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USB3.2 Test Compliance Application—At a Glance

The Keysight DS020USBC 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.

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.

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 4, “bG 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".
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Keysight D9020USBC USB3.2 Compliance Test Application

Methods of Implementation

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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1 Installing the USB3.2 Test Compliance Application

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.
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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.

ﬂ Keysight License Manager
’ @ Licenses on I (localhost) C,
n Ly
g Full computer name: I msr.is.keysight.com
8 [Host ID: PCSERNO,JBXXXXXXXX]
=]
=
wm

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.

?-I:le |

Why do I need these tools?

| Install License File... S ctri+1 |
Install License from Text... Ctri+T
View License Alerts Ctri+L

Explore Transport URLs
About Keysight License Manager

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.
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Installing the USB3.2 Test Compliance Application

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.

= | ]

u Keysight License Manager 6

Heme

Environment

ault Hostid

et Bddress

cal MAC Address

C:%Program Files ommon Files\Intel“Shared Librarieshredist\intelsé

il Compact

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.

m Keysight License Manager & | 53
Home
Environment
View licenses
License usage

Borrow license

o Specify a remote floating license server

(Administrators can set up a new licen erver here)

6 Add/remove a license on your local machine

Close Help

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.
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1 Installing the USB3.2 Test Compliance Application
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Keysight D9020USBC USB3.2 Compliance Test Application

Methods of Implementation

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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2

Preparing to Take Measurements

Required Equipment and Software

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

Keysight 90000A Series Infiniium Digital Storage Oscilloscope (DSO) or
Keysight 90000A X-Series Infiniium Digital Storage Oscilloscope (DSO) or
Keysight 90000A V-Series Infiniium Digital Storage Oscilloscope (DSO) or
Keysight 90000A Q-Series Infiniium Digital Storage Oscilloscope (DSO) or
Keysight 90000A Z-Series Infiniium Digital Storage Oscilloscope (DSO) or
Keysight UXR Series Infiniium Oscilloscope.

Keysight recommends using 13 GHz and higher bandwidth oscilloscope with at least TM 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.

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).

Precision BNC to SMA adapter, quantity = 2.

50 ohm coaxial cable (24 inches or shorter), quantity = 2, OR

1169A Infiniimax probe, quantity = 2.

U7242A USB 3.0 test fixture.

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

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

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

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.

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.

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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2 Preparing to Take Measurements

Connecting the USB 3.2 Test Fixture
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Figure 5 Block Diagram of U7242A USB 3.0 Test Fixture

51

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):
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Preparing to Take Measurements

¥ USB3.1 Test Application -- USB3.1 Device 1

File View Tools Help
Set Up Select Tests Configure Connect Run Automate Results HTML Report

Product Under Test Compliance Mode Test Information
O Device Tx Far End (TP1) O ssc

[Informative Only)

@ Host B characterization Mode @ Radio Friendly S5C
@ Hub-Upstream @ Clean Clock

@ Hub-Downstream
Test Method
10G 5G

Device ID

Transfer Function Input Signal
Select input
signal type:
Load 5G InfiniiSim transfer functi Saved Waveform Setup

[Transfer Function Setup| Live signal

C:\Users\Public\Documents _ wse |

Im . ] External Instrument Setup
| Load 106G InfiniiSim transfer function

| — || INSt Setu Automate Power Suppl
C:\Users\Public\Documents _ | Browse | 7[)' . ' PRy

Type-C Environment Setup

B Enable Type-C Controller

Test Report
User Comments:

F
1
2
3
4

F
1
2
3

Keysight D9020USBC USB3.2

or Device test:
Connect DUT to J1 by using 4 inches USB 3.0 Standard-A to Standard-B cable.
Connect J6 and J7 to the oscilloscope to measure USB 2.0 signal.

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

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

or Host test:
Connect DUT to J8 by using 4 inches USB 3.0 Standard-A to Standard-B cable.
Connect J13 and J14 to the oscilloscope to measure USB 2.0 signal.

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

Connect J9 and J10 to the oscilloscope to measure the SuperSpeed (USB 3.0) Receiver signal.

Compliance Test Application Methods of Implementation
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2 Preparing to Take Measurements

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

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.

Analyze | Utilities Demos Help
Gallery...

Quick Jitter

Quick Eye Diagrams
Histogram...

Mask Test...

Automated Test Apps U7232E DisplayPort Test App
Analysis Diagram... Reference App
Measurement Analysis (EZJIT)... | U7243C USB3 Test App

Figure 6 Starting the D9020USBC USB3 Test App
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2 Preparing to Take Measurements

The USB3.2 Test Compliance Application launches with the Set Up tab as default.

¥ USB3.1 Test Application -- USB3.1 Device 1

File View Tools Help
Set Up Select Tests Configure Connect Run Automate Results HTML Report

Product Under Test Compliance Mode Test Information
© Device Tx Far End (TP1) © ssc

[Informative Only) ) )
@ Host B characterization Mode @ Radio Friendly SSC

@ Hub-Upstream @ Clean Clock
@ Hub-Downstream
Test Method

b4 10G
v _ e .
Device ID

Transfer Function Input Signal

|Transfer Function Setup| geglrelgltgszt Live signal

Load 5G InfiniiSim transfer function: s d W: orm !

C:\Users\Public\Documents _ || Browse |

External Instrument Setup
Load 10G InfiniiSim transfer function

— Inst Setu ]
C:\Users\Public\Documents _ || Browse | JsLocip | M Automate Power Supply

Type-C Environment Setup
B Enable Type-C Controller

Test Report
User Commenis:

Messages

2017-11-13 38:54:514 PM Connecting to Infiniium
2017-11-13 09:38:56:217 PM Connected to Infiniium
2017-11-13 :39:06:658 PM Ready

0 Tests

Figure 7 Default window of the USB3.2 Test App
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Preparing to Take Measurements 2

Table T 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

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.

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.
Type-C Environment Setup
Enable Type-C Controller DUT Orientation: | Normal |T| |i|
| Setup Type—C Controller | Test Ports:
B roti
M rort 2
| PDO Selection
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.
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2 Preparing to Take Measurements
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Keysight D9020USBC USB3.2 Compliance Test Application
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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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3 LFPS Tests

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

the Specification
Table 6-29. Normative LFP§| Electrical Specification
Symbol Minimum | Typical Maximum Units Comments

tPeriod 20 100 ns

tPeriod for 20 80 ns

SuperSpeedPlus

Vem.ac.iees Vexemoacppacrive | mV See Table 6-19

Vem.Leps active 10 mvV

Vs niee-pp.LEpS 800 1200 mvV Peak-peak differential amplitude

VrspieeppLepse | 400 600 mvV Low power peak-peak differential
amplitude

tRiseFall2080 4 ns Measured at TP2, as shown in Figure
6-20.

Duty cycle 40 &0 % Measured at compliance TP2, as shown
in Figure 6-20.

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

Table 6-30. LFPS Transmitter Timing for SuperSpeed Designsl

tBurst tRepeat
Min Tyvp Max Minimum Min Tvp Max
Number of
LFPS Cvcles?
Polling.LFP5 0.6 Us 1.0 us 1.4 ps & us 10 us 14 us
Fing.LFP5® 40 ns 200 ns 2 1560 ms 200 ms 240 ms
Ping.LFPS for 40 ns 150ns 2 160 ms 200 ms 240 ms
SuperSpeedPlus?
tReset? 80 ms 100 ms 120 ms
Ul Exit*=s 900 ns” 2 ms
U2/ Loopback BO us” 2 ms
Exit45
tEBurst tRepeat
Min Tvp Max Minimum Min Tyvp Max
Number of
LFFPS Cycles®
U3 Wakeup*s BO s’ 10 ms
Notes:

1. If the transmission of an LFPS signal does not meet the specification, the receiver behavior is
undefined.

2, Only Ping.LFP5 has a requirement for minimum number of LFPS cycles,

w

The declaration of Ping.LFPS depends on only the Ping.LFFPS burst.

Warm Reset, UL/U2/Loopback Exit, and U2 Wakeup are all single burst LFPS signals. tRepeat is not
applicable.

5. The minimum duration of an LFP5 burst shall be transmitted as specified. The LFPS handshake
process and timing are defined in Section 6.9.2,

6., A Portin U2 or U3 is not required to keep its transmitter DC common mode voltage, A portin UZ or
U3 is not required to keep its transmitter DC common mode voltage but must not exceed the VTX-CM-
IDLE-DELTA spec at TP1. This can be met by either managing the magnitude of the CM shift or the
slew rate of the shift. Accordingly, LFPS detectors must tolerate positive and negative CM excursions
up to VIX-CM-IDLE-DELTA without false detection. When a port begins U2 exit or U3 wakeup, it may
start sending LFPS signal while establishing its transmitter DC common mode voltage. To make sure
its link partner receives a proper LFPS signal, a minimum of 80 us tBurst shall be transmitted. The
same consideration also applies to a port receiving LFPS U2 exit or U3 wakeup signal.

7. A portis still required to detect Ul LFP5S exit signal at a minimum of 300ns. The extra 300ns is
provided as the guard band for successful UL LFPS exit handshake.

8. This requirement applies to Gen 1x1 only designs.

9, This reauirement apolies to Gen 1x2. Gen 2x1 and Gen 2x2 desi=zns.

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

Type of DUT LFPS Test Mode

Gen 1 False

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.

Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation 27



3 LFPS Tests

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
Setup the trigger to “Single”
Setup the Acquisition
a Select Real Time mode
b Set interpolation to OFF
¢ Acquire points to AUTO
d Sample rate to 40GSa/s
e Bandwidth to 12GHz
8 Verify that the correct waveform has been acquired

JECHNOLOGIES, |\ ==

T T B oo o5 oo mes oo~~~ — 200z | @D

@ 200 mv/ |p.ov &>

File Control Setup Display Trigger Measure Math “- utilities Demos Help

800 mV

600 mVv

SOl |BIIUAA | Se3lN AWl |

400 mV

200 mV

-200 mV

-600 mV

- 800 mVvV
-18.0 ps -8.00 ps 2.00 us 12.0 us s 820 us f1

© 10.0 s/ |32.00000000 ps | @) T

Figure 11 Acquiring the correct waveform

9 Set up the parameter measurement:
a Getall 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

File Control Setup Display Trigger Measure Math H Utilities Demos Help

-
Stop =4t

= | @ [200 mv/

L L L L L L L L L L L L L L

SEIW [BIIMIA

A LA AR AR R R A AR AR R R AR AR R L

122 ps 12.0 us 117 s 115

10.99970310 ps | (&) *

° 250 ns/

Measurement | Current & | X1(f1)) -10.9997031 s ¥1(fl) -100.000 mV
® Burst intrvi(f1) s e e == B X2(f1) -10.0009066 ps Y2(f1) 100,000 mV
AX 998.796425 ns ay 200.000 mV

/AX 10012050 MHz AY/BX 200241 V/ms

Figure 12 Burst Width Measurement
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3 LFPS Tests

¢ Burst Interval is the Start edge of the next burst - Start edge of current Burst.

File Control Setup Display Trigger Measure Math J\= Utilities Demos Help

—_—
Stop

@ 200 mv/

SBalW [EI[UBA | SPAW Awi]

Results

Measurement

k3
£
g
:

©>»o

Current | | Min | X1{f1) -10.9997031 ps Y1(fl) -100.000 mV
© Burst intrvi(fl) 9.00067500 s 9.00066250 us _ 9.00065000 us 9.0

X2(f1) -1.00023167 ps Y2(f1) 100.000 mV
AX 9.99947142 us AY 200.000 mV
1/ax 100.00528 kHz AYSAX 20.0011 Vims

l

Expected /
Observable Results

Test Conditions#2

Test Overview

Test Procedure

30

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

i Period

i Duty Cycle

v Rise Time

v Fall Time

vi  Common Mode Voltage
10 Report the measurement values

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

Type of DUT LFPS Test Mode

Gen 1 True

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

Disconnect the USB 3.0 test fixture from the DUT.

