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USB Automated Testing—At A Glance

The Keysight D90T0USBC USB 2.0 compliance test option helps you verify USB compliance to
specifications using the Keysight 9000A, S-Series, 90000A, MXR, or UXR Series Infiniium digital
storage oscilloscope.
The USB 2.0 compliance test option runs under an automated test engine that.

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.
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In This Book

This manual contains notes on the electrical tests that are performed by the USB 2.0 compliance test
option; it describes the equipment used, and it describes how the tests are performed.

Chapter 1, “Installing the USB 2.0 Compliance Test Application” shows how to install and license
the automated test application software (if it was purchased separately).

Chapter 2, “Preparing to Take Measurements” describes the equipment required, how to set up
the equipment, how to start the USB 2.0 Compliance Test Option, and how to run tests.

Chapter 3, “Device Hi-Speed Tests” describes the equipment used for each test setup.
Chapter 4, “Hub Hi-Speed Tests” describes the equipment used for each test setup.
Chapter 5, “Host Hi-Speed Electrical Tests” describes the equipment used for each test setup.

Chapter 6, “Troubleshooting Hi-Speed Test Failures” describes the Debug Mode options that can
be used when troubleshooting hi-speed test failures.

Chapter 7, “Low and Full Speed Tests” describes the equipment used for each test setup.
Chapter 8, “Embedded Host Hi-Speed Tests” describes the equipment used each test setup.

Chapter 9, “Manual Testing and Measurement Using Oscilloscope” describes the steps used for
manual testing.

SeeAlso - The USB 2.0 Compliance Test Option’s online help, which describes: creating or opening a test
project, selecting tests, configuring selected tests, connecting the oscilloscope to the DUT,
running tests, viewing test results, and viewing/printing the HTML test report.”

Saving test projects.

The USB 2.0 developers documents are available at the USB Implementers Forum web site,
http://www.usb.org/developers/docs. This web page has test procedure documents for the
D9010USBC USB 2.0 Compliance Test Option, which contain test records used for compliance
test submission.
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DI0TOUSBC USB 2.0 Compliance Test Application

Notes on Electrical Testing

Installing the USB 2.0
Compliance Test Application

Installing the Software 18
Installing the License Key 19

If you purchased the D9010USBC USB 2.0 Compliance Test Application separately, you need to
install the software and license key.

KEYSIGHT

TECHNOLOGIES



1 Installing the USB 2.0 Compliance Test Application

Installing the Software

1 Make sure you have the minimum required version of Infiniium Oscilloscope software (see the
D9010USBC USB 2.0 Compliance Test Application release notes). To check the currently
installed version, select Help > About Infiniium... from the main menu.

2 Download the latest version of the D90TO0USBC USB 2.0 Compliance Test Application software to

your oscilloscope:
a Go to: http://www.keysight.com/find/D90T0USBC

b Click the D90T0USBC USB 2.0 Compliance Test Application links.

3 Run the setup program, and follow the instructions.
Be sure to accept the installation of the .NET Framework software; it is required in order to run

the USB 2.0 Compliance Test Application.
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Installing the USB 2.0 Compliance Test 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 [
g Full computer name: I msr.is.keysight.com
8 [Host 1D: PCSERNO,JBxxxxxxxx|
=]
=
w

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.

?-Dx. |

Why do I need these tools?

| Install License File... [ Ctri+I |
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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1 Installing the USB 2.0 Compliance Test 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.

| B

u Keysight License Manager &

Home nsing Version

ight

Environment

“Comnon Files\Intel\Shared Librariesh\redist\intel&

0l Compact

Figure 3 Viewing the Host ID information in Keysight License Manager 6
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Installing the USB 2.0 Compliance Test Application

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.
rm Keysight License Manager 6

Home
Environment
View licenses
License usage

Borrow license

o Specify a remote floating license server

6 Add/remove a license on your local machine

(Administrators can set up a new licen rver here)

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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DI0TOUSBC USB 2.0 Compliance Test Application

Notes on Electrical Testing

Preparing to Take Measure-
ments

Required Equipment and Software 24

Setting Up the Equipment 28

Starting the USB 2.0 Compliance Test Application 30
Running Tests 33

This chapter lists all of the required equipment for running the compliance tests. It also includes
information on the fundamental equipment connections, accessing help, and running the software.
After you gather and set up the required equipment and software, you can start the USB 2.0
Compliance Test Application and begin performing the electrical compliance tests.
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2 Preparing to Take Measurements

Required Equipment and Software

The following tables list the required test equipment and the tests for which they are required.

Oscilloscope, Software, and Accessories

Table 1 Digital Storage Oscilloscope, Software, and Accessories
TESTS

Hub Device Low/Full
Equipment Required Hi-Speed Hi-Speed Speed
Keysight S-Series, 9000A, 90000A, UXR, or MXR Series Infiniium oscilloscope; In MXR, only 1 1ab 1ab 1ab
channels 1-4 are supported and pairing of channels 1-3 and 2-4 is allowed.
Keysight D9010USBC USB Compliance Test Option. 1 1 1 1
Computer monitor (optional). optional optional optional optional
Keysight 1131B, 1134B InfiniiMax differential probe. 1 2 1 n/a
Keysight E2669B differential connectivity kit, OR E2678B socketed head. 1 2 1 n/a
Keysight header adapter (P/N 01131-68703), included with E2669B and E2678BBpurchased after 1t 2¢ 1° n/a
October, 2003.
Keysight E2697A 1 MOhm adapter with passive probe, OR 11304, 1130B, N2751A, N2796A, 1132B 2 2 2 3
or 1132B active probe.
Keysight E2697A high impedance converter, N2782B current probe, and N2779A power supply. n/a n/a n/a 7d

Keysight 8710-2063 dual lead adapter (3 units) - to be used with the 10073D passive probe

* The oscilloscope’s memory upgrade option is recommended (Option 001 when ordered with the oscilloscope, or after purchase:
N5472A for the 90000A Series oscilloscopes). This gives the automated test software more flexibility in making corner case
measurements (and improves test performance).

t For low/full speed testing, the Keysight Infiniilum S-Series oscilloscope with N2873A passive probe and 11478 current probe
can be used instead.

 The header adapter is not needed with hi-speed test fixtures (E2666B through E2646B).
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Preparing to Take Measurements

Table 2 Digital Multimeter
TESTS
Hub Device Low/Full
Equipment Required Hi-Speed Hi-Speed Speed
Keysight 33461A digital multimeter or equivalent. 1 1 1 1
Mini-clip DMM leads - one each of black and red color. 1 1 1 1
Table 3 Digital Signal Generator

Low/Full
Equipment Required Speed
Keysight 81160A Pulse/Pattern Generator with 2 channels of Keysight 81132B (660 MHz) option. n/a 1 1 n/a
1 MB Memory card option for 81160A (option URJ). n/a 1 1 n/a
6dB attenuator (Keysight 8493C Option 006) - for scaling the DSG output voltages needed for n/a 2 2 n/a
receiver sensitivity test.
50-ohm coaxial cable with male SMA connectors at both ends (Keysight 8120-4948 or equivalent). n/a 2 2 n/a
Keysight 82357B USB/GPIB interface n/a 1 1 n/a
Table 4 Miscellaneous Cables and Devices
TESTS
Hub Device Low/Full
Equipment Required Hi-Speed Hi-Speed Speed
5 m USB cable (any listed on USB-IF web site). 1 1 1 as needed
1.5 m USB cable (any listed on USB-IF web site). 1 1 n/a n/a
1 m USB cable (any listed on USB-IF web site). as needed
Modular AC power cord. 2 2 2
Hi-Speed USB Hub (any listed on USB-IF web site). 1 n/a n/a
Hi-Speed USB Device (any listed on USB-IF web site). 1 n/a n/a
USB self-powered hub (and power supply). These are the hubs used for compliance testing and are n/a n/a n/a 5
available from the USB-IF. For development testing, in most cases, a hub that has passed USB
compliance testing can be used.
PID/VID. This device is used to put the Embedded Host in the required test modes. 1 n/a n/a n/a
Notes on USB Electrical Compliance Testing 25



2 Preparing to Take Measurements

High-Speed Electrical Test Bed Computer

The high-speed electrical test bed computer hosts a USB 2.0 compliance host controller for hi-speed
hub or device electrical test, or serves as a test bed host for a USB 2.0 host controller under test. For
instructions on configuring this computer, refer to the High-Speed Electrical Test Toolkit Setup
Instruction document which comes with the High-Speed Electrical Test Tool Kit software.

You can download the High-Speed Electrical Test Tool Kit software (USBHSET) from the developers
tools page at the USB Implementers Forum web site, http://www.usb.org/developers/tools.

The High-Speed Electrical Test Tool Kit software contains a proprietary EHCI driver stack. The
Hi-speed Electrical Test Tool software requires the use of a proprietary EHCI driver stack. The use of
this proprietary EHCI driver stack facilitates the electrical testing that requires direct control of the
command registers of the USB EHCI host controllers. The end result much more robust test bed
environment. Since the proprietary EHCI driver stack is designed for debug and test validation
purposes, this driver stack does not support the normal functionality as found in the EHCI drivers
from Microsoft (or the device vendor). An automatic driver stack switching function has been
implemented into the Hi-speed Electrical Test Tool for easy switching between the proprietary EHCI
driver stack and that from Microsoft. Upon invocation of the HS Electrical Test Tool software, the
driver stack will automatically switch to the Intel proprietary EHCI driver stack. Upon exit of the HS
Electrical Test Tool software, the driver stack will automatically switch to the Microsoft EHCI driver
stack.

Table 5 High-Speed Electrical Test Bed Computer
TESTS
Host Hub Device Low/Full
Equipment Required Hi-Speed Hi-Speed Hi-Speed Speed
High-Speed Electrical Test Bed Computer 1 1 1 1
High-Speed Electrical Test Tool Kit software (USBHSET) 1 1 1 1

E2649B USB 2.0 High-Speed Fixture Set

The E2649B high-speed fixture set includes four test fixtures. In the test procedures, separate
instructions may be provided based on the version of the fixture that is being used. Fixture versions
are identified by a part number, which are shown in the following table and marked on the fixture.

The fixture part numbers are provided for identification purposes only and cannot be used for
ordering.

Table 6 Five E2649B Fixtures with Identification Numbers and Applicable Tests
TESTS
New Part Old Part Number ~ Host Device Low/Full
Test Fixture Description Number Hi-Speed Hi-Speed Speed
Device High Speed Signal Quality Test Fixture E2649-66401 E2645-66507 1 1 1 n/a
Host High Speed Signal Quality Test Fixture E2649-66402 E2645-66508 1 1 n/a n/a
Receiver Sensitivity Test Fixture E2649-66403 E2645-66503 n/a 1 1 n/a

Host Disconnect Test Fixture

E2649-66404 E2645-66506 1 n/a n/a n/a

26
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Preparing to Take Measurements 2

A droop and drop test fixture is also required; contact the USB-IF for currently available products.
Table 7 Miscellaneous Equipment for use with Test Fixtures
TESTS
Hub Device Low/Full

Equipment Required Hi-Speed Hi-Speed Speed

5V test fixture power supply, Keysight P/N 0950-2546 or equivalent 1 1 1 n/a

E2646B/B SQiDD board, included in the USB test option. n/a n/a n/a 1"

100 mA load board (see the schematic in Figure 8 on page 163) 1

500 mA load board (see the schematic in Figure 9 on page 163) 1

* A second SQiDD board is recommended for droop/drop testing (if you are not using the Droop/Drop fixture); additional SQiDD
boards can be ordered as Keysight E2646B.

Table 8 Contents of E2649B USB 2.0 High-Speed Fixture Set

Equipment Required Qty P/N
USB to right-angle DC-plug cable, 2m long, 1 8121-1966
USB 2.0 A (m) to USB 2.0 micro-B (m) cable, 4 inch 1 8121-2153
Device Hi-Speed Signal Quality test fixture. Includes: 1 n/a

RF SMA (m) vertical 50-ohm connector 2 n/a

USB A-to-B cable, 4 inch 2 E2646-61601
Host Hi-Speed Signal Quality test fixture. Includes: 1 n/a

RF SMA (m) vertical 50-ohm connector 2 n/a

USB A-to-B cable, 4 inch 2 E2646-6160
Receiver Sensitivity test fixture. Includes: 1 n/a

USB A-to-B cable, 4 inch 2 E2646-61601
Host Disconnect test fixture. Includes: 1 n/a

USB A-to-B cable, 4 inch 2 E2646-61601
Droop/Drop test fixture. Includes: 1 n/a

USB A-B I-0 4COND 1.8m long cable, 1.8 meter 2 8121-1482
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2 Preparing to Take Measurements

Setting Up the Equipment

Infiniium S-Series, 9000A, 90000A, MXR, or UXR Series Digital Sampling Oscilloscope

1 Connect keyboard and mouse to oscilloscope.

2 Connect optional computer monitor to the VGA connector on the rear nearest the right side of
the instrument.

Differential Connection

3 Attach the Keysight 113xA/B differential probe to Channel 1 of the oscilloscope.
a Attach the socketed probe head to the differential probe amp.
b Attach the header adapter to the socketed probe head (Figure 5). This step is only needed if
you are using the old test fixtures (E2645-66504, E2645-66505, E2645-66506, E2645-66507,
E2645-66508). If you are using the new test fixtures (E2649-66401, E2649-66402,

E2649-66403, E2649-66404, E2649-66405, or E2666B), you do not need to use a header
adapter and can work with a socketed probe head.

¢ Handle the socketed probe head and header adapter carefully.

d For durability, epoxy can be used to strengthen the assembly. Only apply epoxy to back
(noncomponent) side of probe head.

o1 No Conneet J

i, ¢ K

Figure 5 Differential Probe Setup

4 Attach the E2697A adapters or 1130B probes to Channels 2 and 3.

a When using the E2697A adapter, connect the 10073D miniature passive probes to the E2697A
adapter.

NOTE These probe assignments will be used through out the entire test procedure.

5 Turn on the oscilloscope to allow 30 minutes of warm up time prior to use.
Configure the second monitor, if being used, while the oscilloscope is warming up.

7 If the ambient temperature has changed more than 5 degrees from the previous calibration,
perform the calibration procedure built into the oscilloscope (in the [Calibration... ] section of
[Utilities] pull down menu).

8 Ifthe E2697A adapter is being used, compensate the passive probes (see probe instructions).
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Preparing to Take Measurements 2

9 Calibrate all the probes.

a If you will be performing hub hi-speed tests, calibrate out the skew between the differential
probes on channel 1 and channel 4 (refer to oscilloscope instructions).

NOTE In certain test situations, there may not be a ground connection between the DSO and the device

under test. This may lead to the signal seen by the differential probe to be modulated up and down
due to the mid-frequency switching power supply. Connecting the DSO ground to the DUT ground
will be required to establish a common ground reference.

Single-Ended Connection

The following tests allow single-ended SMA connection measurements:
Device Hi-Speed Signal Quality Test
Device Hi-Speed Manual Tests
Hub Hi-Speed Signal Quality Test
Hub Hi-Speed Manual Tests
Host Hi-Speed Signal Quality Test
Host Hi-Speed Manual Tests

81160A Digital Signal Generator
The digital signal generator is needed to perform hi-speed hub and device receiver sensitivity tests.

For energy conservation, you may choose to turn on the digital signal generator about 15 minutes
prior to performing these measurements.
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Preparing to Take Measurements

Starting the USB 2.0 Compliance Test Application

30

1 From the Infiniium oscilloscope’s main menu, choose Analyze > Automated Test Apps > D9010USBC

USB Test App.

Quick Jitter

Quick Eye Diagrams
Histogram...

Mask Test...

Automated Test Apps

Analysis Diagram...
Measurement Analysis (EZIIT)...
Jitter/Noise (EZIIT Complete)...
Real-Time Eye...

Equalization...

CrossTalk...

Phase Noise...

¥ N3830A 100GBASE-CR4 Test App
D9030DDRC DDR3 Test App
D9040DPPC DisplayPort Test App
D9020DDRC DDR2(+LP) Test App
D9050PCIC PCIExpress Gen5 Test App
D9040PCIC PCIEXpress Test App
D9020USBC USB3.1 Test App

9010USBC USB Test App

File View Tools Help

Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

Device Under Test Compliance Mode

© Device HS Test Connection
@ Hub [
@ Host

I Embedde

Connection Option
Test Method
Type C | |uUSBET 2

Comments Droop Drop Ports

| Droop Drop Ports |

. Keysight Droop Drop Fixture

Debug and Informative only
B pebug mode

Configure External Instrument

® ves O no

Instrument Setup

Messages

Figure 6

Summaries (click for details) Details
2019-06-13 03:26:41:841 PM Connected to In * ||A
2019-06 S PM Refreshing HTMI[ |
2019-06-13 03: 39 PM HTML Report Re

B | I >

Unsaved Changes 0 Tests

The USB 2.0 Compliance Test Application

If “USB Test” does not appear in the Automated Test Apps menu, the USB 2.0 Compliance Test
Application has not been installed (see Chapter 1, “Installing the USB 2.0 Compliance Test

Application).

Figure 6 shows the USB 2.0 Compliance Test Application main window. The task flow pane, and
the tabs in the main pane, show the steps you take in running the automated tests:
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Task Flow Tab Description

Set Up Lets you identify the test environment, including information about the device being tested and other test
instruments that can be automatically configured. The new Hi-Speed fixtures allow you to choose between
either differential or single-ended connections (old fixtures only permit differential connections). The Test
Method choice lets you choose between doing tests automatically or manually. If you want to do the tests
automatically, select USBET for this box. If you want to do the tests manually, select Both for this box. When
you select Both and then go under the Select Tests tab, you will see that some manual tests appear. These
test only use the oscilloscope whereas the automatic ones use USBET. Also, if you are using the new
Drop/Droop test fixture, check the New DroopDrop Fixture box and use the button above it to select the test
ports.

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
Connect Shows you how to connect the oscilloscope to the device under test for the tests to be run.
Run Tests Starts the automated tests. If the connections to the device under test need to be changed while multiple

tests are running, the tests pause, show you how to change the connection, and wait for you to confirm that
the connections have been changed before continuing.

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 printed. You can choose between a verbose and compact report.
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2 Preparing to Take Measurements

Online Help Topics

For information on using the USB 2.0 Compliance Test Application, see its online help (which you can
access by choosing Help > Help Contents... from the application’s main menu).
The USB 2.0 Compliance Test Option’s online help describes:

D9010USBC USB2.0 Automated Testing—At a Glance

Starting the D9010USBC USB2.0 Test Application

Creating or Opening a Test Project

Setting Up the Test Environment

Selecting Tests

Configuring Tests

Verifying Physical Connections

Running Tests

Configuring Automation in the Test Application

Viewing Results

Viewing HTML Test Report

Exiting the Test Application

Additional Settings in the Test App
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Running Tests

To run USB electrical compliance tests:

Select the tests you want to run.

Change test configuration options if necessary.
Connect the oscilloscope to the device under test.
Run the tests.

View the detailed test results.

View/print the HTML test report.

D o1~ 0N =
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3 Device Hi-Speed Tests

NOTE To give the automated test software more flexibility in making corner case measurements (and

improve test performance), the oscilloscope’s memory upgrade option is recommended (Option
001 when ordered with the oscilloscope, or after purchase: N5472A for the 90000A Series
oscilloscopes).

In addition to the hi-speed electrical tests described in this chapter, the device under test must also
pass the following compliance tests applicable to hi-speed capable devices:

Upstream full speed signal quality.
Upstream low speed signal quality.
Inrush current.
Back-voltage.

Before Running These Tests

If you haven't already performed the initial equipment set up, see “Setting Up the Equipment" on
page 28.

Selecting the Device Test Environment Setup

1 Inthe USB automated test application, select the Device test environment.

2 To do automatic testing, select USBET as the Test Method. To do manual testing, select Both as the
Test Method.

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

Device Under Test Compliance Mode

O Device HS Test Connection

@ Hub |  Connection Option

@ Host Test Method

W Emb B vypeC | |usBeT ¥
Comments Droop Drop Ports

[ Droop Drop Ports__|

B Keysight Droop Drop Fixture

Configure External Instrument Debug and Informative only
® ves O No @ Debug maode

Messages
sSummaries (click for details) Details
2019-06-19 12:35:55:191 PM Connecting to Infin *
2019-06-19 12:35:55:705 PM Connected to Infini__|
2019-06-19 12:35:56:877 PM Refreshing HTML R«
2019-06-19 12-35-56-918 PM _HIMI_Benort Refre: ¥
el 1| S — | =

Unsaved Changes 0 Tests
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Device Hi-Speed Signal Quality Test

Equipment Used

Table 9 Equipment Used in Device Hi-Speed Signal Quality Tests
Quantity Item ‘ Description/Model
1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
1 Differential probe Keysight 113xB with E2678B
1 Header adapter (only needed if Keysight 01131-68703

you are using the old test fixture -
E2645-66507)

1 Host test bed computer Any computer with hi-speed USB ports

1 Device Hi-Speed Signal Quality Keysight E2666B
test fixture and 4” USB cable

1 5V power supply Keysight 0950-2546 or equivalent

Selecting the Tests

Note: To do manual testing, choose Both for the Test Method option under the Set Up tab. There will
then be several manual tests to choose from under the Select Tests tab.

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

O usB Tests
[ Hi-Speed
O pevice Hi-Speed
Device Hi-Speed Signal Quality Test
EL_2 EL_4 EL_5 Data Eye and Mask Test
EL_6 Device Rise Time
EL_6 Device Fall Time
EL_7 Device Non-Monotonic Edge Test
Device Packet Parameters
Device CHIRP Timing
Device Suspend/Resume/Reset Timing
Device Test J/K, SE0O_NAK
Device Receiver Sensitivity
B Low and Full Speed
M inrush Current Test
B upstream Full Speed Signal Quality and Transition Time Test
B upstream Low Speed Signal Quality and Transition Time Test
B Back-voltage Test Before Enumerate

S1531 1023138

Messages

Summaries (click for details) Details

2019-06-19 12:35:55:191 PM Connecting to Infin * || A
2019-06-19 12:35:55:705 PM Connected to Infini_|
2019-06-19 12:35:56:877 PM Refreshing HTML Ri

2019-06-19 12:35:56-918 PM _HIMI_Renarf Refre: ¥
< 11} ] >

Unsaved Changes | 4 Tests
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3 Device Hi-Speed Tests

Configuring the Tests
Configure High Speed Signal Quality Test Fixture Selection
HS Signal Quality Fixture Selection
@ Keysight Fixture

() USBIF
@ other

These settings affect ONLY the HS Signal Quality tests. They can be used to embed/de-embed the
fixture. These settings DO NOT remove the differential probe or SMA cables.

Selecting "Keysight Fixture"

Selecting "Keysight Fixture" de-embeds the Keysight HS Device or Host Signal Quality fixtures and a
short (4") cable.

Selecting "USBIF Fixture"

Selecting "USBIF Fixture" does not embed/de-embed the fixture.

Selecting "Other"

Selecting "Other" allows you to use any fixture and/or cable you have characterized.

1 Create a transfer function in InfiniiSim (outside the scope of this document; requires InfiniiSim
license to create a transfer function file; one can move those files from oscilloscope to
oscilloscope...)

2 Select "Other"

In the USB2 software, go to the Tools > Infiniium > InfiniiSim...; then, configure the new dialog
box as it was when the transfer function was created.

Tools Help

Compliance Limits » jonnect | Run | Automate | Results | HTML Report

Infiniium ¥ InfiniiSim...

PrecisionProbe/PrecisionCable... b

Connecting the Equipment - Differential Connection

The USB automated test application will prompt you to perform these connection steps:

1 Attach the 5V power supply to J5 of the E2649-66401 (E2645-66507 if you are using the old
fixture) Device Hi-Speed signal quality test fixture. Leave the TEST switch at the OFF position.
Verify the green Power LED is lit and the yellow Test LED is not lit.

2 Connect the [TEST PORT] of the Device Hi-speed Signal Quality test fixture into the upstream
facing port of the device under test, using the 4" USB cable.

3 Connect the [INIT PORT] of the test fixture to a Hi-speed capable port of the Test Bed Computer,
using a USB cable.

Apply power to the device.

5 Attach the differential probe to D+/D- of TP2 on the test fixture, using the damped header
adapter (the header adapter is only needed if you are using the old test fixture). Ensure the +
polarity on the probe lines up with D+.

6 If you are using the new fixture, please terminate the SMA connectors with 50 Ohm terminators.
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Device Hi-Speed Tests 3

ataie £ OSF

M3zl
Hi-speed Host differential
probe
E ! 1P‘_I.. o
Initialize Port  Tast Port ot
ol

1 |
/J | l "-\ Device Hi-Speed Signal Guality Test Fodure

Check I have completed these instructions.

Connecting the Equipment - Single-Ended Connection

1

Attach the 5V power supply to J5 of the E2649-66401 (E2645-66507 if you are using the old
fixture) Device Hi-Speed signal quality test fixture. Leave the TEST switch at the OFF position.
Verify the green Power LED is lit and the yellow Test LED is not lit.

Connect the [TEST PORT] of the Device Hi-speed Signal Quality test fixture into the upstream
facing port of the device under test, using the 4" USB cable.

Connect the [INIT PORT] of the test fixture to a Hi-speed capable port of the Test Bed Computer,
using the 5 meter USB cable.

Apply power to the device.
Attach the SMA cables to the SMA connectors D+ and D- on the test fixture.
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3 Device Hi-Speed Tests

fl===5a
=D B 96h
SMA cable
Hi-speed Host
+
:I Initialize Port  Test Port ouT

/ /lﬁ i—\\ E2649-26401

atf

6 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.

Test Instructions, Part 1

Device Hi-Speed Signal Quality Test Fixture

The USB automated test application will prompt you to perform these steps:

1 Invoke the HS Electrical Test Tool software on the Hi-Speed Electrical Test Bed computer.
2 Select Device and click the [TEST] button to enter the Device Test menu.

HS Electrical Test Tool |

-Select Type OF Test-

¥ Device
" Hub

" Host Controller/System

-Select Host Confroller For Uze In Testing-

Pl bz 0, device 29, lunchon 7 B Pots

x|

[ ]

3 Click OK to close the Test Instructions dialog.

40

Notes on

USB Electrical Compliance Testing



Test Instructions, Part 2

Device Hi-Speed Tests

The USB automated test application will prompt you to perform these steps:
1 The device under test should be enumerated with the device's VID shown together with the root

port in which it is connected.

2 Select TEST_PACKET from the Device Command drop down menu and click [EXECUTE]. This forces

the device under test to continuously transmit test packets.

HS Electrical Test Tool - Device Test

[ Sedect Device

HOME

VID Oxdbd. PID 026830, Address 1, Poit &

Enumerate Bus

3 Place the Test Switch (S1) in the TEST position. Verify the yellow TEST LED is lit. You should see

Device Cantral

Dewice Commard

Dewvice Addrezs

Shatuz Window

[

the transmitted test packet on the oscilloscope as below.

File Control Setup Measure Anelyze  LRilities  Help

EEEN

k:f

\':r.

.

4 Click OK to close the Test Instructions dialog.
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Device Hi-Speed Tests

EL_6 Rise Time
EL_6 Fall Time

EL_2 EL_4 EL_5 Data Eye and Mask Test

After viewing the test results, click OK to close the Test Instructions dialog.

EL_7 Non-Monotonic Edge Test

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Device Packet Parameters

Equipment Used

Table 10 Equipment Used in Device Packet Parameters Tests
Quantity Item ‘ Description/Model
1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
1 Differential probe Keysight 113xB with E2678B
1 Header adapter (only needed if Keysight 01131-68703

you are using the old test fixture -
E2645-66507)

1 Host test bed computer Any computer with hi-speed USB ports

1 Device Hi-Speed Signal Quality Keysight E2666B
test fixture and 4” USB cable

Selecting the Tests

¥ UsB2 Test Application - New Devicel

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

O usB Tests
O Hi-speed
O pevice Hi-Speed
B Device Hi-Speed Signal Quality Test
Device Packet Parameters
EL_21 Device Sync Field Length Test
EL_25 Device EOP Length Test
EL_22 Measure Interpacket Gap Between Second and Third Packets
EL_22 Measure Interpacket Gap Between First and Second Packets
B Device CHIRP Timing
B Device Suspend/Resume/Reset Timing
B Device Test J/K, SEO_NAK
B Device Receiver Sensitivity
B Low and Full Speed

S1S31 123713S

Messages
sSummaries (click for details) Details
2019-06-19 07:06:59:991 PM Project Resetting
2019-06-19 07:07:00:400 PM Refreshing HTML Report
2019-06-19 07:07:00:475 PM HTML Report Refreshed
2019-06-19 07:07:00:593 PM Project Reset

Unsaved Changes 4 Tests
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Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1 Remove the 5V supply. Connect the E2649-66401 (E2645-66507 if you are using the old fixture)
Device Hi-Speed Signal Quality test fixture ([INIT PORT]) into a high-speed capable port of the
test bed, using a USB cable.

2 Connect the test fixture [TEST PORT] into B receptacle of the upstream facing port under test of
the device, using the 4" USB cable. Apply power to the device.

3 Ensure that the test switch on the test fixture is in the OFF position, and the test LED is not lit.
Attach the Keysight 113xA/B differential probe to D+/D- of TP2 on the test fixture, using a
damped header adapter (the damped header adapter is only needed if you are using the old test
fixture).

5 If you are using the new fixture please terminate the SMA connectors with 50 Ohm terminators.

e 5 QEn

i

Hi-speed Host differential
probe

TF.:;‘ ill
:| Initialize Port st Port ouT

I |
/f | "L\ Device Hi-Speed Signal Gualty Test Foxture

6 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.

Test Instructions, Part 1
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The USB automated test application will prompt you to perform these steps:

1 Cycle the device power to restore the device to normal operation. On the Device Test Menu of the
HS Electrical Tool, click Enumerate Bus once.

HS Electrical Test Tool - Device Test

| Select Device D evice Cantral

Device Commarid Device Address

[NONE =1 |

Status Wirdow

Enumerate Bus EXECUTE Fietum To Mam

2 Using the oscilloscope, verify the SOFs (Start Of Frame) packets are being transmitted on the
port under test. You may need to lower the trigger level to somewhat below 400 mV.

File  Contral Analyze  Utilitles  Help 4:31 PM

Sehp  Maasure

olezg mCIEI " EEETN

3 Click OK to close the Test Instructions dialog.

Test Instructions, Part 2

The USB automated test application will prompt you to perform these steps:
1 Inthe Device Test menu of the HS Electrical Test Tool, ensure that the hub under test is selected.
2 Select SINGLE STEP SET FEATURE from the Device Command window. Click [EXECUTE] once.
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HS Eectrical Test Tool - Device Test

-Select Device Diesice Contiod
MOME Deyice Command

WID Oxdbd. PID 06560, Address 1, Port 5

Device Address

HONE =l O

NOME
TEST J
TEST K
TEST SED_NAK
TEST PACKET
SUSPEMD
RESUME

RESET
Seiiiat ek DEVICE DESCRIPTOR
| LOOF DEVICE DESCRIPTOR
SET ADDRESS
EMABLE WaKELP
DISABLE WAKEUP

etigr To Main |

SINGLE STEFP GET DEW DE5E|

3 You should see the transmitted test packet on the oscilloscope as below.

File Controd Setup  Measure  Analyee  Uiilities  Help

4 Click OK to close the Test Instructions dialog.

EL_21 Sync Field Length Test
EL_25 EOP Length Test
EL_22 Measure Interpacket Gap Between Second and Third Packets

EL_22 Measure Interpacket Gap Between First and Second Packets
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Device Hi-Speed Tests 3

The USB automated test application will prompt you to perform these steps:

1 In the Device Test menu of the HS Electrical Test Tool, click [STEP] once again. This is the second
step of the two-step Single Step Set Feature command.

