow the 
instructions to download and install the application software.

Be sure to accept the installation of the .NET Framework software; it is required in order to run 
the USB3.2 Compliance Test Application.

http://www.keysight.com/find/D9050PCIC
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Installing the USB3.2 Test Compliance Application 1

Installing the License Key

To procure a license, you require the Host ID information that is displayed in the Keysight License 
Manager application installed on the same machine where you wish to install the license.

Using Keysight License Manager 5

To view and copy the Host ID from Keysight License Manager 5:

1 Launch Keysight License Manager on your machine, where you wish to run the Test Application 
and its features.

2 Copy the Host ID that appears on the top pane of the application. Note that x indicates numeric 
values.

Figure 1 Viewing the Host ID information in Keysight License Manager 5

To install one of the procured licenses using Keysight License Manager 5 application,

1 Save the license files on the machine, where you wish to run the Test Application and its features.

2 Launch Keysight License Manager.

3 From the configuration menu, use one of the options to install each license file.

Figure 2 Configuration menu options to install licenses on Keysight License Manager 5

For more information regarding installation of procured licenses on Keysight License Manager 5, 
refer to Keysight License Manager 5 Supporting Documentation.

https://www.keysight.com/main/redirector.jspx?action=ref&nid=-33002.0.00&lc=eng&cc=IN&ckey=2953922&cname=EDITORIAL&nfr=-33002.0.02
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Using Keysight License Manager 6

To view and copy the Host ID from Keysight License Manager 6:

1 Launch Keysight License Manager 6 on your machine, where you wish to run the Test Application 
and its features.

2 Copy the Host ID, which is the first set of alphanumeric value (as highlighted in Figure 3) that 
appears in the Environment tab of the application. Note that x indicates numeric values.

Figure 3 Viewing the Host ID information in Keysight License Manager 6
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Installing the USB3.2 Test Compliance Application 1

To install one of the procured licenses using Keysight License Manager 6 application,

1 Save the license files on the machine, where you wish to run the Test Application and its features.

2 Launch Keysight License Manager 6.

3 From the Home tab, use one of the options to install each license file.

Figure 4 Home menu options to install licenses on Keysight License Manager 6

For more information regarding installation of procured licenses on Keysight License Manager 6, 
refer to Keysight License Manager 6 Supporting Documentation.

https://www.keysight.com/main/redirector.jspx?action=obs&nid=-33002.0.00&lc=eng&cc=IN&ckey=2994142&pubno=&ltype=LitStation&ctype=EDITORIAL&nfr=-33002.0.02
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2 Preparing to Take 
Measurements

Required Equipment and Software  /  16
Calibrating the Oscilloscope  /  17
Connecting the USB 3.2 Test Fixture  /  18
Starting the USB3.2 Test Compliance Application  /  21

Before running the automated tests, you need to acquire the required equipment and software, and 
you should calibrate the oscilloscope. After the oscilloscope has been calibrated, you are ready to 
start the USB3.2 Test Compliance Application and perform measurements.
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Required Equipment and Software

In order to run the USB3.2 Test Compliance Application, you need the following equipment and
software:

• D9020USBC USB3.2 Test Compliance Application software and license

• E2688A Serial Data Analysis and Clock Recovery software and license (optional)

• N5401A EZJIT Plus software and license (optional)

• Use one of the following Oscilloscope models:

• Keysight DSO9000A-Series, DSO90000A-Series and DSOX90000A / Q / Z / V-Series 
Oscilloscopes

• Keysight UXR Oscilloscopes (13 - 33 GHz) or (40 - 100 GHz)

• Matlab Runtime Version R2017b (9.3)

• Clock Switch Analysis for Sigtest Update

• Keyboard, quantity = 1 (provided with Keysight Infiniium oscilloscope).

• Mouse, quantity = 1 (provided with Keysight Infiniium oscilloscope).

• Precision 3.5 mm BNC to SMA male adapter, Keysight p/n 54855-67604, qty = 2 (provided with 
the Keysight 54855A and 80000B series oscilloscopes)

• 50-ohm Coax Cable with SMA Male Connectors – 24-inch or less RG-316/U or similar, qty = 2, 
matched length

• 1169A Infiniimax probe, quantity = 2.

• U7242A USB 3.0 test fixture.

NOTE
Keysight recommends using 13 GHz and higher bandwidth oscilloscope with at least 1M memory 
depth to run D9020USBC USB3.2 tests. The minimum required Infiniium oscilloscope software 
version is described in the compliance test application release notes. Keysight also recommends 
using a second monitor to view the automated test application.

NOTE
 For more info on the two points above, please see Online Help > Setting Up the Test Environment 

page > Setting Up Test Information page > BLR Mode - System Configuration section. 

NOTE
At least 16 GHz bandwidth is required to run Gen2 tests. 

NOTE
USB3.2 Compliance Test Application supports 2 channel scope. 
In two channel mode, switch matrix is not available. 
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Preparing to Take Measurements 2

Calibrating the Oscilloscope

If you have not already calibrated the oscilloscope, refer to the documentation related to Keysight 
90000A Series Infiniium Oscilloscopes and its compatible probes to know about the calibration 
procedures.

NOTE
If the ambient temperature changes more than 5 degrees Celsius from the calibration temperature, 
internal calibration should be performed again. The delta between the calibration temperature and 
the present operating temperature is shown in the Utilities > Calibration menu.

NOTE
If you switch cables between channels or other oscilloscopes, it is necessary to perform cable and 
probe calibration again. Keysight recommends that, once calibration is performed, you label the 
cables with the channel for which they were calibrated.
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Connecting the USB 3.2 Test Fixture

The U7242A USB 3.0 test fixture is required to perform the USB3.2 electrical compliance test 
measurements. The fixture helps you to easily access the USB 3.0 test signals.

The connection to this test fixture depends on the type of device under test (DUT):

Figure 5 Block Diagram of U7242A USB 3.0 Test Fixture
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Preparing to Take Measurements 2

For Device test:

1 Connect DUT to J1 by using 4 inches USB 3.0 Standard-A to Standard-B cable.

2 Connect J6 and J7 to the oscilloscope to measure USB 2.0 signal.

3 Connect J2 and J3 to the oscilloscope to measure the SuperSpeed (USB 3.0) Transmitter signal.

4 Connect J4 and J5 to the oscilloscope to measure the SuperSpeed (USB 3.0) Receiver signal.

For Host test:

1 Connect DUT to J8 by using 4 inches USB 3.0 Standard-A to Standard-B cable.

2 Connect J13 and J14 to the oscilloscope to measure USB 2.0 signal.

3 Connect J11 and J12 to the oscilloscope to measure the SuperSpeed (USB 3.0) Transmitter 
signal.

4 Connect J9 and J10 to the oscilloscope to measure the SuperSpeed (USB 3.0) Receiver signal.
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For Hub Upstream test:

1 Follow the connection as per the Device test.

For Hub Downstream test:

1 Follow the connection as per the Host test.
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Preparing to Take Measurements 2

Starting the USB3.2 Test Compliance Application

Ensure that the USB3.2 Device Under Test (DUT) is operating and set to desired test modes.

To start the USB3.2 Test Compliance Application, from the Infiniium Oscilloscope's main menu, 
select Analyze > Automated Test Apps > D9020USBC USB3 Test App.

Figure 6 Starting the D9020USBC USB3 Test App
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The USB3.2 Test Compliance Application launches with the Set Up tab as default.

Figure 7 Default window of the USB3.2 test app
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Preparing to Take Measurements 2

Table 1 provides a brief description of the functionality of each tab in the USB 3.2 Test Application:

Table 1 Functionality of each tab on the USB 3.2 Test App

Type-C Controller

The usability of the current version of the Keysight D9020USBC USB3.2 Test Compliance Application 
has been extended to test the signals with the Type-C implementation in USB3.2 devices.

To enable this feature, click Enable Type-C Controller in the Type-C Environment Setup area of the Set Up 
tab.

Figure 8 Enabling Type-C Environment Setup

For more information on the functionality of the various features of the USB3.2 Test Application 
along with the Type-C setup, refer to the Keysight D9020USBC USB 3.2 Test Compliance 
Application Online Help.

Tabs on the Test App Functionality

Set Up Lets you identify and set up the test environment, including information about the device under test.
The Device ID and Comments are printed in the final HTML report.

Select Tests Lets you select the tests you want to run. The tests are organized hierarchically so you can select all tests 
in a group. After tests are run, status indicators show which tests have passed, failed, or not been run, 
and there are indicators for the test groups.

Configure Lets you configure test parameters (for example, channels used in test, voltage levels, etc.).

Connect Shows you how to connect the oscilloscope to the device under test for the tests that are to be run.

Run Lets you start the automated tests. If the connections to the device under test need to be changed while 
multiple tests are running, the tests pause, this tab shows you how to change the connection, and the 
Application waits for you to confirm that the connections have been changed before continuing.

Automate Lets you construct scripts of commands that drive execution of the Application.

Results Contains more detailed information about the tests that have been run. You can change the thresholds at 
which marginal or critical warnings appear.