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

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

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

N oW N -
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LFPS Tests

5 Setup the trigger:
a Trigger level to 200mV
b Trigger mode as Pattern mode
¢ Settrigger 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
¢ 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’
¢ Ensure that the Template File is set to ‘USB_3_LFPS’

Signal Test 3.2.11 - O X

“piferenial
JONAPPDATAT rojoctWaverorm(CHAN1 LFS b rowse 1|
DEiEfleNegy |[Browse
ositef | srousd]
Clogkreeg) |srowse]

Load and Verify Data File

App Settings and Debug Mode

USB_3 LFPS
Test

Warst Ftter | Vehzge

duaBE | g e e | imoen | tae

OSpece
Resuftz | PDF Dete

§7

Figure 14 SigTest Tool settings for LFPS tests

11 Report Measurement using the report generated by SigTest tool.

Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation
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3 LFPS Tests

Expected /
Observable Results

32

Low Frequency Results s

|
b
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Figure 15 SigTest tool report for LFPS tests

The timing measurement results must be within the conformance limit as specified in the USB 3.2
specification.
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Keysight D9020USBC USB3.2 Compliance Test Application
Methods of Implementation

4 HG Tests

5G Transmitter SSC Tests / 34

5G Transmitter Eye Far End (TP1) Tests / 39
5G Transmitter Eye Short Channel Tests / 49
5G Transmitter Eye Near End Tests / 57

5G BLR Clock Switch Test / 62

bG Jitter Transfer Function Test / 64

5G Transmitter Voltage Level Tests / 66

This chapter describes the bG 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.

KEYSIGHT

TECHNOLOGIES



4 5G Tests

5G Transmitter SSC Tests

The 5G Transmitter Spread Spectrum Clocking Tests include:
Unit Interval (with SSC) Test
SSC Deviation Test
SSC Modulation Rate Test
SSC Slew Rate Test
This section provides the Methods of Implementation (MQOls) 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  Table 6-17 and Table 6-18 of the USB 3.2 Specification, revision 1.0.

the Specification
Table 6-17. SSC Parameters
Symbol Description Limits Units Note
Min Max
tssc-MoD-RATE Modulation Rate 30 33 kHz
ts5C-FREQ-DEVIATION S5C deviation +0/-4000 +0/-5000 ppm 1,2,3
+0/-2000 +0/-3000 4
Note:

1. The data rate is modulated from 0 ppm to -5000 ppm of the nominal data rate frequency and scales with
data rate.

2. This is measured below 2 MHz only.
Receiver compliance testing is done under the maximum spread condition.

Alternate limits apply to “radio friendly” clock mode which employs a clock whose center frequency is
downshifted by 2000ppm.

Figure 16 Table 6-17 of USB 3.2 Specification Version 1.0

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



5G Tests

Table 6-18. Transmitter Normative Electrical Parameters

Gen 1 Gen 2 .
Symbol Parameter (5.0 GT/5) {10 GT/5) Units Comments
ul Unit Interval 199.94 (min) |99.97 (min) Ps The specified Ul is equivalent to

200.06 {max) |100.03 (max) a tolerance of 2300 ppm for each
device. Period does not account
for 55C induced variations.

200.34 (min) |100.17 [(min] Ps Alternate limits apply to “radio

200.46 (max) |100.23 (max) friendly” clocking mode which
employs a clock whose center
fregquency is downshifred by
2000ppm. This mode is to be
used with a +0,/-3000ppm
spread.

Vrx.oarr-pr Differential p-p |0.8B [min) 0LE [(min) L) MNominal is 1 V p-p
Tx voltage 1.2 [max) 1.2 (max)
swing

Vre-merr-pr-Low Low-Fower 0.4 [min) 0.4 [min) Ll Refer to Sectdon 6.7.2. There is
Differential p-p | 1.2 (max) 1.2 [max] no de-emphasis reguirement in
T=x voltage this mode. De-emphasis is
swing implementation specific for this

made.

Vrx-nez-rateo Tx de-emphasiz | 3.0 [min) See section dB Mominal is 3.5 dB for Gen 1

4.0 [max) 6.7.5.2. operation. Gen 2 transmitter
equalization requirements are
described in section 6.7.5.2.

Rorg-zurr.oc DC differential 72 (min] T2 (min] [
impedance 120 (max) 120 (max]}

Vrk-mcv-DeTREET The amount of 0.6 [max) 0.6 [max) L Deterct voltage transition should
wvoltage change be an increase in voltage on the
allowed daring pin looking at the detect signal
Receiver to avoid a high impedance
Detection requirement when an “off”

receiver’s input goes below
Eronnd,

Cac-courving AC Coupling 75 [min] 75 [mimn) nF All Transmitters shall be AC

Capacitor 265 (max) 265 [max) coupled. The AC conpling is
reguired either within the media
or within the transmitting
component irself.

Tenr s _wax Maximum slew |10 Mot ms,Ss |5ee the jitter white paper for
rate applicable details on this measurement.

This is a dffft specification; refer
to Section 6.5.4 for details.

L] P S5C df/de Hot 1250 (max) ppmy s |[See note 1.

applicable

VorzcmopLp-oeora | Transmitter idle | +600 [max) +500 [(mazx) my The mamimum allowed

comman-mode -600 [min) -600 [min) instantaneous common-mode

wvoltage change

voltage at TPZ while the
transmitter is in U2 or U3 and
not actively transmitting LFPS.
Mote that this is an absolute
voltage spec referenced to the
receive-side termination gronnd
but serves the purpose of
limiting the magnitude and/or
slew rate of Tx common mode
changes.

Note 1: Measured owver a 0.5us interval nsing CF10. The measurements shall be low pass filtered using a
filter with 3 dB cutoff frequency that is &0 times the modulation rate. The filter stopband rejection shall
be greater or equal to a second order low-pass of 20 dB per decade. Evaluation of the maximum df/dt is
achieved by inspection of the low-pass filtered waveform.
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Table 6-18 of USB 3.2 Specification Version 1.0
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4 5G Tests

Unit Interval (with SSC) Test

Reference Clock

Clean Clock

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
2
3
4
5

0 N O

9

10
1
12
13
14
15

Set up the stimulus for 2-cycle LFPS ping.
Default the scope.

Setup Function 1 as subtraction of Channel 1 and Channel 3.
Set horizontal scale to 2ns, position at 0.
Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

¢ Sample rate to 40GSa/s

d 8M points

e Bandwidth to 12GHz

Set Sweep as AUTO

Ping the DUT until CP1 is attained.

Setup horizontal scale to 20us, position at O.
Stop the acquisition and save the waveform.
Set ‘Unit Interval Measurement’ to ON.

Set ‘Measurement Trend’ to ON.

Measure Vmax of the measurement trend.
Measure Vmin of the measurement trend.
Measure Vaverage of the measurement trend.
Record the measurement result.

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

36
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5G Tests 4

SSC Deviation Test, SSC Modulation Rate Test, SSC Slew Rate Test

Reference Clock

SSC

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 O.
5 Setup the Acquisition
a Select Sampling Mode as “Real Time”
b Set interpolation to OFF
¢ Sample rate to 40GSa/s
d 8M points
e Bandwidth to 12GHz
Set Sweep as AUTO
Ping the DUT until CP1 is attained.
Setup horizontal scale to 20us, position at O.
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.

0 N O
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4 5G Tests

Expected /
Observable Results

38

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

%1070

10035 ||

1.004

\ I
1.003 \ |

1.0025
1.002
1.0015
1.001

1.0005

[ veage

1
. 0.5 0 05 1
x107
Figure 18 Vtop and Vbase measurements on an SCC triangle profile

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

Ul +5000ppm

Figure 19 Measuring Modulation Rate

d Measure the Slew Rate 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.

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 (TP1) Tests

The 5G Transmitter Eye Far End (TP1) Tests include:
5G Far End Random Jitter
5G Far End Maximum Deterministic Jitter Test
5G Far End Total Jitter at BER- 12 Test
5G Far End Template Test
5G Far End Differential Output Voltage

5G Tests 4

This section provides the Methods of Implementation (MQOls) for 5G Transmitter Eye Far 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  Table 6-16 and Table 6-20 (ECN for SSP System Jitter Budget) of the USB 3.2 Specification, revision

the Specification  1.0.

Table 6-16. Informative Jitter Budgeting at the Silicon Pads?

Gen 1 Gen 2

Jitter Contribution (ps) [5 GT/s) (10 GT/s)
Rj** D Tj*at 10-'= Rj*=* D Ti*at 102
T=* 2.42 41 75 1.00 17 311
Media® 213 45 75 0.00 36 36.0
Rx 2.42 &7 91 1.00 27.1 | 41.2
Total 4.03 143 200 1.41 20.1 | 100
MNotes:

1. Rjis the sigma value assuming a Ganssian distribution,
ERj Total is computed as the Foot Sum Sguare of the individual Rj components.

=1 N ode  pa

from TP1 to TF4,

Figure 20

Dij budget is using the Dual Dirac method.

Tj at a 101z BER is calculated as 14.068 * Bj + Dj.
The media budget includes the cancellation of ISI from the appropriate Rx equalization function.
Tx is measured after application of the JTF.
In this table, Tx jitter is defined at TP1, Bx jitter is defined at TP4, and media jitter is defined

Table 6-16 of USB 3.2 Specification Version 1.0

Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation
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4

5G Tests

Table 6-20. Normative Transmitter Eve Mask at Test Point TP 4

40

Signal 5GT /s 10GT /s ]

C ristic — - — - Umits Mote
haracte Minimum Maximum Moy Maximom
Eye Height 100 1200 TO 1200 mV 2,3, 4
Dj 0.43 0.530 uI 1, 2,3
Rj 0.23 0.141 uI 1,5.6
Tj 0.66 0.671 I 1, 2,3
HMotes:

1. Measured over 10* consecutive Ul and extrapolated to 10-'* BER.
2. Measured after receiver equalization function.
3. Measured at end of reference channel and cables at TP4 in Figure 6-20.

4, The eye height is to be measured at the minimum opening owver the range from the center of the

eye * 0.05 UL

5. The Rj specification is calculated as 14.069 times the BAMS random jitter for 10-?2 BER.

6. Measured at the output of the compliance breakout board withont embedding the compliance
cable and load boeard.

Figure 21

Table 6-20 of USB 3.2 Specification Version 1.0

Differential Voltage, mV

l<—— Minimum Eye Width ——|

Figure 22

| I I
60 80 100 120 140 160 180 200

Time, ps
u-n23

Gen 1 eye mask

Gen 1 Eye Mask for 5G Transmitter Far End Eye (TP1) tests
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5G Tests

5G Far End 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 2ns, position at O.

5 Ping the DUT until CP1 is attained.

6 Setup the Acquisition

Select Sampling Mode as “Real Time”

Set interpolation to OFF

Sample rate to 40GSa/s

8M points

Bandwidth to 12GHz

7 Set Sweep as AUTO.

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

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_bgb’
c Template File set to ‘USB_3_bGb_CPT’

® QO O T 9

Signal Test 3.2.11 — O =

Pferemia

Figure 23 SigTest tool settings for measuring RJ

12 Record the measurement result for RJ.

Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation
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5G Tests

Expected /

Observable Results

42

Test Condition

Test Procedure

Full Test Results - MelnfiniiSimFUMNCTCP1.bin =

Figure 24 SigTest tool report for RJ measurement

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

Test Method

SDA

Set up the stimulus for 2-cycle LFPS ping.
Default the scope.

Setup Function 1 as subtraction of Channel 1 and Channel 3.
Set horizontal scale to 2ns, position at 0.
Ping the DUT until CP1 is attained.

Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

¢ Sample rate to 40GSa/s

d 8M points

e Bandwidth to 12GHz

Set Sweep as AUTO

Setup horizontal scale to 20us, position at O.

D o~ WON =

O 0

Stop the acquisition and save the waveform.
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5G Tests 4

10 Setup CTLE:

a # of Poles: 2

b Pole 1 Frequency: 1.95GHz

¢ Pole 2 Frequency: 5.0GHz

d Zero Frequency: 6560MHz

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: TE-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 /  The measurement results for Random Jitter must be within the conformance limit as specified in the
Observable Results  USB 3.2 specification.
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4 5G Tests

5G Far End Maximum Deterministic Jitter, 5G Far End Total Jitter At BER-12, 5G Far End Template Test, 5G Far End
Differential Output Voltage Test

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 Method

USB-IF SigTest

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 O.
5 Ping the DUT until CPO is attained.
6 Setup the Acquisition
a Select Sampling Mode as “Real Time”
b Setinterpolation to OFF
¢ Sample rate to 40GSa/s
d 8M points
e Bandwidth to 12GHz
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’

¢ Template File set to ‘USB_3_5Gb_CPO_RjIN’
d Set Random Jitter
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5G Tests 4

Signal Test 3.2.11

<[oifeenial
CSIDL_COMMON_APPDATA\ProjectiFUNC1CPO.bin | Browse:
NEGJON_APPDATA\ProjectiWaveform|CHAN3_LFPS bin | Browse!

sfackhileNeEg IW owsel
Load and Verify Data File Preset Tes

pp Sefings and Debug Mode

USB_3_5Gb_CP0_RjIN

Worst
Trensition Byes.

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

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

Full Test Results - FUMCTCPO.bin =

Figure 26 SigTest tool report for DJ, TJ and Eye Height measurement
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4 5G Tests

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

Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation



5G Tests 4

5G Far End Maximum Deterministic Jitter and 5G Far End Total Jitter At BER-12 Test

Test Method

SDA

Test Condition

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

Default the scope.

Setup Function 1 as subtraction of Channel 1 and Channel 3.
Set horizontal scale to 2ns, position at O.

Ping the DUT until CPO is attained.

Setup the Acquisition

D o1~ 0N =

a Select Sampling Mode as “Real Time”
b Set interpolation to OFF
¢ 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
¢ Pole 2 Frequency: 5.0GHz
d Zero Frequency: 6560MHz
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
Enable Jitter Mode on EZJIT+
BER Level: TE-12
Measurement: TIE (Phase)
Edges: Both
RJ Bandwidth: Narrow
RJ Method: Spectral Only
Pattern Length: Arbitrary
i ISl Filter Lead: -2
J ISl Filter Lag: 18

> Q h 0o Q O T

Expected/  The measurement results for Total Jitter, Deterministic Jitter, Eye Width and Extrapolated Eye
Observable Results  Height must be within the conformance limit as specified in the USB 3.2 specification.
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4 5G Tests

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

Test Condition

Test Procedure

Expected /
Observable Results

48

Test Method

SDA

Set up the stimulus for 2-cycle LFPS ping.

Default the scope.

Setup Function 1 as subtraction of Channel 1 and Channel 3.
Set horizontal scale to 2ns, position at O.

Ping the DUT until CPO is attained.

Setup the Acquisition

D o1~ 0N =

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

¢ 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

¢ Pole 2 Frequency: 5.0GHz

d Zero Frequency: 6560MHz

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:
Load Mask
Set Source as CTLE
Set Color Grade to ON
Set Infinite Persistent to ON
Set Mask Scaling:
Horizontal Scaling: -100ps
Delta: 200ps

f  Set Mask Vertical Scaling:

1 Level: 600mV

- 0 Level: -600mV

g Enable “Bind 1 & O Levels”

h Enable “Real-Time Eye”
14 Run Mask Test.
15 Measure Eye Height and Eye Width.

®© Q O T Q9

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.
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5G Tests 4

5G Transmitter Eye Short Channel Tests

The 5G Transmitter Eye Short Channel 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 (MQOls) 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  Table 6-16 and Table 6-20 (ECN for SSP System Jitter Budget) of the USB 3.2 Specification, revision
the Specification  1.0.

Table 6-16. Informative Jitter Budgeting at the Silicon Pads?

Gen 1 Gen 2

Jitter Contribution (ps) (5 GT/s) (10 &T/s)
Rj'* | Dj* | Tj*ar1o+z | mj*z | D | Tj*ario+=
Txs 2.42 41 75 1.00 17 31.1
Media® 2.13 45 75 0.00 36 36.0
B=x 2.42 57 91 1.00 27.1 41.2
Total 4.03 143 200 1.41 80.1 100
Notes:

1. PERjis the sigma value assuming a Ganssian distribution.

Rj Total is computed as the Foot Sum Sguare of the individual Bj components.

Dij budget is using the Dual Dirac method.

Tj at a 10-1= BER is calculaved as 14.068 * Rj + Dj.

The media budget inclndes the cancellation of 151 from the appropriate BEx equalization function.
Tx is measured after application of the JTF.

In this table, Tx jitter is defined at TF1, Bx jitter is defined at TP4, and media jitter is defined
from TF1 to TP4.

e - B B SO T T

Figure 27 Table 6-16 of USB 3.2 Specification Version 1.0
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4

5G Tests

Table 6-20. Normative Transmitter Eve Mask at Test Point TP4

50

Sigmal 5GT /= 10GT s .

C L Units Mote
haracteristic Minimum Maximum Minimum Maximuum
Ewve Height 100 1200 70 1200 mV 2,3. 4
Dj 0.43 0.530 I 1,2, 3
Rj 0.23 0.141 I 1,5, 6
Tj .66 0.671 Ul 1,2, 3
Motes:

1. Measured over 10® consecutive Ul and extrapolated to 10-** EER.
2. Measured after receiver equalization function.
3. Measured at end of reference channel and cables at TP4 in Figure 6-20.

4, The eye height is to be measured at the minimum opening over the range from the center of the

eve * 0,05 UL

E. The Rj specification is calculated as 14.069 times the EMS random jitter for 10-* BEE.

6. Measured at the output of the compliance breakout board withont embedding the compliance
cable and load board.

Figure 28 Table 6-20 of USB 3.2 Specification Version 1.0

Differential Voltage, mV

l<—— Minimum Eye Width ——|

20 40 60 80 100 120 140 160 180 200

Time, ps
u-n23

Gen 1 eye mask

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

Test Method

USB-IF SigTest

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 Setinterpolation to OFF
¢ 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_bgb’
¢ Template File set to ‘USB_3_5Gb_CP1_SHORT’
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4 5G Tests

Signal Test 3.2.11 — | >

[Diferential
IMON_APPDATA\ProjectiNolnfiniiSimFUNC1CP1.bin | Browse:
ON ; AL ST

21

TION_ gz
GIOCRHIPINEG [ ON_APPDATA\ProjectWaveform\CHAN3_LFPS bin| Biowsel
Load and Verify Data File

usb_3 5gh | App Settings and Debug Mode
USB_3 5Gb_CP1_SHORT |

Exit

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

Full Test Results - NolnfiniSimFUMNCTCP1.bin >

Figure 31 SigTest tool report for Short Channel RJ measurement

Expected/  The measurement results for Short Channel Random Jitter must be within the conformance limit as
Observable Results  specified in the USB 3.2 specification.
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5G Tests

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

Test Method

USB-IF SigTest

Set up the stimulus for 2-cycle LFPS ping.

Default the scope.

Setup Function 1 as subtraction of Channel 1 and Channel 3.
Set horizontal scale to 2ns, position at O.

Ping the DUT until CPO is attained.

Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

¢ 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_bGb_CPO_RjIN_SHORT’
d Set Random Jitter

D o1~ 0N =
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Signal Test 3.2.11 - O X

“Diferenial |
Datafieeg Browsel
GlockiIENEg 5rowse

Load and Verify Data File
USB_3_5Gb_CPO_RJN_SHORT |+
25000 |

Tt

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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4 5G Tests

Full Test Results - NolnfiniiSimFUNC1CP0.bin X

Figure 33 SigTest tool report for Short Channel DJ, TJ and Eye Height measurement

Expected/  The measurement results for Short Channel Deterministic Jitter, Total Jitter and Eye Height must be
Observable Results  within the conformance limit as specified in the USB 3.2 specification.
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5G Tests

5G Transmitter Eye Near End Tests

The 5G Transmitter Eye Near End 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 (MQls) 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  Table 6-16 (ECN for SSP System Jitter Budget) of the USB 3.2 Specification, revision 1.0.

the Specification

Table 6-16. Informative Jitter Budgeting at the Silicon Pads?

Gen 1 Gen 2
Jitter Contribution [ps) (5 GT/s) (10 GT/s)
Rj'-* D= Tj*at 10-1= Rj'-* Dj* Tj*at 10-*2

T= 2.42 41 75 1.00 17 311
Media® 2.13 45 75 0.00 36 36.0

Bx 2.42 57 91 1.00 27.1 | 41.2

Total 4.03 143 200 1.41 80.1 100

Notes:

1. FRjis the sigma value assuming a Gaussian distribution.

=10 ke W pa

Rj Total is computed as the Root Sum Sqguare of the individual Rj components.

Dij budget is using the Dual Dirac method.
Tj at a 1012 BER is calculated a=s 14.068 * Rj + Iyj.

Tx is measured after application of the JTF.
In this table, Tx jitter is defined at TP1, Rx jitter is defined at TP4, and media jitter is defined
from TP1 to TP4.

Figure 34 Table 6-16 of USB 3.2 Specification Version 1.0

Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation
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5G Tests

Differential Voltage, mV

t<—— Minimum Eye Width ——|

Figure 35

| I I
40 60 80 100 120 140 160 180 200

Time, ps
u-n023

Gen 1 eye mask

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 Method

SDA

Test Condition

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

Default the scope.

Setup Function 1 as subtraction of Channel 1 and Channel 3.
Set horizontal scale to 2ns, position at 0.

Ping the DUT until CP1 is attained.

Setup the Acquisition

D O A W N =

a Select Sampling Mode as “Real Time”

b Setinterpolation to OFF

¢ 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 FUNCT as source

b Enable Jitter Mode on EZJIT+

¢ 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 /  The measurement results for Near End Random Jitter must be within the conformance limit as
Observable Results  specified in the USB 3.2 specification.
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5G Near End Maximum Deterministic Jitter and 5G Near End Total Jitter At BER-6 Test

Test Method

Test Condition

SDA

Test Procedure

D o1~ 0N =

a

Set up the stimulus for 2-cycle LFPS ping.

Default the scope.

Setup Function 1 as subtraction of Channel 1 and Channel 3.
Set horizontal scale to 2ns, position at O.

Ping the DUT until CPO is attained.

Setup the Acquisition

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

D> Q@ Th @ Q O O

i
J

Set FUNCT1 as source

Enable Jitter Mode on EZJIT+
BER Level: TE-12
Measurement: TIE (Phase)
Edges: Both

RJ Bandwidth: Narrow

RJ Method: Spectral Only
Pattern Length: Arbitrary

ISI Filter Lead: -2

ISI Filter Lag: 18

Expected/  The measurement results for Total Jitter, Deterministic Jitter, Eye Width and Eye Height must be
Observable Results  within the conformance limit as specified in the USB 3.2 specification.
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5G Near End Template Test and 5G Near End Differential Output Voltage Test

Test Method

SDA

Test Condition

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

Default the scope.

Setup Function 1 as subtraction of Channel 1 and Channel 3.
Set horizontal scale to 2ns, position at O.

Ping the DUT until CPO is attained.