HS Electrical Test Tool - Device Test |

aelect Desace Desice Contral
HOME : Dievice Command Device Address
) ; ZIN ESTEP GET FEAT j ﬁ
Statuz Window
Operation Succeszsfid

Enurmetate Bus Betumn To Man

2 You should see the transmitted test packet on the oscilloscope as below.

File Control Setup Measure Analyze Utilities

Help 22 May 2009 11:17 AM

3 Click OK to close the Test Instructions dialog.

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.

Notes on USB Electrical Compliance Testing 47



3 Device Hi-Speed Tests

Device CHIRP Timing

Equipment Used

Table 11 Equipment Used in Device CHIRP Timing Tests

Quantity Item ‘ Description/Model

1 Oscilloscope Keysight S-Series, 9000A Series, or 90000A Series
2 Passive or active probes Keysight E2697A with 10073D or 1130B

1 Host test bed computer Any computer with hi-speed USB ports

1 Device Hi-Speed Signal Quality Keysight E2666B

test fixture and 4” USB cable

5 meter USB 2.0 hi-speed cable Any listed on USB-IF web site

Selecting the Tests

¥ USB2 Test Application -- New Devicel

48

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

0 usB Tests
O Hi-speed
O pevice Hi-speed
B Device Hi-Speed Signal Quality Test
- Device Packet Parameters
Device CHIRP Timing
EL_28 Measure Device CHIRP-K Latency
EL_29 Measure Device CHIRP-K Duration
EL_31 Device Hi-Speed Terminations Enable and D+ Disconnect Time
B Device Suspend/Resume/Reset Timing
B Device Test J/K, SEO_NAK
B Device Receiver Sensitivity
B Low and Full Speed

1531 123713S

Messages
Summaries (click for details) Details
2019-06-19 07:06:59:991 PM Project Resetting
2019-06-19 07:07:00:400 PM Refreshing HTML Report
2019-06-19 07:07:00:475 PM HTML Report Refreshed
2019-06-19 07:07:00:593 PM Project Reset

Unsaved Changes 3 Tests
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Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1 Connect the E2697A with 10073D passive probe or the 1130B active probe on Channel 2 to the
D- pin at TP2 of the E2649-66401 (E2645-66507 if you are using the old fixture) Device Hi-Speed
Signal Quality test fixture.

2 Connect the E2697A with 10073D passive probe or the 1130B active probe on Channel 3 to the
D+ pin at TP2.

3 Connect both probe grounds to GND leads.

Connect the [INIT PORT] of the test fixture into the HS host controller port, using the 5-meter
USB cable.

5 Connect the [TEST PORT] on the fixture to the upstream port of the device under test. Do not
apply bV to the test fixture.

6 If you are using the new fixture, please terminate the SMA connectors with 50 Ohm terminators.

L 1 - B[ 1.

| [ pazfive probes
Hi-speed Host

w | L

[l_
LI+¥———
Inttialize Port Tast Port ¥ ouT
I I

/}'Ir | m\ Device Hi-Speed Signal Glualty Test Fodure

7 Check I have completed these instructions.
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Running the Tests

1 Click Run Tests.

Test Instructions

The USB automated test application will prompt you to perform these steps:

1 On the HS Electrical Test Tool software, click [Enumerate Bus] once. You should capture the CHIRP
handshake as in the below figure.

Fila Contral Sebup Measure Analyze Utilities Help 22 May 2009 12:57 P

| |
Cn | on 7] Cn
L O - . ¢

Maore
{1 af 2)

Delete
Al

2 Click OK to close the Test Instructions dialog.
EL_28 Measure Device CHIRP-K Latency
EL_29 Measure Device CHIRP-K Duration

EL_31 Hi-Speed Terminations Enable and D+ Disconnect Time

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Device Suspend/Resume/Reset Timing

Equipment Used

Table 12 Equipment Used in Device Suspend/Resume/Reset Timing Tests

Quantity Item ‘ Description/Model

1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
2 Passive or active probes Keysight E2697A with 10073D, or 11308

1 Host test bed computer Any computer with hi-speed USB ports

1 Device Hi-Speed Signal Quality Keysight E2666B

test fixture and 4” USB cable

1 5 meter USB 2.0 hi-speed cable Any listed on USB-IF web site

Selecting the Tests

¥ USB2 Test Application -- New Devicel

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

O usB Tests
O Hi-speed
O pevice Hi-Speed
B Device Hi-Speed Signal Quality Test
B Device Packet Parameters
B Device CHIRP Timing
Device Suspend/Resume/Reset Timing
EL_38 EL_39 Device Suspend Timing Response
EL_40 Device Resume Timing Response
EL_27 Device CHIRP Response to Reset from Hi-Speed Operation
EL_28 Device CHIRP Response to Reset from Suspend
» [ Device Test J/K, SEO_NAK
> B Device Receiver Sensitivity
B Low and Full Speed

S15S31 123138

| Summaries (click for details) Details
2019-06-19 07:06:59:991 PM Project Resetting
"} 2019-06-19 07:07:00:400 PM Refreshing HTML Report
| 2019-06-19 07:07:00:475 PM HTML Report Refreshed
1 2019-06-19 07:07:00:593 PM Project Reset

Unsaved Changes 4 Tests
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Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1 Connect the E2697A with 10073D passive probe or the 1130B active probe on Channel 2 to the
D- pin at TP2 of the E2649-66401 (E2645-66507 if you are using the old fixture) Device Hi-Speed
Signal Quality test fixture.

2 Connect the E2697A with 10073D passive probe or the 1130B active probe on Channel 3 to the
D+ pin at TP2. D+ on TP2 is the pin closest to the USB connector.

3 Connect both probe grounds to leads COM (leads TP5 on the old fixture).

Connect the [INIT PORT] of the test fixture into the HS host controller port, using the 5-meter
USB cable.

5 Connect the [TEST PORT] on the fixture to the upstream port of the device under test. Do not
apply bV to the test fixture.

6 If you are using the new fixture, please terminate the SMA connectors with 50 Ohm terminators.

aais v FER

Hi-speed Host
i-speed Ho y ll
= [H

1]
[ I——F
Inttialize Port  Test Port ¥ T

I I
/J' | | 't\ Device Hi-Speed Signal Quality Test Fdure

7 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.

Test Instructions

EL_38 EL_39 Suspend Timing Response

The USB automated test application will prompt you to perform these steps:
1 On the Device Test Menu of the HS Electrical Test Tool software, click [Enumerate Bus] once.

2 Select SUSPEND from the Device Command drop down menu. Click [EXECUTE] once to place the
device into suspend. The captured transition should be as in the figure below.
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Device Hi-Speed Tests 3
HS Electrical Test Tool - Device Test
-Sedect Device -Device Contral -
HOMNE Device Command Dewice Address
WD Oxdbd. PID 06230, Address 1, Port & J |
- 1j
TEST_K
TEST_SED _Mak
TEST PACKET
RESUME
RESET :
S G DEVICE DESCRIPTOR M
LOOP DEVICE DESCRIFTOR
SET aDDRESS
EMABLE '"WAKEUP
DISSBLE WAKEUR
SIMGLE STEP SET FEATURE
CIMGLE STEP GET DEV DESC
File  Confmol  Setup  Measure analza Litilities Help 202 PR |
3 Click OK to close the Test Instructions dialog.
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3 Device Hi-Speed Tests

EL_40 Resume Timing Response

The USB automated test application will prompt you to perform these steps:

1 Onthe Device Test Menu of the HS Electrical Test Tool, select RESUME from the Device Command
drop down menu. Click [EXECUTE] once to resume the hub from suspend. The captured transition
should be as in the figure below.

HS Electrical Test Tool - Device Test

Sedect Device Device Conbrol

HOME Devica Commartd Device Addrezs

[RESUME =l [
NONE

TESTJ
TEST K
TEST_SEQ_M&K
TEST_PACKET

WD Cedbd, PID 06230, Address 1, Part 5

SUSFEND
RESET :
L DEVICE DESCRIPTOR fﬂﬂlﬁﬂfﬂj
_|LO0P DEVICE DESCRIPTOR
SET ADDRESS
ENABLE WAKELP

DISABLE WaKELUP
SIMGLE STEP SET FEATURE
SIMGLE STEF GET DEY DESC

File Control Setup Messure Analyze  Uilities  Help 26 My 2000 11:04 A

2 Click OK to close the Test Instructions dialog.
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Device Hi-Speed Tests 3

EL_27 Device CHIRP Response to Reset from Hi-Speed Operation

The USB automated test application will prompt you to perform these steps:

1 On the Device Test Menu of the HS Electrical Test Tool, select RESET from the Device Command
drop down menu. Click [EXECUTE] once to reset the device operating in high speed. The captured
transition should be as in the figure below.

HS Electrical Test Tool - Device Test |

Select Device Device Contral

HONE Dievice Commarnd Desice Addiess
WD Oxdbd. PID 0=6830. Address 1, Porit &

RESET] | [o
MONE

TEST J
TEST_K
TEST_SEQ_MAK
TEST_PACEET
SUSPEND
RESLME

E numerate Bus w«:tum Ta Main

I L00F DEVICE DESCRIFTOR
SET ADDRESS

EMABLE WaKEUP

DISABLE WakEUR

SIMGLE STEP SET FEATURE
SIMGLE STEP GET DEV DESC

File Control Setgp  Moasure  Analyze  Ltilites  Help 11:409 A

T oS 00 me/ . -3.0000000000 m

2 Click OK to close the Test Instructions dialog.
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3 Device Hi-Speed Tests

EL_28 Device CHIRP Response to Reset from Suspend

The USB automated test application will prompt you to perform these steps:

1 On the Device Test Menu of the HS Electrical Test Tool software, select SUSPEND from the Device
Command drop down menu. Click [EXECUTE] once to place the device into suspend.

HS Electrical Test Tool - Device Test

B Select Device i~ Dievice Control
HNONE [Device Command Device Address

ZI

TEST PACKET

RESUME

RESET -
BnTeH
Ernmerafe Bus | DEVICE DESCRIFTOR i

LALO0P DEVICE DESCRIPTOR
SET ADDRESS

EMAELE WAKELUP

DIS&BLE WAKEUR

SINGLE STEP SET FEATURE
SIMGLE STEP GET DEV DESC

2 Click OK to close the Test Instructions dialog.

The USB automated test application will prompt you to perform these steps:

1 On the Device Test Menu of the HS Electrical Test Tool, select RESET from the Device Command
drop down menu. Click [EXECUTE] once to reset the device operating in high speed. The captured
transition should be as in the figure below.

HS Electrical Test Tool - Device Test

i Select Device — Device Cantral

MONE R Devace Command
WVID Oxdbd. PID Ox6530. Address 1. Port &

&
MOME
TEST_J N
TEST_K
TEST_SEO_MAK
TEST_PACKET
SUSFEND
RESUME

DEVICE DESCRIFTOR N

ALOOF DEVICE DESCRIPTOR |
CCT ANMDCCC

E numerste Bus
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Device Hi-Speed Tests 3

File Control Setup Measure  Analvze  Utilities  Help 1:52 P

-

oesa

2 Click OK to close the Test Instructions dialog.

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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3 Device Hi-Speed Tests

Device Test J/K, SEO_NAK

Equipment Used

Table 13 Equipment Used in Device Test J/K, SEO_NAK Tests

Quantity Item ‘ Description/Model

1 Digital Multimeter (DMM) Keysight 34401A, 34461A, or equivalent
1 Host test bed computer Any computer with hi-speed USB ports

1 Device Hi-Speed Signal Quality Keysight E2666B

test fixture and 4” USB cable
1 5V power supply

1 5 meter USB 2.0 hi-speed cable

Keysight 0950-2546 or equivalent

Any listed on USB-IF web site

Selecting the Tests

¥ USB?2 Test Application - New Devicel

File View Tools Help
Set Up | Select Tests | Configure | Connect | Run

O usB Tests
[ Hi-Speed
O pevice Hi-Speed

B Device Packet Parameters
B Device CHIRP Timing

Device Test J/K, SE0_NAK
EL_8 Device ] Test
EL_8 Device K Test

4 B Device Receiver Sensitivity
B Low and Full Speed

S1S31 123138

Messages
Summaries (click for details)
2019-06-19 07:06:59:991 PM Project Resettin
2019-06-19 07:07:00:400 PM Refreshing HTM

Automate | Results | HTML Report

B Device Hi-Speed Signal Quality Test

B Device Suspend/Resume/Reset Timing

EL_9 Device SE0_NAK Test

Details

9
L Report

2019-06-19 07:07:00:475 PM HTML Report Refreshed

2019-06-19 07:07:00:593 PM Project Reset

Unsaved Changes | 3 Tests
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Device Hi-Speed Tests

Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1 Attach the 5V power supply to J5 of the E2649-66401 (E2645-66507 if you are using the old
fixture) Device High-Speed Signal Quality test fixture.

2 Place the switch in the test switch to OFF position. Verify the green Power LED is lit, and the
yellow Test LED is off.

3 Connect the [TEST PORT] of the test fixture into the upstream facing port of the device under test,
using the 4" USB cable.

4 Connect the [INIT PORT] of the test fixture to a port of the Test Bed Computer, using the 5 meter
cable.

i1 |:|I|u -3 =|

g
c
L
L
B
L
-

5 Check I have completed these instructions.

Running the Tests

1 Click Run Tests.

Test Instructions

EL_8 J Test

The USB automated test application will prompt you to perform these steps:
1 On the Device Test Menu of the HS Electrical Test Tool, click [Enumerate Bus] once.

2 Select TEST_J from the Device Command drop down menu. Click [EXECUTE] once to place the
device into TEST_J test mode.

3 Switch the test fixture into the TEST position.
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3 Device Hi-Speed Tests

HS Electrical Test Tool - Device Test

i Select Device

~ Device Cantrol

Dievice Command

Device Address

[EsTy

2

NOME

TEST K
TEST_SEQ_Mag,

TEST PACKET

SUSPEND

RESUME

RESET

DEYICE DESCRIPTOR
__|LDOP DEVICE DESCRIPTOR
SET ADDRESS

EMABLE WAKEUP

DISABLE WAKEUF

SIMGLE STEP SET FEATURE
SIMGLE STEF GET DEV DESC

Enumerate Bus |

bt To Main

4 Click OK to close the Test Instructions dialog.

The USB automated test application will prompt you for the following voltage measurements:

55 USB Test - JTest

CB&X

Using a Keysight 3724 DMM or equivalent, measure the
following voltages:

between D+ of TP2 and Gnd on the test fisture:

424 i

between D- of TP2 and Gnd on the test fisture:

2 i

0K

EL_8 K Test

The USB automated test application will prompt you to perform these steps:
1 Return the Test switch of the test fixture to the NORMAL position.

2 Cycle the device power to restore the device to normal operation. On the Device Test Menu of the
HS Electrical Test Tool, click [Enumerate Bus] once.

3 Select TEST_K from the Device Command drop down menu. Click [EXECUTE] once to place the
device into TEST_K test mode.

4 Switch the test fixture into the TEST position.
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HS Electrical Test Tool - Device Test

T Select Device

W0 Db, PID 0

~ Device Control

Device Hi-Speed Tests

Device Command

Desice Address

E numerate Bus

MOME
TEST J

TEST_SED_MAK
TEST_PACKET

SUSFEMD

RESUME

RESET

DEVICE DESCRIFTOR

LOOP DEYICE DESCRIPTOR
SET ADDRESS

EMAELE wiaKEUP

DISABLE WAKELP

SIMGLE STEP SET FEATURE
SIMGLE STEP GET DEY DESC

=

|0

eburn To kain

3

5 Click OK to close the Test Instructions dialog.

The USB automated test application will prompt you for the following voltage measurements:

8 USB Test - KTest

Using a Keysight 9724 DMM or equivalent, measure the
following voltages:

between D- of TP2 and Gnd on the test fisture:

425 i

between D+ of TPZ and Gnd on the: test fisture:

2 i

0K

EEX

EL_9 SEO_NAK Test

The USB automated test application will prompt you to perform these steps:

1 Return the Test switch of the test fixture to the

NORMAL position.

2 Cycle the device power to restore the device to normal operation. On the Device Test Menu of the
HS Electrical Test Tool, click [Enumerate Bus] once.

3 Select TEST_SEO_NAK from the Device Command drop down menu. Click [EXECUTE] once to place

the device into TEST_SEOQ_NAK test mode.
4 Switch the test fixture into the TEST position.
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3 Device Hi-Speed Tests

HS Electrical Test Tool - Device Test

~Select Device — Desvice Conkral
Device Commard Dewvice Addrezs
[TEST SEO_M&K] - F

MHOME

TEST_J
TEST K

WD Oxdbd, PID 06330, Address 1. Port &

TEST_PACKET
SUSPEMD
RESUME

RESET - |
Enumerate Bus DEVICE DESCRIPTOR jeturn Ta Main

—{LOOF DEVICE DESCRIPTOR
SET ADDRESS

EMABLE wWiskELP

DISABLE ‘WAKEUF

SIMGLE STEP SET FEATURE
SIMGLE STEP GET DEY DESC

5 Click OK to close the Test Instructions dialog.

The USB automated test application will prompt you for the following voltage measurements:

I USB Test - SE0_NAK Test =03

Using a Keysight 9724 DM or equivalent, measure the
following voltages:

between D+ of TP2 and Gnd on the test fisture:

4 i

between D- of TP2 and Gnd on the: test fisture:

4 i

0K

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Device Hi-Speed Tests 3
Device Receiver Sensitivity
Equipment Used
Table 14 Equipment Used in Device Receiver Sensitivity Tests
Quantity Item ‘ Description/Model
1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
1 Differential probe Keysight 113xB with E2678B
1 Header adapter (only needed if Keysight 01131-68703
you are using the old test fixture -
E2645-66503)
1 Host test bed computer Any computer with hi-speed USB ports
1 Receiver Sensitivity test fixture Keysight E2649-66403 (old fixture P/N E2645-66503)
and 4” USB cable
1 5V power supply Keysight 0950-2546 or equivalent
1 Digital signal generator Keysight 81160A (or 81134A with two 15433B transition time converters
connected to the pulse generator outputs)
1 USB/GPIB interface Keysight 82357B
2 6 dB attenuators Keysight 8493C
2 50 ohm coaxial cable with male Keysight 8120-4948 or equivalent
SMA connectors at both ends
1 5 meter USB 2.0 hi-speed cable Any listed on USB-IF web site
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Device Hi-Speed Tests

Selecting the Tests

¥ USB2 Test Application -- New Devicel

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

O usB Tests
D Hi-Speed
O Device Hi-Speed
B Device Hi-Speed Signal Quality Test
- Device Packet Parameters
B Device CHIRP Timing
B Device Suspend/Resume/Reset Timing
B Device Test J/K, SEO_NAK
Device Receiver Sensitivity
EL_18 Receiver sensitivity Test - Minimum SYNC Field
EL_17 Receiver sensitivity Test
EL 16 Receiver sensitivity Test @ Squelch
B Low and Full Speed

1231738

S1S31

Messages

Summaries (click for details)
2019-06-19 07:06:59:991 PM Project Resetting
2019-06-19 07:07:00:400 PM Refreshing HTML Report
2019-06-19 07:07:00:475 PM HTML Report Refreshed
2019-06-19 07:07:00:593 PM Project Reset

Unsaved Changes 3 Tests

Configuring the Tests

If the pulse generator’s SICL address is different from the default, make sure you set the
81134A/81160A Instrument Address configuration option to the pulse generator’s SICL address.

See also “Configuring the 81134A pulse generator using the 82357B GPIB-USB converter" on
page 95.
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Connecting the Equipment

Device Hi-Speed Tests

The USB automated test application will prompt you to perform these connection steps:

- P, S|
I5E Part
ki
S D OBE
Hi-speed Host
C pater differential
probe
]&B upstrean port
Initialize Port oot Popt ¥ iy
O- D+
: : oy — Device Receiver Test Fixture
/A R\
G493 or 154338
Output 2 Qutput 1
™ L | [
ST

pulse qenerator

—

Device Receiver test fixture (J5).

a Verify the green Power LED is lit.

b Leave the TEST switch at the OFF position (S1).
¢ The yellow LED should be off.

Attach the 5V power supply to the E2649-66403 (E2645-66503 if you are using the old fixture)

2 Connect the [INIT PORT] of the fixture to a Hi-Speed port on the Test Bed Computer, using the 5

meter USB cable.

~ W

Connect the [TEST PORT] of the fixture to the device under test, using the 4" USB cable.
Connect the Keysight 113xA differential probe to the test fixture at TP2, using the 01131-68703

header adapter (the damped header adapter is only needed if you are using the old test fixture).

5 Connect the 81160A or 81134A pulse generator to the oscilloscope using the 82357B USB/GPIB

Interface.

a |If you choose to use the Keysight 81160A Pulse/Pattern Generator, connect OUTPUT1 and
OUTPUT2 of Keysight 81160A Pulse/Pattern Generator.

b If you choose to use the Keysight 81134A Pulse/Pattern Generator, connect the 15433B
Transition Time Converters to OUTPUT1 and OUTPUT2 of Keysight 81134A Pulse/Pattern
Generator. Keysight 15433B Transition Time Converters are recommended, to reduce the
output edge speed of the 81134A to speed close to what the 81160A provides.

(©)]

using the 8120-4948 SMA cables.
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Device Hi-Speed Tests

7 Connect OUTPUT2 to SMA2 (D-) of the E2649-66403 Device Receiver Sensitivity test fixture
using the 8120-4948 SMA cables.

8 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.

Test Instructions

The USB automated test application will prompt you to perform these steps:

1 Cycle the device power to restore the device to normal operation. On the Device Test Menu of the
HS Electrical Test Tool, click [Enumerate Bus] button once to force enumeration of the newly
connected device.

2 Select TEST_SEO_NAK from the Device Command drop down menu. Click [EXECUTE] once to place
the device into TEST_SEO_NAK test mode.

HS Electrical Test Tool - Device Teskt _

—Select Desvice: — Device Conkral

Device Command Device Address

[TEST SEQ huak] = [

WD Oxdbd, PID 026530, Address 1, Fort 5

HOME
TEST_J
TEST K

TEST_PACKET
SUSFEMD
RESUME

RESET .
E numerate: Bus DEVICE DESCRIPTOR eburn To Main

—{LOOF DEVICE DESCRIFTOR
SET ADDRESS

EMABLE wWAKELIP

DI SABLE WaAKEUP

SIMGLE STEP SET FEATURE
SIMGLE STEP GET DEY DESC

3 Place the test fixture Test Switch (S1) into the TEST position. This switches in the data generator
in place of the host controller. The data generator emulates the "IN" packets from the host
controller.
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Device Hi-Speed Tests

File Contral Setp Measure  Analyze Utlities Help 527 P

Hif=0 36.4000 ne

4 Click OK to close the Test Instructions dialog.
EL_18 Receiver sensitivity Test - Minimum SYNC Field
EL_17 Receiver sensitivity Test
EL_16 Receiver sensitivity Test @ Squelch

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.

Notes on USB Electrical Compliance Testing

67



3

68

Device Hi-Speed Tests

Notes on USB Electrical Compliance Testing



DI0TOUSBC USB 2.0 Compliance Test Application
Notes on Electrical Testing

Hub Hi-Speed Tests

Hub Hi-Speed Signal Quality Test - Upstream Facing Ports 71
Hub Hi-Speed Signal Quality Test - Downstream Facing Ports 76
Hub Jitter Test - Downstream Facing Ports 79

Hub Packet Parameters - Upstream Facing Port 82

Hub Packet Parameters - Upstream Facing Port 82

Hub Packet Parameters - Downstream Facing Port 88

Hub Receiver Sensitivity - Upstream Facing Port 93

Hub Repeater Test - Downstream Facing Port 102

Hub Repeater Test - Upstream Facing Port 106

Hub CHIRP Timing - Upstream Facing Port 117

Hub Suspend/Resume/Reset Timing - Upstream Facing Port 115
Hub Test J/K, SEO_NAK - Upstream Facing Port 122

Hub Test J/K, SEO_NAK - Downstream Facing Port 127

To give the automated test software more flexibility in making corner case measurements (and
improve test performance), the oscilloscope’s memory upgrade option is recommended (Option
001 when ordered with the oscilloscope, or after purchase: N5472A for the 90000A Series
oscilloscopes).

In addition to the high-speed electrical tests prescribed in this chapter, the hub under test must also
pass the following legacy electrical compliance tests applicable to the high-speed hub:

Full speed signal quality — Upstream and downstream facing ports.
Low speed signal quality — Downstream facing ports only.

Inrush current — Upstream facing port only.

Drop/Droop - Downstream facing ports.

Back-voltage.

Before Running These Tests

If you haven't already performed the initial equipment set up, see “Setting Up the Equipment" on
page 28.
Selecting the Hub Test Environment Setup

1 Inthe USB automated test application, select the Hub test environment.

2 To do automatic testing, select USBET as the Test Method. To do manual testing, select Both as the
Test Method. See page 23 for more information.

KEYSIGHT

TECHNOLOGIES
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Hub Hi-Speed Tests

¥ USB2 Test Application -- New Devicel

File View Tools Help

Set Up | Select Tests | Configure | Connect | Run

Device Under Test
@ Device

© Hub

@ Host

B Em

Comments

Configure External Instrument

® ves O No

Messages

Summaries (click for details)

2019-06-19 07:06:59:991 PM Project Resetting

Compliance Mode
HS Test Connection
| Connection Option

Test Method

USBET 2

Droop Drop Ports
|___ Droop Drop Ports |

B Keysight Droop Drop Fixture

Debug and Informative only

B Debug mode

Details

2019-06-19 07:07:00:400 PM Refreshing HTML Report
2019-06-19 07:07:00:475 PM HTML Report Refreshed
2019-06-19 07:07:00:593 PM Project Reset

Unsaved Changes 0 Tests

Automate | Results | HTML Report
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Hub Hi-Speed Tests 4

Hub Hi-Speed Signal Quality Test - Upstream Facing Ports

Equipment Used

Table 15 Equipment Used in Hub Hi-Speed Signal Quality Test - Upstream Facing Ports

Quantity Item ‘ Description/Model

1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
1 Differential probe Keysight 113xA with E2678B

1 Header adapter (only needed if Keysight 01131-68703

you are using the old test fixture -
E2645-66507)

1 Host test bed computer Any computer with hi-speed USB ports

1 Device Hi-Speed Signal Quality Keysight E2666B
test fixture and 4” USB cable

1 5V power supply Keysight 0950-2546 or equivalent
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4 Hub Hi-Speed Tests

Selecting the Tests

Note: To do manual testing, choose Both for the Test Method option under the Set Up tab. There will
then be several manual tests to choose from under the Select Test tab.

¥ USB2 Test Application - New Devicel

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

O usB Tests
O Hi-speed
O Hub Hi-Speed

Hub Hi-Speed Signal Quality Test- Upstream Facing Ports
EL_2 EL_46 Data Eye and Mask Test
EL_6 Hub Upstream Rise Time
EL_6& Hub Upstream Fall Time
EL_7 Hub Upstream Non-Monotonic Edge Test

B Hub Hi-Speed Signal Quality Test- Downstream Facing Ports

B Hub Jitter Test- Downstream Facing Ports

B Hub Packet Parameters - Upstream Facing Port

B Hub Packet Parameters - Downstream Facing Port

B Hub Receiver Sensitivity - Upstream Facing Port

B Hub Repeater Test - Downstream Facing Port

B Hub Repeater Test - Upstream Facing Port

S15S31 12313S

Messages

‘Summaries (click for details) Details
2019-06-19 07:06:59:991 PM Project Resetting

| 2019-06-19 07:07:00:400 PM Refreshing HTML Report

| 2019-06-19 07:07:00:475 PM HTML Report Refreshed
2019-06-19 07:07:00:593 PM Project Reset

Unsaved Changes 4 Tests

Configuring the Tests

Connecting the Equipment - Differential Connection

The USB automated test application will prompt you to perform these connection steps:

1

72

Attach the 5V power supply to J5 of the E2649-66401 (E2645-66507 if you are using the old
fixture) Device Hi-Speed Signal Quality test fixture. Leave the TEST switch at the OFF position.
Verify green Power LED is lit, and yellow test LED is off.

Connect the [TEST PORT] of the test fixture into the upstream facing port of the hub under test,
using the 4" USB cable.

Connect the [INIT PORT] of the test fixture to a hi-speed port of the Test Bed Computer. Apply
power to the hub.

Attach the Keysight 113xA differential probe to D+/D- of TP2 on the test fixture, using the header
adapter (the header adapter is only needed if you are using the old test fixture). Ensure the +
polarity on the probe lines up with D+ on the fixture.

If you are using the new fixture, please terminate the SMA connectors with 50 Ohm terminators.
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Hub Hi-Speed Tests 4

L=, |
= B OB
13k
Hi-speed Host differertial
probe

o upstream port

Ea=
Initialize Port  Tost Pat

ol

1 1
/ :l D\ Device Hi-Speed Signal Quality Test Fodure

Check I have completed these instructions.

Connecting the Equipment - Single-Ended Connection.

1

Attach the 5V power supply to J5 of the E2649-66401 (E2645-66507 if you are using the old
fixture) Device Hi-Speed signal quality test fixture. Leave the TEST switch at the OFF position.
Verify the green Power LED is lit and the yellow Test LED is not lit.

Connect the [TEST PORT] of the Device Hi-speed Signal Quality test fixture into the upstream
facing port of the device under test, using the 4" USB cable.

Connect the [INIT PORT] of the test fixture to a Hi-speed capable port of the Test Bed Computer,
using the 5 meter USB cable.

Apply power to the device.
Attach the SMA cables to the SMA connectors D+ and D- of TP2 on the test fixture.

'y -
= | 1

ECT
0]
= B TSN 15.1

SMA cable

:l'&’[:l +TFEl- gn upstream port
Initialize Port  Tast Port Hub under test

I |
/ f "u,\ Device Hi-Speed

Hi-speed Host

5V
Signal Quality Test Fixture
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4 Hub Hi-Speed Tests

6 Check I have completed these instructions.

Running the Tests

1 Click Run Tests.

Test Instructions, Part 1

The USB automated test application will prompt you to perform these steps:

1 Invoke the HS Electrical Test Tool software on the Hi-Speed Electrical Test Bed computer. Select
Hub and click the [TEST] button to enter the Hub Test menu.

HS Electrical Test Tool ] x|
Selsct Type OF Test + Select Host Cantraller For Uze In Testing
™ Dev FLCl bz 0, desace Z29_ [unckion 7 8 Pails

o Hub

= Host ContrallerdSystedn

TEST E =it

2 The hub under test should be enumerated with the hub's VID shown together with the USB
address. Select [TEST_PACKET] from the Hub Command drop down menu and click [EXECUTE].

HS Electrical Test Tool - Hub Test I

~ Hub Selection | ~Hub Contral
MOME Hub Conimand Address

WD Ckdbd, PID 05580, Addiess j IE

HOME Part
TEST. I—
TEST_E 1
Enumerate Buz TEST SEQ MAK

. TEST PACKET
Downztream Devices SUSPEMD

HOKE RESUME

WD OxdEd, PID DxBb2, Addrezs 2, Poat 4 RESET

FAREMT TEST_PACKET
DEVICE DESCRIPTOR

| | |SET ADDRESS
T i | |EMABLEWAKEUP
Dowonstream Dewice Conbrol py ENABLE WaKELE,
NONE SINGLE STEP SET FEATURE :
= I SINGLE STEP GET DEV DESCE™N To Main

3 Click OK to close the Test Instructions dialog.

Test Instructions, Part 2
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Hub Hi-Speed Tests 4

The USB automated test application will prompt you to perform these steps:

1 Place the Test Switch (S1) of the test fixture in the TEST position. Verify the yellow TEST LED is lit.
You should see the transmitted test packet on the oscilloscope as below.