HTML Report Shows a compliance test report that can be exported or printed.
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3 LFPS Tests

Transmitter Low Frequency Periodic Signaling (LFPS) Tests  /  26

This chapter describes the LFPS tests available in USB3.2 Compliance Test Application in more 
detail; it contains information from (and refers to) the Universal Serial Bus 3.2 Specification, Revision 
1.0, and it describes how the tests are performed.
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Transmitter Low Frequency Periodic Signaling (LFPS) Tests

The Transmitter Low Frequency Periodic Signaling Tests include:

• LFPS Peak-Peak Differential Output Voltage Test

• LFPS Period (tPeriod) Test

• LFPS Burst Width (tBurst) Test

• LFPS Repeat Time Interval (tRepeat) Test

• LFPS Rise Time Test

• LFPS Fall Time Test

• LFPS Duty Cycle Test

• LFPS AC Common Mode Voltage

This section provides the Methods of Implementation (MOIs) for 5G Low Frequency Periodic 
Signaling (LFPS) tests using a Keysight 90000A Series Infiniium oscilloscope, USB 3.0 test fixture, 
and USB3.2 Test Compliance Application.

Connection Diagram See Appendix A, “Test Connection”.

Test Reference from
the Specification

Table 6-29 and Table 6-30 of the USB 3.2 Specification, Revision 1.0

Figure 9 Table 6-29 of USB 3.2 Specification Version 1.0
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LFPS Tests 3

Figure 10 Table 6-30 of USB 3.2 Specification Version 1.0

Test Conditions

Test Overview The purpose of this test is to evaluate the LFPS signal to ensure that the timing variables comply with 
the specification.

Test Procedure 1 Disconnect the USB 3.0 test fixture from the DUT.

2 Setup horizontal scaling with Reference to Center, Scale of 10us, position at 32us.

Type of DUT LFPS Test Mode

Gen 1 False
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3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Setup Function 4 as common mode of Channel 1 and Channel 3.

5 Setup the trigger:

a Trigger level to 200mV

b Trigger mode as Pattern mode

c Set trigger Logic as High on trigger channel

d Setup trigger condition to range between 3us to 15 us

6 Setup the trigger to “Single”

7 Setup the Acquisition

a Select Real Time mode

b Set interpolation to OFF

c Acquire points to AUTO

d Sample rate to 40GSa/s

e Bandwidth to 12GHz

8 Verify that the correct waveform has been acquired

Figure 11 Acquiring the correct waveform

9 Set up the parameter measurement:

a Get all locations for the Start Burst and the Stop Burst of the LFPS.

b Burst Width Measurement is the Start edge – Stop edge of the selected Burst.
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LFPS Tests 3

Figure 12 Burst Width Measurement
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c Burst Interval is the Start edge of the next burst – Start edge of current Burst.

Figure 13 Burst Interval

d Measure the parameter below on each Burst. The measurement window on each Burst must 
be set to 100ns after the Burst start and 100ns before the Burst end. This is done to comply 
with CTS requirements.

i Differential Voltage

ii Period

iii Duty Cycle

iv Rise Time

v Fall Time

vi Common Mode Voltage

10 Report the measurement values

Expected /
Observable Results

The timing measurement results must be within the conformance limit as specified in the USB 3.2 
specification.

Test Conditions#2

Test Overview The purpose of this test is to evaluate the LFPS signal to ensure that the timing variables comply with 
the specification.

Test Procedure 1 Disconnect the USB 3.0 test fixture from the DUT.

2 Setup horizontal scaling with Reference to Center, Scale of 10us, position at 32us.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Setup Function 4 as common mode of Channel 1 and Channel 3.

Type of DUT LFPS Test Mode

Gen 1 True
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LFPS Tests 3

5 Setup the trigger:

a Trigger level to 200mV

b Trigger mode as Pattern mode

c Set trigger Logic as High on trigger channel

d Setup trigger condition to range between 3us to 15 us

6 Setup the trigger to “Single”

7 Setup the Acquisition

a Select Real Time mode

b Set interpolation to OFF

c Acquire points to AUTO

d Sample rate to 40GSa/s

e Bandwidth to 12GHz

8 Verify that the correct waveform has been acquired.

9 Save the waveform in binary format

10 Launch the SigTest tool

a Ensure that the Test Mode is set to ‘CEM’

b Ensure that the Technology is set to ‘usb_3-5gb’

c Ensure that the Template File is set to ‘USB_3_LFPS’

Figure 14 SigTest Tool settings for LFPS tests

11 Report Measurement using the report generated by SigTest tool.
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Figure 15 SigTest tool report for LFPS tests

Expected /
Observable Results

The timing measurement results must be within the conformance limit as specified in the USB 3.2 
specification.
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4 5G Tests

5G Transmitter SSC Tests  /  34
5G Transmitter Eye Far End (TP4) Tests (USB-IF SigTest) (CTLE ON) Tests  /  39
5G Transmitter Eye Short Channel (TP2) Tests  /  49
5G Transmitter Eye Near End (TP1) Tests  /  57
5G BLR Clock Switch Test  /  62
5G Jitter Transfer Function Test  /  64
5G Transmitter Voltage Level Tests  /  66

This chapter describes the 5G tests that are performed by the USB3.2 Test Compliance Application in 
more detail; it contains information from (and refers to) the Universal Serial Bus 3.2 Specification, 
Revision 1.0, and it describes how the tests are performed.
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5G Transmitter SSC Tests

The 5G Transmitter Spread Spectrum Clocking Tests include:

• Unit Interval Test

• 5G TSSC-Freq-Dev-Trough

• 5G TSSC-Freq-Dev-Peak

• 5G SSC Modulation Rate

• 5G SSC Slew Rate

• 5G SSC df/dt

This section provides the Methods of Implementation (MOIs) for 5G Transmitter SSC tests using a 
Keysight 90000A Series Infiniium oscilloscope, USB 3.0 test fixture, and USB3.2 Test Compliance 
Application.

Connection Diagram See Appendix A, “Test Connection”.

Test Reference from
the Specification

Table 6-17 and Table 6-18 of the USB 3.2 Specification, revision 1.0.

Figure 16 Table 6-17 of USB 3.2 Specification Version 1.0
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Figure 17 Table 6-18 of USB 3.2 Specification Version 1.0
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5G Unit Interval

Test Conditions

Test Overview The purpose of this test is to verify that the SSC of the transmitter complies with the specification.

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 40 GSa/s

d 8M points

e Bandwidth to 12 GHz

6 Set Sweep as AUTO

7 Ping the DUT until CP1 is attained.

8 Setup horizontal scale to 20us, position at 0.

9 Stop the acquisition and save the waveform.

10 Set ‘Unit Interval Measurement’ to ON.

11 Set ‘Measurement Trend’ to ON.

12 Measure Vmax of the measurement trend.

13 Measure Vmin of the measurement trend.

14 Measure Vaverage of the measurement trend.

15 Record the measurement result.

Expected /
Observable Results

The measurement results for Unit Interval must be within the conformance limit as specified in the 
USB 3.2 specification.

Reference Clock

Clean Clock
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SSC Deviation Test, SSC Modulation Rate Test, SSC Slew Rate Test, and SSC df/dt Test

Test Conditions

Test Overview The purpose of this test is to verify that the SSC of the transmitter complies with the specification.

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 40 GSa/s

d 8M points

e Bandwidth to 12 GHz

6 Set Sweep as AUTO

7 Ping the DUT until CP1 is attained.

8 Setup horizontal scale to 20 us, position at 0.

9 Set ‘Unit Interval Measurement’ to ON.

10 Set ‘Measurement Trend’ to ON for function 1.

11 Save the measurement in CSV format.

12 The CSV waveform is processed within a MATLAB script.

a Perform a second-order low pass filter. Cut-off frequency is set as 60 times of the modulation 
rate, 1.98MHz.

Reference Clock

SSC
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b Measure the Vtop and Vbase for every SSC triangle profile, as shown in Figure 18.

Figure 18 Vtop and Vbase measurements on an SCC triangle profile

c Measure the modulation rate, modulation rate is 1/tcycle. tcycle is defined as shown in 
Figure 19.

Figure 19 Measuring Modulation Rate

d Measure the Slew Rate of the SSC.

e Measure the df/dt of the SSC

For the algorithm to determine the slew rate, refer to white paper USB 3.0 CDR Model White Paper, 
revision 0.5 available at “www.usb.org”.

13 Record the measurement result.

Expected /
Observable Results

The measurement results for SSC must be within the conformance limit as specified in the USB 3.2 
specification.
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5G Transmitter Eye Far End (TP4) Tests (USB-IF SigTest) (CTLE ON) Tests

The 5G Transmitter Eye Far End (TP4) Tests include:

• 5G Random Jitter (CTLE ON) Test

• 5G Far End Maximum Deterministic Jitter (CTLE ON) Test

• 5G Far End Total Jitter at BER- 12 Test (CTLE ON) Test

• 5G Far End Template Test (CTLE ON) Test

• 5G Far End Differential Output Voltage (CTLE ON) Test

This section provides the Methods of Implementation (MOIs) for 5G Transmitter Eye Far End (TP4) 
tests using a Keysight Infiniium oscilloscope, USB 3.0 test fixture, and USB3.2 Test Compliance 
Application.

Connection Diagram See Appendix A, “Test Connection”.

Test Reference from
the Specification

Table 6-16 and Table 6-20 (ECN for SSP System Jitter Budget) of the USB 3.2 Specification, revision 
1.0.

Figure 20 Table 6-16 of USB 3.2 Specification Version 1.0
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Figure 21 Table 6-20 of USB 3.2 Specification Version 1.0

Figure 22 Gen 1 Eye Mask for 5G Transmitter Far End Eye (TP1) tests
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5G Random Jitter Test

Test Overview The purpose of this test is to verify that the Random Jitter of the transmitter complies with the 
specification.

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2 ns, position at 0.