Setup the Acquisition

D o1~ 0N =

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

¢ 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:
Load Mask
Set Source as FUNCI
Set Color Grade to ON
Set Infinite Persistent to ON
Set Mask Scaling:
Horizontal Scaling: -100ps
Delta: 200ps

f  Set Mask Vertical Scaling:

1 Level: 600mV

- 0 Level: -600mV

g Enable “Bind 1 & O Levels”

h Enable “Real-Time Eye”
13 Run Mask Test.
14 Measure Eye Height and Eye Width.

®© Q O T Q9

Expected /  The signal must pass the Mask Test and the Differential Output Voltage must be within the
Observable Results  conformance limits as specified in the USB 3.2 specification.
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5G Tests

5G BLR Clock Switch Test

Connection Diagram

Test Reference from

62

the Specification

The 5G BLR Clock Switch Test includes:
5G SSC 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.

See Appendix A, “Test Connection”.

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

Table 6-18. Transmitter Normative Electrical Parameters

Gen 1 Gen 2 -
Symhbal Parameter (5.0 GT/=) (10 GT/5) Unit=s Comments
uI Unit Interval 199,94 (min) |99.97 [(min) Ps The specified Ul is equivalent to

200.06 (max) |100.03 (max) a telerance of 300 ppm for each
device, Period does not account
for 55C induced variations.

200.34 (min) |100.17 {min]) Ps Alternate limits apply to “radio

200.46 (max) |100.23 (max) friendly” clocking mode which
employs a clock whose center
frequency is downshifred by
Z000ppm. This mode is to be
used with a +0/-3000ppm
spread.

Vrx-oerr-rr Differential p-p |0.8 (min) 0.8 (min) v MNominal is 1 Vp-p
Tx voltage 1.2 (max) 1.2 (max)
swing

Vrx-oerr-rr-Law Low-Power 0.4 [min) 0.4 (min) v Refer to Section 6.7.2. There is
Differential p-p |1.2 (max) 1.2 [max) no de-emphasis requirement in
T=x voltage this mode. De-emphasis is
swing implementation specific for this

mode.

Vrx.oz-rata Tx de-emphasis | 3.0 [(min) See section dB Mominal is 3.5 dB for Gen 1

4.0 [(max) 8.7.5.2. operation. Gen 2 transmitter
equalization requirements are
described in section 6.7.53.2.

Rorx-zirr-nc DC differential 72 (min) 72 (min) o
impedance 120 (max) 120 (max)

Vrx-rov-DETEET The amount of 0.6 [max) 0.5 (mazx) L") Detect voltage transition should
woltage change be an increase in voltage on the
allowed during pin looking at the detect sigmal
Receiver to avoid a high impedance
Detection reguirement when an “off”

receiver’s input goes below
eround.
Cac-coursing AC Coupling 75 (min] 75 [(min) nF All Transmitters shall be AC
Capacitor 265 (max) 265 [max) coupled. The AC coapling is
required either within the media
or within the transmitting
component itself,

Maximum slew 10 HNot ms;s See the jitter white paper for

rate applicable details on this measurement.
This is a df/ft specification; refer

1 1 1 1 Jo= mmmmmmem mrmnn mmm e
BSC s S5C dffdt Hot 1250 (mazx) | ppm,/ pus |See note 1.
applicable

Vozcm-rpLp-oeora | Transmitter idle | #6000 [max]) +600 (max) mV The maximum allowed
common-mode -600 [min) -600 [min) instantaneous common-made
woltage change voltage at TP2 while the

transmitter is in U2 or U3 and
not actively transmitting LFPS.
Note that this is an absolute
voltage spec referenced to the
receive-side termination ground
but serves the purpose of
limiting the magnitude and/ or
slew rate of Tx common mode
changes.

Note 1: Measuared over a 0.5us interval using CP10. The measurements shall be low pass filtered using a
filter with 3 dB cutoff frequency that is 60 times the modulation rate. The filter stopband rejection shall
be greater or equal to a second order low-pass of 20 dB per decade. Evaluation of the maximum df/dt is
achieved by inspection of the low-pass filtered waveform.

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 s, positioned at -50 ps

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.

= USB3.1 Test Application - USB3.1 JTF Test
File View Tools Help

Set Up Select Tests Configure Connect Run Automate Results HTML Report
[P [SESSS———- Test: 5G SSC df/dt
Pause

Sequencer

Permutations

B skip completed [Show Status

B Summaries (click for details) Details
041 PM Append or Replace? P
373 PM Connection Changing
089 PM Connection Changed

W 2019-05-23 04:17:29:009 PM Info

Configure Jbert to setup DUT to compliance mode. Then Power cycle the DUT follow by restart the sequence

Unsaved Changes 1 Test Connection: Near End Transmitter Eye Emein  JMRespond to Prompt]

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

Expected/  The measurement results for 5G SSC df/dt test must be within the conformance limit as specified in
Observable Results  the USB 3.2 specification.
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bG Jitter Transfer Function Test

The 5G Jitter Transfer Function Test includes:
5G JTF

This section provides the Methods of Implementation (MOls) 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  USB 3.2 Specification, Rev 1.0, Appendix E.5, Table E-3
the Specification

Table E-3. Bit-Level Re-timer Jitter Transfer Function Requirements

Term Gen 1x1 Notes

Jitter Gain for f<500kHz 0.1dB (max) | Normative requirement.

Jitter Gain for f>500kHz 0.0dB (max) | Normative requirement.

Term Gen 1x1 Notes

JSF 3dB frequency 2MHz (max) | Overall JTF is expected to meeta
—-20 dB/decade slope above the
JSF 3 dB frequency.

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

Jitter Gain {dB)

0.3MH= f::;jwsr f}:fﬂ'ﬂ.t
frequency (MHz)

Figure 38 Jitter Transfer Illustration (Figure E-16, USB 3.2 Specification Revision 1.0)

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



5G Tests

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 P;.

Test Procedure

1
2
3
4
5
6

Set up M8020A

Set the scope to default setting

Setup Function 1 as subtraction of Channel 1 and Channel 3.
Set horizontal scale to 50 ps, position at O ys.

Setup the Acquisition

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

SB3.1 Test Application -- USB3.1 JTF Test
e View Tt
esults HTML Report

Sequencer

Permutations

B s« pleted [Show Status

5 PM Project Saved

7 PM Run Started
: 2019-05-23 0 PM Append or Replace?
i 2019-05-23 04: 98 PM Info

Connect Jbert directly to Scope,

Unsaved Changes 1 Test Connection: Component BLR test connection | VEIINY Permutation: [ T=OEEICEIomnT

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/  The measurement results for 5G Jitter Transfer Function Test must be within the conformance limit
Observable Results  as specified in the USB 3.2 specification.

Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation
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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 (MOls) for Voltage Level tests using a Keysight
90000A Series Infiniium oscilloscope, USB 3.0 test fixture, and USB3.2 Test Compliance Application.

Connection Diagram

Test Reference from

See Appendix A, “Test Connection”.

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

the Specification
Table 6-18. Transmitter Normative Electrical Parameters
Gen 1 Gen 2 -
Symbal Farameter (5.0 GT/s) (10 6T/5) Umnmits Comments
Ul Unit Interval 199,94 (min) |99.97 [mimn) Ps The specified Ul is eguivalent to
200.06 (max) |100.03 (max) a telerance of £300 ppm for each
device. Period does not account
for 55C induced variations.
200.34 (min) [100.17 (min) »s Alternate limits apply to "radio
200.46 (max) |100.23 (max) friendly” clocking mode which
employs a clock whose center
frequency is downshifred by
Z000ppm. This mode is to be
used with a +0,/-3000ppm
spredd.
Differential p-p | 0.8 [min) LB [min) L Mominalis 1 V p-p
Tx voltage 1.2 (max) 1.2 [(max)
swing
Low-Power 0.4 (min]) 0.4 [min) W Refer to Secton 6.7.2. There is
Differential p-p (1.2 (max) 1.2 (max) no de-emphasis reguirement in
T=x voltage this mode. De-emphasis is
swing implementation specific for this
e,
Vorx.ca-rateo Tx de-emphasis | 3.0 (min) Zee section dB MNominal is 3.5 dB for Gen 1
4.0 (max) 6. 7.5.2. operation. Gen 2 transmitter
equalization requirements are
described in section &6.7.5.2.

[T—p— DC differential |72 (min) 72 (min) 0
impedance 120 (max) 120 [max)

Vrx.mov-oeTECT The amount of 0.8 [(muax) 0.6 [(max) W Detect voltage transition shouald
woltage change be an increase in voltage on the
allowed during pin looking at the detect signal
Receiver e avoid a high impedance
Detection reguirement when an “off”

receiver’s input goes below
Eround.

Cac-courLiNg AC Coupling 75 (min] 75 [(min) nF All Transmitters shall be AC

Capacitor 265 (max) 265 [(max) coupled. The AC coupling is
reguired either within the media
or within the transmitting
component itsalf,

Toor sLmw_max Maximum slew 10 Mot ms,s See the jitter white paper for
rate applicable details on this measarement.

This is a dffft specification; refer
o Section 6.5.4 for details.
S50 S5EC df/fdt Not 1250 (max) ppm/ s | See note 1.
applicable

Vircw-spLp-oera | Transmitter idle | #6200 [max) +65600 [max) myv The maxwimum allowed
commaon-mode 600 [Tin -600 [min) instantaneous common-made
waltage change woltage at TPZ while the

transmitter is in U2 or U3 and
not actively transmitting LFPS.
Note that this is an absolute
woltage spec referenced to the
receive-side termination ground
but serves the purpose of
limiting the magnitude and for
slew rate of Tx common mode
changes.

66

HNote 1: Measured over a 0.5 us interval using CP10. The measurements shall be low pass filtered using a
filter with 3 dB cutoff frequency that is &0 times the modulation rate. The filter stopband rejection shall
be greater or equal to a second erder low-pass of 20 dB per decade. Evaluation of the marximum df/dt is
achieved by inspection of the low-pass filtered waveform.

Figure 39

Table 6-18 of USB 3.2 Specification Version 1.0
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Table 6-19. Transmitter Informative Electrical Parameters at TP1 (unless otherwise

specified)
Symbaol Parameter 5.0 GT /s 10 GT /s | Units Comments
tuin-pULSE-D) Deterministic  |0.98 0.96 Ul |Tx pulse width variation that is
min pulse deterministic
twin-puLSET) Tx min pulse 0.90 0.90 Ul [Min Tx pulse at 101? including Dj and Rj
tre.eve Transmitter Eye [0.625 (min) |0.645 (min) Ul |Includes all jitter sources
tre.olon Tx 0.205 (max) |0.170 [max) Ul |Deterministic jitter only assuming the Dual
deterministic Dirac distribution
jitter
Crieamasitic | TX input 1.25 (max] |1.1 [max) pf  [Parasitic capacitance to ground
capacitance for
return loss
Rrxnc Transmitter DC |18 (min) 18 (min] 0 |DCimpedance limits to guarantee Receiver
common mode |5 (max) 30 (max) detect behavior. Measured with respect to
impedance AC ground over a voltage of 0-500 mV.
lrx.suort Transmitter 60 (max] 60 (max) mA [The total current Transmitter can supply
short-circuit when shorted to ground.
current limit
VrsnccM Transmitter DC |0 (min) 0 (min) V  |The instantaneous allowed DC common-
common-mode o2 (max) |2.2 (max) mode voltages at the connector side of the
voltage AC coupling capacitors.
Vrscmac Tx AC common (100 100 (max] mV |Maximum mismatch from Txp + Txn for both
PE_ACTIVE mode voltage (p-p) [time and amplitude.
active
Vrx.cmoc Absolute DC 200 (max) |200 (max) mV
active-Le-oecta | Common Mode
Voltage
between Ul and
o
Vrxaoiemierac. | Electrical Idle |0 (min) 0 (min) mV
we Differential 10 (max] |10 [max)
Peak -Peak
Output Voltage
Vrxoee-mier.pe |DC Electrical 0 [min] 0 (min) mV (Voltage shall be low pass filtered to remowve
Idle Differential | (max) 10 (max) any AC component.

