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1 R&S ScopeSuite Overview

The R&S ScopeSuite software is used with R&S RTO oscilloscopes. It can be installed
on a test computer or directly on the R&S RTO if the instrument has the Windows 7
operating system.
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‘Welcome to compliance tests selection screen.

The R&S ScopeSuite main panel has several areas:

® "Settings": connection settings to oscilloscope and other instruments as well as
default report settings

e "Compliance Tests": selection of the compliance test

® "Demo": accesses demo test cases that can be used for trying out the software
without having a connection to an oscilloscope

® "Help": opens the help file, conatining information about the R&S ScopeSuite con-
figuration

® "About": gives information about the R&S ScopeSuite software

® "Tile View": allows a personalization of the compliance test selection
You can configure which tests are visible in the compliance test section and which
are hidden, so that only the ones you use are displayed.

> To hide a test from the "Compliance Tests" view do one of the following:



a) Right-click on the compliance test you want to hide.
The icon of the test changes, see Figure 1-1. Now with a left click you can hide
the test

Figure 1-1: Unpin icon

b) Click on "Title View" to show a list of the available test cases. By clicking on a
test case in the show list you can pin/unpin it from the main panel.



Installing Software and License

2 Preparing the Measurements

2.1 Test Equipment

For USB 2.0 compliance tests, the following test equipment is recommended:

® R&S RTO oscilloscope with 4 channels and at least 2 GHz bandwidth.
For full speed and low speed compliance tests, a 4-channel R&S RTO with less
than 2 GHz bandwidth is sufficient.

e R&S RT-ZF1 USB 2.0 compliance test fixture set, which consists of the load board
and the signal quality board.

® Probes:
— 2x single-ended active probes with at least 2 GHz bandwidth
— 2x differential active probe with at least 2 GHz bandwidth

® Tabor WX2182B/WX2182C 2.3 GS/s dual channel arbitrary waveform generator
for receiver sensitivity tests

® R&S ScopeSuite software, which can be installed on a computer or directly on the
R&S RTO.

e R&S RTO-K21 USB 2.0 compliance test option (required option, installed on the
R&S RTO)

® Make sure that you use the latest version of the USBHSET tool. Check the follow-
ing websites for downloads:

— USB 3.0 host: www.usb.org/developers/tools/
— USB 2.0 host: www.usb.org/developers/tools/usb20_tools/

Regularly check the USB-IF website compliance.usb.org/index.asp?Update-
File=Electrical&Format=Standard for USB-IF compliance updates.

2.2 Installing Software and License

The preparation steps have to be performed only once for each computer and instru-
ment that are used for testing.

Uninstall older versions of the R&S ScopeSuite

If an older version of the R&S ScopeSuite is installed, make sure to uninstall the old
version before you install the new one. You can find the version number of the current
installation in "Help" menu > "About". To uninstall the R&S ScopeSuite, use the Win-
dows Control Panel > "Programs".
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R&S®RTO-K21 Preparing the Measurements

To install the R&S ScopeSuite

1. Download the R&S ScopeSuite software from the "Software" section on the Rohde
& Schwarz R&S RTO website: www.rohde-schwarz.com/product/rto.html.

2. Install the R&S ScopeSuite software:

e Either on the computer that is used for testing,
e oronthe R&S RTO if the instrument has a Windows 7 operating system.

To install the license key on the R&S RTO

» When you got the license key of the compliance test option, enable it on the R&S
RTO using SETUP > "SW Options".
For a detailed description, refer to the R&S RTO User Manual, chapter "Installing
Options", or to the online help on the instrument.

To install USBHSET on the USB host

1. Download the USBHSET tool kit (HS Electrical Test Tool):
e USB 3.0 host: www.usb.org/developers/tools/
e USB 2.0 host: www.usb.org/developers/tools/usb20_tools/

2. Install USBHSET on the USB host.

USB 2.0
Compliance Test

j@anooooe

HS Electrical y
Test Tool o)
D+ D-
usBs Test fixture use | USB Device/Hub
(HS Device SQ) (DUT)

USB Host

Figure 2-1: Test setup for USB device tests

2.3 Setting Up the Network

If the R&S ScopeSuite software runs on a test computer, the computer and the testing
R&S RTO require a LAN connection.

Test Procedures 1317.4455.02 — 06 8
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Connecting the R&S RTO

There are two ways of connection:

® [AN (local area network): It is recommended that you connect to a LAN with DHCP
server. This server uses the Dynamic Host Configuration Protocol (DHCP) to
assign all address information automatically.
If no DHCP server is available, or if the Tabor WX2182B is used for automatic test-
ing, assign fixed IP adresses to all devices.

® Direct connection of the instruments and the computer or connection to a switch
using LAN cables: Assign fixed IP addresses to the computer and the instruments
and reboot all devices.

To set up and test the LAN connection
1. Connect the computer and the instruments to the same LAN.
Start all devices.

2

3. If no DHCP server is available, assign fixed IP addresses to all devices.

4. Ping the instruments to make sure that the connection has been established.
5

If VISA is installed, check if VISA can access the instruments.

a) Start VISA on the test computer.
b) Validate the VISA address string of each device.

See also:
® Chapter 2.5, "Connecting the R&S RTQO", on page 9
® Chapter 2.6, "Connecting the Arbitrary Waveform Generator", on page 11

2.4 Starting the R&S ScopeSuite

To start the R&S ScopeSuite on the test computer or on the oscilloscope:

» Double-click the R&S ScopeSuite program icon.

To start the R&S ScopeSuite on the instrument, in the R&S RTO firmware:

» On the "Analysis" menu, tap "Start Compliance Test".

2.5 Connecting the R&S RTO

If the R&S ScopeSuite is installed directly on the instrument, the software detects the
R&S RTO firmware automatically, and the "Oscilloscope" button is not available in the
R&S ScopeSuite.

If the R&S ScopeSuite software runs on a test computer, the computer and the testing
R&S RTO require a LAN connection, see Chapter 2.3, "Setting Up the Network",



Connecting the R&S RTO

on page 8. The R&S ScopeSuite software needs the IP address of the R&S RTO to
establish connection.

1. Start the R&S RTO.
2. Start the R&S ScopeSuite software.
3. Click "Settings" > "Osilloscope”.
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Welcome to compliance tests selection screen.

4. Enter the IP address of the R&S RTO.
To obtain the IP address: Press the SETUP key on the instrument and tap the
"System" tab.

5. Click "Get Instrument Information".

The computer connects with the instrument and gets the instrument data.



Connecting the Arbitrary Waveform Generator

RSScopeSuite - O x

@ Back  Oscilloscope Settings © 2ot @ Help

Oscilloscope
IP address:
Get Instrument Information
Device: RTO
Serial Number: 400132
Firmware Version: 2.60.2.7

Restore Settings On Exit: @ Never (_) Ask C} Always

Connect software to your RTO.

If the connection fails, an error message is shown.

2.6 Connecting the Arbitrary Waveform Generator

For USB receiver sensitivity tests, an arbitrary waveform generator (AWG) is required.
The tests can be performed manually or automatically, depending on the the available
AWG.

Automatic test execution is possible with all instruments that are listed in the dialog
box. In automatic mode, the R&S ScopeSuite configures the instrument and ensures
that the AWG sends the required waveforms. Automatic mode requires a LAN connec-
tion and the installation of a VISA implementation (NI-VISA, Agilent-VISA, Tektronic-
VISA 4.0 and above) on the computer that is running the R&S ScopeSuite. If the

R&S ScopeSuite is installed on the R&S RTO, no installation is needed because VISA
is already installed on the instrument. If the Tabor WX2182B is used for automatic test-
ing, fixed IP addresses are required.

For manual test execution it is recommended to use one of the listed AWGs. Moreover,
any AWG can be used that has a sampling rate above 1.44 GSa/sec. In manual mode,
you connect the AWG to the test board and configure the instrument manually. VISA is
not required. The R&S ScopeSuite uses VISA if it is installed, otherwise it uses the
VXI-11 protocol.

To configure the arbitrary waveform generator for automatic testing

1. Connect the computer and the AWG and set up the LAN connection, see Chap-
ter 2.3, "Setting Up the Network", on page 8.
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Report Configuration

In the R&S ScopeSuite, click "Instruments".
Click the "AWG" tab.

Select the "Automatic" operating mode.

Select the "AWG Type" and enter its IP address.

RSScopeSuite - 0O X
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Arbitrary Waveform Generator
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Configure default settings for new session

Click "Get Instrument Information".

The computer or R&S RTO connects with the instrument and retrieves the instru-
ment data.

If the connection to the Tabor arbitrary waveform generator failed, check on the
instrument and if the IP address is assigned correctly.

To configure the AWG for manual testing

1. In the "AWG" tab, enable the "Manual" operating mode.

2. Connect the AWG to the test fixture as described in the test wizard. To create the
test waveforms, use the files MIN ADD1.txt and IN ADDI1.txt, which are provi-
ded in the installation directory of the R&S ScopeSuite.

Report Configuration

In the "Report Configuration” menu, you can select the format of the report and the
details to be included in the report. You can also select an icon that will be displayed in
the upper left corner of the report.



Report Configuration

Additionally, you can enter common information on the test that will be written in the
"General Information" section of the test report.

RS5ScopeSuite - 0 X
@ Back  Report Settings © rooit @ Hep
Content Format [con
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Starting a Test Session

3 Performing Tests

3.1 Starting a Test Session

RSScopeSuite - 0O x
@ Back  Compliance Tests USB 2.0 © roout @ Hep
Select Type

@ Device O Host D Hub

Session Name Last Accessed Comment
Test10_31 10/30/2015 6:00:23 PM DUT Nr. 300
Test10_30 10/30/2015 6:00:09 PM DUT Nr. 234

+ Add ¥ Open m Remove Y] Rename - Comment H. Show Report

Add new or open existing session to run.

After you open a compliance test the "Session Selection" dialog appears. In this dialog
you can create new sessions, open or view existing report.

The following functions are available for handling test sessions:

Function Description

"Add" Adds a new session

"Open" Opens the selected session

"Remove" Removes the selected session

"Rename" Changes the "Session Name"

"Comment" Adds a comment

"Show report" Generates a report for the selected session




Configuring the Test

3.2 Configuring the Test

A w0 BN

In the R&S ScopeSuite window, select the compliance test to be performed:
e "USB2.0"

Open a test session, see Chapter 3.1, "Starting a Test Session", on page 14.
Adjust the "Properties"” settings for the test cases you want to perform.

Click "Limit Manager" and edit the limit criterias, see Chapter 3.2.1.1, "Limit Man-
ager", on page 16.

If you want to use special report settings the "Report Config" tab to define the for-
mat and contents of the report. Otherwise the settings defined in "RSScopeSuite" >
"Settings" > "Report" will be used. See Chapter 2.7, "Report Configuration”,

on page 12.

Click "Test Checked"/"Test Single" and proceed as descibed in the relevant test
case chapter.

3.2.1 General Test Settings
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Ready to run.

Each session dialog is divided into several sections:



Configuring the Test

® "Properties": shows the settings that can be made for the test case selected on the
left side of the dialog. You can differentiate between the "All" and the sub test prop-
erties
In the "All" > "Properties" tab you can configure the settings for all test cases in the
current session. Once you change and save a setting in this tab the changes will
be done for all test in the sessions. At the same time there will be a special mark-
ing for the functions that have different settings for different sub tests.

e "Limit Manager": sets the measurement limits that are used for compliance testing,
see Chapter 3.2.1.1, "Limit Manager", on page 16.

® "Results": shows an overview of the available test results for this session.

® "Instruments"; defines instruments settings for connecting to external devices, that
are specific for this t est session.
When a session is first created the global settings ("RSScopeSuite" > "Settings" >
"Instruments") are copied to the session. This "Instruments" tab can be used to
change those copied defaults.

® "Report Config": defines the format and contents of the report for this session.
When a session is first created the global settings ("RSScopeSuite" > "Settings" >
"Report") are copied to the session. This "Report Config" tab can be used to
change those copied defaults.

o "Test Checked"/ "Test Single": starts the selected test group.

3.2.1.1 Limit Manager

The "Limit Manager" shows the measurement limits that are used for compliance test-
ing.

Each limit comprises the comparison criterion, the unit, the limit value A, and a second
limit value B if the criterion requires two limits.

You can set the values to defaults, change the values in the table, export the table in
xml format, or import xml files with limit settings.

1. Select the "Test Type".

2. Check and adjust the measurement limits.



Configuring the Test

Properties  Limit Manager Results Instruments  Report Config
Test Type
Full Speed v
Measurement Criteria Unit A B
Speed Eye Violation Points x=A ¥ Violation Point| 0
Speed EOP Width A<=x<=B s 1.6E-07 1.75E-07
Speed Signaling Rate A<=x<=B ¥ Hz 1.197E+07 1.203E+07
Speed Monotonicity x<=A ¥ v 0.5
Spead Crossover Voltage A<=x<=B « V/us 13 2
Speed Consecutive Jitter x<=A s 2E-09
Speed Paired JK Jitter x<=A s 1E-09
Speed Paired KJ Jitter x<=A s 1E-09
Speed Rising Edge Rate A<=x<=B ~ Vfus 132 660
Speed Rise Time A<=x<=B ¥ s 4E-09 2E-08
Speed Falling Edge Rate A<=x<=B ¥ V/us 132 660
Speed Fall Time A<=x<=B ¥ s 4E-09 2E-08
Reset to Default Export Import

3.2.2 Test Configuration for USB 2.0

The test configuration consists of some USB 2.0-specific configuration settings that
depend on the selected DUT type - "Device", "Host" or "Hub".



Configuring the Test

RSScopeSuite - O x
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Test Fixture
The R&S RTO-K21 supports three sets of test fixtures:

R&S RT-ZF1: this set consists of a signal quality board and a load board. They can
be used to run all tests that are required for USB high speed, full speed and low
speed. For more information, refer to www.scope-of-the-art.com/en/oscilloscopes/
RTO-|-Ordering_Information-|-14-|-5430.html.

To use this set of test fixtures, select "Rohde & Schwarz" under "Test Fixture".
Allion USB-TF-FXS-1: this set consists of 8 pieces which can be bought together or
separately from Allion. For more information, refer to www.allion.com/
test_tool_usb.html.

If you want to use this set of test fixtures, select Allion.

USB-IF USB2.0 Hi-Speed Signal Quality Test Fixtures — this set consists of a
device test fixture and a host test fixture. It is the only set of test fixtures approved
by USB-IF and covers USB high speed signal quality tests and hub downstream
jitter test. These fixtures are connected to the oscilloscope using a pair of SMA
cables instead a differential probe. For more information, refer to compli-
ance.usb.org/index.asp?UpdateFile=Electrical&Format=Standard#86.

If you want to use this set of fixtures, enable "USB-IF Test Fixture for High Speed
Signal Quality Test".

You can select the USB-IF USB2.0 test fixture set in addition to one of the other
test fixture sets. The R&S ScopeSuite guides you to use the USB-IF fixtures for
high speed signal quality tests. For all other tests, it guides you to use the selected
Allion or R&S RT-ZF1 test fixture set. If "USB-IF Test Fixture for High Speed Signal
Quality Test" is disabled, the application guides you to use the selected test fixture
set for all tests.
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3.3

Initiating the Test

Device Type
If the DUT is a device or hub (upstream port) without a captive cable: enable "Near
End (non-captive cable)".

If the DUT is a device or hub (upstream port) with a captive cable, enable "Far End
(captive cable)".

By definition, a captive cable has a type A connector on one end and any connector
other than type B on the other end (including soldered cable), see www.usb.org/devel-
opers/compliance/cable for details. Also refer to compliance.usb.org/index.asp?Upda-
teFile=Electrical#8 for further clarifications on "Near End" and "Far End".

Power Source
If the DUT is a bus powered device or hub (upstream port): enable "Bus-powered".

If the DUT is a self-powered device or hub (upstream port), enable "Self-powered".

