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USB Automated Testing—At A Glance

The Keysight N5416A USB 2.0 compliance test option helps you verify USB compliance to
specifications using the Keysight 5485xA, 9000 or 80000 or 90000A 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

See Also

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 Option 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, “On-The-Go Electrical Tests describes the equipment used for the test setup.
Chapter 9, “Embedded Host Hi-Speed Tests describes the equipment used each test setup.

Chapter 10, “Manual Testing and Measurement Using Oscilloscope describes the steps used for
manual testing.

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
E2683A USB 2.0 Compliance Test Option, which contain test records used for compliance test
submission.
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N5416A USB 2.0 Compliance Test Option

Notes on Electrical Testing

Installing the USB 2.0
Compliance Test Option

Installing the Software 18
Installing the License Key 19

If you purchased the N5416A USB 2.0 Compliance Test Option separately, you need to install the
software and license key.
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1 Installing the USB 2.0 Compliance Test Option

Installing the Software

1 Make sure you have the correct Infiniium software version by choosing Help>About Infiniium... from
the main menu.
Version 5.71 or greater of Infiniium software 80000 Series Infiniium Digital Storage Oscilloscope
OR
Version 1.41 or greater of Infiniium software 90000A Series Infiniium Digital Storage Oscilloscope
OR
Version 2.00 or greater of Infiniium software 9000A Series Infiniium Digital Storage Oscilloscope.
2 Download the latest version of the N5416A USB 2.0 Compliance Test Option software to your
oscilloscope:
a Go to: http://www.keysight.com/find/scope-apps-sw
b Click the N5416A USB 2.0 Compliance Test Option 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 Option.
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Installing the USB 2.0 Compliance Test Option 1

Installing the License Key

1 Request a license code from Keysight by following the instructions on the Entitlement Certificate.

You will need the oscilloscope’s “Option ID Number”, which you can find in the Help>About
Infiniium... dialog.

2 After you receive your license code from Keysight, choose Utilities>Install Option License....
3 Inthe Install Option License dialog, enter your license code and click Install License.

Click OK in the dialog that tells you to restart the Infiniium oscilloscope application software to
complete the license installation.

5 Click Close to close the Install Option License dialog.
Choose File>Exit.
7 Restart the Infiniium oscilloscope application software to complete the license installation.

Notes on USB Electrical Compliance Testing 19
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Measurements

Required Equipment and Software 22
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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 Option and begin performing the electrical compliance tests.



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 5485xA, 9000A or 80000 or 90000A Series Infiniium oscilloscope. 175 180 180 180
Keysight N5416A USB Compliance Test Option. 1 1 1 1
Computer monitor (optional). optional optional optional optional
Keysight T131A, 1133A, or 1134A InfiniiMax differential probe. 1 2 1 n/a
Keysight E2669A differential connectivity kit, OR E2678A socketed head. 1 2 1 n/a
Keysight header adapter (P/N 01131-68703), included with E2669A and E2678A purchased after 7t 2¢ 1° n/a
October, 2003.
Keysight E2697A 1 Mohm adapter with passive probe, OR 1156A, 1157A, or 1158A active probe. 2 2 2 3"
Keysight E2697A high impedance converter, N2774A current probe, and N2775A power supply. n/a n/a n/a 1d

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

*

1

*%

22

The oscilloscope’s memory upgrade option is recommended (Option 001 when ordered with the oscilloscope, or after purchase:
E2680A for the 5485xA Series oscilloscopes, or N5404A for the 80000 and 90000A Series oscilloscopes). This gives the auto-
mated test software more flexibility in making corner case measurements (and improves test performance).

The enhanced bandwidth software option is recommended for the Keysight 54855A oscilloscope (Option 008), and the noise
reduction software option is recommended for the 80000 and 90000A Series oscilloscopes (Option 005 when ordered with the
oscilloscope or N5403A after purchase). This reduces the band wid th of the oscilloscope to just what is required by the USB-IF
(2 GHz for USB 2.0), which can greatly reduce system measurement noise, allowing the maximum measurement margin.

For low/full speed testing, the Keysight 54831B/D or 54832B/D Infiniium oscilloscope with 1165A passive probes and 1147A
current probe can be used instead.

The header adapter is not needed with hi-speed test fixtures (E2649-66401 through E2649-66405).
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Preparing to Take Measurements 2

Table 2 Digital Multimeter
TESTS
Hub Device Low/Full
Equipment Required Hi-Speed Hi-Speed Speed
Keysight 33401A 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
TESTS
Hub Device Low/Full
Equipment Required Hi-Speed Hi-Speed Speed
Keysight 81130A Pulse/Pattern Generator with 2 channels of Keysight 81132A (660 MHz) option. n/a 1 1 n/a
1 MB Memory card option for 81130A (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.

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.
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2 Preparing to Take Measurements

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 five 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
Droop/Drop Test Fixture E2649-66405 n/a n/a n/a n/a 1
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Preparing to Take Measurements 2

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
E2646A/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 4 on page 165) 1
500 mA load board (see the schematic in Figure 5 on page 165) 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 5485xA, 9000A, 80000 and 90000A 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 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 1). 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, E26439-66405), 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.

or No Gonnect

Kepsight Al

Figure 1 Differential Probe Setup

4 Attach the E2697A adapters or 1156A probes to Channels 2 and 3.

a When using the E2697A adapter, connect the 10073C 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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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

81130A 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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2 Preparing to Take Measurements

Starting the USB 2.0 Compliance Test Option

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

| eraiyze I

Math/FFT...
Histagram. ..
Mask Test. ..

Jitker...

High Speed Serial Data...
Low Speed Serial Data...
M1 Jitker Analysis, .,
Automated Test Apps LISE Test

. USB Test -- USE Device =8 EeRE=2
File View Tools Help
O M| =)@ I |
Task Flow SetUp |SelectTests I Configure I Connectl Run Tests I Automation I Results I Html Report
Setlp USB Test Environment Setup
—Device Under Test (DUT)
Device Test Paint:
@ Device  Hub " Host { On-The-Go [ EmbeddedHost
Select Tests
HS Test Connection:  Test Method: User Description: Device Identifier:

Connection Optionl IUSBEI’ LI I(Select or Type) LI I(Select or Type) LI

Comments:
Droop Drop Ports

™ New DroopDrop Fixture

—HS Signal Quality Fixture Selection

(* Agilent Fixture ¢~ \USBIF Fixture ¢ Other [ Debug and Information Only
—Automation Export Data

Using 811304/81134A or E36314 or 344014 Click on "Export Data” to transform test

 Yes % No results:

Export Data... |

Configure Devices...

| 0 Tests |Fo||ow instructions to describe your test environment |Connecﬁon: UNKMOWN | v
Figure 2 The USB 2.0 Compliance Test Option
NOTE If “USB Test” does not appear in the Automated Test Apps menu, the USB 2.0 Compliance Test
Option has not been installed (see Chapter 1, “Installing the USB 2.0 Compliance Test Option).

Figure 2 shows the USB 2.0 Compliance Test Option 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 Matlab 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 Matlab. 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 (like test type).
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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Online Help Topics

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

Creating or opening a test project.

Selecting tests.

Configuring selected tests.

Connecting the oscilloscope to the DUT.

Running tests.

Viewing test results.

To show reference images and flash mask hits.

- To change margin thresholds.

Viewing/printing the HTML test report.

Saving test projects.
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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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Device Hi-Speed Tests

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: E2680A for the 5485xA Series
oscilloscopes, or N5404A for the 80000 and 90000A Series oscilloscopes).

Also, to reduce the bandwidth of the oscilloscope to just what is required by the USB-IF (2 GHz for
USB 2.0)-this can greatly reduce system measurement noise, allowing the maximum
measurement margin—the enhanced bandwidth software option is recommended for the Keysight
54855A oscilloscope (Option 008), and the noise reduction software option is recommended for
the 80000 and 90000A Series oscilloscopes (Option 005 when ordered with the oscilloscope or
N5403A after purchase).

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 26.

Selecting the Device Test Environment Setup

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

2 Todo automatic testing, select USBET as the Test Method. To do manual testing, select Both as the
Test Method.
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File View Tools Help
0w e @ 5E I |

SetUp | Select Tests | Configure | Connect | Run Tests | Automation | Resuits | Hemi Report |

USB Test Environment Setup
—Device Under Test (DUT)

Device Test Paint:

@ Device  Hub " Host { On-The-Go [T EmbeddedHost
Select Tests

HS Test Connection:  Test Method: User Description: Device Identifier:

Connection Opt'lonl I LI I(Select or Type) LI I(Select or Type) LI

Droop Drop Ports
™ New DroopDrop Fixture

—HS Signal Quality Fixture Selection

(* Agilent Fixture ¢~ \USBIF Fixture ¢ Other [ Debug and Information Only
—Automation Export Data

Using 81130A4/81134A or E3631A or 344014 Click on "Export Data” to transform test

 Yes % No results:

Configure Devices... | Export Data... |

| 0 Tests |Fol|ow instructions to describe your test environment |Connecﬁon: UNKMOWN | v
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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 5485xA, 9000A Series, 80000 or 90000A Series
1 Differential probe Keysight 113xA with E2699A or E2678A
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

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.

dikl USB Test -- USB Device™

File Wiew Help
D@ EheElEl &l
Task Flow _| Setip Select Tests |C0nfigure I Connect I Run Tests I Results I Htrnl Repart:
=0 o ~
Set | T L |
i -0 Hi-Speed
=0 © Device Hi-Speed
) Device Hi-Speed Signal Quality Test
O EL_6 Rise Time =
Select Test: -
e ~ EL_& Fall Time
= EL_Z EL_4 EL_5 Data Eye and Mask Test
O EL_7 Mon-Monotonic Edge Test
) O © Device Packet Parameters
Configure 1O Device CHIRP Timing
+ O © Device SuspendResume/Resst Timing
-0 O Device Test JjK, SE0_MAK w
<0 [m) ) 3
Connect Test: {(None Selected)
Configure...
Description: (Select a Single Test)
Run Tests
4 Tests |Check the testis) you would like to run Connection: UMKROWH él

Configuring the Tests

Configure High Speed Signal Quality Test Fixture Selection
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HS5 Signal Quality Fixture Selection
{* KeysightFixture ¢ USBIF Fixture © 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...)

Select "Other"

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

File Control Setup Trigger Measure Analyze Utilities Demos Help

------- USB Test -- USB Device
File View

Infiniium J* | InfiniiSim...
PrecisionProbe/PrecisionCable...

SetUp ]SelectTests : ] Html Repor

USB Test Environment Setup

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

7

T3
Hi-speed Host differential
probe
TFE‘ 4"
:I Initialize Port  Tost Part Ll
ol

I I
/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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1= - -1

SMA cable
Hi-speed Host
Inttialize Port st Popt Ul
5

I I
/}' '..\ Device Hi-Speed Signal Gruality Test Fixture

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.
2 Select Device and click the [TEST] button to enter the Device Test menu.

HS Flectrical Test Tool x|

Select Tepe OF Test Select Host Contraller For Use In Testing

Pl bz 0, device 29, lunchon 7 B Pots

¥ Device
" Hub

" Host Controller/System

cu_|

3 Click OK to close the Test Instructions dialog.
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Test Instructions, Part 2

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 Device Cantral

HONE Device Command Desace Address
VID Oxdbd. PID 026830, Address 1, Poit & _I I
- ]

Shatuz Window

Enumerate Bus EXECUTE Feturn T Main

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

File Control Setup  Measure  Analyze  WRilities  Help 22 May 2009 1024 AM

EEEN

k:f

\':r.

.

4 Click OK to close the Test Instructions dialog.
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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 5485xA, 9000A Series, 80000 or 90000A Series
1 Differential probe Keysight 113xA with E2699A or E2678A
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

Selecting the Tests

dikl USB Test -- USB Device™

File Wiew Help
D@ EheElEl &l
Task Flow _| Setip Select Tests | Configure I Connect I Run Tests I Results I Htrnl Repart:
=-0o Eﬁ@ -~
Set | T L |
i -0 Hi-Speed
- O Device Hi-Speed
O Device Hi-Speed Signal Quality Test
Select Tests Device Packet Parameters =
© EL_21 Sync Field Length Test
© EL_25 EOQP Length Test
© EL_22 Measure Interpacket Gap Between Second and Third Packets
) O EL_22 Measure Interpacket Gap Between First and Second Packets
Configure 1O Device CHIRP Timing
O © Device SuspendResume/Resst Timing
+-[] O Device Test Ik, SE0_NAK w
<0 [m) ) 3
Connect Test: (None Selected)
Configure...
Description: (Select a Single Test)
Run Tests
4 Tests |Check the testis) you would like to run Connection: UMKROWH él

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.
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3 Ensure that the test switch on the test fixture is in the OFF position, and the test LED is not lit.

4 Attach the Keysight 113xA 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.

B = AR

Hi-speed Host

:I Intiahize Port

Test

i
differantial
praobe

our

I I
/.I' ".,\ Device Hi-Speed Signal Guality Test Fodure

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 Device Conkral

Device Coemmard Device Address
WYID Dxdbd, PID 06560, Addrezs 1, Poit &

|N|:|NE LI |

Statuz Window

E numerate Bus EXECUTE Retumn To Man

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.

Litilitias

File Control Setp Measure  Analyze Halp 4:31 FM

7 cessl o TN " ST <o 0 E
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 Electrical Test Tool - Device Test

-Select Device Device Conbrol
MONE Device Commarnd Device Addiess
WID Oxdbd, PID 06560, Address 1, Fort &

HOME ﬂ |-

NOME

TEST J

TEST_FK

TEST_SED_MAK.
TEST_PACKET
SUSPEMND
RESUME

| RESET . |
Enumerate Bus DEVICE DESCRIPTOR atien To Main

_{LOOF DEVICE DESCRIFTOR
SET ADDRESS

EMABLE “WaKELP

DISABLE wWAKEUP

SINGLE STEP GET DEVDESC

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

Fike Controd Setup  Measura  Analyze  Utilitles  Help 22 Mery 2009 11: 10 AM

¢
g

F F_ F
—

=
)
B

i

Al

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

1 Inthe 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

Sefect Desace Device Cantrol
MOME Device Command Device Address
' CIMGLE STEE SET EEAT _;I I-:
Stabus Window

Operation Successiul

Step Fetum 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.
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Device CHIRP Timing

Equipment Used

Device Hi-Speed Tests

Table 11 Equipment Used in Device CHIRP Timing Tests
Quantity Item ‘ Description/Model
1 Oscilloscope Keysight 5485xA, 9000A Series, 80000 or 90000A Series
2 Passive or active probes Keysight E2697A with 10073C, or 1156A
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 5 meter USB 2.0 hi-speed cable Any listed on USB-IF web site

3

Selecting the Tests

dikl USB Test -- USB Device™

File Wiew Help

D@ EheElEl &l

Task Flow _

Set Up

Set Up

Select Tests

Configure

<)

Select Tests |C0nfigure I Conneck I Run Tests I Resulks I Html Report

=-Oo
-0 Hi-Speed

=0 © Device Hi-Speed

) Device Hi-5peed Signal Quality Test

: » Device Packet Parameters

o Device CHIRP Timing

& EL_28 Measure Device CHIRP-K Latency

= EL_29 Measure Device CHIRP-K Duration

= EL_31 Hi-5peed Terminations Enable and D+ Disconnect Time
) Device Suspend/ResumefReset Timing

3 Device Test JfK, SEO_MAK

1 Device Receiver Sensitivity

|

|
>

Connect

Test: {(None Selected)

Configure...

Run Tests

Description: (Select a Single Test)

3 Tests |Check the testis) you would like to run

Connection: UMKNCWH

Configuring the Tests

Connecting the Equipment

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

1 Connect the E2697A with 10073C passive probe or the 1156A 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 10073C passive probe or the 1156A active probe on Channel 3 to the

D+ pin at TP2.

3 Connect both probe grounds to GND leads.
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Device Hi-Speed Tests

4 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.

B 5 AEED

l passive probes
Hi-speed Host i

S

[I- [H
Inrtialize Part  Test Part ¥ ouT

I I
/J 'L\ Device Hi-Speed Signal Guality Test Fodure

7 Check I have completed these instructions.

Running the Tests

1 Click Run Tests.

Test Instructions
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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.

File Control Setup Measure Analyze Utilities Help

Cn n, On iy Cn
B SEE 0 SLE

22 May 2000 12:22 PM

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

‘ Description/Model

Quantity Item

1 Oscilloscope

2 Passive or active probes

1 Host test bed computer

1 Device Hi-Speed Signal Quality

test fixture and 4” USB cable

1 5 meter USB 2.0 hi-speed cable

Keysight 5485xA, 9000A Series, 80000 or 90000A Series

Keysight E2697A with 10073C, or 1156A

Any computer with hi-speed USB ports

Keysight E2649-66401 (old fixture P/N E2645-66507)

Any listed on USB-IF web site

Selecting the Tests

W USB Test -- USB Device*

File Wiew Help
D@ EheElEl &l
Task Flow _| Setip Select Tests |C0nfigure I Connect I Run Tests I Results I Htrnl Repart:
=0 o ~
Set | T L |
i -0 Hi-Speed
-0 © Device Hi-Speed
- O Device Hi-Speed Signal Quality Test
) Device Packet Parameters =
Select Test |
e ) Device CHIRP Timing
) Device Suspend/ResumefReset Timing
© EL_38 EL_39 Suspend Timing Response
) = EL_40 Resume Timing Response
Configure 7 EL_27 Device CHIRP Response ko Reset from Hi-Speed Operation
O EL_28 Device CHIRP Response to Reset from Suspend
O © Device Test 3jK, SE0_MAK w
<0 [m) ) 3
Connect Test: (None Selected)
Configure...
Description: (Select a Single Test)
Run Tests
4 Tests |Check the testis) you would like to run Connection: UMKROWH él

Configuring the Tests

Connecting the Equipment

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

1 Connect the E2697A with 10073C passive probe or the 1156A 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 10073C passive probe or the 1156A 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).
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4 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.

B 5 AEED

l passive probes
Hi-speed Host i

S

[I- [H
Inrtialize Part  Test Part ¥ ouT

I I
/J 'L\ Device Hi-Speed Signal Guality Test Fodure

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

HS Electrical Test Tool - Device Test

-Select Device -Dievice Cantrol-

HOME N Desace Command
WD Owdbd, PID 06230, Address 1, Port &

Desice Address

SLUSPEND =]

NONE
TEST_J
TEST_K
TEST_SEO_MAK
TEST PACKET

RESLME

RESET
__EETTEEEEEi_J DEVICE DESCRIFTOR

LOOF DEYICE DESCRIFTOR
SET ADDRESS

EMABLE WAKEUP

DISABLE WaAKELP

SIMGLE S5TEP SET FEATURE
SIMGLE STEP GET DEWV DESC

o

eturn Ta Main

File Conirgl Setup Measue Analze  Uilities Help

3 Click OK to close the Test Instructions dialog.

EL_40 Resume Timing Response
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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 Desace Device Contral
MOME Device Commard Device Addiess
WD Owdbd, PID 06530, Address 1, Port 5
[RESUME =T
HOME
TEST_J
TEST_FK

TEST_SEQ_MAK
TEST _PACKET
SUSPEMD

[RESUME |
RESET -
Enumerate Buz DEVICE DESCRIPTOR ehum To Man

—{LOOF DEMICE DESCRIPTOR
SET ADDRESS

EMABLE WAKELP

[N3AELE “WAREUP

SIMGLE STEF SET FEATURE
SIMGLE STEP GET DEY DESC

File Gontrol Sefup Measure Anales  Utilities  Help 26 May 2009 11:0:4 AM

000+ R oo RIS

Dresleste fartlcal Dff Horizao L S L]

2 Click OK to close the Test Instructions dialog.

EL_27 Device CHIRP Response to Reset from Hi-Speed Operation
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3 Device Hi-Speed Tests

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 ]
gelect Device Device Contral
NONE

Device Commatd

VID Oxdbd, PID 026530, Address 1, Port 5

Dewvice Address

RESET

=l o

NONE

TEST_J
TEST_K
TEST_SEO_MAK
TEST_PACKET
SUSPEND
RESUME

__EffTifEEEi_J DEVICE DESCRIPTOR :

LO0F DEVICE DESCRIFTOR
SET ADDRESS

EMABLE WAKEUP

DISABLE Wk EUF

SIMGLE STEP GET DEV DES

SIMGLE STEP SET FEATURE

turn Ta kain

C

Litilitias

Halp

File Contol Setwp Measure  Analyze
f iti 5 ad.