File Confrel Setup Measure Analyze LRilities Help 22 May 2005 1024 AM

EEEN

T

J

B

:§

2 Click OK to close the Test Instructions dialog.
EL_6 Rise Time
EL_6 Fall Time

EL_2 EL_46 Data Eye and Mask Test

After viewing the test results, click OK to close the Test Instructions dialog.

EL_7 Non-Monotonic Edge Test

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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4 Hub Hi-Speed Tests

Hub Hi-Speed Signal Quality Test - Downstream Facing Ports

Equipment Used

Table 16 Equipment Used in Hub Hi-Speed Signal Quality Test - Downstream Facing Ports

Quantity Item ‘ Description/Model

1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
1 Differential probe Keysight 113xA with E2678B

1 Header adapter (only needed if Keysight 01131-68703

you are using the old test fixture -
E2645-66508)

1 Host test bed computer Any computer with hi-speed USB ports

1 Host Hi-Speed Signal Quality test ~ Keysight E2649-66402 (olf fixture P/N E2645-66508)
fixture and 4” USB cable

1 5V power supply Keysight 0950-2546 or equivalent

Selecting the Tests

File View Tools Help

Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

O usB Tests
O Hi-Speed
O Hub Hi-Speed

B Hub Hi-Speed Signal Quality Test- Upstream Facing Ports

Hub Hi-Speed Signal Quality Test- Downstream Facing Ports
EL_2 EL_3 Data Eye and Mask Test
EL_6 Hub Downstream Rise Time
EL_6 Hub Downstream Fall Time
EL_7 Hub Downstream Non-Monotonic Edge Test

. Hub Jitter Test- Downstream Facing Ports

B Hub Packet Parameters - Upstream Facing Port

. Hub Packet Parameters - Downstream Facing Port

. Hub Receiver Sensitivity - Upstream Facing Port
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Hub Hi-Speed Tests 4

Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1 Attach the 5V power supply to J5 of the E2649-66402 (E2545-66508 if you are using the old
fixture) Host Hi-Speed Signal Quality test fixture. Set the Test switch to the TEST position. Verify
green Power LED and yellow test LED are both lit.

2 Attach the Keysight 113xA differential probe to TP2 of the test fixture, using the header adapter
(the header adapter is only needed if you are using the old test fixture). Ensure the + polarity on
the probe lines up with D+ on the fixture, located nearest to the USB connector.

3 Connect the upstream port of the hub to a high-speed root port of the test bed computer.

Connect the [TEST PORT] of the test fixture into the down stream facing port under the test of the
hub. Apply power to the hub.

5 If you are using the new fixture, please terminate the SMA connectors with 50 Ohm terminators.

=n B OB £, 1

Hi-speed Hust Mlécd

upsptgﬁzm probe "
Hubs

4"

F1 TestPart  Initialize Port
downstrean
port under

est =5

I I
/ :I D\ Husst Hi-speed Sianal Quality Test Rackure

6 Check I have completed these instructions.

Running the Tests

1 Click Run Tests.

Test Instructions

The USB automated test application will prompt you to perform these steps:

1 On the Hub Test menu of the HS Electrical Test Tool, click the [Enumerate Bus] button once. The
hub under test should be enumerated with the hub's VID shown together with the USB address.

2 Select TEST_PACKET from the Port Control drop down menu.
3 Enter the port number of the hub port being tested and click [EXECUTE].
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4 Hub Hi-Speed Tests

HS Electrical Test Tool - Hub Test '

~Hub Selection | — Hub Caritral
MOME Hub Command Sddress
WD Oxdbd, PID 0<5560. Addiesz 1 4 Paorts JMDNE :I IL'
Fart
=
| Erumerste Bus l -
- l..l
Downstiearm Devices = —
NONE TEST SEQ_MAK
TEST_FORCE_ENABLE
SUSPEMD
= | |RESUME
— Dowmstream Dewce Emwlw RESET

[nonE = | EXECUTE | Retuan To Main |

4 Click OK to close the Test Instructions dialog.

EL_6 Rise Time
EL_6 Fall Time

EL_2 EL_3 Data Eye and Mask Test

After viewing the test results, click OK to close the Test Instructions dialog.

EL_7 Non-Monotonic Edge Test

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Hub Jitter Test - Downstream Facing Ports

Equipment Used

Table 17 Equipment Used in Hub Jitter Test - Downstream Facing Ports

Quantity Item ‘ Description/Model

1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
1 Differential probe Keysight 113xA with E2678B

1 Header adapter (only needed if Keysight 01131-68703

you are using the old test fixture -
E2645-66508)

1 Host test bed computer Any computer with hi-speed USB ports

1 Host Hi-Speed Signal Quality test ~ Keysight E2649-66402 (old fixture P/N E2645-66508)
fixture and 4” USB cable

1 5V power supply Keysight 0950-2546 or equivalent

Selecting the Tests

# USB2 Test Application -- New Devicel

File View Tools Help

i || Configure | Connect | Run | Automate | Results | HTML Report

O usB Tests

O Hi-Speed
O Hub Hi-Speed

B Hub Hi-Speed Signal Quality Test- Upstream Facing Ports
B Hub Hi-Speed Signal Quality Test- Downstream Facing Ports
Hub Jitter Test- Downstream Facing Ports

EL_47 Data Eye and Mask Test

Hub Packet Parameters - Upstream Facing Port

Hub Packet Parameters - Downstream Facing Port

Hub Receiver Sensitivity - Upstream Facing Port

Hub Repeater Test - Downstream Facing Port

Hub Repeater Test - Upstream Facing Port

Hub CHIRP Timing - Upstream Facing Port

SL531 1D5313AS

Test: EL_2 EL_4 EL_5 Data Eye and Ma
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4 Hub Hi-Speed Tests

Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1

6

Running the Tests

1

Test Instructions

Attach the 5V power supply to J5 of the E2649-66402 (E2645-66508 if you are using the old
fixture) Host Hi-Speed Signal Quality test fixture. Set the Test switch to the TEST position. Verify
green Power LED and yellow test LED are both lit.

Attach the differential probe to TP2 of the test fixture, using the header adapter (the header
adapter is only needed if you are using the old test fixture). Ensure the + polarity on the probe
lines up with D+ on the fixture, located nearest to the USB connector.

Connect the upstream port of the hub to a high-speed root port of the test bed computer.

Connect the [TEST PORT] of the test fixture into the down stream facing port under the test of the
hub. Apply power to the hub.

If you are using the new fixture, please terminate the SMA connectors with 50 Ohm terminators.

A0 8 Ah
Hi-speed Hast Mok
differential
upstreat pibe
. e
Hub
F1 TastPort  |nitialize Port
duwﬂnstrdeam

e 5

I I
/ :I D\ Host Hi-speed Sional Qwality Test Rocture

Check I have completed these instructions.

Click Run Tests.

EL_47 Data Eye and Mask Test

The USB automated test application will prompt you to perform these steps:

1
2
3

80

On the Hub Test menu of the HS Electrical Test Tool, click [Enumerate Bus] once.
Select TEST_FORCE_ENABLE from the Port Control drop down menu.

Enter the port number of the hub port being tested and click [EXECUTE] once to force-enable the
hub port under test.
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HS Electrical Test Tool - Hub Test l

~ Hub Selection | — Hub Cantral |
MOME Hub Command Address
WD Owdbd, PID 046560, Addies= 1 4 Ports INDNE j I[
Fort Cantnol Faort
TEST FORCE _EMAELE |2
Enumerate Bus | NOMNE N
0
Dewrshiean Devices EE}_‘:’\ ’
MOME TEST_SEO_NAE,
TEST PACKET
TEST FORCE EMABLE
SUSPEMD
i || |RESUME
— Downstream Device Contiol————————— RESET

Addiess

NONE = | Execure | Retun Ta Main |

4 Select PARENT TEST_PACKET from the Hub Command drop down menu and click [EXECUTE].

HS Electrical Test Tool - Hub Test |

— Hub Selzction — Hub Cantral
Y NOME Hub Cesmmand dddress

VID O=dbd. PID OxE560, Addresz 1 4 Ports =
NONE =l |c
HOME
TEST IZL
TEST_FK.

Enumerate Buz | TEST_SED_ MK
= TEST_PACEET Motify
Downgtream Devices SUSFEND

[ |FESUNE

RESET

PARENT TEST PACKET

DEYICE DESCRIPTOR

SET ADDRESS
_ : — EMABLE WAKELF
Ciowrstrean Device Contol Y BISABLE WARELIP
' - SINGLE STEP SET FEATURE .
JHDAE = | SINGLE STEP GET DEY DESCHM Ta Main

5 Click OK to close the Test Instructions dialog.

After viewing the test results, click OK to close the Test Instructions dialog.

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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4 Hub Hi-Speed Tests

Hub Packet Parameters - Upstream Facing Port

Equipment Used

Table 18 Equipment Used in Hub Packet Parameters - Upstream Facing Port

Quantity Item ‘ Description/Model

1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
1 Differential probe Keysight 113xA with E2678B

1 Header adapter (only needed if Keysight 01131-68703

you are using the old test fixture -
E2645-66507)

1 Host test bed computer Any computer with hi-speed USB ports

1 Device Hi-Speed Signal Quality Keysight E2649-66401 (old fixture P/N E2645-66507)
test fixture and 4” USB cable

1 5V power supply Keysight 0950-2546 or equivalent

Selecting the Tests

¥ USB2 Test Application -- New Devicel

File View Tools Help
| Set Up | Select Tests | Configure
O usB Tests
D Hi-Speed
D Hub Hi-Speed
I Hub Hi-Speed Signal Quality Test- Upstream Facing Ports
@ Hub Hi-Speed Signal Quality Test- Downstream Facing Ports
. Hub Jitter Test- Downstream Facing Ports
Hub Packet Parameters - Upstream Facing Port
EL_21 Hub Sync Field Length Test
EL_25 Hub EOP Length Test
EL_22 Hub Measure Interpacket Gap Between Second and Third Packets
EL_22 Hub Measure Interpacket Gap Between First and Second Packets
B Hub Packet Parameters - Downstream Facing Port
. Hub Receiver Sensitivity - Upstream Facing Port
B Hub Repeater Test - Downstream Facing Port
B Hub Repeater Test - Upstream Facing Port
@ Hub CHIRP Timing - Upstream Facing Port
B Hub Suspend/Resume/Reset Timing - Upstream Facing Port
B Hub Test 1/K, SEO_NAK - Upstream Facing Port
M Huh Test /K. SF0NAK - Downstream Facina Port

S1s31 12371385

Messages
Summaries (click for details) ey ; L Details
2019-06-19 07:0 9:991 PM Project Resetting
2019-06-19 07:07:00:400 PM Refreshing HTML Report
2019-06-19 07:07:00:475 PM HTML Report Refreshed
1 2015-06-19 07:07:00:593 PM Project Reset

Unsaved Changes | 4 Tests
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Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1 Connect the E2649-66401 (E2645-66507 if you are using the old fixture) Device Hi-Speed Signal
Quality test fixture [INIT PORT] into a high-speed capable port of the test bed. Do not apply 5V to
the test fixture.

2 Connect the test fixture [TEST PORT] into B receptacle of the upstream facing port under test of
the hub, using the 4" USB cable. Apply power to the hub.

3 Attach the Keysight 113xA differential probe to D+/D- of TP2 on the test fixture, using a damped
header adapter (the header adapter is only needed if you are using the old test fixture).

4 If you are using the new fixture, please terminate the SMA connectors with 50 Ohm terminators.

iz

Hi-speed Host differential
probe

Q TPE' " Hubs undes test fupstream port]
Intialize Port  Tock ot

1 1
/.n' | 'I.\ Device Hi-Speed Signal Gushty Test Fodure

5 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.

Test Instructions, Part 1

The USB automated test application will prompt you to perform these steps:
1 Exit the Hub Test menu of the HS Electrical Test Tool by clicking the [Return to Main button].

2 From the HS Electrical Test Tool main menu select Device and click [TEST] to enter the Device Test
menu.
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4 Hub Hi-Speed Tests

HS Electrical Test Tool | x|

~ Select Typa OF Tast — Select Host Contraller For Uz In Testing
% Device PLI bus 0, devace 23, funchion 7 8 Pots
" Hub

{~ Host ContralerSystem

TEST Exit

3 The Device Test menu of the HS Electrical Test Tool should appear as below.

HS5 Electrical Test Tool - Device Test

|-Ss§acmwica-  Device Contral

Device Comtnarid Device Addrezs
YID Oxdb4, PID 026 R

[MONE =] [

Status Window

Enumerate Bus | EXECUTE Fetumn To ham |

4 Using the oscilloscope, verify the SOFs (Start Of Frame) packets are being transmitted on the
port under test. You may need to lower the trigger level to somewhat below 400 mV.
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Hub Hi-Speed Tests

Litilitias Help 4:31 PM

File Confrol Sehp Moasure  Analyze
iad .

O T -~ T <0
5 Click OK to close the Test Instructions dialog.

— |F  eleng [0
Test Instructions, Part 2

The USB automated test application will prompt you to perform these steps:
1 Inthe Device Test menu of the HS Electrical Test Tool, ensure that the hub under test is selected.
2 Select SINGLE STEP SET FEATURE from the Device Command window. Click [EXECUTE] once.

HS Electrical Test Tool - Device Test

Select Dewice Device Conteol
MUNE Device Command Device Addess
WID Dxdbd, PID 06560, Address 1, Port 5
NOME j |
NOME
TEST J
TEST K.

TEST_SED_NAK
TEST_PACKET
SUSPEMD
RESLME

RESET - |
Enumerate Bus DEVICE DESCRIPTOR et To Main

_{LOOP DEVICE DESCRIFTOR
SET ADDRESS

EMABLE WaAKELF

DISABLE ‘wakEUP

SINGLE STEP GET DEV DESC

3 You should see the transmitted test packet on the oscilloscope as below.
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4 Hub Hi-Speed Tests

File Control Sebup Measure Analvze Lhilities Help 22 Many 2009 11:10 A6

4 Click OK to close the Test Instructions dialog.
EL_21 Sync Field Length Test
EL_25 EOP Length Test
EL_22 Measure Interpacket Gap Between Second and Third Packets

EL_22 Measure Interpacket Gap Between First and Second Packets

The USB automated test application will prompt you to perform these steps:

1 In the Device Test menu of the HS Electrical Test Tool, click [STEP] once again. This is the second
step of the two-step Single Step Set Feature command.

HS Electrical Test Tool - Device Test |

aedect Dewvice Device Control

MOME __ : Dewvice Commatd Device Address
1y 4 = | :_ _I .= - .:._ﬁ.. j [_\.

Status Window

Operation Successfid

L erate B Retumn To Main

2 You should see the transmitted test packet on the oscilloscope as below.
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File Control Setup Measure  Analyze  Utilities  Help

— 1~
]

J1

H

Hub Hi-Speed Tests

F2 May 2009 11:17 AnM

3 Click OK to close the Test Instructions dialog.

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.

The Results tab shows the test results.
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4 Hub Hi-Speed Tests

Hub Packet Parameters - Downstream Facing Port

Equipment Used

Table 19 Equipment Used in Hub Packet Parameters - Downstream Facing Port
Quantity Item ‘ Description/Model
1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
1 Differential probe Keysight 113xA with E2678B
1 Header adapter (only needed if Keysight 01131-68703

you are using the old test fixture -
E2645-66507)

Host test bed computer Any computer with hi-speed USB ports

Host Hi-Speed Signal Quality test ~ Keysight E2649-66402 (old fixture P/N E2645-66508)
fixture and 4” USB cable

5V power supply Keysight 0950-2546 or equivalent

Selecting the Tests

88

¥ USB2 Test Application - New Devicel

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

O usB Tests
O Hi-speed
O Hub Hi-Speed
B Hub Hi-Speed Signal Quality Test- Upstream Facing Ports
B Hub Hi-Speed Signal Quality Test- Downstream Facing Ports
B Hub Jitter Test- Downstream Facing Ports
B Hub Packet Parameters - Upstream Facing Port
Hub Packet Parameters - Downstream Facing Port
EL_21 Hub Sync Field Length Test
EL_25 Hub EOP Length Test
B Hub Receiver Sensitivity - Upstream Facing Port
B Hub Repeater Test - Downstream Facing Port
B Hwb Repeater Test - Upstream Facing Port

[ Hub CHIRP Timing - Upstream Facing Port
B Hub Suspend/Resume/Reset Timing - Upstream Facing Port
B Hub Test J/K, SE0_NAK - Upstream Facing Port
B Hub Test )/K, SE0_NAK - Downstream Facing Port
B Low and Full Speed

S§1S31 1231315

Messages
Summaries (click for details) Details
2019-06-19 07:06:59:991 PM Project Resetting
2019-06-19 07:07:00:400 PM Refreshing HTML Report
2019-06-19 07:07:00:475 PM HTML Report Refreshed
2019-06-19 07:07:00:593 PM Project Reset

Unsaved Changes 2 Tests
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Hub Hi-Speed Tests 4

Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1 Connect the E2649-26402 (E2645-66508 if you are using the old test fixture) Host Hi-Speed
Signal Quality test fixture between the downstream port under test of the hub and a known-good
hi-speed device.

2 Attach the Keysight InfiniiMax differential probe on CHANNELT to D+ and D- of TP2 of the test
fixture, using a damped header adapter.

3 Connect the test fixture's [TEST PORT] to the hub downstream port under test, using the 4" USB
cable.

Connect the test fixture's [INIT PORT] to the known good device.
5 Connect the hub upstream port to the host controller.
6 Apply power to the hub and the known good device.

O o©

o o0o°©°
0

o)
C OO0
0 0 0 O
o o o OO o O O 1 2 3 4
o [e e e | (P)(®)(e)(®)

Hi-Speed Host

upstream
P1 Hub port

4
OO0 }4—,[
r Y

downstream

B port under

test

m

AN

[0

Known good

hi-speed device Host Hi-Speed Signal Quality

Test Fixture E2645-66508/
E2648-26402

Running the Tests
1 Click Run Tests.

Test Instructions, Part 1
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4 Hub Hi-Speed Tests

The USB automated test application will prompt you to perform these steps:
1 Exit the Hub Test menu of the HS Electrical Test Tool by clicking the [Return to Main] button.

2 From the HS Electrical Test Tool main menu select Host and click [TEST] to enter the Host Test
menu.

5’ EHCI H% Electrical Test Tool

[l

—Select Tupe OF Test —Select Host Contraller For Uze In Testing —
" Device PCI bus 0, device 29, function 0 3 Ports
i Hub

% Host Controller/System

TEST Exit
=

3 The Host Test menu of the HS Electrical Test Tool should appear as below.

HS Electrical Test Tool - Host Test

- Sefect Dovnslream Device
MOME

betnd. PID Dxk5SE

~ Host Pest Control
Port Cantrol Fort

| | g

StalusWindow T Disconsect Moty

Operation Successful
Ernmerate Buz |
| Dowrstream Device Control Al . :
||NI]I'IE j IE.I Execute Betun To thl

4 Using the oscilloscope, verify the SOFs (Start Of Frame) packets are being transmitted on the
port under test. You may need to lower the trigger level to somewhat below 400 mV.
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Maasure Analyze Utilities Help

File Control Setwp

—— | +

o0z
5 Click OK to close the Test Instructions dialog.

Test Instructions, Part 2

o -~ T < o

Hub Hi-Speed Tests

4:31PM

a0 S

The USB automated test application will prompt you to perform these steps:

1 Inthe Host Test menu of the HS Electrical Test Tool, ensure that the hub under test is selected.

2 Select SINGLE STEP GET DEV DESC from the Downstream Device Control Command window. Click

[EXECUTE].

EHCIHS Electrical Test Tool - Host Test:

Host Port Contral
Fart Contral

Select Downstream Device
MOME

MHOME
Statuz Window

-

Enumerate Bus

o i Device Contral
ownstream Device Contro Address

| I

Return Ta Main

3 You should see the transmitted test packet on the oscilloscope as below.
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4 Hub Hi-Speed Tests

File Control Setup Measure Analyze Utilities Help 22 May 2000 11:10 AM

4 Click OK to close the Test Instructions dialog.
EL_21 Sync Field Length Test EL_25 EOP Length Test

EL_25 EOP Length Test
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Hub Hi-Speed Tests 4

Hub Receiver Sensitivity - Upstream Facing Port

Equipment Used

Table 20 Equipment Used in Hub Receiver Sensitivity - Upstream Facing Port

Quantity Item ‘ Description/Model

1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
1 Differential probe Keysight 113xA with E2678B

1 Header adapter (only needed if Keysight 01131-68703

you are using the old test fixture -
E2645-66503)

1 Host test bed computer Any computer with hi-speed USB ports
1 Receiver Sensitivity test fixture Keysight E2649-66403 (old fixture P/N E2645-66503)
and 4” USB cable
1 5V power supply Keysight 0950-2546 or equivalent
1 Digital signal generator Keysight 81160A / 81160A (or 81134A with two 15433B transition time
converters connected to the pulse generator outputs)
1 USB/GPIB interface Keysight 82357B
2 6 dB attenuators Keysight 8493C
2 50 ohm coaxial cable with male Keysight 8120-4948 or equivalent

SMA connectors at both ends

1 5 meter USB 2.0 hi-speed cable Any listed on USB-IF web site
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Hub Hi-Speed Tests

Selecting the Tests

Ll USB2 Test Application - New Devicel

File View Tools Help

Set Up | Select Tests | Configure | Connect | Run

O usB Tests

S1S31 123138

Messages |

O Hi-sSpeed
O Hub Hi-Speed

Hub Hi-Speed Signal Quality Test- Upstream Facing Ports
Hub Hi-Speed Signal Quality Test- Downstream Facing Ports
Hub Jitter Test- Downstream Facing Ports
Hub Packet Parameters - Upstream Facing Port
Hub Packet Parameters - Downstream Facing Port
Hub Receiver Sensitivity - Upstream Facing Port
EL 18 Hub Receiver sensitivity Test @ Min SYNC Field
EL_17 Hub Receiver sensitivity Test
EL 16 Hub Receiver sensitivity Test @ Squelch
Hub Repeater Test - Downstream Facing Port
Hub Repeater Test - Upstream Facing Port
Hub CHIRP Timing - Upstream Facing Port
Hub Suspend/Resume/Reset Timing - Upstream Facing Port
Hub Test J/K, SEC_NAK - Upstream Facing Port
Hub Test J/K, SE0_NAK - Downstream Facing Port

M | ow and Full S

Summaries (click for details)

2019-06-19 07:06:59:991 PM Project Resetting

2019-06-19 07:07:00:400 PM Refreshing HTML Report
#1 2019-06-19 07:07:00:475 PM HTML Report Refreshed
| 2019-06-19 07:07:00:593 PM Project Reset

Unsaved Changes 3 Tests

Automate | Results | HTML Report
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Hub Hi-Speed Tests

Configuring the Tests

If the pulse generator’s SICL address is different from the default, make sure you set the
81134A/81160A Instrument Address configuration option to the pulse generator’s SICL address.

Configuring the 81134A pulse generator using the 82357B GPIB-USB converter

1 Ensure that 10 Controls is already running by checking the task bar at the bottom right of the
screen.

Connection Expert

Utilities ¥
VISA Options ¥
Documentation ¥

Exit Keysight 10 Control

About Keysight |0 Libraries Suite

3 Ifthe IO Control has not been launched, go to Start > All Programs > Keysight Connection Expert.
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4 Hub Hi-Speed Tests

niinnum Usclloscope

Intel

Intel Corporation e a

Internet
Explorer Cisco Jabber

B

Software Cisco
Center AnyConnect...

Internet Explorer

10 Control

Keysight Connection Expert

e

Keysight Infiniium Applications  ~ Productivity

See all your mail in one place

Keysight Instrument Drivers

Keysight License Manager @ E’h E

And more...

Keysight License Manager & Calendar

F—
Keysight Links

Mail
Maps
Messaging

Microsaft Corporation

O =
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Hub Hi-Speed Tests 4

4 Click the button “Refresh All”, check under USB/GPIB connection and click on the detected

instrument.
Keysight Connection Expert 2019 &# ? 0O x
Instruments PXI/AXIe Chassis
My Instruments +Add & 2= Y Details for Keysight Technologies 81134A
’ ~ 3 £y & @
' GPIB-USB (GPIBO!
oo c e x @ @ &
Check Edit Remove Interactive 10 Monitor Command BenchVue Web Ul Soft Front
.| 81134A, Keysight Technologies Status 10 Expert Panel
!| GPIBO::1:INSTR
Manufacturer:
¥ LAN (TCPIPO
L4 ) Model: 81134A Keysight Technologies
DSOX92504A, Keysight Serial Number: DE42800667

localhost

Firmware Version:  Ver 2.9.3

Web Information:  Product Page
/. COM (ASRL1)

A COM (ASRL2) Connection Strings

A €3 COM (ASRL3)
VISA Address Aliases SICL Address
A~ €3 coMm (asRL4)

}Ql GPIBO::1:INSTR El apib1,1
A~ €3 coMm (ASRLS)

A COM (ASRL6)

A COM [ASRL7) Installed IVI Drivers & Update

A UsB (USBO)

5 Copy the SICL address for example gpib0,13.

In the USB application, select “Yes” if using 81160A/81134A. Then click on Configure Devices
button.

Configure External Instrument

O Yes @ No

(Instrument Setup|

7 Select the for SICL address option, then paste the SICL address in the text box.

Configure Devices
81130A/81134A | 81160A | E3631A | 34401A

@ 1P Address

© SICL Address  |gpib3,13 K4

|w B rvanual Amplitude Control

—
|Done|

8 Press the “Get IDN” button to verify the connection status. You should see the message box below
if successfully connected.
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4 Hub Hi-Speed Tests

"USB Test Information

@ Successfully Connected to Device:
W' |DN=Keysight Technologies, 81134A, DE42800909, Ver 2.8.3

9 Finally click the “DONE” button to save the connection setting.
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Hub Hi-Speed Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

e T
5B Port
—
aEn & 45m
Hi-speed Host i
T eter differential
T prabe
:I‘&.[’j =t upstrean port
Initialize Port  Teot Part ¥ )
0- D+
: : LYy — Device Receiver Test Fidure
/If H,\ oaxial eable
] §493C or 1343368
Mutput 7 Dokt 1
™ L | |
HE35TA

pulse gener ator

1 Attach the 5V power supply to the E2649-66403 (E2645-66503 if you are using the old fixture)
Device Receiver test fixture (J5).

a Verify the green Power LED s lit.
b Leave the TEST switch at the OFF position (S1).
¢ The yellow LED should be off.

2 Connect the [INIT PORT] of the fixture to a Hi-Speed port on the Test Bed Computer, using the 5
meter USB cable.

3 Connect the [TEST PORT] of the fixture to the device under test, using the 4" USB cable.

Connect the Keysight 113xA differential probe to the test fixture at TP2, using the 01131-68703
header adapter (the header adapter is only needed if you are using the old test fixture).

5 Connect the 81160A or 81134A pulse generator to the oscilloscope using the 82357A USB/GPIB
Interface.

a |If you choose to use the Keysight 81160A Pulse/Pattern Generator, connect the 8493C 6dB
attenuators to OUTPUT1 and OUTPUT2 of Keysight 81160A Pulse/Pattern Generator.

b If you choose to use the Keysight 81134A Pulse/Pattern Generator, connect the 15433B
Transition Time Converters to OUTPUT1 and OUTPUT2 of Keysight 81134A Pulse/Pattern
Generator. Keysight 15433B Transition Time Converters are recommended, to reduce the
output edge speed of the 81134A to speed close to what the 81160A provides.

6 Connect OUTPUT1 to SMAT (D+) of the E2649-66403 Device Receiver Sensitivity test fixture
using the 8120-4948 SMA cables.

7 Connect OUTPUT2 to SMA2 (D-) of the E2649-66403 Device Receiver Sensitivity test fixture
using the 8120-4948 SMA cables.
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4 Hub Hi-Speed Tests

8 Check I have completed these instructions.

Running the Tests

1 Click Run Tests.

Test Instructions

The USB automated test application will prompt you to perform these steps:

1 Exit the HS Electrical Test Tool - Device Test menu by clicking the [Return to Main] button. From
the HS Electrical Test Tool main menu select Hub and click [TEST] to enter the Hub Test menu.

2 On the Hub Test Menu, click [Enumerate Bus] button once and verify that the hub enumerates
properly.

3 Select TEST_SEO_NAK from the Hub Command drop down menu. Click [EXECUTE] once to place the
hub into TEST_SEO_NAK test mode.

HS Electrical Test Tool - Hub Tesk |

Hub Selection Hub Conbiol |
HOME Hub Commatd Address
VID Dxdbd PID 026560, Addrezs 1 4 Podts Im j I:I
Pust Contrad Pioat

|NONE =l |

Erurnerate Bis
I Status Window [T Disconiect Notify

Dovmstrean Devices

0 perabion Suceeszul
MNOME —
— h ¥ ——————————————
Downstrieam Device Conkrol Address

JHONE =l EXECUTE | Rietum To Main

4 Place the test fixture Test Switch (S1) into the TEST position. This switches in the data generator

in place of the host controller. The data generator emulates the "IN" packets from the host
controller.
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Filz Control Sebgp Maasure Analyze Litlitias Helg S5:27 PM

5 Click OK to close the Test Instructions dialog.
EL_18 Receiver sensitivity Test @ Min SYNC Field
EL_17 Receiver sensitivity Test
EL_16 Receiver sensitivity Test @ Squelch

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Hub Repeater Test - Downstream Facing Port

Equipment Used

Table 21

Quantity Item

1 Oscilloscope

2 Differential probe

2 Header adapter (only needed if
you are using the old test fixtures
- E2645-66507 or E2645-66508)

1 Host test bed computer

1 Device Hi-Speed Signal Quality
test fixture and 4” USB cable

1 Host Hi-Speed Signal Quality test
fixture and 4” USB cable

2 5 meter USB 2.0 hi-speed cable

2 1 meter USB cable

Equipment Used in Hub Repeater Test - Downstream Facing Port

‘ Description/Model
Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
Keysight 113xA with E2678B

Keysight 01131-68703

Any computer with hi-speed USB ports

Keysight E2666B

Keysight E2649-66402 (old fixture P/N E2645-66508)

Any listed on USB-IF web site

Any listed on USB-IF web site

Selecting the Tests

# SB2 Test 'Ai:.!plicétion -- New Devicel

File View Tools Help

Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

[0 usB Tests
O Hi-Speed
O Hub Hi-Speed

B Hub Hi-Speed Signal Quality Test- Upstream Facing Ports
B Hub Hi-Speed Signal Quality Test- Downstream Facing Ports
. Hub Jitter Test- Downstream Facing Ports

w
m
-
™
[g]
-
-
m
w
=
w

B tiub Packet Parameters - Upstream Facing Port
B Hub Packet Parameters - Downstream Facing Port
B Hub Receiver Sensitivity -
Hub Repeater Test - Downstream Facing Port
EL 48 Measure Hub Downstream Delay
EL_42 EL_43 Downstream Measure Truncated Bits from Repeated SYNC Field
EL_44 EL_45 Downstream Measure Repeated EOP Width
B Hub Repeater Test - Upstream Facing Port

Upstream Facing Port

. Hub CHIRP Timing - Upstream Facing Port

B Hub Suspend/Resume/Reset Timing - Upstream Facing Port
. Hub Test 1/K, SE0_NAK - Upstream Facing Port

B Hub Test J/K, SEO_NAK - Downstream Facing Port

d

Messages

Summaries (click for details)

Details

2019-06-19 07:07:00:593 PM Project Reset
2019-06-20 12:53:30:368 PM Connecting to pulsegen
2019-06-20 12:53:33:413 PM User Intervention Required

2019-06-20 12:53:53:225 PM Info

Unsaved Changes 3 Tests
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Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1 Connect the E2649-66401 (E2645-66507 if you are using the old fixture) Device Hi-Speed Signal
Quality test fixture between the upstream facing port of the hub and the host controller port.

a Attach the differential probe to TP2 of the fixture. Ensure the + polarity on the probe lines up
with D+ on the fixture.

b Connect the fixture's [TEST PORT] to the hub's upstream port with the 4" USB cable.
¢ Connect the fixture's [INIT PORT] to the controller port with the 5 meter USB cable.