OTG or Embedded Host
If the DUT is a USB On-The-Go (OTG) or embedded host, enable this setting

Host or Hub Port Number
If the DUT is a host or a hub (downstream ports): enter the port number of the down-
stream port under test.

Note that only one port number can be entered at one time. If you plan to test multiple
downstream ports, remember to update this field before every test cycle.

DC Voltage Measurement

The probes at least 2 GHz bandwidth and at least 2 GHz bandwidth contain a built-in
digital voltmeter known as R&S ProbeMeter. It allows DC voltage measurements to be
carried out automatically.

If you want to use the R&S ProbeMeter for DC voltage measurement, enable "R&S
ProbeMeter".

If you want to use an external voltmeter for DC voltage measurement, enable "Digital
Multimeter".

Initiating the Test

To perform compliance tests, the device under test is connected to the test board in a
test-specific way. Using a probe, the test board is connected with the R&S RTO. The
probe connections are test-specific. The R&S ScopeSuite guides you step-by-step
through the connection setup and the test sequence.

1. Set the test fixture on a nonconductive, static-approved work surface.
2. Inthe R&S ScopeSuite window, select the compliance test.

3. Inthe "Session Selection" dialog, select the DUT type.
4

Open a test session, see Chapter 3.1, "Starting a Test Session", on page 14.
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5. Check the test configuration settings and adjust, if neccessary. See: Chapter 3.2,
"Configuring the Test", on page 15.

6. Click "Test Checked" for starting all checked test cases or "Test Single" for starting
only the selected test case.

The R&S ScopeSuite test wizard explains the following individual setup steps. A
detailed test description can be found in the following chapters:

e Chapter 4, "Device Tests", on page 21

e Chapter 6, "Host Tests", on page 116

e Chapter 5, "Hub Tests", on page 79

3.4 Getting Test Results

For each test, the test data - report, diagrams and waveform files - is saved in the fol-
lowing folder:
$ProgramData%\Rohde-Schwarz\RSScopeSuite\3.0\Sessions\USB\
<DUT Types>\<Session Name>

If you resume an existing session, new measurements are appended to the report,
new diagrams and waveform files are added to the session folder. Existing files are not
deleted or replaced. Sessions data remain until you delete them in the "Results" tab of
the session.

The report format can be defined in "RSScopeSuite" > "Settings" > "Report" for all
compliance tests (see also Chapter 2.7, "Report Configuration”, on page 12). If you
want to use special report settings for a session, you can define the format and con-
tents of the report in the "Report Config" tab of the session.

All test results are listed in the "Results" tab. Reports can be provided in PDF,
MSWord, or HTML format. To view and print PDF reports, you need a PDF viewer, for
example, the Acrobat Reader.

The test report file can be created at the end of the test, or later in the "Session Selec-
tion" dialog.
To show a test report

1. In the R&S ScopeSuite window, select the compliance test to be performed.

2. Select the session name in the "Session Selection" dialog and click "Show report".

The report opens in a separate application window, depending on the file format.
You can check the test results and print the report.

To delete the results, diagrams and waveform files of a session

1. Inthe "Session Selection" dialog select the session and open it.

2. Inthe "Results" tab, select the result to be deleted.

3. Click "Remove".
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4 Device Tests

4.1 High-Speed Device Tests
®  SiIgNAl QUATILY . ..eeeiiie e 21
o Packet Parameters. .. ..o 29
®  Chirp TIMING o et e e e e e e 36
o Suspend/Resume/Reset TIMING......cuueiiiiiiiiiiiiiiiiee e 41
0 TeSt J/K, SEO _NAK ... .t e s s e e e e nreeas 54
®  RECEIVEI SENSILIVILY...eiiiiiiiiii i e e e e e e s e enneees 65
o  Setup Of TESt WAVETOIMS ....uviiiiiiiiee i 76
4.1.1 Signal Quality
Table 4-1: Equipment
Item Description, model Quantity
Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1
2 GHz bandwidth

DUT the device you want to test 1

Signal quality board, "Device SQ" section or | R&S RT-ZF1 1
USB-IF USB2.0 hi-speed signal quality

device test fixture

Differential probe or a pair of SMA cables if | differential probe with at least 2 GHz band- 1
USB-IF device test fixture is used width

Host test bed computer any computer with high-speed USB ports 1

and HS Electrical Test Tool
USB cable to connect computer and test fixture 1

Test preparation

Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",
on page 7

® AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTQO", on page 9

® Configure and initiate the test with DUT type = "Device", see Chapter 3.3, "Initiat-
ing the Test", on page 19

Running the test

1. Select the "Signal Quality (EL_2,4,5,6,7)" test case and click "Start".
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RSScopeSuite

- Session Device 20151221 181839

a Al

4 High Speed

(< ] (]

Signal Quality (EL_2.4,5,6,7)

Packet Parameters (EL_21,22,25)

Chirp Timing (EL_28.29,31)
Suspend/Resume/Reset Timing (EL_27,28,38,39,40)
Test J/K, SEO_NAK (EL_8.9)
Receiver Sensitivity (EL_16,17,18)

4 Full Speed
Signal Quality (B.6.3.1)

4 Low Speed
Signal Quality (B.6.3.1)

4 legacy

Inrush Current (B.4)

N I e O

Back Veltage (F.3)

Ready to run.

2. Connect the DUT to the test fixture as shown in the picture.



High-Speed Device Tests

Steplof 7

1. Locate "Device 5Q" section on "USB 2.0 Signal Quality Board”
2. Insert DUT into X11

3. Connect differential probe from CH 2 to D+/D- nearest to DUT
4, Switch to "Init" position on "Device Initialization” section

5. Attach USB cable between test bed computer and X12

] Stop Pl Next

Figure 4-1: R&S RT-ZF1: connection to DUT

Steplof7

1. Locate "USB-TF-HS-DEP-V21" test fixture

2. Insert DUT into P17

3. Connect SMA cables from CH 1 to P5 and from CH 3 to P3
4, Switch SW4 to "Init" position (away from its label)

5. Attach USB cable between test bed computer and P18

B Stop Pl Next

Figure 4-2: USB-IF USB2.0 Hi-Speed Signal Quality device test fixture: connection to DUT
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If the DUT has a type A connector attached, plug it into the test fixture directly. Oth-
erwise, connect the DUT to the test fixture using a 4-inch cable.

Use a 1-meter non-captive cable to connect the test bed computer to the test fix-
ture.

Note: Make sure the "Device Type" setting in the "Test Configuration” is enabled
correctly according to compliance.usb.org/index.asp?UpdateFile=Electrical#8 (see
Chapter 3.2, "Configuring the Test", on page 15).

3. Click "Next".
4. Start the HS Electrical Test Tool on the test bed computer.

5. Select "Device" on the left side, and the host controller to which the DUT is connec-
ted on the right side.
Note: the values in the list may vary.

Select Type Of Test

Select Host Controller For Use In Testing

& Device PCl-Bus 0. Gerat 29, Funktion 7 8 Ports

 Hub

= Host Controller/System

|
6. Click "TEST".

7. Select "TEST_PACKET" from the "Device Command" list.

T Select Device—————————————— ~ Device Control

Device Command Device Address
WD 0x1 307, PID 0<165, Address 1, Port 4

[TEST_PACKET xl o

Status Window

Operation Successful

Enumerate Bus | EXECUTE | Retumn Tao Main |

8. Click "EXECUTE" and wait until "Operation Successful" is shown under "Status
Window".

9. On the test fixture, switch to "Test" position as shown in the picture.
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Step 5of 7

1. Switch to "Test" position on "Device Initialization" section

B Stop Pl Next

Figure 4-3: R&S RT-ZF1: "Test" position
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Step S5 of 7

1. Switch SW4 to "TEST" position (towards its label)

B Stop P Next

Figure 4-4: USB-IF USB 2.0 hi-speed signal quality device test fixture: "Test" position

10. Click Next.
The DUT sends test packets that look like this:
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If USB-IF USB2.0 Hi-Speed Signal Quality device test fixture is used, the applica-
tion uses the built-in math function to create the differential signal of D+ and D-.
The waveform will look like this:

Test Procedures 1317.4455.02 — 06 27
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11. These packages are analyzed in an eye diagram.
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differential signal, \f

The results are saved and can be viewed in the report.

4.1.2 Packet Parameters

Table 4-2: Equipment

High-Speed Device Tests

Item

Description, model

Quantity

Rohde & Schwarz oscilloscope

R&S RTO with 4 channels and at least
2 GHz bandwidth

1

DUT

the device you want to test

Signal quality board, "Device SQ" section

R&S RT-ZF1

Differential probe

at least 2 GHz bandwidth

Host test bed computer

any computer with high-speed USB ports
and HS Electrical Test Tool

USB cable

to connect computer and test fixture

Test preparation

Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",

on page 7

® AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTO", on page 9
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® Configure and initiate the test with DUT type = "Device", see Chapter 3.3, "Initiat-
ing the Test", on page 19
Running the test

1. Select the "Packet Parameters (EL_21,22,25)" test case and click "Test Single".

RSScopeSuite

@ Back Session Device 20151221 181839

a All
4 High Speed

Signal Quality (EL_2.4,5.6,7)

() [ ] ] (m]

Packet Parameters (EL_21,22,25)

Chirp Timing (EL_28,29,31)

Suspend/Resume/Reset Timing (EL_27,28,38,39.40)
Test J/K, SEO_MNAK (EL_8,9)
Receiver Sensitivity (EL_1617,18)
a Full Speed
Signal Quality (B.6.3.1)
a low Spead
Signal Quality (B.6.3.1)
a Legacy

Inrush Current (B.4)

oo goooggodg

Back Voltage (F.3)

[ TestChecked P TestSingle

Ready to run.

2. Connect the DUT to the test fixture as shown in the picture.
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Steplof 5

1. Locate "Device 5Q" section on "USB 2.0 Signal Quality Board”

2. Insert DUT into X11

3. Connect probes from CH 1 to D+ and CH 3 to D- furthest from DUT
4, Switch to "Init" position on "Device Initialization” section

5. Attach USB cable between test bed computer and X12

| ] Stop Pl Next

If the DUT has a type A connector attached, plug it into the test fixture directly. Oth-
erwise, connect the DUT to the test fixture using a 4-inch cable.
Use a 1-meter non-captive cable to connect the test bed computer to the test fix-

ture.
3. Click "Next".
4. Start the HS Electrical Test Tool on the test bed computer.

5. Select "Device" on the left side, and the host controller to which the DUT is connec-
ted on the right side.
Note: the values in the list may vary.

#2 EHCI HS Electrical Test Tool [x]

Select Host Controller For Use In T esting

Select Type OF Test

PCl-Bus 0. Gerat 29, Funktion 7 8 Ports

' Device

 Hub

" Host Controller/System

|

6. Click "TEST".
7. Click "Next" in the R&S ScopeSuite.
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Step 3 of 6

Select Type Of Test———————— 1~ Select Host Controller For Use In Testing—

& Device n PCl bus 0, dev 9, function 0 2 Ports

" Hub

" Host Controller/System

TEST | Exit |

1. Select "Device” from "Select Type Of Test”
2. Click "TEST" button

B Stop Pl Next

The RTO is set to trigger on the packets sent between host (Set_Feature Packet)
and device.

8. Select "SINGLE STEP SET FEATURE" on the "Device Command" list.
[EHCLHS Electrical Test Tool - DeviceTest ||

T Select Device————————— - Device Control

Device Command Device Address

|SINGLE STEP SETFEATU ~| |0
Status Window

Enumerate Bus EXECUTE | Return Tao Main |

9. Click "EXECUTE" and wait for its change to "Step".

A waveform is captured as pictured below.
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2013-11-14
08:52:22

Horizontal settings

Res: 100 ps /10 GSa/
Reclen: 20 ksa T
Sl 200 ns/div

Position: 0 s

______

Trigger settings

_______

Type-B: Edge
~fLevel: -250 mv

_______

Scl: 140 mvAdiv
Cpl: DC 500
Dec:5a | Ta: Off

15477 ns 16884 ns
1 1

182.91 ns
1

| 186.92 ns
L L

211.05 ns 22512 ns
1 1

The first packet on the left is an "IN” packet sent by the test bed computer. It is fol-
lowed by a "Set Feature” packet (middle) also sent from the test bed computer. On
the right you can see the answer from the DUT with higher amplitude than the
packets from the test bed computer.
The application counts the number of bits in the DUT packet SYNC field by mea-
suring the duration of the first 31 pulses. This is EL_21.
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2013-11-14
08:52:23

Horizontal settings
Res; 100 ps /10 GSa
“fReclen: 20 kza T
“5ch 200 ns/div
Position: 0 s

Trigger settings
Maode:  Mormnal
—| Type- —Edge—_‘E-E

Type-B: Edge % Chz

~fLevel: nHZSD my

208.4 ns S5
225.6 ns N

Scl: 140 mvAdiv
| |cpl: DC so0@
| |Dec:sa| Ta: Off

126.63 ns 140.7 ns 15477 ns 16884 ns 182.91 ns 196.98 ns 11108 ns 225.'|2 ns | 2956 ng
1 1 1 1 1 1 1 1 1 1 A 1 1 1 1 1

The application counts the number of bits in the DUT packet EOP field by measur-
ing the duration of the widest pulse. This is EL_25.
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2013-11-14
08:52:24

h T T T T I ) T T T T T Horizontal settings
A : v : i : : : : Res: 100 ps / 10 GSa/
L : : : | 1 ! | | | Reclen: 20 kSa T
| | | i i | | | Sl 200 ns/div
. : : Do ! : : : Position: 0 s
T . o e e T R R S s 77—
: : : 1 : i : : Mode:  Mormal A7E
132 L : : : | I i :‘ | E E Type-A: Edge %ChZ
' i | | | Type-B: Edge Chz
Level: -250 mY

Scl: 140 mvAdiv
Cpl: DC 500
Dec:5a | Ta: Off

____M_T___Jmnmmumwm;__

280 -~ -

-BDID ns -GDID ns -4DID ns -EDID ns | 5 | EDDI ns 4DDI ns SDDI ns BDDI n 1ps
-700 Y I I I I ! i 1 1 1 1 4

The application measures the time between the “Set Feature” packet and DUT
packet. This is EL_22.

10. Click "Step" and wait until "Operation Successful" is shown under "Status Window".

EHCI HS Electrical Test Tool - Device Test

B Select Device—————————— [~ Device Confrol
MHOME Device Command Device Address
[SINGLE STEPSETFEATU ~[ [0
Statuz Wwindow

Operation Successiul

Enumerate Bus | Step | Return To Main

A waveform is captured as pictured below.




High-Speed Device Tests

Res;

2013-11-14
08:52:26

®

Horizontal settings

100 ps /10 GSa/

I : : : Type-A: Edge
| | | Type-B: Edge
-250 my

Level:

Reclen: 13 ksa T

Sl 130 ns/div

Position: 0 s
e Trigger settings [

Mode:  Mormal AFE

Chz
Chz

3

Scl: 140 mvAdiv
Cpl: DC 500
Dec:5a | Ta: Off

I

; |
130 ng |
1 J

-380 ns
L

260 ng 390 nz
L

130 ns
L

G50 ns:

520 n
1

The first packet (left) is an "IN Packet" sent by the host. The second packet with
higher amplitude is the answer from the device. The application measures the time
between the two packets. This is EL_22.

The results are saved and can be viewed in the report.