5 Ping the DUT until CP1 is attained.

6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 40 GSa/s

d 8M points

e Bandwidth to 12 GHz

7 Set Sweep as AUTO.

8 Setup horizontal scale to 20 us, position at 0.

9 Stop the acquisition and save the waveform in binary format.

10 Launch SigTest tool.

11 Load the waveform file. Select the options for Technology and Template File as shown in 
Figure 23.

a Test Mode set to ‘CEM’

b Technology set to ‘USB_3_5gb’

c Template File set to ‘USB_3_5Gb_CP1’

Figure 23 SigTest tool settings for measuring RJ

12 Record the measurement result for RJ.
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Figure 24 SigTest tool report for RJ measurement

Expected /
Observable Results

The measurement results for Random Jitter must be within the conformance limit as specified in the 
USB 3.2 specification.

Test Condition

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Ping the DUT until CP1 is attained.

6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 40 GSa/s

d 8M points

e Bandwidth to 12 GHz

7 Set Sweep as AUTO

8 Setup horizontal scale to 20us, position at 0.

9 Stop the acquisition and save the waveform.

Test Method

SDA
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10 Setup CTLE:

a # of Poles: 2

b Pole 1 Frequency: 1.95GHz

c Pole 2 Frequency: 5.0GHz

d Zero Frequency: 650MHz

e DC Gain: 0.667

11 Setup Clock Recovery:

2nd order PLL, data rate of 5Gbps, loop bandwidth of 4.9MHz, damping factor of 0.707

12 Setup EZJIT Complete:

a Set CTLE as source

b Enable Jitter Mode on EZJIT+

c BER Level: 1E-12

d Measurement: TIE (Phase)

e Edges: Both

f RJ Bandwidth: Narrow

g RJ Method: Spectral Only

h Pattern Length: Periodic, Auto

13 Obtain RJ reading.

Expected /
Observable Results

The measurement results for Random Jitter must be within the conformance limit as specified in the 
USB 3.2 specification.
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5G Far End Maximum Deterministic Jitter, 5G Far End Total Jitter At BER-12, 5G Far End Template Test, and 5G Far 
End Differential Output Voltage Tests

Test Overview The purpose of this test is to verify that the Far End Maximum Deterministic Jitter, Far End Total 
Jitter At BER-12, Far End Template Test, and Far End Differential Output Voltage of the transmitter 
complies with the specification.

Test Condition

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Ping the DUT until CP0 is attained.

6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 40 GSa/s

d 8M points

e Bandwidth to 12 GHz

7 Setup InfiniiSim. See Appendix A, “InfiniiSim Setup for 5G” for settings.

8 Set Sweep as AUTO.

9 Setup horizontal scale to 20us, position at 0.

10 Stop the acquisition and save the waveform in binary format.

11 Launch SigTest tool.

12 Load the waveform file. Select the options for Technology and Template File as shown in 
Figure 25.

a Test Mode set to ‘CEM’

b Technology set to ‘USB_3_5gb’

c Template File set to ‘USB_3_5Gb_CP0_RjIN’

d Set Random Jitter

Test Method

USB-IF SigTest
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Figure 25 SigTest tool settings for measuring DJ, TJ and Eye Height

13 Record the measurement result for DJ, TJ and Eye Height.

Figure 26 SigTest tool report for DJ, TJ and Eye Height measurement
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Expected /
Observable Results

The measurement results must be within the conformance limit as specified in the USB 3.2 
specification.
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5G Far End Maximum Deterministic Jitter and 5G Far End Total Jitter At BER-12 Test

Test Condition

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Ping the DUT until CP0 is attained.

6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 40GSa/s

d 8M points

7 Setup InfiniiSim. See Appendix A, “InfiniiSim Setup for 5G” for settings.

8 Set Sweep as AUTO.

9 Setup horizontal scale to 20us, position at 0.

10 Stop the acquisition and save the waveform in binary format.

11 Setup CTLE:

a # of Poles: 2

b Pole 1 Frequency: 1.95GHz

c Pole 2 Frequency: 5.0GHz

d Zero Frequency: 650MHz

e DC Gain: 0.667

12 Setup Clock Recovery:

2nd order PLL, data rate of 5Gbps, loop bandwidth of 4.9MHz, damping factor of 0.707

13 Setup EZJIT Complete:

a Set CTLE as source

b Enable Jitter Mode on EZJIT+

c BER Level: 1E-12

d Measurement: TIE (Phase)

e Edges: Both

f RJ Bandwidth: Narrow

g RJ Method: Spectral Only

h Pattern Length: Arbitrary

i ISI Filter Lead: -2

j ISI Filter Lag: 18

Expected /
Observable Results

The measurement results for Maximum Deterministic Jitter and Total Jitter At BER-12 must be within 
the conformance limit as specified in the USB 3.2 specification.

Test Method

SDA
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5G Far End Template Test and 5G Far End Differential Output Voltage Test

Test Condition

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Ping the DUT until CP0 is attained.

6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 40GSa/s

d 8M points

7 Setup InfiniiSim. See Appendix A, “InfiniiSim Setup for 5G” for settings.

8 Set Sweep as AUTO.

9 Setup horizontal scale to 20us, position at 0.

10 Stop the acquisition and save the waveform.

11 Setup CTLE:

a # of Poles: 2

b Pole 1 Frequency: 1.95GHz

c Pole 2 Frequency: 5.0GHz

d Zero Frequency: 650MHz

e DC Gain: 0.667

12 Setup Clock Recovery:

2nd order PLL, data rate of 5Gbps, loop bandwidth of 4.9MHz, damping factor of 0.707

13 Enable Mask Test:

a Load Mask

b Set Source as CTLE

c Set Color Grade to ON

d Set Infinite Persistent to ON

e Set Mask Scaling:

• Horizontal Scaling: -100ps

• Delta: 200ps

f Set Mask Vertical Scaling:

• 1 Level: 600mV

• 0 Level: -600mV

g Enable “Bind 1 & 0 Levels”

h Enable “Real-Time Eye”

14 Run Mask Test.

15 Measure Eye Height and Eye Width.

Expected /
Observable Results

The signal must pass the Mask Test and the Differential Output Voltage must be within the 
conformance limits as specified in the USB 3.2 specification.

Test Method

SDA
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5G Transmitter Eye Short Channel (TP2) Tests

The 5G Transmitter Eye Short Channel (TP2) Tests include:

• 5G Short Channel Random Jitter

• 5G Short Channel Maximum Deterministic Jitter Test

• 5G Short Channel Total Jitter at BER- 12 Test

• 5G Short Channel Template Test

• 5G Short Channel Differential Output Voltage

This section provides the Methods of Implementation (MOIs) for 5G Transmitter Eye Short Channel 
tests using a Keysight 90000A Series Infiniium oscilloscope, USB 3.0 test fixture, and USB3.2 Test 
Compliance Application.

Connection Diagram See Appendix A, “Test Connection”.

Test Reference from
the Specification

Table 6-16 and Table 6-20 (ECN for SSP System Jitter Budget) of the USB 3.2 Specification, revision 
1.0.

Figure 27 Table 6-16 of USB 3.2 Specification Version 1.0

NOTE
5G Transmitter Eye Short Channel (TP2) Tests will not be available if 5G 
Transfer Function > Channel Settings 5G is selected as Tethered. 

Set Up tab > Transfer Function Setup button > Configure Transfer 
Function dialog box > 5G Transfer Function tab > Channel Settings 5G
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Figure 28 Table 6-20 of USB 3.2 Specification Version 1.0

Figure 29 Gen 1 Eye Mask for 5G Transmitter Short Channel tests
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5G Short Channel Random Jitter Test

Test Condition

Test Overview The purpose of this test is to verify that the Short Channel Random Jitter of the transmitter complies 
with the specification.

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Ping the DUT until CP1 is attained.

6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 40GSa/s

d 8M points

e Bandwidth to 12GHz

7 Set Sweep as AUTO.

8 Setup horizontal scale to 20us, position at 0.

9 Stop the acquisition and save the waveform in binary format.

10 Launch SigTest tool.

11 Load the waveform file. Select the options for Technology and Template File as shown in 
Figure 30.

a Test Mode set to ‘CEM’

b Technology set to ‘USB_3_5gb’

c Template File set to ‘USB_3_5Gb_CP1_SHORT’

Test Method

USB-IF SigTest
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Figure 30 SigTest tool settings for measuring Short Channel RJ
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12 Record the measurement result for Short Channel RJ.

Figure 31 SigTest tool report for Short Channel RJ measurement

Expected /
Observable Results

The measurement results for Short Channel Random Jitter must be within the conformance limit as 
specified in the USB 3.2 specification.
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5G Short Channel Maximum Deterministic Jitter, 5G Short Channel Total Jitter At BER- 12, 5G Short Channel Tem-
plate Test and 5G Short Channel Differential Output Voltage

Test Conditions

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Ping the DUT until CP0 is attained.

6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 40GSa/s

d 8M points

e Bandwidth to 12GHz

7 Set Sweep as AUTO

8 Setup horizontal scale to 20us, position at 0.

9 Stop the acquisition and save the waveform in binary format.

10 Launch SigTest tool.

11 Load the waveform file. Select the options for Technology and Template File as shown in 
Figure 32.

a Test Mode set to ‘CEM’

b Technology set to ‘USB_3_5gb’

c Template File set to ‘USB_3_5Gb_CP0_RjIN_SHORT’

d Set Random Jitter

Test Method

USB-IF SigTest



Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation 55
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Figure 32 SigTest tool settings for measuring DJ, TJ and Eye Height

12 Record the measurement result for DJ, TJ, and Eye Height.
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Figure 33 SigTest tool report for Short Channel DJ, TJ and Eye Height measurement

Expected /
Observable Results

The measurement results for Short Channel Deterministic Jitter, Total Jitter and Eye Height must be 
within the conformance limit as specified in the USB 3.2 specification.
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5G Transmitter Eye Near End (TP1) Tests

The 5G Transmitter Eye Near End (TP1) Tests include:

• 5G Near End Random Jitter

• 5G Near End Maximum Deterministic Jitter Test

• 5G Near End Total Jitter at BER- 12 Test

• 5G Near End Template Test

• 5G Near End Differential Output Voltage

This section provides the Methods of Implementation (MOIs) for 5G Transmitter Eye Near End tests 
using a Keysight 90000A Series Infiniium oscilloscope, USB 3.0 test fixture, and USB3.2 Test 
Compliance Application.