2 Connect the E2649-66402 (E2645-66508 if you are using the old fixture) Host Hi-Speed Signal
Quality test fixture between the downstream port under test of the hub and a known-good
hi-speed device.

a Attach the differential probe to D+/D- of TP2 on the fixture. Ensure the + polarity on the probe
lines up with the D+ on the fixture.

b Connect the test fixture's [TEST PORT] to the hub downstream port under test, using the 4"
USB cable.

¢ Connect the test fixture's [INIT PORT] to the known good device using the 1 meter USB cable.
d Apply power to the hub and the known good device.

[ M

Enown good hi-speed device

e 5 GO

Hi-speed Host
Tt
5 teter
j&ﬂ TF‘I?" g Upstrea port —Eli-v
s I:|:I Hub
Initialize Port  Tegt Popt "o TestPort  [nitialize Port
downstreat port
/ T I \ under test Iy
Device Hi-speed Siqnal Quality Test Host Hi -speed Siqnal Quality Test
Fiature Rature

3 Check I have completed these instructions.
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Running the Tests
1 Click Run Tests.

Test Instructions

The USB automated test application will prompt you to perform these steps:
1 On the Hub Test menu of the HS Electrical Test Tool, click [Enumerate Bus] once.

a The hub under test should be enumerated with the hub's VID shown together with the USB
address.

b Likewise the known good device should be enumerated with its VID shown together with the
hub port in which it is connected.

HS Electrical Test Tool - Hub Test '

—Hub Selection i — Hub Control |
MONE Hub Cammand Address
|NOME =] ]n:
Port Contnol Port

[NOME = T
Status Window [ Discornect Moty
Erurnaration Succassful

| Enumerate Bus I

Downstieam Devices

MOME
WD Dedbd, PID 0xE560, Addiess 2, Part 1

— Dowansiream D evice Contol Adiess

NONE =N EXECUTE | Retuan To Main |

2 The captured transition should be as in the figure below.
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File Control Setwp Measure Analyze  Wtilities Help 11115 &AM

3 Check I have completed these instructions.
EL_48 Measure Hub Downstream Delay
EL_42 EL_43 Measure Truncated Bits from Repeated SYNC Field

EL_44 EL_45 Measure Repeated EOP Width

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Hub Repeater Test - Upstream Facing Port

Equipment Used

Table 22 Equipment Used in Hub Repeater Test - Upstream Facing Port

Quantity Item ‘ Description/Model

1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
2 Differential probe Keysight 113xA with E2678B

2 Header adapter (only needed if Keysight 01131-68703

you are using the old test fixtures
- E2645-66507 or E2645-66508)

1 Host test bed computer Any computer with hi-speed USB ports

1 Device Hi-Speed Signal Quality Keysight E2666B
test fixture and 4” USB cable

1 Host Hi-Speed Signal Quality test ~ Keysight E2649-66402 (old fixture P/N E2645-66508)
fixture and 4” USB cable

2 5 meter USB 2.0 hi-speed cable Any listed on USB-IF web site

2 1 meter USB cable Any listed on USB-IF web site
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Selecting the Tests

7 USB2 Test Application -- New Device

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

O usB Tests
D Hi-Speed
O Hub Hi-Speed
B Hub Hi-Speed Signal Quality Test- Upstream Facing Ports
B Hub Hi-Speed Signal Quality Test- Downstream Facing Ports
BB Hub Jitter Test- Downstream Facing Ports
B Hub Packet Parameters - Upstream Facing Port
B Hub Packet Parameters - Downstream Facing Port
B Hub Receiver Sensitivity - Upstream Facing Port
B Hub Repeater Test - Downstream Facing Port
Hub Repeater Test - Upstream Facing Port
EL_42 EL_43 Upstream Measure Truncated Bits from Repeated SYNC Field
EL 44 EL 45 Upstream Measure Repeated EOP Width
B Hub CHIRP Timing - Upstream Facing Port
B Hub Suspend/Resume/Reset Timing - Upstream Facing Port
B Hub Test /K, SE0_NAK - Upstream Facing Port
B Hub Test J/K, SE0_NAK - Downstream Facing Port
B Low and Full Speed
eiver Sensitivitv (For Samsuna Onlv)

%2}
m
-
m
(9]
-
=
m
6]
-
w

Messages
Summaries (click for details) :
2019-06-19 07:07:00:593 PM Project Reset
2019-06-20 12:53:30:368 PM Connecting to pulsegen
2019-06-20 12:53:33:413 PM User Intervention Required
2019-06-20 12:53:53:225 PM Info

Unsaved Changes 2 Tests

Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1 Connect the E2649-66402 (E2645-66508 if you are using the old fixture) Host Hi-Speed Signal
Quality test fixture between the upstream facing port of the hub and the host controller port.

a Attach the differential probe to TP2 of the fixture. Ensure the + polarity on the probe lines up
with D+ on the fixture.

b Connect the fixture's [INIT PORT] to the hub's upstream port, with the 5 meter USB cable.
¢ Connect the fixture's [TEST PORT] to the host controller port, using the 4" USB cable.

2 Connect the E2649-66401 (E2645-66507 if you are using the old fixture) Device Hi-Speed Signal
Quality test fixture between the downstream port under test of the hub and a known good
hi-speed device, nearest to the device.

a Attach the differential probe to D+/D- of TP2 on the fixture. Ensure the + polarity on the probe
lines up with the D+ on the fixture.

b Connect the test fixture's [TEST PORT] to a known good device using the 4" USB cable.

¢ Connect the test fixture's [INIT PORT] to the hub's downstream port under test using the 1
meter USB cable.

d Apply power to the hub and the known good device.
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HS Electrical Test Tool - Hub Test

~ Hub Selechon | ~Hub Condral
MONE Hub Command Addess
VD Okdbd. PID (:E560 Addiess 1 4 Parts :
VID Odbd, PID (45560, Adchess 2 4 Ports NONE = I
Part Cantrol Fart
NOME - 1
Erumerate Bus l _ ] I
: Status Window [~ Dizcormect Natiy
Downstream Devices

o Enumeration Successful

WVID Oxdbé, PID Dwxe560, Addiess 2, Port 1

~ Downsream Device Emtld—A—-l‘

[NONE = EXECUTE | FIelunTnIu'Ia‘nI

3 Check I have completed these instructions.

Running the Tests

1 Click Run Tests.

Test Instructions, Part 1

The USB automated test application will prompt you to perform these steps:
1 On the Hub Test menu of the HS Electrical Test Tool, click [Enumerate Bus] once.

a The hub under test should be enumerated with the hub's VID shown together with the USB
address.

b Likewise the known good device should be enumerated with its VID shown together with the
hub port in which it is connected.
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HS Electrical Test Tool - Hub Test il

~ Hub Selechan T Hub Cortral
MOME Hub Command Addiess
WID (kdbd, PID 06560, Addiess 1 4 Ports
VID Dxdbd, PID 0:5550, Addiess 2 4 Ports [NONE =l |
Port Cantrol Fart
[NONE =] 11
Erwmerate Bus ; _ -
Status Window [ Discormect Natity

Downstieam Devices
MOME
WD Oxdb4, FID 06560, Addiess 2. Fort 1

Enurneration Successful

~ Downstream Dessce Control e

[NONE = BECUTE | Retun To Main |

2 Check I have completed these instructions.

Test Instructions, Part 2

1 Onthe Hub Test menu of the HS Electrical Test Tool, select SINGLE STEP SET FEATURE from the
Downstream Device Control drop down menu and click [EXECUTE] once.

HS Electrical Test Tool - Hub Tesk

- Hub Selection - Hub Cantial |
MOME Hub Commard Address
WD Oxdbd. PID 0x65600, Address 1 4 Poaks -
WD Oxdbd, PID (46560, Address 2 4 Poits |NONE =P
Pt Corlnal Fioat

|NONE = |
StabusWindow [ Discopnect Moy
O peration Successhul

Erumerate Bus

Dowmstream Devices

HOME
VID Db, PID 06560, Address 2, Pot 1

— Diownztream Device Control

SINGLE STEP SET FEATURRG Rehun To Hain |

MOME _|
DEVICE DESCRIFTOR

SET ADDRESS

EMABLE wWAKELP

DISABLE WaKELR

TEST PACKET

SIMGLE STEP SET FEATURE
SINGLE STEP GET DEV DESC

2 The captured transition should be as in the figure below.
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4

Hub Hi-Speed Tests

110

Utilities  Help

File Control Setup Measure  Analyze

T oezs EIEM--"

3 Check I have completed these instructions.

EL_42 EL_43 Measure Truncated Bits from Repeated SYNC Field
EL_44 EL_45 Measure Repeated EOP Width

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Hub CHIRP Timing - Upstream Facing Port

Equipment Used

Table 23 Equipment Used in Hub CHIRP Timing - Upstream Facing Port

Quantity Item ‘ Description/Model
1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
2 Passive or active probes Keysight E2697A with 10073D or 1130B
1 Host test bed computer Any computer with hi-speed USB ports
1 Device Hi-Speed Signal Quality Keysight E2666B
test fixture
1 5 meter USB 2.0 hi-speed cable Any listed on USB-IF web site

4
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4 Hub Hi-Speed Tests

Selecting the Tests

7 USB2 Test Application - New Devicel

File View Tools Help
Set Up | Select Tests | Configure | Connect | Run | Automate Results | HTML Report
O usB Tests
O Hi-Speed
O Hub Hi-Speed
B Hub Hi-Speed Signal Quality Test- Upstream Facing Ports
B Hub Hi-Speed Signal Quality Test- Downstream Facing Ports
B Hub Jitter Test- Downstream Facing Ports
B Hub Packet Parameters - Upstream Facing Port
B Hub Packet Parameters - Downstream Facing Port
B Hub Receiver Sensitivity - Upstream Facing Port
B Hub Repeater Test - Downstream Facing Port
B Hub Repeater Test - Upstream Facing Port
ﬂ Hub CHIRP Timing - Upstream Facing Port
EL_28 Measure Hub CHIRP-K Latency
u EL_29 Measure Hub CHIRP-K Duration
EL_31 Hub Hi-Speed Terminations Enable and D+ Disconnect Time
M Hub Suspend/Resume/Reset Timing - Upstream Facing Port
. Hub Test 3/K, SE0_NAK - Upstream Facing Port
B Hub Test J/K, SEO_NAK - Downstream Facing Port
M 1 ow and Full Speed

SESILLDITES

Messages
sSummaries (click for details) i ! : Details
2019-06-19 07:0 0:593 PM Project Reset [ .
2019-06-20 12:5 368 PM Connecting to pulsegen
2019-06-20 12:53 413 PM User Intervention Required
2019-06-20 12:5: 225 PM Info

Unsaved Changes | 3 Tests

Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1

112

Connect the E2697A with 10073D passive probe or the 1130B active probe on Channel 2 to the
D- pin at TP2 of the E2649-66401 (E2645-66507 if you are using the old fixture) Device Hi-Speed
Signal Quality test fixture.

Connect the E2697A with 10073D passive probe or the 1130B active probe on Channel 3 to the
D+ pin at TP2.

Connect both probe grounds to GND leads.

Connect the [INIT PORT] of the test fixture into the host controller port, using the 5-meter USB
cable.

Connect the [TEST PORT] on the fixture to the upstream port of the hub.
Apply power to the hub. Do not apply 5V to the test fixture.
If you are using the new fixture, please terminate the SMA connectors with 50 Ohm terminators.
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[ =T R0

Hi-speed Host
S l l
- [ upstream port

1
Inrtialize Part  Test Part ¥ “

I I
/.n' | 'l.\ Device Hi-speed Signal Quality Test Ractore

8 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.

Test Instructions
The USB automated test application will prompt you to perform these steps:

1 Onthe HS Electrical Test Tool software, click [Enumerate Bus] once. You should capture the CHIRP
handshake as in the below figure.

22 May 2009 12:2-2 P

Analyze Utilities Help

= - ¢ - ¢

Sotup  Measure

File Control
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4 Hub Hi-Speed Tests

2 Click OK to close the Test Instructions dialog.
EL_28 Measure Hub CHIRP-K Latency
EL_29 Measure Hub CHIRP-K Duration

EL_31 Hi-Speed Terminations Enable and D+ Disconnect Time

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Hub Suspend/Resume/Reset Timing - Upstream Facing Port

Equipment Used

Table 24 Equipment Used in Hub Suspend/Resume/Reset - Upstream Facing Port

Quantity Item ‘ Description/Model
1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
2 Passive or active probes Keysight E2697A with 10073D, or 11308
1 Host test bed computer Any computer with hi-speed USB ports
1 Device Hi-Speed Signal Quality Keysight E2666B
test fixture
1 5 meter USB 2.0 hi-speed cable Any listed on USB-IF web site

Selecting the Tests

¥ USB2 Test Application -- New Devicel

File View Tools Help SR e
Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report |
Hub Jitter Test- Downstream Facing Ports
Hub Packet Parameters - Upstream Facing Port
Hub Packet Parameters - Downstream Facing Port
Hub Receiver Sensitivity - Upstream Facing Port
Hub Repeater Test - Downstream Facing Port
Hub Repeater Test - Upstream Facing Port
Hub CHIRP Timing - Upstream Facing Port
Hub Suspend/Resume/Reset Timing - Upstream Facing Port
EL_38 EL_39 Hub Suspend Timing Response
EL_40 Hub Resume Timing Response
EL_27 Hub CHIRP Response to Reset from Hi-Speed Operation
EL_28 Hub CHIRP Response to Reset from Suspend
> . Hub Test J/K, SE0_NAK - Upstream Facing Port
» . Hub Test 3/K, SE0_NAK - Downstream Facing Port
. Low and Full Speed
B Receiver Sensitivity (For Samsung Only)
B EL_18 Receiver sensitivity Test - Minimum SYNC Field (For Samsung only)
B EL_17 Receiver sensi y Test (For Samsung only)
B EL_16 Receiver sensitivity Test @ Squelch (For Samsung Only

OEEEEEE

53}
m
-
m
5]
-
-
m
w
-
2]

Messages
Summaries (click for details) : L _ Details
2019-06-19 07:07:00:593 PM Project Reset C3
2019-06-20 12:53:30:368 PM Connecting to pulsegen
2019-06-20 12: 3:413 PM User Intervention Required
2019-06-20 12:53:53:225 PM Info

Unsaved Changes | 4 Tests
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Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1 Connect the E2697A with 10073D passive probe or the 1130B active probe on Channel 2 to the
D- pin at TP2 of the E2649-66401 (E2645-66507 if you are using the old fixture) Device Hi-Speed
Signal Quality test fixture.

2 Connect the E2697A with 10073D passive probe or the 1130B active probe on Channel 3 to the
D+ pin at TP2. D+ on TP2 is the pin closest to the USB connector.

3 Connect both probe grounds to leads COM (leads TP5 on the old fixture).

Connect the [INIT PORT] of the test fixture into the host controller port, using the 5-meter USB
cable.

Connect the [TEST PORT] on the fixture to the upstream port of the hub.
6 Apply power to the hub. Do not apply 5V to the test fixture.
7 If you are using the new fixture, please terminate the SMA connectors with 50 Ohm terminators.

e B AR

Hi-speed Host
S l l
- [ upstream port

1
:I E ? [
Initialize Port  Test Port & “

I I
/,n' | | 'I.\ Device Hi-speed Signal Quality Test Facture

8 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.

Test Instructions

EL_38 EL_39 Suspend Timing Response

The USB automated test application will prompt you to perform these steps:
1 On the Hub Test menu of the HS Electrical Test Tool software, click [Enumerate Bus] once.

2 Select SUSPEND from the Hub Command drop down menu. Click [EXECUTE] once to place the
device into suspend. The captured transition should be as in the figure below.
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HS Electrical Test Tool - Hub Tesk

Hub Selection ~ Hub Conleal
MOME Hub Command Address
WD Oxdbd, PID 0=6560. Address 1 4 Pots CSUSFEND j I.I
Poet Conitrol Poat
[MONE |
Erumerate Bus | |
Statuz Window || Dicconnect hoffh

Downstrean Devices

fi I
NONE 0 peration Successh

= I i
Downstream Desvice Control Address

NONE =l EXECUTE | Rietum To Main

File Conirol Setup Measue  Analze  Utilities Help 202 PM

3 Click OK to close the Test Instructions dialog.

EL_40 Resume Timing Response

Notes on USB Electrical Compliance Testing 117
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The USB automated test application will prompt you to perform these steps:

1 On the Hub Test menu of the HS Electrical Test Tool, select RESUME from the Hub Command
drop down menu. Click [EXECUTE] once to resume the hub from suspend. The captured transition
should be as in the figure below.

HS Electrical Test Tool - Hub Test

Hub Selection Huib Control
NONE [ | Hub Command Address
VID Oxdbd. PID 6560, Address 1 4 Podts [ ESLIME ,ﬂ I:

‘ Post Cortrod Pt

[NONE | [
Statuswindow [ Diccopnect]
O peraticon Successhul

Erumerate Bus

Dovmatrean Devices
MNONE

= m
Dowrnstream Device Control e

10N J | EXECUTE I Retum To Malnl

File Control Setup Measure Analyze  Utilities  Help 26 Mz 2000 11:0:4 A0

2 Click OK to close the Test Instructions dialog.
EL_27 Hub CHIRP Response to Reset from Hi-Speed Operation
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The USB automated test application will prompt you to perform these steps:
1 On the Hub Test menu of the HS Electrical Test Tool, select RESET from the Hub Command drop

down menu. Click [EXECUTE] once to reset the hub operating in high speed. The captured
transition should be as in the figure below.

HS Electrical Test Tool - Hub: Tesk

Hiib Selection
HNOME

Husb Conbial
Hub Commared Address

VD Dedbd, PID 06560, Addreszs 1 4 Poats j I-:
Foat Cortrod Puoit
|NONE =l |

Enumerate Bus
| Status wWindow [ Disconnect hotf

Dovnstrean Devices

NOME

Downztream Device Condrol Address

NON =l EXECUTE | Fisturn Ta Main

11:49 &M

Utilities  Halp

Anakyze

File Control Sebp Measure

ped .

30000000000 o

D erEE [Hif 1.00 ms/ 3

2 Click OK to close the Test Instructions dialog.

EL_28 Hub CHIRP Response to Reset from Suspend
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4 Hub Hi-Speed Tests

The USB automated test application will prompt you to perform these steps:

1 On the Hub Test menu of the HS Electrical Test Tool software, select SUSPEND from the Hub
Command drop down menu. Click [EXECUTE] once to place the device into suspend.

HS Electrical Test Tool - Hub Tesk

— Hub Selection — Hub Conbial |
HOME Hub Commard Address
WID Ox4b4. PID 0=B5E0. Addrezs 1 4 Poits j |]

Foat Control Pt

IN OME LI I 1

Enumerate Bus |

Status wWindow [ Diccarnect Moty
Downstrean Devices

 Downstieam Device Conrol Address
JNONE =] | EXECUTE | Rietun To Main |

2 Click OK to close the Test Instructions dialog.

The USB automated test application will prompt you to perform these steps:

1 On the Device Test Menu of the HS Electrical Test Tool, select RESET from the Device Command
drop down menu. Click [EXECUTE] once to reset the device operating in high speed. The captured
transition should be as in the figure below.

HS Electrical Test Tool - Device Test

~ Desice Contral

Device Command Dewice Address

RESET =l o

MONE

TEST_J
TEST K
TEST_SEQ_M&K
TEST_PACKET
SUSFEND
RESLIME

Enumerate Bus Wmm T Main

L IL00P DEVICE DESCRIPTOR
SET ADDRESS

EMABLE WakKEUP

DISABLE wWaKEUF

SIMGLE STEP SET FEATURE
SIMGLE STEP GET DEY DESC

YD Oxdbd, PID 0
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File Contral Setup Measure  Analyze  Utilities  Help 1:52 P
On i On

_ O = 0~

v

el

=

‘_":-_

el

olena

2 Click OK to close the Test Instructions dialog.

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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4 Hub Hi-Speed Tests

Hub Test J/K, SEO_NAK - Upstream Facing Port

Equipment Used

Table 25 Equipment Used in Hub Test J/K, SEO_NAK - Upstream Facing Port

Quantity Item

1 Digital Multimeter (DMM)

1 Host test bed computer

1 Device Hi-Speed Signal Quality
test fixture and 4” USB cable

1 5V power supply

1 5 meter USB 2.0 hi-speed cable

‘ Description/Model

Keysight 34401A, 34461A, or equivalent
Any computer with hi-speed USB ports

Keysight E2666B

Keysight 0950-2546 or equivalent

Any listed on USB-IF web site

Selecting the Tests

¥ USB2 Test Application - New Devicel

File View Tools Help

Set Up | Select Tests | Configure | Connect | Run

SEEEEEEEER

SES I L LI TES

Messages

Summaries (click for details)

2019-06-19 07:07:00:593 PM Project Reset

Automate | Results | HTML Report

Hub Hi-Speed Signal Quality Test- Downstream Facing Ports
Hub Jitter Test- Downstream Facing Ports
Hub Packet Parameters - Upstream Facing Port
Hub Packet Parameters - Downstream Facing Port
Hub Receiver Sensitivity - Upstream Facing Port
Hub Repeater Test - Downstream Facing Port
Hub Repeater Test - Upstream Facing Port
Hub CHIRP Timing - Upstream Facing Port
Hub Suspend/Resume/Reset Timing - Upstream Facing Port
Hub Test J/K, SEO_NAK - Upstream Facing Port
EL_8 Hub Upstream J Test
EL_8 Hub Upstream K Test
EL_9 Hub Upstream SE0_NAK Test

» B Hub Test J/K, SE0_NAK - Downstream Facing Port
B Low and Full Speed
B Receiver Sensitivity (For Samsung Only)

B EL_18 Receiver sensitivity Test - Minimum SYNC Field (For Samsung only)

B EL_17 Receiver sensitivity Test (For Samsung only)

M EL_16 Receiver sensitivity Test @ Squelch (For Samsung Only

Details

2019-06-20 12:53:30:368 PM Connecting to pulsegen
2019-06-20 12:53:33:413 PM User Intervention Required

2019-06-20 12:53:53:225 PM Info

Unsaved Changes | 3 Tests
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Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1

5

Running the Tests

1

Test Instructions

Attach the 5V power supply to J5 of the E2649-66401 (E2645-66507 if you are using the old
fixture) Device High-Speed Signal Quality test fixture. Leave the TEST switch at the OFF position.
Verify the green Power LED is lit, and the yellow Test LED is off.

Connect the [TEST PORT] of the test fixture into the upstream facing port of the hub under test,
using the 4" USB cable.

Connect the [INIT PORT] of the test fixture to a port of the Test Bed Computer, using the 5 meter
cable.

Apply power to the hub.

fq
¥
i
-
|

chrmal ag

Agilent Te

Check I have completed these instructions.

Click Run Tests.

EL_8 Hub Upstream J Test

The USB automated test application will prompt you to perform these steps:

1
2

Notes on USB Electrical Compliance Testing

On the Hub Test menu of the HS Electrical Test Tool, click [Enumerate Bus] once.

Select TEST_J from the Hub Command drop down menu. Click [EXECUTE] once to place the hub
into TEST_J test mode.

Switch the test fixture into the TEST position.
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Hub Hi-Speed Tests

HS Electrical Test Tool - Hub Teskt

~ Hub Selection | Hub Control |

| NOME Hub Command Addrezz
VIO Dxdbd, PID Dxebe0, Addiesz 1 4 Forts TEST J j |I]
‘ Pat Cantral Pait

MOME = .
Erumerate Bus | I J I
Status Window [ Diszormest Matfy

Diowrztream Devices

NONE T I e

~ Downztream Desice Contral A ddess

[NonE = | Return Ta Main |

4 Click OK to close the Test Instructions dialog.

The USB automated test application will prompt you for the following voltage measurements:

W USB Test - JTest =13

Uzing a Keysight 9724 DM or equivalent, measure the
following voltages:

between D+ of TP2 and Gnd on the test fisture:

any i

between 0- of TP2 and Gnd on the test fibure:

3 iy

oK

EL_8 Hub Upstream K Test

The USB automated test application will prompt you to perform these steps:
1 Return the Test switch of the test fixture to the NORMAL position.

2 Cycle the hub power to restore the hub to normal operation. On the Hub Test menu of the HS
Electrical Test Tool, click [Enumerate Bus] once.

3 Select TEST_K from the Hub Command drop down menu. Click [EXECUTE] once to place the hub
into TEST_K test mode.

4 Switch the test fixture into the TEST position.
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Hub Hi-Speed Tests

HS Electrical Test Tool - Hub Tesk

Hub Selection Hub Conbial |
HOME Address
VIO Dxdbd, PID D=6560, Addrezs 1 4 Pots cT F j I]
Pt

|NDNE | ||

Status Window [ Diccarnect Matify

Ernumerate Bus |

Dovwnstrean Devices

R
— Downstieam Device Conrol Aidee

[NonE =l |_execure | Return To Main

5 Click OK to close the Test Instructions dialog.

The USB automated test application will prompt you for the following voltage measurements:

W USB Test - KTest =13

Using a Keysight 9724 DMM or equivalent, meazure the
following voltages:

between D- of TP2 and Gnd on the test fisture:

407 i

between D+ of TP2 and Gnd on the test fisture:

3 i

0K

EL_9 Hub Upstream SEO_NAK Test

The USB automated test application will prompt you to perform these steps:
1 Return the Test switch of the test fixture to the NORMAL position.

2 Cycle the hub power to restore the hub to normal operation. On the Hub Test menu of the HS
Electrical Test Tool, click [Enumerate Bus] once.

3 Select TEST_SEO_NAK from the Hub Command drop down menu. Click [EXECUTE] once to place the
hub into TEST_SEO_NAK test mode.

4 Switch the test fixture into the TEST position.
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4 Hub Hi-Speed Tests

HS Electrical Test Tool - Hub Tesk

Hub Selection Hub Contial |
NOKE Huk Commiared Address
WID Didbd, PID 0=B560, Address 1 4 Pots I'm d I:I
Post Control Pt

|NONE =] |1

3 e Status Window [ Discopect Koty
1_“ SIS Operation Successiul

EnLimerate Bus |

- Downsteam Device D:urﬂrulw

[NOnE = EXECUTE_| Fieturn To Main |

5 Click OK to close the Test Instructions dialog.
The USB automated test application will prompt you for the following voltage measurements:

I USB Test - SE0_NAK Test =03

Using a Keysight 9724 DMM or equivalent, meazure the
following voltages:

between D+ of TP2 and Gnd on the test fisture:

4 i

between D- of TP2 and Gnd on the test fisture:

4 i

0K

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Hub Hi-Speed Tests

Hub Test J/K, SEO_NAK - Downstream Facing Port

Equipment Used

Table 26 Equipment Used in Hub Test J/K, SEO_NAK - Downstream Facing Port

Quantity Item ‘ Description/Model

1 Digital Multimeter (DMM) Keysight 34401A, 34461A, or equivalent

1 Host test bed computer Any computer with hi-speed USB ports

1 Host Hi-Speed Signal Quality test ~ Keysight E2649-66402 (old fixture P/N E2645-66508)
fixture and 4” USB cable

1 5V power supply Keysight 0950-2546 or equivalent

1 5 meter USB 2.0 hi-speed cable Any listed on USB-IF web site

4

Selecting the Tests

¥ USB2 Test Application -- New Devicel

File View Tools Help
Set Up |Select Tests | Configure | Connect | Run | Automate | Results | HTML Report
I Hub Hi-Speed Signal Quality Test- Downstream Facing Ports
B Hub Jitter Test- Downstream Facing Ports
B Hub Packet Parameters - Upstream Facing Port
B Hub Packet Parameters - Downstream Facing Port
B Hub Receiver Sensitivity - Upstream Facing Port
B Hub Repeater Test - Downstream Facing Port
B Hub Repeater Test - Upstream Facing Port
B Hub CHIRP Timing - Upstream Facing Port
B Hub Suspend/Resume/Reset Timing - Upstream Facing Port
B Hub Test /K, SEO_NAK - Upstream Facing Port
Hub Test J/K, SE0_NAK - Downstream Facing Port
EL_8 Hub Downstream J Test
EL_8 Hub Downstream K Test
EL_9 Hub Downstream SEQ_NAK Test
B Low and Full Speed
B Receiver Sensitivity (For Samsung Only)
B EL_18 Receiver sensitivity Test - Minimum SYNC Field (For Samsung only)
B EL_17 Receiver sensitivity Test (For Samsung only)
M EL_16 Receiver sensitivity Test @ Squelch (For Samsung Only

123738

S1S831

lit

Messages
Summaries (click for details) Details
:20194]6719 07:07:00:593 PM Project Reset AlE
1 2019-06-20 12:53 368 PM Connecting to pulsegen
2019-06-20 12:53:33:413 PM User Intervention Required
2019-06-20 12:53:53:225 PM Info

nges 3 Tests
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4 Hub Hi-Speed Tests

Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1 Attach the 5V power supply to J5 of the E2649-66402 (E2645-66508 if you are using the old
fixture) Host High-Speed Signal Quality test fixture. Verify the green Power LED is lit. Place the
TEST switch (S1) in the Test position and the yellow Test LED is lit.

2 Connect the [TEST PORT] of the test fixture into the downstream facing port of the hub under
test, using the 4" USB cable.

3 Attach the hub upstream port to the host controller port, using the 5 meter cable.
4 Apply power to the hub.

5 Check I have completed these instructions.

Running the Tests

1 Click Run Tests.
Test Instructions

EL_8 Hub Downstream J Test

The USB automated test application will prompt you to perform these steps:
1 On the Hub Test menu of the HS Electrical Test Tool, click [Enumerate Bus] once.

2 Select TEST_J from the Port Control drop down menu. Enter port number and click [EXECUTE] once
to place the port under test into TEST_J test mode.
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5 Electrical Test Tool - Hub Tesk

Hub Hi-Speed Tests

“Hub Selection

HOME
WD Dxdbd . FID 026560, Addrezs 1 4 Ports

Enumerate Bus |

“Hub Cantial-
Hub Corenared Addrezs
|NOHE ENE
Poat Cortrol Pt

=

Status Window I Discormect Matify

straun Davices Dpearation Succasshul
— Downestream Device Condrol Addiess
IH OME d I EXECUTE

Feturn T kain I

3 Click OK to close the Test Instructions dialog.

The USB automated test application will prompt you for the following voltage measurements:

B USB Test - JTest

Using a Keysight 9724 DMM or equivalent, meazure the
following voltages:

between D+ of TP2 and Gnd on the test fisture:

418 i
between D- of TP2 and Gnd on the test fisture:
3 i

0K

CB&X

EL_8 Hub Downstream K Test

The USB automated test application will prompt you to perform these steps:
1 On the Hub Test menu of the HS Electrical Test Tool, click [Enumerate Bus] once.
2 Select TEST_K from the Port Control drop down menu. Enter port number and click [EXECUTE] once

to place the port under test into TEST_K test mode.

Notes on USB Electrical Compliance Testing
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Hub Hi-Speed Tests

EL 9

HS Electrical Test Tool - Hub Tesk .
Hubi Selection

MOMNE
YID Oxdbd, PID 06560, Address 1 4 Pots

Erurmerate Bus |

Dovstrean Desices

MNONE

— Downstrieam Device D:urirulw

Hub Contral |
Hub Cornenard Address

|N OME d I I

Post Controd Poat

I

Status Window [T Disconect ot

0 peration Succeszil

|NIJHE

iy

EXECUTE I Feturn Ta kain I

3 Click OK to close the Test Instructions dialog.

The USB automated test application will prompt you for the following voltage measurements:

B USB Test - KTest

Using a Keysight 9724 DMM or equivalent, measure the
following voltages:

between D- of TP2 and Gnd on the test fisture:

415 i

between D+ of TP2 and Gnd on the test fisture:

3 i

0K

CBX

Hub Downstream SEO_NAK Test

The USB automated test application will prompt you to perform these steps:
1 On the Hub Test menu of the HS Electrical Test Tool, click [Enumerate Bus] once.