4.1.3 Chirp Timing

Table 4-3: Equipment

Item Description, model Quantity
Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1
2 GHz bandwidth
DUT the device you want to test 1
Signal quality board, "Device SQ" section R&S RT-ZF1 1
Single-ended probe at least 2 GHz bandwidth 2
Host test bed computer any computer with high-speed USB ports 1
and HS Electrical Test Tool
USB cable to connect computer and test fixture 1
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Test preparation

Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",
on page 7

® | AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTQO", on page 9

e Configure and initiate the test with DUT type = "Device", see Chapter 3.3, "Initiat-
ing the Test", on page 19
Running the test

1. Select the "Chirp Timing (EL_28,29,31)" test case and click "Test Single".

RSScopeSuite

@ Back  Session Device 20151221 181839

a Al
4 High Speed

Signal Quality (EL_2.4,5,6,7)

O O o [

Packet Parameters (EL_21,22,25)

Chirp Timing (EL_28,29,31)

‘

Suspend/Resume/Resat Timing (EL_27,28,38,39,40)
Test J/K, SEO_NAK (EL_8.9)
Receiver Sensitivity (EL_16,17,18)
a Full Speed
Signal Quality (B.6.3.1)
4 Low Speed
Signal Quality (B.6.3.1)
4 legacy

Inrush Current (B.4)

Dodoodogdgd

Back Voltage (F.3)

[ TestChecked P> TestSingle

Ready to run.

2. Connect the DUT to the test fixture as shown in the picture.
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Steplof 5

1. Locate "Device 5Q" section on "USB 2.0 Signal Quality Board”

2. Insert DUT into X11

3. Connect probes from CH 1 to D+ and CH 3 to D- furthest from DUT
4, Switch to "Init" position on "Device Initialization” section

5. Attach USB cable between test bed computer and X12

| ] Stop Pl Next

If the DUT has a type A connector attached, plug it into the test fixture directly. Oth-
erwise, connect the DUT to the test fixture using a 4-inch cable.
Use a 1-meter non-captive cable to connect the test bed computer to the test fix-

ture.
3. Click "Next".
4. Start the HS Electrical Test Tool on the test bed computer.

5. Select "Device" on the left side, and the host controller to which the DUT is connec-
ted on the right side.
Note: the values in the list may vary.

#2 EHCI HS Electrical Test Tool [x]

Select Host Controller For Use In T esting

Select Type OF Test

PCl-Bus 0. Gerat 29, Funktion 7 8 Ports

' Device

 Hub

" Host Controller/System

|

6. Click "TEST".

7. Click"Enumerate Bus" in the HS Electrical Test Tool.
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EHCI HS Electrical Test Tool - Device Test I

— Device Contral

r Select Device

Device Command Device Address

NONE =l o

Status Window

1, Port 4

EXECUTE | Retun To Main

Enumerate Bus

8. Click "Next" in the R&S ScopeSuite.

The Figure 4-5 shows an overview over D+/D- when a host is negotiating high-
speed with the device.

28 Y ) Horizontal settings
C Diagram 1: Ch 1,3 e S “fresi 15 ns/es M3als
:28 “JRreclen: 1 M3a RT
|52 |zl 1.5 ms/div

Trigger settings
L R T T LT Tt T “YMode:  Normal
Type-A: Width f Chl
Offset: -6.499995 ms
Lewvel: 144
T
Fos: -4.5 div
— 2868 W --- e e e e Offs 0w
: Scl: 400 mv/div
! Cpl: DC 500
| | Deci Sa | TA: Off
L e e e PP R P Rk L CEEEEPEEEEER, -
i i Paos: -4.5 div
2264V : : o n
H Scli 400 mi/div
: cpl: DC 500
T e Dec:Sa | TA: Off
Device Chirp-k.
ir-l-ELEEEEEE :
1208V
|- B86 My -
[ 504 mv - - -
— 152 mW - - -
1 : : H H | H 1
200 my 56877 ms -6.2043 ms -5.9009 ms -5.5075 ms 51141 ms -4.7207 ms 43273 ms 3.9330 ms 25405 ms 20256 ms|
1 1 1 1 Il 1 1 1 Il 1

Figure 4-5: High-speed communication of host and device
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To start a communication with a device, the host pulls down both data lines to low
levels. Big drop of D+ (Ch1Wfm1) is shown on the right side. The device has now
2.5us seconds to respond with a rise of D-. We call this Chirp K Latency and the
EL_28 measurement has to be in the range from 2.5us to 6ms. The host sees this
Device Chirp-K (800mV on D-) and has to respond to it within 1ms and latest within
7ms. The answer is a series of K-J chirp pairs. The length of the Device Chirp-K
time corresponds to the EL_29 measurement. After at least 3 K-J chirp pairs the
device can assume that the host is high speed capable. When sure, the device
applies the 45 Ohm terminations and by this pulls down the voltage of the chirps to
400mV. This drop can be seen in more detail in Figure 4-6. The time from the third
Chirp till the drop has to be in the range from Os to 500us. We store this measure-
ment under EL_31 High Speed Termination After Chirp.

Horizontal settings
Res: 15 ns / 66.6..MSa/ls
Rec len: 1 MSa RT
N =R 1.5 ms/div
- Trigger settings
“IMade:  Mormal
" Y Type-a: width f chi
~ | offset: -6.499995 ms
—QLevel: 14V

A ' ' : ! Pos: -4 .5 div
e R R EE e R BERE Lo1) sl

f : ! 1 : Sl 400 mv/div
Cpl: DC 500
Dec: 5a | Ta: Off

Fos: -4.5 div

off 0w

Scli 400 mi/div

' : ‘ : ¢\ |cpl DC 500
e eeeiieoooio- - |Decisa | TA: Off

Off: -8
Scli 2 Adiv
{Chiwfrnl=0.6)ar..

—_—

M g e el e ey oy et A i e AR
| | | | Ml | 1 | |
= | | | A | 3 | | AL
; ' ' ' Cin
7284 o e R — 4 Al il A f AR IS & phend b AR midl, i R LA et LA 0 AR et
17818 -3.6329 ms -3.6317 ms -3.6305 ms -3.629¢ mk -3.6282 ms -3627 ms -3.6259 ms -3.6297 ms -3.6229 ms|
- ! ! ! i ) ! ! L !

Figure 4-6: EL_31 chirp drop

The results are saved and can be viewed in the report.
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4.1.4 Suspend/Resume/Reset Timing

Table 4-4: Equipment

Item Description, model Quantity
Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1

2 GHz bandwidth
DUT the device you want to test 1
Signal quality board, "Device SQ" section R&S RT-ZF1 1
Single-ended probe at least 2 GHz bandwidth 2
Host test bed computer any computer with high-speed USB ports 1

and HS Electrical Test Tool

USB cable to connect computer and test fixture 1

Test preparation

Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",
on page 7

® | AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTQO", on page 9

e Configure and initiate the test with DUT type = "Device", see Chapter 3.3, "Initiat-
ing the Test", on page 19
Running the test

1. Select the "Suspend/Resume/Reset Timing (EL_27,28,38,39,40)" test case and
click "Test Single".
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RSScopeSuite

Session Device 20151221 181839

a Al
4 High Speed
Signal Quality (EL_2.4,5.6,7)
Packet Parameters (EL_21,22,25)

Chirp Timing (EL_28,29,31)

(B[] [ O] (] (]

Suspend/Resume/Reset Timing (EL_27.28,38,39,40)

Test J/K, SEO_MNAK (EL_8,9)

Receiver Sensitivity (EL_16,17,18)
4 Full Speed

Signal Quality (B.6.3.1)
4 Low Speed

Signal Quality (B.6.3.1)
4 legacy

Inrush Current (B.4)

I I Y Y A O

Back Veltage (F.3)

Ready to run.

2. Connect the DUT to the test fixture as shown in the picture.
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Step 1of 9

1. Locate "Device 5Q" section on "USB 2.0 Signal Quality Board”

2. Insert DUT inte X11

3. Connect probes from CH 1 to D+ and CH 3 to D- furthest from DUT
4, Switch to "Init" position on Device Initialization section

5. Attach USB cable between test bed computer and X12

B Stop Pl Next

If the DUT has a type A connector attached, plug it into the test fixture directly. Oth-
erwise, connect the DUT to the test fixture using a 4-inch cable.

Use a 1-meter non-captive cable to connect the test bed computer to the test fix-
ture.

3. Click "Next".
4. Start the HS Electrical Test Tool on the test bed computer.

5. Select the host controller to which the DUT is connected and click OK.
Note: the values in the list may vary.
Click "Next" in the R&S ScopeSuite.
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Step 20f 9

Select host controller to load Intel Test Stack on.

9, function 0
6. function 0

oK |

1. Run USB High Speed Electrical Test Tool
2. Select appropriate host controller
3. Click "OK" button

B Stop Pl Next

6. Select "Device" on the left side, and click "TEST"

Step 3of 9

~ Select Type OF Test Select Host Controller For Use In Testing—

{5 Device n PCl bus 0. device 23, function 02 Ports

" Hub

" Host Controller/System

TEST | Exit |

1. Select "Device” from "Select Type Of Test”
2. Click "TEST" button

B Stop Pl Next

7. Configure the HS Electrical Test Tool as shown in the picture.
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Step 4 of 9

Select Device Device Contiol-
Device Command Device Address
|SUSPEND =l ]p
mmwm
Opetation Successhul

Ervamerate Bus | EXECUTE | Aetum To Main |

1. Select DUT from "Select Device”

2. Select "SUSPEND" from "Device Command”
3. Click "EXECUTE" button

4, Check and ensure "Operation Successful”

B Stop Pl Next

Waveforms are captured as pictured below.

Horizontal settings

Res: 600/ 1.66... GEa/
Rec len: 7.5 MSa T
Scl; 450 ps/div

Position: 0 s

Trigger settings

Mode:  Morma
Type-a: Edage & Chi
Level: 1w

cpl: DC 500
Dec:Sa | Ta: Off

: : Pos: -4.5 div
' i off 0 7
1 1 Scli 400 mv/div
_______________ | |celDCsoq B
' ' Dec:Sa | Ta: Off
H H _
| Delay end ]
_______________ R N
: | : | |
' 1 ' 1
450 ps 900 ps 1.33ms
1 L 1 L 1
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The application measures the time between the last falling edge of the last “Start of
Frame” packet and the start of the suspended state. This is EL_38.
e G

Horizontal settings
Res: 600/ 1.66... G5a/s
“JReclen: 7.5 MSa RT
A scl: 450 ps/div
~ | Position: 0 =
Trigger settings
- fMode:  Mormal
- | Type-a: Edoe § Chi

~fLlevel: 1V

Fos: -4.5 div
off 0
27z
zagegw- oo bR e it DR PP P L P PEP PR PR PR e RGDRECCECEPCEPPEERPER] SEEEEE e —
b2meean - Fe s L R TTETTTEe PSSR (S F T TTETER  RTETTTTReS e [ |- feeoen =
T Y A S de el A e . [, U S P 4
128660 - ----ooo o L Lt TP EPEEE PEPELPPELPT LR ] L s BLRC T L LT P L L L PP LT CEPTEEP LR PR P S CEECTTOEPCEPPORRPEN —
: : : : : : : : : :
1419 my-------------- e EEEEELEEE: R aREEEE e RO TET [ BT B R e [ ik RRE et [ Tem-e-s —
b 5az7amy- - L ASGESEEEEEEE R EGLEEETTETE FERTERERPEEEEPE L il SEECEEEE R RCECEEE] EECEEEEEEELEE e RSRRERECEEE R RGEnRt] [EEEEE EEEEES —
FA7tamy oo LT R CETTEET PR REPEREPREERRE L i DEECEE T PR PREPREPPREPY SRR L TCLLTLTTEPEEPPRRRTRN -
F/ H H H H H | | | | H
T T T T T T T T T T T T b
y 720 ps 200 p= 1.08 ms 1.26 ms 1.44 ms 1.62 ms 18 ms 1.88 ms | 225 ms
-200 mY L i L A L L L L L L L L L L L L L I

When entering the suspended state, DUT pulls D+ from ~0 V to ~3 V (as shown in
the picture above) and D- remains in ~0 V. The application zooms into the suspen-
ded state and measures the voltage of D+/-. This is EL_39.

8. Proceed in the HS Electrical Test Tool as shown in the picture.
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Step 50f 9

Device Control
Device Command Device Address
[RESUME = ]

Status Window
(Operation Successful

Erumesate Bus | EXECUTE | Retum To Main |

1. Select "RESUME" from "Device Command”
2. Click "EXECUTE" button

3. Check and ensure "Operation Successful”

B Stop Pl Next

Waveforms are captured as pictured below.
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®

2013-11-15
07:45:32
Horizontal settings

600/ 1.66... 354,
Reclen: 7.5 MSa
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Position: 0 s
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Sl

er settings
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"

T
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ETT

Level:
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Pos: -4 5 div

Offt 0w
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2013-11-15
07:45:33

Horizontal settings
Res: 600/ 1.66... G354
" Reclen: 7.5 Msa T
Y sch: 450 ps/fdiv
- Position: 0 s

S Trigger settings
-fMade:  Mormal
Type-A: Edae ¥ Chi
Level: 700 my

b 26060 my-- - -

- AB7.76 mbf- -4 oo oo

75811 my--1

= E51.62 mb--1--------moo o I

Pos: -4 5 div
Off 0w
Scli 400 mit/div

; Cpl: DC 500
H Dec:5a | Ta: Off
_____________________________ RO O Y G O RO | o i1 R 1L At (LT WP S T U
IR SRR B SRR === 4--f------ SRR LR R R REEREEEEEE REERERY |- == =====co he=
_____ 1 i |

18126 mW -5 -

— -102.06 m\

200 mv

30 ns/div
1

' ' ' ' -1.5642 ms]
1 1 1 1 1 1 1 1 1

The application zooms into the first “Start of Frame” packet and measures the max-
imum voltage of D+ and D-. This is EL_40.

Proceed in the HS Electrical Test Tool as shown in the picture.
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Step 6 of 9

| [ Device Control
Device Command Device Address
RESET =~ |0

Enumerate Bus | EXECUTE | Retun To Man |

Status Window
!Dpﬂaﬁm Successful

1. Select "RESET” from "Device Command”
2. Click "EXECUTE" button
3. Check and ensure "Operation Successful”

" o

A waveform is captured as pictured below.
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2013-11-15
07:45:41
—— T T T T T T T T T T T Horizontal setti

o H | | | + | | | Rec len: 7.894738 MSa T
: ' : ; : : . Sl 1.50000022 ms/div
Position: 0 s

H hli """""" :’ """""""" i """""""" T :""'"""""'“:""""""""i """ Trigger settings

e i
! ! 1 ! ! ! Type-f: Edge £ Cha

Level: 700 my

Pos: -3 div
Off 0w

Scli 200 myddiv |
cpl: DC 500
Dec:5a | Ta: Off i

Pos: -3 div

offr 0w

Scli 200 miAdiv
Cpl: DC 500
Dec:Sa | Ta: Off

b 1 |lﬂﬂliﬂlﬂﬁﬁﬂliﬂﬂﬂilﬂll et aianaad

Delaystartr:

Lo R . N o o [ .
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The application measures the time between the DUT reset from the non-suspen-
ded state (i.e., the last falling edge of the last “Start of Frame” packet) and the start
of the chirp handshake (i.e., the assertion of Chirp K). This is EL_27.

10. Proceed in the HS Electrical Test Tool as shown in the picture.
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Step 7 of 9

1~ Device Control
Device Command Device Address
1, Address 1, Port 1
SUSPEND =l ]
Status Window
Operation Successhul

Erwmetale Bus EXECUTE | Aetum To Main |

1. Select "SUSPEND" from "Device Command”
2. Click "EXECUTE" button
3. Check and ensure "Operation Successful”

B Stop Pl Next

11. Proceed in the HS Electrical Test Tool as shown in the picture.

Step 8 of 9

[~ Select Device Device Coritrol
Device Command Device Address
RESET =l o

Status Window
Operation Successhd

Enumerate Bus | EXECUTE | Retun To Man |

1. Select "RESET” from "Device Command”
2. Click "EXECUTE" button
3. Check and ensure "Operation Successful”

B Stop Pl Next

Waveforms are captured as pictured below.
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2013-11-15
07:45:54

T T T T T T Horizontal settings
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The application measures the time between the DUT reset from the suspended
state (i.e., D+ pulls from ~+3 V to ~0 V) and the start of the chirp handshake (i.e,
the assertion of Chirp K). This is EL_28.