Connection Diagram See Appendix A, “Test Connection”.

Test Reference from
the Specification

Table 6-16 (ECN for SSP System Jitter Budget) of the USB 3.2 Specification, revision 1.0.

Figure 34 Table 6-16 of USB 3.2 Specification Version 1.0
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Figure 35 Gen 1 Eye Mask for 5G Transmitter Near End tests
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5G Near End Random Jitter Test

Test Overview The purpose of this test is to verify that the Near End Random Jitter of the transmitter complies with 
the specification.

Test Condition

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Ping the DUT until CP1 is attained.

6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 40GSa/s

d 8M points

e Bandwidth to 12GHz

7 Set Sweep as AUTO

8 Setup horizontal scale to 20us, position at 0.

9 Stop the acquisition and save the waveform.

10 Setup Clock Recovery:

2nd order PLL, data rate of 5Gbps, loop bandwidth of 4.9MHz, damping factor of 0.707

11 Setup EZJIT Complete:

a Set FUNC1 as source

b Enable Jitter Mode on EZJIT+

c BER Level: 1E-12

d Measurement: TIE (Phase)

e Edges: Both

f RJ Bandwidth: Narrow

g RJ Method: Spectral Only

h Pattern Length: Periodic, Auto

12 Obtain Near End RJ reading.

Expected /
Observable Results

The measurement results for Near End Random Jitter must be within the conformance limit as 
specified in the USB 3.2 specification.

Test Method

SDA
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5G Near End Maximum Deterministic Jitter and 5G Near End Total Jitter At BER-6 Test

Test Condition

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Ping the DUT until CP0 is attained.

6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 40GSa/s

d 8M points

7 Set Sweep as AUTO.

8 Setup horizontal scale to 20us, position at 0.

9 Stop the acquisition and save the waveform.

10 Setup Clock Recovery:

2nd order PLL, data rate of 5Gbps, loop bandwidth of 4.9MHz, damping factor of 0.707

11 Setup EZJIT Complete:

a Set FUNC1 as source

b Enable Jitter Mode on EZJIT+

c BER Level: 1E-12

d Measurement: TIE (Phase)

e Edges: Both

f RJ Bandwidth: Narrow

g RJ Method: Spectral Only

h Pattern Length: Arbitrary

i ISI Filter Lead: -2

j ISI Filter Lag: 18

Expected /
Observable Results

The measurement results for Total Jitter, Deterministic Jitter, Eye Width and Eye Height must be 
within the conformance limit as specified in the USB 3.2 specification.

Test Method

SDA
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5G Near End Template Test and 5G Near End Differential Output Voltage Test

Test Condition

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Ping the DUT until CP0 is attained.

6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 40GSa/s

d 8M points

7 Setup InfiniiSim. See Appendix A, “InfiniiSim Setup for 5G” for settings.

8 Set Sweep as AUTO.

9 Setup horizontal scale to 20us, position at 0.

10 Stop the acquisition and save the waveform.

11 Setup Clock Recovery:

2nd order PLL, data rate of 5Gbps, loop bandwidth of 4.9MHz, damping factor of 0.707

12 Enable Mask Test:

a Load Mask

b Set Source as FUNC1

c Set Color Grade to ON

d Set Infinite Persistent to ON

e Set Mask Scaling:

• Horizontal Scaling: -100ps

• Delta: 200ps

f Set Mask Vertical Scaling:

• 1 Level: 600mV

• 0 Level: -600mV

g Enable “Bind 1 & 0 Levels”

h Enable “Real-Time Eye”

13 Run Mask Test.

14 Measure Eye Height and Eye Width.

Expected /
Observable Results

The signal must pass the Mask Test and the Differential Output Voltage must be within the 
conformance limits as specified in the USB 3.2 specification.

Test Method

SDA
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5G BLR Clock Switch Test

The 5G BLR Clock Switch Test includes:

• 5G SSC Clock Switch df/dt

This section provides the Methods of Implementation (MOIs) for Clock Switch test using a Keysight 
90000A Series Infiniium oscilloscope, USB 3.0 test fixture, and USB3.2 Compliance Test Application.

Connection Diagram See Appendix A, “Test Connection”.

Test Reference from
the Specification

USB 3.2 Specification, Rev 1.0, Section 6.7.1, Table 6-18

Figure 36 Table 6-18 of USB 3.2 Specification Rev 1.0
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Test Conditions This test is applicable to only 5G data rate and BLR retimer mode. 

Test Overview The purpose of this test is to verify that the measured SSC deviation is within the conformance limits 
specified in Table 6-18 of the USB 3.2 Specification.

Test Procedure 1 Set up M8020A

2 Set the scope to default setting

3 Setup Function 1 as subtraction of Channel 1 and Channel 3

4 Set horizontal scale to 50 μs, positioned at -50 μs

5 Setup the acquisition

6 Setup triggers on channel 4 to detect clock switch event

7 Verify that clock switch event is being captured before clicking OK to the prompt. User can load a 
customized JBERT sequence for the DUT during this prompt.

8 Click OK to proceed with the clock switch test, the application will capture waveform and process 
by Matlab script.

Expected /
Observable Results

The measurement results for 5G SSC Clock Switch df/dt test must be within the conformance limit as 
specified in the USB 3.2 specification.

NOTE
Before running the test, please follow the steps mentioned in BLR Mode - 
System Configuration section in the Online Help. 

Online Help > Setting Up the Test Environment page > Setting Up Test 
Information page > BLR Mode - System Configuration section. 
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5G Jitter Transfer Function Test

The 5G Jitter Transfer Function Test includes:

• 5G JTF

This section provides the Methods of Implementation (MOIs) for 5G Jitter Transfer Function Test 
using a Keysight 90000A Series Infiniium oscilloscope, USB 3.0 test fixture, and USB3.2 Test 
Compliance Application.

Connection Diagram See Appendix A, “Test Connection”.

Test Reference from
the Specification

USB 3.2 Specification, Rev 1.0, Appendix E.5, Table E-3

Figure 37 Table E-3 of USB 3.2 Specification Revision 1.0

Figure 38 Jitter Transfer Illustration (Figure E-16, USB 3.2 Specification Revision 1.0)
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Test Conditions This test is only available for 5G data rate and BLR retimer mode. 

Test Overview The purpose of this test is to verify ratio of Pj.

Test Procedure 1 Set up M8020A

2 Set the scope to default setting

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 50 μs, position at 0 μs.

5 Setup the Acquisition

6 Run the test, the following message prompt appears, JBERT will pre-load with a default 
sequence. 

7 Measurements are made with direct connection between scope and JBERT

8 Click “OK” to continue with the test. The test will sweep across different frequencies to read the 
jitter measurement using EZJIT plus.

Expected /
Observable Results

The measurement results for 5G Jitter Transfer Function Test must be within the conformance limit 
as specified in the USB 3.2 specification.
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5G Transmitter Voltage Level Tests

The 5G Transmitter Voltage Level Tests include:

• De-emphasis ratio

• Peak-peak Differential Output Voltage using CP8

• Tx AC Common Mode Voltage Active

This section provides the Methods of Implementation (MOIs) for Voltage Level tests using a Keysight 
90000A Series Infiniium oscilloscope, USB 3.0 test fixture, and USB3.2 Test Compliance Application.

Connection Diagram See Appendix A, “Test Connection”.

Test Reference from
the Specification

Table 6-18, Table 6-19, and Table 6-21 of the USB 3.2 Specification, revision 1.0.

Figure 39 Table 6-18 of USB 3.2 Specification Version 1.0
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Figure 40 Table 6-19 of USB 3.2 Specification Version 1.0



4 5G Tests

68 Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation

Figure 41 Table 6-21 of USB 3.2 Specification Version 1.0

Figure 42 5G Transmitter Voltage Level Test measurement signal

Test Conditions

Test Overview The purpose of this test is to evaluate the De-emphasis ratio, differential output voltage and common 
mode voltage and to ensure that they comply with the specification.

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Set the trigger to “Auto Sweep”

Characterization Mode Tx Near End (TP0)

Checked Checked
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6 Setup the Acquisition

7 Set interpolation to OFF

8 Set Acquire points to AUTO

9 Set Sampling rate to 40GSa/s

10 Set horizontal scale to 20ns, position at 0.

11 Ping the DUT until CP7 is attained.

12 The amplitude will be the Top reading - Base reading. See Figure 43, which shows an example for 
amplitude measurement using Histogram.