2 Select TEST_SEO_NAK from the Port Control drop down menu. Enter port number and click
[EXECUTE] once to place the port under test into TEST_SEO_NAK test mode.
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Hub Hi-Speed Tests 4

HS Electrical Test Tool - Hulx Teskt

— Hub Selection — Hub Cantial
HOME Hub Command Address

VID Oxdbd. PID D=6560, Address 1 4 Pots INDHE j II]
Poit Contiol Pt

Enumerate Bus |

. e Statuz window [ Dicconmect Moty
ovmistresm Devices =
Operation Succasshul

— Downstieam Device &mrdw

|NOHE = EXECUTE | Retur To Main |

3 Click OK to close the Test Instructions dialog.
The USB automated test application will prompt you for the following voltage measurements:

I USB Test - SE0_NAK Test =03

Using a Keysight 9724 DMM or equivalent, meazure the
following voltages:

between D+ of TP2 and Gnd on the test fisture:

a i

between D- of TP2 and Gnd on the test fisture:

7 i

0K

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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4 Hub Hi-Speed Tests
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DI0TOUSBC USB 2.0 Compliance Test Application

Notes on Electrical Testing

Host Hi-Speed Electrical
Tests

Host Hi-Speed Signal Quality 135
Host Controller Packet Parameters 141
Host CHIRP Timing 147

Host Suspend/Resume Timing 157
Host Test J/K, SEO_NAK 156

To give the automated test software more flexibility in making corner case measurements (and
improve test performance), the oscilloscope’s memory upgrade option is recommended (Option
001 when ordered with the oscilloscope, or after purchase: N5472A for the 90000A Series
oscilloscopes).

In addition to the hi-speed electrical tests prescribed in this chapter, the host controller under test
must also pass the following electrical compliance tests applicable to the EHCI Host Controller:

Full speed signal quality.
Low speed signal quality.
Drop/Droop.

Before Running These Tests
If you haven't already performed the initial equipment set up, see “Setting Up the Equipment" on
page 28.

Selecting the Host Test Environment Setup

1 Inthe USB automated test application, select the Host test environment.

2 To do automatic testing, select USBET as the Test Method. To do manual testing, select Both as the
Test Method. See page 23 for more information.

KEYSIGHT

TECHNOLOGIES



5

134

Host Hi-Speed Electrical Tests

File View Tools I-.Ié'lp

Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

Device Under Test
@ Device

@® Hub

© Host

B Embedded Host

Comments

Configure External Instrument

® ves Ono

Messages

Summaries (click for details)

2019-06-25 03:11:41:333 PM HTML Report Refrest *
2019-06-25 03:11:43:820 PM Ready

<| 11

Unsaved Changes | 0 Tests

W TypecC

Compliance Mode
HS Test Connection
| Connection Option

Test Method

USBET (V]
Droop Drop Ports
[ Droop Drop Ports |

B Keysight Droop Drop Fixture

Debug and Informative only
[l pebug mode

Details

O
v
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Host Hi-Speed Electrical Tests 5
Host Hi-Speed Signal Quality
Equipment Used
Table 27 Equipment Used in Host Hi-Speed Signal Quality Tests
Quantity Item ‘ Description/Model
1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
1 Differential probe Keysight 113xB with E2678B
Or
2 SMA Cables SMA Cables
1 Header adapter (only needed if Keysight 01131-68703
you are using the old test fixture -
E2645-66508)
1 Host test bed computer Any computer with hi-speed USB ports
1 Host Hi-Speed Signal Quality test  Keysight E2649-66402 (old fixture P/N E2645-66508)
fixture and 4” USB cable
1 5V power supply Keysight 0950-2546 or equivalent
Selecting the Tests
Note: To do manual testing, choose Both for the Test Method option under the Setup tab. There will
then be several manual tests to choose from under the Select Test tab.
Notes on USB Electrical Compliance Testing 135



5 Host Hi-Speed Electrical Tests

tion -- New Devicel
File View Tools Help
Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

O usB Tests
[ Hi-Speed
[0 Host Hi-Speed
Host Hi-speed Signal Quality
EL_3 Data Eye and Mask Test
EL_6 Host Rise Time
EL_6& Host Fall Time
EL_7 Host Non-Monotonic Edge Test
B Host Controller Packet Parameters
B Host CHIRP Timing
B Host Suspend/Resume Timing
B Host Test /K, SE0_NAK
B Low and Full Speed
B Host Full Speed Signal Quality and Transition Time Test
B Host Low Speed Signal Quality and Transition Time Test
B Droop/Drop Test

123138

-
m
w
-
w

Messages |
Summaries (click for details) Details
2019-06-19 07:06:59:991 PM Project Resetting
2019-06-19 07:07:00:400 PM Refreshing HTML Report
| 2019-06-19 07: 475 PM HTML Report Refreshed
2019-06-19 07:07:00:593 PM Project Reset

Unsaved Changes | 4 Tests

Configuring the Tests

Connecting the Equipment - Differential Connection

The USB automated test application will prompt you to perform these connection steps:

1 Attach the 5V power supply to J5 of the E2649-66402 (E2645-66508 if you are using the old
fixture) Host Hi-Speed Signal Quality test fixture and verify the green Power LED is lit.

a Set the Test switch (S1) of the test fixture to TEST and verify the yellow TEST LED is lit.

2 Attach the Keysight 113xA/B differential probe to TP2 of the test fixture, using the damped
header adapter (the header adapter is only needed if you are using the old test fixture). Ensure
the + polarity on the probe lines up with D+, which is the pin nearest the USB connector.

3 If you are using the new fixture, please terminate the SMA connectors with 50 Ohm terminators.
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Host Undar Test

e & NSk

13

probe
l‘ll

[0\ »

differeatial

'_Tj'I

Test Port Inttizlize Port

51

st Hi-speed Signal Quality Test Focture

4 Check | have completed these instructions.

Connecting the Equipment - Single-Ended Connection

1

Host Hi-Speed Electrical Tests

Attach the 5V power supply to J5 of the E2649-66402 (E2645-66508 if you are using the old

fixture) Hi-Speed signal quality test fixture. Verify the green Power LED is lit.

2 Set the Test switch (S1) of the test fixture to TEST and verify that the yellow TEST LED is lit.
3 Attach the SMA cables to SMA connectors D+ and D- on the test fixture.

= =

Beeiiziie
2, 1B g

[Sl=R=J-R=]cvi=]=]
P T
%
e B 958 8 B § B &

L_H_
Host Undar Test SMA cable
l|il| "r'ﬂ_i:'k_J
:I Test éort Ihttialize Part
5 —

0\ =

4 Check I have completed these instructions.

Notes on USB Electrical Compliance Testing
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Host Hi-Speed Electrical Tests

Running the Tests

1 Click Run Tests.

Test Instructions, Part 1

The USB automated test application will prompt you to perform these steps:
1 Invoke the HS Electrical Test Tool software on the Hi-Speed Electrical Test Bed computer.
2 Select Host Controller/System and click the [TEST] button to enter the Host Test menu.

H5 Electrical Test Tool - x|

 Select Type OF Test — Select Host Controler For Lze In Testing
" Devica PCl bz 0, devace 29, funchon 7 8 Poits
" Hub

& Host Controller/Systenm

|

3 Click OK to close the Test Instructions dialog.

Test Instructions, Part 2

The USB automated test application will prompt you to perform these steps:

1 Connect the [TEST PORT] of the E2649-66402 Host Hi-Speed Signal Quality test fixture
(E2645-66508 if you are using the old fixture) into the port under test of the host controller, using
the 4" USB cable. The host controller here refers to the Hi-speed Electrical Test Bed Computer
that has the HS Electrical Test Tool on it.

Select TEST_PACKET from the Port Control drop down menu.

3 Enter the port number of the port under test and click [EXECUTE]. This forces the port under test

to continuously transmit test packets.

Notes on USB Electrical Compliance Testing



Host Hi-Speed Electrical Tests

HS Electrical Test Tool - Host Test |

Host Poi Cantral
Pait Contol

- Select Dovanstream Device
MOME

Erumerate Bus |

[ Pownstream Device Conbrol Address

[MOME

]

Status Window [T Dizconnect Moliy

Retum To Main

You should see the transmitted test packet on the oscilloscope as below.

File Control Setup Measure  Analyze  Rilites  Help

N

22 May 2009 10:24 AM

4 Click OK to close the Test Instructions dialog.

EL_6 Host Rise Time
EL_6 Host Fall Time

EL_3 Data Eye and Mask Test

After viewing the test results, click OK to close the Test Instructions dialog.

Notes on USB Electrical Compliance Testing

139



5 Host Hi-Speed Electrical Tests

EL_7 Host Non-Monotonic Edge Test

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Host Hi-Speed Electrical Tests

Host Controller Packet Parameters

Equipment Used

Table 28 Equipment Used in Host Controller Packet Parameters Tests
Quantity Item ‘ Description/Model
1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
1 Differential probe Keysight 113xA/B with E2678B
1 Header adapter (only needed if Keysight 01131-68703

you are using the old test fixture -
E2645-66507)

1 Host test bed computer Any computer with hi-speed USB ports

1 Device Hi-Speed Signal Quality Keysight E2666B
test fixture and 4” USB cable

1 Hi-Speed USB hub Any listed on USB-IF web site

5

Selecting the Tests

¥ USB2 Test Application -- New Devicel
File View Tools Help S R S
Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report |
O usB Tests
O Hi-speed
O Host Hi-Speed
» B Host Hi-speed Signal Quality
Host Controller Packet Parameters
EL_21 Sync Field Length Test
EL_25 EOP Length Test
EL_23 Inter-packet Gap Between First 2 Packets Test
EL_22 Inter-packet Gap Between Host And Device Packet Test
EL_55 SOF EOP Width Test
B Host CHIRP Timing
B Host Suspend/Resume Timing
’ B Host Test 3/K, SEO_NAK
B Low and Full Speed
B Host Full Speed Signal Quality and Transition Time Test
B Host Low Speed Signal Quality and Transition Time Test
B Dproop/Drop Test

123138

S1531

Messages

summaries (click for details) : Details
2019-06-19 07:06:59:991 PM Project Resetting AllE
2019-06-19 07:07:00:400 PM Refreshing HTML Report

2019-06-19 07:07:00:475 PM HTML Report Refreshed

2019-06-19 07:07:00:593 PM Project Reset

Unsaved Changes 5 Tests
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5 Host Hi-Speed Electrical Tests

Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1 Connect the E2649-66401 (E2645-66507 if you are using the old fixture) Device Hi-Speed Signal
Quality test fixture ([TEST PORT]) into B receptable of a known good hi-speed hub, using the 4"
USB cable.

a Apply power to the known good hub. Do not apply 5V to the test fixture.

2 Attach the Keysight 113xA/B differential probe to D+/D- of TP2 on the test fixture, using a
damped header adapter (the header adapter is only needed if you are using the old test fixture).

3 Connect the test fixture ([INIT PORT]) into the host controller under test, using USB cable.
4 If you are using the new fixture, please terminate the SMA connectors with 50 Ohm terminators.

=0 B OB
izl

Hi-speed Host differential
prabe

4"

[
knoseen good
Intizlize Port  Toct Popt

hi-zpeed device

1 1
/:I D\ Device Hi-Speed Signal Guality Test Fidture

5 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.

Test Instructions, Part 1
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Host Hi-Speed Electrical Tests 5

The USB automated test application will prompt you to perform these steps:
1 Click [Enumerate Bus] and verify that the device enumerates properly.

HS Electrical Test Tool - Host Test )

[ Sedect Dosretream Device Host Foet Conbiel

| MONE Pist Cordrel Part
V1D Ddbd. PID 045560, Addiess 1 Foit 5 EE
Staleswindowe: [ Dizconnect Moty
Operation Successful

Ermmerate Bus |

i~ Dowrestream Device Control TR

:!NL]HE _ﬂ E _ Fetsn To Main

2 Using the oscillopscope, verify SOFs (Start of Frame packets) are being transmitted by the port

under test. You may need to lower the trigger level to somewhat below 400 mV to obtain a
trigger.

Litilitias

File Contral Setp Mazasure Analyze
pad .

Help 4:31 PM

3 Click OK to close the Test Instructions dialog.

Test Instructions, Part 2

The USB automated test application will prompt you to perform these steps:

1 Inthe Host Test menu of the HS Electrical Test Tool software, ensure that the device is selected.

2 Select SINGLE STEP GET DEV DESC from the Downstream Device Control menu and click [EXECUTE].
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5 Host Hi-Speed Electrical Tests

HS Electrical Test Tool - Host Test |
Select Downstream Device Host Fost Control
MOME Pact Cantral Piart
WID Dxdbd . PID OxE560. Addiess 1. Pait 5 |N OME ﬂ |.J
Status Windowe T Disconrect Mot
Dpeistion Successul

Erwamerate Bues

i Downetream Device Conlrol

Addiees
Retusn To Main

You should see the transmitted test packet on the oscilloscope as below.

File Controd  Setup  Measuare  Analvze  Utilities Help 22 May 2009 11;10 40

1

NN

3 Click OK to close the Test Instructions dialog.

EL_21 Sync Field Length Test
EL_25 EOP Length Test
EL_23 Inter-packet Gap Between First 2 Packets Test

EL_22 Inter-packet Gap Between Host and Device Packet Test

Test Instructions, Part 3
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Host Hi-Speed Electrical Tests 5

The USB automated test application will prompt you to perform these steps:
1 Inthe Host Test menu of the HS Electrical Test Tool software, click [STEP] once again.

jHS Electrical Test Tool - Host Test I

I —Select Downstream Device———————— — Host Faoit Confriod
MOME Pt Caritiol Post
VID b FID 05560, Addies= 1P > NI B |z

StatueMindow [T Dizconeec: iy
Operation Successiul

~Downstream Device Ennlrnlm

SIMGLE STEP GET DEY DF ;| [,_ HelulnTuMainl

You should see the transmitted test packet on the oscilloscope as below.

File Control Setup  Measure  Analyze  LRilities  Help 26 May 2009 10:45 Al

EEEN

=]

k

EE

i

;gn

2 Click OK to close the Test Instructions dialog.
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5 Host Hi-Speed Electrical Tests

EL_55 SOF EOP Width Test

Test Instructions

The USB automated test application will prompt you to perform these steps:

1 Using the oscillopscope, verify SOFs(Start of Frame packets) are being transmitted by the port
under test. You may need to lower the trigger level to somewhat below 400 mV to obtain a

trigger.

File Controd Setup  Measure  Analyze  Utilities  Help

L I" f IJJ![I..... ;

.!"|11||111'|11'|J|L‘lu |.

[

2 Click OK to close the Test Instructions dialog.

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Host Hi-Speed Electrical Tests 5

Host CHIRP Timing

Equipment Used

Table 29 Equipment Used in Host CHIRP Timing Tests

Quantity Item ‘ Description/Model
1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
2 Passive probes Keysight E2697A with 10073D (for 90000 series) Or

Keysight 10073D (for 9000, S-series and MXR) Or
Keysight N5449A with 10073D (for V-series, Z-series and UXR)

1 Host test bed computer Any computer with hi-speed USB ports

1 Host Hi-Speed Signal Quality test ~ Keysight E2649-66402 (old fixture P/N E2645-66508)
fixture and 4” USB cable

1 Hi-Speed USB device Any listed on USB-IF web site

1 5 meter USB 2.0 hi-speed cable Any listed on USB-IF web site

Selecting the Tests

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

O usB Tests
O Hi-speed
O Host Hi-Speed
B Host Hi-speed Signal Quality
. Host Controller Packet Parameters
Host CHIRP Timing
EL_33 CHIRP Timing Response
EL_34 CHIRP K Width
EL_34 CHIRP ] Width
EL_35 SOF Timing Response
» B Host Suspend/Resume Timing
» [ Host Test J/K, SE0_NAK
- Low and Full Speed
B Host Full Speed Signal Quality and Transition Time Test
B Host Low Speed Signal Quality and Transition Time Test
B Droop/Drop Test

123148

S1S31

Messages
Summaries (click for details) Details
2019-06-19 07:06:59:991 PM Project Resetting AllE
2019-06-19 07:07:00:400 PM Refreshing HTML Report
2019-06-19 07:07:00:475 PM HTML Report Refreshed
2019-06-19 07:07:00:553 PM Project Reset

Unsaved Changes 4 Tests
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5 Host Hi-Speed Electrical Tests

Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1 Replace E2649-66404. Disconnect test fixture with E2649-66402 Host Hi-Speed Signal Quality
test fixture. Do not apply 5V to the test fixture.

2 Connect the E2697A with 10073D passive probe on Channel 2 to the D- pin at TP2 of the
E2649-66402 Host Hi-Speed Signal Quality test fixture.

3 Connect the E2697A with 10073D passive probe on Channel 3 to the D+ pin at TP2. D+ on TP2 is
the pin closest to the USB connector.

4 Connect both probe grounds to leads COM.

5 Connect a known good Hi-Speed device into the [INIT PORT] of the test fixture, using the 5-meter
USB cable.

6 Connect the [TEST PORT] on the fixture to the port under test, using the 4" USB cable.
Apply power to the known good Hi-Speed device.
8 If you are using the new fixture, please terminate the SMA connectors with 50 Ohm terminators.

aiais B Ak

L\\'\ passive probes

Host Under Test “\1

g i Fhown qood hi-speed device

Test Part [nitialize Port g:' ;
S

1 1
/,f | 'I.\ Hust Hi-speed Signal Quality Test Ruckure

9 Check I have completed these instructions.
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Running the Tests
1 Click Run Tests.

Test Instructions

The USB automated test application will prompt you to perform these steps:

1 On the HS Electrical Test Tool software, click [Enumerate Bus] once. You should capture the CHIRP
handshake as in the below figure.

File Control Sebup Measure Analyze Utilities Help 22 May 2009 12:2%2 PM

.
s an %) Cn
oo el KR

o -~

2 Click OK to close the Test Instructions dialog.

EL_33 CHIRP Timing Response
EL_34 CHIRP K Width
EL_34 CHIRP J Width

EL_35 SOF Timing Response

The USB automated test application will prompt you to: Unplug the known good device and reattach
it.
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5 Host Hi-Speed Electrical Tests

The USB automated test application will prompt you to perform these steps:

1 On the Host Test menu of the HS Electrical Test Tool software, click [Enumerate Bus] once. The

oscilloscope should capture as in the below figure.

File  Confrol Analyze  Utltes Help

Sehp  Maasure
iz ppad.

2 Click OK to close the Test Instructions dialog.

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Host Suspend/Resume Timing

Equipment Used

Table 30 Equipment Used in Host Suspend/Resume Timing Tests

Quantity Item ‘ Description/Model
1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
2 Passive probes Keysight E2697A with 10073D (for 90000 series) or

Keysight 10073D (for 9000, S-series and MXR) or
Keysight N5449A with 10073D (for V-series, Z-series and UXR)

1 Host test bed computer Any computer with hi-speed USB ports

1 Host Hi-Speed Signal Quality test ~ Keysight E2649-66402 (old fixture P/N E2645-66508)
fixture and 4” USB cable

1 Hi-Speed USB device Any listed on USB-IF web site

1 5 meter USB 2.0 hi-speed cable Any listed on USB-IF web site

Selecting the Tests

ion -- New Devicel

O usB Tests
[ Hi-speed
O Host Hi-speed
B Host Hi-speed Signal Quality
. Host Controller Packet Parameters
B Host CHIRP Timing
Host Suspend/Resume Timing
EL_39 Suspend Timing Response
EL_41 Resume Timing Response
» [ Host Test /K, SED_NAK
B Low and Full Speed
B Host Full Speed Signal Quality and Transition Time Test
B Host Low Speed Signal Quality and Transition Time Test
. Droop/Drop Test

123138

S1S31

Messages |

Summaries (click for details) : Details
2019-06-19 07:06:59:991 PM Project Resetting AllE
2019-06-19 07:07:00:400 PM Refreshing HTML Report

| 2019-06-19 07:07:00:475 PM HTML Report Refreshed
2019-06-19 07:07:00:593 PM Project Reset

Unsaved Changes 2 Tests
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5 Host Hi-Speed Electrical Tests

Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1 Replace E2649-66404. Disconnect test fixture with the E2649-66402 Host Hi-Speed Signal
Quality test fixture. Do not apply 5V to the test fixture.

2 Connect the E2697A with 10073D passive probe on Channel 2 to the D- pin at TP2 of the
E2649-66402 Host Hi-Speed Signal Quality test fixture.

3 Connect the E2697A with 10073D passive probe on Channel 3 to the D+ pin at TP2. D+ on TP2 is
the pin closest to the USB connector.

4 Connect both probe grounds to leads COM.

5 Connect a known good Hi-Speed device into the [INIT PORT] of the test fixture, using the 5-meter
USB cable.

6 Connect the [TEST PORT] on the fixture to the port under test, using the 4" USB cable.
Apply power to the known good Hi-Speed device.
8 If you are using the new fixture, please terminate the SMA connectors with 50 Ohm terminators.

=]
[T X[ -1
\\\ pazsive probes
Host Undar Test “\
& l
o [H-g[l- Fnown qood hi-speed device

Test Part  Initialize Part ;’ ;
S

1 1
/ :I D\ Hust Hi-speed Sional Quality Test Rockure

9 Check I have completed these instructions.
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Running the Tests

1 Click Run Tests.

Test Instructions

EL_39 Suspend Timing Response

The USB automated test application will prompt you to perform these steps:
1 On the Host Test menu of the HS Electrical Test Tool software, click [Enumerate Bus] once.
2 Select SUSPEND from the Port Control drop down menu.

3 Enter the port number. Click [EXECUTE] once to place the port into suspend. The captured
transition should be as in the figure below.

HS Electrical Test Tool - Host Test

— Select Dovwnstream Device————— — Host Port Control

MOME Fort Contral Font
RESUME =] JE
MONE

TEST_J

TEST_K
TEST_SED_MaK
Enumerate Bus | TEST_PACKET

TEST FORCE ENABLE

WD Ckedbd, PID 06560, Address 1, Port 5

Dowenstream Desvice Cantiol T RESLME

MIOME E] | = RESET sturr To Bain

File  Confrol  Sstup  Messure

Analza  Utiites  Help 202 P

4 Click OK to close the Test Instructions dialog.
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Host Hi-Speed Electrical Tests

EL_41 Resume Timing Response

The USB automated test application will prompt you to perform these steps:
On the Host Test menu of the HS Electrical Test Tool software, select RESUME from the Port

1

Control drop down menu.

2 Enter the port number. Click [EXECUTE] once to resume the port.

3

HS Electrical Test Tool - Host Test Il

— Select Downstrean Devics

HOME

E numerate Bus |

— Downsiream Desvice Enntmlm

S

HOME

—Host Pat Contral

ot Cantral
RESLME

NOME Mot
TEST_J

TEST K
TEST_SEQ_MNAK

TEST PACKET
TEST_FORCE_EMAELE
SLISFEND

turn To Main

RESET

The captured transition should be as in the figure below.

File Control Setupn Messure  Analyze  Ulilities Halp

.,
e
4

| Sl
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—
-

T2 Iogﬂ ]

Al

Click OK to close the Test Instructions dialog.
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Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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5 Host Hi-Speed Electrical Tests

Host Test J/K, SEO_NAK

Equipment Used

Table 31 Equipment Used in Host Test J/K, SEO_NAK Tests

Quantity Item ‘ Description/Model

1 Digital Multimeter (DMM) Keysight 34461A or equivalent

1 Host test bed computer Any computer with hi-speed USB ports

1 Host Hi-Speed Signal Quality test ~ Keysight E2649-66402 (old fixture P/N E2645-66508)

fixture and 4” USB cable

1 5V power supply Keysight 0950-2546 or equivalent

Selecting the Tests

* USB2 Test Application -- New Devicel

0O Hi-speed
D Host Hi-Speed
B Host Hi-speed Signal Quality
. Host Controller Packet Parameters
B Host CHIRP Timing
B Host Suspend/Resume Timing
Host Test J/K, SEO_NAK
EL_8 Host J Test
EL_8 Host K Test
EL 9 Host SE0_NAK Test
B Low and Full Speed
B tiost Full Speed Signal Quality and Transition Time Test
B Host Low Speed Signal Quality and Transition Time Test
B Droop/Drop Test

123138

S1S31

Messages

Summaries (click for details) ~ Details

2019-06-19 07:06:59:991 PM Project Resetting 3 | I
2019-06-19 07:07:00:400 PM Refreshing HTML Report |

| 2019-06-19 07:07:00:475 PM HTML Report Refreshed
2019-06-19 07:07:00:593 PM Project Reset

Unsaved Changes 3 Tests

156 Notes on USB Electrical Compliance Testing



Host Hi-Speed Electrical Tests 5

Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1 Attach the 5V power supply to J5 of the E2649-66402 (E2645-66508 if you are using the old
fixture) Host High-Speed Signal Quality test fixture. Verify the green Power LED is lit. Place the
TEST switch (S1) in the Test position and the yellow Test LED is lit.

2 Connect the [TEST PORT] of the test fixture into the port of under test, using the 4" USB cable.

3 Check | have completed these instructions.

Running the Tests
1 Click Run Tests.

Test Instructions

EL_8 Host J Test

The USB automated test application will prompt you to perform these steps:

1 Onthe Host Test menu of the HS Electrical Test Tool software, select TEST_J from the Port Control
drop down menu.

2 Enter the port number. Click [EXECUTE] once to place the port under test into the TEST_J test
mode.

Notes on USB Electrical Compliance Testing 157



5

158

Host Hi-Speed Electrical Tests

HS Electrical Test Tool - Hosk Test

— Select Downstream Device

MOME

Enumerate Bus |

— Dowanstrean Device Conbial

Address

HOWE

=10

—Host Port Conbral
Pait Contiol Port
[fEsT ] BN
HIOME t Matity

TEST K
TEST SED MAK
TEST_PACKET
TEST_FORCE_EMABLE
SUSFEND

RESUME

RESET

3 Click OK to close the Test Instructions dialog.

The USB automated test application will prompt you for the following voltage measurements:

B USB Test - JTest

Using a Keysight 9724 DMM or equivalent, meazure the
following voltages:

between D+ of TP2 and Gnd on the test fisture:

377 i

between D- of TP2 and Gnd on the test fisture:

H i

0K

CB&X

EL 8 Host K Test

The USB automated test application will prompt you to perform these steps:
On the Host Test menu of the HS Electrical Test Tool software, select TEST_K from the Port

1

Control drop down menu.

Enter the port number. Click [EXECUTE] once to place the port under test into the TEST_K test

mode.
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HS Electrical Test Tool - Hast Test '

Select Downstrean Deviee ———— — Host Pait Conbal
-J OME Part Cantral Port

Erumerate Bus | TEST_PACKET

TEST_FORCE_EMABLE

D ownsiream Device Emtmlm gggﬁmﬁ'
‘|NIIHE = RESET Jetum To Wain|

3 Click OK to close the Test Instructions dialog.

The USB automated test application will prompt you for the following voltage measurements:

W USB Test - KTest =13

Using a Keysight 9724 DMM or equivalent, meazure the
following voltages:

between D- of TP2 and Gnd on the test fisture:

388 i

between D+ of TP2 and Gnd on the test fisture:

3 i

0K

EL_9 Host SEO_NAK Test

The USB automated test application will prompt you to perform these steps:
1 On the Host Test menu of the HS Electrical Test Tool software, select TEST_SE0_NAK from the Port
Control drop down menu.

2 Enter the port number. Click [EXECUTE] once to place the port under test into the TEST_SEQ_NAK
test mode.
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HS Electrical Test Tool - Host Test _

Sefect Dovastream Device —————— 1 Hazk Pork Cardral
'-J.:I ME Fort Condral Part

[1£57_SE0 N IEEEEY| |5

NONE et
TEST J 1A
TEST K

TEST SEQ MAK,
EnumealeBus_| TEST_PACKET
TEST_FORCE_ENABLE
SUSFEND
Addess || |RESUME ,
[NONE =i RESET et To Main

D ownstream Device Control

3 Click OK to close the Test Instructions dialog.

The USB automated test application will prompt you for the following voltage measurements:

I USB Test - SE0_NAK Test =03

Using a Keysight 9724 DMM or equivalent, meazure the
following voltages:

between D+ of TP2 and Gnd on the test fisture:

2 i

between D- of TP2 and Gnd on the test fisture:

2 i

0K

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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DI0TOUSBC USB 2.0 Compliance Test Application

Notes on Electrical Testing

o Troubleshooting Hi-Speed
Test Failures

In the Configure tab’s Debug Mode, there are several options that can help you troubleshoot
hi-speed test failures:

¥ USB2 Test Application -- New Devicel

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

Mode: @@ Compliance ) Debug

USB Tests A ||(Click on a setting to the left)
USB Port Under Test (Port 1)
User Test Mode (NORMAL)
D- Channel (Passive Probe) (Channel 2)
D+ Channel (Passive Probe) (Channel 3)
Drop Test Instrument (Probe)
Bandwidth (2.0E4+09
Bandwidth (2.0E+09)
Hi-Speed
113xA Channel (Channel 1)
SMA Combination (Channel 1 and Channel 3)
Device Hi-Speed
» Device Hi-Speed Signal Quality Test
Device Packet Parameters
" ern rlgger ower
Pattern Trigger Upper Time Range ('300 OE- 09)
» Device CHIRP Timing
» Device Receiver Sensitivity
Low and Full Speed
Current Probe Channel (Channel 4)
Test Type (Low-Speed Far End)
Adjacent Device Channel (Channel 1
Inrush Current Time Range (150.0E-03)
Inrush Current Vertical Range (8.0)
Inrush Current Trigger Level (160.0E-03)

FUNODOI4ANOD

Messages
Summaries (click for details) Details
2019-06-19 07:06:59:991 PM Project Resetting
2019-06-19 07:07:00:400 PM Refreshing HTML Report
2019-06-19 07:07:00:475 PM HTML Report Refreshed
2019-06-19 07:07:00:593 PM Project Reset

Unsaved Changes 0 Tests

Figure 7 Debug Mode Options for Hi-Speed Testing

Marker Placement — Lets you manually adjust the markers around the required packet/pattern
before proceeding with the test analysis. When "MANUAL" is selected, the automated search for
the correct pattern/packet to analyze is turned off.
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6 Troubleshooting Hi-Speed Test Failures

Packet Parameter Test Trigger level — Allows you to select or enter the voltage level to use when
triggering on the inter-packet gaps. Noisy signals may have low amplitudes; therefore, the trigger
level should be reduced.

Inrush Current Time Range — Allows you to select the total time range to capture inrush current.

Inrush Current Trigger Level — Allows you to select the trigger level to use to capture inrush
current. Self- powered devices may draw very little current, so the trigger level should be
reduced.

The EZJIT analysis software option is also useful for debugging.
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DI0TOUSBC USB 2.0 Compliance Test Application
Notes on Electrical Testing

Low and Full Speed Tests

Droop/Drop Test 164

Inrush Current Test 182

Signal Integrity Test 186

Back-Voltage Test Before Enumerate 204
Back-Voltage Test After Enumerate 206

100 mA Load
51Q, 2%
Vbus O
D- O NC §
D+ O NC
GND O
10uF, 20%
Figure 8 100 mA Load Board Schematic
500 mA Load
10Q, 5%
Vbus O
D- O NC §
D+ O NC
GND O
4.7uF, 20%
Figure 9 500 mA Load Board Schematic

KEYSIGHT

TECHNOLOGIES



7 Low and Full Speed Tests

Droop/Drop Test

The Drop test is a measure of a hub’s ability to host full load current while keeping the output voltage
above spec. To perform this test, Vg5 is measured with all downstream ports loaded with 500 mA
loads (for host and self powered hubs) or 100 mA loads (for bus powered hubs). The lowest value
measured across all ports must be between 4.75 V and 5.25 V for host and self powered hubs or it
must be greater than or equal to 4.4 V for bus powered hubs.