12. Finish the test as shown in the picture.
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Step 9of 9

[~ Select Device T Device Control
| Device Command Device Address |
| [monE =P
| Status Window
Erumerate Bus EXECUTE Retun To Main
1. Click "Return To Main" button
B Stop Pl Next

The results are saved and can be viewed in the report.

41.5 TestJ/K, SEO_NAK

Table 4-5: Equipment

Item Description, model Quantity
Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1

2 GHz bandwidth
Signal quality board, "Device SQ" section R&S RT-ZF1 1
Single-ended probe at least 2 GHz bandwidth 2

Host test bed computer

any computer with high-speed USB ports
and HS Electrical Test Tool

USB cable 1.3 m

to connect computer and test fixture

Test preparation

Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",

on page 7

® AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTO", on page 9

® Configure and initiate the test with DUT type = "Device", see Chapter 3.3, "Initiat-

ing the Test", on page 19
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Running the test

1. Select the "Test J/K, SE0_NAK" test case and click "Test Single".

RSScopeSuite

@ Back  Session Device 20151221 181839

a Al
4 High Speed
Signal Quality (EL_2.4,5,6,7)
Packet Parameters (EL_21,22,25)

Chirp Timing (EL_28,29,31)

OO 4 0O )

Suspend/Resume/Resat Timing (EL_27,28,38,39,40)

Test J/K, SE0_MAK (EL_8.9)

‘

Receiver Sensitivity (EL_16,17,18)
a Full Speed

Signal Quality (B.6.3.1)
4 Low Speed

Signal Quality (B.6.3.1)
4 legacy

Inrush Current (B.4)

Dodogdog

Back Voltage (F.3)

[4 TestChecked P TestSingle

Ready to run.

2. Connect the DUT to the test fixture as shown in the picture and click "Next".
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Step 1 of 13

1. Locate "Device 5Q" section on "USB 2.0 Signal Quality Board”

2. Insert DUT inte X11

3. Connect probes from CH 1 to D+ and CH 3 to D- furthest from DUT
4, Switch to "Init" position on "Device Initialization” section

5. Attach USB cable between test bed computer and X12

B Stop Pl Next

3. Start the HS Electrical Test Tool on the test bed computer.

4. Select the host controller to which the DUT is connected and click OK.
Note: the values in the list may vary.
Click "Next" in the R&S ScopeSuite.

Step 2of 13

Select host controller to load Intel Test Stack on.

PCl bus 0. devi . function 0

PCl bus 0, device 26, function 0

S 3 |

1. Run USE High Speed Electrical Test Tool
2. Select appropriate host controller
3. Click "OK" button

M Stop Pl Next
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5. Select "Device" on the left side, and click "TEST"

Step 3 of 13

Select Type OF Test——————— ~ Select Host Controller For Use In Testing—
' Device n PCl bus 0, device 29, function 0 2 Ports
" Hub

" Host Controller/System

TEST | Exit |

1. Select "Device” from "Select Type Of Test”
2. Click "TEST" button

W Stop Pl Next

6. Configure the HS Electrical Test Tool as shown in the picture.

Step 4 of 13

Select Device Device Contral
NON! Device Command Device Address

_Address 1, Port 1

0.... :

Operation Successhul

Enumerate Bus [ EXECUTE | Return To Main |

1. Select DUT from "Select Device”

2. Select "TEST_J" from "Device Command”
3. Click "EXECUTE" button

4, Check and ensure "Operation Succassful”

B Stop Pl Next
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If the DUT has a type A connector attached, plug it into the test fixture directly. Oth-
erwise, connect the DUT to the test fixture using a 4-inch cable.

Use a 1-meter non-captive cable to connect the test bed computer to the test fix-
ture.

7. Switch the "Device Initialization" switch to "Test" position.

Step 5 of 13

1. Switch to "Test" position on "Device Initialization" section

B Siop Pl Next

The probe at least 2 GHz bandwidth contains a built-in digital voltmeter known as
ProbeMeter. The application automatically reads the voltages of D+ and D- from
the ProbeMeter. However, if the user has selected "Digital Multimeter (Manual)" in
the test configuration (see Chapter 3.2, "Configuring the Test", on page 15), the
application prompts the user to enter the voltages of D+ and D-.

8. Switch the "Device Initialization" switch to "Init" position, and reset the DUT. If the
DUT is bus-powered, simply toggle the "Device on off" switch.
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Step 6 of 13

1. Switch to "Init" position on "Device Initialization” section
2. Toggle "Device on off” switch on "Device 5Q" section to reset DUT

B Stop Pl Next

If the DUT is self-powered, switch it off and switch it back on.

Step 6 of 13

1. Switch to "Init" position on "Device Initialization” section
2. Power cycle DUT to reset it

B Stop Pl Next

9. Configure the HS Electrical Test Tool as shown in the picture and execute the test.
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Step 7 of 13

1 Select Device 1~ Device Control

| NONE Device Command Device Address
VD 0x731, PID 0:5151, Address 1, Port 1

[TEsT X =P

Status Window n
Operation Successhul
Erumerate Bus EXECUTE | HmnToMainl

1. Select "TEST_K" from "Device Command”
2. Click "EXECUTE" button and wait for it to change to re-enable
3. Check and ensure "Operation Successful”

] Stop Pl Next

10. Switch the "Device Initialization" switch to "Test" position.

Step 8 of 13

1. Switch to "Test" position on "Device Initialization" section

B Stop Pl Next

If the user has selected "Digital Multimeter (Manual)" in the test configuration (see
Chapter 3.2, "Configuring the Test", on page 15), the application prompts the user
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to enter the voltages of D+ and D-. Otherwise it automatically reads them from the
ProbeMeter.

11. Switch the "Device Initialization" switch to the "Init" position and reset the DUT.
If the DUT is bus-powered, simply toggle the "Device on off" switch.

Step 9 of 13

1. Switch to "Init" position on "Device Initialization” section
2. Toggle "Device on off” switch on "Device SQ" section to reset DUT

B Stop Pl Next

If the DUT is self-powered, switch it off and switch it back on.
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Step 9 of 13

1. Switch to "Init" position on "Device Initialization” section
2. Power cycle DUT to reset it

B Stop P Next

12. Configure the HS Electrical Test Tool as shown in the picture, and execute the test.

Step 10 of 13

Select Device Device Control
Device Command Device Addiess
: |TEST_Se0_Nak = o
nsmus Window
Operation Successiul

Enumerste Bus | EXECUTE | Reetun To Main |

1. Select DUT from "Select Device”

2. Select "TEST_SEO_NAK" from "Device Command"

3. Click "EXECUTE" button and wait for it to change to re-enable
4. Check and ensure "Operation Succassful”

| | Stop Pl Next

13. Switch the "Device Initialization" switch to "Test" position.
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Step 11 of 13

1. Switch to "Test" position on "Device Initialization" section

B Stop Pl Next

If the user has selected "Digital Multimeter (Manual)" in the test configuration (see
Chapter 3.2, "Configuring the Test", on page 15), the application prompts the user
to enter the voltages of D+ and D-. Otherwise it automatically reads them from the
ProbeMeter.

14. Switch the "Device Initialization" switch to the "Init" position and reset the DUT.
If the DUT is bus-powered, simply toggle the "Device on off" switch.
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Step 12 of 13
O

1. Switch to "Init" position on "Device Initialization” section
2. Toggle "Device on off” switch on "Device 5Q" section to reset DUT

B Stop Pl Next

If the DUT is self-powered, switch it off and switch it back on.

Stepl2of L
"

1. Switch to "Init" position on "Device Initialization” section
2. Power cycle DUT to reset it

] Stop Pl Next

15. Proceed in the HS Electrical Test Tool as shown in the picture.
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Step 13 of 13

Select Device Device Control
Device Command Device Addess
. Address 1, Port 1
[NONE =l ]
Status Window
Enumerate Bus I EXECUTE Return To Main
1. Click "Return To Main" button
] Stop Pl Next

The results are saved and can be viewed in the report.

4.1.6 Receiver Sensitivity

Table 4-6: Equipment

Item Description, model Quantity
Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1
2 GHz bandwidth
Signal quality board, "Reveiver Sensitivity" | R&S RT-ZF1 1
section
Dual channel arbitrary waveform generator | e.g. Tabor WX2182B/WX2182C 1
(AWG)
SMA cable to connect the signal generator to the test 2
fixture
50 Q SMA terminators to terminate unused outputs of the AWG 2

Differential probe

at least 2 GHz bandwidth

Host test bed computer

any computer with high-speed USB ports
and HS Electrical Test Tool

USB cable

to connect computer and test fixture
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Test preparation

Test preparation comprises common preparation steps and the connection of the
AWG.
Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",
on page 7

® | AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTQO", on page 9

e Configure and initiate the test with DUT type = "Device", see Chapter 3.3, "Initiat-
ing the Test", on page 19
Additional preparation step:

® AN connection of the AWG and the computer running the R&S ScopeSuite, see
Chapter 2.6, "Connecting the Arbitrary Waveform Generator", on page 11.

® Make sure that all unsued outputs of the AWG waveform generator are terminated
with a 50 Q SMA terminators.

To execute the the receiver sensitivity test in manual mode, the AWG has to output
waveforms that simulate the IN token. These waveforms are described in Chap-
ter 4.1.7, "Setup of Test Waveforms ", on page 76.

Running the test

1. Select the "Receiver Sensitivity (EL_16,17,18)" test case and click "Test Single".
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RSScopeSuite

- Session Device 20151221 181839

A All
4 High Speed
Signal Quality (EL_2.4,5,6,7)
Packet Parameters (EL_21,22,25)
Chirp Timing (EL_28.29,31)
Suspend/Resume/Resat Timing (EL_27,28,38,39,40)

Test J/K, SED_MNAK (EL_8,9)

<SH OO0 OO0 ()

Receiver Sensitivity (EL_16,17.18)

4 Full Speed

Signal Quality (B.6.3.1)
4 Low Speed

Signal Quality (B.6.3.1)
4 legacy

Inrush Current (B.4)

Oooggdog

Back Voltage (F.3)

Ready to run.

2. Connect the Tabor generator to the test fixture as shown in the picture.
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Steplof 8

1. Locate "Receiver Sensitivity” section on "USB 2.0 Signal Quality Board”
2. Connect SMA cable from data generator CH 1 to D+ 5MA connector
3. Connect SMA cable from data generator CH 2 to D- SMA connector
4, Terminate all unused data generator outputs with 50 ohms loads

| ] Stop Pl Next

Click "Next".

3. Connect the DUT to the test fixture as shown in the picture, and click "Next".

Step 20of 8

1. Insert DUT into X9

2. Connect differential probe from CH 2 to D+/D- nearest to DUT
3. Switch to "Init" position on "Device Initialization™ section

4. Attach USB cable between test bed computer and X10

B Stop Pl Next
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If the DUT has a type A connector attached, plug it into the test fixture directly. Oth-
erwise, connect the DUT to the test fixture using a 4-inch cable.

Use a 1-meter non-captive cable to connect the test bed computer to the test fix-
ture.

4. Start the HS Electrical Test Tool on the test bed computer.

5. Select the host controller to which the DUT is connected and click OK.
Note: the values in the list may vary.

Step 2 of 5

Select host controller to load Intel Test Stack on

PCl bus 0. device 29, function 0

PCl bus 0. device 26, function 0

_« B

1. Run USE High Speed Electrical Test Tool from DUT
2. Select appropriate host controller
3. Click "OK" button

B stop Pl Next

6. Select "Device" on the left side.
Note: the values in the list may vary.
Click "TEST".
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Step 4 of 8

~Select Type OF Test———————— 1 Select Host Controller For Use In Testing—

A Device n "Cl bus 0. device 23, function 02 Ports

" Host Controller/System

TEST | Exit |

1. Select "Device” from "Select Type Of Test”
2. Click "TEST" button

B Stop Pl Next

7. Select DUT from "Select Device"
Select "Test SE0O_NAK" from "Device Command".
Click "EXECUTE" and wait until "Operation Successful" is shown in "Status Win-
dow".

Step 5of 8

Enumerale Bus | EXECUTE | Retun To Main |

1. Select DUT from "Select Device”

2. Select "TEST_SEQ_MAK" from "Device Command”
3. Click "EXECUTE" button

4. Check and ensure "Operation Successful”

B stop Pl Next
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8. Switch to "Test" position on "Device Initalization" section. Now the device (nega-
tive) acknowledges all signals send by the Tabor generator.

Stepbofd

1. Switch to "Test" position on "Device Initialization" section

B Siop Pl Next

9. The application loads the “MIN_ADD1” waveform onto the Tabor generator.
A waveform like this is captured.
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2013-11-15
08:32:47

h T T T T T T T T T T T T Horizontal settings
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F | | | | I | | | Type-a: Width £ chz
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off 0w
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IPTTTVA i —— S E— Al B S8 EE—— S B—— E E— 1 o g

-500 my -8B s -G ps -4 s -2 s 5 2yus 4 s fus 8ps 10 ps

The bigger peak is the (negative) acknowledgement of the device and the smaller
peak is the packet sent by the Tabor generator.

The application verifies that all packets from the Tabor generator are (negative)
acknowledged. This is EL_18.

10. The application loads the “IN_ADD1” waveform onto the Tabor generator.
The waveform looks like this:
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T T T T T T T T T T T T Horizontal settings

Res: 100 ps / 10 GSa/
Reclen: 1.5 ksa T
sl 18 ns/div

Fosition: 0 s
i - - Trigger settings i
Maode:  Auto
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|cpl: e 502
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AR O 011 A _

- f } } } } } Nﬂ Ay
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S
T T, :—--—c1.2 ------
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605 mvi | ‘ | . 54:ns ‘ ?Z:ns . | . 1EIE:€ ns . 12(% ns . 149}.4 nS_

11.

The application decreases the output voltages of the Tabor generator in a step size
of 50 mV until the (negative) acknowledgement packets begin to become intermit-
tent.

The application then increases the output voltages of the Tabor generator in a step
size of 5 mV until all packets from the Tabor generator are (negative) acknowl-
edged again. The application measures the D+ and D- voltages of the packet from
the Tabor generator. The reading is taken at the plateaus of the wider pulses to
avoid inflated reading due to overshoots. This is EL_17.

The application decreases the output voltages of the Tabor generator in a step size
of 5 mV until there is no more (negative) acknowledgement packet like this:
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2013-11-15
08:30:43
500 oy 3 T T T T T T T T T T T T Horizontal settings
Diagram1: Ch2 ' : : A4 : : : Res: 100 ps / 10 GSa/
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Mode:  Auto
Type-a: Width £ chz
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off 0w

Scli 100 mi/div
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T VA S — A—— S—— AR E —— R — R o g

-8 s -6 s -4 s -2us 5 2ps 4ps 6 ps gps 10 ps:

-500

The application measures the D+ and D- voltages of the packet from the Tabor
generator. The reading is taken at the plateaus of the wider pulses to avoid inflated
reading due to overshoots. This is EL_16.
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2013-11-15
08:33:20
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12. In the HS Electrical Test Tool, click “Return to Main”.
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Step 8 of 8

Select Device 1 Dewice Control
| Device Command Device Addess |

VD (781 PID (b5151_ Address 1. Port 1
| [NONE =l P |
| Status Window

Enumerate Bus EXECUTE Return To Main
1. Click "Return To Main" button
B Stop Pl Next

The results are saved and can be viewed in the report.

4.1.7 Setup of Test Waveforms

This section describes the characteristics of the required waveforms used for device or
hub receiver sensitivity testing. For these tests, a Tabor WX2182B/WX2182C 2.3 GS/s
dual channel arbitrary waveform generator or similar can be used. If you use the Tabor
generator, you can create the waveforms using the Waveform Composer with the files
MIN ADDl.txt and IN ADD1.txt. The files are provided in the installation directory
of the R&S ScopeSuite.