Figure 43 Measuring Amplitude using Histogram

13 Ping the DUT until CP8 is attained.

14 Repeat step 12 to measure the amplitude.

15 Calculate the De-emphasis ratio using the equation:

De-emphasis ratio = 20log(CP8/CP7)

16 Record the measurement for De-emphasis ratio and differential voltage of CP8.

17 Ping the DUT until CP0 is attained.

18 Setup Function 4 as Common Mode of Channel 1 and Channel 3.

19 Measure Vpp of Function 4.

20 Record the measurement results.

Expected /
Observable Results

The measurement results for De-emphasis, Amplitude of CP8 and Tx Command Mode Voltage must 
be within the conformance limit as specified in the USB 3.2 specification.
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5 10G Tests

10G Skew Measurement for Retimer Test  /  72
10G SCD and LBPS Tests  /  75
10G Deemphasis and Preshoot Tests  /  83
10G Transmitter SSC Tests  /  88
10G Eye Measurement Test  /  95
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10G Transmitter Eye Short Channel (TP2) Tests  /  109
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This chapter describes the 10G tests that are performed by the USB3.2 Test Compliance Application 
in more detail; it contains information from (and refers to) the Universal Serial Bus 3.2 Specification, 
Revision 1.0, and it describes how the tests are performed.
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10G Skew Measurement for Retimer Test 

The 10G Skew Measurement Retimer Test includes:

• Skew Measurement Test (Information Only)

This section provides the Methods of Implementation (MOIs) for Skew Measurement for Retimer Test 
using a Keysight 90000A Series Infiniium oscilloscope, USB 3.0 test fixture, and USB3.2 Test 
Compliance Application.

Connection Diagram See Appendix A, “Test Connection”.

Test Reference from
the Specification

Not applicable (information only test)

Test Overview The purpose of this test is to measure lane to lane skew.

Test Procedure 1 Set Scope to Default.

2 Connect your Device Under Test to the test fixture. Apply VBUS to the test fixture by connecting 
to the USB port on the front panel of the scope.

3 Connect Tx1+ and Tx1- of the test fixture to Oscilloscope Channel 1 and Channel 3 using SMA 
cables2b. Connect Tx2+ and Tx2- of the test fixture to Oscilloscope Channel 2 and Channel 4 
using SMA cables

4 Connect Rx+ of the test fixture to the Aux Out of DSO 90000 scopes or Cal Out from DSOX 90000 
Scopes.
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5 Run Skew Measurement test from the test application
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6 After running the test, lane to lane skew measurement value should be available. 

Expected /
Observable Results

The result of the test includes skew measurement value from lane to lane. 
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10G SCD and LBPS Tests

The 10G LBPS Tests include:

• 10G LBPS tPWM

• 10G LBPS tLFPS_0

• 10G LBPS tLFPS_1

The 10G SCD Tests include:

• 10G SuperSpeedPlus Capability Declaration (SCD1)

• 10G SuperSpeedPlus Capability Declaration (SCD2)

• 10G SCD Rise Time

• 10G SCD Fall Time

• 10G SCD Duty Cycle

• 10G SCD Period

• 10G SCD tRepeat

• 10G SCD tBurst

• 10G SCD Differential Voltage

• 10G SCD Common Mode Voltage

This section provides the Methods of Implementation (MOIs) for 10G LBPS and 10G SCD tests using 
a Keysight 90000A Series Infiniium oscilloscope, USB 3.0 test fixture, and USB3.2 Test Compliance 
Application.
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10G LBPS Tests

Connection Diagram See Appendix A, “Test Connection”.

Test Reference from
the Specification

Table 6-33 of the USB 3.2 Specification, revision 1.0.

Figure 44 Table 6-33 of USB 3.2 Specification Version 1.0

Figure 45 Figure 6-34 of USB 3.2 Specification Version 1.0

Test Overview The purpose of this test is to evaluate the LBPS signal to ensure that the timing variables comply 
with the specification.

Test Procedure 1 Set up the stimulus connection on the Set Up tab.

2 Disconnect the USB 3.0 test fixture from the DUT.

3 Close the HSETT tool.

4 Setup horizontal scaling with Reference to Right, Scale of 30us, position at 200us.

5 Setup Function 1 as subtraction of Channel 1 and Channel 3.

6 Setup Function 4 as common mode of Channel 1 and Channel 3.

7 Setup the trigger:

a Trigger level to 200mV

b Hold off to 500us

c Trigger mode as Pattern mode

d Set trigger Logic as Low on trigger channel

e Setup trigger condition to range between 2us to 5 us

8 Setup the trigger to “Single”
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9 Setup the Acquisition

a Select Real Time mode

b Set interpolation to OFF

c Acquire points to AUTO

d Sample rate to 1GSa/s

10 Set stimulus to ON.

11 Verify that the correct waveform has been acquired. The highlighted area in Figure 46 is the LBPS 
signal.

Figure 46 LBPS signal on the acquired waveform in 10G LBPS tests

12 Set up the parameter measurement:

a Get all locations for the Start Burst and the Stop Burst of the LBPS waveform.

b Burst Width Measurement is the Start edge – Stop edge of the selected Burst.

c Burst Interval is the Start edge of the next burst – Start edge of current Burst.

d Measure the parameter below on the LBPS signal. Refer to Universal Serial Bus 3.2 
Specification, Revision 1.0 for examples pertaining to tPWM, tLFPS_0 and tLFPS_1.

13 Report the measurement values.

Expected /
Observable Results

The measurement results for tPWM, tLFPS_0 and tLFPS_1 must be within the conformance limit as 
specified in the USB 3.2 specification.
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10G SuperSpeedPlus Capability Declaration (SCD) Tests

Connection Diagram See Appendix A, “Test Connection”.

Test Reference from
the Specification

Table 6-29, Table 6-30, and Table 6-32 of the USB 3.2 Specification, revision 1.0.

Figure 47 Table 6-29 of USB 3.2 Specification Version 1.0
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Figure 48 Table 6-30 of USB 3.2 Specification Version 1.0
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Figure 49 Table 6-32 and Figure 6-35 of USB 3.2 Specification Version 1.0

Test Overview The purpose of this test is to evaluate the SCD signal to ensure that the timing variables comply with 
the specification.

Test Procedure 1 Set up the stimulus connection on the Set Up tab.

2 Disconnect the USB 3.0 test fixture from the DUT.

3 Close the HSETT tool.

4 Setup horizontal scaling with Reference to Right, Scale of 150us, position at -5us.

5 Setup Function 1 as subtraction of Channel 1 and Channel 3.

6 Setup Function 4 as common mode of Channel 1 and Channel 3.

7 Setup the trigger:

a Trigger level to 200mV

b Hold off to 500us

c Trigger mode as Pattern mode

d Set trigger Logic as Low on trigger channel

e Setup trigger condition to range between 2us to 5 us

8 Setup the trigger to “Single”

9 Setup the Acquisition

a Select Real Time mode

b Set interpolation to OFF

c Acquire points to AUTO

d Sample rate to 40GSa/s

e Bandwidth: 12GHz
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10 Set stimulus to ON.

11 Verify that the correct waveform has been acquired. The highlighted area in Figure 50 is the SCD 
signal.

Figure 50 SCD signal on the acquired waveform in 10G SCD tests

12 Set up the parameter measurement:

a Get all locations for the Start Burst and the Stop Burst of the SCD waveform.

b Burst Width Measurement is the Start edge – Stop edge of the selected Burst.

c Measure tRepeat, where tRepeat is the Burst Interval (Start edge of the next burst - Start edge 
of current burst) measurement.

13 Decode SCD1 from the waveform.

Figure 51 Decoding SCD1
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14 Decode SCD2 from the waveform.

Figure 52 Decoding SCD2

15 Measure the parameters listed below on each Burst. The measurement window on each Burst 
must be set to 100ns after the Burst start and 100ns before the Burst end. This is done to comply 
with the CTS requirements.

a Differential Voltage

b Period

c Duty Cycle

d Rise Time

e Fall Time

f Common Mode Voltage

16 Report the measurement values.

Expected /
Observable Results

• SCD pattern must be correct. SCD1 pattern is ‘0010’ and SCD2 pattern is ‘1101’.

• The timing measurement results must be within the conformance limit as specified in the USB 3.2 
specification.
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10G Deemphasis and Preshoot Tests

The 10G Deemphasis and Preshoot Tests include:

• Deemphasis

• Preshoot

This section provides the Methods of Implementation (MOIs) for Transmitter SSC te=sts using a 
Keysight 90000A Series Infiniium oscilloscope, USB 3.0 test fixture, and USB3.2 Test Compliance 
Application.

Connection Diagram See Appendix A, “Test Connection”.

Test Reference from
the Specification

Section 6.7.5.2, Table 6-21 of the USB 3.2 Specification, revision 1.0.

USB 3.2 Engineering Change Notice (ECN), Title: TxEQ Equalization Settings

Please note, as per the mentioned ECN, the de-emphasis value (in Table 6-21 of the spec) has been 
changed to 2.1 (min) and 7.0 (max) from the previous -3.1 + 1.0.

Figure 53 Table 6-21 of USB 3.2 Specification Version 1.0
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Figure 54 Waveforms with and without Deemphasis and Preshoot

Figure 55 Equations for Preshoot and Deemphasis

Test Condition#1

Test Overview The purpose of this test is to evaluate Preshoot and Deemphasis and that they comply with the 
specification, using the SigTest tool.

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Set trigger to AUTO Sweep.

TxEQ Test Mode

True
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6 Setup the Acquisition

a Set interpolation to OFF

b Set acquire points to Auto

c Sample rate to 40GSa/s

d Bandwidth to 12GHz

7 Ping the DUT until CP13 is attained. Save the waveform in binary format.

8 Ping the DUT until CP14 is attained. Save the waveform in binary format.

9 Ping the DUT until CP15 is attained. Save the waveform in binary format.

10 Launch SigTest tool.

a From the drop-down options, select USB 3.2 TxEQ.