The Droop test is a transient test on adjacent ports. When a device is hot plugged into another port,

the droop in Vg supplied to a port must be less than or equal to 220 mV for host, self powered, and
bus powered hubs.

New E2649-66405 Droop/Drop Test Fixture

Below is a picture of the new E2649-66405 Droop/Drop test fixture along with labels for each of its
main components.

| Droop test port | | Main Test 10C.)tm;\/500mA Drc.)tp/;]droop
switc switc
USB Power port| port A S2 switch
' S1 Switch
Loads Licy
Ifeysight Te:

100mA Top surface Test port
500mA bottom _ indicator

‘ ’ Test

Ports

To begin, plug the USB cable from your oscilloscope into the USB Power port to power the test
fixture. The DS1 LED should illuminate (green LED). See the picture below for the location of DS
(the picture is zoomed in on the upper left hand corner of the test fixture).
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USB Power DS 1

o
¢

9

) -
o
1

. Keysight it:[tllnuiuuu;:;_

There are several switches/buttons that are used for general control of the test fixture. These include
(see picture below):

Switch Sb allows you to select either the Droop or Drop test.

Switch S4 allows you to select either the 100 mA or 500 mA load.
Press and hold S1 for at least three seconds to turn the test fixture on.
While pressing and holding S2, press S1 to turn the test fixture off.

| S4 Load option

S5 Drop and droop
option

You are now ready to begin the Drop or Droop tests. Continue to read this chapter for specific
instructions on performing each of these tests.

Installing the Droop/Drop Fixture Driver

1 Plug the droop-drop fixture to any USB port.
2 A Found New Hardware Wizard window will pop up (Windows XP).
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3 Select Install the software automatically from the wizard window.

Found Mew Hardware Wizard

This wizard helps you install software for;

Keysight USB-OTG Test Fixture

') If your hardware came with an installation CD
~u or foppy disk. insert it now.

What do you want the wizard to do?

& |nstall the software automatically [Recommended)
" Install from a list or specific location [Advanced]

Click Next to continue,

< Back I Next > I Cancel |

The drivers are automatically installed by the Windows 7 operating system.

When the USB application is installed on the oscilloscope, both these drivers are copied to the C:\
WINDOWS\system32 folder:

USB-0TG.inf
USB_DroopDrop.inf

Host and Self-Powered Hubs

Equipment Used
Table 32 Equipment Used in Host and Self-Powered Hubs Droop/Drop Tests

Quantity Item Description/Model
1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
2 Passive or active probes For 9000A or 90000A Series oscilloscopes:

= Keysight E2697A with 10073D or 1130B
For Infiniium S-Series oscilloscopes:
= Keysight N2873A

1 Digital Multimeter (DMM) Keysight 34461A or equivalent

1 Droop/Drop test fixture Keysight E2649-66405

1 SQiDD board" Keysight E2646B/B

1 500 mA load board' (see the schematic in Figure 9 on page 163)
1 1 meter USB cable Any listed on USB-IF web site
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Tif you have the Keysight E2649-66405 Droop/Drop test fixture, you do not need the SQiDD board or the 500 mA
load board.

Selecting the Tests

Note: To do manual testing, choose Both for the Test Method option under the Set Up tab. There will
then be several manual tests to choose from under the Select Test tab.

Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

B UsB Tests

[ | Hi-Speed
B Hub Hi-Speed
B Hi-Speed Manual Tests

Low and Full Speed
Inrush Current Test
Upstream Full Speed Signal Quality and Transition Time Test
Hub Downstream Full Speed Signal Quality and Transition Time Test
Hub Downstream Low Speed Signal Quality and Transition Time Test
Upstream Full Speed Signal Quality and Transition Time Test (manual)
Downstream Full Speed Signal Quality and Transition Time Test {(manual)
Downstream Low Speed Signal Quality and Transition Time Test (manual)
Droop/Drop Test
Back-voltage Test Before Enumerate
Back-voltage Test After Enumerate

SISt 1053138

Messages

Summaries (click for details) Details
2019-06-19 02:4 1:359 PM [Si]sjals) i

2019-06-19 02:40:46:126 PM Project Saving
2019-06-19 02:40:46:200 PM Refreshing HTML Report
2019-06-19 02:40:46:298 PM HTML Report Refreshed
N1A-NA-10 N7 -AN-AA-278 PM Praiact Sawad

Unsaved Changes 0 Tests Connection: Instruction

Configuring the Tests

Drop Test - Connecting and Using the New E2649-66405 Droop/Drop Test Fixture

1 For S-Series oscilloscopes, use N2873A passive probes. For 90000A Series oscilloscopes, use
E2697A high-impedance converter with 10:1 passive probes, or 1130B active probes. The picture
after Step 12 shows the connection setup.

2 Click on the Set Up tab and check the New DroopDrop Fixture box. Also click on the Droop Drop Ports
button and select the test ports you want to use on the fixture. Select either Hub or Host as your
Device Test Point.
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File View Tools Help

Set Up | Select Tests | Configure | Connect

Device Under Test Compliance Mode
@ Device HS Test Connection
© Hub f
@ Host
B Em

Comments

Connection Option |
Test Method
M Type C

Both fi-l

Droop Drop Ports

Debug and Informative only
B Debug mode

Configure External Instrument

O Yes @ No

(Instrument Setup)

Messages
Details
AllD

Summaries (click for details)

2019-06-19 02:40:41:359 PM

2019-06-19 02:40:46:126 PM Project Saving
2019-06-19 02:40:46:200 PM Refreshing HTML Report
2019-06-19 02:40:46:298 PM HTML Report Refreshed
2N1Q-NA-1Q N2-AN-4R-17R PM Praniarct Sauvard

Unsaved Changes | 0 Tests | Connection: Instruction

Title

Port O Port 1

B rot4 | Ports

|Done|

Run | Automate | Results | HTML Report

B rort 2

B rort 6

Under the Select Tests tab, check the box next to Droop/Drop Test.

Click on the Configure tab and scroll to the bottom of the left pane. There will be several listings
under the Droop/Drop Test entry that allow you to configure your tests. Set these to the
appropriate values for your specific testing conditions.
The new E2649-66405 Droop/Drop test fixture supports both manual and automatic testing.
Manual testing requires you to adjust the settings on the test fixture manually while automatic
testing allows the application to walk you through the testing procedure. The following
instructions will be for manual testing as the application will instruct you on how to use
automatic testing.
To configure the fixture for drop testing, switch S5 to the drop mode position.
Select the 500 mA current load by using the S4 switch.

Press and hold S7 until the 7-segment LED test port indicator lights up. The test fixture is now
turned on.
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9 U7 will illuminate with a zero, indicating the initial state. This allows you to make the Vg |oad
measurement for port O.

10 Select the port under test by pressing either the S2 (switches to the test port on the left) or ST
(switched to the test port on the right).

11 After you have measured Vg (0ad, Press ST and while holding it down, press S2. This allows you
to make the V|g,q measurement.

12 To exit manual mode, press S2 and while holding it down, press S1. All of the LEDs will go off.

r o4
e T T

Port0 Port1 Port2 Port3 Port4 Portb Port6 Port7

Droop 500 mA

Test Load Segment
S1  s2 i -
J1 J2
) = | g
-+ -+
Drop 100 mA Test Port Droop
Test Load Pulse
Sb S4 1\ 1\ 1\
Passive Passive Scope
Probe Probe

VBUS VBUS Load
Channel Channel

(Or voltmeter)
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Droop Test -Connecting and Using the New E2649-66405 Droop/Drop Test Fixture

1 For Infiniilum S-Series oscilloscopes, use N2873A passive probes. For 90000A Series
oscilloscopes, use E2697A high-impedance converter with 10:1 passive probes, or 1130B active
probes. The picture after Step 12 shows the connection setup.

2 Click on the Set Up tab and check the New DroopDrop Fixture box. Also click on the Droop Drop Ports
button and select the test ports you want to use on the fixture. Select either Hub or Host as your
Device Test Point.

Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report
Device Under Test Compliance Mode
@ Device HS Test Connection
O Hub e er—
@ Host Test Method
M £bs B TyeC | goth 2

Comments Droop Drop Ports

Configure External Instrument Debug and Informative only

O Yes @ No B Debug mode

{Instrument Setup|

Messages
summaries (click for details) Details
2019-06-19 02:40:41:359 PM
2019-06-19 02:40:46:126 PM Project Saving
2019-06-19 02:40:46:200 PM Refreshing HTML Report
2019-06-19 02:40:46:298 PM HTML Report Refreshed
2N1a-NA-10 N2?-AN-4AR-27R PM DPrniect Sauerd

Unsaved Changes 0 Tests  Connection: Instruction

Title
Port O Port 1 B rort 2 B rort 3

B rort4 | Ports | Port e B rort 7

|Done|

3 Under the Select Tests tab, check the box next to Droop/Drop Test.

Click on the Configure tab and scroll to the bottom of the left pane. There will be several listings
under the Droop/Drop Test entry that allow you to configure your tests. Set these to the
appropriate values for your specific testing conditions.
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5 The new E2649-66405 Droop/Drop test fixture supports both manual and automatic testing.
Manual testing requires you to adjust the settings on the test fixture manually while automatic
testing allows the application to walk you through the testing procedure. The following
instructions will be for manual testing as the application will instruct you on how to use
automatic testing.

(0]

To configure the fixture for droop testing, switch S5 to the droop mode position.
Select the 500 mA current load by using the S4 switch.

8 Pressand hold ST until the 7-segment LED test port indicator lights up. This turns the test fixture
on.

All of the port LEDs will be lit up, but the Port 1 LED will be blinking. This indicates that Port 1 is
the Droop port. Port O will be the test port (indicated by the number O illuminated on the
7-segment LED test port indicator).

10 Press S2 to increase Droop test port sequence (O & 1, 1 & 2, ...) or press S1 to reverse the Droop
test port sequence (2 & 1, 1 &0, ...). The port under test is always indicated by the 7-segment
LED test port indicator while the Droop port is indicated by a blinking LED (see picture below)

| Test port indicator |

~

©

Test port

Blinking LED indicate
droop port

11 To exit manual mode, press S2 and while holding it down, press S1. All of the LEDs will go off.
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TUT | ] ]

Port0 Port1 Port2 Port3 Port4 Port 5 Port 6 Port 7

Droop 500 mA

Test Load Segment
S1 S2 ' —
— J1 J2
[=] r |
-+ -+
Drop 100 mA Test Port Droop
Test Load Pulse
SH S4 1\ 1\ 1\
Passive Passive Scope
Probe Probe

VBUS VBUS Load
Channel Channel

(Or voltmeter)

Connecting the Equipment (if you do not have the new E2649-66405 Droop/Drop Test Fixture)

The USB automated test application will prompt you to perform these connection steps:

1 For Infiniilum S-Series oscilloscopes, use N2873A passive probes. For 90000A Series
oscilloscopes, use E2697A high-impedance converter with 10:1 passive probes, or 1130B active
probes.

2 Connect 500 mA load boards to all but the adjacent port on the host or self-powered hub under
test. Connect the SQIDD board to the hub/host port under test prior to connecting the load
board.

3 Attach the passive probes to the oscilloscope's Channel 1 and Channel 2 inputs.

Connect the Channel 1 probe to Vbus on the SQiDD board with the probe's ground to GND on
one of the 500 mA load boards. This is the port under test.

5 Connect the Channel 2 probe to the Vbus test point on the load board connected adjacent to the
USB port to be measured. This provides the oscilloscope trigger.

6 Check I have completed these instructions.
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Running the Tests

1

Click Run Tests.

Test Instructions

The USB automated test application will prompt you to perform these steps:

1

6

For Infiniium S-Series oscilloscopes, use N2873A passive probes. For 90000A Series
oscilloscopes, use E2697A high-impedance converter with 10:1 passive probes, or 1130B active
probes.

Connect 500 mA load boards to all but the adjacent port on the host or self-powered hub under
test. Connect the SQiDD board to the hub/host port under test prior to connecting the load board

Attach the passive probes to the oscilloscope's Channel 1 and Channel 2 inputs.

Connect the Channel 1 probe to Vbus on the SQiDD board with the probe's ground to GND on
one of the 500mA load boards. This is the port under test.

Connect the Channel 2 probe to the Vbus test point on the load board connected adjacent to the
USB port to be measured. This provides the oscilloscope trigger.

Click OK to close the Test Instructions dialog.

Viewing Test Results

1

When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Bus-Powered Hubs

Equipment Used

Table 33 Equipment Used in Bus-Powered Hubs Droop/Drop Tests
Quantity Item ‘ Description/Model
1 Oscilloscope Keysight 9000A Series, 90000A Series, or S-Series
2 Passive or active probes For 9000A or 90000A Series oscilloscopes:
= Keysight E2697A with 10073D, or 1130B
For S-Series oscilloscopes:
= Keysight N2873A
1 Droop/Drop test fixture Keysight E2649-66405
1 Digital Multimeter (DMM) Keysight 34401A, 34461A, or equivalent
1 SQiDD board’ Keysight E2646B
1 100 mA load board’ (see the schematic in Figure 8 on page 163)
1 1 meter USB cable Any listed on USB-IF web site

TIf you have the Keysight E2649-66405 Droop/Drop test fixture, you do not need the SQiDD board or the 100 mA
load board.

Selecting the Tests

Note: To do manual testing, choose Both for the Test Method option under the Set Up tab. There will
then be several manual tests to choose from under the Select Test tab.

File View Tools Help
Set Up | Select Tests

B usB Tests
B Hi-Speed
» B Hub Hi-Speed
B Hi-Speed Manual Tests
Low and Full Speed
Inrush Current Test
Upstream Full Speed Signal Quality and Transition Time Test
Hub Downstream Full Speed Signal Quality and Transition Time Test
Hub Downstream Low Speed Signal Quality and Transition Time Test
Upstream Full Speed Signal Quality and Transition Time Test (manual)
Downstream Full Speed Signal Quality and Transition Time Test (manual)
Downstream Low Speed Signal Quality and Transition Time Test (manual)
Droop/Drop Test

Configure | Connect | Run | Automate | Results | HTML Report

Back-voltage Test Before Enumerate
Back-voltage Test After Enumerate

SLs3l 231138

Messages
Summaries (click for details) Details
2019-06-19 02:40:41:359 PM Sixs]sal=ls|
2019-06-19 02:40:46:126 PM Project Saving
2019-06-19 02:40:46:200 PM Refreshing HTML Report o

2019-06-19 02:40:46:298 PM HTML Report Refreshed (H}

2N1Q_NA-1Q N7-AN-4R-2IR PM Draiact Savad 1

Unsaved Changes O Tests Connection: Instruction
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Configuring the Tests

Drop Test - Connecting and Using the New E2649-66405 Droop/Drop Test Fixture

1 For Infiniilum S-Series oscilloscopes, use N2873A passive probes. For 90000A Series
oscilloscopes, use E2697A high-impedance converter with 10:1 passive probes, or 1130B active
probes. The picture after Step 12 shows the connection setup.

2 Click on the Set Up tab and check the New DroopDrop Fixture box. Also click on the Droop Drop Ports
button and select the test ports you want to use on the fixture. Select either Hub or Host as your
Device Test Point.

File View Tools He p
Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report
Device Under Test Compliance Mode
@ Device HS Test Connection
O Hub [T Connection Option__|
@ Host Test Method
WEm : B e C | goth V]
Comments Droop Drop Ports
Drop Ports |

Keysight Droop Drop Fixture

Configure External Instrument Debug and Informative only

O Yes @ No B Debug mode

|Instrument Setup)|

Messages
Summaries (click for details) Details
2019-06-19 02:40:41:359 PM
2019-06-19 02:40:46:126 PM Project Saving
2019-06-19 02:40:46:200 PM Refreshing HTML Report
2019-06-19 02:40:46:298 PM HTML Report Refreshed
2N1A-NA-1Q N2-AN-4A- 7R DM Draiact Saved

Unsaved Changes D Tests Connection: Instruction

Title ?
Port O Port 1 B rort2 | Port3

Brot4a [P rots [P rote [ Port7

(Done|

3 Under the Select Tests tab, check the box next to Droop/Drop Test.

4 Click on the Configure tab and scroll to the bottom of the left pane. There will be several listings
under the Droop/Drop Test entry that allow you to configure your tests. Set these to the
appropriate values for your specific testing conditions.
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5 The new E2649-66405 Droop/Drop test fixture supports both manual and automatic testing.
Manual testing requires you to adjust the settings on the test fixture manually while automatic
testing allows the application to walk you through the testing procedure. The following
instructions will be for manual testing as the application will instruct you on how to use
automatic testing.

6 To configure the fixture for drop testing, switch Sb to the drop mode position.
Select the 100 mA current load by using the S4 switch.

8 Press and hold S1 until the 7-segment LED test port indicator lights up. The test fixture is now
turned on.

9 U7 will illuminate with a zero, indicating the initial state. This allows you to make the V., |5ad
measurement for port O.

10 Select the port under test by pressing either the S2 (switches to the test port on the left) or S1
(switched to the test port on the right).

11 After you have measured Vi, |0ad, Press ST and while holding it down, press S2. This allows you
to make the V|g,q measurement.

12 To exit manual maode, press S2 and while holding it down, press S1. All of the LEDs will go off.

WS eaim podt

— |
sQiDD Bus powered hib
board
dewmstream pert
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Droop Test -Connecting and Using the New E2649-66405 Droop/Drop Test Fixture

1 For Infiniilum S-Series oscilloscopes, use N2873A passive probes. For 90000A Series
oscilloscopes, use E2697A high-impedance converter with 10:1 passive probes, or 1130B active
probes.

2 Click on the Set Up tab and check the New DroopDrop Fixture box. Also click on the Droop Drop Ports
button and select the test ports you want to use on the fixture. Select either Hub or Host as your
Device Test Point.

File View Tools I-.Ee.l.p
Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report
Device Under Test Compliance Mode
@ Device HS Test Connection
O Hub [ Connection Option |
@ Host Test Method
B Em B TypeC || goth (V]
Comments Droop Drop Ports
[ Droop Drop Ports__|

Keysight Droop Drop Fixture

Configure External Instrument Debug and Informative only

O Yes @ No B Debug mode

{Instrument Setup|

Messages
summaries (click for details) Details
2019-06-19 02:40:41:359 PM
2019-06-19 02:40:46:126 PM Project Saving
2019-06-19 02:40:46:200 PM Refreshing HTML Report

2019-06-19 02:40:46:298 PM HTML Report Refreshed
2N1a-NA-10 N2?-AN-4AR-27R PM DPrniect Sauerd

Unsaved Changes 0 Tests  Connection: Instruction

Title ?
Port O Port 1 B rort 2 B rort 3

Brota [Prots [ rote [ Port7

(Done|

3 Under the Select Tests tab, check the box next to Droop/Drop Test.

Click on the Configure tab and scroll to the bottom of the left pane. There will be several listings
under the Droop/Drop Test entry that allow you to configure your tests. Set these to the
appropriate values for your specific testing conditions.
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5 The new E2649-66405 Droop/Drop test fixture supports both manual and automatic testing.
Manual testing requires you to adjust the settings on the test fixture manually while automatic
testing allows the application to walk you through the testing procedure. The following
instructions will be for manual testing as the application will instruct you on how to use
automatic testing.

(0]

To configure the fixture for droop testing, switch S5 to the droop mode position.
Select the 100 mA current load by using the S4 switch.

8 Pressand hold ST until the 7-segment LED test port indicator lights up. This turns the test fixture
on.

All of the port LEDs will be lit up, but the Port 1 LED will be blinking. This indicates that Port 1 is
the Droop port. Port O will be the test port (indicated by the number O illuminated on the
7-segment LED test port indicator).

10 Press S2 to increase Droop test port sequence (O & 1, 1 & 2, ...) or press S1 to reverse the Droop
test port sequence (2 & 1, 1 &0, ...). The port under test is always indicated by the 7-segment
LED test port indicator while the Droop port is indicated by a blinking LED (see picture below)

| Test port indicator |

~

©

Test port

Blinking LED indicate
droop port

11 To exit manual mode, press S2 and while holding it down, press S1. All of the LEDs will go off.
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r 1
= mEmE.

Port0 Port1 Port2 Port3 Port4 Portb Port6 Port7

Droop 500 mA

Test Load Segment
S1 S2 i —
S J1 J2
= = U | e |
- 4+ = 4]
Drop 100 mA Test Port Droop
Test Load Pulse
S5 S4 1\ 1\ 1\
Passive Passive Scope
Probe Probe

VBUS VBUS Load
Channel Channel

(Or voltmeter)

Connecting the Equipment (if you do not have the E2649-66405 Droop/Drop Test Fixture)

The USB automated test application will prompt you to perform these connection steps:

1 For Infiniilum S-Series oscilloscopes, use N2873A passive probes. For 90000A Series
oscilloscopes, use E2697A high-impedance converter with 10:1 passive probes, or 1130B active
probes.

2 Connect T00mA load boards to all but the adjacent port on the bus-powered hub under test.
Connect the SQIDD board to the hub/host port under test prior to connecting the load board .

3 Attach the passive probes to the oscilloscope's Channel 1 and Channel 2 inputs.

Connect the Channel 1 probe to Vbus on the SQiDD board with the probe's ground to GND on
one of the T00mA load boards. This is the port under test.

5 Connect the Channel 2 probe to the Vbus test point on the load board connected adjacent to the
USB port to be measured. This provides the oscilloscope trigger.
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Bus-Peeerad Hub

3000 Enard

UISE port |
|

USE port 2 10 m Loads
_| Yhus
_—I—_'EHD
Channel 1
Probe Ground
L ] L ]
* +*
L ] L ]
USE port B

6 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.

Test Instructions

| m, 22 Ga Cables

The USB automated test application will prompt you to perform these steps:

1 For Infiniilum S-Series oscilloscopes, use N2873A passive probes. For 90000A Series
oscilloscopes, use E2697A high-impedance converter with 10:1 passive probes, or 1130B active

probes.

2 Connect 100 mA load boards to all but the adjacent port on the bus-powered hub under test.
Connect the SQIDD board to the hub/host port under test prior to connecting the load board .

3 Attach the passive probes to the oscilloscope's Channel 1 and Channel 2 inputs.
Connect the Channel 1 probe to Vbus on the SQiDD board with the probe's ground to GND on
one of the 100 mA load boards. This is the port under test.

5 Connect the Channel 2 probe to the Vbus test point on the load board connected adjacent to the
USB port to be measured. This provides the oscilloscope trigger.
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Bus-Powered Hub

USE pert 1
|

USE port 2
|
_—I—_'EHEI
Channel 1
Probe Ground
- -
L *
L ] L
USE port N

| m, 22 Ga Cables

6 Click OK to close the Test Instructions dialog.

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.

The Results tab shows the test results.
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Inrush Current Test

Equipment Used

Table 34 Equipment Used in Inrush Current Test

Quantity Item ‘ Description/Model
1 Oscilloscope Keysight 9000A Series, 90000A Series, or S-Series
1 Current probe For 90000A Series oscilloscopes:
= Keysight E2697A high impedance converter, N2782B current probe, and
N2779A power supply

For S-Series oscilloscopes:
= Keysight 1147B

1 Digital Multimeter (DMM) Keysight 34401A, 34461A, or equivalent
1 SQiDD board Keysight E2646B

1 USB self-powered hub Any listed on USB-IF web site

1 1 meter USB cable Any listed on USB-IF web site

Selecting the Tests

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

B USB Tests
. Hi-Speed
B Hub Hi-Speed
B Hi-Speed Manual Tests
Low and Full Speed
Inrush Current Test
Upstream Full Speed Signal Quality and Transition Time Test

Hub Downstream Full Speed Signal Quality and Transition Time Test

Hub Downstream Low Speed Signal Quality and Transition Time Test
Upstream Full Speed Signal Quality and Transition Time Test (manual)
Downstream Full Speed Signal Quality and Transition Time Test (manual)
Downstream Low Speed Signal Quality and Transition Time Test (manual)
Droop/Drop Test

Back-voltage Test Before Enumerate

Back-voltage Test After Enumerate

S1S31 12331138
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Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:
1 Attach the current probe:

For the 9000 Series oscilloscope, attach the 1147A current probe to the oscilloscope's Channel 4
input.

For the 90000 Series oscilloscope:

Attach the E2697A high-impedance connector to the Channel 4 input.
Attach the N2774A current probe to the E2697A.

Attach the N2775A power supply to the N2774A.

Choose the Setup > Channel 4 > Probes > Configure Probing System command and select "Connect
0.1V/A Current Probe".

2 Zero the current probe.

Q O T o

2ok = ARk

(Salf-powered) Hub

o e [ Currant
Probe

Discharg u{ SGioD

Switch (Section 1)

3

Im Gable

Device
Under Test

3 Check I have completed these instructions.
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Running the Tests

1 Click Run Tests.

Test Instructions, Part 1

The USB automated test application will prompt you to perform these steps:

1 Attach the current probe to the current loop on the SQiDD board with the arrow on the probe
toward the device under test.

Attach the device under test to the SQiDD board.

Place the switch on the SQiDD board to the discharge position (opposite the ON position) .
Disconnect the device under test from the SQIDD board.

Place the switch on the SQiDD board to the ON position.

Click OK to close the Test Instructions dialog.

D O B~ W N
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Test Instructions, Part 2

The USB automated test application will prompt you to perform these steps:

1 Re-connect the device under test to the SQIDD board in order to capture the inrush current
waveform.

2 Click OK to close the Test Instructions dialog.

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Signal Integrity Test

Host Downstream Signal Quality Test

Host Low Speed Test

Equipment Used

Table 35 Equipment Used in Host Downstream Low Speed Signal Quality Test

Quantity Item

‘ Description/Model

1 Oscilloscope Keysight S-Series, 90000A Series, or 9000A Series
2 Passive or active probes For S-Series and 90000A Series oscilloscopes:
= Keysight E2697A with 10073D, or 1130B
For Infiniium S-Series oscilloscopes:
= Keysight N2873A
1 Host test bed computer Any computer with hi-speed USB ports
1 SQiDD board Keysight E2646B
1 low speed USB device Logitech mouse, P/N 830311-1000, Model #: M-BB48
Selecting the Tests

Set Up |Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

B Hi-Speed

Sis31 123138

B Host Hi-Speed
B Host Hi-speed Signal Quality
B Host Controller Packet Parameters
B Host CHIRP Timing
B Host Suspend/Resume Timing
B Host Test J/K, SEO_NAK
Low and Full Speed
Host Full Speed Signal Quality and Transition Time Test
Host Low Speed Signal Quality and Transition Time Test
Droop/Drop Test

Host and Self-Powered Hubs Drop Test (New Fixture)
Host and Self-Powered Hubs Droop Test (New Fixture)

Messages

summaries (click for details)

Details

2019-06-19 02:40:46:200 PM Refreshing HTML Rep *
2019-06-19 02:40:46:298 PM HTML Report Refresh
2019-06-19 02:40:46:328 PM Project Saved

Unsaved Changes 8 Tests | Connection:
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Configuring the Tests
Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1 For Infinilum S-Series oscilloscopes, use N2873A passive probes. For 90000A Series
oscilloscopes, use E2697A high-impedance converter with 10:1 passive probes, or 1130B active
probes.

2 Attach the passive probes to the oscilloscope's Channel 3 and Channel 2 inputs.
Attach the SQiDD board to the root hub on the host under test.

Attach a low speed device to the same section of the SQiDD board. If the section has a switch, it
should be set to ON.

5 Connect the oscilloscope Channel 2 probe to D- probe point on the SQIDD board. Connect the
oscilloscope Channel 3 probe to the D+ probe point on the SQiDD board.

6 Exit the HS Electrical Test Tool if you have previously launched it.

O OF e
Probe O+ and D- in
Hest Under Test Host Under Test Fath
Root Hub Direct Connect

S0i00 Cable

= M

/ mNf |

T
Low Spaad

Test Device [Mons=)

7 Check I have completed these instructions.
Running the Tests
1 Click Run Tests.

Viewing Test Results
1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Host Full Speed Test

Equipment Used

Table 36 Equipment Used in Host Downstream Full Speed Signal Quality Test

Quantity Item ‘ Description/Model
1 Oscilloscope Keysight 90000A Series or S-Series
2 Passive or active probes For 90000A Series oscilloscopes:

= Keysight E2697A with 10073D, or 1130B
For S-Series oscilloscopes:
= Keysight N2873A

1 Host test bed computer Any computer with hi-speed USB ports
1 SQiDD board Keysight E2646B
1 full speed USB device Intel Create and Share USB camera, P/N 735147-001, Model #: CS330
5 USB self-powered hubs Any listed on USB-IF web site
6 5 meter USB cables Any listed on USB-IF web site
Selecting the Tests

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

O usB Tests
B Hi-Speed
B Host Hi-Speed
B Host Hi-speed Signal Quality
B Host Controller Packet Parameters
B Host CHIRP Timing
B Host Suspend/Resume Timing

B Host Test J/K, SEO_NAK
Low and Full Speed
Host Full Speed Signal Quality and Transition Time Test
Host Low Speed Signal Quality and Transition Time Test
Droop/Drop Test
Host and Self-Powered Hubs Drop Test (New Fixture)
Host and Self-Powered Hubs Droop Test (MNew Fixture)

SIS31 13311385

Connecting the Equipment The USB automated test application will prompt you to perform these
connection steps:

1 For Infiniilum S-Series oscilloscopes, use N2873A passive probes. For 90000A Series
oscilloscopes, use E2697A high-impedance converter with 10:1 passive probes, or 1130B active
probes.

2 Attach the passive probes to the oscilloscope's Channel 3 and Channel 2 inputs.
Attach the SQiDD board to the root hub on the host under test.
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4 Attach b self-powered hubs and a full-speed device to the same section of the SQIDD board. If
the section has a switch, it should be set to ON. Hub #1 has to be a full-speed hub and hub #2 a
Hi-speed hub. The other hubs can be either full speed or hi-speed hubs.

Placing a full speed and/or a high-speed device downstream of a full speed hub forces both to
operate in full speed mode.

5 Connect the oscilloscope Channel 2 probe to D- probe point of the device under test portion.
Connect the oscilloscope Channel 3 probe to the D+ probe point of the device under test portion.

6 Exit the HS Electrical Test Tool if you have previously launched.

Froba 04 and O-in
Host Lnder Test Path

[full =peed hub)
{Set-powered) Hub 1

I'T'l |'—I'| [Hi-zpeed hub)
sitn . g {Salf powwired) Hub 2
u{_JL o 5 Cabilo ooQog
Hest Urdar Tast T M @

i Solf-poweredi Hub 2

Reat Hub
] 5m Cable
3all-powered) Hub 4

) T eaes

m Cabla
{SeH-poweredj Hub 5

Full 3pead @

Test Device tin Cabla

7 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.

Viewing Test Results
1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Hub Downstream Signal Quality Test
Hub Downstream Low Speed Test

Equipment Used

Table 37 Equipment Used in Hub Downstream Low Speed Signal Quality Test

Quantity Item ‘ Description/Model
1 Oscilloscope Keysight 90000A Series or S-Series
2 Passive or active probes For 90000A Series oscilloscopes:

= Keysight E2697A with 10073D or 1130B
For S-Series oscilloscopes:
= Keysight N2873A

1 Host test bed computer Any computer with hi-speed USB ports
1 SQiDD board Keysight E2646B
1 low speed USB device Logitech mouse, P/N 830311-1000, Model #: M-BB48
5 USB self-powered hubs Any listed on USB-IF web site
5 5 meter USB cables Any listed on USB-IF web site
Selecting the Tests

Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

B USB Tests
. Hi-Speed
B Hub Hi-Speed
B Hi-Speed Manual Tests
Low and Full Speed
Inrush Current Test
Upstream Full Speed Signal Quality and Transition Time Test

Hub Downstream Full Speed Signal Quality and Transition Time Test

Hub Downstream Low Speed Signal Quality and Transition Time Test
Upstream Full Speed Signal Quality and Transition Time Test (manual)
Downstream Full Speed Signal Quality and Transition Time Test (manual)
Downstream Low Speed Signal Quality and Transition Time Test (manual)
Droop/Drop Test

Back-voltage Test Before Enumerate

Back-voltage Test After Enumerate

S1S31 12331138

Configuring the Tests
Connecting the Equipment
The USB automated test application will prompt you to perform these connection steps:

1 For Infiniilum S-Series oscilloscopes, use N2873A passive probes. For 90000A Series
oscilloscopes, use E2697A high-impedance converter with 10:1 passive probes, or 1130B active
probes.