2 Click OK to close the Test Instructions dialog.

EL_28 Device CHIRP Response to Reset from Suspend
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Device Hi-Speed Tests 3

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

— Device Cantral

Desace Command Device Addrezs

Z

WD Owdbd, PO O

HOME

TEST_J
TEST K
TEST_SEO_MAK
TEST PACKET

RESUME

RESET wrn Ta M
—ll':"‘“r“f"“"’ﬁ"E’“S DEVICE DESCRIFTOR e—l"" o Main

LILO0OP DEVICE DESCRIPTOR
SET ADDRESS

EMAELE WAKEUP

DISABLE WaKELR

SIMGLE STEP SET FEATURE
SIMNGLE STEP GET DEWV 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 Hectrical Test Tool - Device Test

B Select Device ~ Device Contral

Device Command Device Address

BESET =] o
HORE

TEST J
TEST K
TEST_SEO_MAK
TEST PACEET
SUSFEND
RESLIME

Enumerate Bus | Wswm To Main

L {LOOP DEYICE DESCRIFTOR
SET ADDRESS

EMABLE wWaKEUP

DISABLE "WAKELP

SIMGLE STEP SET FEATURE
SIMGLE STEP GET DEV DESC

VIO Oxdbd. PID O
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Device Hi-Speed Tests

Fil=

More
[1af2)

Delete
All

Control  Setup  Measure  Analyze  Utilities  Help 1:52 PM

M ENE

il

olesia

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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Device Hi-Speed Tests 3

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 or equivalent

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

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

Selecting the Tests

dikl USB Test -- USB Device™

File Wiew Help
D@ EheElEl &l
Task Flow _| Setip Select Tests |C0nfigure I Connect I Run Tests I Results I Htrnl Repart:
=0 o ~
Set | T L |
i -0 Hi-Speed
-0 © Device Hi-Speed
- O Device Hi-Speed Signal Quality Test
Select Tests ) Device Packet Parameters =
o Device CHIRP Timing
) Device Suspend/ResumefReset Timing
3 Device Test JfK, SEO_MAK
O EL_8 1 Test "
Configure 5 EL_8K Test
© EL_9 SE0_MAK Test
O © Device Receiver Sensitivity w
) - C i ¥
Connect Test: {(None Selected)
Configure...
Description: (Select a Single Test)
Run Tests
3 Tests |Check the testis) you would like to run Connection: UMKROWH él

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 Connectthe [TEST PORT] of the test fixture into the upstream facing port of the device under test,
using the 4" USB cable.
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3 Device Hi-Speed Tests

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

i
-

B
3
-
|

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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HS Electrical Test Tool - Device Test

T Select Device

VIO Oxdbd. PID O

E niimet sle Bug |

Device Hi-Speed Tests

— Device Cantral

Device Command

Device Address

[TEST ]

TEST_K
TEST_SEQ_MAK
TEST_PACKET

SUSFEND

RESUME

RESET

DEYICE DESCRIPTOR
_|LOOP DEVICE DESCRIPTOR
SET ADDRESS

EM&BLE WAKELUP

DISABLE “WAKEUF

SIMGLE STEP SET FEATURE
SIMGLE STEP GET DEY DESC

=

ENDNE |

o

fetunn T M ain

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:
Return the Test switch of the test fixture to the NORMAL position.

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.

1
2

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

device into TEST_K test mode.

Switch the test fixture into the TEST position.

Notes on USB Electrical Compliance Testing
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Device Hi-Speed Tests

HS Electrical Test Tool - Device Test

C Select Device

HMONE

WVID Oxdbd. PID O

E numerate Bus |

~ Devvice Contral

Device Commatd

Device Address

TEST_SED_MAK
TEST_PACKET

SUSPEMD

RESUME

RESET

DEYICE DESCRIFTOR
LOOP DEVICE DESCRIPTOR
SET ADDRESS

5

EMABLE wWAKEUP

DISABLE WakELF

SIMGLE STEP SET FEATURE
SIMGLE STEP GET DEW DESC

E

ebuirn T bain

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

CBX

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

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

425 i

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

2 i

0K

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

HS Electrical Test Tool, click [Enumerate Bus] once.

the device into TEST_SEO_NAK test mode.

Switch the test fixture into the TEST position.

Notes on USB Electrical Compliance Testing

Cycle the device power to restore the device to normal operation. On the Device Test Menu of the

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



Device Hi-Speed Tests

HS Electrical Test Tool - Device Test

—Select Device

WD Owdbd, PID 0=6830, Address 1. Port &

Enumerate Bus |

— Device Contral

Device Commarnd

Dewvice Address

[TEST SEO ria] =l

[0

NONE
TEST_J
TEST K.

TEST_PACKET

SUSPEMD

RESUME

RESET

DEVICE DESCRIFTOR
LOOF DEVICE DESCRIPTOR
SET &DDRESS

EMABLE "wWAKELP

DISABLE WaAKEUF

SIMGLE STEP SET FEATURE
SIMGLE STEP GET DEW DESC

leturm To Main |

5 Click OK to close the Test Instructions dialog.

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

B USB Test - SEO_NAK Test

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

CB&X

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

Device Receiver Sensitivity

62

Equipment Used

Table 14 Equipment Used in Device Receiver Sensitivity Tests
Quantity Item ‘ Description/Model
1 Oscilloscope Keysight 5485xA, 9000A Series, 80000 or 90000A Series
1 Differential probe Keysight 113xA with E2699A or E2678A
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 81130A (or 81134A with two 15433B transition time converters
connected to the pulse generator outputs)
1 USB/GPIB interface Keysight 82357A
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

Selecting the Tests

W USB Test -- USB Device*

File Wiew Help
D@ EheElEl &l
Task Flow _| Setip Select Tests |C0nfigure I Connect I Run Tests I Results I Htrnl Repart:
=-0o -~
Set | T L |
i -0 Hi-Speed
-0 © Device Hi-Speed
#-[J© Device Hi-Speed Signal Quality Test
Select Tests ) Device Packet Parameters =
o Device CHIRP Timing
) Device Suspend/ResumefReset Timing
3 Device Test JfK, SEO_MAK
) 1 Device Receiver Sensitivity "
Configure O EL_15 Receiver sensitivity Test - Minimurn SYMC Field
& EL_17 Receiver sensitivity Test
[Fl © EL_16 Receiver sensitivity Test @ Squelch “
) - C i ¥
Connect Test: {(None Selected)
Configure...
Description: (Select a Single Test)
Run Tests
3 Tests |Check the testis) you would like to run Connection: UMKROWH él
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Device Hi-Speed Tests 3

Configuring the Tests

If the pulse generator’s SICL address is different from the default, make sure you set the
81134A/81130A Instrument Address configuration option to the pulse generator’s SICL address.

See also “Configuring the 81134A pulse generator using the 82357A GPIB-USB converter" on page 96.

Notes on USB Electrical Compliance Testing 63



3 Device Hi-Speed Tests

Connecting the Equipment

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

ISE Port
—
A5k & 5K
Hi-speed Host i
T eter differential
T prabe
:I‘&.[’j flat upstream port
Initialize Port  Test Part ¥ T
0- D+
: : Ll — Device Receiver Test Fixdure
/In’ '\\ oaxial eable
] S493C or 1543358
Mutput 7 Dokt 1
™ L | |
ST

pulse generator

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 is 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.

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).

A~ W

5 Connect the 81130A or 81134A pulse generator to the oscilloscope using the 82357A USB/GPIB
Interface.

a If you choose to use the Keysight 81130A Pulse/Pattern Generator, connect the 8493C 6dB
attenuators to OUTPUT1 and OUTPUT2 of Keysight 81130A 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 81130A provides.

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

(@]
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Device Hi-Speed Tests 3

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 Test

~Select Device — Device Contral

Diewice Commarnd Device Address

WD Oxdbd, PID 06330, Address 1, Fort §

[TEST SEQ hiak] =l F
NONE

TEST_J
TEST K.

TEST_PACKET
SUSPEMD
RESUME

| RESET : |
Enumerate Bus DEVICE DESCRIPTOR eburn To Main

{LOOF DEVICE DESCRIPTOR
SET &DDRESS

EMABLE "wWAKELP

DISABLE WaAKEUF

SIMGLE STEP SET FEATURE
SIMGLE STEP GET DEW 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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3 Device Hi-Speed Tests

File Control Senp  Measure  Analyze  Utilites  Halp 5:27 P

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.
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N5416A USB 2.0 Compliance Test Option

Notes on Electrical Testing

Hub Hi-Speed Tests

Hub Hi-Speed Signal Quality Test - Upstream Facing Ports 69
Hub Hi-Speed Signal Quality Test - Downstream Facing Ports 74
Hub Jitter Test - Downstream Facing Ports 77

Hub Disconnect Detect 80

Hub Packet Parameters - Upstream Facing Port 84

Hub Packet Parameters - Downstream Facing Port 90

Hub Receiver Sensitivity - Upstream Facing Port 95

Hub Repeater Test - Downstream Facing Port 103

Hub Repeater Test - Upstream Facing Port 107

Hub CHIRP Timing - Upstream Facing Port 112

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: E2680A for the 5485xA Series
oscilloscopes, or N5404A for the 80000 and 90000A Series oscilloscopes).

Also, to reduce the bandwidth of the oscilloscope to just what is required by the USB-IF (2 GHz for
USB 2.0)-this can greatly reduce system measurement noise, allowing the maximum
measurement margin—the enhanced bandwidth software option is recommended for the Keysight
54855A oscilloscope (Option 008), and the noise reduction software option is recommended for
the 80000 and 90000A Series oscilloscopes (Option 005 when ordered with the oscilloscope or
N5403A after purchase).

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 26.

KEYSIGHT

TECHNOLOGIES



4 Hub Hi-Speed Tests

Selecting the Hub Test Environment Setup

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

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

wil |JSB Test -- USB Device *

File View Help

= = NV e

SetUp |SelectTests | Configure | Connectl Run Tests | Results I Html Reportl
USB Test Environment Setup

Set Up
—Device Under Test (DUT)
Device Test Point:
¢ Device @ Hub " Host ( On-The-Go
Test Connection: Test Method: User Description: Device Identifier:

IDiFFerentiaI ;I IMaHab LI I{Select or Type) ;I I{Select or Type) ;I

Comments:
Droop Drop Ports |
I™ Mew DroopDrop Fisture

—Automation Export Data
Using 811304/811344 or E36314 or 34401A Click on "Export Data” to transform test
" Yes (¥ No results:
R Tests
Export Data... |
0 Tests |Fo||ow instructions to describe your test environment |Connecﬁon: UNKMOWMN é
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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 5485xA, 9000A Series, 80000 or 90000A Series
1 Differential probe Keysight 113xA with E2699A or E2678A
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
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.
"l USB Test -- USB Device*™
File Wiew Help
D|E':|H| @|>5’|>E|E| 'F_Fw|%|0
SetUp  Select Tests |C0nFigure I Conneck I Run Tests I Results I Html Feport
=0 o EREES
=tUp EID O Hi-5peed i
= © Hub Hi-Speed
[=}-[#] © Hub Hi-3peed Signal Quality Test- Upstream Facing Ports =
Selact Test & EL_6 Rise Time
- © EL_&Fall Time -
) EL_Z EL_46 Data Eve and Mask Test
¢ EL_7 Non-Monatonic Edge Test
) ‘O < Hub Hi-Speed Signal Guality Test- Downstream Facing Ports
Configure ‘O © Hub Jitker Test- Downstream Facing Porks
‘0O < Hub Disconnect Detect
#-[0 © Hub Packet Parametsrs - Upstream Facing Port v
<) - ) A
Connect Test: (None Selected)
Configure. ..
Description: (Select a Single Test)
Fun Tests
4 Tests |Check the teskis) you would like ka run Canneckion: LMKMOWN zl
Configuring the Tests
Connecting the Equipment - Differential Connection
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4 Hub Hi-Speed Tests

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

1

6

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.

[ I-T - R [T

3ch
Hi-speed Host fferetia
probe
j&{j " g Upstream port
Initialize Port  Test Part Hub under test
5

I I
/.f "..\ Device Hi-Speed Signal Gruality Test Fixture

Check I have completed these instructions.

Connecting the Equipment - Single-Ended Connection.

1

70

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

S & OBk

SMA cable

]&{J flapd g wstran o
Initialize Port Tt Port Hub under test

I I
/.f ".,\ Device Hi-Speed

Hi-speed Host

o
Signal Guality Test Fodure

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 M x|

[~ Sedect Type OF Test ~ Select Host Caontraller For Use [n Testing
- (T PLCI bus 0, desvice 23 function 7 8 Paorls
* Hub

" Host Controller/System

|

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].
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HS Electrical Test Tool - Hub Test |

~Hub Selection —Hub Conkral
MOME Hubs Cormmand Auddress
WD Okdbd, PID 05560, Addiess 1 4 Ports NOME ﬂ JL
MOME
TEST J nat
TEST K, 1
Enumerate Bus TEST SEO HAE _
, TEST PACKET Matiy
Dawrsteam Devices SLSPEMD —

MOME RESUME

WD OxdEd, PID 0x8b2. Address 2, Pot 4 RESET

PAREMT TEST_PACKET
DEVICE DESCRIPTOR

SET ADDRESS
- = — | |ENABLE waAKEUP
[ovenstream Desice Conbrol A ddiess DISABLE ‘WAKELIP
SINGLE STEP SET FEATURE :
NONE = SINGLE STEP GET DEY DESCEN T2 Main

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 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 Control Setup  Measure  Analyze  LRilities  Help 22 May 2009 10:24 AM

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

EL 6 Fall Time
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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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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 5485xA, 9000A Series, 80000 or 90000A Series

1 Differential probe Keysight 113xA with E2699A or E2678A

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

dikl USB Test -- USB Device™

File Wiew Help

D@ EheElEl &l

Task Flow _

Set Up

Select Tests

SetUp  Select Tests |C0nfigure I Connect I Run Tests I Results I Htrnl Repart:

=-0o

=[O0 H-speed
=-[0 © Hub Hi-Speed
) Hub Hi-Speed Signal Quality Test- Upstream Facing Porks

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

» EL_6& Rise Time
= EL_& Fall Time
O EL_Z EL_3 Data Eye and Mask Test
O EL_7 Mon-Monotonic Edge Test

I

Configure J Hub Jitter Test- Downstrearn Facing Ports
» Hub Disconnect: Deteck
+ ) Hub Packet Parameters - Upstream Facing Port “

<0 [m) o 3

Connect Test: {(None Selected)
Configure...

Description: (Select a Single Test)

Run Tests
4 Tests |Check the testis) you would like to run Connection: UMKROWH él

Configuring the Tests

Connecting the Equipment
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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.

B 5 R

Hi-speed Host
upstrean rabe
5 " F'“Sta ’ '_'“'T'PE
Hub
F1 Test Part Inrtialize Part
d-:-wrtnstrdeam
ort under
P et L)

I I
/Iu" 'n,\ Hust 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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HS Electrical Test Tool - Hub Test [

~ Hub Selecton | —Hub Condrol
MNOME Hub Command Address
VIO Owdbd, PID 0E5E0, Address 1 4 Ports ]
NOME =] ]r
Part Control Fort
(2 [a]

Dawretimam Devices

none [

TEST_FORCE_EMABLE
SUSFEMD
RESUME

T RESET

NONE = Fietuan To Main |

~ Dovanstream Device Conbrol

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 5485xA, 9000A Series, 80000 or 90000A Series
1 Differential probe Keysight 113xA with E2699A or E2678A

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

dikl USB Test -- USB Device™
File Wiew Help

D@ EheEEl &l

Task Flow _| Setip Select Tests |C0nfigure I Connect I Run Tests I Results I Htrnl Repart:

=-Oo
=[O0 H-Speed

=-[0© Hub Hi-Speed
~[© Hub Hi-Speed Signal Quality Test- Upstream Facing Ports
O Hub Hi-Speed Signal Quality Test- Dawnstream Facing Ports
Hub Jitter Test- Downstream Facing Ports

: O EL_47 Data Eve and Mask Test —
~[Q© Hub Disconnect Detect
D ) Hub Packet Parameters - Upstream Facing Port

Set Up

Select Tests

Configure ~[© Hub Receiver Sensitivity - Upstream Facing Part
~[© Hub Repeater Test - Downstream Facing Part
D ) Hub Repeater Test - Upstream Facing Port “
<0 [m| o 3
Connect Test: {(None Selected)
Configure...

Description: (Select a Single Test)

Run Tests

1 Tests |Check the testis) you would like to run Connection: UMKROWH él

Configuring the Tests

Connecting the Equipment
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Hub Hi-Speed Tests

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. Set the Test switch to the TEST position. Verify
green Power LED and yellow test LED are both lit.

2 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.

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.

i £ AR

Hi-speed Hast 1131.& )
differential
upstream rabe
5 ' F“'Etz P '_'“'T'PE
Hub
F1 Test Part Inrtialize Part
d-:-wrtnstrdeam
ort under
P et 5l

I I
/lu" 'n,\ Hust Hi-speed Sianal Quality Test Rackure

6 Check I have completed these instructions.

Running the Tests

1 Click Run Tests.

Test Instructions

EL_47 Data Eye and Mask 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_FORCE_ENABLE from the Port Control drop down menu.

3 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 T

—~Hub Selection | —Hub Caondral
MOME Hub Command Address
D Dedbd, PID 095660 Addiezs 1 4 Ports INDNE ﬂ II:

Pt Cantrol Paort

TEST FORCE_ENABLE |2

Erumerate Bus | NOMNE =
[u]

Dowrshisann Devices 153;—1 R SR
MONE TEST_SEO_MAE,

TEST PACKET

TEST FORBCE EMABLE

SUSPEMD

- || |RESUME

— Dovmstream Device Contiol———————— RESET

Addiess

MONE El | Retun To Main |

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

HS Electrical Test Tool - Hub Test |

— Hub Selection — Hub Control
f MOME Hub Command Address

VIO O=dbd, PID OxE560 Address 1 4 Paorks NONE ﬂ ||:
MOME
TEST J o
TEST_K |2

Enumerate Bus | TEST_SEQ_MAK
B TEST_FACKET oty

Downstream Devices SIUSPEMD

[ |RESUME
RESET

PAREMT TEST PACKET

DEVICE DESCRIPTOR

SET ADDRESS
_ : T EMABLE WAKEUR
Ciowiristreanm Devics Control Addiess BISABLE \WAKELIP
' - SINGLE STEPSET FEATURE .
[TETE = SINGLE STEP GET DEV DESCP" 70 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 Disconnect Detect

The Hub Disconnect Detect test is no longer required for USB compliance. It is an informational
NOTE test only.

To have the Disconnect Detect test appear in the list, select Debug and Information Only in the Setup
tab.

File View Tools Help
0w e @ 5E I |

Task Flow SetUp |SelectTests I Configure I Connectl Run Tests I Automation I Results I Html Report

USB Test Environment Setup
—Device Under Test (DUT)

Device Test Paint:
@ Device  Hub " Host { On-The-Go [ EmbeddedHost
Select Tests
HS Test Connection:  Test Method: User Description: Device Identifier:

Connection Optionl IUSBEI’ LI I(Select or Type) LI I(Select or Type) LI

Comments:
Droop Drop Ports

™ New DroopDrop Fixture

—HS Signal Quality Fixture Selection

% Keysight Fixture ™ USBIF Fixture ¢ Other ¥ Debug and Information Only
—Automation Export Data

Using 811304/81134A or E36314 or 344014 Click on "Export Data” to transform test

 Yes % No results:

Configure Devices...