MIN ADDI

® [N token of nominal bit rate and amplitude with shortest allowable sync field (12
bits)

® Bitrate: 480 Mb/s

® High level (both channels): 350 mV

® |ow level (both channels): 0 mV

® Pattern length: 44 bits

® Repetition rate: 2 ps (both channels should be at 0 mV for 916 bits following the
pattern)
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Table 4-7: Pattern bits of MIN_ADD1

1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 | 14 | 15

CHio+) | o | 1| o | 1]o|1]o|1]o]1]o0o]o0o]|o0]|1]o0

CH2 (D-) 1 0 1 0 1 0 1 0 1 0 1 1 1 0 1

16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30

CH1(D+) | O 1 1 1 0 0 1 0 1 0 1 0 1 0 1

CH2 (D-) 1 0 0 0 1 1 0 1 0 1 0 1 0 1 0

31 32 | 33 | 34 | 35 | 36 | 37 | 38 | 39 | 40 | 41 42 | 43 | 44

CH1 (D+) 0 0 1 1 1 1 0 0 0 0 0 0 0 0

CH2 (D-) 1 1 0 0 0 0 1 1 1 1 1 1 1 1

IN ADD1

® [N token of nominal bit rate, amplitude and sync field (32 bits)
® Bitrate: 480 Mb/s

® High level (both channels): 350 mV

® |ow level (both channels): 0 mV

® Pattern length: 64 bits

® Repetition rate: 2 ps (both channels should be at 0 mV for 896 bits following the
pattern)

Table 4-8: Pattern bits of IN_ADD1

1 2 3 4 5 6 7 8 9 10 (11 (12 | 13 | 14 | 156 | 16

CH1(D+) | O 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1

CH2 (D-) 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0

17 | 18 | 19 | 20 | 21 | 22 | 283 | 24 | 26 | 26 | 27 | 28 | 29 | 30 | 31 | 32

cHitoy)|o|1|o|1]o|1]o|1]o|l1]o0o|1]0]|1]0]oO

CH2 (D-) 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1

33 | 34 | 35|36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48

CH1(D+) | O 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1

CH2 (D-) 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0




Legacy Device Tests

49 | 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61 | 62 | 63 | 64

cHto+) | o |1 |o|1|o|1]o|1|o]|1]o|l1]|o0o]1|o0o]o0

CH2 (D-) 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1

4.2 Legacy Device Tests

In addition to the high-speed tests described in the preceeding chapter, the device
under test must also pass a set of full speed and low speed compliance tests applica-
ble to high-speed devices. The documentation of these legacy tests can be found in
the "USB-IF Full and Low Speed Compliance Test Procedure" manual issued by the
USB-IF. The manual is available at http://www.usb.org/developers.

To perform full speed and low speed compliance tests, you can use also a 4-channel
R&S RTO with less than 2 GHz bandwidth.


http://www.usb.org/developers
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5 Hub Tests

5.1 High-Speed Hub Tests
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e Upstream Suspend/Resume/Reset Timing.......ccccuumiiiiiiiaiiiiiiiieieeeee e 106
o Upstream Test J/K, SEOQ _NAK ... .o 107
e Downstream Test J/K, SEQ_ NAK......co ottt 108

5.1.1 Upstream Signal Quality

Table 5-1: Equipment

Item Description, model Quantity
Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1

2 GHz bandwidth
DUT the hub you want to test 1
Signal quality board, "Device SQ" section or | R&S RT-ZF1 1

USB-IF USB2.0 hi-speed signal quality
device test fixture

Differential probe or a pair of SMA cables if | differential probe with at least 2 GHz band- 1
USB-IF device test fixture is used width
Host test bed computer any computer with high-speed USB ports 1

and HS Electrical Test Tool

USB cable to connect computer and test fixture 1

Test preparation

Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",
on page 7

® | AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTO", on page 9

® Configure and initiate the test with DUT type = "Hub", see Chapter 3.3, "Initiating
the Test", on page 19
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Running the test

The upstream signal quality test for hubs is mainly the same as the signal quality test
for devices. Follow the instructions in the R&S ScopeSuite, and refer to the test
description in Chapter 4.1.1, "Signal Quality", on page 21 Make sure to select "Hub" in
the "HS Electrical Test Tool" (step 5).

5.1.2 Downstream Signal Quality

Table 5-2: Equipment

Item Description, model Quantity

Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1
2 GHz bandwidth

DUT the hub you want to test 1

Signal quality board, "Host Signal Quality" R&S RT-ZF1 1
section, or USB-IF USB2.0 hi-speed signal
quality host test fixture

Differential probe or a pair of SMA cables if | differenttial probe with at least at least 2 1
USB-IF host test fixture is used GHz bandwidth
Host test bed computer any computer with high-speed USB ports 1

and HS Electrical Test Tool

USB cable to connect computer and test fixture 1

Test preparation

Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",
on page 7

® AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTO", on page 9

® Configure and initiate the test with DUT type = "Hub", see Chapter 3.3, "Initiating

the Test", on page 19
Running the test

1. Select the "Downstream Signal Quality (EL_2,3,6,7)" test case and click "Test Sin-
gle".
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RSScopeSuite

- Session Hub 20151223 164822

[

a Al
4 High Speed

Upstream Signal Quality (EL_2,46,6,7)

(SN[ ] ] (m]

Downstream Signal Quality (EL_2.3.6,7)

Downstream Jitter (EL_47)

Upstream Packet Parameters (EL_21,22,25)

Upstream Receiver Sensitivity (EL_16,17,18)

Upstream Repeater (EL_42.43,44,45,48)

Downstream Repeater (EL_42,43,44,45,48)

Upstream Chirp Timing (EL_28,29,31)

Downstream Chirp Timing (EL_33.34)

UpStream Suspend/Resume/Reset Timing (EL_27,28,38,39,40)
Upstream Test J/K, SEO_NAK (EL_8,9)

Downstream Test J/K, SEO_NAK (EL_8,9)

a Full Speed

N I O O

Upstream Signal Quality (B.6.3.1)

Ready to run.

2. Connect the DUT to the test fixture as shown in the picture.
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Steplof 5

1. Locate "Host Signal Quality” section on "USB 2.0 Signal Quality Board"
2. Connect differential probe from CH 2 to D+/D- nearest to X6

3. Attach USB cable between port 1 of DUT and X6

4, Connect DUT to test bed computer

B Stop P Next

Figure 5-1: R&S RT-ZF1: connection to DUT

Steplofs

1. Locate "USB-TF-HEP-V20" test fixture

2. Connect SMA cables from CH 1 to D+ and from CH 3 to D-
3. Attach test fixture to port 1 of DUT

4, Connect DUT to test bed computer

W Stop Pl Next

Figure 5-2: USB-IF USB2.0 Hi-Speed Signal Quality host test fixture: connection to DUT
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If R&S test fixture is used, connect the test fixture to the downstream port under
test with a 4-inch non-captive cable. If USB-IF test fixture is used, connect the test
fixture directly to the downstream port under test.

If the DUT has a cable attached, plug it into the test bed computer directly. Other-
wise, use a 1-meter cable to connect the test bed computer to the upstream port.
Click "Next".

3. Start the HS Electrical Test Tool on the test bed computer.

4. Select the host controller to which the DUT is connected and click OK.
Note: the values in the list may vary.
Click "Next" in the R&S ScopeSuite.

Step 2of 5

Select host controller to load Intel Test Stack on.

PCl bus 0, device 29, function 0

PCl bus 0, device 26, function 0

S 3 |

1. Run USB High Speed Electrical Test Tool
2. Select appropriate host controller
3. Click "OK" button

B Stop P Next

5. Select "Hub" on the left side, and click "TEST"
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Step 3 of 5

Select Type OF Test  Select Host Contioller For Use In Testing—

" Device PCl bus 0 function 0 2 Paorts

" Host Controller/System

TEST | Exit |

1. Select "Hub"” from "Select Type Of Tast”
2. Click "TEST" button

W Stop Pl Next

6. Configure the HS Electrical Test Tool as shown in the picture.

Step4of 5

~Hub Control |
| Hub Command
| [NONE
‘ort Control
| |TEST_PACKET
Enumesate Bus
o T Status Window [ Discon
‘ “”*“"‘3“‘“”‘“.
i
—memﬁmww
NONE =T | eeEoute | Aekn ToMa

1. Select DUT from "Hub Selection”

2. Select "TEST_PACKET" from "Port Control”
3. Enter 1 in "Port” box

4. Click "EXECUTE" button

5. Check and ensure "Operation Succassful”

W Stop Pl Next

The test packets are sent to the oscilloscope. They are analyzed in an eye dia-
gram.
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7. Proceed in the HS Electrical Test Tool as shown in the picture.
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Step 5of 5
Hub Selection © ~Hub Control - .
Hub Command Address
VID Dx5e3, PID 0iB08, Address 1 4 Ports INDNE ;I |EI
Port Control Port
HONE - 1
Erumerate Bus | I J I
Status Window [~ Disconnect Notiy
Downstream Devices
Downstieam Device Control =
HONE =l ] EXECUTE Retun ToMan |
1. Click "Return To Main”
[ | Stop Pl Next

The results are saved and can be viewed in the report.

5.1.3 Downstream Jitter

Table 5-3: Equipment

Item Description, model Quantity

Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1
2 GHz bandwidth

DUT the hub you want to test 1
Signal quality board, "Host Signal Quality" R&S RT-ZF1 1
section,

or USB-IF USB2.0 hi-speed signal quality
host test fixture

Differential probe, Differential probe with at least 2 GHz band- 1

or a pair of SMA cables if USB-IF host test width
fixture is used

Host test bed computer any computer with high-speed USB ports 1
and HS Electrical Test Tool

USB cable to connect computer and test fixture 1




High-Speed Hub Tests

Test preparation

Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",
on page 7

® | AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTQO", on page 9

® Configure and initiate the test with DUT type = "Hub", see Chapter 3.3, "Initiating
the Test", on page 19

Running the test

1. Select the "Downstream Jitter (EL_47)" test case and click "Test Single".

RSScopeSuite

@ Back  Session Hub 20151223 164822

a Al
4 High Speed

Upstream Signal Quality (EL_2,46,6,7)

O O o [

Downstream Signal Quality (EL_2,3,6,7)

|

Downstream litter (EL_47)

Upstream Packet Parameters (EL_21,22,25)

Upstream Receiver Sensitivity (EL_16,17,18)

Upstream Repeater (EL_42,43,44,45,48)

Downstream Repeater (EL_42,43,44,45,48)

Upstream Chirp Timing (EL_28,29,31)

Downstream Chirp Timing (EL_33,34)

UpStream Suspend/Resume/Reset Timing (EL_27,28,38,39.40)
Upstream Test J/K, SEO_NAK (EL_8.9)

Downstream Test J/K, SEO_NAK (EL_8,9)

a Full Speed

Jdooogoogodgod

Upstream Signal Quality (B.6.3.1)

[ TestChecked P> TestSingle

Ready to run.

2. Connect the DUT to the test fixture as shown in the picture.
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Steplofb

1. Locate "Host Signal Quality” section on "USB 2.0 Signal Quality Board”
2. Connect differential probe from CH 2 to D+/D- nearest to X6

3. Attach USB cable between port 1 of DUT and X6

4, Connect DUT to test bed computer

W Stop Pl Next

Figure 5-3: R&S RT-ZF1: connection to DUT

Steplofb

1. Locate "USB-TF-HEP-V20" test fixture

2. Connect SMA cables from CH 1 to D+ and from CH 3 to D-
3. Attach test fixture to port 1 of DUT

4. Connect DUT to test bed computer

W Stop Pl Next

Figure 5-4: USB-IF USBZ2.0 hi-speed signal quality host test fixture: connection to DUT
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If the DUT has an attached cable, connect it directly to the test bed computer. Oth-
erwise, use a 1-meter cable to connect the upstream port and the test bed com-

puter.
Click Next.

3. Start the HS Electrical Test Tool on the test bed computer.

4. Select the host controller to which the DUT is connected and click OK.
Note: the values in the list may vary.

Step 2 of 6

Select host controller to load Intel Test Stack on

PCl bus 0. device 29, function 0
PCl bus 0. device 26, function 0

oK |

1. Run USB High Speed Electrical Test Tool
2. Select appropriate host controller
3. Click "OK" button

B stop Pl Next

5. Select "Hub" on the left side, and click "TEST"



Step 3 of 6

Select Type Of Test

" Device
& Hib ]

" Host Controller/System

 Select Host Contioller For Use In Testing—

PCl buz O

High-Speed Hub Tests

function 0 2

= | B

1. Select "Hub"” from "Select Type Of Tast”

2. Click "TEST" button

B stop

Pl Next

6. Configure the HS Electrical Test Tool as shown in the picture.

Step4ofb

- Hub Selection ~Hub Conrol
Hub Command Addiess
|noNE ~] [0
Port Conol Port

[TEST_FORCE_ENABLE a |1_B

Status Window [~ ©

Downstream Devices
D Device Control -
NONE =

Dperation Successhul .

EXECUTE | Retun ToMan |

1. Select DUT from "Hub Selection”

2. Select "TEST_FORCE_ENAEBLE" from "Port Control”

3. Enter 1 in "Port” box
4. Click "EXECUTE" button

5. Check and ensure "Operation Succassful”

B stop

P Next

7. Configure the HS Electrical Test Tool as shown in the picture.
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Step 5 of 6

Hub Selection Hub Caontrol
NONE Hub Command Address
Anld < |PARENT TEST_PACKET n |'I
Port Cantrol Post

NONE hd 1
Enumerate Bus I J |
Status Window [~

Downstream Dewvices

T — | |°c2on Successhi (3]

Downstream Device Control A

NONE =l | EXECUTE | a Retun To Main

1. Select "PARENT_TEST_PACKET" from "Hub Command”
2. Click "EXECUTE" button
3. Check and ensure "Operation Succassful”

W Stop Pl Next

The test packets are sent to the oscilloscope. They are analyzed in an eye dia-
gram.
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differential signal, W

0.0 0.5 10 15 20
time, ns.

The results are saved and can be viewed in the report.

5.1.4 Upstream Packet Parameters

Table 5-4: Equipment

Item Description, model Quantity

Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1

2 GHz bandwidth

DUT the hub you want to test 1
Signal quality board, "Device SQ" section R&S RT-ZF1 1
Differential probe at least 2 GHz bandwidth 1
Host test bed computer any computer with high-speed USB ports 1

and HS Electrical Test Tool

USB cable to connect computer and test fixture 1

Test preparation

Before you run the test, complete the following actions:

Initial setup of the equipment, see Chapter 2.2, "Installing Software and License”,
on page 7

LAN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTQO", on page 9

Configure and initiate the test with DUT type = "Hub", see Chapter 3.3, "Initiating
the Test", on page 19

Running the test

The upstream packet parameter test for hubs is mainly the same as the packet param-
eter test for devices. Follow the instructions in the R&S ScopeSuite, and refer to the
test description in Chapter 4.1.2, "Packet Parameters", on page 29. Make sure to
select "Hub" in the "HS Electrical Test Tool" (step 5).
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5.1.5 Upstream Receiver Sensitivity

Table 5-5: Equipment

Item Description, model Quantity
Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1
2 GHz bandwidth

DUT the hub you want to test 1
Signal quality board, "Receiver Sensitivity" | R&S RT-ZF1 1
section

Dual channel arbitrary waveform generator | Tabor WX2182B/WX2182C 2.3 GS/s 1
(AWG)

SMA cable to connect the signal generator to the test 2

fixture

Differential probe

at least 2 GHz bandwidth

Host test bed computer

any computer with high-speed USB ports
and HS Electrical Test Tool

USB cable

to connect computer and test fixture

Test preparation

Test preparation comprises common preparation steps and the connection of the
AWG.
Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",
on page 7

® AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTQO", on page 9

® Configure and initiate the test with DUT type = "Hub", see Chapter 3.3, "Initiating
the Test", on page 19

Additional preparation step:

® AN connection of the AWG and the computer running the R&S ScopeSuite, see
Chapter 2.6, "Connecting the Arbitrary Waveform Generator", on page 11.