Output Voltage

This limits the common mode error when
resuming U1 to UD.

Figure 40

Table 6-19 of USB 3.2 Specification Version 1.0
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Table 6-21. Gen 2 Transmitter Equalization Settings

Parameter Value Comments
Preshoot (dB) 2.2+1.0 Normative requirement?
De-emphasis (dB) -3.1+1.0 Normative requirement!
C.y —-0.083 Informative — for reference only
Ci -0.125 Informative — for reference only
Nominal Boost (dB) 4.7 Informative — for reference only
Va,/vd 0.834 Informative — for reference only
Vb/Vvd 0.584 Informative — for reference only
Ve/vd 0.750 Informative — for reference only
Notes:
1. Measured at the output of the compliance breakout board in Figure 6-24.
Figure 41 Table 6-21 of USB 3.2 Specification Version 1.0
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time (ns)
Preshoot = 20log(Ve/Vb)
De-emphasis = 20log(Vb/Va)
Figure 42 5G Transmitter Voltage Level Test measurement signal

Test Conditions

Test Overview

Test Procedure

Characterization Mode Tx Near End (TPO)

Checked Checked

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.

1
2
3
4
5

Set up the stimulus for 2-cycle LFPS ping.

Default the scope.

Setup Function 1 as subtraction of Channel 1 and Channel 3.
Set horizontal scale to 2ns, position at 0.

Set the trigger to “Auto Sweep”

Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation
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6 Setup the Acquisition

7 Setinterpolation 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.

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help S e A

©_14mv S@

[ o

©>o

660 mVvV

SEIW [BOILAA | SEIW SWiIL

330 mV

165 mVv

-165 mV

-330 mv

-100 ns -80.0 ns

©00ns/ [o.os

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 CPO is attained.
18 Setup Function 4 as Common Maode of Channel 1 and Channel 3.
19 Measure Vpp of Function 4.
20 Record the measurement results.

Expected/  The measurement results for De-emphasis, Amplitude of CP8 and Tx Command Mode Voltage must
Observable Results  be within the conformance limit as specified in the USB 3.2 specification.
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10G Skew Measurement for Retimer Test

Connection Diagram

Test Reference from
the Specification

Test Overview

Test Procedure

72

The 10G Skew Measurement Retimer Test includes:
Skew Measurement Test (Information Only)
This section provides the Methods of Implementation (MOls) for Skew Measurement for Retimer Test

using a Keysight 90000A Series Infiniium oscilloscope, USB 3.0 test fixture, and USB3.2 Test
Compliance Application.

See Appendix A, “Test Connection”.

Not applicable (information only test)

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

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
cables?2b. 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 30000
Scopes.
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5 Run Skew Measurement test from the test application

¥ USB3.2 Test Application -- USB3.2 Device 1

File View Tools Help
Set Up Select Tests Configure Connect Run Automate Results HTML Report

B LFPS Duty cycle
B LFPS AC Common Mode Voltage
B sG Test
B 5G Transmitter SSC Tests
B 5G Transmitter Eye Short Channel Tests (USB-IF SigTest)(Short Channel CTLE On)
B 5G Transmitter Eye Far End (TP1) Tests (USB-IF SigTest)(CTLE On)
O 106 Test
Skew measurement for retimer test
Skew Measurement
B 10G deemphasis and preshoot test

53]
m
-
m
9]
-
-
m
5]
=
]

Messages
Summaries (click for details) Details

2020-02-14 03:09:31:881 PM Ready
2020-02-14 0 30:699 PM Save Changes?

Unsaved Changes 1 Test
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¥ U/SB3.2 Test Application -- USB3.2 Device 1

FEile View Tools Help

Set Up Select Tests Configure Connect Run Automate Results HTML Report

SSP Near End Transmitter Eye

Connect to USB 3.2 Device Under Test transmitter Q)
Steps
1. 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

2a. 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

3. Connect Rx+ of the test fisture to the Aux Out of DSO 90000 scopes or Cal Out from DSOX 90000 Scopes.

Connection Diagram

AN revsiGHr  fiiuy  sAu o

Connect to Power Connect to Scope

Supply G 0 using USB Cable

Note: The yellow connection means end user can
connect Rx+/Rx- on N7018A or external instrument
to N7015A.

< >

6 After running the test, lane to lane skew measurement value should be available.

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

The 10G LBPS Tests include:
10G LBPS tPWM
10G LBPS tLFPS_0Q
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 (MOls) 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

Test Reference from

76

See Appendix A, “Test Connection”.

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

Test Overview

Test Procedure

the Specification
Table 6-33. LBPS Transmit and Receive Specification
Transmit Receive
Unit Min TYP Max Min TYP Max
tPWM us 2 2.2 2.4
tLFPS-0 us 0.5 0.80 0.45 0.85
tLFPS-1 us 1.33 1.80 1.28 1.85
Figure 44 Table 6-33 of USB 3.2 Specification Version 1.0
< Logic ‘0’ < Logic 1" >
«—tLFPS-0 «——tFPS-1——>
«—tPWM——¢——tPWM—————————>|
Figure 6-34. Logic Representation of LBPS
Figure 45 Figure 6-34 of USB 3.2 Specification Version 1.0

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

1
2
3
4
5
6
7

Set up the stimulus connection on the Set Up tab.

Disconnect the USB 3.0 test fixture from the DUT.

Close the HSETT tool.

Setup horizontal scaling with Reference to Right, Scale of 30us, position at 200us.
Setup Function 1 as subtraction of Channel 1 and Channel 3.
Setup Function 4 as common mode of Channel 1 and Channel 3.
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

Setup the trigger to “Single”

Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation
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9 Setup the Acquisition
a Select Real Time mode
b Set interpolation to OFF
¢ 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.

@ 200mv/ [p.ov ey

800 mV

600 mV
'iwi'rH"1I'i'|f!'lw:ll!"'1'\”[llll!l!llt!l””'f"W'Ir'llll’ll'ﬂl!'flf'fﬂ

400 mV

200 mV

|
|
|
[l
|
|
|

Tﬂrm—--—pl--——nm-mmmmnmm WA (RN WA IRNEEN WO UASAY MY VEEER Wl ARREE WA Y @

200 mV
400 mV

600 mV

-800 mV
-40.0 ps 200 ps 110 ps 3 70 ps 200 ps f1

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

12 Set up the parameter measurement:

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.
¢ 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_O and tLFPS_1.

13 Report the measurement values.

D

Expected/  The measurement results for tPWM, tLFPS_0 and tLFPS_1 must be within the conformance limit as
Observable Results  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  Table 6-29, Table 6-30, and Table 6-32 of the USB 3.2 Specification, revision 1.0.
the Specification

Table 6-29. Normative LFPS Electrical Specification

Symbol Minimum Typical Maximum Units Comments

tPeriod 20 100 ns

tPeriod for 20 80 ns

SuperSpeedPlus

VeM-ac-Lrps Vrx-cM-ac-pp-acTive | mV See Table 6-19

VeM-LFPs-active 10 mV

VTX-DIFF-PP-LFFS 800 1200 mV Peak-peak differential amplitude

VTx-DIFF-PP-LFPS-LP 400 600 mV Low power peak-peak differential
amplitude

tRiseFall2080 4 ns Measured at TP2, as shown in Figure
6-20.

Duty cycle 40 60 % Measured at compliance TP2, as shown
in Figure 6-20.

Figure 47 Table 6-29 of USB 3.2 Specification Version 1.0
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Table 6-30. LFPS Transmitter Timing for SuperSpeed Designsl

tBurst tRepeat
Mim Tvp Max Minimenm Mim Tvp Max
Number of
LFPS Cycles?
Polling.LFPS 0.6 us 1.0 us 1.4 us 6 us 10 s 14 us
Ping.LFPS5H 40 ns 200 ns 2 150 ms 200 ms 240 ms
Ping.L.FPS for 40 ns 1s50ns 2 150 ms 200 ms 240 ms
SuperSpeedPlus?
tReset? 20 ms 100 ms 120 ms
U1l Exit4s 200 ns? 2 ms
Uz / Loopback 80 us” 2 ms
Exit45
tBurst tRepeat
Mim Tvp Max Mininywm Mim Tvp Max
Number of
LFPS Cycles?
U3 Wakeup*s 80 us? 10 ms
MNotes:
1. If the transmission of an LFPS signal does not meet the specificartion. the receiver behavior is

[}

undefined.

Only Ping.LFPS has a requirement for minimum numhber of LFPS cycles.

The declaration of Ping.LFPS depends on only the Ping.LFFS burst.

Warm Reset, UL/U2/Loopback Exit, and U3 Wakeup are all single burst LFPS signals. tRepeat is not
applicable.

The minimum duration of an LFPS burst shall be transmitted as specified. The LFPS handshake
process and timing are defined in Section 6.9.2.

A Port in U2 or U2 is not required to keep its transmitter DC common mede veltage. A portin U2 or
U3 is not required to keep its transmitter DC common mode voltage but must not exceed the VTX-CM-
IDLE-DELTA spec at TP1l. This can be met by either managing the magnitude of the CHM shifr or the
slew rate of the shift. Accordingly, LFPS detectors must telerate positive and negative CM excursions
up to VIX-CM-IDLE-DELTA without false detection. When a port begins U2 exit or U3 wakeup, it may
start sending LFPS signal while establishing its transmitter DC common mode voltage. To maks sure
its link partner receives a proper LFPS signal, a minimum of 80 pus tBurst shall be transmitted. The
same consideration also applies to a port receiving LFFS U2 exit or U3 wakeup signal.

A port is still required to detect UL LFPS exit signal ar a minimum of 300ns. The extra 300ns is
provided as the guard band for successful Ul LFPS exit handshake.

This requirement applies to Gen 1x1 only designs.

This reauirement avolies to Gen 1x2. Gen 2x1 and Gen 2x2 desi=ns.

Figure 48 Table 6-30 of USB 3.2 Specification Version 1.0
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10G Tests

Table 6-32. Binary Representation of Polling.LFPS

tRepeat (us) Logic value
6~9 ‘0’
11~14 i
9~11 illegal

Figure 6-35. Example of Binary Representation based on Polling.LFPS

Test Overview

Test Procedure

Logic ‘0" > Logic ‘1"

Figure 49 Table 6-32 and Figure 6-35 of USB 3.2 Specification Version 1.0

the specification.

Set up the stimulus connection on the Set Up tab.
Disconnect the USB 3.0 test fixture from the DUT.
Close the HSETT tool.

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

~N OO o1~ WON -

Setup the trigger:

a Trigger level to 200mV

b Hold off to 500us

c Trigger mode as Pattern mode

d Settrigger Logic as Low on trigger channel
e Setup trigger condition to range between 2us to 5 us
Setup the trigger to “Single”

Setup the Acquisition

a Select Real Time mode

Set interpolation to OFF

Acquire points to AUTO

Sample rate to 40GSa/s

Bandwidth: 12GHz

®© Q O T

Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation

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

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



10G Tests 5

10 Set stimulus to ON.

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

@ zoo mv/ |o.ov

800 m)

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

12 Set up the parameter measurement:
a Getall 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.

¢ 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.

800 mV

600 mV
400 mV

200 mV

-800 mVv

-427 us 422 ps -418 ps - - H - 3 -390 ps f1

-413.22191319ps | (@ T » O

Figure 51 Decoding SCD1
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14 Decode SCD2 from the waveform.

800 mV

600 mV
400 mV

200 mV

-800 mV
-165 us f1

-218 s 212 s -206 ps -201 ps

) 5.86 us/  |-194.71803815ps | (@) T » O

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.
Differential Voltage

Period

Duty Cycle

Rise Time

Fall Time

Common Mode Voltage

16 Report the measurement values.

Sh ® Q O T ©

Expected/ - SCD pattern must be correct. SCD1 pattern is ‘0010" and SCD2 pattern is “1107".
Observable Results . 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

Connection Diagram

Test Reference from

The 10G Deemphasis and Preshoot Tests include:

Deemphasis
Preshoot

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

Application.