Export Data... |

| 0Tests  Follow instructions to describe your test environment |Connecﬁon: UNKMOWN | v

Equipment Used

Table 18 Equipment Used in Hub Disconnect Detect

Quantity Item ‘ Description/Model

1 Oscilloscope Keysight 5485xA, 9000A Series, 80000 or 90000A Series
1 Differential probe Keysight 113xA with E2699A or E2678A

1 Header adapter (only needed if Keysight 01131-68703

you are using the old test fixture -
E2645-66506)

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

1 Host Disconnect test fixture and Keysight E2649-66404 (old fixture P/N E2645-66506)
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
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Selecting the Tests

Hub Hi-Speed Tests

B USB Test -- USB Device*

File Wiew Help

Connect

Run Tests

Hid

Dl E| ©)p)EE| ®|oje
Task Flow _| Setip Select Tests l Configure ] Connect ] Run Tests ] Results ] Htrnl Repart:
O ests A
setip --0O0© Hi-Speed
-~ © Hub Hi-Speed
+-[0© Hub Hi-Speed Signal Quality Test- Upstream Facing Parts
o +-O / Hub Hi-Speed Signal Quality Testj Downskreamn Facing Ports
+-[0© Hub Jitter Test- Downstream Facing Ports
- ) Hub Disconnect Detect
O EL_37 Disconnect Deteck Test At 525mY Threshold
O EL_36 Disconnect Detect Test At 625mY Threshold
Canfigure +-[0© Hub Packet Parameters - Upstream Facing Part
+-[0© Hub Receiver Sensitivity - Upstream Facing Port
+-[0© Hub Repeater Test - Downstream Facing Part v

< 4

Test: {(None Selected)
Configure...

Description: (Select a Single Test)

2 Tests  Check the test{s) you would like to run

Connection: UMKNCWH

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 E2649-66404 (E2645-66506 if you are using the old fixture)

Disconnect test fixture (J5).

2 Attach the Keysight 113xA differential probe to TP2 of the test fixture, using a 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 Set the Test switch to the TEST position. This sets the test fixture to emulate a
must-not-disconnect threshold.

a Verify both the green Power LED and yellow Test LED are lit

4 Cycle power on the hub under test. Connect the upstream port of the hub to the host computer,
using the 5 meter USB cable.
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Hub Hi-Speed Tests

Hi-Speed Hast

[C—IO\

upstream port b
| b | L]
‘ Test Part Intialize Part

downstream
port under tast

5 Check | have completed these instructions.

Running the Tests
1 Click Run Tests.

Test Instructions

i
differential

" probe

=0
Disconnect Test fixture

1 Inthe Hub Test menu of the HS Electrical Test Tool, click [Enumerate Bus] once and verify the hub

successfully enumerates.

Attach the [TEST PORT] of the test fixture to the port under test.
From the Port Control window of the Hub Test menu, select TEST_FORCE_ENABLE.
Enter the port number and click [EXECUTE] once and ensure operation is successful in the Status

Window.

5 Click the Disconnect Notify check box to monitor the disconnect status in the Status Window.
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HS Electrical Test Tool - Hub Teskt '

— Hub Sﬁﬂ:thll _HL-tI EEI'I']D] |
MONE Hub Command Address
VIO Oxdbd, PID O 1 IND ME ﬂ | 1

Pt Cortrol Pot

ITEST_FUHEE_EN&ELE _:] IE
Erumerate Bus I
Statis Window W Dizconnect Molify

Downstiean Davices
MWONE

Operation Succeasshul

— Diownstream Device Control Addiess

NONE =] | execure | Rieturn To Main

6 Click OK to close the Test Instructions dialog.

EL_37 Disconnect Detect Test At 525 mV Threshold

The USB automated test application will prompt you to answer the question “Does the Status
Window display Disconnect Event Detected?”

EL_36 Disconnect Detect Test At 625 mV Threshold

The USB automated test application will prompt you to: Set the Test switch of the E2645-66506
Disconnect test fixture to the Normal position and verify the yellow TEST LED is not lit.

The USB automated test application will prompt you to answer the question “Does the Status
Window now display Disconnect Event Detected?”

Viewing Test Results

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

Equipment Used

Table 19 Equipment Used in Hub Packet Parameters - Upstream Facing Port

Quantity Item

1 Oscilloscope

1 Differential probe

1 Header adapter (only needed if

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

1 Host test bed computer

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

1 5V power supply

‘ Description/Model

Keysight 5485xA, 9000A Series, 80000 or 90000A Series
Keysight 113xA with E2699A or E2678A

Keysight 01131-68703

Any computer with hi-speed USB ports

Keysight E2649-66401 (old fixture P/N E2645-66507)

Keysight 0950-2546 or equivalent

Selecting the Tests

dikl USB Test -- USB Device™

File Wiew Help

D@ EheElEl &l

Task Flow _| Setip Select Tests |C0nfigure I Connect I Run Tests I Results I Htrnl Repart:

=-Oo
-0 Hi-Speed
=0 © Hub Hi-Speed

Set Up

Select Tests

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

3 Hub Hi-Speed Signal Quality Test- Downstream Facing Ports
3 Hub Jitter Test- Downstream Facing Ports

» Hub Disconnect: Deteck

) Hub Packet Parameters - Upstream Facing Port

O EL_21 Sync Field Length Test

I

Configure © EL_25 EOP Length Test
© EL_22 Measure Interpacket Gap Between Second and Third Packets
O EL_22 Measure Interpacket Gap Between First and Second Packets “
<0 [m) o 3
Connect Test: {(None Selected)
Configure...

Description: (Select a Single Test)

Run Tests

4 Tests |Check the testis) you would like to run

Connection: UMKNCWH él

Configuring the Tests

Connecting the Equipment
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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.

A £ A0

1hnd

Hi-speed Host differential
prabe

Q TP‘_E'. o Hubunder test pstesam port]
Intiahize Port  Tost Popt

I I
/,ﬂ 'l.\ Device Hi-Speed Signal Guality 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|

i~ Select Type OF Test - Select Host Contraller For Uze In Testing
i Diavics PLCI b 0, device 23, funchion 7 8 Poils
" Hub

" Host Conbioler!System

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

HS Electrical Test Tool - Device Test

rsmm Device  Device Contral
Device C arid Device Address
VID Dxdbd, PID 06 Svies Lo
MOME ﬂ |I'.I
Statuz Wirdow

E numerats Buz | E-ECUTE Fetumn To ban |

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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4:31 FPM

File Control Setp  Measure  Analyze  Utilites Help
cquizi rad .

clenal N/~ " KK |
5 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.

HS Electrical Test Tool - Device Test

Sedect Devace Device Contral
NONE Device Command Device Addiess
WD Oxdbd, PID 0x6560, Address 1, Fort 5
NOME ﬂ |
MOME
TEST J
TEST_K

TEST_SED_MAK.
TEST_PACKET
SUSPEMND
RESUME

I RESET . |
Enumerate Buis DEVICE DESCRIPTOR elier Ta M ain

_{LOOF DEVICE DESCRIFTOR
SET ADDRESS

EMABLE “WAKELP

DISABLE WAKEUR

SINGLE STEP GET DEY DESC

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

File Controdl Sebap Measure Analyee  Utilities Help 22 May 2009 11:10 AM

I

e

]
i
—|1

I *
]
—

¢
—

F l_ F
—_

=
=L,
How

]

Al

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 Inthe 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

Setect Desace Device Cantrol
MOME Device Command Device Address
. . CIMGLE STEP SET EEAT _;I I-:

Stabus Window

Operation Successful

Step Fetum To Man

2 You should see the transmitted test packet on the oscilloscope as below.
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File Control Setup Messure Analyze  Utilibes Help 22 May 2009 11:17 AM

=N

=

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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Hub Packet Parameters - Downstream Facing Port

Equipment Used

Table 20 Equipment Used in Hub Packet Parameters - Downstream Facing Port
Quantity Item ‘ Description/Model
1 Oscilloscope Keysight 5485xA, 9000A Series, 80000 or 90000A Series
1 Differential probe Keysight 113xA with E2699A or E2678A
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 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

. USE Test -- USB Device *
File View Tools Help

D@ Hd| @21 |&=(e

Task Flow _| setup SelectTests |Conﬁgure I Connectl Run Tests | Automation I Results I Html Report

B[] USB Tests
Set L T
&G e
B-[]© Hub Hi-Speed
[ Hub Hi-Speed Signal Quality Test- Upstream Facing Ports
Select Tests

| »

[ © Hub Hi-Speed Signal Quality Test- Downstream Facing Ports
[J© Hub Jitter Test- Downstream Facing Ports

[]© Hub Packet Parameters - Upstream Facing Port

) Hub Packet Parameters - Downstream Facing Port

O EL_21Hub Sync Field Length Test

) EL_25Hub EOP Length Test

Hub Receiver Sensitivity - Upstream Facing Port

Hub Repeater Test - Downstream Facing Port L4
Hub Repeater Test - Upstream Facing Port

Hub CHIRP Timing - Upstream Facing Port

Hub Suspend/Resume Reset Timing - Upstream Facing Port

[ © Hub Test 3K, SEO_MAK - Upstream Facing Port

D ) Hub Test J/K, SEO_MAK - Downstream Facing Port

E-M1O Low and Full Speed %
(Click a test's name to see description)

m

| 2Tests  |Check the test(s) you would like to run Connection: UNKMNOWMN v

Configuring the Tests

Connecting the Equipment
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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 CHANNEL1 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.
Apply power to the hub and the known good device.

O o

o o°©
O

O
(ONOCRONG)
O O O O
OO O O O O O1 2 3 4
5 oo PEEE

Hi-Speed Host
upstream
P1 Hub port

4
loooo |<—>‘

A
downstream

- +— " port under

&j st /ﬁ ﬂ\

Known good fnit Port
hi-speed device Host Hi-Speed Signal Quality
Test Fixture E2645-66508/
5V E2649-26402

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 Host and click [TEST] to enter the Host Test
menu.
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Hub Hi-Speed Tests

E EHCI H% Electrical Test Tool E

—Select Type OF Test

i Device

i~ Hub

* Host Controller/System

PCl bus 0, device 29, function 0 3 Parts

— Select Host Controller For Uze In Testing—

E wit |

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

HS Electrical Test Tool - Host Test

~ Sefect Dovnelream Device

NOME

Ervumerate Bus |

|--Dwnium Diavice Control

Addiess |

||Hqu

=

1~ Host Pert Contiol

Port Cantrol

Part

Stalus Window [ Disconnect Moty

| &

Oparation Successhul

Execute

Retun To Ha‘m'

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 Receiver Sensitivity - Upstream Facing Port

Equipment Used

Table 21 Equipment Used in Hub Receiver Sensitivity - Upstream Facing Port
Quantity Item ‘ Description/Model
1 Oscilloscope Keysight 5485xA, 9000A Series, 80000 or 90000A Series
1 Differential probe Keysight 113xA with E2699A or E2678A
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 81130A (or 81134A with two 15433B transition time converters
connected to the pulse generator outputs)
1 USB/GPIB interface Keysight 82357A
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

Selecting the Tests

W USB Test -- USB Device*
File Wiew Help

D@ EheElEl &l

Task Flow _| Setip Select Tests |C0nfigure I Connect I Run Tests I Results I Htrnl Repart:

=-0o
=[O0 H-speed
=-[0 © Hub Hi-Speed
) Hub Hi-Speed Signal Quality Test- Upstream Facing Porks
3 Hub Hi-Speed Signal Quality Test- Downstream Facing Ports
3 Hub Jitter Test- Downstream Facing Ports
» Hub Disconnect: Deteck
) Hub Packet Parameters - Upstream Facing Port
) Hub Receiver Sensitivity - Upstream Facing Port

Set Up

Select Tests

I

Configure © EL_18 Receiver sensitivity Test @ Min SYNC Fisld
& EL_17 Receiver sensitivity Test
© EL_16 Receiver sensitivity Test @ Squelch “
<) o 3
Connect Test: {(None Selected)
Configure...

Description: (Select a Single Test)

Run Tests

3 Tests |Check the testis) you would like to run Connection: UMKROWH él
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Configuring the Tests

If the pulse generator’s SICL address is different from the default, make sure you set the
81134A/81130A Instrument Address configuration option to the pulse generator’s SICL address.

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

1

|::>®Ol?u

— Customize...

2 Open Keysight Connection Expert.

@me|

Ensure that IO Controls is already running by checking the task bar at the bottom right of the

screen.

G Bm N

=

Keysight 10 Control

= =t
BN ==

Utilities
Keysight VISA Options

Documentation

Keysight Connection Expert

Exit Keysight IO Control

About Keysight 10 Control

10:18 AM

12/19/2013

o
. ¥
Customize...

- o 10:16 AM
S o AT

3

12/19/2013

If the 10 Control has not been launched, go to Start > All Programs > Keysight Connection Expert.
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= -
Adobe Reader X
KeysightConng\ction Expert

L Verify and manage your instrument I/O connections.
@ Default Programs

[t/ Desktop Gadget Gallery Documents
[ Microchip TSHARC Control Panel
] Windows DVD Maker Pictures
2 Windows Fax and Scan
d‘_._.'r Windows Update
- XPS Viewer
. Accessories
Keysight 89600 Software 15.0
KeysightInfiniium Applications

Music

Games

Computer

KeysightInfiniium Oscilloscope —

) . Control Panel
Keysight License Manager
b Games Devices and Printers
. Maintenance

| Startup Default Programs
J Subsystem for UNIX-based Applications
. UltraWNC Help and Support

| Search programs and files @m
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4 Click the button “Refresh All”, check under USB/GPIB connection and click on the detected
instrument.

File Edit View I/O Configuration Tools Help -
&t Refresh Al 483 Undo 27 Properties EW Interactive 10 B Add Instrument 1 Add Interface &% Update Drivers 3¢ Delete

Tasks for This Instrument
—

@ Refresh this instrument Bg_, SGH1155DBW 9 ddr dtl I
..... ¥ COM1 (ASRL 2
Change properties 2? ¢ ) Change Properties...
..... S¥ CoM3 (ASRL3)
S¥ COM4 (ASRL4) Instrument Properties | Installed Software:

Send commands to this

— instrument ik
..... KLY coMs (AsRLE) ) o
\i} Find or update drivers S AN (TCPIPO) VISA address: GPIBO:13:INSTR
Change the label -iE 511344 (141.183.189.65) e Coveich )
/ B eysight Technologies, 811344, DE4
. HE D50902544 (141,183,189, 160) S :
f\;} Add aprogramming alias .= DSO905044 (141,183, 188.209) = Technolog
@ T .= 050908044 (141.183,189,225) Model code: 81134A
.= D5094044 (141.183.190.240) Serial number: DE42800909
x Delers - D5OX95204Q (141.188.77.28) Firmware: Ver2.9.3

M= M30-x 40244 (141.183.189.118)
.= M30-x 40244 (141.188.78.213)

.= M30-x 41544 (141.183.189.214) CPIE address: 13
ﬂ%’ Reli=shiall = MSO-X 60024 (141, 183.189.249) ¢SICL address: gpib0,13 <::
m Add an instrument - E N43035 (141.183.188.223) Address check: Yes
z Auto-identify: Yes
More Information 15E/GPIE (GPIBO)
@ How do I get drivers?

Where can I find
programming samples?

General Tasks

4 ] ]
16.3.17218.1 64 bit: 1 provider; 32 bit: Keysight VISA is primary

5 Copy the SICL address for example gpib0,13.
6 Inthe USB application, select “Yes” if using 81130A/81134A. Then click on Configure Devices
button.
Automation

Using 811304/81134A or E3631A or 34401A
@ ves { No

Configure Devices... k |
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7 Select the for SICL address option, then paste the SICL address in the text box.

-
Confi Devices

21130A/81134A | E3631A | 34401A |

© IPAddress  |192.162.0.2

(5 SICL Address apib0.13 < —
ii Get IDN... | [~ Manual Amplitude Control

Cancel | Dore |

8 Press the “Get IDN” button to verify the connection status. You should see the message box below
if successfully connected.

"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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100

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

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

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

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).

Connect the 81130A or 81134A pulse generator to the oscilloscope using the 82357A USB/GPIB
Interface.

a If you choose to use the Keysight 81130A Pulse/Pattern Generator, connect the 8493C 6dB
attenuators to OUTPUT1 and OUTPUT? of Keysight 81130A Pulse/Pattern Generator.

b If you choose to use the Keysight 81134A Pulse/Pattern Generator, connect the 15433B
Transition Time Converters to OUTPUT1 and OUTPUTZ 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 81130A provides.

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

Connect OUTPUTZ to SMA2 (D-) of the E2649-66403 Device Receiver Sensitivity test fixture
using the 8120-4948 SMA cables.
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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 - Hubs Test i

Hub Selection Hub Conbiol |
HOME Hukbr Cornnard Address
VID Dxdbd, PID 06560, Address 1 4 Posts I'm d |-|
Post Contrad Pt

MOME - 1
Ernurmerate Bus | I J |I

- Status Window [T Discopnect otify
Downstream Devices

D perabon Successhul
NONE b

— Dewnzstream Device &Mrulw

[MOnE = EXECUTE | Return Ta bain

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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4 Hub Hi-Speed Tests

File Control Sengp  Measure  Analyze  Utilites Halp 5:27 P

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 22

Quantity Item

1

2

Oscilloscope

Equipment Used in Hub Repeater Test - Downstream Facing Port

‘ Description/Model

Differential probe Keysight 113xA with E2699A or E2678A

Header adapter (only needed if Keysight 01131-68703
you are using the old test fixtures
- E2645-66507 or E2645-66508)

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

Device Hi-Speed Signal Quality

test fixture and 4” USB cable

Host Hi-Speed Signal Quality test

fixture and 4” USB cable

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

1 meter USB cable Any listed on USB-IF web site

Hub Hi-Speed Tests

Keysight 5485xA, 9000A Series, 80000 or 90000A Series

Keysight E2649-66401 (old fixture P/N E2645-66507)

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

4

Selecting the Tests

W USB Test -- USB Device*

File Wiew Help
D@ EheEEl &l
Task Flow _| Setip Select Tests | Configure I Connect I Run Tests I Results I Htrnl Repart:
—
=0 © Hi-Speed -~
Set | T ==
= =~ © Hub Hi-Speed
Hub Hi-Speed Signal Quality Test- Upstream Facing Ports
) Hub Hi-Speed Signal Quality Test- Downstream Facing Ports A
Select Tests 3 Hub Jitter Test- Downstream Facing Ports b
J Hub Disconnect: Deteck
) Hub Packet Parameters - Upstream Facing Port —
) Hub Receiver Sensitivity - Upstream Facing Port
) ) Hub Repeater Test - Downstream Facing Port
Configure O EL_48 Measure Hub Downstream Delay
O EL_42 EL_43 Measure Truncated Bits from Repeated SYMC Field
' EL_44 EL_45 Measure Repeated ECP Width “
<0 [m| o 3
Connect Test: (None Selected)
Configure...
Description: (Select a Single Test)
Run Tests
3 Tests |Check the testis) you would like to run Connection: UMKROWH él

Configuring the Tests

Connecting the Equipment
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4 Hub Hi-Speed Tests

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

Krown good hi-speed dovice

Hi-speed Host

T

5 meter

o e [—
Initialize Port  Tast Part v TestPort  |nitialize Port

downstream port
utder test e

/m—n\\

Dievice Hi-speed Signal Quality Test Hust Hi-speed Signal Quality Test
Fixture Focture

3 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.

Test Instructions
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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, 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.

H5 Electrical Test Tool - Hub Test

—Hub Selection — Hub Contral
MOME Hub Command Address
WD Ckdbd, PID 046560, &ddress 1 4 Ports XTeYTS
VID Oudbd, PID 045550, Address 2 4 Ports [NONE =l |
Paort Cantnol Part

MOME -
| .

StatusWindow [ Disconnect Matii
Downshieam Devices

Enurreration Succasshul
MOKE
WD (kdbd, PID D560, Addiess 2, Poit 1

— Dovanztream Dewvice Contral Addiess

NONE =H [ EXECUTE Retuan To Main |

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

LUitilitias

Help 11:15 AM

File Contol Sewp Measure Analyze
fcquizi 5 ad .