Running the test

The upstream receiver sensitivity test for hubs is mainly the same as the receiver sen-
sitivity test for devices. Follow the instructions in the R&S ScopeSuite, and refer to the
test description in Chapter 4.1.6, "Receiver Sensitivity", on page 65. Make sure to
select "Hub" in the "HS Electrical Test Tool" (step 6).
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5.1.6 Upstream Repeater

Table 5-6: Equipment

Item Description, model Quantity
Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1
2 GHz bandwidth

DUT the hub you want to test 1
Signal quality board, "Receiver Sensitivity" | R&S RT-ZF1 1
section

Differential probe at least 2 GHz bandwidth 1
Host test bed computer any computer with high-speed USB ports 1

and HS Electrical Test Tool

USB cable to connect computer and test fixture 1

Test preparation

Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",
on page 7

® | AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTQO", on page 9

® Configure and initiate the test with DUT type = "Hub", see Chapter 3.3, "Initiating
the Test", on page 19

Running the test

1. Select the “Upstream Repeater (EL_42,43,44,45,48)” test case and click "Test Sin-

gle".
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RSScopeSuite

- Session Hub 20151223 164822
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Upstream Chirp Timing (EL_28,29,31)
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Downstream Test J/K, SEO_NAK (EL_8,9)

4 Full Speed

oo gdod

Upstream Signal Quality (B.6.3.1)

Ready to run.

2. Connect the DUT to the “Receiver Sensitivity” section of the test fixture as shown in
the picture, and click "Next".
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Steplofb

1. Locate "Receiver Sensitivity” section on "USB 2.0 Signal Quality Board”
2. Insert DUT to X9

3. Connect probes from CH 1 to D+ and CH 3 to D- furthest from DUT
4, Attach USB cable between test bed computer and X10

B Stop P Next

If the DUT has a cable attached, plug it into the test fixture directly. Otherwise, use
a 4-inch non-captive cable to connect the test fixture to the upstream port.
Use a 1-meter cable to connect the test fixture to the test bed computer.

3. Connect the DUT to the “Device SQ” section of the test fixture as shown in the pic-
ture and click "Next".
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Step 2 of 6

1. Locate "Device 5Q" section on "USB 2.0 Signal Quality Board”
2. Connect differential probe from CH 2 to D+/D- nearest to X11
3. Insert known good device into X11

4. Switch to "Tnit" position on "Device Initialization” section

5. Attach USB cable between port 1 of DUT and X12

B Stop P Next

Use a 4-inch non-captive cable to connect the downstream port to the test fixture.
4. Start the HS Electrical Test Tool on the test bed computer.

5. Select the host controller to which the DUT is connected and click OK.
Note: the values in the list may vary.
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Step 3 of 6

Select host controller to load Intel Test Stack on.

PCl bus 0. device 23, function 0

PCl bus 0. device 26, function 0

= |8

1. Run USB High Speed Electrical Test Tool from Test Bed Computer
2. Select appropriate host controller
3. Click "OK" button

B Stop P Next

6. Select “Hub” on the left side, and click “TEST".

Step 4 of 6

Select Type OF Test  Select Host Controller For Use In Testing—
" Device PCl bus 0. device 29, function 0 2 Ports
& Hib ]

" Host Controller/System

TEST | Exit |

1. Select "Hub” from "Select Type Of Tast”
2. Click "TEST" button

B Stop P Next

7. Configure the HS Electrical Test Tool:
a) Under “Hub Selection”, click “DUT".
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b) Under “Downstream Devices”, select a known good device.
c) Under “Downstream Device Control”, click “Single Step Set Feature”.
d) Click “EXECUTE” and wait until the button changes to “Step”.

Step 50of 6

Hub Selection- | |~ Hub Control 1
NONE Command Addiess
VID Dx58f, PID (6254, Address 1 4 Ports ;] IU
Part
=l

Digconnect Nokify

- Downstream Device Control ———————— ;

[SINGLE STEP SET FEATUR ~ | ﬂi EXECUTE | Retumn ToMain |

1. Select DUT from "Hub Selection”™

2. Select known good device from "Downstream Devices™

3. Select "SINGLE STEP SET FEATURE" from "Downstream Device Control”
4, Click "EXECUTE" button and wait for it to change to "Step”

B Stop P Next

Waveforms like this are captured.
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The packets at the top are captured from the upstream port of the DUT.

The packets at the bottom are captured from the downstream port of the DUT.
The two packets with lower amplitude at the top left are sent by the test bed com-
puter. They are repeated downstream by the DUT to the known good device (bot-
tom left).

The packet with higher amplitude at the bottom right is response from the known
good device. It is repeated upstream by the DUT to the test bed computer (top
right).

The application downloads the waveforms and compares the differences between
the two response packets in term of the number of truncated bits in the SYNC field,
the number of added bits in the EOP field and the time taken for the response
packet to move upstream.

8. In the HS Electrical Test, click “Return to Main”.
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Step 6 of 6
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1. Click "Return To Main" button
[ | Stop Pl Next

The results are saved and can be viewed in the report.

5.1.7 Downstream Repeater

Table 5-7: Equipment

Item Description, model Quantity

Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1
2 GHz bandwidth

DUT the hub you want to test 1
Signal quality board, "Receiver Sensitivity" | R&S RT-ZF1 1
section

Differential probe at least 2 GHz bandwidth 1
Host test bed computer any computer with high-speed USB ports 1

and HS Electrical Test Tool

USB cable to connect computer and test fixture 1

Test preparation

Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",
on page 7

® [ AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTQO", on page 9
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® Configure and initiate the test with DUT type = "Hub", see Chapter 3.3, "Initiating
the Test", on page 19

Running the test

1. Select the "Downstream Repeater Test (EL_42,43,44,45,48)" test case and click
"Test Single".

RSScopeSuite
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Ready to run.

2. Connect the DUT to the "Receiver Sensitivity" section of the test fixture as shown
in the picture, and click "Next".



High-Speed Hub Tests

Steplof2

1. Locate "Receiver Sensitivity” section on "USE 2.0 Signal Quality Board”
2. Insert DUT to X9

3. Connect probes from CH 1 to D+ and CH 3 to D- furthest from DUT
4. Attach USB cable between test bed computer and X10

W Stop Pl Next

If the DUT has a cable attached, plug it into the test fixture directly. Otherwise, use
a 4-inch non-captive cable to connect the test fixture to the upstream port.
Use a 1-meter cable to connect the test fixture to the test bed computer.

3. Connect the DUT to the "Device SQ" section of the test fixture as shown in the pic-
ture, and click "Next".
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Step 2 of 2

1. Locate "Device 5Q" section on "USB 2.0 Signal Quality Board”
2. Connect differential probe from CH 2 to D+/D- nearest to X11
3. Insert known good device into X11

4, Switch to "Init" position on "Device Initialization™ section

5. Attach USB cable between port 1 of DUT and X12

W Stop Pl Next

Use a 4-inch non-captive cable to connect the downstream port to the test fixture.

Waveforms like this are captured.
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The packet at the top is the “Start of Frame” packet from the test bed computer.
The packet at the bottom is the repeated “Start of Frame” packet from the DUT.
The application downloads the waveforms and compares the differences between
the two packets in term of the number of truncated bits in the SYNC field, the num-
ber of added bits in the EOP field and the time taken for the “Start of Frame”
packet to move downstream.

The results are saved and can be viewed in the report.

5.1.8 Upstream Chirp Timing

Table 5-8: Equipment

Item Description, model Quantity

Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1
2 GHz bandwidth

DUT the hub you want to test 1
Signal quality board, "Device SQ" section R&S RT-ZF1 1
Differential probe at least 2 GHz bandwidth 1
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Item Description, model Quantity

Host test bed computer any computer with high-speed USB ports 1
and HS Electrical Test Tool

USB cable to connect computer and test fixture 1

Test preparation

Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",
on page 7

® [ AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTQO", on page 9

® Configure and initiate the test with DUT type = "Hub", see Chapter 3.3, "Initiating
the Test", on page 19
Running the test

The upstream chirp timing test for hubs is mainly the same as the chirp timing test for
devices. Follow the instructions in the R&S ScopeSuite, and refer to the test descrip-
tion in Chapter 4.1.3, "Chirp Timing", on page 36. Make sure to select "Hub" in the "HS
Electrical Test Tool" (step 5).

Upstream Suspend/Resume/Reset Timing

Table 5-9: Equipment

Item Description, model Quantity
Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1

2 GHz bandwidth
DUT the hub you want to test 1
Signal quality board, "Device SQ" section R&S RT-ZF1 1
Differential probe at least 2 GHz bandwidth 1
Host test bed computer any computer with high-speed USB ports 1

and HS Electrical Test Tool

USB cable to connect computer and test fixture 1

Test preparation

Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",
on page 7

® AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTQO", on page 9

® Configure and initiate the test with DUT type = "Hub", see Chapter 3.3, "Initiating
the Test", on page 19
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Running the test

The upstream suspend/resume/reset timing test for hubs is mainly the same as the
suspend/resume/reset timing test for devices. Follow the instructions in the R&S Sco-
peSuite, and refer to the test description in Chapter 4.1.4, "Suspend/Resume/Reset
Timing", on page 41. Make sure to select "Hub" in the "HS Electrical Test Tool" (step
7).

5.1.10 Upstream Test J/K, SE0_NAK

Table 5-10: Equipment

Item Description, model Quantity

Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1
2 GHz bandwidth

DUT the hub you want to test 1
Signal quality board, "Device SQ" section R&S RT-ZF1 1
Differential probe at least 2 GHz bandwidth 1
Host test bed computer any computer with high-speed USB ports 1

and HS Electrical Test Tool

USB cable to connect computer and test fixture 1

Test preparation

Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",
on page 7

® AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTO", on page 9

® Configure and initiate the test with DUT type = "Hub", see Chapter 3.3, "Initiating
the Test", on page 19

Running the test

The upstream test J/K, SEOQ_NAK for hubs is mainly the same as the test J/K,
SEO_NAK for devices. Follow the instructions in the R&S ScopeSuite, and refer to the
test description in Chapter 4.1.5, "Test J/IK, SEO_NAK", on page 54. Make sure to
select "Hub" in the "HS Electrical Test Tool" (step 6).
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5.1.11 Downstream Test J/K, SE0_NAK

Table 5-11: Equipment

Item Description, model Quantity
Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1
2 GHz bandwidth

DUT the hub you want to test 1
Signal quality board, "Host Signal Quality" R&S RT-ZF1 1
section

Differential probe at least 2 GHz bandwidth 1
Host test bed computer any computer with high-speed USB ports 1

and HS Electrical Test Tool

USB cable to connect computer and test fixture 1

Test preparation

Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",
on page 7

® | AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTQO", on page 9

® Configure and initiate the test with DUT type = "Hub", see Chapter 3.3, "Initiating
the Test", on page 19
Running the test

1. Select the "Downstream Test J/K, SE0_NAK (EL_8,9)" test case and click "Test
Single".
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4 Full Speed
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Upstream Signal Quality (B.6.3.1)

Ready to run.

2. Connect the DUT to the test fixture as shown in the picture, and click "Next".
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Steplof 7

1. Locate "Host Signal Quality” section on "USB 2.0 Signal Quality Board”
2. Connect probes from CH 1 to D+ and CH 3 to D- furthest from X6

3. Attach USB cable between port 1 of DUT and X6

4, Connect DUT to test bed computer

B Stop P Next

Use a 4-inch non-captive cable to connect the downstream port to test fixture.
If the DUT has a cable attached, plug it into the test bed computer directly. Other-
wise, use a 1-meter cable to connect the upstream port to the test bed computer.

3. Start the HS Electrical Test Tool on the test bed computer.

4. Select the host controller to which the DUT is connected and click OK.
Note: the values in the list may vary.
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Step 2of 7

Select host controller to load Intel Test Stack on.

PCl bus 0. device 29, function 0

PCl bus 0. device 26, function 0

0K |

1. Run USB High Speed Electrical Test Tool
2. Select appropriate host controller
3. Click "OK" button

B Stop P Next

5. Select "Hub" on the left side, and click "TEST"

Step 3 of 7

Select Type OF Test 1 Select Host Controller For Use In Testing—

PLl bus 0, dev function 0 2 Ports

" Device

" Host Controller/System

TEST | Exit |

1. Select "Hub" from "Select Type Of Tast”
2. Click "TEST" button

B Stop P Next

6. Configure the HS Electrical Test Tool as shown in the picture.
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Step 4 of 7

v
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_Hub Select ~Hub Control
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1. Select "TEST_J” from "Port Control”

2. Enter 1 in "Port” box

3. Click "EXECUTE" button

4, Check and ensure "Operation Successful”

The probe at least 2 GHz bandwidth contains a built-in digital voltmeter known as
ProbeMeter. The application automatically reads the voltages of D+ and D- from
the ProbeMeter. However, if the user has selected "Digital Multimeter (Manual)" in
the test configuration (see Chapter 3.2, "Configuring the Test", on page 15), the
application prompts the user to enter the voltages of D+ and D-.

7. Configure the HS Electrical Test Tool as shown in the picture.
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Step 5of 7
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1. Select "TEST_K" from "Port Control”
2. Click "EXECUTE" button and wait for it to change to re-enable
3. Check and ensure "Operation Successful”

If the user has selected "Digital Multimeter (Manual)" in the test configuration (see
Chapter 3.2, "Configuring the Test", on page 15), the application prompts the user
to enter the voltages of D+ and D-. Otherwise it automatically reads them from the

ProbeMeter.

8. Configure the HS Electrical Test Tool as shown in the picture.
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Step 6 of 7
r 3
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1. Select "TEST_SECQ_MAK" from "Port Control”
2. Click "EXECUTE" button and wait for it to change to re-enable
3. Check and ensure "Operation Successful”

If the user has selected "Digital Multimeter (Manual)" in the test configuration (see
Chapter 3.2, "Configuring the Test", on page 15), the application prompts the user
to enter the voltages of D+ and D-. Otherwise it automatically reads them from the
ProbeMeter.

9. Proceed in the HS Electrical Test Tool as shown in the picture.
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Step 7 of 7
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1. Click "Return To Main" button
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The results are saved and can be viewed in the report.

5.2 Legacy Hub Tests

In addition to the high-speed tests described in the preceeding chapter, the device
under test must also pass a set of full speed and low speed compliance tests applica-
ble to high-speed devices. The documentation of these legacy tests can be found in
the "USB-IF Full and Low Speed Compliance Test Procedure" manual issued by the
USB-IF. The manual is available at http://www.usb.org/developers.

To perform full speed and low speed compliance tests, you can use also a 4-channel
R&S RTO with less than 2 GHz bandwidth.


http://www.usb.org/developers
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6 Host Tests

6.1 High-Speed Host Tests
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6.1.1 Signal Quality

Table 6-1: Equipment

Item Description, model Quantity
Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1

2 GHz bandwidth
DUT the host you want to test 1
Signal quality board, "Host Signal Quality" R&S RT-ZF1 1

section or USB-IF USB2.0 hi-speed signal
quality host test fixture

Differential probe or a pair of SMA cables if | at least 2 GHz bandwidth 1
USB-IF host test fixture is used

Host test bed computer any computer with high-speed USB ports 1
and HS Electrical Test Tool

USB cable to connect computer and test fixture 1

Test preparation

Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",
on page 7

® | AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTQO", on page 9

® Configure and initiate the test with DUT type = "Host", see Chapter 3.3, "Initiating
the Test", on page 19

Running the test

1. Select the "Signal Quality (EL_2,3,6,7)" test case and click "Test Single".
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Packet Parameters (EL_21,22,23,25,55)

Chirp Timing (EL_33.34,35)
Suspend/Resume Timing (EL_39.41)
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Droop (B.2.3)

Ready to run.

2. Connect the DUT to the test fixture as shown in the picture.
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Step lof 5

1. Locate "Host Signal Quality” section on "USB 2.0 Signal Quality Board”
2. Connect differential probe from CH 2 to D+/D- nearest to X6
3. Attach USB cable between port 1 of DUT and X6

| ] Stop Pl Next
Figure 6-1: R&S RT-ZF1: connection to DUT

Use a 4-inch non-captive cable to connect the DUT to the test fixture.