See Appendix A, “Test Connection”.

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

10G Tests

the Specification
Table 6-21. Gen 2 Transmitter Equalization Settings

Parameter Value Comments
Preshoot (dB) 22110 Normative requirement!
De-emphasis (dB) -3.1+£1.0 Normative requirement!
C. -0.083 Informative — for reference only
Ci -0.125 Informative — for reference only
Nominal Boost (dB) 4.7 Informative — for reference only
Va/vd 0.834 Informative — for reference only
Vb/vd 0.584 Informative — for reference only
Ve/vd 0.750 Informative — for reference only
Notes:

1. Measured at the output of the compliance breakout board in Figure 6-24.

Figure 53

Table 6-21 of USB 3.2 Specification Version 1.0
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Figure 6-25. Example waveforms for measuring transmitter equalization

Ul H57-#62 UI#ST-#62

3
=

% o2 % 02
i o half period half pariod [ g L] half peniod halfperiod
LI #57-#62 il
? A F——EP
o 2 P ot w0 2 " o 2 P <o 0 0 e
(a) CP13 (with preshoot only) (b) CP14 (with de-emphasis only)
] S 70~ IR [, '
04 - . 0.4 {
§ 02 £
H o half pariod ‘ half period g o half pe half period
i w_— i
5 02 £ 02
I A |
0.4 0.4 |
cP15 cpPi6 k——ﬁg« |
T 2 s s s w1z o e . . . a o 12 14
tiene (ns) time (ns)
(c) CP15 (with preshoot and de-emphasis) (d) CP16(without preshoot or de-
emphasis)
Figure 54 Waveforms with and without Deemphasis and Preshoot

Measurement of the preshoot and de-emphasis is done using CP13, CP14 and CP15. Va. V¢ and Vb are
obtained using CP13, CP14 and CP15 as shown in Figure 6-23. Preshoot and de-emphasis are calculated
using equations (10) and (11).

v, — C,+C,+C,
10 reshoot = 2010, ( CPV ]: 20log, | ——0 1L

(10) r 10 . Vs 10 G
. v / J C,+Cy+C
11 deemphasis = 201o el =20lo —
(11) P glﬂ( Veps glo[c_l +C,—C,

Figure 55 Equations for Preshoot and Deemphasis
Test Condition#1
True

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.
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6 Setup the Acquisition

a Setinterpolation to OFF

b Set acquire points to Auto

¢ 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.

I signal Test 4.0.23

~|Differential

v SelectPreset Test
PCle Gen3 Presets

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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g Preset Values

Data Type +|Differential

Unit -

Interval ¥ 100.00 fp=

Expected /

Observable Results

86

Test Condition#2

Test Procedure

Fi

gure 57 Selecting Waveform Files in the SigTest tool

e Click the “Test” button.
f Record the results.

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

TXEQ Test Mode

False

oD o N WON -

9

Set up the stimulus for 2-cycle LFPS ping.
Default the scope.

Setup Function 1 as subtraction of Channel 1 and Channel 3.
Set horizontal scale to 2ns, position at 0.

Set trigger to AUTO Sweep.

Setup the Acquisition

a Setinterpolation to OFF

b Set acquire points to Auto

c Sample rate to 40 GSa/s

Ping the DUT until CP13 is attained.

The top is measured between Ul#57 to UI#62.
The base is measured between Ul#57 to UI#62.

10 The amplitude is measured as Top reading - Base reading. Refer to Figure 54 (or Figure 6-23 of

11

USB 3.2 Specification, revision 1.0).
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.
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16 Record the measurement result.

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

Connection Diagram

Test Reference from

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 (MQOls) for 5G Transmitter SSC tests using a

Keysight 90000A Series Infiniium oscilloscope, USB 3.0 test fixture, and USB3.2 Test Compliance
Application.

See Appendix A, “Test Connection”.

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

the Specification
Table 6-17. SSC Parameters
Symbol Description Limits Units Note
Min Max
tssc-MOD-RATE Modulation Rate 30 33 kHz
t55C-FREQ-DEVIATION 35C deviation +0/-4000 +0/-5000 ppm 1,2,3
+0/-2000 +0/-3000 4

Note:

1. The data rate is modulated from 0 ppm to -5000 ppm of the nominal data rate frequency and scales with

data rate.

2. This is measured below 2 MHz only.

3. Receiver compliance testing is done under the maximum spread condition.

4. Alternate limits apply to “radio friendly” clock mode which employs a clock whose center frequency is
downshifted by 2000ppm.

88

Figure 58 Table 6-17 of USB 3.2 Specification Version 1.0
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Table 6-18. Tramnsmitter Normative Electrical Parameters

Gemn 1 emn 2 -
Symbaol Farametar (5.0 GT /=) (10 GT /=) Unmit=s Commants
iy | Unit Incerval 19994 (min) S9.97 (min) Ps The specified Ul is eguivalent to

200.06 (max) 100.03 (max) a tolerance of 2300 ppm for each
dewvice. Period does not account
for 55C induced variations.

200.34 (min) 100.17 (min) Ps Alrernate limits apply to “radio

200,46 (max) |100.23 (max) friendly” clocking mode which
employs a clock whose center
fregquency is dowmnshifeed by
Z000ppm. This mode is to be
nsed with a +0/-3000ppm:
spread.

Vrx.carr-rr Dvifferential p-p 0.8 [(rnin] L8 [(min] W Mominalis 1 V p-p
Tx voltage 1.2 [(max) 1.2 [(max)
swing

Wrx-narr-rr-Low Low-FPower 0.4 (Tmin] 0.4 (min) W Refer to Secdon &6.7.2. There i=
Differential p-p 1.2 [(mmax) 1.2 [(max) o de-emphasis requirement im
T=x voltage thi=s mode. De-emphasis is
swing implementation specific for this

T oedle.
o T=x de-emphasis 3.0 [roaim) See section dB Mominal is 3.5 dB for Gen 1
4.0 (max) E.T.E.2. operaton. Gen 2 transmitter
egqualization requirements are
described in sectdon &6.7.5.2.

ERrx.zurr-oc DC differential T2 [(min]) T2 [(mxin) £
impedance 120 (max) 120 {max])

Wrxk-Rev-DETRET The amount of 0.8 [max]) LS [(max]) W Detect voltage transition should
waoltage change be an increase in voltage on the
allowed during pin looking at the detect sigmal
Recaiver o avoid a high impedance
Detection reguirement when an “off

receiver's input goes below
Erounnd.

Cac-coursidc AC Coupling 75 [(min]) TS5 [(mxin) nF All Transmitters shall be AC

Capacitor 265 [(max) 265 [(max) coupled. The AC coupling is
reguired either within the media
or within the transmitting
component icself.,

Teor =Lmw_snax Mamitmam slewwr 10 Not ms/Ss See the jitver white paper for
rats applicable details on this measarement.

This is a dffft specification; refer
to Section 6.5.4 for details.

3] S2C dffdr HNot 1250 [(max) prpmy s | See note 1.

applicable
VWirzcamsoip-oera | Transmitter idle | +&00 [(max) +&00 [mazx) mW The maximum allowed

OO MG T~ od e
waltage change

600 [min)

-600 [min)

instantaneous common-made
wvoltage at TF2 while the
transmitter is in U2 or U3 and
not actively transmitting LFPS.
Mote that this is an absolute
wvoltage spec referenced to the
receive-side termination ground
but serves the purpoase of
lIimiting the magnitude and;or
slew rate of Tx common made
changes=s.

Mote 1: Measured owver a 0.5 us interval nsing CP10.
filter with 3 dB cutoff freguency that is &0 times the modulation rate.
be greater or egual to a second aorder low-pass of 20 dB per decade.

achievwed by inspection of the low-pass filtered wawveform.

Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation

Figure 59

Table 6-18 of USB 3.2 Specification Version 1.0

The measurements shall be low pass filtered using a
The filter stopband rejection shall
Evaluation of the maximum df/dt is
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Unit Interval (with SSC) Test

Reference Clock

Clean Clock

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
2
3
4
5

0 N O

9

10
1
12
13
14
15

Set up the stimulus for 2-cycle LFPS ping.
Default the scope.

Setup Function 1 as subtraction of Channel 1 and Channel 3.
Set horizontal scale to 2ns, position at 0.
Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

¢ Sample rate to 80GSa/s

d 16M points

e Bandwidth to 25GHz

Set Sweep as AUTO

Ping the DUT until CP10 is attained.

Setup horizontal scale to 20us, position at O.
Stop the acquisition and save the waveform.
Set ‘Unit Interval Measurement’ to ON.

Set ‘Measurement Trend’ to ON.

Measure Vmax of the measurement trend.
Measure Vmin of the measurement trend.
Measure Vaverage of the measurement trend.
Record the measurement result.

Expected/  The measurement results for Unit Interval must be within the conformance limit as specified in the
Observable Results  USB 3.2 specification.
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SSC Deviation Test, SSC Modulation Rate Test, SSC df/dt Test

Reference Clock SSC Test Mode

SSC True

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 O.
5 Setup the Acquisition
a Select Sampling Mode as “Real Time”
b Set interpolation to OFF
¢ Sample rate to 80GSa/s
d 16M points
e Bandwidth to 25GHz
Set Sweep as AUTO
Ping the DUT until CP10 is attained.
Setup horizontal scale to 20us, position at O.
Stop the acquisition and save the waveform in binary format.

O 0 N O
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Test Conditions#2

Test Procedure

10 Launch SigTest tool.
a Load the waveform file.
b Ensure that SSC template is selected. See Figure 60.

c:\Users'\Administrator\Desktop \Molnfinii Sim FUNC 1CP 10 bin

Figure 60 Selecting the SSC Template File on the SigTest tool

11 Record the measurement result.

Reference Clock SSC Test Mode

SSC False

Set up the stimulus for 2-cycle LFPS ping.

Default the scope.

Setup Function 1 as subtraction of Channel 1 and Channel 3.
Set horizontal scale to 2ns, position at 0.

o N W0N -

Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Setinterpolation to OFF

¢ Sample rate to 80GSa/s

d 16M points

e Bandwidth to 25GHz

Set Sweep as AUTO

Ping the DUT until CP10 is attained.

Setup horizontal scale to 20us, position at O.
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.

0 N O

«©
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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 671.
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x107
Figure 61 Vtop and Vbase measurements on an SCC triangle profile

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

Ul +5000ppm

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.

Ul +5000ppm

Figure 63 Measuring Rate of change

14 Record the measurement result.

Expected /  The measurement results for SSC must be within the conformance limit as specified in the USB 3.2
Observable Results  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 (MOls) 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  ECN CTLE of the USB 3.2 Specification, revision 1.0.

the Specification
Figure 6-28. Gen 2 Compliance Rx EQ Transfer Function
2 {
0 Adc
—0dB
-2 == ) - —1dB |
4 -+ I —2dB
-3dB
-6
i 4dB
o
= -8 SdB
|
2 -10 + . . 6dB
5
@
= 12
-14
_16 {
-18
=20 —
-22
1.E+08 1.E+08 1.E+10 1.E+11
frequency (Hz)
Figure 64 Figure 6-28 of USB 3.2 Specification Version 1.0
Test Condition

Test Method

SDA

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.
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6 Setup the Acquisition
a Select Sampling Mode as “Real Time”
b Set interpolation to OFF
¢ 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
¢ 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:
Load Mask
Set Source as CTLE
Set Color Grade to ON
Set Infinite Persistent to ON
Set Mask Scaling:
Horizontal Scaling: -50ps
Delta: 100ps
f  Set Mask Vertical Scaling:
1 Level: 600mV
- 0 Level: -600mV
g Enable “Bind 1 & O 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.