Figure 56 Selecting Preset option in the SigTest tool

b Place all waveform files (saved in the previous steps) in a common folder.

c Select “All Files in Folder” option.

d Browse to the folder that contains all waveform files.
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Figure 57 Selecting Waveform Files in the SigTest tool

e Click the “Test” button.

f Record the results. 

Expected /
Observable Results

The measurement results for Preshoot and Deemphasis must be within the conformance limit as 
specified in the USB 3.2 specification.

Test Condition#2

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Set trigger to AUTO Sweep.

6 Setup the Acquisition

a Set interpolation to OFF

b Set acquire points to Auto

c Sample rate to 40 GSa/s

7 Ping the DUT until CP13 is attained.

8 The top is measured between UI#57 to UI#62.

9 The base is measured between UI#57 to UI#62.

10 The amplitude is measured as Top reading - Base reading. Refer to Figure 54 (or Figure 6-23 of 
USB 3.2 Specification, revision 1.0).

11 Ping the DUT until CP14 is attained.

12 Repeat steps from step 8 to step 10.

13 Ping the DUT until CP15 is attained.

14 Repeat steps from step 8 to step 10.

15 Calculate Preshoot and Deemphasis using equations shown in Figure 55.

TxEQ Test Mode

False
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16 Record the measurement result.

Expected /
Observable Results

The measurement results for Preshoot and Deemphasis must be within the conformance limit as 
specified in the USB 3.2 specification.
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10G Transmitter SSC Tests

The 10G Transmitter Spread Spectrum Clocking (SSC) Tests include:

• Unit Interval (with SSC) Test

• SSC Deviation Test

• SSC Modulation Rate Test

• SSC df/dt Test

This section provides the Methods of Implementation (MOIs) for 5G Transmitter SSC tests using a 
Keysight 90000A Series Infiniium oscilloscope, USB 3.0 test fixture, and USB3.2 Test Compliance 
Application.

Connection Diagram See Appendix A, “Test Connection”.

Test Reference from
the Specification

Table 6-17 and Table 6-18 of the USB 3.2 Specification, revision 1.0.

Figure 58 Table 6-17 of USB 3.2 Specification Version 1.0
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Figure 59 Table 6-18 of USB 3.2 Specification Version 1.0
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Unit Interval (with SSC) Test

Test Conditions

Test Overview The purpose of this test is to verify that the SSC of the transmitter complies with the specification.

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 80GSa/s

d 16M points

e Bandwidth to 25GHz

6 Set Sweep as AUTO

7 Ping the DUT until CP10 is attained.

8 Setup horizontal scale to 20us, position at 0.

9 Stop the acquisition and save the waveform.

10 Set ‘Unit Interval Measurement’ to ON.

11 Set ‘Measurement Trend’ to ON.

12 Measure Vmax of the measurement trend.

13 Measure Vmin of the measurement trend.

14 Measure Vaverage of the measurement trend.

15 Record the measurement result.

Expected /
Observable Results

The measurement results for Unit Interval must be within the conformance limit as specified in the 
USB 3.2 specification.

Reference Clock

Clean Clock
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SSC Deviation Test, SSC Modulation Rate Test, SSC df/dt Test

Test Conditions#1

Test Overview The purpose of this test is to verify that the SSC of the transmitter complies with the specification.

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 80GSa/s

d 16M points

e Bandwidth to 25GHz

6 Set Sweep as AUTO

7 Ping the DUT until CP10 is attained.

8 Setup horizontal scale to 20us, position at 0.

9 Stop the acquisition and save the waveform in binary format.

Reference Clock SSC Test Mode

SSC True
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10 Launch SigTest tool.

a Load the waveform file.

b Ensure that SSC template is selected. See Figure 60.

Figure 60 Selecting the SSC Template File on the SigTest tool

11 Record the measurement result.

Test Conditions#2

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 80GSa/s

d 16M points

e Bandwidth to 25GHz

6 Set Sweep as AUTO

7 Ping the DUT until CP10 is attained.

8 Setup horizontal scale to 20us, position at 0.

9 Stop the acquisition.

10 Set ‘Unit Interval Measurement’ to ON.

11 Set ‘Measurement Trend’ to ON for function 1.

12 Save the measurement in CSV format.

Reference Clock SSC Test Mode

SSC False
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13 The CSV waveform is processed within a MATLAB script.

a Perform a second-order low pass filter. Cut-off frequency is set as 60 times of the modulation 
rate, 1.98MHz.

b Measure the Vtop and Vbase for every SSC triangle profile, as shown in Figure 61.

Figure 61 Vtop and Vbase measurements on an SCC triangle profile

c Measure the modulation rate, modulation rate is 1/tcycle. tcycle is defined as shown in 
Figure 62.

Figure 62 Measuring Modulation Rate
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d Measure the rate of change over 0.5us interval. Convert the resulting value’s unit to ppm/us.

Figure 63 Measuring Rate of change

14 Record the measurement result.

Expected /
Observable Results

The measurement results for SSC must be within the conformance limit as specified in the USB 3.2 
specification.
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10G Eye Measurement Test

The 10G Eye Measurement Test includes:

• CTLE_Adc Selection

This section provides the Methods of Implementation (MOIs) for 10G Eye Measurement test using a 
Keysight 90000A Series Infiniium oscilloscope, USB 3.0 test fixture, and USB3.2 Test Compliance 
Application.

Connection Diagram See Appendix A, “Test Connection”.

Test Reference from
the Specification

ECN CTLE of the USB 3.2 Specification, revision 1.0.

Figure 64 Figure 6-28 of USB 3.2 Specification Version 1.0

Test Condition

Test Overview The purpose of this test is to obtain the DC Gain that yields the best Eye opening, which complies 
with the specification.

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Ping the DUT until CP10 is attained.

Test Method

SDA
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6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 80GSa/s

d 16M points

e Bandwidth to 25GHz

7 Set Sweep as AUTO.

8 Setup horizontal scale to 20us, position at 0.

9 Stop the acquisition and save the waveform.

10 Setup Clock Recovery:

2nd order PLL, Nominal data rate of 10Gbps, loop bandwidth of 7.5MHz, damping factor of 0.707

11 Setup CTLE:

a # of Poles: USB3.2

b Pole 1 Frequency: 1.5GHz

c Pole 2 Frequency: 5.0GHz

d AC Gain: 1.413

e DC Gain: 10^(DC/20), where the default value of DC is 0dB

12 Enable Mask Test:

a Load Mask

b Set Source as CTLE

c Set Color Grade to ON

d Set Infinite Persistent to ON

e Set Mask Scaling:

• Horizontal Scaling: -50ps

• Delta: 100ps

f Set Mask Vertical Scaling:

• 1 Level: 600mV

• 0 Level: -600mV

g Enable “Bind 1 & 0 Levels”

h Enable “Real-Time Eye”

13 Repeat steps from step 11 to step 12 after changing the value of DC from 0dB to -6dB.

14 Record the value of DC that yields the best Eye opening.

Expected /
Observable Results

The DC Gain must yield the best Eye opening, which must conform to the USB 3.2 specification.
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10G Transmitter Random Jitter Tests

The 10G Transmitter Random Jitter Test includes:

• 10G Random Jitter

This section provides the Methods of Implementation (MOIs) for 10G Transmitter Random Jitter test 
using a Keysight 90000A Series Infiniium oscilloscope, USB 3.0 test fixture, and USB3.2 Test 
Compliance Application.

Connection Diagram See Appendix A, “Test Connection”.

Test Reference from
the Specification

Table 6-16 and Table 6-20 of the USB 3.2 Specification, revision 1.0.

Figure 65 Table 6-16 of USB 3.2 Specification Version 1.0



5 10G Tests

98 Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation

10G Random Jitter Test

Test Condition#1

Test Overview The purpose of this test is to verify that the Short Channel Random Jitter of the transmitter complies 
with the specification.

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Ping the DUT until CP10 is attained.

6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 80GSa/s

d 16M points

e Bandwidth to 25GHz

7 Set Sweep as AUTO.

8 Setup horizontal scale to 20us, position at 0.

9 Stop the acquisition and save the waveform in binary format.

10 Launch SigTest tool.

11 Load the waveform file. Select the options for Technology and Template File as shown in 
Figure 66.

a Technology set to ‘USB_3_10GB’

b Template File set to ‘USB_3_10Gb_CP10_Tx_Rj_Test’

Figure 66 SigTest tool settings for measuring 10G RJ

12 Record the measurement result for the 10G RJ.

Test Method

USB-IF SigTest
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Figure 67 SigTest tool report for 10G RJ measurement

Expected /
Observable Results

The measurement results for 10G Random Jitter must be within the conformance limit as specified in 
the USB 3.2 specification.

Test Condition#2

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Ping the DUT until CP10 is attained.