Steplofs

1. Locate "USB-TF-HEP-V20" test fixture
2. Connect SMA cables from CH 1 to D+ and from CH 3 to D-
3. Attach test fixture to port 1 of DUT

B stop P Next

Figure 6-2: USB-IF USB2.0 Hi-Speed Signal Quality host test fixture: connection to DUT
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3. Click "Next".
4. Start the HS Electrical Test Tool on the DUT.

5. Select the DUT from the list of host controllers and click OK.
Note: the values in the list may vary.

Step 2of 5

Select host controller to load Intel Test Stack on

unction 0

et

oK |

1. Run USB High Speed Electrical Test Tool from DUT
2. Select appropriate host controller
3. Click "OK" button

B Stop Pl Next

6. Select "Host Controller/System" on the left side.
Click "TEST".
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Step 3 of 5

-~ Select Type Of Test——————— Select Host Controller For Use In Testing—

" Device PCl bus 0. device 23, function 0 2 Ports
" Hub

@ Host Controller/System 1

TEST | Exit |

1. Select "Host Contreller/System” from "Select Type Of Test”
2. Click "TEST" button

B Stop Pl Next

7. Select "Test_Packet" from "Port Control".
Enter the "Port" of the host you are testing.
Click "EXECUTE" and wait until "Operation Successful" is shown under "Status
Window".

Step4of 5

 Select D Device  Host Port Control
Part Conrl Part

|1EST_PACKET .{ W
Status Window | . "
Operation Successhul

D i Dewvice Control

Address .
[rone =R EXECUTE | Retun To Main

1. Select "TEST_PACKET" from "Port Control”
2. Enter Lin "Port” box

3. Click "EXECUTE" button

4. Check and ensure "Operation Successful”

B Siop Pl Next
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R&S®RTO-K21

8. Click Next.

The DUT sends TestPackets that look like this:

/' |eubils |EnuaiEyp

300 400 500 G600 TOD 8O0 500

200

100

-558 -500 -BO0D -TOOD 600 -EDD 40D -3DD -20D -10D O

time, ns

9. These packages are analyzed in an eye diagram.

A '[RUBIS [eluURIEKP

time, ns.

10. In the Electrical Test Tool, return to the "Main" menu.

121

Test Procedures 1317.4455.02 — 06
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Step 50of 5
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1. Click "Return To Main" button

B stop

Pl Next

The results are saved and can be viewed in the report.

6.1.2 Packet Parameters

Table 6-2: Equipment

Item

Description, model

Quantity

Rohde & Schwarz oscilloscope

R&S RTO with 4 channels and at least
2 GHz bandwidth

1

DUT

the host you want to test

Signal quality board, "Device SQ" section R&S RT-ZF1

Differential probe

at least 2 GHz bandwidth

Host test bed computer

any computer with high-speed USB ports
and HS Electrical Test Tool

USB cable

to connect computer and test fixture

USB Device

known good device

Test preparation

Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",

on page 7

® AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTO", on page 9




High-Speed Host Tests

® Configure and initiate the test with DUT type = "Host", see Chapter 3.3, "Initiating
the Test", on page 19

Running the test

1. Select the "Packet Parameters (EL_21,22,23,25,55)" test case and click "Test Sin-
gle".

RSScopeSuite
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Droop (B.2.3)
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Ready to run.

2. Connect the DUT to the test fixture as shown in the picture.
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Steplof 7

1. Locate "Device 5Q" section on "USB 2.0 Signal Quality Board”
2. Connect differential probe from CH 2 to D+/D- nearest to X11
3. Insert known good device into X11

4, Switch to "Init" position on Device Initialization section

5. Attach USB cable to port 1 of DUT and X12

B Stop Pl Next

Use a 4-inch non-captive cable to connect the DUT to the test fixture.
3. Click "Next".
4. Start the HS Electrical Test Tool on the DUT.

5. Select the DUT from the list of host controllers and click OK.
Note: the values in the list may vary.
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Step 2 of 7

Select host contraller to load Intel Test Stack on.

PCl bus 0. d function 0

PCl bus 0. device 26, function 0

oK |

1. Run USB High Speed Electrical Test Tool
2. Select appropriate host controller
3. Click "OK" button

B Stop Pl Next

6. Select "Host Controller/System" on the left side.

Click "TEST".
Step 3 of 7
Fe x
- SM 'l'm U[ rea .............................. SM Host m Fu Uw !" rem .....
" Device PCl bus 0. device 29, function 0 2
" Hub

' Host Controller/System 1

TEST | Exit |

1. Select "Host Controller/System” from "Select Type Of Test”
2. Click "TEST" button

B Siop Pl Next

7. Select known good device from"Select Downstream Device".
Select"SINGLE STEP GET DEV DESC" from "Downstream Device Control".
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Click "EXECUTE" and wait until "Step" is shown on the button.

Step 4 of 7

~Host Port Control

Port Contiol Port
! |NONE =
Status Window I Discormect Notily

Enumerate Bus |

= Downstream Device Control

[SINGLE STEP GET DEVDE ~] [0 EXECUTE | Reetuan To Main|

1. Select known good device from "Select Downstream Device”
2. Select "SINGLE STEP GET DEV DESC" from "Downstream Device Control”
3. Click "EXECUTE" button and wait for it to change to "Step”

B Stop Pl Next

A waveform is captured as pictured below.
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-369 ns -338.25| ns -307.5 ns -276.75 ns -248 ns -215.25 ns -184.5 ns -153.75 ns =113 nsl
1 1 1 1 1 1 1 1 1 1 1 1 1 | 1

The first packet on the left is an "IN” packet sent by the DUT. It is followed by a
"Get Device Descriptor” packet (middle) also sent from the DUT. On the right you
can see the answer from the known good device with higher amplitude than the
packets from the DUT.

The application counts the number of bits in the "Get Device Descriptor” packet
SYNC field by measuring the duration of the first 30.5 pulses (the 31st pulse con-
tains 4 ‘K’s). This is EL_21.



High-Speed Host Tests

2013-11-21
07:31:40

Horizontal settings

Reclen: 20 ksa

Sl 200 ns/div
Position: 0 s
Trigger settings

-369 ns -338.25 ns -307.5 ns -276.75 ns -248 ns -215.25 ns -184.5 ns -153.7¢ ns | =113 nsl
1 1 1 1 1 1 1 1 1 1 1 1 L s | 1

The application counts the number of bits in the "Get Device Descriptor” packet
EOP field by measuring the duration of the widest pulse. This is EL_25.
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2013-11-21
07:31:40

Horizontal settings

Res: 100 ps /10 GSa/
Reclen: 20 kza T
Sl 200 ns/div

Position: 0 s

Trigger settings

Mode:  Mormal A7
Type-A: Edge Chz
Type-B: Edge Chz

Level: -250 mY

Scl: 140 mvAdiv
Cpl: DC 500
Dec:5a | Ta: Off

The application measures the time between the “IN” packet and the "Get Device
Descriptor” packet. This is EL_23.

8. Click "Next".

9. Click "Step" and wait until a string of numbers is shown under "Status Window".
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Step 5of 7

- Host Por Control
| Port Control

[NONE |
VD P OS5h Adee L Po 1

Status Window [~ Disconnect No

[~ Select D Device

| Address
|SINGLE STEP GET DEVDE ~| [3

—Dwmheam Device Control

=]

[NonE

I

otify

Operation Successful

step | Retun To Main|

1. Click "Step” button

2. Wait for "Status Window" to display a string of numbers

B stop

A waveform is captured as pictured below.

Pl Next
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2013-11-21
07:31:47

Horizontal settings

Res;

Sile

100 ps /10 GSa/
Reclen: 20 ksa

200 ns/div

Position: 0 s

Trigger settings

Mode
Type-
Type-

Level

: Mormal
A Edge Chz
E: Edge Chz

i =250 mY

AfE

Scl: 140 mvAdiv
Cpl: DC 500
Dec:5a | Ta: Off

The second packet in the middle is sent by the known good device. The last packet
on the right is the acknowledgement packet from the DUT.
The application measures the time between these two packets. This is EL_22.

10. Click "Step" and wait until "Execute" is shown on the button.
Ensure that the string of numbers is replaced by "Operation Successful" in the

"Status Window".
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Step 6 of 7

- Select D Device ~ Host Port Control
[NONE | Port Control
LB R e B DT

Status Window [ Discor Jotify
| 121020004081767552611231

:—omnmwig |
|SINGLE STEP GET DEVDE ~| [3 sep | Retu To Main|

1. Click "Step" button and wait for it to change to "Execute”
2. Check and ensure the string of numbers is changed to "Operation
Successful”

B Stop Pl Next

A waveform is captured as pictured below.
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2013-11-21
07:31:49

T Horizontal settings

Res: 100 ps /10 GSa/;
Rec len: 3 ksa T
Sl 30 ns/div

Position: 0 5

Trigger settings
Mode:  Mormal
Type-a: Width ¥ Ch2
Level: -100 mV

Scli 140 mitdiv
cpl: D 500
Dec: Sa | Ta: Off

-40ns -G0 ns -30ns alns
I L I L I I

1201 140 ns
I

This is a “Start of Frame” packet sent by the DUT. The application counts the num-
ber of bits in the EOP field by measuring the duration of the widest pulse. This is

EL_55.

11. Return in the HS Electrical Test Tool to the Main menu.
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[ Select Downstieam Device ~ Host Port Control
[T Fot Contol Por
[ |NONE =l |
Status Window [ Dicconnect Mot
Enumesate Bus |
D Device Conirol T .
[none =P EXECUTE Retur To Main| q

1. Click "Return To Main" button

B stop

Pl Next

The results are saved and can be viewed in the report.

6.1.3 Chirp Timing

Table 6-3: Equipment

Item Description, model Quantity
Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1

2 GHz bandwidth
DUT the host you want to test 1
Signal quality board, "Device SQ" section R&S RT-ZF1 1
Single-ended probe at least 2 GHz bandwidth 2

Host test bed computer

any computer with high-speed USB ports
and HS Electrical Test Tool

USB cable

to connect computer and test fixture

USB Device

known good device

Test preparation

Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",

on page 7

® AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTQO", on page 9
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® Configure and initiate the test with DUT type = "Host", see Chapter 3.3, "Initiating
the Test", on page 19

Running the test

1. Select the "Chirp Timing (EL_33,34,35)" test case and click "Test Single".

RSScopeSuite

Q@ Back Session Host 20151222 152735

a Al
4 High Speed
Signal Quality (EL_2,3,6,7)

Packet Parameters (EL_21,22,23,25,55)

(N[ ][] (] (]

Chirp Timing (EL_33,34.35)

Suspend/Resume Timing (EL_39,41)

Test J/K, SEO_MNAK (EL_8,9)
a Full Speed

Signal Quality (B.3.3.2)
a low Spead

Signal Quality (B.3.3.1)
a Legacy

Drop (B.2.2)

Ooooggogd

Droop (B.2.3)

[ TestChecked P> TestSingle

Ready to run.

2. Connect the DUT to the test fixture as shown in the picture.
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Step 1of 7

1. Locate "Device 5Q" section on "USB 2.0 Signal Quality Board”

2. Connect probes from CH 1 to D+ and CH 3 to D- furthest from X11
3. Insert known good device into X11

4, Switch to "Init" position on "Device Initialization” section

5. Attach USB cable between port 1 of DUT and X12

B Stop Pl Next

Use a 4-inch non-captive cable to connect the DUT to the test fixture.
3. Click "Next".
4. Start the HS Electrical Test Tool on the DUT.

5. Select the DUT from the list of host controllers and click OK.
Note: the values in the list may vary.
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Step 2 of 7

Select host controller to load Intel Test Stack on.

PCl bus 0, device 23, function 0

PCI bus 0, device 26. function 0

0K |

1. Run USB High Speed Electrical Test Tool
2. Select appropriate host controller
3. Click "OK" button

B Stop Pl Next

6. Select "Host Controller/System" on the left side.
Click "TEST".

Step 3 of 7

-~ Select Type Of Test——————— Select Host Controller For Use In Testing—

 ADevice vice 23, function 02 Ports

" Hub

' Host Controller/System 1

TEST | Exit |

1. Select "Host Controller/System” from "Select Type Of Test”
2. Click "TEST" button

B Siop Pl Next

7. Click "Enumerate Bus" and wait until it re-enables.
Make sure that "Operation Successful" is shown under "Status Window".
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Step 4 of 7

- Select D Device - Host Port Control “
[ | Port Control
| [nonE
| Status Window [ Dicc
Enumeration Successhul
_ Erumedoue |
é—Dowmheam Device Control |
(oNE = EXECUTE | Retun To Main|

1. Click "Enumerate Bus” button and wait for it to change to re-enable
2. Check and ensure "Enumeration Successful”

B Stop Pl Next

Waveforms are captured as pictured below.
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2013-11-21
07:32:23

Reclen: 1 MSa
Sl 1.5 ms/div
Position: 0 s

Horizontal settings

Res: 15/ 66.6.. M3a/s

Trigger settings
Mode:  Mormal

Type-a: Width £ chi
Level: 14w

Pos: -4 5 div
off 0w

Scli 400 miAdiv
cpl: DC 500
Dec:5a | Ta: Off

Pos: -4.5 div
Ooff: 0w

Scli 400 miAdiv
Cpl: DC 500

ARl L LR (AT AR WO H LT W DL )

Dec:Sa | Ta: oOff B
_—

-M“WMWﬁWMWm\WM“WH\W- ILELLLLALKERNE
1 1 1 1

5 14ms ams 448ms
L L L L L L L L

6 mg 7.ams:
L

The pulse in the middle is the Chirp K from the known good device. The alternating
sequence of Chirp K’s and J’s are sent by the DUT.

The application measures the time between the known good device Chirp K and
the start of the alternating sequence of Chirp K’s and J’s. This is EL_33.
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2013-11-21
07:56:41

Horizontal settings

Res: 15/ 66.6.. M3a/s
Reclen: 1 MSa T
Sl 1.5 ms/div

Position: 0 s
Trigger settings

Mode:  Mormal
Type-a: Width £ chi
Level: 144

Pos: -4 5 div
off 0w
Scli 400 myddiv |
H H H ! H Cpl: DC 50%
L | | | | 1 | | | Dec:5a | Ta: Off B

Pos: -4.5 div
Ooff: 0w 1
Scli 400 miAdiv
Cpl: DC 500 B
Dec:Sa | Ta: oOff
e

PRI PP PR PP TR ) ERRE Y
pulse stop I | i i

pulge stat | WOHHUHE D OdE i WL DL AL UL L SO i
e A R R b P R e
T T T T
5 1A8ms ams 48ms
1 1 1 1 1

6 mg 7.ams:
L

The application measures the durations of the alternating sequence of Chirp K’'s
and J’s captured in the waveforms. This is EL_34.

8. Click "Next".

9. Reset the known good device.
If it is bus-powered, simply toggle the "Device SQ" section's "Device on off" switch.
If it is self-powered, switch it off and switch it back on.
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Step 5of 7

1. Toggle "Device on off” switch on "Device 5Q" section (bus powered) or
power cycle known good device (self powered) to reset it

B Stop Pl Next

10. Click "Enumerate Bus" and wait until it re-enables.
Make sure that "Operation Successful" is shown under "Status Window".
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Step 6 of 7

Enumerste Bus |

é—Downsheam Device Control

Address

;|NIJNE o

1. Click "Enumerate Bus" button and wait for it to change to re-enable
2. Check and ensure "Enumeration Successful”

B siop P Next

Waveforms are captured as pictured below.
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2013-11-21
07:33:20
T T T T T T T T T T v Horizontal settings
z Diagram1: ch1,Ch3,M1 : : : : Res: 157666, Mafe

Reclen: 1 MSa R
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Sl 1.5 ms/div

i = | | | | Position: 0 s
o " T " T ’ N T T T T Trigger settings [
_ : : : : Made:  Mormal AJE
! ! I ! ! Type-A: Width_ ¥ Chi
L L | | | | Type-B: Edae ¥ Chi

Level: 220 mW

1 1 1 1 1 Fos: -4.5 div
Pt T dmmmmmmmemmmees bommmmmmmeee e iy I S Fommmmmeeeees R R B off: 0w B
E E : E E E Scl 400 middiv
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Shortly after the last chirp, the DUT starts sending “Start of Frame” packets.
The application measures the time between the last chirp and the first “Start of
Frame” packet. This is EL_35.

