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Verify and debug your USB 3.0 designs more easily

Keysight Technologies, Inc. U7243A USB 3.0 validation and compliance softwafgble of Contents
provides you with a fast and easy way to verify and debug your USB 3.0 pmd”?—%atures 3

The USB 3.0 electrical test software allows you to automatically execute USB EENEfitS - ...t
electrical tests, and it displays the results in a flexible report format. In addition Easy Test Definition........... 5
to the measurement data, the report provides a margin analysis that shows howonfigurability and

closely your device passed or failed each test. Guided Connections. . . . ... .. 6

The U7243A USB 3.0 electrical test software utilizes the prescribed test methofR€POrts with Margin Analysis . . .7

and algorithms as defined in the USB 3.0 rev 1.0 specification and draft test Extensibility. . ................ 9.
specification. Automation . ................ 10
USB 3.0 Electrical Test Fixture.11

By incorporating the USBIF SigTest utility the U7243A USB 3.0 electrical test , .

software will provide you with consistent lab compliance test results with those POWerful Debugging Aids. ... ... 12
generated at USBIF workshops or test labs that use the stand-alone USBIF Sig¥estlloscope Compatibility. . . . . 15
tool for transmitter compliance verification. The advanced eye pattern and jitterOrdering Information. . . .. . . ... 16
analysis capablht.les provided by the SDA electncgl test optlo_n will allow pmd“%ales and Service. . ... 18
developers to quickly perform advanced eye and jitter analysis and debug to the

jitter component level.

The USB 3.0 electrical performance validation and compliance software performs
a wide range of electrical tests, including both normative and informative
requirements, as per the USB 3.0 specification and the USB 3.0 electrical
compliance test specification.

* Note: The final USB 3.0 electrical test specification (rev 1.0) is not yet released.
Test coverage and requirements are based on the rev 0.5 revision and will be
updated when the final test specification is complete.



Features

The U7243A USB 3.0 electrical test software offers several features to simplify the
validation of USB 3.0 designs:

Automated 1M Unit Interval (or greater) testing for highest accuracy
Results consistent with USBIF SigTest software utility
Test setup wizard for ease-of-use

Wide range of electrical tests

USB 3.0 SigTest clock recovery algorith

Automated scope measurement setup

Test results report generation

Pass/fail margin analysis

TP1 eye pattern compliance test mask

TPO (transmitter) eye pattern test mask

CTLE signal correction for TP1 tests

With the USB 3.0 electrical test software, you can use the same oscilloscope you
use for everyday debugging to perform automated testing and margin analysis
based on the USBIF specified tests.

USB 3.0 compliance testing

To pass signal quality testing at a USBIF-sponsored compliance workshop, your
product must successfully pass “Gold Suite” testing, based on the USBIF SigTest
application. The SigTest application tests your device against the minimum signal-
quality performance requirements for USB 3.0. If you are developing receivers and
transmitters for add-in boards and system motherboards, the USB 3.0 electrical test
software helps you execute all the SigTest tests and additional oscilloscope already
completed tests.

While SigTest tests provide a good overview of USB 3.0 electrical signal quality, they
address only a small subset of the electrical compliance measurements specified

in the USB 3.0. The SigTest application
also provides minimal reporting
capability with pass/fail indication and
measurement values, and has limited =
debugging capabilities to decipher eye
mask violations or excessive jitter. ~
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The U7243A USB 3.0 electrical test software saves you time by setting the

stage for automatic execution of USB 3.0 electrical tests. Part of the difficulty of
performing electrical tests for USB 3.0 is hooking up the oscilloscope, loading the
proper setup files, and then analyzing the measured results by comparing them
to limits published in the specification. The USB 3.0 electrical test software does
much of this work for you. In addition, if you discover a problem with your device,
robust debug tools are available to aid in root-cause analysis. These debug tools
are provided by the Keysight E2688A high-speed serial data analysis software
and N5400A EZJIT Plus jitter analysis software, which you must install on your
oscilloscope to use the USB 3.0 electrical test software.

The U7243A USB 3.0 electrical test software offers many more electrical tests
than the SigTest application. Unlike the SigTest application, the U7243A USB 3.0
electrical test software automatically configures the oscilloscope for each test, and
it provides an informative results report that includes margin analysis indicating
how close your product is to passing or failing a particular test assertion. Table 1

shows a side-by-side comparison of the capabilities of the USBIF SigTest application

and the Keysight U7243A electrical test software.