3 Check I have completed these instructions.

EL_48 Measure Hub Downstream Delay

Notes on USB Electrical Compliance Testing 105

4



4 Hub Hi-Speed Tests

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 23 Equipment Used in Hub Repeater Test - Upstream Facing Port

Quantity Item ‘ Description/Model

1 Oscilloscope Keysight 5485xA, 9000A Series, 80000 or 90000A Series
2 Differential probe Keysight 113xA with E2699A or E2678A

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 E2649-66401 (old fixture P/N E2645-66507)
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

Selecting the Tests

W USB Test -- USB Device*

File Wiew Help
D@ EheEEl &l
Task Flow _| Setip Select Tests | Configure I Connect I Run Tests I Results I Htrnl Repart:
—
=0 © Hi-Speed -~
Set | T ==
= =~ © Hub Hi-Speed
Hub Hi-Speed Signal Quality Test- Upstream Facing Ports
) Hub Hi-Speed Signal Quality Test- Downstream Facing Ports |
Select Tests 3 Hub Jitter Test- Downstream Facing Ports 3
J Hub Disconnect: Deteck
) Hub Packet Parameters - Upstream Facing Port -
) Hub Receiver Sensitivity - Upstream Facing Port
) ) Hub Repeater Test - Downstream Facing Port
Configure ) Hub Repeater Test - Upstream Facing Port
O EL_42 EL_43 Measure Truncated Bits from Repeated SYMC Field
; ' EL_44 EL_45 Measure Repeated ECP Width “
<0 [m| o 3
Connect Test: (None Selected)
Configure...
Description: (Select a Single Test)
Run Tests
2 Tests |Check the testis) you would like to run Connection: UMKROWH él

Configuring the Tests

Connecting the Equipment
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4 Hub Hi-Speed Tests

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.

[ M

Krown qood hi-speed device

[T -1

Hi-speed Host 4
i u Th

g g+ If upstrea port =

:I':Ert Ihitialize Pt Hub pi| [mtialize Port  Test Port
downstream port
I I under test
1m

/f' '1,\ Host Hi-speed Siqnal Quality Test Device Hi-speed

Ricturs Signal Quality Test Racture

3 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 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.

H5 Electrical Test Tool - Hub Test .

—Hub Selection i —Hub Caontrol
MOME Hub Commusnd Address
WD Okdbd, PID 05560, Addiess 1 4 Porls
VID Owdbd, PID 01655650, Address 2 4 Parts [NONE =L
Port Cantnal Part

MOME - 1
Enumerate Bus J =~ I
StatusWindow [T Discoanect Mok

Dawnstizam Devices

N, | n Sueeessh

WD (edbd4, PID DE5ED, Addiess 2, Port 1

— Dovanztream Dewvice Conbral Addiess

|r-||:M£ j |

EXECUTE | Retuan Ta Main |

2 Check I have completed these instructions.

Test Instructions, Part 2
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4 Hub Hi-Speed Tests

1 On the 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 - Hulx Test |

Hub Selection Hub Contial

HOMNE Hub Command Address

WD Dxdh4, PID 0x6560, Addiess 1 4 Poits = [

VID Qdbd, PID 06560, Address 2 4 Ports [NONE = |
Poet Corilred Pt
MONE =|

Erumerate Bus I I

CtabuzWindow [ Discopmect Mot

Dovmstream Devices

[ peraton Successhl
HOMNE
WID Dwdbd, PID 026560, Address 2 Foct 1

- Diownetizam Device Cantrol-

SINGLE STEP SET FEATUREI I Execute I Fetum ToMain
NONE

DEYICE DESCRIFTOR |
SET ADDRESS

EMAELE WaKEUP

DISABLE WakELR

TEST PACKET

SIMGLE STEP SET FEATURE

SIMGLE STEP GET DEV DESC

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

File  Control  Setup  Measure  Analyze  Utilities

Help 2111 PM

T olema nEEN: " E

3 Check I have completed these instructions.
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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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4 Hub Hi-Speed Tests

Hub CHIRP Timing - Upstream Facing Port

Equipment Used

Table 24 Equipment Used in Hub CHIRP Timing - Upstream Facing Port

Quantity Item ‘ Description/Model

1 Oscilloscope Keysight 5485xA, 9000A Series, 80000 or 90000A Series

2 Passive or active probes Keysight E2697A with 10073C, or 1156A

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

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

Selecting the Tests

W USB Test -- USB Device*

File Wiew Help
D@ EheEEl &l
Task Flow _| Setip Select Tests | Configure I Connect I Run Tests I Results I Htrnl Repart:
—
Sl +-[] © Hub Hi-Speed Signal Quality Test- Upstream Facing Parts -~
P ) Hub Hi-Speed Signal Quality Test- Downstream Facing Ports
3 Hub Jitter Test- Downstream Facing Ports
J Hub Disconnect: Deteck
) Hub Packet Parameters - Upstream Facing Port =
Select Tests . o . 3
) Hub Receiver Sensitivity - Upstream Facing Port
) Hub Repeater Test - Downstream Facing Port
) Hub Repeater Test - Upstream Facing Port T
) ' Hub CHIRP Timing - Upstream Facing Port
Configure 7 EL_28 Measure Hub CHIRP-K Latency
= EL_29 Measure Hub CHIRP-K Duration
' EL_31 Hi-Speed Terminations Enable and D+ Disconnect Time “
<0 [m| i h . 3
Connect Test: (None Selected)
Configure...
Description: (Select a Single Test)
Run Tests
3 Tests |Check the testis) you would like to run Connection: UMKROWH él

Configuring the Tests

Connecting the Equipment

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

1 Connect the E2697A with 10073C passive probe or the 1156A 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 10073C passive probe or the 1156A active probe on Channel 3 to the

D+ pin at TP2.

3 Connect both probe grounds to GND leads.
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Hub Hi-Speed Tests

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

4

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

e 5 AEER

Hi-speed Host

l paszive probes
S l l
0= [+ upstream part
Initialize Port  Test Port ¥ “

I I
/ﬂ' 'l.\ Device Hi-speed Signal Quality Test Rocture

8 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.

Test Instructions

Notes on USB Electrical Compliance Testing
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4 Hub Hi-Speed Tests

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.

File Control Setup Measure Analyze Utilities Help 22 May 2009 12022 P

2 Click OK lose 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

Hub Hi-Speed Tests

Table 25 Equipment Used in Hub Suspend/Resume/Reset - Upstream Facing Port
Quantity Item ‘ Description/Model
1 Oscilloscope Keysight 5485xA, 9000A Series, 80000 or 90000A Series
2 Passive or active probes Keysight E2697A with 10073C, or 1156A
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
1 5 meter USB 2.0 hi-speed cable Any listed on USB-IF web site

4

Selecting the Tests

B USB Test -- USB Device*

File Wiew Help
D@ EheEEl &l
Task Flow _| Setip Select Tests | Configure I Connect I Run Tests I Results I Htrnl Repart:
—
Sl +-[] ' Hub Jitter Test- Downstream Facing Parts -~
i J Hub Disconnect: Deteck
) Hub Packet Parameters - Upstream Facing Port
) Hub Receiver Sensitivity - Upstream Facing Port
) Hub Repeater Test - Downstream Facing Port
Select Test:
e ) Hub Repeater Test - Upstream Facing Port =
3 Hub CHIRP Timing - Upstream Facing Port
) Hub SuspendfResume/Reset Timing - Upstream Facing Port -
) © EL_38 EL_39 Suspend Timing Response
Configure 7 EL_40 Resume Timing Response
= EL_27 Hub CHIRP Response ko Reset from Hi-Speed Operation
© EL_28 Hub CHIRP Response to Reset from Suspend “
<0 [m| i . 3
Connect Test: (None Selected)
Description: (Select a Single Test)
Run Tests
4 Tests |Check the testis) you would like to run Connection: UMKROWH él

Configuring the Tests

Connecting the Equipment

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

1 Connect the E2697A with 10073C passive probe or the 1156A 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 10073C passive probe or the 1156A 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).
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4 Hub Hi-Speed Tests

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

5 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.

B 5 AEED

Hi-speed Host

l paszive probes
S l l
0 [+ upstrea port
Initialize Port  Test Port ¥ “

I I
/ﬂ' 'l.\ Device Hi-speed Signal Quality Test Rocture

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 Teskt
~ Hub Selechion ~ Hub Conlial

MOMNE Hub Command Address
YID Oxdbd, PID 06560, Address 1 4 Pots

EusrenD A F

Poit Coritrod Poat
MOME j 1
Erumerate Bus | I
D i Statuz Window [ Discanmect ok
t o
r-.J — Dperation 5uccessful

_— I H
Downztream Device Control Addiess

MONE =] Rieturn To Main

File Conrol Setp Measue  Analze  Litilities Felp

.
00000 ms AL !- 2 i

3 Click OK to close the Test Instructions dialog.

EL_40 Resume Timing Response
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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, 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 Teskt

Hiib Selection 1 Hub Conbicl
HOMNE Hubk Corrnand Address
WD Oxdbd. PID Ox6560. Address 1 4 Pots Im :I I 0
Poat Cortrol Pt

MOME - 1
Ernurmerate Bus I J |
Statuswindow I Ditconnect Moty

Dovrnstream Devices
NONE

O peraton Successful

— Downstream Device Condrol Addiess

NONE =l EXECUTE | Return T Main |

File Control Setup Measmre Anohvee  Utilities  Help 26 Moy 2009 11:04 A

'eeme | B | o

2 Click OK to close the Test Instructions dialog.
EL_27 Hub CHIRP Response to Reset from Hi-Speed Operation

118 Notes on USB Electrical Compliance Testing



Hub Hi-Speed Tests 4

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 Teskt

Husb Selection Hub Contiol
MNOME Hub Cornmand Address
WD Oxdbd. PID 06560, Address 1 4 Poits j Iﬂl
Poat Controd Pt

MONE |
Enumerate Bus I |
StatusWwindow [ Die et M otif

Downstrean Devices

HOME

— Downstream Device Control Addiess

[NONE =] | EXECUTE | Return To Main

File Control Sengp  Measure  Analyze  Utilites Halp 11:49 40

.E-. Eél | 1.00 ms/

2 Click OK to close the Test Instructions dialog.

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

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

1 Onthe 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 - Hulx Test

 Hub Selection — Hub Contial
HOME Huk Command Addrezs
WD Ox4bd. PID D=6SE0. Addrezs 1 4 Poits j |]

Post Coritrol Pt

IHEINE LI II
Enumnerate Bus I

StatusWindow [ Diccornect Natify
Downstiean Devces

— Downztream Device Condrol Addiess

[MonE = EXECUTE | Fetum 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

B Select Device ~ Device Contral

Desice Command Device Address

RESET =l |
NONE

TEST_J
TEST K
TEST_SEQ_MAK
TEST_PACKET
SUSPEND
RESUME

Enumesate Bus | Wﬂm T Main

L{LOOP DEYICE DESCRIFTOR
SET ADDRESS

EMAELE WakKEUP

DISABLE "WaAKELP

SIMGLE STEP SET FEATURE
SIMGLE STEP GET DEV DESC

VIO Oxdbd. PID 0
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File  Control  Setup  Measure  Analyze  Utilities  Help 1:52 PM

M ENE

il

More
[1af2)

Delete
All

olesia

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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Hub Test J/K, SEO_NAK - Upstream Facing Port

Equipment Used

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

Quantity Item ‘ Description/Model

1 Digital Multimeter (DMM) Keysight 34401A or equivalent

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

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

Selecting the Tests

W USB Test -- USB Device*

File Wiew Help
D@ EheEEl &l
Task Flow _| Setip Select Tests | Configure I Connect I Run Tests I Results I Htrnl Repart:
—
Sl +-[] ' Hub Jitter Test- Downstream Facing Parts -~
i J Hub Disconnect: Deteck
) Hub Packet Parameters - Upstream Facing Port
) Hub Receiver Sensitivity - Upstream Facing Port
) Hub Repeater Test - Downstream Facing Port
Select Test:
e ) Hub Repeater Test - Upstream Facing Port =
3 Hub CHIRP Timing - Upstream Facing Port
) Hub SuspendfResume/Reset Timing - Upstream Facing Port
' Hub Test 3K, SEO_MAK - Upstream Facing Port B
Configure 5 EL_8 1 Test
= EL_S K Test
© EL_9 SE0_MAK Test &
<0 [m| i . 3
Connect Test: (None Selected)
Configure...
Description: (Select a Single Test)
Run Tests
3 Tests |Check the testis) you would like to run Connection: UMKROWH él

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. Leave the TEST switch at the OFF position.
Verify the green Power LED is lit, and the yellow Test LED is off.

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

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

Bl
-

E
3
-
|

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

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

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

4 Click OK to close the Test Instructions dialog.

HS Electrical Test Tool - Hub Tesk

~ Hub S election i

'NONE
YID Dxdbd, FID O

. Addiess 1 4 Ports

Enumerate Bus |

Dowrztisam Devices

~ Dovanstream Device Conbrol Addiess

Hub Cantral |
Hub Command Address
TEST J | p
Part Cantrol Pait
[HOME =

StatuzWindow [ Dizcormect Moty
Dperation Successhul

HOME

= |

EXECUTE I Return Ta kain |

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

B USB Test - JTest

CB&X

Using a Keysight 9724 DMM or equivalent, measure 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 8 K Test

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

1
2

124

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.

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

into TEST_K test mode.

Switch the test fixture into the TEST position.
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HS Electrical Test Tool - Huls Tesk |

Hub Selection Hub Contial
HOMNE Hub Comma Al
VID Oxdbd, PID 06560, &ddrezs 1 4 Pots ﬂ |:|

Poat Cortrol Pt
I [HONE =l T
Enumerate Bus
D Devi Status Window [ Diccapnect Woify
t o
U

— Downztream Device Condrol Addiess

[NONE =] EXECUTE | Fieturn T 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 - KTest (=03

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 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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Hub Hi-Speed Tests

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

HS Electrical Test Tool - Hub Tesk

Hub Selection

HOME
WID Dxdbd, FID I

L Address 1 4 Poats

Erurnerate Bus |

Diovmistream Devices

Hub Contial

Hub Cormand Addrezs
[TEST SE0_NaK] L

PFost Controd Pt
[NONE = |1

Status Window [T Disconmect Maotify

- Dewnstream Device Eorﬂrulw

Dperabon Succesziul

MHOKE

=

EXECUTE I

Return Tao kdain I

5 Click OK to close the Test Instructions dialog.

B USB Test - SEO_NAK Test

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

CBX

Viewing Test Results

1

When the Testing Complete dialog appears, click OK.

The Results tab shows the test results.
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Hub Test J/K, SEO_NAK - Downstream Facing Port

Equipment Used

Table 27 Equipment Used in Hub Test J/K, SEO_NAK - Downstream Facing Port

Quantity Item ‘ Description/Model

1 Digital Multimeter (DMM) Keysight 34401A 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

Selecting the Tests

W USB Test -- USB Device*

File Wiew Help
D@ EheEEl &l
Task Flow _| Setip Select Tests | Configure I Connect I Run Tests I Results I Htrnl Repart:
—
Sl +-[] © Hub Disconnect Detect -~
P ) Hub Packet Parameters - Upstream Facing Port
) Hub Receiver Sensitivity - Upstream Facing Port
) Hub Repeater Test - Downstream Facing Port
) Hub Repeater Test - Upstream Facing Port
Select Test:
e 3 Hub CHIRP Timing - Upstream Facing Port i
) Hub SuspendfResume/Reset Timing - Upstream Facing Port 3
) Hub Test Jjk, SEQ_NAK - Upstream Facing Port
' Hub Test /K, SEO_MAK - Downstream Facing Port -
Configure 5 EL_8 1 Test
= EL_S K Test
© EL_9 SE0_MAK Test &
) ) C i ¥
Connect Test: {(None Selected)
Configure...
Description: (Select a Single Test)
Run Tests
3 Tests |Check the testis) you would like to run Connection: UMKROWH él

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.

Notes on USB Electrical Compliance Testing 127



4 Hub Hi-Speed Tests

4 Apply power to the hub.

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 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.

S Electrical Test Tool - Hub Teskt

 Hub Selection  Hub Ceantial
HOME Hub Command Addrezs
YID Dedbd. FID Ox6560. Address 1 4 Poitz IN OME j ||:|
Pt Cortral Pt

Erurnerate Bus | —
Status Window [T Ditcopqect Moty

Dovenszt Davi ~
._J el Opsration Successhul

— Dowrstream Device Condrol Addiess

NONE = EXECUTE | Fisturn To Main |

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

I USB Test - JTest (=03

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

EL 8 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.

HS Electrical Test Tool - Hubs Tesk |

Hub Selection Hub Cenbiol |
HNOME Hub Comnared Address
VID Dxdbd. FID 06560, Address 1 4 Poats INDNE d I]

Post Contred Pt

TEST K 1
Erurnerate B | j |

B . Status Window [T Discopnect hotify
1_“ SVIEES O perabon Successiul

— Downstream Device Eorﬂrulw

|HONE =l EXECUTE | Rietun To Main

3 Click OK to close the Test Instructions dialog.

The USB automated test application will prompt you for the following voltage measurements:
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Hub Hi-Speed Tests

CBX

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

EL_9 SEO_NAK Test

130

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

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_SEQ_NAK test mode.

HS Electrical Test Tool - Hub Test

 Hub Selection

MOME
WID Oxdbd. PID 0x6560. Address 1 4 Pots

Enumerate Bus I

Dovmstrean Devices

— Downzstream Device Condrol Aidiess

— Hub Ciarlbnal
Hub Cormand Address
|NONE =l |u
Poit Cortrod Pt

TEST SED MNAK

Status Window [T Ditcopnect Moty

O peration Successhul

=]

MOKE

EXECUTE I

Feturn To kain |

3 Click OK to close the Test Instructions dialog.

The USB automated test application will prompt you for the following voltage measurements:
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B USB Test - SEO_NAK Test

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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N5416A USB 2.0 Compliance Test Option

Notes on Electrical Testing

Host Hi-Speed Electrical
Tests

Host Hi-Speed Signal Quality 135
Host Controller Packet Parameters 140
Host Disconnect Detect 146

Host CHIRP Timing 150

Host Suspend/Resume Timing 154
Host Test J/K, SEO_NAK 158

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: E2680A for the 5485xA Series
oscilloscopes, or N5404A for the 80000 and 90000A Series oscilloscopes).

Also, to reduce the bandwidth of the oscilloscope to just what is required by the USB-IF (2 GHz for
USB 2.0)-this can greatly reduce system measurement noise, allowing the maximum
measurement margin—the enhanced bandwidth software option is recommended for the Keysight
54855A oscilloscope (Option 008), and the noise reduction software option is recommended for
the 80000 and 90000A Series oscilloscopes (Option 005 when ordered with the oscilloscope or
N5403A after purchase).

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 26.

Selecting the Host Test Environment Setup

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

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

KEYSIGHT

TECHNOLOGIES



5 Host Hi-Speed Electrical Tests

wil JSB Test -- USB Device *
File View Help
D d| )% 5Eo |

Task Flow _| SetUp ISeIectTests I Configure I Connectl Run Tests I Results | Himl Report

SetUp USB Test Environment Setup
—Device Under Test (DUT)
Device Test Point:
" Device ¢ Hub @ Host ¢ On-The-Go
Select Tests
Test Connection: Test Method: User Description: Device Identifier:

IDiFFerentiaI ;I IMatiab ;l I(SelectorType} ;l I{SelectorType} ;I

Droop Drop Ports
™ New DroopDrop Fixture

—Automation Export Data
Using 81130A/81134A or E36314 or 344014 Click on "Export Data” to transform test
 yes & No results:
Fum Tests
Export Data... |
0 Tests |Fo||ow instructions to describe your test environment |Connecﬁon: UNEMOWN él
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Host Hi-Speed Signal Quality
Equipment Used

Table 28 Equipment Used in Host Hi-Speed Signal Quality Tests

Quantity Item ‘ Description/Model

1 Oscilloscope Keysight 5485xA, 9000A Series, 80000 or 90000A Series
1 Differential probe Keysight 113xA with E2699A or E2678A

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.

dikl USB Test -- USB Device™

File Wiew Help
D@ EheElEl &l
Task Flow _| Setip Select Tests |C0nfigure I Connect I Run Tests I Results I Htrnl Repart:
=-0o -~
Set | T L |
i -0 Hi-Speed
=0 © Host Hi-Speed
) Host Hi-speed Signal Quality
O EL_6 Rise Time =
Select Test: - N
e ~ EL_& Fall Time
O EL_3 Data Eye and Mask Test
O EL_7 Mon-Monotonic Edge Test
) O © Hast Contraller Packet Parameters b
Configure ) Haost Disconnect Detect
+-[] © Host CHIRF Timing
- O Host Suspend/Resume Timing w
<0 [m) ) . 3
Connect Test: (None Selected)
Configure...
Description: (Select a Single Test)
Run Tests
4 Tests |Check the testis) you would like to run Connection: UMKROWH él

Configuring the Tests

Connecting the Equipment - Differential Connection
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5

Host Hi-Speed Electrical Tests

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 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.