11. Return in the HS Electrical Test Tool to the Main menu.
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Step 7 of 7

[~ Select Downstream Device-

Enumerate Bus |

D ; ol
r Device Control Adies

|NDNE =] [o

~ Host Port Control -
Port Control Post

|NONE ~| |1

Status Window [ Dicconnec

EXECUTE Return To Main| q

1. Click "Return To Main" button

B stop

Pl Next

The results are saved and can be viewed in the report.

6.1.4 Suspend/Resume Timing

Table 6-4: Equipment

Item Description, model Quantity
Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1

2 GHz bandwidth
DUT the host you want to test 1
Signal quality board, "Device SQ" section R&S RT-ZF1 1
Single-ended probe at least 2 GHz bandwidth 2

Host test bed computer

any computer with high-speed USB ports
and HS Electrical Test Tool

USB cable

to connect computer and test fixture

USB Device

known good device

Test preparation

Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",

on page 7

® AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTO", on page 9
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® Configure and initiate the test with DUT type = "Host", see Chapter 3.3, "Initiating
the Test", on page 19

Running the test

1. Select the "Suspend/Resume Timing (EL_33,34,35)" test case and click "Test Sin-
gle".

RSScopeSuite

@ Back  Session Host 20151222 152735

a Al
4 High Speed
Signal Quality (EL_2.3,6,7)
Packet Parameters (EL_21,22,23,25,55)

Chirp Timing (EL_33,34.35)

(SH O] O] O ) ()

Suspend/Resume Timing (EL_39,41)

Test J/K, SEO_MNAK (EL_8,9)

3

Full Speed

Signal Quality (B.3.3.2)

3

Low Spead
Signal Quality (B.3.3.1)
4 legacy

Drop (B.2.2)

Dodogdod

Droop (B.2.3)

[l Test Checked Test Single
>

Ready to run.

2. Connect the DUT to the test fixture as shown in the picture.
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Steplofb

1. Locate "Device 5Q" section on "USB 2.0 Signal Quality Board”

2. Connect probes from CH 1 to D+ and CH 3 to D- furthest from X11
3. Insert known good device into X11

4, Switch to "Init" position on Device Initialization section

5. Attach USB cable to port 1 of DUT and X12

B Stop Pl Next

Use a 4-inch non-captive cable to connect the DUT to the test fixture.
3. Click "Next".
4. Start the HS Electrical Test Tool on the DUT.

5. Select the DUT from the list of host controllers and click OK.
Note: the values in the list may vary.
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Step 2of 7

Select host controller to load Intel Test Stack on.

PCl bus 0, device 29, function 0

PCl bus 0, device 26, function 0

oK |

1. Run USB High Speed Electrical Test Tool
2. Select appropriate host controller
3. Click "OK" button

B Stop Pl Next

6. Select "Host Controller/System" on the left side.

Click "TEST".
Step 3 of 7
s x
[ Select Type Of Test——————— Select Host Controller For Use In Testing—
" Device . function 0 ¢
" Hub

' Host Controller/System 1

TEST | Exit |

1. Select "Host Controller/System”
2. Click "TEST" button

B Siop Pl Next

7. Select known good device from "Select Downstream Device".
Select "SUSPEND" from "Port Control".
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Enter the “Port” number of the DUT you are testing.
Click "EXECUTE" and wait until "Operation Successful" in the "Status Window" is
shown.

Step4ofb

~ Select Downstream Device —Huost Port Control
Port Conirol Port
1 [sUsPEND -] |
Stam\fndm I Discol 2 M
(Operation Successhul
Enumetate Bus 5
~ Downstream Device Control
fione =P EXECUTE | Retun To Main|

1. Select known good device from "Select Downstream Device”
2. Select "SUSPEND" from "Port Control”

3. Enter 1 in "Port" box

4. Click "EXECUTE" button

5. Check and ensure "Operation Succassful”

B Stop Pl Next

Waveforms are captured as pictured below.
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2013-11-21
07:35:29

v Horizontal settings

Res: 600/ 1.66... 354/
Reclen: 7.5 MSa T
Sch 450 psfdiv

Position: 0 s
""" Trigger settings

Mad N |
Type-A: Edae & Chi
Level: 14

Pos: -4 5 div

off 0w

Scli 400 myddiv |
. : : ' : cpli D 508

F | | | | 1 | | Dec: Sa| Ta: Off

Pos: -4.5 div
Ooff: 0w 1
1 1 1 | | | Scli 400 miAdiv
. N [ B R [ e I A [, [ R Cpl: DC 500 |
1.8y v H " ! i a0 Dec:Sa | Ta: Off
. _—

The application measures the time between the last falling edge of the last “Start of
Frame” packet and the start of the suspended state. This is EL_38.

8. Click "Next".

9. Select"RESUME" from "Port Control".
Click "EXECUTE" and wait until "Operation Successful" in the "Status Window" is
shown.
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Step 5of 6

- Gelect D Device - Host Pott Control
Port Control Pt
[rESUME =

Status Window [~ D1
Operation Successful

[HoNE o EXECUTE | Retun To Main

1. Select "RESUME" from "Port Control”
2. Click "EXECUTE" button
3. Check and ensure "Operation Successful”

B Stop Pl Next

Waveforms are captured as pictured below.

Horizontal settings

Res: 600/ 1.66... G5a/
Reclen: 7.5 MSa T
Sch 450 ps/div

Position: 0 5
Trigger settings L
Mode:  Mormal
Type-a: Edge ¥ Cha
Level: 700 mW

B A

cpl: DC 500
Dec:Sa | Ta: Off

Fos: -4.5 div
off: 0y 7
Scli 400 miAdiv
Cpl: DC 500 B
Dec:Sa | Ta: Off
—_—

B R R e R R R

o
e ! ! !
200y 188 l.3ams e 450 ps 5 450 s 800 s 138ms 1.8m 228ms




The application measures the
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time between the end of the suspended state (i.e., D

+ pulls from ~+3 V to ~0 V) and the first “Start of Frame” packet (i.e., high speed
operation resumes). This is EL_41.

10. Return in the HS Electrical Test Tool to the Main menu.

Step 7 of 7

[~ Select Downstieam Device -
| HONE

Erumesate Bus |

Device Control e

=P

D

EXECUTE

JNONE

Return To Main| q

1. Click "Return To Main" button

B stop

Pl Next

The results are saved and can be viewed in the report.

6.1.5 Test J/K, SEO_NAK

Table 6-5: Equipment

Item Description, model Quantity
Rohde & Schwarz oscilloscope R&S RTO with 4 channels and at least 1
2 GHz bandwidth
DUT the host you want to test 1
Signal quality board, "Device SQ" section R&S RT-ZF1 1
Single-ended probe at least 2 GHz bandwidth 2
Host test bed computer any computer with high-speed USB ports 1
and HS Electrical Test Tool
USB cable to connect computer and test fixture 1
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Test preparation

Before you run the test, complete the following actions:

® |nitial setup of the equipment, see Chapter 2.2, "Installing Software and License",
on page 7

® | AN connection of the oscilloscope and the computer running the R&S Scope-
Suite, see Chapter 2.5, "Connecting the R&S RTQO", on page 9

® Configure and initiate the test with DUT type = "Host", see Chapter 3.3, "Initiating
the Test", on page 19

Running the test

1. Select the "Test J/K, SEO_NAK (EL_8,9)" test case and click "Test Single".

RSScopeSuite

@ Back  Session Host 20151222 152735

a Al
4 High Speed
Signal Quality (EL_2.3,6,7)
Packet Parameters (EL_21,22,23,25,55)

Chirp Timing (EL_33,34.35)

OO0 0O )

Suspend/Resume Timing (EL_39.41)

‘

Test J/K, SE0_MAK (EL_8.9)
a Full Speed

Signal Quality (B.3.3.2)
4 Low Speed

Signal Quality (B.3.3.1)
4 legacy

Drop (B.2.2)

Dodogdnn

Droop (B.2.3)

[ TestChecked P TestSingle

Ready to run.

2. Connect the DUT to the test fixture as shown in the picture.
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Steplof 7

1. Locate "Host Signal Quality” section on "USB 2.0 Signal Quality Board”
2. Connect probes from CH 1 to D+ and CH 3 to D- furthest from X6
3. Attach USB cable between port 1 of DUT and X6

B Stop P Next

Use a 4-inch non-captive cable to connect the DUT to the test fixture.
3. Click "Next".
4. Start the HS Electrical Test Tool on the DUT.

5. Select the DUT from the list of host controllers and click OK.
Note: the values in the list may vary.
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Step 2of 7

Select host controller to load Intel Test Stack on.

PCl bus 0, device 29, function 0

PCl bus 0, device 26, function 0

oK |

1. Run USB High Speed Electrical Test Tool
2. Select appropriate host controller
3. Click "OK" button

B Stop Pl Next

6. Select "Host Controller/System" on the left side.

Click "TEST".
Step 3 of 7
s x
[ Select Type Of Test——————— Select Host Controller For Use In Testing—
" Device . function 0 ¢
" Hub

' Host Controller/System 1

TEST | Exit |

1. Select "Host Controller/System”
2. Click "TEST" button

B Siop Pl Next

7. Select"TEST_J" from "Port Control".
Enter the “Port” number of the DUT you are testing.
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Click "EXECUTE" and wait until "Operation Successful" in the "Status Window" is
shown.

Step4of 7

~ Select Downstream Device — ~ ~ Host Port Conirol -

Pot Corio Por
I‘IEST_J - Ia
Status Window [~ Dicce 1 N
Operation Successhul

Enumerate Bus |
D i Dewvice Control A .
[ForE gl EXECUTE | Retun To Main

1. Select "TEST_J" from "Port Control”

2. Enter 1 in "Port” box

3. Click "EXECUTE" button

4. Check and ensure "Operation Successful”

B siop Pl Next

The probe at least 2 GHz bandwidth contains a built-in digital voltmeter known as
ProbeMeter. The application automatically reads the voltages of D+ and D- from
the ProbeMeter. However, if the user has selected "Digital Multimeter (Manual)" in
the test configuration (see Chapter 3.2, "Configuring the Test", on page 15), the
application prompts the user to enter the voltages of D+ and D-.

Click "Next".

8. Select"TEST_K" from"Port Control".

Click "EXECUTE" and wait until "Operation Successful" in the "Status Window" is
shown.
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Step 5of 7

~ Select Dy Device 1~ Host Port Control

| Port Coniral Port

| |TESTK -l |1

| Status Window [ f_'u\'..;'.' fy
Operation Successful

Enumerate Bus |

~ Downstieam Device Control

;lrfm EXECUTE ; Reetun To Main|

iNDNE

1. Select "TEST_K" from "Port Control”
2. Click "EXECUTE" button and wait for it to change to re-enable
3. Check and ensure "Operation Successful”

B Stop Pl Next
If the user has selected "Digital Multimeter (Manual)" in the test configuration (see

Chapter 3.2, "Configuring the Test", on page 15), the application prompts the user
to enter the voltages of D+ and D-. Otherwise it automatically reads them from the

ProbeMeter.

Select"TEST_SEO_NAK" from"Port Control".
Click "EXECUTE" and wait until "Operation Successful" in the "Status Window" is

shown.
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Step 6 of 7
~ Select D Device 1~ Host Port Control
T | Pot Contio Por
|TEST_SEO_NAK -l |l

Status Window [~ Dicc 3
Operation Successful

Enumerate Bus |

—Dn 4 . trol
Dewice Cor

T B EXECUTE | Reetun To Main|

1. Select "TEST_SECQ_MAK" from "Port Control”
2. Click "EXECUTE" button and wait for it to change to re-enable
3. Check and ensure "Operation Successful”

B Stop Pl Next

If the user has selected "Digital Multimeter (Manual)" in the test configuration (see
Chapter 3.2, "Configuring the Test", on page 15), the application prompts the user
to enter the voltages of D+ and D-. Otherwise it automatically reads them from the
ProbeMeter.

10. Return in the HS Electrical Test Tool to the Main menu.
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Step 7 of 7

I Select Downstream Device - ~ Host Port Control -
Port Control Post
|NONE ~| |1
Slatus Window [ Diccommect Mo,
Erumerate Bus |
D Device Control Adies ;
[FonE =1 EXECUTE Return To Main| q

1. Click "Return To Main" button

B Stop Pl Next

The results are saved and can be viewed in the report.

6.2 Legacy Host Tests

In addition to the high-speed tests described in the preceeding chapter, the device
under test must also pass a set of full speed and low speed compliance tests applica-
ble to high-speed devices. The documentation of these legacy tests can be found in
the "USB-IF Full and Low Speed Compliance Test Procedure" manual issued by the
USB-IF. The manual is available at http://www.usb.org/developers.

To perform full speed and low speed compliance tests, you can use also a 4-channel
R&S RTO with less than 2 GHz bandwidth.


http://www.usb.org/developers

Annex

A Ordering Information

Designation

Type

Order No.

USB 2.0 Compliance Test - Software

R&S®RTO-K21

1317.4103.02

via LAN.

The R&S®RTO-K21 option requires that the host PC be connected to an R&S®RTO digital oscilloscope

System requirements

device control.

Windows 7 with .NET Framework 4 Redistributable Package, LAN with installed VISA driver for remote

Test Fixture

USB 2.0 Test Fixture Set R&S®RT-ZF1 1317.3420.02

Supported oscilloscopes

Digital Oscilloscope, four channels R&S®RTO 1316.1000.xx

Supported probes

Single-ended probes

1.0 GHz, active, 1 M Q ||0.8 pF, R&S®ProbeMeter, micro button R&S®RT-ZS10 1410.4080.02

1.5 GHz, active, 1 M Q ||0.8 pF, R&S®ProbeMeter, micro button R&S®RT-ZS20 1410.3502.02

3.0 GHz, active, 1 M Q ||0.8 pF, R&S®ProbeMeter, micro button R&S®RT-ZS30 1410.4309.02

6.0 GHz, active, 1 M Q ||0.3 pF, R&S®ProbeMeter, micro button R&S®RT-ZS60 1418.7307.02

Differential probes

1.0 GHz, active, differential, 1 M Q ||0.6 pF, R&S®ProbeMeter, R&S®RTO RT- 1410.4715.02

micro button, including 10:1 external attenuator, 1.3 pF, 70 V DC, | ZD10

46 VV AC (peak)

1.5 GHz, active, differential, 1 M Q ||0.6 pF, R&S®ProbeMeter, R&S®RTO RT- 1410.4409.02

micro button ZD20

3.0 GHz, active, differential, 1 M Q ||0.6 pF, R&S®ProbeMeter, R&S®RTO RT- 1410.4609.02

micro button ZD30

4.5 GHz, active, differential, 1 M Q ||0.4 pF, R&S®ProbeMeter, R&S®RTO RT- 1417.0867.02

micro button ZD40

Current probes

100 MHz, current probe, AC/DC, 0.1 V/A, 30 A (RMS) R&S®RT-ZC20 1409.7766.02

Probe Power Supply R&S®RT-ZA13 1409.7789.02

Automated arbitrary waveform generator

2.3 Gsample/s Dual-Channel Arbitrary Waveform Generator WX2182B available from
WX2182C Tabor




Check the brochure at www.scope-of-the-art.com/en/oscilloscopes/RTOK21-|-Bro-
chures_and Data Sheets-|-19-|-111.html for updates, if available.
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