Capability Keysight U7243A
Number of measurement assertions 24

USB 3.0 SigTest
4

Automated oscilloscopes setup fomeeasure Yes, guided

No, single setup

ment

Measurement results Pass/fail with margin analysis Pass/fail with measured value
86 % WHVW VS HedsufeDents R QY&D VH G Yes

methodology

Clock recovery method USBIF SigTest or 1st/2nd order PLL USBIF SigTest

Custom HTML report generation Yes No

Selectable number of tests performed Yes No

Multi-trial run support Yes No

Debug mode for “what if” analysis Yes No

Table 1. Comparison of capabilities of the Keysight USB 3.0 electrical test software and the USB 3.0 SigTest application.



(DV\ 7THVW "HoQLWLRQ

The U7243A USB 3.0 electrical test software extends the ease-of-use advantages
of Keysight's Infinilum 90000 Series oscilloscopes to testing USB 3.0 designs. The
Keysight automated test engine walks you quickly through the steps required to
define the tests, set up the tests, perform the tests, and view the test results. You
can select a category of tests all at once, or specify individual tests. You can save
tests and configurations as project files and recall them later for quick testing and
review of previous test results. Straightforward menus let you perform tests with a
minimum of mouse clicks

Choose the test point
you are probing with
your oscilloscope

Pick the product type
you want to test

USBB (3 USB3 De\m‘.e s

I |"'/

setup | 7{m|c«>ﬁgu|c¢am|ammu]wu|umuml

& I~ T Ner End (TFO) Teria Test with SSC
" Host ¥ TxFar End (TPT) v ssC € bled (f
© Hib FC‘MMTW”T- € Clean Cock enable (for _
Device D: || Lond tempiate: FEET ||| e Pt compliance) or with
| [c:\Program Files\Ag e | e a clean ClOCk
2 Embed/De-embed Setiinas:
 Deembed ( Embed  None TestMethod
E |Select embedide-embed setup mode[ o= i ¥ USB-F SigTest <€ Choose USBIF
_ LA SigTest or
| Lowd S parameter: |G\ Documents snd Setiings 4 ; i Keysight SDA
- ~ Input Signal - — e . =
_ s ]
Load bin file: [—“

[ 0Tests  Follow instructions to describe your test environment  Connection: UNKNOWN | e
Figure 1. The Keysight U7243A allows you to easily specify the test point you want to use to
test the compliance of your device. This makes test setup easy as only the appropriate tests

for the test point you pick are shown on later test selection pages.

USB3.0 -- USB3 Device 1*

D@ed| @71 |2 %o

TaskFlow _| setUp SelectTests | Configure | Connect | Run Tests | Resuits | Himi Report |
Easy to follow task- T = B0 AUsBITet

flow for configuring T BT et oy i 5 s

1 B © Far End Unit Interval (with S5C)
and running tests s e

ekt Tesh ~E© FarEnd Template Test

[ Far End Peak-To-Peak Differential Output Voltage
IO Far End RMS Random Jitter

[ © Far End Maximum Deterministic Jitter

Configure B © FarEnd Total Jitter at BER-12

[l © USB3 Tests (5.0 GT/s) Using Agllent SDA

=[O Transmitter Eye Far End (TP1) Tests (Aglent SDA)
g M © Far End Template Test (SDA)

[ © Far End Peak-To-Peak Differential Output Voltage (SDA)
[ © Far End RMS Random Jitter (SDA)

M © Far End Maximum Deterministic Jitter (SDA)

[ © Far End Total Jitter at BER-12 (SDA)

Select one test or
a group of tests
with a single
mouse click

>

Test: (None Selected)

Description: (Select a Single Test)
Limit Set: USE 3.0 Spedfcation version 1.0

] 12Tests Check the test(s) you would lke torun_|Connection: UNKNOWN | A

Figure 2. The Keysight automated test engine guides you quickly
through selecting tests, configuring tests, setting up the connection,
running the tests, and viewing the results. Individual tests or groups
of tests are easily selected with a mouse click.
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The U7243A USB 3.0 electrical test software provides flexibility in your test setup.
It guides you to make connection changes with hookup diagrams when the tests
you select require it.