B 5 R

e
Host Undar Test

differential
prabe
. Lgm

Test Part  [uitial

o

ize Port

/—m\Y

st Hi-speed Signal Quality Test Rockure

4 Check | have completed these instructions.

Connecting the Equipment - Single-Ended Connection

1

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.
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AEnie & AR

Host Undar Test SMA cable

o e, =
Test Part Inrtialize Part

o

I I
/,." 'n,\ Heost Hi-Speed Signal Quality Test Fixture

4 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.
2 Select Host Controller/System and click the [TEST] button to enter the Host Test menu.

HS Electrical Test Tool i

~Select Type OF Test 1 1 Select Host Conticler For Uze In Testing

" Davice PLI| bug U, dewice 23, funchon ¢ 8 Poits

" Hub

% Host Contioler/System

3 Click OK to close the Test Instructions dialog.

Test Instructions, Part 2

Notes on USB Electrical Compliance Testing

137



5 Host Hi-Speed Electrical Tests

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.

2 Select TEST_PACKET from the Port Control drop down menu.

Enter the port number of the port under test and click [EXECUTE]. This forces the port under test
to continuously transmit test packets.

HS Electrical Test Tool - Host Test |

— select Downstream Device Host Part Conbial
MNOME Pait Canbial Fat
TEST FACKET =] [1

Shatus Window [T Disconnect Mol

i~ Diownsiream Device Control Address

— =i reun Tohse

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

File Control Setup  Measure  Analyze  LRilities  Help 22 May 2009 10:24 AM

.............

4 Click OK to close the Test Instructions dialog.

EL_6 Rise Time

EL_6 Fall Time
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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.

Notes on USB Electrical Compliance Testing 139



5 Host Hi-Speed Electrical Tests

Host Controller Packet Parameters

Equipment Used

Table 29 Equipment Used in Host Controller Packet Parameters Tests

Quantity Item

1 Oscilloscope
1 Differential probe
1 Header adapter (only needed if

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

1 Host test bed computer

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

1 Hi-Speed USB hub

‘ Description/Model

Keysight 5485xA, 9000A Series, 80000 or 90000A Series
Keysight 113xA with E2699A or E2678A

Keysight 01131-68703

Any computer with hi-speed USB ports

Keysight E2649-66401 (old fixture P/N E2645-66507)

Any listed on USB-IF web site

Selecting the Tests

dikl USB Test -- USB Device™

File Wiew Help
D@ EheElEl &l
Task Flow _| Setip Select Tests |C0nfigure I Connect I Run Tests I Results I Htrnl Repart:
=-Oo -~
Set | T L |
i -0 Hi-Speed
=0 © Host Hi-Speed
~[Q© Hast Hi-speed Signal Quality
o ) Host Controller Packet Parameters =
© EL_21 Sync Field Length Test
O EL_25ECQF Length Test
O EL_23 Inter-packet Gap Between First 2 Packets Test
) O EL_22 Inter-packet Gap Between 2nd and 3rd Packet Test
Configure © EL_55 S0OF ECP Width Test
~[© Hast Disconnect Detect
#-[J© Host CHIRP Timing w
<0 [m) ) - 3
Connect Test: (None Selected)
Configure...
Description: (Select a Single Test)
Run Tests
5 Tests |Check the testis) you would like to run Connection: UMKROWH él

Configuring the Tests

Connecting the Equipment
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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 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.

i £ AR

ik
Hi-speed Host diffarential
prabe
LA
}ﬂ&ﬂ_ : [—— knovwen good
Initialize Port  Test Port hi-speed device

I I
/.l’ "..\ Device Hi-Speed Signal Quslity Test Fodurs

5 Check I have completed these instructions.

Running the Tests

1 Click Run Tests.

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

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 i

[ Sedect Downsdream Device Huost Poek Conkol

|NONE Port Cantrel Pat
"-.-'l[il edbd. PID DuB5E0 Address 1, Pat 5 ﬂ |5

‘ StalusWfindows. [ Dizaonnect Kot

Operstion Successtul
Erwir=sate Bus

i~ Dowmstream Dievice Conliol

Bddiezs |
E!NEIHE -__,I E L Retusn 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.

oess mEIEEN-

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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HS Electrical Test Tool - Host Test ]
Select Dowretream Device Huost Foek Control
MONE Port Controd
WD Didbd . PID DxE5E0, Addiess 1. Peat 5 |NDNE
Shatus Wirsdow

Operation Successiul

Erwmerate Bus

[~ Downstream Device Control

Addiess
SINGLE STEFP GET DEV DERARE

Rebsn To Main

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

File Control Setup  Measmre  Analvze  Uitilities  Help

1

s

]
Fd
—|1

I *
—
—

£
I

F l_ F
L=
—_

=
L
B

;

all

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 2nd and 3rd Packet Test

Test Instructions, Part 3

Notes on USB Electrical Compliance Testing

22 Meny 2000 11:10 A

143



5 Host Hi-Speed Electrical Tests

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 Condrod
M OME ot Contial Part
/ID Dxdbd. FID 046550, Address 1. Poit 5 | [onE =] F
Statuswindow [ Dizeanes: Heify
O peration Successiul

— Dowangtream Device Control

fddress _
CIMGLE STEF GET [ ';H'_ Retim Ta bain

;

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

File Control Setup  Measure  Analyze  LRilites  Help 2B May 2009 10:45 AM

=EEEN

=

|":{

=
=3
L

S

i

2 Click OK to close the Test Instructions dialog.
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EL_55 SOF EOP Wid th 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.

28 Moy 2009 10:54 £

Fike

Coptrod  Setup  Measure  Analyze  Liilities Help

il ”lfl:l]

R
|!|1'1'|'|1'1 M lI'IJ] v|||| '; L

-i ot rl'
:I | l J||[ |‘
|

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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5 Host Hi-Speed Electrical Tests

Host Disconnect Detect

The Host Disconnect Detect test is no longer required for USB compliance. It is an informational
NOTE test only.

To have the Disconnect Detect test appear in the list, select Debug and Information Only in the Setup
tab.

File View Tools Help
0w e @ 5E I |

Task Flow SetUp |SelectTests I Configure I Connectl Run Tests I Automation I Results I Html Report

USB Test Environment Setup
—Device Under Test (DUT)

Device Test Paint:
@ Device  Hub " Host { On-The-Go [ EmbeddedHost
Select Tests
HS Test Connection:  Test Method: User Description: Device Identifier:

Connection Optionl IUSBEI’ LI I(Select or Type) LI I(Select or Type) LI

Comments:
Droop Drop Ports

™ New DroopDrop Fixture

—HS Signal Quality Fixture Selection

% Keysight Fixture ™ USBIF Fixture ¢ Other ¥ Debug and Information Only
—Automation Export Data

Using 811304/81134A or E36314 or 344014 Click on "Export Data” to transform test

 Yes % No results:

Configure Devices...

Export Data... |

| 0Tests  Follow instructions to describe your test environment |Connecﬁon: UNKMOWN | v

Equipment Used

Table 30 Equipment Used in Host Disconnect Detect Tests

Quantity Item ‘ Description/Model

1 Oscilloscope Keysight 5485xA, 9000A Series, 80000 or 90000A Series
1 Differential probe Keysight 113xA with E2699A or E2678A

1 Header adapter (only needed if Keysight 01131-68703

you are using the old test fixture -
E2645-66506)

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

1 Host Disconnect test fixture and Keysight E2649-66404 (old fixture P/N E2645-66506)
4” USB cable

1 5V power supply Keysight 0950-2546 or equivalent
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Host Hi-Speed Electrical Tests 5

Selecting the Tests

B USB Test -- USB Device*

File Wiew Help

sEE RSN EE R

Task Flow _
s -
Set L)
R = ) Hi-Speed
-~ © Host Hi-Speed
+-0© Host Hi-speed Signal Quality
+-[J© Host Controller Packet Parameters
Select: Test: -
- -1-[#] © Host Disconnect Detect
O EL_37 Disconnect Deteck Test At 525mY Threshold
O EL_36 Disconnect Detect Test At 625mY Threshold
) +-0© Hast CHIRP Timing
Canfigure +-0© Host Suspend/Resume Timing
+-[]© Host Test K, SE0_MNAK
-0 Low and Full Speed w
< >
Connect Test: {(None Selected)
Configure...
Description: (Select a Single Test)
Run Tests

2 Tests  Check the test{s) you would like to run Connection: UMKROWH

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 E2649-66404 (E2645-66506 if you are using the old fixture)
Disconnect test fixture (J5).

Attach the Keysight 113xA differential probe to TP2 of the test fixture, using a 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.
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5 Host Hi-Speed Electrical Tests

3 Set the TEST switch to the Test position. This sets the test fixture to emulate a
must-not-disconnect threshold.

a Verify both the green Power LED and yellow Test LED are lit.

ik 5 OSkh

s
Hi-Speed Host differential
praba
4" '_T.‘PE

Test Part Intialize Port

ol

I I
/J '..\ Dizconnect Test ficture

4 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 Attach the [TEST PORT] of the test fixture to the port under test, using the 4" USB cable.

2 Inthe Host Test Menu of the HS Electrical Test Tool, select TEST_FORCE_ENABLE from the Port
Control drop down menu.

3 Enter the port number and click [EXECUTE] once and ensure operation is successful in the Status
Window.

4 Click the Disconnect Notify check box to monitor the disconnect status in the Status Window.
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HS Electrical Test Tool - Host Test |

— Select Downistream Device——————— — Host Fot Conbiol
MOKNE Fait Cantral Fort

VD Gt PID O [fEsT_FoRCE EneLE =] i

Status Window ¥ Disconnect Matify
Discornect Evert Detected!

Erwmerate Bus

| - Dewwnstream D evice Conbral-

Add
‘|NI:INE =10 — Retun To Main|

5 Click OK to close the Test Instructions dialog.

EL_37 Disconnect Detect Test At 525 mV Threshold

The USB automated test application will prompt you to answer the question “Does the Status
Window display Disconnect Event Detected?”

EL_36 Disconnect Detect Test At 625 mV Threshold

The USB automated test application will prompt you to: Set the Test switch of the E2649-66404
Disconnect test fixture (E2645-66506 if you are using the old fixture) to the Normal position and
verify the yellow TEST LED (D2) is not lit.

The USB automated test application will prompt you to answer the question “Does the Status
Window now display Disconnect Event Detected?”

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 CHIRP Timing

Equipment Used

Table 31 Equipment Used in Host CHIRP Timing Tests

Quantity Item ‘ Description/Model

1 Oscilloscope Keysight 5485xA, 9000A Series, 80000 or 90000A Series

2 Passive or active probes Keysight E2697A with 10073C, or 1156A

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

dikl USB Test -- USB Device™

File Wiew Help
D@ EheElEl &l
Task Flow _| Setip Select Tests |C0nfigure I Connect I Run Tests I Results I Htrnl Repart:
=-0o Eﬁ@ -~
Set | T L |
= =0 © Hi-Speed
O © Host Hi-Speed
#-[Q© Hast Hi-speed Signal Quality
-] © Host Controller Packet Parameters =
Select Test: D N
- [+ © Host Disconnect Detect
=[] © Hast CHIRP Timing
& EL_33 CHIRP Timing Response
) © EL_34 CHIRP K ‘Width b
Configure © EL_34 CHIRP 1 Width
: & EL_35 SOF Timing Response
+ ) Host SuspendfResume Timing “
<0 [m) ) . 3
Connect Test: (None Selected)
Configure...
Description: (Select a Single Test)
Run Tests
4 Tests |Check the testis) you would like to run Connection: UMKROWH él

Configuring the Tests

Connecting the Equipment
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Host Hi-Speed Electrical Tests 5

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

1 Replace the E2649-66404 (E2645-66506 if you are using the old fixture) Disconnect test fixture
with the E2649-66402 (E2645-66508 if you are using the old fixture) Host Hi-Speed Signal
Quality test fixture. Do not apply 5V to the test fixture.

2 Connect the E2697A with 10073C passive probe or the 1156A active probe on Channel 2 to the
D- pin at TP2 of the E2649-66402 (E2645-66508 if you are using the old fixture) Host Hi-Speed
Signal Quality test fixture.

3 Connect the E2697A with 10073C passive probe or the 1156A active 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 (leads TP5 on the old fixture).

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

A £ AR

k\ passiwe probes

Host Undar Test ‘\

4 i Known qood hi-speed daviee

Test Part Intiahize Port E ;
Sm

I I
/.f 'l.\ Hot Hi-speed Signal Quality Test Rackure

9 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.

Test Instructions
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5 Host Hi-Speed Electrical Tests

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.

File Control Setup Measure Analyze Utilities Help 22 May 2009 12022 P

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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Host Hi-Speed Electrical Tests 5

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 Control Liilities

Sanp  Measure  Analyze

Help 1:42 P

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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5 Host Hi-Speed Electrical Tests

Host Suspend/Resume Timing

Equipment Used

Table 32 Equipment Used in Host Suspend/Resume Timing Tests

Quantity Item ‘ Description/Model

1 Oscilloscope Keysight 5485xA, 9000A Series, 80000 or 90000A Series

2 Passive or active probes Keysight E2697A with 10073C, or 1156A

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

dikl USB Test -- USB Device™

File Wiew Help
D@ EheEEl &l
Task Flow _| Setip Select Tests |C0nfigure I Connect I Run Tests I Results I Htrnl Repart:
=-Oo Eﬁ@ -~
Set | T L |
= =0 © Hi-Speed
O © Host Hi-Speed
- © Host Hi-speed Signal Quality
o + » Host Controller Packet Parameters |
) Host Disconnect Detect b
1 Hosk CHIRP Timing
) Host Suspend/Resume Timing
) © EL_39 Suspend Timing Response
Configure O EL_41 Resume Timing Response W
#-C1© Host Test 3K, SE0_MAK
E-OO Low and Full Speed w
) ) i i i ¥
Connect Test: {(None Selected)
Configure...
Description: (Select a Single Test)
Run Tests
2 Tests |Check the testis) you would like to run Connection: UMKROWH él

Configuring the Tests

Connecting the Equipment
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Host Hi-Speed Electrical Tests 5

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

1

9

Running the Tests

1

Test Instructions

Replace the E2649-66404 (E2645-66506 if you are using the old fixture) Disconnect test fixture
with the E2649-66402 (E2645-66508 if you are using the old fixture) Host Hi-Speed Signal
Quality test fixture. Do not apply 5V to the test fixture.

Connect the E2697A with 10073C passive probe or the 1156A active probe on Channel 2 to the
D- pin at TP2 of the E2649-66402 (E2645-66508 if you are using the old fixture) Host Hi-Speed
Signal Quality test fixture.

Connect the E2697A with 10073C passive probe or the 1156A active probe on Channel 3 to the
D+ pin at TP2. D+ on TP2 is the pin closest to the USB connector.

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

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

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

B 5 AEED

k\- passive probes

Host Undar Test \\l

g 7 Known qood hi-speed device

Test Part Intialize Part ;: ;
Sm

I I
/ﬂ' 'l.\ Host Hi-speed Signal Quality Test Rackure

Check I have completed these instructions.

Click Run Tests.

EL_39 Suspend Timing Response

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

1
2
3

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

Enter the port number. Click [EXECUTE] once to place the port into suspend. The captured
transition should be as in the figure below.
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156

Host Hi-Speed Electrical Tests

HS Electrical Test Tool - Host Test

—Select Downstream Device—————— — Hiost Port Condrol
MOME Fart Cankral Fant
-,II."IEI l:h\'-'jb-'l. F'lEI U:-!EBEGEL i'-'-.d-:lr-a:t-‘.' 1 " F'I:I” 5 RESLUME 'ﬂ Iﬁ
NONE Nl
TEST_
TEST_K

TEST FORCE ENABLE

TEST_SEQ_MAK
Enumerate Bus TEST_PACKET

Downztieamn Device Carnkial Address FESUME

MIOME E‘I I— RESET sturn To Bain

File  Confmol  Setup  Measure

Analze  Uilites  Help 2102 P

4 Click OK to close the Test Instructions dialog.

EL_41 Resume 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, select RESUME from the Port

Control drop down menu.
2 Enter the port number. Click [EXECUTE] once to resume the port.
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Host Hi-Speed Electrical Tests

HS Electrical Test Tool - Host Test T

—Select Downstream Device—————— —Host Port Cantrol
MOME Part Contral Pt
WD (dbd, PID 08560, Address 1. Port 5 RESLIME l| 5
MOME F I oH
TEST_J
TEST_K

TEST_SEO_MAE
E rumesats Bus TEST_PACEET
TEST_FORCE_ENABLE

— Downstream Device Contial————— | [SHUSPEND
Addrezs

MOME j ]— RESET burn T b ain

The captured transition should be as in the figure below.

File Control Setup Meosure  Anahze  Utilities  Halp

I OIS - R

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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5 Host Hi-Speed Electrical Tests

Host Test J/K, SEO_NAK

Equipment Used

Table 33 Equipment Used in Host Test J/K, SEO_NAK Tests

Quantity Item ‘ Description/Model

1 Digital Multimeter (DMM) Keysight 34401A 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

dikl USB Test -- USB Device™

File Wiew Help
D@ EheElEl &l
Task Flow _| sSebip Select Tests |C0nfigure I Connect I Run Tests I Results I Hernl Repart
=-0o -~
Set | T L |
i -0 Hi-Speed
=[O © Host Hi-Speed
Host Hi-speed Signal Quality
o » Host Controller Packet Parameters .
) Host Disconnect Detect T
2 Hosk CHIRP Timing
) Host Suspend/Resume Timing
) Hast Test 3/, SEO_NAK -
Configure © EL_81Test
& EL_S K Test
[ © EL_9 SE0_MAK Test &
) - C i ¥
Connect Test: {(None Selected)
Configure...
Description: (Select a Single Test)
Run Tests
3 Tests |Check the testis) you would like to run Connection: UMKROWH él

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.
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Host Hi-Speed Electrical Tests

3 Check | 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 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.

HS Electrical Test Tool - Hosk Test |

—Select Dowrstream Device—————— — Host Paort Conbol

TEST_SEN_NAK
TEST_PACKET
TEST_FORCE_EMABLE
SUSEEMD

RESUME

RESET

Enumerates Bus |

r— Dovnztream Device Conbial

Addrezs

[NONE o

3 Click OK to close the Test Instructions dialog.

The USB automated test application will prompt you for the following voltage measurements:
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5 Host Hi-Speed Electrical Tests

I USB Test - JTest (=03

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

EL 8 K 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_K from the Port
Control drop down menu.

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

HS Electrical Test Tool - Host Test '

Sedect Dovnstream Device ————  Host Poit Cantol
MONE Fart Control Fort

TEST K E| |5

TEST SED_NAK
Erumesate Bus | TEST_PACKET

TEST_FORCE_EMABLE

Diownztream Device Euntmlm gggsa‘éﬁ'
‘|NIIHE [0 RESET fetum To Main

3 Click OK to close the Test Instructions dialog.

The USB automated test application will prompt you for the following voltage measurements:
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I USB Test - KTest (=03

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 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.
HS Electrical Test Tool - Host Test
Sefect Dovenstream Device 7 1 Hast Port Candrol
MOME Fort Cortrol Part
TEST SEO MAE
Enumerste Bus | TEST _PACKET
TEST_FORCE_EMABLE
|— Downztream Device Enrtmlm ;EEEE:ED
‘|N ONE =1 [0 RESET _[etun To Main

3 Click OK to close the Test Instructions dialog.

The USB automated test application will prompt you for the following voltage measurements:
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5 Host Hi-Speed Electrical Tests

B USB Test - SEO_NAK Test

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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N5416A USB 2.0 Compliance Test Option
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:

I (BETA VERSION 0.01.5101) USE Test -- USE Device * [==]=]

File View Tools Help
W = NS ol

Settings For: Marker Placement
Select a value:

Task Flow _| ‘setUp | SelectTests Configure | Connect | Run Tests | Automation | Results | Himl Report
Mode: ¢ Compliance (* Debug
SetUp
[l O USB Tests
----- @ USB Port Under Test (Port 1)
. AUTO 57
SelectTests B | i @ D- Channel (Passn\.-'e Probe) (Channel 2)
----- @ D+ Channel (Passive Probe) (Channel 3) Marker Placement: Choose AUTO for %
- @ Auto Save Waveform (OFF) automatic marker placement. Choose
Offline Analysis (FALSE MANUAL for manual marker placement.
@ Marker Placement (ALTO)
@ 113xA Channel {Channel 1)
; @ 5MA Combination {Channel 1 and Channel 3)
El- O Device Hi-Speed
oz [+ © Device Hi-Speed Signal Quality Test
----- @ MNon-Monotonic Hysteresis (50.0E-03)
----- @ Test Type (High-Speed MNear End)
P =it [l © Device Packet Parameters
| S @ Packet Parameter Test Trigger level (170.0E-03) |
----- @ Pattern Trigger Lower Time Range (95.0E-09)
----- @ Pattern Trigger Upper Time Range (500.0E-09)
;@ CHIRP Time Range (30.0E-03)
=] 0 Device Receiver Sensitivity
@ MNumber of Missing MAKs (0)
@ Receiver Sensitivity Trigger Level (25.0E-03)
@ DUT Case (Mormal)
i @ Histogram Packet (Full Packet Histogram)
B- 0 Low and Full Speed
i @ Current Probe Channel (Channel 4)

----- @ User Test Mode (NORMAL)
Hi-5peed
----- @ MNon-Monotonic Search Window Threshold (+/- 180mv)
I'_—'l 0 Device CHIRP Timing
@ Receiver Sensitivity Squelch Detecting Trigger Level {300.0E-03)
[* ] TestTypeow-Speed Far End)

Inrush Current Vertical Range (8.0)
@ Inrush Current Trigger Level (160.0E-03) |

Tnrush Current Test Spec (100ms)

© Upstream Full Speed Signal Quality and Transition Time Test
[ @ Pattern Trigger Time Range (70.0e-09)

| 0 Tests |No tests are checked. Press [Select] in Task Flow. |E Connection: UNKMNOWM

Figure 3 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.