®©® Q O T Q2

Expected/  The DC Gain must yield the best Eye opening, which must conform to the USB 3.2 specification.
Observable Results
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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”.

10G Tests 5

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

the Specification

Table 6-16. Informative Jitter Budgeting at the Silicon Pads”

Gen 1 Gen 2

Jitter Contribution [ps) (5 GT/s) (10 GT/s)
Rj'* Dj* Tj*ar 10-1= Rj'-= D Tj* at 10-*=
T= 2.42 41 75 1.00 17 311
Media® 2.13 45 75 0.00 36 36.0
Bx 2.42 57 91 1.00 27.1 | #1.2
Total 4.03 143 200 1.41 80.1 | 100
Motes:

1. FRjisthe sigma value assuming a Ganssian distribution.
Rj Total is computed as the Root Sum Sguare of the individual Bj components.

=1 @ L e

from TP1 to TP4.

Figure 65

Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation

I budget is nsing the Dual Dirac method.

Tj at a 101z BER is calculated as 14.068 * BRj + Dj.
The media budget includes the cancellation of 151 from the appropriate Ex equalization function.
Tx is measured after application of the JTF.
In this table, Tx jitter is defined at TP1, BRx jitter is defined at TP4, and media jitter is defined

Table 6-16 of USB 3.2 Specification Version 1.0
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10G Random Jitter Test

Test Method

USB-IF SigTest

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 O.
5 Ping the DUT until CP10 is attained.
6 Setup the Acquisition
a Select Sampling Mode as “Real Time”
b Setinterpolation to OFF
¢ 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’

B signal Test 4.0.23 — O P

~|Differential

S N T
- I

Load and Verify Data File SelectPreset T+

USB_3 10GEB | App Settings and Debug Mode
USB_3_10Gb_CP10_Tx_Rj_Test |

Worst Fitter (DR Fiter
mwlemlmlnmlmlmqu:fl st

Figure 66 SigTest tool settings for measuring 10G RJ

12 Record the measurement result for the 10G RJ.
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! Full Test Results - NelnfiniSimFUNCICP10.bin x

Figure 67 SigTest tool report for 10G RJ measurement

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

Test Method

Test Condition#2

SDA

Test Procedure

D o~ WON =

8

Set up the stimulus for 2-cycle LFPS ping.
Default the scope.

Setup Function 1 as subtraction of Channel 1 and Channel 3.
Set horizontal scale to 2ns, position at 0.
Ping the DUT until CP10 is attained.

Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

¢ Sample rate to 80GSa/s

d 16M points

e Bandwidth to 25GHz

Set Sweep as AUTO.

Setup horizontal scale to 20us, position at O.
Stop the acquisition and save the waveform.
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10 Setup CTLE:

a # of Poles: USB3.2

b Pole 1 Frequency: 1.5GHz

¢ 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/  The measurement results for 10G Random Jitter must be within the conformance limit as specified in
Observable Results  the USB 3.2 specification.
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10G Transmitter Eye Far End (TP1) Tests

The 10G Transmitter Eye Far End (TP1) 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

10G Tests 5

This section provides the Methods of Implementation (MOIs) for 10G Transmitter Eye Far 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  Table 6-16 and Table 6-20 (ECN for SSP System Jitter Budget) of the USB 3.2 Specification, revision

the Specification  1.0.

Table 6-20. Normative Transmitter Eve Mask at Test Point TP4

Signal 5GT/s 10GTfs .
Cha L Units Note
racteristic Minimum Maximum 1 i o Mand nymnn
Eve Height 100 1200 70 1200 mV 2,34
k] 0.43 0.530 uI 1, 2,3
Rj 0.23 0.141 oI 1,5.6
Ti 0.56 0.671 I 1,2, 3
Notes:

1. Measured over 10® consecutive Ul and extrapolated to 10-'* BEER.

2. Measured after receiver equalization function.

3. Measured at end of reference channel and cables at TP4 in Figure &-20.

4, The eye height iz to be measured at the minimum opening over the range from the center of the

eye * 0.05 UL

E. The Rj specification is calculated as 14.06% times the EMS random jitter for 10-'* BER.
6. Measured at the output of the compliance breakout board without embedding the compliance

cable and load board.

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

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.

Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation
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5 10G Tests

6.8.2.2.2 Reference DFE

In addition to the 1st order CTLE, a one-tap reference DFE is used in transmitter compliance
testing. The DFE behavior is described by equation (15) and Figure 6-29. The limits on d;
are 0 to 50mV.

as)  ye=x-disar,,)

where yx is the DFE differential output voltage
V¥ is the decision function output voltage, |[y*] = 1
Xk is the DFE differential input voltage
di is the DFE feedback coefficient
k is the sample index in UI

Figure 69 Equation for Reference DFE

Figure 6-17. Eye Masks

e

Minimum eye height =

voliag (mV)

Gen 2 eye mask

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 Method

USB-IF SigTest

Test Condition

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

Default the scope.

Setup Function 1 as subtraction of Channel 1 and Channel 3.
Set horizontal scale to 2ns, position at 0.

Ping the DUT until CP9 is attained.

Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Setinterpolation to OFF

¢ 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’
¢ Set Random Jitter

D O A W N =
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Ml Signal Test 4.0.23

Porses
SelectPreset v

App Settings and Debug Mode

¥ Random Jitter Sel.. X

Load and Verify Data File

USB_3_10GB |
USB_3_10Gb_CP3_Tx |

fi2500 |

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.
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10G Tests 5

I Full Test Results - FUNC1CP3.bin =

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

Expected/  The measurement results for Deterministic Jitter, Total Jitter, Eye Width and Extrapolated Eye
Observable Results  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 Method

SDA

Test Condition

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

Default the scope.

Setup Function 1 as subtraction of Channel 1 and Channel 3.
Set horizontal scale to 2ns, position at O.

Ping the DUT until CP9 is attained.

Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Set interpolation to OFF

¢ 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.

D o1~ 0N =

10 Stop the acquisition and save the waveform.
11 Setup CTLE:
a # of Poles: USB3.2
b Pole 1 Frequency: 1.55GHz
¢ 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
Enable Jitter Mode on EZJIT+
BER Level: 1E-6
Measurement: TIE (Phase)
Edges: Both
RJ Bandwidth: Narrow
RJ Method: Spectral Only
Pattern Length: Arbitrary
i ISI Filter Lead: -2
J ISl Filter Lag: 18

> Q h 0 Q O T

Expected/  The measurement results for Total Jitter, Deterministic Jitter, Eye Width and Extrapolated Eye
Observable Results  Height must be within the conformance limit as specified in the USB 3.2 specification.
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10G Far End Template Test and 10G Far End Differential Output Voltage Test

Test Method

SDA

Test Condition

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

Default the scope.

Setup Function 1 as subtraction of Channel 1 and Channel 3.
Set horizontal scale to 2ns, position at O.

Ping the DUT until CP9 is attained.

Setup the Acquisition

D o1~ 0N =

a Select Sampling Mode as “Real Time”
b Set interpolation to OFF
¢ 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
¢ 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:
Load Mask
Set Source as CTLE
Set Color Grade to ON
Set Infinite Persistent to ON
Set Mask Scaling:
Horizontal Scaling: -50ps
Delta: 100ps
f Set Mask Vertical Scaling:
1 Level: 600mV
- 0 Level: -600mV
g Enable “Bind 1 & O Levels”
h Enable “Real-Time Eye”

®© Q O T Q9

Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation 107



5 10G Tests

14 For DFE setup, click the DFE tab:

Set CTLE as the source

# of DFE taps: 1

Gain: 1

Upper Target & Lower Target = +25mV

In the Auto Set section, set Max Tap Value = 1.0
Set Min Tap value = 0.0

Set Tap 1 value = 1

Select to check Enable DFE

Fill in the Delay to adjust the position of the waveform
J Note the following acronyms:

o KQ Th @ Q O T o

i T=Unit-less Tap value

i U= Upper target

i L= Lower target

iv A= Amplitude

v 0= Offset

vi A= (U-L)/2

vii O = (U+L)/2

viii U& L=450mV; Tap =T isequalto U& L=+1;Tap=0.5

1 V=0+A*(T1*1)

0 V=0+A*(T1*-1)

15 Run Mask Test.
16 Measure Eye Height and Eye Width.

Expected/  The signal must pass the Mask Test and the Differential Output Voltage must be within the
Observable Results  conformance limits as specified in the USB 3.2 specification.
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10G Transmitter Eye Short Channel Tests

The 10G Transmitter Eye Short Channel 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

10G Tests 5

This section provides the Methods of Implementation (MQls) 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  Table 6-16 and Table 6-20 of the USB 3.2 Specification,
the Specification  revision 1.0.

Table 6-20. Normative Transmitter Eve Mask at Test Point TP4

Signal 5GT/s 10GT/s _
Cha L Units Note

racteristc Minimum Maximum Minimum M axi mum
Eye Height 100 1200 70 1200 my 2,3, 4
1] 0.43 0.530 uI 1,2. 3
Rj 0.23 0.141 ur 1, 5.6
Tj 0.56 0.671 ur 1,2, 3
Motes:

1. Measured over 10®° consecutive Ul and extrapolated to 10-'* BEER.

Z. Measured after receiver equalization function.

3. Measured at end of reference channel and cables at TP4 in Figure &-20.

4,
eye ¥ 0LDS UL

E. The Rj specification is calculated as 14.069 times the RMS random jitter for 10-'* BER.
6. Measured at the output of the compliance breakout board without embedding the compliance
cable and load board.

Figure 73

Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation

Table 6-20 of USB 3.2 Specification Version 1.0

The eye height iz to be measured at the minimum opening over the range from the center of the

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 T0E-6 BER.
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10G Tests

6.8.2.2.2 Reference DFE

In addition to the 1s* order CTLE, a one-tap reference DFE is used in transmitter compliance

testing. The DFE behavior is described by equation (15) and Figure 6-29. The limits on d:
are 0 to 50mV.

(15)

Figure 74

Ve =% —d, Sgn(yk—l)

where yx is the DFE differential output voltage
Y is the decision function output voltage, [y*| = 1
X is the DFE differential input voltage
ds is the DFE feedback coefficient
k is the sample index in UI

Equation for Reference DFE

Figure 6-17. Eye Masks

voltage (mV)

—_— —
=Ear=

Figure 75

Gen 2 eye mask

Gen 2 Eye Mask for 10G Transmitter Short Channel tests
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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 Method

USB-IF SigTest

Test Conditions

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

Setup Function 1 as subtraction of Channel 1 and Channel 3.
Set horizontal scale to 2ns, position at 0.
Ping the DUT until CP9 is attained.

Setup the Acquisition

a Select Sampling Mode as “Real Time”

b Setinterpolation to OFF

¢ 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

D o1~ 0N =

W signal Test 4.0.23

s Deenis
SN J_Eﬂ"
L R [
ok e J_EH'

Load and Verify Data File

| 4pp Setings and Debug Mode
USB_3_10Gb_CP9_Tx Shot | v

B random Jitter Sel.. X

Figure 76 SigTest tool settings for measuring Eye Width and Extrapolated Eye Height
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12 Record the measurement result for Eye Width and Extrapolated Eye Height.

8 Full Test Results - CP9ShortTrial 1.bin e

Mim Unit Interval (ps]

‘

53.18413
174.16231

View HTML Report

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

Expected /  The measurement results for Short Channel Eye Width and Extrapolated Eye Height must be within
Observable Results  the conformance limit as specified in the USB 3.2 specification.