6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 80GSa/s

d 16M points

e Bandwidth to 25GHz

7 Set Sweep as AUTO.

8 Setup horizontal scale to 20us, position at 0.

9 Stop the acquisition and save the waveform.

Test Method

SDA
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10 Setup CTLE:

a # of Poles: USB3.2

b Pole 1 Frequency: 1.5GHz

c Pole 2 Frequency: 5.0GHz

d AC Gain: 1.413

e DC Gain: 10^(DC/20) (See “10G Eye Measurement Test” on page 95 for the optimum value of DC)

11 Setup Clock Recovery:

2nd order PLL, data rate of 10Gbps, loop bandwidth of 7.5MHz, damping factor of 0.707

12 Setup EZJIT Complete:

a Set CTLE as source

b Enable Jitter Mode on EZJIT+

c BER Level: 1E-6

d Measurement: TIE (Phase)

e Edges: Both

f RJ Bandwidth: Narrow

g RJ Method: Spectral Only

h Pattern Length: Periodic, Auto

13 Obtain RJ reading.

Expected /
Observable Results

The measurement results for 10G Random Jitter must be within the conformance limit as specified in 
the USB 3.2 specification.
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10G Transmitter Eye Far End (TP4) Tests

The 10G Transmitter Eye Far End (TP4) Tests include:

• 10G Far End Maximum Deterministic Jitter Test

• 10G Far End Total Jitter at BER- 6 Test

• 10G Far End Template Test

• 10G Far End Differential Output Voltage

• Extrapolated Eye Height

• Minimum Eye Width

This section provides the Methods of Implementation (MOIs) for 10G Transmitter Eye Far End (TP4) 
tests using a Keysight 90000A Series Infiniium oscilloscope, USB 3.0 test fixture, and USB3.2 Test 
Compliance Application.

Connection Diagram See Appendix A, “Test Connection”.

Test Reference from
the Specification

Table 6-16 and Table 6-20 (ECN for SSP System Jitter Budget) of the USB 3.2 Specification, revision 
1.0.

Figure 68 Table 6-20 of USB 3.2 Specification Version 1.0

NOTE
According to the USB 3.2 Specification, Version 1.0 CTS, the Eye Width and the Extrapolated 
Eye Height measurement requires computing the Data Eye using CP9 using Rj as input from 
the CP10 waveform and compare it against requirements for a 70mV Eye Height and a 48.0ps 
Eye Width both at 10E-6 BER.
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Figure 69 Equation for Reference DFE

Figure 70 Gen 2 Eye Mask for 10G Transmitter Eye Far End (TP1) tests
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10G Far End Maximum Deterministic Jitter, 10G Far End Total Jitter At BER-6, 10G Far End Template Test, Extrap-
olated Eye Height, Minimum Eye Width

Test Overview The purpose of this test is to verify that the measured Deterministic Jitter and Total Jitter comply 
with the specification.

Test Condition

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Ping the DUT until CP9 is attained.

6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 80GSa/s

d 16M points

e Bandwidth to 25GHz

7 Setup InfiniiSim. See Appendix A, “InfiniiSim Setup for 10G” for settings.

8 Set Sweep as AUTO.

9 Setup horizontal scale to 20us, position at 0.

10 Stop the acquisition and save the waveform in binary format.

11 Launch SigTest tool.

12 Load the waveform file. Select the options for Technology and Template File as shown in 
Figure 71.

a Technology set to ‘USB_3_10GB’

b Template File set to ‘USB_3_10Gb_CP9_Tx’

c Set Random Jitter

Test Method

USB-IF SigTest
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Figure 71 SigTest tool settings for measuring DJ, TJ, Eye Width and Extrapolated Eye Height

13 Record the measurement result for DJ, TJ, Eye Width and Extrapolated Eye Height.



Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation 105

10G Tests 5

Figure 72 SigTest tool report for DJ, TJ, Eye Width and Eye Height measurement

Expected /
Observable Results

The measurement results for Deterministic Jitter, Total Jitter, Eye Width and Extrapolated Eye 
Height must be within the conformance limit as specified in the USB 3.2 specification.
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10G Far End Maximum Deterministic Jitter and 10G Far End Total Jitter At BER-6 Test

Test Condition

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Ping the DUT until CP9 is attained.

6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 80GSa/s

d 16M points

7 Setup InfiniiSim. See Appendix A, “InfiniiSim Setup for 10G” for settings.

8 Set Sweep as AUTO.

9 Setup horizontal scale to 20us, position at 0.

10 Stop the acquisition and save the waveform.

11 Setup CTLE:

a # of Poles: USB3.2

b Pole 1 Frequency: 1.55GHz

c Pole 2 Frequency: 5.0GHz

d AC Gain: 1.413

e DC Gain: 10^(DC/20) (See “10G Eye Measurement Test” on page 95 for the optimum value of DC)

12 Setup Clock Recovery:

2nd order PLL, data rate of 10Gbps, loop bandwidth of 7.5MHz, damping factor of 0.707

13 Setup EZJIT Complete:

a Set CTLE as source

b Enable Jitter Mode on EZJIT+

c BER Level: 1E-6

d Measurement: TIE (Phase)

e Edges: Both

f RJ Bandwidth: Narrow

g RJ Method: Spectral Only

h Pattern Length: Arbitrary

i ISI Filter Lead: -2

j ISI Filter Lag: 18

Expected /
Observable Results

The measurement results for Total Jitter, Deterministic Jitter, Eye Width and Extrapolated Eye 
Height must be within the conformance limit as specified in the USB 3.2 specification.

Test Method

SDA
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10G Far End Template Test and 10G Far End Differential Output Voltage Test

Test Condition

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Ping the DUT until CP9 is attained.

6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 80GSa/s

d 16M points

7 Setup InfiniiSim. See Appendix A, “InfiniiSim Setup for 10G” for settings.

8 Set Sweep as AUTO.

9 Setup horizontal scale to 20us, position at 0.

10 Stop the acquisition and save the waveform.

11 Setup CTLE:

a # of Poles: USB3.2

b Pole 1 Frequency: 1.5GHz

c Pole 2 Frequency: 5.0GHz

d AC Gain:1.413

e DC Gain: 10^(DC/20) (See “10G Eye Measurement Test” on page 95 for the optimum value of DC)

12 Setup Clock Recovery:

2nd order PLL, data rate of 10Gbps, loop bandwidth of 7.5MHz, damping factor of 0.707

13 Enable Mask Test:

a Load Mask

b Set Source as CTLE

c Set Color Grade to ON

d Set Infinite Persistent to ON

e Set Mask Scaling:

• Horizontal Scaling: -50ps

• Delta: 100ps

f Set Mask Vertical Scaling:

• 1 Level: 600mV

• 0 Level: -600mV

g Enable “Bind 1 & 0 Levels”

h Enable “Real-Time Eye”

Test Method

SDA
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14 For DFE setup, click the DFE tab:

a Set CTLE as the source

b # of DFE taps: 1

c Gain: 1

d Upper Target & Lower Target = ±25mV

e In the Auto Set section, set Max Tap Value = 1.0

f Set Min Tap value = 0.0

g Set Tap 1 value = 1

h Select to check Enable DFE

i Fill in the Delay to adjust the position of the waveform

j Note the following acronyms:

i T = Unit-less Tap value

ii U = Upper target

iii L = Lower target

iv A = Amplitude

v O = Offset

vi A = (U-L)/2

vii O = (U+L)/2

viii U & L = ±50mV; Tap = 1 is equal to U & L = ±1; Tap = 0.5

15 Run Mask Test.

16 Measure Eye Height and Eye Width.

Expected /
Observable Results

The signal must pass the Mask Test and the Differential Output Voltage must be within the 
conformance limits as specified in the USB 3.2 specification.

Bit (0-1) V

1 V = O + A * (T1 * 1)

0 V = O + A * (T1 * -1)
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10G Tests 5

10G Transmitter Eye Short Channel (TP2) Tests

The 10G Transmitter Eye Short Channel (TP2) Tests include:

• 10G Short Channel Template Test

• 10G Short Channel Differential Output Voltage

• 10G Short Channel Extrapolated Eye Height Test

• 10G Short Channel Minimum Eye Width Test

This section provides the Methods of Implementation (MOIs) for 10G Transmitter Eye Short Channel 
tests using a Keysight 90000A Series Infiniium oscilloscope, USB 3.0 test fixture, and USB3.2 Test 
Compliance Application.

Connection Diagram See Appendix A, “Test Connection”.

Test Reference from
the Specification

Table 6-16 and Table 6-20 of the USB 3.2 Specification, 
revision 1.0.

Figure 73 Table 6-20 of USB 3.2 Specification Version 1.0

NOTE
10G Transmitter Eye Short Channel (TP2) Tests will not be available if 10G 
Transfer Function > Channel Setting 10G is selected as Captive Device. 

Set Up tab > Transfer Function Setup button > Configure Transfer 
Function dialog box > 10G Transfer Function tab > Channel Settings 10G

NOTE
According to the USB 3.2 Specification, Version 1.0 CTS, the Eye Width and the Extrapolated 
Eye Height measurement requires computing the Data Eye using CP9 using Rj as input from 
the CP10 waveform and compare it against requirements for a 70mV Eye Height and a 48.0ps 
Eye Width both at 10E-6 BER.
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Figure 74 Equation for Reference DFE

Figure 75 Gen 2 Eye Mask for 10G Transmitter Short Channel tests
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10G Tests 5

10G Short Channel Template Test, 10G Short Channel Differential Output Voltage, 10G Short Channel Extrapolated 
Eye Height and 10G Short Channel Minimum Eye Width

Test Conditions

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Ping the DUT until CP9 is attained.

6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 80GSa/s

d 16M points

e Bandwidth to 25GHz

7 Set Sweep as AUTO

8 Setup horizontal scale to 20us, position at 0.

9 Stop the acquisition and save the waveform.

10 Launch SigTest tool.

11 Load the waveform file. Select the options for Technology and Template File as shown in 
Figure 76.

a Technology set to ‘USB_3_10GB’

b Template File set to ‘USB_3_10Gb_CP9_Tx_Short’

c Set Random Jitter

Figure 76 SigTest tool settings for measuring Eye Width and Extrapolated Eye Height

Test Method

USB-IF SigTest
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12 Record the measurement result for Eye Width and Extrapolated Eye Height.