KEYSIGHT
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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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N5416A USB 2.0 Compliance Test Option
Notes on Electrical Testing

Low and Full Speed Tests

Droop/Drop Test 166

Inrush Current Test 182

Signal Integrity Test 185

Back-Voltage Test Before Enumerate 202
Back-Voltage Test After Enumerate 204

100 mA Load
51Q, 2%
Vbus O
D- O NC §
D+ O NC
GND O
10uF, 20%
Figure 4 100 mA Load Board Schematic
500 mA Load
10Q, 5%
Vbus O
D- O NC §
D+ O NC
GND O
4.7uF, 20%
Figure 5 500 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 700 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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7 Low and Full Speed Tests

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
~ui’ or floppy 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-OTG.inf
USB_DroopDrop.inf

Host and Self-Powered Hubs

Equipment Used
Table 34 Equipment Used in Host and Self-Powered Hubs Droop/Drop Tests

Quantity Item Description/Model

1 Oscilloscope Keysight 5485xA, 9000A Series, 80000 or 90000A Series, 54831B/D, or
54832B/D

2 Passive or active probes For 5485x, 9000A Series, 80000 and 90000A Series oscilloscopes:

= Keysight E2697A with 10073C, or 1156A
For 54831B/D and 54832B/D oscilloscopes:
= Keysight 1165A

1 Digital Multimeter (DMM) Keysight 34401A or equivalent

1 Droop/Drop test fixture Keysight E2649-66405
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Table 34 Equipment Used in Host and Self-Powered Hubs Droop/Drop Tests (continued)

Quantity Item Description/Model

1 SQiDD board’ Keysight E2646A/B

1 500 mA load board’ (see the schematic in Figure 5 on page 165)
1 1 meter USB cable Any listed on USB-IF web site

VIf 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.

‘il LISB Test -- USB Device™
File  Wiew Help

D || w)heE|E| Bleje

TaskFlow _| sSetip Select Tests IConflgura | Connect | Run Tests | Reslts | Hml Repart

=0 © USE Tests

=[O H-Speed

#-0 © Hub Hi-Spesd

= ) Low and Full Speed
= Hub Downstream Full Speed Signal Quality Test
O Upstream Full Speed Signal Quality Test
= Hub Downstream Low Speed Signal Quality Test
= Upstream Low Speed Signal Quality Test
O Inrush Cuprent Test
= Droop/Drop Test
O Back-voltage Test Befare Enumerate

Set Up

Select Tests

2

Configure

EEEEEEEE

EImE e S

O Back-voltage Test After Enumerate

P >
Connect Test: (None Selected)

Description: {Select a Single Test)
Run Tests

iif

15 Tests  |Check the test(s) vou would liks ko run Connection: UMKMOWN

Configuring the Tests

Drop Test - Connecting and Using the New E2649-66405 Droop/Drop Test Fixture

1 For 54831B/D and 54832B/D oscilloscopes, use 1165A passive probes. For the 5485XA, 80000,
and 90000A Series oscilloscopes, use E2697A high-impendance converter with 10:1 passive
probes, or 1156A 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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wa 1JSB Test -- USB Device *

File View Help
O | = »® e I ||
Task Flow _| SetUp |SelectTestsI Configure I Connectl Run Tests I Results I Html Reportl
USB Test Environment Setup
= —Device Under Test (DUT)
A/ Device Test Paint:
( " Device  Hub (" Host ¢ On-The-Go
Select Tests
J | Test Connection: Test Method: UserDescription: Device Identifier:
lDifFerential - I IBoth - l I[Select or Type) = I IabchS - l
Configire Comments:
'- Droop Drop Parts
: ¥ New DroopDrop Fixture
] —Automation —Export Data
b1 Using 31130A/31134A or E36314 or 34401A Click on "Export Data” to transform test
 ¥es % No results:
Rum: Tests
] Export Data... |
0 Tests |Fo||ow instructions to describe your test environment |Cor1r1ech'or'|'. NENOWN | 4

E% DDPortList =1t

¥ PortD ™ Port1 ™ Port2 [~ Port3

™ Port4 [~ Ports [~ Ports ™ Port7

| oo |

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 S1 until the 7-segment LED test port indicator lights up. The test fixture is now
turned on.
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9 U7 willilluminate with a zero, indicating the initial state. This allows you to make the V., 544
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, |gaq, Press S1 and while holding it down, press S2. This allows you
to make the V|g54 measurement.

12 To exit manual mode, press S2 and while holding it down, press S1. All of the LEDs will go off.

r 4
e

Port0 Port1 Port2 Port3 Port4 Portb Port6 Port7

Droop 500 mA

Test Load Segment
S1 s2 ' —
J1 J2
o] [ C )
-+ -+
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)

Droop Test -Connecting and Using the New E2649-66405 Droop/Drop Test Fixture

1 For 54831B/D and 54832B/D oscilloscopes, use 1165A passive probes. For the 5485XA, 80000,
and 90000A Series oscilloscopes, use E2697A high-impendance converter with 10:1 passive
probes, or 1156A 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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wi 1ISB Test -- USB Device *

File View Help

OwH | =@y ||

SetUp |Se|ectTestsi Conﬁgurel Connectl Run Testsl Results I Himl Reportl

USB Test Environment Setup
—Device Under Test (DUT)
Device Test Point:
Device  Hub ¢ Host  On-The-Go
Select Tests
Test Connection:  Test Method: UserDescription: Device Identifier:
IDiFFerenﬁaJ _v_I IBcﬂh _v_l I[Select or Type) _v_l IabchS _vJ
Comments:

Copfigure

Droop Drop Parts

W New DroopDrop Fixture

Conmect
—Automation —Export Data
Using 811304/811344 or E3631A or 344014 Click on "Export Data” to transform test
" Yes ¥ No results:
R Tests
Export Data... |
0 Tests |Fo||ow instructions to describe your test environment |Conr1ed:ion: UNKMOWN | v

&5 DDPortList =13

¥ Portd ™ Porti [~ Port2 I Port3

[~ Portd [~ Porth [ Porth [ Port7

o |

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 droop testing, switch S5 to the droop mode position.
Select the 500 mA current load by using the S4 switch.
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8 Pressand hold S1 until the 7-segment LED test port indicator lights up. This turns the test fixture
on.

9 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 (0 & 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.

Tub/]\ | 7
I O o B o O o o B |

Port0 Port1 Port2 Port3 Port4 Port 5 Port 6 Port 7

Droop 500 mA

Test Load Segment
S1 s2 I ' —
J1 J2
’ O ‘ O L E ::
-+ =+
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)
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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 54831B/D and 54832B/D oscilloscopes, use 1165A passive probes. For the 5485XA, 80000
and 90000A Series oscilloscpes, use E2697A high-impedance converter with 10:1 passive
probes, or 1156A active probes.

2 Connect 500mA 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 500mA 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.

Running the Tests
1 Click Run Tests.

Test Instructions

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

1 For 54831B/D and 54832B/D oscilloscopes, use 1165A passive probes. For the 5485XA, 80000
and 90000A Series oscilloscpes, use E2697A high-impedance converter with 10:1 passive
probes, or 1156A 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 500mA 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 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.

Bus-Powered Hubs

Equipment Used
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Table 35

Quantity Item

1

Oscilloscope

Passive or active probes

Droop/Drop test fixture
Digital Multimeter (DMM)
SQIDD board'

100 mA load board’

1 meter USB cable

Low and Full Speed Tests 7

Equipment Used in Bus-Powered Hubs Droop/Drop Tests

‘ Description/Model

Keysight 5485xA Series, 9000A Series, 80000 or 90000A Series, 54831B/D, or
54832B/D

For 5485x, 9000 SeriesA, 80000 and 90000A Series oscilloscopes:
= Keysight E2697A with 10073C, or 1156A

For 54831B/D and 54832B/D oscilloscopes:

= Keysight 1165A

Keysight E2649-66405

Keysight 34401A or equivalent

Keysight E2646A/B

(see the schematic in Figure 4 on page 165)

Any listed on USB-IF web site

if 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.

I8 USB Test -- USB Device*

Filz View Help

Dl |E| S)bEE| Blofe

TaskFlow _| setip Select Tests }@nﬁgure | Connect | Run Tests | Results | Heml Report

=[O0 USE Tests
=[O O Hi-speed

+-[J© HubHi-Speed

Select Tests

U

Configure

Conneck

i0f

Run Tests

= O Low and Full Speed
3 Hub Downstream Full Speed Signal Quality Test
pstream Full Speed Signal Quality Test
ub Downstreamn Low Speed Signal Quality Test
3 Upstream Low Speed Signal Quality Test
3 Inrush Current Test
% Droop{Drop Test
7 Back-voltage Test Before Enumerate
7 Back-voltage Test After Enumerate

< >

EIREIE

HE

Test: {None Selected)

Description: (Select a Single Test)

15 Tests  |Check the test{s) yau wauld ke ta run

Connection: LINKNOWH

Configuring the Tests

Drop Test - Connecting and Using the New E2649-66405 Droop/Drop Test Fixture

For 54831B/D and 54832B/D oscilloscopes, use 1165A passive probes. For the 5485XA, 9000A
Series, 80000, and 90000A Series oscilloscopes, use E2697A high-impendance converter with
10:1 passive probes, or 1156A active probes. The picture after Step 12 shows the connection

1

setup.

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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wa 1JSB Test -- USB Device *

File View Help
O | = »® e I ||
Task Flow _| SetUp |SelectTestsI Configure I Connectl Run Tests I Results I Html Reportl
USB Test Environment Setup
= —Device Under Test (DUT)
A/ Device Test Paint:
( " Device  Hub (" Host ¢ On-The-Go
Select Tests
J | Test Connection: Test Method: UserDescription: Device Identifier:
lDifFerential - I IBoth - l I[Select or Type) = I IabchS - l
Configire Comments:
'- Droop Drop Parts
: ¥ New DroopDrop Fixture
] —Automation —Export Data
b1 Using 31130A/31134A or E36314 or 34401A Click on "Export Data” to transform test
 ¥es % No results:
Rum: Tests
] Export Data... |
0 Tests |Fo||ow instructions to describe your test environment |Cor1r1ech'or'|'. NENOWN | 4

E% DDPortList =1t

¥ PortD ™ Port1 ™ Port2 [~ Port3

™ Port4 [~ Ports [~ Ports ™ Port7

| oo |

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 100 mA current load by using the S4 switch.

Press and hold S1 until the 7-segment LED test port indicator lights up. The test fixture is now
turned on.
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9 U7 willilluminate with a zero, indicating the initial state. This allows you to make the V., 544
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, |gaq, Press S1 and while holding it down, press S2. This allows you
to make the V|54 measurement.

12 To exit manual mode, press S2 and while holding it down, press S1. All of the LEDs will go off.
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Droop Test -Connecting and Using the New E2649-66405 Droop/Drop Test Fixture

1 For 54831B/D and 54832B/D oscilloscopes, use 1165A passive probes. For the 5485XA, 80000,
and 90000A Series oscilloscopes, use E2697A high-impendance converter with 10:1 passive
probes, or 1156A 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.
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wi 1ISB Test -- USB Device *

File View Help

OwH | =@y ||

SetUp |Se|ectTestsi Conﬁgurel Connectl Run Testsl Results I Himl Reportl

USB Test Environment Setup
—Device Under Test (DUT)
Device Test Point:
Device  Hub ¢ Host  On-The-Go
Select Tests
Test Connection:  Test Method: UserDescription: Device Identifier:
IDiFFerenﬁaJ _v_I IBcﬂh _v_l I[Select or Type) _v_l IabchS _vJ
Comments:

Copfigure

Droop Drop Parts

W New DroopDrop Fixture

Conmect
—Automation —Export Data
Using 811304/811344 or E3631A or 344014 Click on "Export Data” to transform test
" Yes ¥ No results:
R Tests
Export Data... |
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&5 DDPortList =13

¥ Portd ™ Porti [~ Port2 I Port3

[~ Portd [~ Porth [ Porth [ Port7

o |

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 droop testing, switch S5 to the droop mode position.
Select the 100 mA current load by using the S4 switch.
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8 Pressand hold S1 until the 7-segment LED test port indicator lights up. This turns the test fixture
on.

9 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 (0 & 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.

TUT il

Port0 Port1 Port2 Port3 Port4 Portbh Port6 Port7

Droop 500 mA

Test Load Segment
S1 S2 ' —
J1 J2
= = | (U] e3
- 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)
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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 54831B/D and 54832B/D oscilloscopes, use 1165A passive probes. For the 5485XA, 80000
and 90000A Series oscilloscpes, use E2697A high-impedance converter with 10:1 passive
probes, or 1156A 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.

4 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.

Bus-Powered Hub

USE port 1

E_I [

LISE port 2 100 mé Loads
s

—
[‘_‘ Ehannrm
-
L
-

Probe Graund

-
>
-

USE port M

| m, 22 Ga Cables

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 For 54831B/D and 54832B/D oscilloscopes, use 1165A passive probes. For the 5485XA, 80000
and 90000A Series oscilloscpes, use E2697A high-impedance converter with 10:1 passive
probes, or 1156A 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 1T and Channel 2 inputs.

180 Notes on USB Electrical Compliance Testing



Low and Full Speed Tests 7

4 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.

Bus-Fowered Hub

USE pert |
|

USE part 2 100 md Loads
_| Wbus
_-I-_' GHD
Channel 1
Prohe Ground
L -
* L
- -
USE port M

| m, ZZ 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 36 Equipment Used in Inrush Current Test
Quantity Item
1 Oscilloscope
1 Current probe
1 Digital Multimeter (DMM)
1 SQiDD board
1 USB self-powered hub
1 1 meter USB cable

‘ Description/Model

Keysight 5485xA Series, 80000 or 90000A Series, 54831B/D, or 54832B/D

For 5485x, 80000 and 90000A Series oscilloscopes:

= Keysight E2697A high impedance converter, N2774A current probe, and
N2775A power supply

For 54831B/D and 54832B/D oscilloscopes:

= Keysight 1147A

Keysight 34401A or equivalent
Keysight E2646A/B
Any listed on USB-IF web site

Any listed on USB-IF web site

Selecting the Tests

ditl USB Test -- USB Device™

File Wiew Help

=30 s B = i

Task Flow _| Setip Select Tests |C0nfigure I Connect I Run Tests I Results I Htrnl Repart:
I

=~ © USE Tests
=[O Hi-speed
O © Hub Hi-Speed
' Low and Full Speed

Set Up

© Hub Downstream Full Speed Signal Quality Test
O Upstream Full Speed Signal Quality Test

© Hub Downstream Low Speed Signal Quality Test
O Upstream Low Speed Signal Quality Test

© Inrush Current Test

O Droop/Drop Test

O Back-voltage Test Before Enumerate

O Back-voltage Test After Enumerate

Select Tests

Configure

<)

Conneck Test: {(None Selected)

Description: (Select a Single Test)

Run Tests

Connection: UMKNCWH

15 Tests |Check the testis) you would like to run

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.
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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".

Q O T o

2 Zero the current probe.

3

Running the Tests

1

e ]

@\?@ esmas =

'ﬁ'

®
|
|8
|2
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8 9%

wgl:

Y
]
B =zl
o
0

At

wiok & AN

{Salf-powered) Hub

Current
Probe

Discharga{ si00

Switch (Section 1)

3

Im Cable

Device
Under Test

Check I have completed these instructions.

Click Run Tests.

Test Instructions, Part 1

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

1

D o A W N

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.
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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 37 Equipment Used in Host Downstream Low Speed Signal Quality Test

Quantity Item ‘ Description/Model
1 Oscilloscope Keysight 5485xA Series, 80000 or 90000A Series, 54831B/D, or 54832B/D
2 Passive or active probes For 5485x, 80000 and 90000A Series oscilloscopes:

= Keysight E2697A with 10073C, or 1156A
For 54831B/D and 54832B/D oscilloscopes:
= Keysight 1165A

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

1 SQiDD board Keysight E2646A/B

1 low speed USB device Logitech mouse, P/N 830311-1000, Model #: M-BB48
Selecting the Tests

B USB Test -- USB Device

File Wiew Help
0|2 EheElEl &l
Task Flow - I Configure I Connect I Run Tests I Results I Htrnl Repart:
A~
) Host Hi-speed Signal Quality
» Host Controller Packet Parameters
) Host Disconnect Detect
2 Hosk CHIRP Timing
Select Test:
e ) Host Suspend/Resume Timing
) Host Test JfK, SEO_MAK =
0 Low and Full Speed
) © Host Full Speed Signal GQuality Test
Configure ! O Host Lo Speed Signal Quality Test
= © DroopfDrop Test
) Haost and Self-Powered Hubs m
<[] 3
Connect Test: {(None Selected)
Configure...
Description: (Select a Single Test)
Run Tests
3 Tests |Check the testis) you would like to run Connection: Instruction él

Configuring the Tests

Make sure you set the Test Type configuration option to “Low-Speed Near End” before running the
test.

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

1 For 54831B/D and 54832B/D oscilloscopes, use 1165A passive probes. For the 5485XA, 80000
and 90000A Series oscilloscpes, use E2697A high-impedance converter with 10:1 passive
probes, or 1156A active probes.

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.

4 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 i ]
o B R
Frobe O and D- in
Hest Under Test Host Under Test Path
Root Hub Dlirect Connect
G0i00 Cable

? :
[/ —\\ _S“‘”"

O

I

Low Speed
Test Device (Mouss)

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.

Host Full Speed Test

Equipment Used
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Table 38 Equipment Used in Host Downstream Full Speed Signal Quality Test
Quantity Item ‘ Description/Model
1 Oscilloscope Keysight 5485xA Series, 80000 or 90000A Series, 54831B/D, or 54832B/D
2 Passive or active probes For 5485x, 80000 and 90000A Series oscilloscopes:
= Keysight E2697A with 10073C, or 1156A
For 54831B/D and 54832B/D oscilloscopes:
= Keysight 1165A
1 Host test bed computer Any computer with hi-speed USB ports
1 SQiDD board Keysight E2646A/B
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

B USB Test -- USB Device

File Wiew Help

- =
D& ) E| o
Task Flow _|  SetUp #| Configure ] Connect ] Run Tests ] Resuls ] Heml Report
St Up --gQo H?st Hi-sz.eed . . ~
+-0© Host Hi-speed Signal Quality
+-[J© Host Controller Packet Parameters
+-[J© Host Disconnect Detect
+-0© Hast CHIRP Timing
Select Test: .
s +-0© Host Suspend/Resume Timing
+-[]© Host Test K, SE0_MNAK
- ) Low and Full Speed
) © Host Full Speed Signal GQuality Test
Configure O Host Lo Speed Signal Quality Test
- © DroopfDrop Test
) Haost and Self-Powered Hubs 2
< ¥
Connect Test: {(None Selected)
Configure...
Description: (Select a Single Test)

3 Tests  Check the test{s) you would like to run

Connection: Instruction

Connecting the Equipment The USB aut

connection steps:
1

omated test application will prompt you to perform these

For 54831B/D and 54832B/D oscilloscopes, use 1165A passive probes. For the 5485XA, 80000

and 90000A Series oscilloscpes, use E2697A high-impedance converter with 10:1 passive

probes, or 1156A active probes.