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



10G Transmitter Eye

10G Tests

Near End (TPO) Tests

The 10G Transmitter Eye Near End (TPQ) 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

5

This section provides the Methods of Implementation (MQOls) for 10G Transmitter Eye Near End (TPO)
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  Table 6-16 of the USB 3.2 Specification, revision 1.0.

the Specification
Table 6-16. Informative Jitter Budgeting at the Silicon Pads”
Gen 1 Gen 2
Jitter Contribution [ps) (5 6T/5) (10 GT/s)
Rj'* o Tj*at 102 Rj1-2 Dj* Tj* at 102

T= 2.42 41 75 1.00 17 311
Media® 2.13 45 75 o.00 36 36.0
Bx .42 57 91 1.00 27.1 | 41.2
Total 4.03 143 200 1.41 20.1 100
Motes:

1. Fjis the sigma value assuming a Gaussian distribution,

=1 @ kN i o ba

Rj Total is computed as the Root Sum Square of the individual Rj components.

I budget is using the Dual Dirac method.

Tj at a 10-1x BER is calculated as 14.068 * REj + IN.

The media budget includes the cancellation of 151 from the appropriate Bx egualization function.
Tx is measured after application of the JTF.

In this table, Tx jitter is defined at TP1, Bx jitter iz defined at TP4, and media jitter is defined
from TP1 to TP4.

Figure 78 Table 6-16 of USB 3.2 Specification Version 1.0
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5 10G Tests

Figure 6-17. Eye Masks

Voltags (mV)

Gen 2 eye mask

Figure 79 Gen 2 Eye Mask for 10G Transmitter Eye Near End (TPO) tests

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



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 Method

SDA

Test Condition

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

Setup Function 1 as subtraction of Channel 1 and Channel 3.
Set horizontal scale to 2ns, position at 0.
Ping the DUT until CP10 is attained.
Setup the Acquisition

a Select Sampling Mode as “Real Time”
b Setinterpolation to OFF

¢ 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.

D O A W N =

9 Stop the acquisition and save the waveform.
10 Setup Clock Recovery:

2nd order PLL, data rate of 10Gbps, loop bandwidth of 7.56MHz, damping factor of 0.707
11 Setup EZJIT Complete:

a Set FUNCT 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 /  The measurement results for Near End Random Jitter must be within the conformance limit as
Observable Results  specified in the USB 3.2 specification.

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

Test Method

SDA

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.
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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
¢ 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 FUNCT as source
Enable Jitter Mode on EZJIT+
BER Level: 1E-6
Measurement: TIE (Phase)
Edges: Both
RJ Bandwidth: Narrow
RJ Method: Spectral Only
Pattern Length: Arbitrary
i ISl Filter Lead: -2
J ISl Filter Lag: 18

>oQ h 0o Q O T

Expected/  The measurement results for Total Jitter and Deterministic Jitter must be within the conformance
Observable Results  limit as specified in the USB 3.2 specification.
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10G Near End Template Test and 10G Near End Differential Output Voltage Test

Test Condition
SDA
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 O.
5 Ping the DUT until CP9 is attained.
6 Setup the Acquisition

a Select Sampling Mode as “Real Time”
b Set interpolation to OFF
¢ 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
¢ 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/  The signal must pass the Mask Test and the Differential Output Voltage must be within the
Observable Results  conformance limits as specified in the USB 3.2 specification.

Keysight D9020USBC USB3.2 Compliance Test Application Methods of Implementation 117



5 10G Tests

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



Keysight D9020USBC USB3.2 Compliance Test Application

Methods of Implementation

A Appendix

Test Connection / 120

Compliance Pattern used in USB3 Tx Tests / 121
Mask Template / 128

InfiniiSim Setup for 5G / 129

InfiniiSim Setup for 10G / 130

KEYSIGHT

TECHNOLOGIES



A Appendix

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.

USh Part On the
? oasillescaps

701 6A

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.
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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

KD 200 mv/ [jo.ov

8.00 s 200 ps

D 10.0 s/ |32.00000000 ps | (@) 7

LFPS Pattern in 10G Tests

200 mV/ ||0.0WV

1L
o.

SROM |RIMUA | SEIW AW
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CPO Pattern

File Control Setup Display Trigger Measure Math An| ilities Demos H

12zomv (@3>0

E]
s
F 3
8
<
S
2
g
g
=
3
8
2

200 ns

CP1 Pattern

File Control Setup Display | Trigger| Measure Math ALSS.F Utilities Demos Help

©® c10omv/ 6.1 mv

SEIW |BIIUIA | SeaW

-10.0 ns -B.X

o 2.00ns/ |0.0s
| % | Results _(Measure All Edges)

Measurement [ Current [ Mean ] Min Max [ Range (Max-Min) ] Std Dev Count
® Data rate(l) 5250230 Gb/s 5002714 Gb/s _ A.702843 Gb/s __ 5319739 Gb/s __ 616.8964 Mb/s 1554254 Mb, __ 31236
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CP7 Pattern

Trigger Measure Math Al

File Control Setup Display

©®7somvy [1asmv [@>0

SeaW [RIIIIA | S

-100 ns
© z00ns/ Joos ® "
Results _(Measure All Edges)

Current
31.15655 Mb/s

Max
31.26317 Mb/s

Mean
31.17920 Mb/s

Measurement

© Data rate(l) 31.09412 Mb/'s

Appendix

Utilities Demos Help

BD.O ns

Std Dev
4253426 kb/:

Count
4074

Range (Max-Min)
P

File Control Setup Display Trigger Measure Math A- Utilities

Seal [BIILAA

e —

40.0 ns
@ -

Mean
31.18590 Mb/s

80.0 ns

0.0s p e |

s
@ 20.0ns/
% | Results _(Measure All Edges)
Current
31.18992 Mby's

Min
3109671 Mb/s

Max
3126389 Mb/s

Measurement
® Data rate{1)
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Demos Help

o

164 mv

e ——

204 mv
B0.O ns.

60.0 ns

Count
2134

Std Dev

Range (Max-Min)
2161189 kb/:

167.1792 kb/s
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CP9 Pattern

File Control Setup Display Trigger Measure Math ﬂ Utilities Demos Help

P
b

o 72.5 mV/ 14.6 mvV Q

SEal [EJILAA | SEAW ALI]

10.0 ns 8.00 ns s 2 s 6.00 ns

o 2.00 ns/ 0.0s
8 | Results _ (Measure All Edges)

Measurement | Cument | Mean | Min | [ | Range (Max-Min) | Std Dev Count_|
© Data rate() - - 7587706 Gb/s 5056575 Gb/s 1007037 Gb/s _ 5013801 Gb/s 2147935 Mb, 47322

CP10 Pattern

File Control Setup Display Trigger Measure Math A= Utilities Demos Hel

-10.7 mv | @D

SEal [EIIUAA | Se3W awiL

UGG I

10.0 ns 0 6.00 ns 4,00 ns

© -0 ® “

& | Results _(Measure All Edges)
Measurement | Cument | Mean | Min Max | Range (Max-Min) | Std Dev Count
© Data rate(1) 1011553 Gb/s__ 0.986765 Gb/s 355008 Gb/s 1092603 Gb/s 1670126 Gb/s 2843854 Mb, 623623
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CP13 Pattern

File Control Setup Display Trigger Measure Math “ Utilities Demos Help

Sl |BIIUBA SE3W AWl

0 2.00

Results _(Measure All Edges)

Measurement | Cument | Mean Min I Max | Range (Max-Min) | Std Dev Count_|
© Data rate(1) 1558793 Mb/s _ 6998152 Gb/s 1555848 Mb/s 1037425 Gb/s 1021867 Gb/s 4522640 Gb/ 89657

CP14 Pattern

File Control Setup Display Trigger Measure Math AliJf Utilities Demos Help

TECHNOLO

©_hov 5

A

SeaW |B[LAA | SEAW Awi|

148 mV

| 8 Results (Measure All Edges)
Measurement | Current | Mean 1 Min | Max | Range (Max-Min) | StdDev | Coumt |
© Data rate(1) 1561574 Mb/s 1550883 Mb/s__ 155.5748 Mb/s 1563442 Mb/s__ 7693795 kb/s 1649175 kb/: 10713
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CP15 Pattern

File Control Setup Display Trigger Measure Math Al ilities Demos Help

9

2
=
z
g
&
<
[+]
=
g
g
=
[}
o
2

100 ns

ingle
ks

©® s0.6 mv/ [1.9mv

@oons/ |oos
(% Results _(Measure All Edges)

Measurement | Curmrent | Mean I [ Range (Max-Min) Std Dev [
@ Data rate(l) 155.9817 Mb/s 155.9735 Mb/s 155.5616 Mb/s 156.3197 Mb/s 758.0435 kb/s 167.7775 kb/ 17528

SCD and LBPM Pattern

File Control Setup Display Trigger Measure Math “ Utilities Demos Help

= =

SeaW [RIUAA | S

P
Stop

ms

mv/ [jo.0v [+

R dn Lt ke UL T LK

ms

o 150 ps/ 228.06000000 ps () M 0
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Compliance Pattern Sequence

Appendix

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

Table 6-13. Compliance Pattern Sequences

Compliance Pattern | Value Description

CPO D0.0 scrambled A pseudo-random data pattern that is exactly the same as
logical idle (refer to Chapter 7) but does not include SKP
sequences.

CP1 D10.2 Nyquist frequency

CP2 D24.3 Nyquist/2

CP3 K28.5 COM pattern

CP4 LFPS The low frequency periodic signaling pattern

CP5 K28.7 With de-emphasis

CP6 K28.7 Without de-emphasis

CPT 50-250 1's and 0's With de-emphasis. Repeating 50-250 1’s and then 50-250
0's.

CP8 50-250 1’s and 0's With w\Without de-emphasis. Repeating 50-250 1’s and then
50-250 0’s.

CP9 Pseudo-random data pattern (see section 6.4.4.1)

CP10 AAh Nyquist pattern at 10Gb/s. This is not 128b132b encoded.

CP11 CCh Nyquist/2 at 10Gb/s, This is not 128b132b encoded.

CP12 LFSR15 Uncoded LFSR15 for PHY level testing and fault isolation.
This is not 128b132b encoded. The polynomial is
XM 5+xM4+1.

CP13 64 1's and 0's With pre-shoot defined in section 6.7.5.2 (no de-emphasis).
Repeating 64 1's and then 64 0's at 10Gb/s. This is not
128b132b encoded.

CP14 64 1's and 0's With de-emphasis defined in section 6.7.5.2 (no pre-shoot).
Repeating 64 1's and then 64 0's at 10Gb/s. This is not
128b132b encoded.

CP15 64 1's and 0's With pre-shoot and de-emphasis defined in section 6.7.5.2.
Repeating 64 1's and then 64 0's at 10Gb/s. This is not
128b132b encoded.

CP16 64 1's and 0's No de-emphasis or pre-shoot. Repeating 64 1's and then 64

0’s at 10Gb/s. This is not 128b132b encoded.

Note: Unless otherwise noted, scrambling is disabled for compliance patterns.
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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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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: Cto 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
¢ 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 StdAtoStdB
USB3_TX_Device_Channel.tf4
b Std A to Micro B
USB3 MicroB_Channel.tf4
¢ Tethered
USB3_Tethered_Channel.tf4
d Micro AB
USB3_MicroAB_Channel.tf4
e CtoC
SSGen1_TxComp12p7dB_Embedding.tf4
f Captive Device
SSGen1_TxComp6pbdB_Embedding.tf4
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InfiniiSim Setup for 10G

130

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

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

De-embed keysight fixture (N7015A)

a Channel Setting: Cto C
N7015A_Deembed__TypC_TypC_14p1dbAtoGHz_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 StdAtoStdB
SSGen2_TxComp12p2dB_Embedding.tf4

b Std A to Micro B
SSGen2_TxComp12p2dB_Embedding.tf4

c StdAtoC
SSGen2_TxComp12p2dB_Embedding.tf4

d CtoStdB
SSGen2_TxComp12p2dB_Embedding.tf4

e CtoMicroB
SSGen2_TxComp12p2dB_Embedding.tf4

f CtoC
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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