2 Attach the passive probes to the oscilloscope's Channel 3 and Channel 2 inputs.
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3 Attach the SQiDD board to the hub under test.

4 Attach the upstream port of the hub under test to the end of 4 self-powered hubs and a host
system. Hub #1 has to be a full speed hub. The other hubs can be either full speed or hi-speed
hubs.

The best method to capture and analyze low-speed downstream signal quality is to capture both a
keep-alive (low speed EOP) if present and a SOF packet. Hubs are required to generate keep-alives
when there is full speed traffic and pass them on to low speed devices.

5 Attach a low speed device to the same section of the SQiDD board. If the section has a switch, it
should be set to ON.

6 Connect the oscilloscope Channel 2 probe to D- probe point of the device under test portion.
Connect the oscilloscope Channel 3 probe to the D+ probe point of the device under test portion.

7 Exit the HS Electrical Test Tool if you have previously launched it.

E

Host

}7 9 Ak B OBk
Frobe O+ and D- in
: DI Ij Hest Under Test Path

YY)
]

I T
=|ion
fin Cable e (full Spﬂ?idbl]ub]
elf-pawered] Hu o o
=
|-
%m Cable
Low Speed

Test Device (Mause|

8 Check I have completed these instructions
Running the Tests
1 Click Run Tests.
Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Hub Downstream Full Speed Test

Equipment Used

Table 38 Equipment Used in Hub Downstream Full Speed Signal Quality Test

Quantity Item ‘ Description/Model
1 Oscilloscope Keysight 90000A Series or S-Series
2 Passive or active probes For 90000A Series oscilloscopes:

= Keysight E2697A with 10073D, or 1130B
For Infiniilum S-Series oscilloscopes:
= Keysight 1130B

1 Host test bed computer Any computer with hi-speed USB ports
1 SQiDD board Keysight E2646B
1 full speed USB device Intel Create and Share USB camera, P/N 735147-001, Model #: CS330
5 USB self-powered hubs Any listed on USB-IF web site
6 5 meter USB cables Any listed on USB-IF web site
Selecting the Tests

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

B USB Tests
. Hi-Speed
B Hub Hi-Speed
B Hi-Speed Manual Tests
Low and Full Speed
Inrush Current Test
Upstream Full Speed Signal Quality and Transition Time Test

Hub Downstream Full Speed Signal Quality and Transition Time Test

Hub Downstream Low Speed Signal Quality and Transition Time Test
Upstream Full Speed Signal Quality and Transition Time Test (manual)
Downstream Full Speed Signal Quality and Transition Time Test (manual)
Downstream Low Speed Signal Quality and Transition Time Test (manual)
Droop/Drop Test

Back-voltage Test Before Enumerate

Back-voltage Test After Enumerate

S1S31 12331138

Connecting the Equipment The USB automated test application will prompt you to perform these
connection steps:

1 For Infiniilum S-Series oscilloscopes, use N2873A passive probes. For 90000A Series
oscilloscopes, use E2697A high-impedance converter with 10:1 passive probes, or 1130B active
probes.

Attach the passive probes to the oscilloscope's Channel 3 and Channel 2 inputs.
3 Attach the SQIDD board to the hub under test.
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4 Attach the upstream port of the hub under test to the end of 4 self-powered hubs and a host
system. Hub #1 has to be a full-speed hub and hub #2 a Hi-speed hub. The other hubs can be
either full speed or hi-speed hubs.

Placing a full speed and/or a high-speed device downstream of a full speed hub forces both to
operate in full speed mode.

5 Attach a full speed device to the same section of the SQIDD board. If the section has a switch, it
should be set to ON.

6 Connect the oscilloscope Channel 2 probe to D- probe point of the device under test portion.

Connect the oscilloscope channel Channel 3 probe to the D+ probe point of the device under test
portion.

7 Exit the HS Electrical Test Tool if you have previously launched it.

T — T Y ELl

Probe 0+ md 0-in
Host Under Test Path

[full =peed hub)

|Sali-powered) Hub 1 Full Spaed

oo

[Hi-zpeed hub)
|Salf-poswerod) Hub ¥

8 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Upstream Signal Quality Test

Upstream Low Speed Test

Equipment Used

Table 39 Equipment Used in Upstream Low Speed Signal Quality Test

Quantity Item ‘ Description/Model
1 Oscilloscope Keysight 90000A Series or S-Series
3 Passive or active probes For 90000A Series oscilloscopes:

= Keysight E2697A with 10073D, or 1130B
For Infiniilum S-Series oscilloscopes:
= Keysight N2873A

1 Host test bed computer Any computer with hi-speed USB ports
1 SQiDD board Keysight E2646B
1 low speed USB device Logitech mouse, P/N 830311-1000, Model #: M-BB48
5 USB self-powered hubs Any listed on USB-IF web site
6 5 meter USB cables Any listed on USB-IF web site
Selecting the Tests

194

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

O usB Tests

B Hi-speed

B Device Hi-Speed

Low and Full Speed
Inrush Current Test
Upstream Full Speed Signal Quality and Transition Time Test
Upstream Low Speed Signal Quality and Transition Time Test
Back-voltage Test Before Enumerate
Back-voltage Test After Enumerate

< JeJ<J<]<

S18531 1233138

Messages
Summaries (click for details) Details
2019-06-19 02:40:46:200 PM Refreshing HTML Rej Al upd
2019-06-19 02:40:46:298 PM HTML Report Refrest
2019-06-19 02:40:46:328 PM Project Saved

€€ menu:

Unsaved Changes | 13 Tests | Connection: Instruction
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Connecting the Equipment The USB automated test application will prompt you to perform these

connection steps:

1 For Infiniilum S-Series oscilloscopes, use N2873A passive probes. For 90000A Series
oscilloscopes, use E2697A high-impedance converter with 10:1 passive probes, or 1130B active
probes.

Attach the passive probes to the oscilloscope's Channel 2, Channel 3 and Channel 1 inputs.
3 Attach the SQIDD board to two USB ports at the end of 5 self-powered hubs and a host system.

Hub #1 has to be a hi-speed hub and hub #2 has to be a full speed hub. The rest of the hubs can
be either hi-speed or full speed hubs.

Placing a full speed and/or a high-speed device downstream of a full speed hub forces both to
operate in full speed mode.

4 Attach a low speed device under test to the same section of the SQIDD board. If the section has a
switch, it should be set to ON.

5 Attach another low speed device to the adjacent section of the SQIDD board. This is for triggering
purposes.

6 Connect the oscilloscope Channel 2 probe to D- probe point of the device under test portion.
Connect the oscilloscope Channel 3 probe to the D+ probe point of the device under test portion.
Connect the oscilloscope Channel 1 probe to the D- probe point on the adjacent device section
of the SQiDD board.
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Host

Hi-Speed Hub

Full Speed Hub

S5m Cable
O o
o o°
]
0
0000 (Self-powered) Hub 5
0O 0 0 0
0O O O O O o1 2 3 4
O |® & @ ‘@@@ Probe D- in

Adjacent Device Path ! ]

Probe D- and D+ in
Device Under Test Path

5m Cable
Low-Speed Adjacent
Device Low-Speed
Under Test Device

7 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.
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Test Instructions

The USB automated test application will prompt you to perform these steps:

1

Invoke the HS Electrical Test Tool software on the Hi-Speed Electrical Test Bed computer. Select
Device and click the [TEST] button to enter the Device Test menu.

H5 Electrical Test Tool | |

~ Select Type Of Test — Select Host Contrallsr For Uze [n Testing

i+ Device FCl bz 0, desace 29 funchion ¥ 8 Poitz

" Hub

{” Host ContralierSysterm

TEST Exit

On the Device Test Menu of the HS Electrical Test Tool software, click [Enumerate Bus] once. All
devices attached to the host controller should appear in the device enumeration list.

Highlight the device under test and select LOOP DEVICE DESCRIPTOR from the Device Command
drop down menu. Click EXECUTE once.
If you do not know which VID/PID belongs to the device under test, unattach the device under

test and enumerate the bus once. Then reattach the device under test and enumerate again, this
time paying attention to the new device attached.

HS Electrical Test Tool - Device Test

— Select Device — Device Control
WD Okdbd, PID 06550, Address 1, Port 5
ViD 04S¢, FID (w254, Address 2, Pet 5 | (IR B E
WD Oxdbd, PID 06580, Addiess 3, Port 5 HONE
VIO Oxdbd, PID 026360, Addiess 4. Port 5 TEST J
WD Oxdbd, PID 026550, Addiess 5. Port 5 TEST K
TEST_PACKET
CLSPEMD
RESUME
RESET

Enumerate Bus

DEYICE DESCRIPTOR
LOOP DEVICE DESCRIPTOR
SET ADDRESS
EMABLE WAKEUP
DISABLE WAKELP

SINGLE STEP SET FEATURE
SINGLE STEP GET DEY DESC

5 Click OK to close the Test Instructions dialog.
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Low and Full Speed Tests

Viewing Test Results
1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Upstream Full Speed Test

Equipment Used

Table 40 Equipment Used in Upstream Full Speed Signal Quality Test

Quantity Item ‘ Description/Model
1 Oscilloscope Keysight 90000A Series or S-Series
3 Passive or active probes For 90000A Series oscilloscopes:

= Keysight E2697A with 10073D or 1130B
For S-Series oscilloscopes:
= Keysight N2873A

1 Host test bed computer Any computer with hi-speed USB ports
1 SQiDD board Keysight E2646B
1 full speed USB device Intel Create and Share USB camera, P/N 735147-001, Model #: CS330
5 USB self-powered hubs Any listed on USB-IF web site
6 5 meter USB cables Any listed on USB-IF web site
Selecting the Tests

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

O usB Tests

B Hi-Speed
B Device Hi-Speed

Low and Full Speed
Inrush Current Test
Upstream Full Speed Signal Quality and Transition Time Test
Upstream Low Speed Signal Quality and Transition Time Test
Back-voltage Test Before Enumerate
Back-voltage Test After Enumerate

S1S31 123138

Connecting the Equipment The USB automated test application will prompt you to perform these
connection steps:

1 For Infiniilum S-Series oscilloscopes, use N2873A passive probes. For 90000A Series
oscilloscopes, use E2697A high-impedance converter with 10:1 passive probes, or 1130B active
probes.

2 Attach the passive probes to the oscilloscope's channel Channel 2, Channel 3 and Channel 1
inputs.
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NOTE

NOTE

NOTE

200

3 Attach the SQIDD board to two USB ports at the end of 5 self-powered hubs and a host system.
Hub #1 has to be a hi-speed hub and hub #2 has to be a full speed hub. The rest of the hubs can
be either hi-speed or full speed hubs.

Placing a full speed and/or a high-speed device downstream of a full speed hub forces both to
operate in full speed mode.

4 Attach a full speed device under test to the same section of the SQiDD board. If the section has a
switch, it should be set to ON.

5 Attach another full speed device to the adjacent section of the SQIDD board. This is for triggering
purposes.

Use a full-speed hub if device under test has embedded hub function. Otherwise the scope will
falsely trigger.

6 Connect the oscilloscope Channel 2 probe to D- probe point of the device under test portion.
Connect the oscilloscope Channel 3 probe to the D+ probe point of the device under test portion.
Connect the oscilloscope Channel 1 probe to the D+ probe point on the adjacent device section
of the SQIDD board.

In the Full Speed test, use the USB required length cable:

= When the device has a standard B-receptacle, use a 5m cable.
When the device has a mini-B receptacle, use a 4.5m cable.
= When the device has a micro-B receptacle, use a 2m cable.
= If the device has a captive or specific cable, no USB cable is required.
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Host

Hi-Speed Hub

Full Speed Hub

3 4
o [e e @ IQININI0 Probe D+ in

Adjacent Device Path I i

Probe D-and D+ in
Device Under Test Path

5m Cable

Full-Speed Adjacent
Device Full-Speed
Under Test Device

7 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.
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Low and Full Speed Tests

Test Instructions

The USB automated test application will prompt you to perform these steps:

1 Invoke the HS Electrical Test Tool software on the Hi-Speed Electrical Test Bed computer. Select
Device and click the [TEST] button to enter the Device Test menu.

HS Electrical Test Tool il |
- Select Type OF Tast ~ Select Hozt Conbiolier For Uze In Testing
o Dewvice PCI bige 0, deviees 79 furnchon 7 B

" Hub

£~ Host Controbes/System

TEST E it I

2 On the Device Test Menu of the HS Electrical Test Tool software, click [Enumerate Bus] once. All
devices attached to the host controller should appear in the device enumeration list.

3 Highlight the device under test and select LOOP DEVICE DESCRIPTOR from the Device Command
drop down menu. Click EXECUTE once.
4 If you do not know which VID/PID belongs to the device under test, unattach the device under

test and enumerate the bus once. Then reattach the device under test and enumerate again, this
time paying attention to the new device attached.

HS Eectrical Test Tool - Device Test

— Select Device — Device Control
MOME Dievice Command Dewice Addrezs
WD Oxdbd, PID 0x6550, Address 1, Port &
VID 04581 PID 03254, Address 2, Pot 5 | [EDE = [f
WID Oxdbd, PID 06560, Addies: 3, Port 5 ROME
WID Oxdbd, PID 0x65560, Addiezs 4, Port 5 TEST J
VID DxdSi. PID BeclI1E, Adiess B, Port 5 || |1Ee6En pua
TEST_PACKET
SUSPEMD
RESUME
RESET

E numerate Bus

DEVICE DESCRIPTOR
LOOF DEVICE DESCRIFTOR

SIMGLE 5TEF GET DEWV DESLC

5 Click OK to close the Test Instructions dialog.
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Viewing Test Results
1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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7 Low and Full Speed Tests

Back-Voltage Test Before Enumerate

The SQiDD fixture needs to have 15k ohms connected between:

= Vbus and Gnd.
= D+andGnd.
= D-andGnd.

Equipment Used

Table 41 Equipment Used in Back-Voltage Test

Quantity Item ‘ Description/Model
1 Digital Multimeter (DMM) Keysight 34401A, 34461A, or equivalent
1 SQiDD board or back-voltage test ~ Keysight E2646B
fixture
1 1 meter USB cable Any listed on USB-IF web site

Selecting the Tests

Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

B USB Tests
. Hi-Speed
B Hub Hi-Speed
B Hi-Speed Manual Tests
Low and Full Speed
Inrush Current Test
Upstream Full Speed Signal Quality and Transition Time Test

Hub Downstream Full Speed Signal Quality and Transition Time Test

Hub Downstream Low Speed Signal Quality and Transition Time Test
Upstream Full Speed Signal Quality and Transition Time Test (manual)
Downstream Full Speed Signal Quality and Transition Time Test (manual)
Downstream Low Speed Signal Quality and Transition Time Test (manual)
Droop/Drop Test

Back-voltage Test Before Enumerate

Back-voltage Test After Enumerate

S1S31 12331138
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Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:
1 Connect power supply to device/hub under test.

Voltmeter

Upstream U5SB
Port

300D

2 Connect the device/hub upstream port to the SQIDD board using a known good USB cable.
3 Do not connect between SQiDD board and the host.

Running the Tests
1 Click Run Tests.

Test Instructions

VBUS

The USB automated test application will prompt you to: measure the voltage between Vbus and Gnd
on the SQIDD board and record the value.

D+

The USB automated test application will prompt you to: measure the voltage between D+ and Gnd
on the SQIDD board and record the value.

The USB automated test application will prompt you to: measure the voltage between D- and Gnd
on the SQIDD board and record the value.

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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Back-Voltage Test After Enumerate

The SQiDD fixture needs to have 15k ohms connected between:

= Vbus and Gnd.
= D+and Gnd.
= D-andGnd.

Equipment Used

Table 42 Equipment Used in Back-Voltage Test

Quantity Item ‘ Description/Model
1 Digital Multimeter (DMM) Keysight 34401A, 34461A, or equivalent
1 SQiDD board or back-voltage test ~ Keysight E2646B
fixture
1 1 meter USB cable Any listed on USB-IF web site

Selecting the Tests

Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

B USB Tests
. Hi-Speed
B Hub Hi-Speed
B Hi-Speed Manual Tests
Low and Full Speed
Inrush Current Test
Upstream Full Speed Signal Quality and Transition Time Test

Hub Downstream Full Speed Signal Quality and Transition Time Test

Hub Downstream Low Speed Signal Quality and Transition Time Test
Upstream Full Speed Signal Quality and Transition Time Test (manual)
Downstream Full Speed Signal Quality and Transition Time Test (manual)
Downstream Low Speed Signal Quality and Transition Time Test (manual)
Droop/Drop Test

Back-voltage Test Before Enumerate

Back-voltage Test After Enumerate

S1S31 12331138
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Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:
1 Connect power supply to device/hub under test. Unplug USB cable from the host.

Voltmeter

Upstream USB
Port

000

Plug device/hub under test into a known good host.

Verify proper enumeration.

Unplug device/hub under test from the host.

Connect the device/hub upstream port to the SQiDD board using a known good USB cable.

o~ W N

Running the Tests
1 Click Run Tests.

Test Instructions

VBUS

The USB automated test application will prompt you to: measure the voltage between Vbus and Gnd
on the SQIDD board and record the value.

D+

The USB automated test application will prompt you to: measure the voltage between D+ and Gnd
on the SQIDD board and record the value.

The USB automated test application will prompt you to: measure the voltage between D- and Gnd
on the SQIDD board and record the value.
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Low and Full Speed Tests

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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8 Embedded Host Hi-Speed Tests

Embedded Host Hi-Speed Signal Quality Test

Equipment Used

Table 43 Equipment Used in Embedded Host Hi-Speed Signal Quality Test

Quantity Item ‘ Description/Model
1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
2 SMA Cables SMA Cables
1 PID/VID Tools to select required test mode
1 Host Hi-Speed Signal Quality test  Keysight E2649-66402
fixture and 4” USB cable
1 5V power supply Keysight 0950-2546 or equivalent
1 USB cable Micro AB receptacle (Optional, required only for Micro B connector)
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Embedded Host Hi-Speed Tests 8

Selecting the Tests

Select the Host option and check Embedded Host.

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

Device Under Test Compliance Mode

@ Device HS Test Connection

@ Hub | Connection Option |

O Host Test Method

Embedded Host B typecC — |T|

Comments Droop Drop Ports
|__Droop Drop Ports |

Keysight Droop Drop Fixture

Configure External Instrument Debug and Informative only

® ves O No B Debug mode

Messages
Summaries (click for details) Details
2019-06-19 02:22:17:514 PM Ready i
2019-06-19 02:40:29:131 PM Run Started
2019-NA-19 N2-40-32-825 PM _Connection (:hag
< 11} ] »

Unsaved Changes 0 Tests | Connection: Instruction
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8 Embedded Host Hi-Speed Tests

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

O usB Tests
[ Hi-Speed
[0 Host Hi-Speed

Host Hi-speed Signal Quality
EL_3 Data Eye and Mask Test
EL_6 Host Rise Time
EL_6 Host Fall Time
EL_7 Host Non-Monotonic Edge Test

B Host Controller Packet Parameters

B Host CHIRP Timing

B Host Suspend/Resume Timing

B Host Test /K, SEO_NAK

B Low and Full Speed
B Host Full Speed Signal Quality and Transition Time Test
B Host Low Speed Signal Quality and Transition Time Test
B Droop/Drop Test

S1S31 123138

Messages
Summaries (click for details) Details
2019-06-19 02:22:17:514 PM Ready A
2019-06-19 02:40:29:131 PM Run Started =

21 — A = = i nine ¥
S ||

Unsaved Changes 4 Tests | Connection: Instruction

Configuring the Tests

Connecting the Equipment - SMA Connection

1 Attach the 5V power supply to J5 of the E2649-26402 Hi-Speed Signal Quality test fixture and
verify the green Power LED (D1) is lit.

2 Attach the SMA cables on Channel 1 and Channel 3 to SMA connectors D+ and D- of the test
fixture.

3 Connect Embedded host port under test to the [TEST PORT] of the test fixture using the 4 inch
USB cable.

Power on the Embedded Host under test.
5 Onthe PID/VID, select "Test_Packet" with the "UP" or "DOWN" button and enter.
Wait till the white LED of “TEST_PACKET” starts blinking.

For Type-C connection, refer to http://www.testusb.com/TypeC20.html
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&
oo
oo

&

=

r;: | l_ﬁ“ﬂ. @

4" USB Cable

Host Uinder Test

PIDVID gf:'h .
Available from: [ S
ww. lestush com &= :| ?
50
:
+5VDC

7 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.

Test Instructions

The USB automated test application will prompt you to perform these steps:
Host enumerates the PID/VID and responds to send continuously Test_Packet.

Flip the switch of the test fixture that switches the termination on. LED power and Test mode
illuminate (Orange LED lit).
4 You should see the transmitted test packet on the oscilloscope as below.
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o —
[rees
LR ]
Ve
L1L]

i

5 Click OK to close the Test Instructions dialog.
EL_6 Rise Time
EL_6 Fall Time

EL_3 Data Eye and Mask Test

After viewing the test results, click OK to close the Test Instructions dialog.

EL_7 Non-Monotonic Edge Test

Viewing Test Results

1 When the Testing Complete dialog appears, click OK. The Results tab shows the test results.
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Embedded Host Controller Packet Parameters

Equipment Used

Table 44 Equipment Used in Embedded Host Controller Packet Parameters Tests

Quantity Item ‘ Description/Model
1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
1 Differential probe Keysight 113xB
1 PID/VID Tools to select required test mode
1 Device Hi-Speed Signal Quality Keysight E2666B
test fixture and 4” USB cable
1 5V power supply Keysight 0950-2546 or equivalent
1 USB cable Micro AB receptacle (Optional; required only for Micro B connector)

Selecting the Tests

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

O usB Tests
[ Hi-Speed
[0 Host Hi-Speed
B Host Hi-speed Signal Quality
Host Controller Packet Parameters
EL_21 Sync Field Length Test
EL_25 EOP Length Test
EL_23 Inter-packet Gap Between First 2 Packets Test
EL_55 SOF EOP Width Test
EL_22 Inter-packet Gap Between Host And Device Packet Test
b B Host CHIRP Timing
4 B Host Suspend/Resume Timing

» [ Host Test J/K, SEO_NAK

B Low and Full Speed
B Host Full Speed Signal Quality and Transition Time Test
B Host Low Speed Signal Quality and Transition Time Test
B Droop/Drop Test

S1S31 123138

Messages
Summaries (click for details)
2019-06-19 02:22:17:514 PM Ready
2019-06-19 02:40:29:131 PM Run Started

N19-06-19 N2-40-32 -85 PM_Connection ;;han
<| 1] | »

Unsaved Changes 5 Tests  Connection: Instruction
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Embedded Host Hi-Speed Tests

Configuring the Tests

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

Apply power to the test fixture (E2649-26401) and put test fixture switch test mode off. LED
power illuminate (Green LED), Test mode OFF (Orange LED off).

Terminate the SMA probing points with 50 Ohm.

Attach the Keysight InfiniiMax differential probe on CHANNEL1 to D+ and D- of TP2 of the test
fixture, using a damped header adapter.

Connect a short USB cable from the Test port of the fixture to the Embedded Host under test.
Power on the Embedded Host under test.
On the PID/VID, select "Test_Packet" with the "UP" or "DOWN" button and enter.

1

w

~N OO o1 &

Wait till the white LED of “TEST_PACKET” starts blinking.

o

PIDMID
Available from:
wew testusb_com

UsSB

-

USE Cable

+5VDC

Host Under Test

8 Check I have completed these instructions.
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For Type-C connection, refer to http://www.testusb.com/TypeC20.html

Running the Tests
1 1 Click Run Tests.

Test Instructions, Part 1

The USB automated test application will prompt you to perform these steps:
1 Host enumerates the PID/VID and responds to send SOFs for 15 seconds.

File Control Setp Measure Analyze Utilities Help 4:31PM

" oezal mEIUEN- " EEIETIN <o o ST

2 Click OK to close the Test Instructions dialog.
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Embedded Host Hi-Speed Tests

Test Instructions, Part 2

The USB automated test application will prompt you to perform these steps:

1

After 15 seconds of SOFs the host initiates the setup phase of the GetDescriptor() command. The
host sends SETUP and DATA (first and second packet).

2 You should see the transmitted test packet on the oscilloscope as below.

3

Click OK to close the Test Instructions dialog.

EL_21 Sync Field Length Test

EL_25 EOP Length Test

EL_23 Inter-packet Gap Between First 2 Packets Test

EL_55 SOF EOP Width Test

Connecting the Equipment

The USB automated test application will prompt you to perform these connection steps:

1

2
3
4

Power on the Embedded Host under test.

On the PID/VID, select "Test_Packet" with the "UP" or "DOWN" button and enter.
Wiait till the white LED of “TEST_PACKET” starts blinking.

Check I have completed these instructions.

For Type-C connection, refer to http://www.testusb.com/TypeC20.html

Notes on USB Electrical Compliance Testing



Embedded Host Hi-Speed Tests 8

Test Instructions, Part 1

1 The host enumerates the PID/VID and request GetDescriptor(),then wait for 15 seconds.
2 Hostissues an IN.

3 Host send an ACK.

4 You should see the transmitted test packet on the oscilloscope as below.

Fle Conirol Setup

Trigger Messare Analyre Ublilies  Demos el 3 Bl 3012 903 PM

R B
EEEEEEN

5 Click OK to close the Test Instructions dialog.

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.

The Results tab shows the test results.
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Host CHIRP Timing

Equipment Used

Table 45

Quantity
1

1

Item
Oscilloscope

Passive probes

PID/VID

Host Hi-Speed Signal Quality test
fixture and 4” USB cable

5V power supply

USB cable

Equipment Used in Embedded Host CHIRP Timing Tests

‘ Description/Model

Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
Keysight E2697A with 10073D (for 90000 series)

Keysight 10073D (for 9000, S-series and MXR)

Keysight N5449A with 10073D (for V-series, Z-series and UXR)

Tools to select required test mode

Keysight E2649-66402

Keysight 0950-2546 or equivalent

Micro AB receptacle (Optional; required only for Micro B connector)

Selecting the Tests

220
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File View Tools Hel

Set Up [Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

O usB Tests
[ Hi-speed
[ Host Hi-Speed
B Host Hi-speed Signal Quality
B Host Controller Packet Parameters
Host CHIRP Timing
EL_33 CHIRP Timing Response
EL_34 CHIRP K Width
EL_34 CHIRP ] Width
EL_35 SOF Timing Response
» B Host Suspend/Resume Timing
» [ Host Test J/K, SE0_NAK

B Low and Full Speed
B Host Full Speed Signal Quality and Transition Time Test
B Host Low Speed Signal Quality and Transition Time Test
B Droop/Drop Test

S1S31 1231138

Messages
Summaries (click for details) Details
2019-06-19 02:22:17:514 PM Ready :
2019-06-19 02:40:29:131 PM Run Started =
2019-06-19 N2-A0-32-225 PM_Connection ;;han
o || I

Unsaved Changes 4 Tests Connection: Instruction
Configuring the Tests

Connecting the Equipment

Embedded Host Hi-Speed Tests

The USB automated test application will prompt you to perform these connection steps:
1 Apply Power to the test fixture (E2649-26402) and put the test fixture switch test mode off. Verify

that the Green LED is lit and Test mode off.

2 Connect the single-ended probe of channel 2 to D- of TP2.
Connect the single-ended probe of channel 3 to D+ of TP2.
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8 Embedded Host Hi-Speed Tests

4 Connect a USB cable from the Test port of the fixture to the Embedded Host under test.

—F e
Single Ended Probes
USB Cable
< Host Under Test
PIDVID use _
Available from: Cable
www.testusb.com

5 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.
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Test Instructions

The USB automated test application will prompt you to perform these steps:
1 Connect any known good high speed device to the initialize port.
You should capture the CHIRP handshake as in the below figure.

File Control Setup Measure Analyze Utilities Help

Cn iy Oon an Cn
= =3 w S [

A&

I

R

= =

s
s ¥
g
L

22 May 2009 12:22 PM

2 Click OK to close the Test Instructions dialog.
EL_33 CHIRP Timing Response
EL_34 CHIRP K Width
EL_34 CHIRP J Width
EL_35 SOF Timing Response
Viewing Test Results

1 When the Testing Complete dialog appears, click OK.

The Results tab shows the test results.
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8 Embedded Host Hi-Speed Tests

Host Suspend/Resume Timing

Equipment Used

Table 46 Equipment Used in Embedded Host Suspend/Resume Timing Tests

Quantity Item ‘ Description/Model
1 Oscilloscope Keysight S-Series, 9000A, 90000A, MXR, or UXR Series
2 Passive probes Keysight E2697A with 10073D (for 90000 series)

Keysight 10073D (for 9000, S-series and MXR)
Keysight N5449A with 10073D (for V-series, Z-series and UXR)

1 PID/VID Tools to select required test mode
1 Host Hi-Speed Signal Quality test ~ Keysight E2649-66402
fixture and 4” USB cable
1 5V power supply Keysight 0950-2546 or equivalent
1 USB cable Micro AB receptacle (Optional; required only for Micro B connector)

Selecting the Tests

File View Tools Help
Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTI

O usB Tests
[ Hi-Speed
[ Host Hi-Speed
B Host Hi-speed Signal Quality
B Host Controller Packet Parameters
B Host CHIRP Timing
Host Suspend/Resume Timing
EL_39 Suspend Timing Response
EL_41 Resume Timing Response
» B Host Test /K, SEO_NAK
B Low and Full Speed
B Host Full Speed Signal Quality and Transition Time Test

B Host Low Speed Signal Quality and Transition Time Test
B Droop/Drop Test

S1S31 1237138

Messages
Summaries (click for details)
2019-06-19 02:22:17:514 PM Ready
2019-06-19 02:40:29:131 PM Run Started
N19-06-19 N2-40-32 -85 PM_Cnonnection ;;han
S [

Unsaved Changes 2 Tests | Connection: Instruction
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Configuring the Tests

Connecting the Equipment

Embedded Host Hi-Speed Tests

The USB automated test application will prompt you to perform these connection steps:

1 Apply Power to the test fixture (E2649-26402) and put the test fixture switch test mode off. Verify
that the Green LED is lit and Test mode off.

0 N OO o A WDN

©oec)

Notes on USB Electrical Compliance Testing

@l ) ) (® r"ﬁ
= r‘“{-&'}‘. r—_J'-.: e

PID/VID
Available from
www.testusb.com

+5VDC

= =

|
(= -

il
i

Connect the single-ended probe of channel 2 to D- of TP2.
Connect the single-ended probe of channel 3 to D+ of TP2.
Connect a USB cable from the Test port of the fixture to the Embedded Host under test.
Connect any known good high speed device to the Initialize port.
Power on the Embedded Host under test.
On the PID/VID, select "Test_Packet" with the "UP" or "DOWN" button and enter.
Wait till the white LED of “TEST_PACKET” starts blinking.

USB Cable

Host Under Test

8
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8 Embedded Host Hi-Speed Tests

For Type-C connection, refer to http://www.testusb.com/TypeC20.html

9 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.