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 5 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
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7 Low and Full Speed Tests

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.

Freba D+ and O-in
Host Under Test Fath

LTJ I.—|.| [Hi =peed hub]
sieo {Sali-power ody Hub 2
IJ{.JL - sm Cable | e e e

Hust Urdar Tast [1 @;‘

= tm Cabla

Roat Hub @
sm Cabile
{Bal-power edi Hub 4

 —r) s

tm Cabla

[full 2peed hub)
i Aelf-powe rec Hub 1

i Sel-poweredi Hub 2

i Sel-powered Hub 5

Full 3ppad {@

Test Device tin Cable

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.

Hub Downstream Signal Quality Test
Hub Downstream Low Speed Test

Equipment Used
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Table 39 Equipment Used in Hub Downstream Low Speed Signal Quality Test

Quantity Item ‘ Description/Model
1 Oscilloscope Keysight 5485xA Series, 80000 or 90000A Series, 54831B/D, or 54832B/D
2 Passive or active probes For 5485x, 80000 and 90000A Series oscilloscopes:

= Keysight E2697A with 10073C, or 1156A
For 54831B/D and 54832B/D oscilloscopes:
= Keysight 1165A

1 Host test bed computer Any computer with hi-speed USB ports
1 SQiDD board Keysight E2646A/B
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

B USB Test -- USB Device*
File Wiew Help

D@ =he)EE| #loje

Task Flow _| Setip Select Tests lConFigure ] Connect ] Run Tests ] Results ] Htrnl Repart:

-~ © USE Tests
--0O0© Hi-Speed
+-0 © Hub Hi-Speed
- ) Low and Full Speed
© Hub Downstream Full Speed Signal Quality Test
O Upstream Full Speed Signal Quality Test
© Hub Downstream Low Speed Signal Quality Test
= Upstream Low Speed Signal Quality Test
> Inrush Current Test
= DroopjDrop Test
= Back-voltage Test Before Enumerate
7 Back-voltage Test After Enumerate

- >
Conneck Test: {(None Selected)

Set Up

Select Tests

Configure

Description: (Select a Single Test)

Run Tests

Hid

15 Tests  |Check the test{s) you would like to run Connection: UMKROWH

Configuring the Tests Make sure you set the Test Type configuration option to “Low-Speed Near End”
before running the test.

Connecting the Equipment

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

1 For 54831B/D and 54832B/D oscilloscopes, use 1165A passive probes. For the 5485XA, 80000
and 90000A Series oscilloscpes, use E2697A high-impedance converter with 10:1 passive
probes, or 1156A active probes.

Attach the passive probes to the oscilloscope's Channel 3 and Channel 2 inputs.
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.
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7 Low and Full Speed Tests

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

}‘7 P Sbhk B OBk
Probe= O+ and D- in
:l DI Ij Homt Under Test Path

T
ffull speed hub)] SioD
[Zel-powered] Hub | O-

ig 2 g2
]

Low Speed
Test Device (Mouse|

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 40 Equipment Used in Hub Downstream Full Speed Signal Quality Test

Quantity Item ‘ Description/Model
1 Oscilloscope Keysight 5485xA Series, 80000 or 90000A Series, 54831B/D, or 54832B/D
2 Passive or active probes For 5485x, 80000 and 90000A Series oscilloscopes:

= Keysight E2697A with 10073C, or 1156A
For 54831B/D and 54832B/D oscilloscopes:
= Keysight 1165A

7

1 Host test bed computer Any computer with hi-speed USB ports
1 SQiDD board Keysight E2646A/B
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

B USB Test -- USB Device*
File Wiew Help

D@ =he)EE| #loje

Task Flow _| Setip Select Tests lConFigure ] Connect ] Run Tests ] Results ] Htrnl Repart:

-~ © USE Tests

--0O0© Hi-Speed

+-0 © Hub Hi-Speed
- ) Low and Full Speed
© Hub Downstream Full Speed Signal Quality Test

O Upstream Full Speed Signal Quality Test
© Hub Downstream Low Speed Signal Quality Test
O Upstream Low Speed Signal Quality Test
© Inrush Current Test
L
L
L

Set Up

Select Tests

\%

Configure o

= DroopjDrop Test

= Back-voltage Test Before Enumerate

7 Back-voltage Test After Enumerate

< ¥
Connect Test: {(None Selected)

Description: (Select a Single Test)

Hid

Run Tests

15 Tests  |Check the test{s) you would like to run Connection: UMKROWH

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

1 For 54831B/D and 54832B/D oscilloscopes, use 1165A passive probes. For the 5485XA, 80000
and 90000A Series oscilloscpes, use E2697A high-impedance converter with 10:1 passive
probes, or 1156A 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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7 Low and Full Speed Tests

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.

BWreiiics

LA R D

FT T T : ll!li"

Proba 04 and 0-in
Haost Lnder Test Path

el ]

S000

[full peed hub)

|Sali-powered Hub 1 Full Spaed

Test Davice

[Hi-speed hub]
|Salf-posw ered) Hub 7
Oy -

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.

192 Notes on USB Electrical Compliance Testing



Upstream Signal Quality Test

Upstream Low Speed Test

Low and Full Speed Tests 7

Equipment Used
Table 41 Equipment Used in Upstream Low Speed Signal Quality Test
Quantity Item ‘ Description/Model
1 Oscilloscope Keysight 5485xA Series, 80000 or 90000A Series, 54831B/D, or 54832B/D
3 Passive or active probes For 5485x, 80000 and 90000A Series oscilloscopes:
= Keysight E2697A with 10073C, or 1156A
For 54831B/D and 54832B/D oscilloscopes:
= Keysight 1165A
1 Host test bed computer Any computer with hi-speed USB ports
1 SQiDD board Keysight E2646A/B
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

B USB Test -- USB Device*

File Wiew Help

D@ b ElEl &l

Task Flow _

SetUp  Select Tests |C0nfigure I Connect I Run Tests I Results I Htrnl Repart:

—
-0 © USE Tests

-] O Hi-Speed

O © Device Hi-Spead
0 Low and Full Speed
o
o
o
o

Set Up

Select Tests

Configure

Upstream Full Speed Signal Quality Test
Upstream Low Speed Signal Quality Test
Inrush Current Test

Back-voltage Test Before Enumerate

7 Back-voltage Test After Enumerate

<) >
Connect Test: {(None Selected)
Description: (Select a Single Test)
Run Tests
9 Tests |Check the testis) you would like to run |C0nnecti0n: LMK él

Configuring the Tests
before running the test.
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Make sure you set the Test Type configuration option to “Low-Speed Far End”
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Low and Full Speed Tests

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

1

For 54831B/D and 54832B/D oscilloscopes, use 1165A passive probes. For the 5485XA, 80000
and 90000A Series oscilloscpes, use E2697A high-impedance converter with 10:1 passive
probes, or 1156A active probes.

Attach the passive probes to the oscilloscope's Channel 2, Channel 3 and Channel 1 inputs.

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

5

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.

Attach another low speed device to the adjacent section of the SQiDD board. This is for triggering
purposes.

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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Low and Full Speed Tests

4 Inch Cable
Probe D- in

Adjacent Device Path

Hi-Speed Hub

Full Speed Hub

D-D+

Probe D- and D+ in
Device Under Test Path

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

5

196

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 | x|

i Select Type OF Test - Select Host Controller For Use In Testing
* Davice PCl bz 0, desace 239 funchion 7 8 Paits
" Hub

£~ Host Conbicler!System

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 Cantrol
MNOME Device Command Device Address
WD Owdbd, PID 0wE550, Addiess 1, Port 5
VID O458F, FID 03254, Address 2, Pot 5 | [(ERE e
WID Oxdbd, PID 0=B580, Addiess 3, Port 5 NONE
1D Dwdbd, PID 056550, Addiess , -:urt TEST J
B TEST_K
or TEST_SEO_MAK

TEST_PACKET

SUSPEMD

RESUME

RESET
_ EnumersieBus | DEVICE DESCRIPTOR

LOOF DEVICE DESCRIFTOR
SET ADDRESS
EMABLE WAKEUP
DISABLE WaKELP

SIMGLE STEF SET FEATURE
SIMGLE STEP GET DEW DESC

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

1

Low and Full Speed Tests 7

When the Testing Complete dialog appears, click OK.

The Results tab shows the test results.

Upstream Full Speed Test

Equipment Used
Table 42 Equipment Used in Upstream Full Speed Signal Quality Test
Quantity Item ‘ Description/Model
1 Oscilloscope Keysight 5485xA Series, 80000 or 90000A Series, 54831B/D, or 54832B/D

3 Passive or active probes For 5485x, 80000 and 90000A Series oscilloscopes:
= Keysight E2697A with 10073C, or 1156A
For 54831B/D and 54832B/D oscilloscopes:
= Keysight 1165A
1 Host test bed computer Any computer with hi-speed USB ports
1 SQiDD board Keysight E2646A/B
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

B USB Test -- USB Device*

File Wiew Help

D@ b ElEl &l

Task Flow _| Setip Select Tests |C0nfigure I Connect I Run Tests I Results I Htrnl Repart:
I

=[O © USE Tests

OO Hi-Speed

O © Device Hi-Spead
0 Low and Full Speed

Set Up

Select Tests

Configure

O Upstream Full Speed Signal Quality Test
O Upstream Low Speed Signal Quality Test
© Inrush Current Test

© Back-voltage Test Before Enumerate

O Back-voltage Test After Enumerate

<) >
Connect Test: {(None Selected)
Description: (Select a Single Test)
Run Tests
9 Tests |Check the testis) you would like to run Connection: UMKROWH él
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NOTE

NOTE

NOTE

198

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

1

For 54831B/D and 54832B/D oscilloscopes, use 1165A passive probes. For the 5485XA, 80000
and 90000A Series oscilloscpes, use E2697A high-impedance converter with 10:1 passive
probes, or 1156A active probes.

Attach the passive probes to the oscilloscope's channel Channel 2, Channel 3 and Channel 1
inputs.
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.

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.

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.

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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Low and Full Speed Tests
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Probe D+ in

Adjacent Device Path

Probe D- and D+ in

Device Under Test Path

7 Check I have completed these instructions.

Running the Tests
1 Click Run Tests.

Notes on USB Electrical Compliance Testing

5m Cable

Full-Speed
Device
Under Test

Adjacent
Full-Speed
Device

Hi-Speed Hub

Full Speed Hub

199

7



7

Low and Full Speed Tests

Test Instructions

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

1

5

200

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 | x|

i Select Type OF Test - Select Host Controller For Use In Testing
* Davice PCl bz 0, desace 239 funchion 7 8 Paits
" Hub

£~ Host Conbicler!System

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 Cantrol
MNOME Device Command Device Address
WD Owdbd, PID 0wE550, Addiess 1, Port 5
VID O458F, FID 03254, Address 2, Pot 5 | [(ERE e
WID Oxdbd, PID 0=B580, Addiess 3, Port 5 NONE
1D Dwdbd, PID 056550, Addiess , -:urt TEST J
B TEST_K
or TEST_SEO_MAK

TEST_PACKET

SUSPEMD

RESUME

RESET
_ EnumersieBus | DEVICE DESCRIPTOR

LOOF DEVICE DESCRIFTOR
SET ADDRESS
EMABLE WAKEUP
DISABLE WaKELP

SIMGLE STEF SET FEATURE
SIMGLE STEP GET DEW DESC

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

NOTE The SQiDD fixture needs to have 15k ohms connected between:
= Vbus and Gnd.

= D+and Gnd.
= D-andGnd.

Equipment Used

Table 43 Equipment Used in Back-Voltage Test

Quantity Item ‘ Description/Model
1 Digital Multimeter (DMM) Keysight 34401A or equivalent
1 SQiDD board or back-voltage test Keysight E2646A/B
fixture
1 1 meter USB cable Any listed on USB-IF web site

Selecting the Tests

ditl USB Test -- USB Device™
File Wiew Help

=30 s B = i

Task Flow _| Setip Select Tests |C0nfigure I Connect I Run Tests I Results I Htrnl Repart:

—
=~ © USE Tests

=-00© Hi-speed

- #-[J O HubH-Speed

= ) Low and Full Speed

© Hub Downstream Full Speed Signal Quality Test
) Upstream Full Speed Signal Quality Test

3 Hub Downstream Low Speed Signal Quality Test
3 Upstream Low Speed Signal Quality Test

o Inrush Current Test

3 DroopfDrop Test

) Back-voltage Test Before Enumerate

) Back-voltage Test After Enumerate

) -
Conneck Test: {(None Selected)

Set Up

Select Tests

Configure

Description: (Select a Single Test)

Run Tests

15 Tests |Check the testis) you would like to run Connection: UMKROWH él

Configuring the Tests

Connecting the Equipment

202 Notes on USB Electrical Compliance Testing



Low and Full Speed Tests

The USB automated test application will prompt you to perform these connection steps:
1 Connect power supply to device/hub under test.

Voltmeter

Upstream U5B
Port

snion

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

NOTE The SQiDD fixture needs to have 15k ohms connected between:
= Vbus and Gnd.

= D+and Gnd.
= D-andGnd.

Equipment Used

Table 44 Equipment Used in Back-Voltage Test

Quantity Item ‘ Description/Model
1 Digital Multimeter (DMM) Keysight 34401A or equivalent
1 SQiDD board or back-voltage test Keysight E2646A/B
fixture
1 1 meter USB cable Any listed on USB-IF web site

Selecting the Tests

ditl USB Test -- USB Device™
File Wiew Help

=30 s B = i

Task Flow _| Setip Select Tests |C0nfigure I Connect I Run Tests I Results I Htrnl Repart:
I

=~ © USE Tests

- ) Hi-Speed

O © Hub Hi-Speed

) Low and Full Speed

© Hub Downstream Full Speed Signal Quality Test
O Upstream Full Speed Signal Quality Test

3 Hub Downstream Low Speed Signal Quality Test
3 Upstream Low Speed Signal Quality Test

o Inrush Current Test

3 DroopfDrop Test

) Back-voltage Test Before Enumerate

#-[ O Back-voltage Test After Enumerate

) -
Conneck Test: {(None Selected)

Set Up

Select Tests

Configure

Description: (Select a Single Test)

Run Tests

15 Tests |Check the testis) you would like to run Connection: UMKROWH él

Configuring the Tests

Connecting the Equipment
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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 U5B
Port

snion

Plug device/hub under test into a known good host.
Verify proper enumeration.
Unplug device/hub under test from the host.

o M~ W

Connect the device/hub upstream port to the SQIDD board using a known good USB cable.

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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N5416A USB 2.0 Compliance Test Option

Notes on Electrical Testing

On-The-Go Electrical Tests

Equipment Used 208

Installing the USB-OET (OTG Electrical Test) Fixture Driver 209
Selecting the Tests 209

Configuring the Tests 210

Connecting the Equipment 210

Running the Tests 211

Viewing Test Results 213

All of the On-The-Go electrical tests use the same test setup.
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8 On-The-Go Electrical Tests

Equipment Used

Table 45 Equipment Used in On-The-Go Electrical Tests

Quantity Item

1 Oscilloscope

2 Passive or active probes
1 Digital Multimeter (DMM)
1 USB OTG test fixture

1 Power supply

1 USB/GPIB interface

1 GPIB cable

‘ Description/Model

Keysight 5485xA Series, 9000A Series, 80000 or 90000A Series, 54831B/D, or
54832B/D

For 5485x, 80000 and 90000A Series oscilloscopes:
= Keysight 1156A

For 54831B/D and 54832B/D oscilloscopes:

= Keysight 1165A

KeysightKeysight 34401A or equivalent

Keysight N5417A

Keysight E3631A or equivalent

Keysight E2357A

Keysight 10833B

1) B

*T

N

P JOOs Y

D-
Io Das. Pull il VEUS  Current
Down  Level  Byposs

Figure 6 Keysight N5417A USB OTG Test Fixture
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Installing the USB-OET (OTG Electrical Test) Fixture Driver

1 Plug the OET fixture to any USB port.

2 A Found New Hardware Wizard window will pop up (Windows XP).

Found New Hardware .

Y

Thiz wizard helpz you install software for:

Keysight USE-OTG Test Fisture

3:_'_“)_ If your hardware came with an installation CD
“4i or floppy disk. insert it now.

‘what do you want the wizard to do?

7 Inzstall the software automatically [Recommendsd)
@ Install from a list or specific lncation [Advanced)

Click Mest to continue.

< Back I Mest > I Cancel |

3 Select Install the software automatically from the wizard window.

Selecting the Tests

B USB Test -- USB Device*

On-The-Go Electrical Tests

File Wiew Help

D@ she|EE| #loje

Set Up

Select Tests

\%

Configure

Connect

Run Tests

Hid

Task Flow _| Setip Select Tests lConFigure ] Connect ] Run Tests ] Results ] Htrnl Repart:

- LISE Tests
- On-The-Go Electrical Test
E1 E& A-Device Qutput Yoltage
E3 WELS Rise Time
ES B-Device (SRP capable) to OTG Device Output Yoltage
Ef B-Device (SRP capable) to Host Output Yoltage
El EZ A-Device YEUS valid (¥Min)
E1 EZ A-Device VBUS Valid {¥Mean)
E19 A-Device Session Yalid
E20 B-Device YBUS Yalid
EZ2 Data-Line Pulsing Test

HEEEEEEEE

<

b3

Test: {(None Selected)

Configure...

Description: (Select a Single Test)

v| 9 Tests  (Check the testis) yvou would like to run Connection: UMKROWH
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8 On-The-Go Electrical Tests

Configuring the Tests

If the power supply’s SICL address is different from the default, make sure you set the E3631A
Instrument Address configuration option to the power supply’s SICL address.

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

Note: For 54831B/D and 54832B/D oscilloscopes, use 1165A passive probes. For the 5485XA,
80000 and 90000A Series oscilloscpes, use 1156A active probes.

—

Please refer to the “Installing the USB-OET (OTG Electrical Test) Fixture Driver" on page 209 for
instructions on installing the drivers for the N5417A OTG Electrical Test board.

2 Connect the Channel 1 probe of the oscilloscope to the J100, VBUS test point of the OET.
Connect the probe's ground to the J104, GND test point nearest to the VBUS test point.

3 Connect the Channel 3 probe of the oscilloscope to the J102, D+ test point of the OET. Connect
the probe's ground to the J105, GND test point nearest to the D+ test point.

Connect the black multimeter lead from INPUT LOW to J110, GND terminal, of the OET.
5 Connect the red multimeter lead from INPUT HI to J108, VBUS terminal, of the OET.

Make sure the power supply voltage is 6 V. An incorrect voltage can damage the USB-OET test
fixture, and a damaged test fixture can be a shock hazard to the operator.

6 Connect the black supply lead from the power supply 6 volt supply negative output to J109, GND
terminal, of the OET.

7 Connect the red power supply lead from the power supply 6 volt supply positive output to J107,
Switched VBUS terminal, of the OET.

8 Connect the 34401A digital multi-meter to E3631A power supply using the 10833B GPIB cable.
9 Connect the E3631A power supply to the oscilloscope using the 82357A USB/GPIB Interface.
10 Connect the OET test fixture to the oscilloscope's USB port .

210 Notes on USB Electrical Compliance Testing



On-The-Go Electrical Tests 8

105338

USE port SEI5TA

Volimeter

Fower Source

O scilloscope

VEUS  @ND
§ !