USB3.0 -- USB3 Device 1*

-

Task Flow _| SetUp | selectTests Configure | Connect | un Tests | Results | Himl Report |

Activate/Refresh Limit Set... | Active: USB 3.0 Specifcation version 1.0 (0fficial)
B O AlUSB3Tests Settings For: Number of UL | . i
@ Connection Type (Chan 1,3 - Direct Connect) Number of UI /— Spemfy 1 million Ul
@ Number of UI (1,000,000}
e (1,000,000 = ] .('or more) for your
@ TestPattem (CPO) [arber of Ul The B e .| jitter measurements
@ Perform signal autoscale (Once per test run) minimum number of unit
=} O USB3Tests (5.0 GT/s) Using Agilent SDA intervals used in the:
@ Clock recovery nominal data rate (5.08+9) i e
@ Clock recovery loop bandwidth (4.96+6) TR R e
@ Clock recovery damping factor (0.707) measurements should be
@ RIDJ Jitter BER Level (1£-12) made using the compiiance
@ RIDIPattern Length (Periodic) ::hm;s': ?.é:ﬁ“{llwn Dﬂgseﬂg)f
@ RIBandwidth (Wide) Ul o specfed n the USE
@ RIDJISI Filter Lead (-2) 3.0 Spedfication Rev. L.0.
@ RJDJISI Fiter Lag (5) Specifying a greater
number of UL will increase
the test time and accuracy
of the tests.

[Vl 0Tests  |No tests are checked, Press [Select] in TaskFlow. | Connection: UNKNOWN |

2

Figure 3. In configuring the tests, you specify the device to test, its
configuration, and how the oscilloscope is connected.

If more than one test setup You are prompted to make
connection is required, you the appropriate connections
will be notified for the set of tests

USB3.0 -- USB3 Device 1 *

D@ "W

1physical
[| [setup villbe =
used. Step. Notes

Follow these ~ ~
instructic —_—
el Oscilloscope G sup P Rl o il :{:j our
testing 1. Connect your Device Under Test to G——0T e Cabe
the USB 3.0 test fixture.
lr[\ X Gamphan:echamd_/‘
S-Parameters

|Ensure correct polarity

2. Connect two phase-matched SMP' + Connect D+ to Channel 1
cables to the receiver
« Connect D- to Channel 3

3. Ensure the Transmitter is
transmitting the Compliance Test
Pattern CP0 at the proper de-
emphasis level.

[ Fia———]
‘

| @ 7Tests  Follow instructions to connecct the DUT, then press Run] | Connection: Far End Transmitter Eye

Figure 4. When you make multiple tests where the connections must be Figure 5. The Keysight U7242A
changed, you are prompted with connection diagrams and/or photographs. USB 3.0 transmitter and receiver

compliance test fixture.



Reports with Margin Analysis

In addition to providing you with
measurement results, the U7243A US

3.0 electrical test software provides a
report format that shows you not only
where your product passes or fails,
but also reports how close you are to
the limits specified for a particular test
assertion. You can select the margin

test report parameter, which means you

can specify the level at which warnings
are issued to alert you to electrical
tests where your product is operating
close to the official test limit defined by
the USB 3.0 specification.

| USB3.0 - US83 Device 1 EEIES

Ded Hir D&

[ TaskFiow _| serup | seiect Tasts | Canfigure | Connect | RunTests | Resits Himi Repart < - Test results in an
%ﬂ AN KEYSIGHT easy-to-read
STt USB 3.0 Superspeed PHY Test Report HTML formatted

/ Overall Results:0 of 6 Tests Failed report
Cakilg e Test Configuration Detais
 Deis Description
Connect Input Signal Type L ILve signal
‘Reference Clock ssc <
‘ ——— < Overa_lll test
= [ I description

Infiniium SW Version | or.41 0002
Infiniium Model Number  [SCsCitze
infiniium Senal Kumber  Fur
Appication SV Version | 01 015
Compliance Limits (official) USE 3.0 Specicaton version 1.0
Last Test fate 511372008 23324 P Summary

Summary of Results - teSt I’eSultS

Margin Threshaids

Warning <0 %

o

Pass & Failed 8 Triais Test Hame ‘Actusi Value Margin Spec Range

' 1 Far End SSC Siew Rale 0.000000s  |100.0 % VALUE <= 10.000ms

200§ arkhe Temiste et Pass 00%  PassTol =

4 »

Figure 6. The USB 3.0 electrical test software results report documents
your test, indicates the pass/fail status, the test specification range, the
measured values, and shows how much margin you have.

| __— Voltage margin results
presented in identical
format used by SigTest.

Figure 7. The HTML report provides
additional details including test setup
conditions, graphical results, and test
limits (where appropriate).