Test Instructions

EL_39 Suspend Timing Response

The USB automated test application will prompt you to perform these steps:
1 After 15 seconds the host port will enter Suspend state.

PID/VID will enter Resume state after 15 seconds.

2 The captured transition should be as in the figure below.

Fie Control Setup Measure Analze  Utilites Help 2:02 PM |

3 Click OK to close the Test Instructions dialog.

EL_41 Resume Timing Response
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Embedded Host Hi-Speed Tests 8

The USB automated test application will prompt you to perform these steps:

1 After 15 seconds of suspend state the host shall issue a ResumeK state on the bus, then continue
sending SOFs.

2 The captured transition should be as in the figure below.

File Control Setup Menasure Analyze Ulilities Help 26 May 2009 11:0<4 AM

+ I‘,'

EE

o

EE

3 Click OK to close the Test Instructions dialog.

Viewing Test Results

1 When the Testing Complete dialog appears, click OK.

The Results tab shows the test results.
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8 Embedded Host Hi-Speed Tests

Host Test J/K, SEO_NAK

Equipment Used

Table 47 Equipment Used in Embedded Host Test J/K, SEO_NAK Tests

Quantity Item ‘ Description/Model
1 Digital Multimeter (DMM) Keysight 34461A or equivalent
1 PID/VID Tools to select required test mode
1 Host Hi-Speed Signal Quality test Keysight E2649-66402

fixture and 4” USB cable
1 5V power supply Keysight 0950-2546 or equivalent
1 USB cable Micro AB receptacle

Selecting the Tests

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

[ Hi-Speed
[ Host Hi-Speed
B Host Hi-speed Signal Quality
B Host Controller Packet Parameters
B Host CHIRP Timing
B Host Suspend/Resume Timing
Host Test J/K, SEO_NAK
EL_8 Host ] Test
EL_8 Host K Test
EL_9 Host SEO_NAK Test
B Low and Full Speed

B Host Full Speed Signal Quality and Transition Time Test
B Host Low Speed Signal Quality and Transition Time Test
B Droop/Drop Test

S1S31 1237138

Messages
Summaries (click for details)
2019-06-19 02:22:17:514 PM Ready
2019-06-19 02:40:29:131 PM Run Started

3.

Unsaved Changes 3 Tests | Connection: Instruction

Configuring the Tests
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Connecting the Equipment

Embedded Host Hi-Speed Tests

The USB automated test application will prompt you to perform these connection steps:

1 Apply power to the test fixture (E2649-26402) and put test fixture switch test mode off. LED
power illuminate (Green LED), Test mode Off (Orange LED).

2 Connect a short USB cable from the Test port of the fixture to the Embedded Host under test.

)

4" USB Cable

\
A D=
v 0
S— )
O 7
PIDVID usB ,
Available from: Cable
www.testusb.com :
1]
-
+5VDC

3 Check I have completed these instructions.

Running the Tests

1 Click Run Tests.

Test Instructions

EL_8 J Test

Before connecting the PID/VID put it in the correct position by selecting Test_J

Connect the PID/VID to the Initialize port.

Host Under Test

1

2

3 Host enumerates the PID/VID and shall enter a high-speed J state. (D+ high; D- low).

4 Flip the switch of the test fixture that switches the termination on. LED power and Test mode

illuminate (Orange LED lit).
5 Click OK to close the Test Instructions dialog.
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8 Embedded Host Hi-Speed Tests

USB Test - JTest

Using a Keysight 3724 DMM or equivalent, measure the
following voltages:

between D+ of TPZ and Gnd on the test fisture:

[377 i/

between D- of TP2 and Gnd on the test fisture:

E m

oK I

EL_8 K Test

The USB automated test application will prompt you to perform these steps:

1 Apply power to the test fixture (E2649-26402) and put test fixture switch test mode off. LED
power illuminate (Green LED), Test mode Off (Orange LED).

Connect a short USB cable from the Test port of the fixture to the Embedded Host under test.
Before connecting the PID/VID put it in the correct position by selecting Test_K.

Connect the PID/VID to the Initialize port.

Host enumerates the PID/VID and shall enter a high-speed K state. (D+ low; D- high).

Flip the switch of the test fixture that switches the termination on. LED power and Test mode
illuminate (Orange LED lit).

7 Click OK to close the Test Instructions dialog.

D o~ W N

The USB automated test application will prompt you for the following voltage measurements:
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Embedded Host Hi-Speed Tests 8

USB Test - KTest

Using a Keysight 3724 DMM or equivalent, measure the
following voltages:

between D- of TP2 and Gnd on the test fisture:

388 i/

between D+ of TPZ and Gnd on the test fisture:

I3 m

oK I

EL_9 SEO_NAK Test

The USB automated test application will prompt you to perform these steps:

1 Apply power to the test fixture and put test fixture switch test mode off. LED power illuminate
(Green LED), Test mode not (Orange LED).

Connect a short USB cable from the Test port of the fixture to the Embedded Host under test.
Before connecting the PID/VID put it in the correct position by selecting Test_ SEO_NAK.
Connect the PID/VID to the Initialize port.

Host enumerates the PID/VID and shall drive an SEO state. (D+ low; D- low)

Flip the switch of the test fixture that switches the termination on. LED power and Test mode
illuminate (Orange LED lit).

7 Click OK to close the Test Instructions dialog.

D o~ W N

The USB automated test application will prompt you for the following voltage measurements:
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Embedded Host Hi-Speed Tests

% USB Test - SEO_NAK Test

Using a Keysight 3724 DMM or equivalent, measure the
following voltages:

between D+ of TPZ and Gnd on the test fisture:

2 m

between D- of TP2 and Gnd on the test fisture:

2 m

oK I

Viewing Test Results

1

When the Testing Complete dialog appears, click OK. The Results tab shows the test results.
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9 Manual Testing and Measurement Using Oscilloscope

Device/Hub/Host Signal Quality Measurement

Acquisition setup Sampling Rate 20 GSa/s

Sampling Points 262144 pts

Horizontal time range 2us
InfiniiSim Turn On/ Off Fixture embed / de-embed
Trigger Trigger Setting Sweep type: Triggered

Trigger Type: Pulse Width
Trigger On: >Time

Time: 60 ns

Source: Channel1
Polarity: Negative

Trigger Level/ Threshold 0.08V

Trigger holdoff Tus

Measurement

On the oscilloscope, adjust the two vertical cursors around one test packet as shown below.
1 Adjust one marker to about four bit time before the sync field.
2 Adjust the other to about four bit time after the EOP (END OF PACKET).

File Control Setup Measure Analyze Utlites  Help 7:04 AM

On
P
USB Hi-Speed Signal Quality Test
Instructions: P to TES A ST mode; S
B Test

(1of2)

Delete curvent .
All mean ? 977.50
T0.0

min 7

Report Value:

Pass or Fail was depends on the overall result generated by USB-IF script.
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Manual Testing and Measurement Using Oscilloscope 9

Packet Parameter Scope Setup for Device/Hub/Host

Acquisition setup Sampling Rate
Sampling Points
Horizontal time range

Trigger Trigger Setting

Trigger Level/ Threshold

Trigger holdoff

10 GSa/s
262144 pts
10us

Sweep type: Triggered

Trigger Type: Pattern Trigger

Trigger On Logic/Time: Logic

Source: Channel3

Polarity: Low

Pattern Condition: Greater than 95 ns,
less than 500 ns.

017V

100 us

Measurement

Follow the test instruction to run HSET Tool.

2 The oscilloscope capture should appear as shown below. Press [STOP] on the oscilloscope to

pause it from further trigger.

3 Ifthe oscilloscope does not trigger on the device, adjust the trigger level down slightly (but not

so low that it triggers on host SOFs), and repeat from step 1.

4 Measure the sync field length (number of bits) of the third (from device) packet on the

oscilloscope and verify that it is 32 bits.

a Use [Horizontal] knobs to zoom in on the third packet, shown in the lower display.

b Note that Sync Field starts from the Hi-Speed idle transitions to a falling edge (due to the first
zero). Count both rising and falling edges until the first two consecutive 1’s and include the

first 1. There must be 32 bits.

c Itis advisable to use the markers to measure the number of bits, based on 2.08 ns/bit

(480 Mbps), which is 66.6 ns for 32 bits.
5 Record the number in EL_21.
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9 Manual Testing and Measurement Using Oscilloscope

236

File Contral Setup Measure Analyze  Utilities  Help

(10f2)

Delete
All

= 66.9090 n:

04C

Measure the EOP (End of Packet) width (number of bits) of the third packet on the oscilloscope

and verify that it is 8 bits.
It is advisable to use the markers to measure the EOP pulse width to determine the number of

bits, based on 2.08 ns/bit (480 Mbps), which is 16.6 ns for 8 bits.
b Record the result in EL_25.

a

File Contral Setup Measure Analyze  Utilities  Help

A - -
R «T

e

(10f2)

Delete 1 2 )
5.0075 ns
All 3~~~ 1.0984 ns
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Manual Testing and Measurement Using Oscilloscope 9

7 Measure the inter-packet gap between the second (from host) and the third (from device in
respond to the host’s) packets. The second (of lower amplitude) is from the host and the third (of
higher amplitude) is a device’s response.

a Compute the number of bits by dividing the time measure by 2.08 ns.
b The requirement is it must be between 8 bits (16.64 ns) and 192 bits (399.4 ns). (EL_22).
¢ Record the computed number of bits in EL_22.

File Contral Setup Measure Analyze Utlites  Help 719 An

.

WI’

Ut | e e e S

(1of2)

Delete
All

8 Press “RUN” on the scope.
9 Perform the test instruction for HSET tools. (To press “STEP” again).
10 You should captured the waveform shown below.
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Manual Testing and Measurement Using Oscilloscope

File Contral Setup Measure Analyze  Utilities  Help 7:20 AM

(10f2)

Delete
All

11 Measure the inter-packet gap between the first (from host) and the second (from device in
respond to the host’s) packets.

a The first (of lower amplitude) is from the host and the second (of higher amplitude) is a device’s
response.

b Compute the number of bits by dividing the time measure by 2.08 ns.
¢ The requirement is it must be between 8 bits (16.6 ns) and 192 bits (339 ns). (EL_22).
12 Record the computed number of bits in EL_22.
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Manual Testing and Measurement Using Oscilloscope 9

Chirp Timing Setup

Acquisition setup Sampling Rate 250MSa/s
Sampling Points 7.5M pts
Horizontal time range 30ms
Trigger Trigger Setting Sweep type: Triggered

Trigger Type: Edge
Source: Channel3
Polarity: Negative edge

Trigger Level/ Threshold 1.35V
Trigger holdoff 100 us
Chirp Measurement
File Control Setup Measure Analyze Utilities  Help 7:48 AM

ATime (2-2)
2.00064000
2.00064000
2.00064000
2 006

Figure 10 Measure the device’s CHIRP-K latency in response to the reset from the host port

Verify this timing is between 2.5 us and 3.0 ms.

2 Ifin question of the measurement, use the markers to make this measurement manually, as
shown in the following figure.

3 Record the result in EL_28.
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Manual Testing and Measurement Using Oscilloscope

File

Control  Setup  Measure  Analyze  Ultilities  Help 7:48 AM

| i gu[[

] <o) "

Using the automatic measurement shown in Figure 10, measure the device’s CHIRP-K duration.
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Manual Testing and Measurement Using Oscilloscope 9

1 Verify this assertion time is between 1.0 ms and 7.0 ms.

2 Ifin question about this measure, use the markers to make this measure manually, as shown in
the following figure.

3 Record the result in EL_29.

File

Control  Setup Measure  Analyze Ulilites  Help 7:49 AM

USB HiSpeed Device/Hub CHIRP Timing Test

irp La

————————————————— &
|

.

Using the markers, measure the time from the beginning of the last J in the CHIRP K-J-K-J-K-J (3
pairs of CHIRP-K-J’s) to the time when the device turns on the Hi-Speed terminations, as shown in
the following figure.

1 Following the host assertion of CHIRP K-J-K-J-K-J, the device must respond by turning on its
Hi-Speed terminations. This is evident by a drop of amplitude of the alternate CHIRP-K and
CHIRP-J sequence from the 800 mV nominal to the 400 mV nominal.

2 Verify this is less than or equal to 500 us.
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9 Manual Testing and Measurement Using Oscilloscope

3 Record the measurement in EL_31.

File

Control  Setup  Measure  Analyze  Ultilities  Help 7:49 AM
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Manual Testing and Measurement Using Oscilloscope

Device/Hub/Host Suspend Timing

Acquisition setup Sampling Rate
Sampling Points
Horizontal time range

Trigger Trigger Setting

Trigger Level/ Threshold

Trigger holdoff

50MSa/s

262144 pts

4ms

Sweep type: Triggered
Trigger Type: Edge
Source: Channel 3
Polarity: Positive edge
2.6V

100 us

Suspend Timing Measurement

File Control Setup Measure Analyze Utilities Help

Using the oscilloscope markers, measure the time interval from the end of last SOF packet issued by
the host to when the device attached its full speed pull-up resistor on D+, as shown in the previous

figure.

1 This is the time between the END of the last SOF packet and the rising edge transition to full

speed J-state.
2 Verify this time is between 3.000 ms and 3.125 ms.
3 Record the result in EL_38.
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9 Manual Testing and Measurement Using Oscilloscope

Device/Hub/Host Resume Timing

Acquisition setup

Trigger

Sampling Rate
Sampling Points
Horizontal time range

Trigger Setting

Trigger Level/ Threshold

Trigger holdoff

2 GSa/s

16.4M pts

500 us

Sweep type: Triggered
Trigger Type: Edge
Source: Channel 2
Polarity: Negative edge
1.8V

100 us

Resume Timing Measurement

File Control Setup Measure

USB Resume Timing Test

Instructi

i o|=|E|

Analyze  Ultilities

Help

v 0"

F accurs after leaving K state; Record results.

o |

The device should resume the HS operation, which is indicated by the presence
of HS SOF packets (with 400 mV nominal amplitudes) following the K state
driven by the host controller, as shown in the previous figure.

1 Record the PASS/FAIL result in

244

EL_40.
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Manual Testing and Measurement Using Oscilloscope 9

Device Reset Timing

Acquisition setup Sampling Rate 25MSa/s
Sampling Points 262144 pts
Horizontal time range 2us

Trigger Trigger Setting Sweep type: Triggered

Trigger Type: Pattern Trigger

Trigger On Logic/Time: Logic
Source: Channel2

Polarity: High

Source: Channel3

Polarity: Low

Pattern Condition: Greater than 1 us.

Trigger Level/ Threshold Chan2: 500 mV
Chan3: 300 mV
Trigger holdoff 100 ns
Device/Hub Reset Timing Measurement
File Control Setup Measure Analyze Utilities Help 7.57 AM

T [ee=g

Markers

The device should transmit a CHIRP handshake following the reset.

1 Measure the time between the beginning of the last SOF before the reset and the start of the
device CHIRP-K.

2 \Verify this is between 3.1 ms and 6 ms.
Record the PASS/FAIL result in EL_27.
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9 Manual Testing and Measurement Using Oscilloscope

Device/Hub Reset from Suspend Timing

Measurement

246

Acquisition setup

Sampling Rate
Sampling Points

Horizontal time range

10 MSa/s
262144 pts

500 us

current

The device responds to the reset with the CHIRP-K.

1

Trigger Setting Sweep type: Triggered
Trigger Type: Edge
Source: Channel 3
Polarity: Negative edge
Trigger Level/ Threshold 1.8V
Trigger holdoff 100 us
Control  Setup  Measure  Analyze  Ulilittes  Help 7:58 AM

1 ENL

2 falling D+ to chirp-K

Using the automatic measurement shown in the bottom left of the previous figure, measure the
time between the falling edge of the D+ and the start of the device CHIRP-K.

Verify this is between 2.5 us and 3 ms.
If in question of this measurement, use the markers to manually measure.
Record the PASS/FAIL results in EL_28.
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Manual Testing and Measurement Using Oscilloscope 9

Device/Hub Receiver Sensitivity

Acquisition setup Sampling Rate 10 GSa/s
Sampling Points 262144 pts
Horizontal time range 20us

Trigger Trigger Setting Sweep type: Triggered

Trigger Type: Pattern Trigger

Trigger On Logic/Time: Logic

Source: Channel 1

Polarity: Low

Pattern Condition: Greater than 100 ns,
less than 1.7 us

Trigger Level/ Threshold Chan1: 100 mV

Trigger holdoff Tus

Receiver Sensitivity Measurement

Generates “IN” packets (of compliant amplitude) with a 12-bit SYNC field.

Verify that all packets from the data generator are NAK’d by the port under test as in the following
figure.

1 Record the PASS/Fail in EL_18.

File Control Setup Measure Analyze Utilites Help 1:05 PM

T [ee=gl
(of2) | § Measwements IETCH
Delete

Generates “IN” packets (of compliant amplitude) with a 32-bit SYNC field as shown below.
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9 Manual Testing and Measurement Using Oscilloscope

File Control Setup Measure Analyze Utilites Help

N
‘ On 0 On
L n
USB Hi-Speed Receiver Sensitivity Test,jepesss sty ;N NS

Instructions: Referto Test Documentation
nackat generator packet

.

A = almlzl i EYNYE . T T (.. selETR

Reduce the amplitude of the data generator packets in 20 mV steps (on the generator before the
attenuator) while monitoring the NAK response from the device on the oscilloscope.

1 The adjustment should be made to both channels such that OUTPUTT and OUTPUT2 are
matched, as indicated by the data generator readout.

2 Reduce the amplitude until the NAK packets begins to become intermittent.
At this point, increase the amplitude such that the NAK packet is not intermittent.
4 This is just above the minimum receiver sensitivity levels before squelch.
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Manual Testing and Measurement Using Oscilloscope 9

Measure the Zero to Positive Peak and Negative Peak of the packet from the data.

First, use the oscilloscope mouse to draw the zoom box around the data generator packet by
pressing the “left” button and dragging the mouse.

Zoom in the waveform by clicking inside the “Zoom Box”.

3 Repeat this step until the packet becomes adequate size for the measurement.

1

1:05 PM

Utilites  Help

Analyze

File Control Setup Measure

USB Hi-Speed Receiver Sensitivity Test

Instructions: Referto Test Documentation

N Bl ROk EN

Measurements TP
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Manual Testing and Measurement Using Oscilloscope

File

Setup  Measure  Analyze  Ultilities  Help 1:07 PM

Control

d Receiver Sensitivity Test
Instructions: HTHIMTH 1['!\! lllnl-'rli-ﬁllm

R i

Using the oscilloscope markers, measure the packet amplitude

1 The markers are moved by grabbing and dragging them with the mouse pointer.
2 Drag [By] to the Positive Peak

3 Drag [Ay] to the Negative Peak.
4

The peak should be taken at the plateaus of the wider pulses to avoid inflated reading due to
overshoots.

Read out the [Ay] and [By] values and record the measurement in EL_17

6 Aslong as the receiver continues to NAK the data generator packet above £150 mV, it is
considered a PASS.

7 Record PASS/FAIL in EL_17.

Click “right” mouse button in the main oscilloscope screen with no waveform. From the menu, select
“Undo Zoom”.

Now further reduce the amplitude of the packet from the data generator in small steps.

2 Maintain the balance between OUTPUT1 and OUTPUT2 until the receiver just ceases to respond
with a NAK.

3 This is the squelch level of the receiver.

Measure the Zero to Positive Peak and Negative Peak of the packet from the data generator using
the method described in steps 14 and 15.

1 Record the measurement in EL_16.

2 Aslong as the receiver ceases to NAK the data generator packet below +100 mV, it is considered
a PASS.

3 Record PASS/FAIL in EL_16.
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Manual Testing and Measurement Using Oscilloscope 9

Hub Repeater Test - Downstream Facing Ports (EL_42, EL_43, EL_44, EL_45, EL_48)

Acquisition setup Sampling Rate 10 GSa/s
Sampling Points 262144 pts
Horizontal time range 500 ns

Trigger Trigger Setting Sweep type: Triggered

Trigger Type: Edge
Source: Channel 1
Polarity: Positive edge

Trigger Level/ Threshold -118.2mV
Trigger holdoff 100 us
File Control Setup Measure Analyze  Utilities  Help 1:29 PM

E Downstream Port
= De fer to dure for additonal tests

currant
mean
min

Measure the delay between the start of packet between the hub’s upstream facing port (Channel 1)
and the hub’s down stream facing port under test (Channel 4) using the automatic measurement
shown in .

1 This is the delay of the SOF packet through the hub.
2 Verify this is no more than 79 ns (36 bits plus 4 ns).
3 Record the result in EL_48.
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Manual Testing and Measurement Using Oscilloscope

Count the number of bits in the sync field on Channel 4.
1 Use the Horizontal knobs on the oscilloscope to zoom into the signal of interest.

2 Each falling or rising edges counts as one bit (consecutive zeros in NRZI format), up to and
include the first no transition (due to the first one that follows the consecutive zeros in NRZI
format).

3 Refer to the lower trace (Ch 4). In this case, the downstream SOF (Ch 4) only has 29 bits in the
sync field because it truncates 3 bits from the 32 bits total on the upstream SOF (Ch 1).

Determine the number of sync bit truncated by the hub.
4 Record the result into EL_42.
Verify also that the sync field in Channel 4 is not corrupted, when compared to that in Channel 1
except the truncation of consecutive zeros.
1 Record the result in EL_43.

Using the oscilloscope markers, measure the time of the EOP width of the packet in Channel 1.
1 Measure the time of the EOP width of the packet in Channel 4.
2 Determine the number of bits of each by dividing the measurement by 2.08 ns.

3 Verify the number of bits in Channel 4 does not have 4 more bits (EOP dribble) than that in
Channel 1 (which should be 40 bits).

4 Record the result in EL_44.

Verify also that the EOP in Channel 4 is not corrupted.
1 Record the result in EL_4b.
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Hub Repeater Test - Upstream Facing Port (EL_42, EL_43, EL_44, EL_45)

Acquisition setup

Trigger

Sampling Rate
Sampling Points
Horizontal time range

Trigger Setting

Trigger Level/ Threshold

Trigger holdoff

10 GSa/s
262144 pts
2us

Sweep type: Triggered

Trigger Type: Pattern Trigger

Trigger On Logic/Time: Logic

Source: Channel 4

Polarity: Low

Pattern Condition: Greater than 150 ns,
less than 500 ns.

017V

100 us

File Control Setup Measure

Analyze  Ultilittes  Help
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Manual Testing and Measurement Using Oscilloscope

Count the number of bits in the sync field on the third packet in Channel 1.
1 Use the oscilloscope Horizontal Knobs to zoom in on the signal of interest.

2 Each falling or rising edges counts as one bit (consecutive zeros in NRZI format), up to and
include the first no transition (due to the first one that follows the consecutive zeros in NRZI
format).

3 Refer to the top trace (Ch 1) in the following figure that has 29 bits in the sync field for example.

4 Verify the truncation of the sync field is no more than 4 bits (the number of sync bits in channel 1
should not be more than 4 bit less than that in channel 4.

5 Record the result in EL_42.

File Control Setup Measure Analyze  Utilities  Help 1:42 PM

UsB Hi-Speed Hub RepamerTest- Upstream Port

H 'r\l || i |ﬁ| ﬁ i '

““"”“"ufu

| ‘L

HIF!\“[l{

T olessl  mIE

Markers
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Manual Testing and Measurement Using Oscilloscope

Measure the time of the EOP width of the packet in Channel 1.

1

Measure the time of the EOP width of the packet in Channel 4. Refer to the following figure for

reference.

File

Determine the number of bits of each by dividing the measurement by 2.08 ns.

Verify the number of bits in Channel 1 is no more than 4 bits than that in Channel
be 8 bits).

Record the result in EL_44.

4 (which should
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\"'" I"“ ||f "‘
I||'||‘\ '|\

i ~A ™Ma
' /] ” f\ 1
P
HH lul\lH
‘U' LU' ll) b

Hub Upstream Signal

ll |!l ‘l‘ I|I
v

i

oeslg|

Markers

{Hlj 100

Verify also that the EOP in Channel 4 is not corrupted.

1
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Record the result in EL_45.
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9 Manual Testing and Measurement Using Oscilloscope

Upstream Full Speed Measurement

Acquisition setup Sampling Rate 4 GSa/s
Sampling Points 32768 pts
Horizontal time range 5us
Trigger Trigger Setting Sweep type: Triggered

Trigger Type: Pattern

Trigger On Logic: Logic 0

Source: Channel 2 and Channel 3
Range condition: Greater than 500 ns
Trigger Points: Pattern exits

Trigger Level/ Threshold 0.8 V (for channel 2 and channel 3)

Trigger holdoff 100 ns

L LT L

Measurement will be done using the USBIF-dll script.
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Manual Testing and Measurement Using Oscilloscope 9

Upstream Low Speed Measurement

Acquisition setup Sampling Rate 4 GSa/s
Sampling Points 262144 pts
Horizontal time range 50 us

Trigger Trigger Setting Sweep type: Triggered

Trigger Type: Pattern

Trigger On Logic: Logic 0

Source: Channel 2 and channel 3
Trigger On Logic: Logic 1

Source: Channel 1

Range condition: Greater than 100 ns
Trigger Points: Pattern exits

Trigger Level/ Threshold 0.8V (for channel 2 and channel 3)
1.5V for channel 1

Trigger holdoff 100 ns

More ¢ eelo Bl Ll -10.0000000 ps 1.500 V

(1of2)

IR Status | Scales |

Waveform will be saved and processed by USBIF dll script.
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9 Manual Testing and Measurement Using Oscilloscope

Downstream Full Speed Test

Acquisition setup Sampling Rate 4 GSa/s
Sampling Points 32768 pts
Horizontal time range Tus
Trigger Trigger Setting Sweep type: Triggered

Trigger Type: Pattern

Trigger On Logic: Logic 1

Source: Channel 2

Trigger On Logic: Logic 0

Source: Channel 3

Range condition: Greater than 95 ns
Trigger Points: Pattern exits

Trigger Level/ Threshold 1.66 V (for channel 2 and channel 3)

Trigger holdoff 10 us

File Control Setup Trigger Measure Analyze Utilities Demos Help 15 Jan 2014 10:15 AM

More || 50 @@IC] Bl
(10f2)
] ] | Status | Scales |

Captured waveform will be saved for USBIF script processing.
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Downstream Low Speed

Manual Testing and Measurement Using Oscilloscope

Acquisition setup

Trigger

Sampling Rate
Sampling Points
Horizontal time range

Trigger Setting

Trigger Level/ Threshold

Trigger holdoff

4 GSa/s

500000 pts

10us

Sweep type: Triggered
Trigger Type: Edge
Source: Channel 3
Transition: Positive Edge

1.66 V (channel 3)

100 ns

more || 200 [@@C] BElw

{102)
J A status | Scales

- L LT .

Captured waveform will be saved for USBIF script processing.
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9 Manual Testing and Measurement Using Oscilloscope

Inrush Current

260

Acquisition setup Sampling Rate
Sampling Points
Horizontal time range

Trigger Trigger Setting

Trigger Level/ Threshold

Trigger holdoff

1MSa/s

262144 pts

15ms

Sweep type: Single
Trigger Type: Edge
Source: Channel 4
Transition: Positive Edge

160 mA (channel 4)

100 ns

1) (01810 il ) I~
— || Y cales |

Captured waveform will be saved for USBIF script processing.

111 kHz
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Manual Testing and Measurement Using Oscilloscope 9

Drop Test
Acquisition setup Sampling Rate Auto
Sampling Points Auto
Horizontal time range 100 ns
Trigger Trigger Setting Sweep type: Auto

Trigger Type: Edge

Source: Channel 1

Transition: Positive Edge
Trigger Level/ Threshold 0V (channel 1)

Trigger holdoff 100 ns

Place marker Ay at 0 V and By at the measured signal, make the measurement for Vno_load and
Vload.

Due to the voltage divider circuit on the droop-drop board, please ensure the measurement above
been multiplied by 2 to get the end result.
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9 Manual Testing and Measurement Using Oscilloscope

Droop Test
Acquisition setup Sampling Rate Auto
Sampling Points 16384 pts
Horizontal time range 300 us
Averaging on
Trigger Trigger Setting Sweep type: Triggered
Trigger Type: Edge
Source: Channel 1
Transition: Positive Edge
Trigger Level/ Threshold 1V (channel 2)
Trigger holdoff 100 ns
Turn on External scaling with Gain as 0.5.
External Scaling
@: Uniits
Vialt -
Gain
0.5000 : 1 =
-
@ Ratio Decibel
Offset
0.0 —
-
Measurement:
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Manual Testing and Measurement Using Oscilloscope

S| =

En

'«::

More
(1of2)

BRI Status | Scales

Delete
All

Place Market at channel 1 as shown above.

The difference between Vtop and Vbase was the final result for Droop Test.
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Numerics

100 mA load board schematic, 163
10073C miniature passive probes, 28
1156A probes, 28
500 mA load board schematic, 163
81134A pulse generator, 95
81134A/81130A Instrument Address
configuration option, 64,95
82357A GPIB-USB converter, 95
82357A USB/GPIB interface, 25

C

cables, 25

calibrate probes, 29

calibration, 28

common ground reference, 29

compensate passive probes, 28

computer, high-speed electrical test
bed, 26

configure, 31

connect, 31

D

debug mode, 161

device CHIRP timing, 48

device hi-speed signal quality test, 37

device hi-speed tests, 35

device packet parameters, 43

device receiver sensitivity, 63

device suspend/resume/reset
timing, 51

device test J/K, SEO_NAK, 58

differential probe, 28

digital signal generator, 25,29

droop/drop test, 164

E

E2697A adapters, 28

EHCI driver stack, 26

electrical test bed computer, 26
equipment required, 24
equipment, setting up, 28

G

ground reference, common, 29
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H

high-speed electrical test bed
computer, 26

High-Speed Electrical Test Tool Kit
software, 26

host CHIRP timing, 147

host controller packet parameters, 141

host disconnect detect, 147

host downstream signal quality
test, 186

host hi-speed electrical tests, 133

host hi-speed signal quality, 135

host suspend/resume timing, 151

host test J/K, SEO_NAK, 156

HTML report, 31

hub CHIRP timing - upstream facing
port, 111

hub disconnect detect, 82

hub downstream signal quality
test, 190

hub hi-speed signal quality test -
downstream facing ports, 76

hub hi-speed signal quality test -
upstream facing ports, 71

hub hi-speed tests, 69

hub jitter test - downstream facing
ports, 79

hub packet parameters - upstream
facing port, 82

hub receiver sensitivity - upstream
facing port, 93

hub repeater test - downstream facing
port, 102

hub repeater test - upstream facing
port, 106

hub suspend/resume/reset timing -
upstream facing port, 115

hub test J/K, SEO_NAK - downstream
facing port, 127

hub test J/K, SEO_NAK - upstream
facing port, 122

identify test environment, 31
in this book, 5

inrush current test, 182
installing the software, 18

L

license key, installing, 19

load board, 27

M

memory upgrade option, 24, 36, 69, 133
monitor, optional, 28
multimeter, 25

N

N5416A USB 2.0 Compliance Test
Option, 4,24

0

On-The-Go electrical tests, 209, 233

optional computer monitor, 28

oscilloscope required, 24

oscilloscope, software, and
accessories, 24

P

passive probes, compensating, 28
probes, calibrating, 29

pulse generator’s SICL address, 64, 95
pulse/pattern generator, 25

R

report, 31

required equipment and software, 24
results, 31

run tests, 31

running tests, 33

S

select tests, 31

SICL address, pulse generator, 64,95

software, installing, 18

SQiDD board, 27

starting the USB automated test
application, 30

T

test bed computer, high-speed
electrical, 26

test fixtures, USB electrical, 27

tests, running, 33
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troubleshooting hi-speed test
failures, 161

U

upstream signal quality test, 194
USB electrical test fixtures, 27

USB Implementers Forum web site, 5
USBHSET software, 26

W

web site, USB Implementers Forum, 5
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