N aw\

WBEU3 D+ GHO

A
g7 1109 SE oo 1oz Ti04 oz 1110
B-type
port
On=-The-Go Electrical Tester
(OET)

Device Under

[ umaruo | Tes!
(DUT)
11 Check I have completed these instructions.
Running the Tests
1 Click Run Tests.
E1 E8 A-Device Output Voltage
1 Set the OET switches to the following settings.
Mode SWI1 | SW2 [ SW3E | SW4 | SWE | SWe | SWY | SWE | Swe SW10
8§ mA Load | OFF | OFF | ON QOFF | OFF | OFF | OFF | OFF | A-Device | OFF
E3 VBUS Rise Time
1 Set the OET switches to the following settings.
Muode SWI1 | sW2 [ 5W3 | SW4 | SWE [ sWae | SWY | 5WE | swe SW10
£ mA Load | OFF | OFF [ ON OFF | OFF [ OFF | OFF | OFF | A-Device | OFF

Notes on USB Electrical Compliance Testing
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8 On-The-Go Electrical Tests

E5 B-Device (SRP capable) to OTG Device Output Voltage

1 Set the OET switches to the following settings.

Maode SWI1 | SW2 | SW3 | SW4 | SWE [ SWe | SWY | SWE | SW9 SWi0
Passive ON QFF | QFF | OFF |OFF |QFF [ON | ON B-Device | OFF
OTG

Device

Druplicator

E6 B-Device (SRP capable) to Host Output Voltage

1 Set the OET switches to the following settings.

Maode SWI1 | SW2 | SW3 | SW4 | SWE [ SWe | SWT | SWE | SW9 SW10
Passive OFF | ON | OFF | OFF | OFF |OFF |ON |ON B-Device | OFF
I'-'N:'ﬂ'

Druplicator

E19 A-Device Session Valid

1 Set the OET switches to the following settings.

Mode SW1 | SW2 | SW3 | SW4 | sWE | sWa | SWY | SWE | sWa SWi0

Pre-A-Device | OFF | OFF [ OFF | OFF | OFF | OFF | OFF |OFF | A-Device | OFF
VEeUS Level

E20 B-Device VBUS Valid

1 Set the OET switches to the following settings.

Mode SW1 | 5W2 | SW3 | SW4 | 5W5E | SWe | SWT [ SWE | 5W9 SW0

Pre-VBus | OFF | OFF |OFF [OFF [|OFF |OFF | ON ON B-Device | OFF
Current
Bypass
Test
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On-The-Go Electrical Tests 8
E22 Data-Line Pulsing Test
1 Set the OET switches to the following settings.
Mode SWI1 | sW2 [ SW3 | SW4 | SWE [ sWa | SWT | 5WE | swe SW10
Passive ON OFF | OFF [OFF | OFF |OFF | ON ON B-Device | OFF
OTG
Drevice
Druplicator
A-Device VBUS Valid (VA_VBUS_VLD)
1 Set the OET switches to the following settings.
Mode SWIT | SW2 | SW3 | 5w | SWE | SWe | SWY | SWE | Swa SW10
100 mA QOFF | OFF | OFF | ON OFF | OFF | OFF | OFF | A-Device | OFF
Load
E1 E2 A-Device VBUS Valid (VMin)
E1 E2 A-Device VBUS Valid (VMean)
Viewing Test Results
1 When the Testing Complete dialog appears, click OK.
The Results tab shows the test results.
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9 Embedded Host Hi-Speed Tests

Embedded Host Hi-Speed Signal Quality Test

Equipment Used

Table 46 Equipment Used in Embedded Host Hi-Speed Signal Quality Test

Quantity Item ‘ Description/Model
1 Oscilloscope Keysight 9000A Series or 90000A 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
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Selecting the Tests

Select the Host option and check Embedded Host.

File View Tools Help

Embedded Host Hi-Speed Tests

9

0w e @ 5E I |

SetUp | select Tests | Configure | Connect | Run Tests | Automation | Resuits | Hemi Report |

USB Test Environment Setup

SetUp
—Device Under Test (DUT)
Device Test Paint:
Select Tests

HS Test Connection:  Test Method:

" Device  Hub  Host { On-The-Go ;gf EmbeddedHost

User Description: Device Identifier:

Connection Opt'lonl IUSBEI’ LI I(Select or Type) LI I(Select or Type) LI

Droop Drop Ports |

™ New DroopDrop Fixture

—HS Signal Quality Fixture Selection

[ Debug and Information Only

& Agilent Fixture ¢ USBIF (" Other
Run Tests

—Automation
Using 81130A4/81134A or E3631A or 344014

 Yes % No

Configure Devices... |

Export Data
Click on "Export Data” to transform test
results:

Export Data... |

| 0Tests  Follow instructions to describe your test environment

[0 connection: UNKNOWN

Notes on USB Electrical Compliance Testing
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9

Embedded Host Hi-Speed Tests

File View Tools Help

DEedl 2| ae

SetUp

Select Tests

Task Flow _| setup SelectTests |Conﬁgure I Connectl Run Tests | Automation I Results I Html Report

B[] USB Tests
E-[]C Hi-Speed
B[] O Host Hi-Speed
E-[¥] O 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
) Host Controller Packet Parameters
) Host CHIRP Timing
) Host Suspend/Resume Timing
) Host Test J/K, SE0_NAK
ow and Full Speed
Host Full Speed Signal Quality and Transition Time Test
Host Low Speed Signal Quality and Transition Time Test
Droop,Drop Test

1E3)

50
]

[ERE)

oooeo
coog

Configuring

Connecting

218

the Tests

the Equipment - SMA Connection

1 Attach the 5V power supply to J5 of the E2649-26402 (E2645-66508 if you are using the old test
fixture) Hi-Speed Signal Quality test fixture and verify the green Power LED (D1) is lit.

2 Attach the SMA cables on undefined and undefined 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.

Before connecting the PID/VID put it in the correct position by selecting Test_Packet.

5 Connect the PID/VID to the Initialize port.
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t;l

SMA Cables

=1 4" USB Cable

S| Host Under Test

PIDVID g::‘h .
Available from: [ S
ww. lestush com &= :| :

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:
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).

You should see the transmitted test packet on the oscilloscope as below.
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9 Embedded Host Hi-Speed Tests

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

Embedded Host Hi-Speed Tests 9

Table 47 Equipment Used in Embedded Host Controller Packet Parameters Tests

Quantity Item

1 Oscilloscope
Differential probe

1 PID/VID

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

1 5V power supply

1 USB cable

‘ Description/Model

Keysight 9000A Series or 90000A Series
Keysight 113xA with E2699A or E2678A
Tools to select required test mode

Keysight E2649-66401

Keysight 0950-2546 or equivalent

Micro AB receptacle

Selecting the Tests

m (BETA VERSIOM 0.01.5101) USE Test -- USB Device *
File View Tools Help

[F=% (o =5

D& ||

R | B B[e

Task Flow _

SetUp

Select Tests

Configure

Connect

Run Tests

‘SetUp SelectTests |Conﬁgure I Connectl Run Tests | Automation I Results I Html Report

E‘D o)

[]1© Hi-Speed

B[] O Host Hi-Speed

[] © Host Hi-speed Signal Quality

) Host Controller Packet Parameters
) EL_215ync Field Length Test

) EL_25EOP Length Test

) EL_55 50F EOP Width Test

[ © Host CHIRP Timing

[]© Host Suspend/Resume Timing
B[] © Host Test Ik, SE0_MAK
E-[1O Low and Full Speed

E-[1© Droop/Drop Test

Configuring the Tests

Connecting the Equipment

) EL_23 Inter-packet Gap Between First 2 Packets Test

) EL_22 Inter-packet Gap Between Host And Device Packet Test

-] © Host Full Speed Signal Quality and Transition Time Test
B[] © Host Low Speed Signal Quality and Transition Time Test

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

1 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).

2 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.

4 Connect a short USB cable from the Test port of the fixture to the Embedded Host under test.
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9 Embedded Host Hi-Speed Tests

5 Before connecting the PID/VID put it in the correct position by selecting
SINGLE_STEP_GET_DEVICE_DESCRIPTOR.

6 Connect the PID/VID to the Initialize port with USB cable.

o

Differential Probe

USE Cable

DD_;_- Host Under Test

PIDMVID use

Available from: Cable 2

WAG

+5VDC

7 Check I have completed these instructions.

Running the Tests

T 1 Click Run Tests.

Test Instructions, Part 1
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Embedded Host Hi-Speed Tests 9

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.
Utilities

Analyze Help 4:31PM

File Control Setup Maasure

2 Click OK to close the Test Instructions dialog.

Test Instructions, Part 2
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9 Embedded Host Hi-Speed Tests

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 Before connecting the PID/VID put it in the correct position by selecting
SINGLE_STEP_GET_DEVICE_DESCRIPTOR_DATA.

2 Connect with a short USB cable the PID/VID to the Initialize port

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.
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Embedded Host Hi-Speed Tests 9

File Comirol Sebup Trigger Mesuse Snalyee Ubililes Demos Help ¥ Bul 2012 9003 PM

i N

.
—

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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9 Embedded Host Hi-Speed Tests

Host CHIRP Timing

Equipment Used

Table 48 Equipment Used in Embedded Host CHIRP Timing Tests

Quantity Item ‘ Description/Model

1 Oscilloscope Keysight 9000A Series or 90000A Series
Passive or active probes Keysight E2697A with 10073C, or 1156A

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

Configuring the Tests

Connecting the Equipment

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.

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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4 Connect a USB cable from the Test port of the fixture to the Embedded Host under test.

i ; s A - ®
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.

Test Instructions
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9 Embedded Host Hi-Speed Tests

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 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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Host Suspend/Resume Timing

Equipment Used

Table 49 Equipment Used in Embedded Host Suspend/Resume Timing Tests

Quantity Item ‘ Description/Model

1 Oscilloscope Keysight 9000A Series or 90000A Series
Passive or active probes Keysight E2697A with 10073C, or 1156A

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

e (BETA VERSION 0,01.5101) USE Test -- USB Device * =n =R ==
File View Tools Help

D@ 23 |@sle
‘SetUp Select Tests |Conﬁgure I Connectl Run Tests | Automation I Results I Html Report

—
B[] USB Tests

E-[]C Hi-Speed
B[] O Host Hi-Speed
-] © Host Hi-speed Signal Quality
[ O Host Controller Packet Parameters
[1© Host CHIRP Timing
) Host Suspend/Resume Timing
) EL_39 Suspend Timing Response

) EL_41Resume Timing Response

Configure #-[] O Host Test J/K, SEO_NAK
E-[]C Low and Full Speed

D ) Host Full Speed Signal Quality and Transition Time Test
+--[[] © Host Low Speed Signal Quality and Transition Time Test
Connect E-[1© Droop/Drop Test

SetUp

Select Tests

Run Tests

Configuring the Tests

Connecting the Equipment

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.
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9 Embedded Host Hi-Speed Tests

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.

Before connecting the PID/VID put it in the correct position by selecting
HS_HOST_PORT_SUSPEND_RESUME.

7 Connect with a short USB cable the PID/VID to the Initialize port.

> o~ W

USB Cable

Host Under Test

PID/VID
Available from
www.testusb.com

+5VDC

8 Check I have completed these instructions.

Running the Tests

T Click Run Tests.

Test Instructions

EL_39 Suspend Timing Response
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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  Analyze

Utilites  Help 2:02 PM |

3 Click OK to close the Test Instructions dialog.

EL_41 Resume Timing Response

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.
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9 Embedded Host Hi-Speed Tests

File Control Setup Measure Analyze Utilities Help 26 May 2000 11:04 AM

o
=

EE

=

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.

232 Notes on USB Electrical Compliance Testing



Embedded Host Hi-Speed Tests 9

Host Test J/K, SEO_NAK

Equipment Used

Table 50 Equipment Used in Embedded Host Test J/K, SEO_NAK Tests

Quantity Item ‘ Description/Model
1 Digital Multimeter (DMM) Keysight 34401A 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

e (BETA VERSION 0,01.5101) USE Test -- USB Device * =n =R ==
File View Tools Help

DedEl »Wirlaae

Task Flow _| ‘setup SelectTests |Conﬁgure I Connectl Run Tests | Automation I Results I Html Report
=-0o
Set L T
= B[]0 Hispeed

B[] O Host Hi-Speed

B[] O Host Hi-speed Signal Quality

Host Controller Packet Parameters
Host CHIRP Timing

Host Suspend/Resume Timing
Host Test 3K, SE0_MNAK

) EL_8Host 1 Test

) EL_8Host K Test

) EL_9 Host SE0_MAK Test

Select Tests

Configure

E-[1O Low and Full Speed
D ) Host Full Speed Signal Quality and Transition Time Test
D ) Host Low Speed Signal Quality and Transition Time Test
#-[]© Droop/Drop Test
Run Tests
Configuring the Tests

Connecting the Equipment

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.
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9 Embedded Host Hi-Speed Tests

)

v

/\

d Vv 4" USB Cable

=
1
Queom | LIY[ ¢
; Host Under Test

O

O

PIDVID USB

Available from: Cable =
www.testusb.com

+5VDC
3 Check I have completed these instructions.

Running the Tests

1 Click Run Tests.

Test Instructions

EL_8 J Test
1 Before connecting the PID/VID put it in the correct position by selecting Test_J
2 Connect the PID/VID to the Initialize port.
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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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

D o~ W N

7

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).

Click OK to close the Test Instructions dialog.

The USB automated test application will prompt you for the following voltage measurements:
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9 Embedded Host Hi-Speed Tests

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 SEQ 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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% 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

Embedded Host Hi-Speed Tests

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

9

237



9 Embedded Host Hi-Speed Tests

238 Notes on USB Electrical Compliance Testing



10

N5416A USB 2.0 Compliance Test Option

Notes on Electrical Testing

Manual Testing and Measure-
ment Using Oscilloscope

Device/Hub/Host Signal Quality Measurement 240

Packet Parameter Scope Setup for Device/Hub/Host 241

Chirp Timing Setup 245

Device/Hub/Host Suspend Timing 249

Device/Hub/Host Resume Timing 250

Device Reset Timing 257

Device/Hub Reset from Suspend Timing 252

Device/Hub Receiver Sensitivity 253

Hub Repeater Test - Downstream Facing Ports (EL_42, EL_43, EL_44, EL_45, EL_48) 257
Hub Repeater Test - Upstream Facing Port (EL_42, EL_43, EL_44, EL_45) 259
Upstream Full Speed Measurement 262

Upstream Low Speed Measurement 263

Downstream Full Speed Test 264

Downstream Low Speed 265

Inrush Current 266

Drop Test 267

Droop Test 268

KEYSIGHT

TECHNOLOGIES



10 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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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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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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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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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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Chirp Timing Setup

Chirp Measurement

Manual Testing and Measurement Using Oscilloscope 10
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
File Control Setup Measure Analyze Utilities  Help 7:48 AM
ATime (2-2)
2.00064000
2.00064000
2.00064000
2 (006
Figure 7 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.
245
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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 7, measure the device’s CHIRP-K duration.
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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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3 Record the measurement in EL_31.

File

Control  Setup  Measure  Analyze  Ultilities  Help 7:49 AM
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Device/Hub/Host Suspend Timing

10

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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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

250

EL_40.
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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
Control  Setup  Measure  Analyze  Ulilites  Help 7.57 AM
t jeezgl
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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Device/Hub Reset from Suspend Timing

Measurement

252

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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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=a

(of2) | § Measwements IETCH

Delete

Generates “IN” packets (of compliant amplitude) with a 32-bit SYNC field as shown below.
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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 OUTPUT1 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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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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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.

256 Notes on USB Electrical Compliance Testing



Manual Testing and Measurement Using Oscilloscope 10

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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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 NRZ| 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_45.
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Hub Repeater Test - Upstream Facing Port (EL_42, EL_43, EL_44, EL_45)

10

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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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 NRZ| 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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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.

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 4 (which should

be 8 bits).

File

Record the result in EL_44.

Cnntrol Setup  Measure  Analyze  Ultilities  Help

\"'" 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 Record the result in EL_45.
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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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Upstream Low Speed Measurement

Acquisition setup Sampling Rate
Sampling Points
Horizontal time range

Trigger Trigger Setting

Trigger Level/ Threshold

Trigger holdoff

4 GSa/s
262144 pts
50 us

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

0.8 V (for channel 2 and channel 3)
1.5V for channel 1

100 ns

More S0 eleo el
(1of2)
| | BB tatus | Scales |

1.500 V

Waveform will be saved and processed by USBIF dll script.
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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

10

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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Inrush Current

Acquisition setup Sampling Rate 1MSa/s
Sampling Points 262144 pts
Horizontal time range 15ms

Trigger Trigger Setting Sweep type: Single

Trigger Type: Edge

Source: Channel 4

Transition: Positive Edge
Trigger Level/ Threshold 160 mA (channel 4)

Trigger holdoff 100 ns

111 kHz

1) (01810 il ) I~
— || Y cales |

Captured waveform will be saved for USBIF script processing.
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Drop Test

Manual Testing and Measurement Using Oscilloscope

10

Acquisition setup

Trigger

Sampling Rate
Sampling Points
Horizontal time range

Trigger Setting

Trigger Level/ Threshold

Trigger holdoff

Auto

Auto

100 ns

Sweep type: Auto
Trigger Type: Edge
Source: Channel 1
Transition: Positive Edge

0V (channel 1)

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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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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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, 165
10073C miniature passive probes, 26
1156A probes, 26
500 mA load board schematic, 165
81134A pulse generator, 96
81134A/81130A Instrument Address
configuration option, 63, 96
82357A GPIB-USB converter, 96
82357A USB/GPIB interface, 23

C

cables, 23

calibrate probes, 27

calibration, 26

common ground reference, 27

compensate passive probes, 26

computer, high-speed electrical test
bed, 24

configure, 29

connect, 29

D

debug mode, 163

device CHIRP timing, 47

device hi-speed signal quality test, 36

device hi-speed tests, 33

device packet parameters, 42

device receiver sensitivity, 62

device suspend/resume/reset
timing, 50

device test J/K, SEO_NAK, 57

differential probe, 26

digital signal generator, 23,27

driver, USB-OET (OTG Electrical Test)
fixture, 209

droop/drop test, 166

E

E2697A adapters, 26

E3631A Instrument Address
configuration option, 210

EHCI driver stack, 24

electrical test bed computer, 24

enhanced bandwidth software
option, 22, 34,67,133

entitlement certificate, 19

equipment required, 22
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equipment, setting up, 26

G

ground reference, common, 27

H

high-speed electrical test bed
computer, 24

High-Speed Electrical Test Tool Kit
software, 24

host CHIRP timing, 150

host controller packet parameters, 140

host disconnect detect, 146

host downstream signal quality
test, 185

host hi-speed electrical tests, 133

host hi-speed signal quality, 135

host suspend/resume timing, 154

host test J/K, SEO_NAK, 158

HTML report, 29

hub CHIRP timing - upstream facing
port, 112

hub disconnect detect, 80

hub downstream signal quality
test, 188

hub hi-speed signal quality test -
downstream facing ports, 74

hub hi-speed signal quality test -
upstream facing ports, 69

hub hi-speed tests, 67

hub jitter test - downstream facing
ports, 77

hub packet parameters - upstream
facing port, 84

hub receiver sensitivity - upstream
facing port, 95

hub repeater test - downstream facing
port, 103

hub repeater test - upstream facing
port, 107

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, 29

in this book, 4

inrush current test, 182
installing the license key, 19
installing the software, 18

L

license code, 19
license key, installing, 19
load board, 25

M

memory upgrade option, 22, 34,67,133
monitor, optional, 26
multimeter, 23

N

N5416A USB 2.0 Compliance Test
Option, 3,22

noise reduction software option, 22, 34,
67,133

0

On-The-Go electrical tests, 207, 215,
239

optional computer monitor, 26

oscilloscope required, 22

oscilloscope, software, and
accessories, 22

P

passive probes, compensating, 26
power supply’s SICL address, 210
probes, calibrating, 27

pulse generator’s SICL address, 63, 96
pulse/pattern generator, 23

R

report, 29

required equipment and software, 22
results, 29

run tests, 29

running tests, 31
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S

select tests, 29

SICL address, power supply, 210

SICL address, pulse generator, 63,96

software, installing, 18

SQiDD board, 25

starting the USB automated test
application, 28

T

test bed computer, high-speed
electrical, 24

test fixtures, USB electrical, 25

Test Type configuration option, 185,
189,193

tests, running, 31

troubleshooting hi-speed test
failures, 163

U

upstream signal quality test, 193
USB electrical test fixtures, 25

USB Implementers Forum web site, 4
USBHSET software, 24

W

web site, USB Implementers Forum, 4
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