7



Reports with Margin Analysis (continued)

AM KEYSIGHT

USB 3.0 Superspeed PHY Test Report
Qverall Results:0 of 12 Tests Failed

infinikam Model liumber. | 05050044
infiniium Serial flamber | No Sericl
{Application SW Version | 0.99.9040
[Compliance Limits (official) USB 3.0 Specifcation version 1.0
LastTestbate 5912009 204:54 AM

Summary of Results

Margin Thresholds ¢ _

Warning| <2%

NG <o

---__-

[v o Far End Uint Interval (with SSC) 200559ps 447 % 193.840ps <= VALUE <= 201 060ps

---——-_

[ o h Far End Template Test Pass 0.0% [PassFail

[/8 i |FerEndresicTofeck Differenfil Oupul Votae | 14540V [42% |

[v o 1 Far End RMS Random Jter aml 961 % VALUE <= 230mUI

/0t EoEndMedwmDeleminsodfer 20 8%

[v o 1 Far End Total Jtter st BER-12 142Ul 785% VALUE <= 660mUI

/0 1 arEndTemplteTest(SDA)  Pass  00% PessFel

V 0 1 Far End Peak-To-Peak Differential Output Yoltage (SDA) 11475V 48% 100.0mV == VALUE <=1 2000V
© 1  CodEMSRedonjfie(SDA]  3nU S87% VA<M

— User set margin
thresholds for warning
and failure indicators

—— Margin values indicate
when the results are
approaching test limits.
Warnings and failures
are highlighted.

[
[‘\/— 0 1 Far End Maximumn Deterministic Jtter (SDA) 34mul 1921 % WALUE <= 430mUl
/01 CowldaedBERI26DA  Ted s88% VAEwemu

Figure 8. How close you are to passing or failing a test is indicated as a % in the margin field.
A result highlighted in yellow or red indicates that the margin threshold level for a warning or

failure was detected.



Extensibility

You may add additional custom tests or steps to your application using the N5467A
User Defined Application (UDA) developmentwaal.keysight.com/find/uda ).
Use UDA to develop functional “Add-Ins” that you can plug into your application.

Add-ins may be designed as:

— Complete custom tests (with con guration variables and connection
prompts)

— Any custom steps such as pre or post processing scripts, externalémstrum
control and your own device control

File View Tools Help

New Project... K 0% |

Open Project... rests | Configure | Connect | A
Save Project Actual val Pass L
Save Project As...

Export Results ’

Print,..

Page Setip...
Print Preview...
Recent Projects

Exit
Figure 9. Importing a UDA Add-In into your test application.

SetUp Select Tests | Configure | Connect | Run Tests

o
B0 allTests
#-[JO Electrical Tests
@-[JO Timing Tests
=[O User Defined
L[ O My Custom Test
O My Custom Step
[ O My Post-processing Step
M O My External Instrument Control
--[¢] O My Device Control

Figure 10. UDA Add-In tests and utilities in your test application.



Automation

You can completely automate executiot
of your application’s tests and Add-Ins
from a separate PC using the included
N5452A Remote Interface feature
(download free toolkit frommww.
keysight.com/find/scope-apps-sw ).

You can even create and execute
automation scripts right inside the
application using a convenient built-in
client.

The commands required for each task
may be created using a command
wizard or from “remote hints”
accessible throughout the user
interface.

SetUp | Select Tests | Configure | Connect | Run Tests  Automation |Resulls| Html Report |

Execute commands from: (¢ Script ( Files

Commands... |
Save As... |

Start | settings... |

== Configure signal data rate ==
SetConfig 'TestMode' '6Gbps’

=2 Connect to external instrument ==
ConnectAppTolnstrument 'Instrument=PatternGen:Address=192.168.0.2'

== Send commands to Pattern Generator through Add-In ==
SelectedTest -5000
Run

== Run compliance tests ==
SelectedTest 1001, 1002, 1005
Run

=2 Run custom analysis using Matlab through Add-In ==

SelectedTest -2001
Run|

< |

>

Using automation, you can accelerate rigre 11.Remote Programming script in the Automation tab.

complex testing scenarios and even
automate manual tasks such as:

Opening projects, executing tests
and saving results

Executing tests repeatedly while
changing con gurations

Sending commands to external
instruments

Executing tests out of order

Combine the power of built-in
automation and extensibility to
transform your application into a
complete test suite executive:

— Interact with your device control
ler to place it into desired states or
test modes before test execution.

— Con gure additional instruments
used in your test suite such as
a pattern generator and probe
switch matrix.