Figure 77 SigTest tool report for Short Channel Eye Width and Extrapolated Eye Height measurement

Expected /
Observable Results

The measurement results for Short Channel Eye Width and Extrapolated Eye Height must be within 
the conformance limit as specified in the USB 3.2 specification.
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10G Tests 5

10G Transmitter Eye Near End (TP1) Tests

The 10G Transmitter Eye Near End (TP1) Tests include:

• 10G Near End Random Jitter

• 10G Near End Maximum Deterministic Jitter Test

• 10G Near End Total Jitter at BER- 6 Test

• 10G Near End Template Test

• 10G Near End Differential Output Voltage

This section provides the Methods of Implementation (MOIs) for 10G Transmitter Eye Near End (TP1) 
tests using a Keysight 90000A Series Infiniium oscilloscope, USB 3.0 test fixture, and USB3.2 Test 
Compliance Application.

Connection Diagram See Appendix A, “Test Connection”.

Test Reference from
the Specification

Table 6-16 of the USB 3.2 Specification, revision 1.0.

Figure 78 Table 6-16 of USB 3.2 Specification Version 1.0
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Figure 79 Gen 2 Eye Mask for 10G Transmitter Eye Near End (TP0) tests
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10G Tests 5

10G Near End Random Jitter Test

Test Overview The purpose of this test is to verify that the Near End Random Jitter of the transmitter complies with 
the specification.

Test Condition

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Ping the DUT until CP10 is attained.

6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 80GSa/s

d 16M points

e Bandwidth to 25GHz

7 Set Sweep as AUTO

8 Setup horizontal scale to 20us, position at 0.

9 Stop the acquisition and save the waveform.

10 Setup Clock Recovery:

2nd order PLL, data rate of 10Gbps, loop bandwidth of 7.5MHz, damping factor of 0.707

11 Setup EZJIT Complete:

a Set FUNC1 as source

b Enable Jitter Mode on EZJIT+

c BER Level: 1E-6

d Measurement: TIE (Phase)

e Edges: Both

f RJ Bandwidth: Narrow

g RJ Method: Spectral Only

h Pattern Length: Periodic, Auto

12 Obtain Near End RJ reading.

Expected /
Observable Results

The measurement results for Near End Random Jitter must be within the conformance limit as 
specified in the USB 3.2 specification.

10G Near End Maximum Deterministic Jitter and 10G Near End Total Jitter At BER-6 Test

Test Condition

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

Test Method

SDA

Test Method

SDA
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4 Set horizontal scale to 2ns, position at 0.

5 Ping the DUT until CP9 is attained.

6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 80GSa/s

d 16M points

7 Set Sweep as AUTO.

8 Setup horizontal scale to 20us, position at 0.

9 Stop the acquisition and save the waveform.

10 Setup Clock Recovery:

2nd order PLL, data rate of 10Gbps, loop bandwidth of 7.5MHz, damping factor of 0.707

11 Setup EZJIT Complete:

a Set FUNC1 as source

b Enable Jitter Mode on EZJIT+

c BER Level: 1E-6

d Measurement: TIE (Phase)

e Edges: Both

f RJ Bandwidth: Narrow

g RJ Method: Spectral Only

h Pattern Length: Arbitrary

i ISI Filter Lead: -2

j ISI Filter Lag: 18

Expected /
Observable Results

The measurement results for Total Jitter and Deterministic Jitter must be within the conformance 
limit as specified in the USB 3.2 specification.
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10G Tests 5

10G Near End Template Test and 10G Near End Differential Output Voltage Test

Test Condition

Test Procedure 1 Set up the stimulus for 2-cycle LFPS ping.

2 Default the scope.

3 Setup Function 1 as subtraction of Channel 1 and Channel 3.

4 Set horizontal scale to 2ns, position at 0.

5 Ping the DUT until CP9 is attained.

6 Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

c Sample rate to 80GSa/s

d 16M points

7 Set Sweep as AUTO.

8 Setup horizontal scale to 20us, position at 0.

9 Stop the acquisition and save the waveform.

10 Setup Clock Recovery:

2nd order PLL, data rate of 10Gbps, loop bandwidth of 7.5MHz, damping factor of 0.707

11 Enable Mask Test:

a Load Mask

b Set Source as FUNC1

c Set Color Grade to ON

d Set Infinite Persistent to ON

e Set Mask Scaling:

• Horizontal Scaling: -50ps

• Delta: 100ps

f Set Mask Vertical Scaling:

• 1 Level: 600mV

• 0 Level: -600mV

g Enable “Bind 1 & 0 Levels”

h Enable “Real-Time Eye”

12 Run Mask Test.

13 Measure Eye Height and Eye Width.

Expected /
Observable Results

The signal must pass the Mask Test and the Differential Output Voltage must be within the 
conformance limits as specified in the USB 3.2 specification.

Test Method

SDA
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Test Connection

When performing compliance tests, the USB3.2 Test Compliance Application prompts you for proper 
connections. The connections may appear similar to the diagram showed in Figure 80. Refer to the 
Connect tab in USB3.2 Test Compliance Application for more details.

Figure 80 Connection Diagram for various USB 3.2 Compliance Tests

Required fixture for connections

Keysight recommends using the N7015A/N7016A Type-C Test Kit for connections. For more 
information about this fixture kit, refer to the Keysight N7015A/16A Type-C Test Kit User Guide.

http://www.keysight.com/main/redirector.jspx?action=ref&cname=EDITORIAL&ckey=2674869&lc=eng&cc=MY&nfr=-32580.1140136.00
http://www.keysight.com/main/redirector.jspx?action=ref&cname=EDITORIAL&ckey=2674869&lc=eng&cc=MY&nfr=-32580.1140136.00
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Appendix A

Compliance Pattern used in USB3 Tx Tests

Following images display the compliance patterns acquired or attained during USB3 Tx Tests:

LFPS Pattern in 5G Tests

LFPS Pattern in 10G Tests
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CP0 Pattern

CP1 Pattern
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Appendix A

CP7 Pattern

CP8 Pattern
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CP9 Pattern

CP10 Pattern
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Appendix A

CP13 Pattern

CP14 Pattern
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CP15 Pattern

SCD and LBPM Pattern
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Appendix A

Compliance Pattern Sequence

Refer to the Table 6-13 of the USB 3.2 Specification, Revision 1.0.
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Mask Template

The mask template can be located within the folders specified below:

C:\Program Files\Keysight\Infiniium\Apps\USB3Test\app\template

1 USB3 Gen 1 Far End Mask Template

USB3_0_Template_FarEnd.dat

2 USB3 Gen 1 Near End Mask Template

USB3_0_Template_NearEnd.dat

3 USB3 Gen 2 Far End Mask Template

USB3_SSP_Template_FarEnd.dat

4 USB3 Gen 2 Near End Mask Template

USB3_SSP_Template_NearEnd.dat
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Appendix A

InfiniiSim Setup for 5G

Transfer function files can be located within the folders specified below:

C:\Users\Public\Documents\Infiniium\Apps\USB3Test\TransferFunctions

1 De-embed keysight fixture (N7015A)

a Channel Setting: C to C

N7015A_Deembed__13p5dbLossAt2p5GHz_Embed.tf4

b Channel Setting: Captive Device

N7015A_Deembed__6p5dbLossAt2p5GHz_Embed.tf4

2 De-embed Keysight fixture (U7242A)

Device Mode

a Channel Setting: Std A to Std B

U7242A_Deembed__USB3_TX_Device_Channel.tf4

b Channel Setting: Std A to Micro B

U7242A_Deembed__USB3_MicroB_Channel.tf4

c Channel Setting: Tethered

U7242A_Deembed__USB3_Tethered_Channel.tf4

Host Mode

a Channel Setting: Std A to Std B

U7242A_Deembed__USB3_TX_Host_Channel.tf4

b Channel Setting: Micro AB

U7242A_Deembed__USB3_MicroAB_Channel.tf4

3 De-embed USBIF fixture

a Std A to Std B

USB3_TX_Device_Channel.tf4

b Std A to Micro B

USB3_MicroB_Channel.tf4

c Tethered

USB3_Tethered_Channel.tf4

d Micro AB

USB3_MicroAB_Channel.tf4

e C to C

SSGen1_TxComp12p7dB_Embedding.tf4

f Captive Device

SSGen1_TxComp6p5dB_Embedding.tf4 
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InfiniiSim Setup for 10G

Transfer function files can be located within the folders specified below:

C:\Users\Public\Documents\Infiniium\Apps\USB3Test\TransferFunctions

1 De-embed keysight fixture (N7015A)

a Channel Setting: C to C

N7015A_Deembed__TypC_TypC_14p1dbAt5GHz_Embed.tf4

b Channel Setting: Captive Device 

Device Mode

N7015A_Deembed__Mock_Device_Cascaded_Model_8p5dB_rspl.tf4

Host Mode

N7015A_Deembed__Mock_Host_Cascaded_Model_8p5dB_rspl.tf4

2 De-embed USBIF fixture

a Std A to Std B

SSGen2_TxComp12p2dB_Embedding.tf4

b Std A to Micro B

SSGen2_TxComp12p2dB_Embedding.tf4

c Std A to C

SSGen2_TxComp12p2dB_Embedding.tf4

d C to Std B

SSGen2_TxComp12p2dB_Embedding.tf4

e C to Micro B

SSGen2_TxComp12p2dB_Embedding.tf4

f C to C

SSGen2_TxComp12p2dB_Embedding.tf4

g Captive Device

Device Mode

Mock_Device_Cascaded_Model_8p5dB_rspl.tf4

Host Mode

Mock_Host_Cascaded_Model_8p5dB_rspl.tf4
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