— Export data generated by your
tests and post-process it using
your favorite environment, such

‘ Compliance App + Automation Engine | e = W = Custon tests
| .@_I
UDA Add-in — e i
| « Custom Test/Steps Matiah processing
= Post pn::asullq B+‘|‘Gcl'iﬂ
« DUT control (R LabVIEW
= Instrument control
Results
DUT or External
Switch Matrix > |,ctrument Control
mmm)- Live Signals
___». Custom Tests/steps
['—? or Post P i

as MATLAB, Python, LabVIEW, C,application into a complete test suite executive.

C++, Visual Basic etc.

— Sequence or repeat the tests and
“Add-In" custom steps execution
in any order for complete test
coverage of the test plan.
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Figure 12. Combine the power of built-in automation and extensibility to transform your




Keysight U7242A USB 3.0 Electrical Test Fixture

The U7242A USB 3.0 transmitter and receiver fixture key specifications:

— Provides test point access for transmitter measurements

— Single-ended measurements as required by the USB 3.0 speci cation for
transmitter and receiver validation and compliance testing

— Differential measurements of active bus transaction for debug andtigri ca
testing

— USB 2.0 power probing features for easy measurement of transient dyd stea
state power states

Description:

The U7242A USB 3.0 test fixture will help simplify the USB 3.0 measurement
process by providing access to the transmitter and receiver measurement points
required for USB 3.0 compliance testing. It has been designed for direct SMA
connections for easy and accurate measurements with direct connections to the
oscilloscope and J-Bert SMA connections. It also includes probing connections for
InfiniiMax active differential probes for the characterization and testing of active
bus signaling of USB 3.0 and USB 2.0 traffic.
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Powerful Debugging Aids

If your device fails a test, you need to determine how it failed. To use U7243A

USB 3.0 electrical test software advanced debug capabilities you must install
Keysight E2688A high-speed serial data analysis software and the N5400A EZJIT
Plus jitter analysis software options. These tools provide you with many additional
powerful debugging capabilities including advanced eye mask testing, eye unfolding
capabilities, customizable PLL response testing and advanced jitter histograms with
jitter decomposition. The 8b/10b decoding feature lets you identify data-dependent
errors that result in eye mask violations caused by intersymbol interference (ISI).
You can perform 8b/10b decoding to capture and display serial data synchronized
with the analog view of a serial data stream.

Figure 13. The E2688A serial data analysis tool allows you to analyze the performance of
your device with custom PLL response settings to allow for deep analysis of transmitter jitter
components and receiver characteristics.
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Powerful Debugging Aids (continued)

Using the E2688A Serial Data Analysis tool you can use the mask test feature to
identify the specific digital patterns that caused a specific failure in the eye diagram
when testing under the USB 3.0 specification. You can use a modified second order
PLL for deep jitter analysis and characterization of what the eye quality would be for
your specific receiver PLL response.

Figure 14. The E2688A SDA software allows you to show the specific waveform that caused
the eye diagram failure.
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Powerful Debugging Aids (continued)

The Keysight N5400A EZJIT Plus jitter analysis software is used when the SDA
signal quality test option is selected. This powerful jitter analysis software

provides advanced validation and debug capabilities to quickly look at various jitter
components of your signal. It provides real-time jitter trend, histogram and spectrum
displays with composite histograms showing the various jitter subcomponents and
distribution.

Figure 15. N5400A EZJIT Plus 4-in-1 jitter measurement results display for multiple views of
jitter populations and distributions.

Figure 16. Rj, Pj spectrum provides additional insight into jitter component frequencies and
amplitudes.
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The U7243A USB 3.0 electrical performance validation and compliance software
is compatible with Keysight DSO/DSA 90000 Series oscilloscopes with operating
system software revision 1.40.0002. The Keysight U7243A tool is also compatible
with Keysight 80000 Series oscilloscopes with operating software revision A.05.71
or higher. To use the advanced eye and jitter analysis option, you must also install
Keysight E2688A high-speed serial data analysis software and the N5400A EZJIT
Plus jitter analysis software. For oscilloscopes with earlier software revisions, free
upgrade software is availablevatiw.keysight.com/find/infiniium_software

Data rate Recommended oscilloscopes Bandwidth of recommendsdapszill
5.0 Gb/s DS091304A* 13 GHz

DS091204A 12 GHz

DS0O81304A 13 GHz

DS081204A 12 GHz

*DSA model equivalents are also compatible
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To purchase a new license for the USB 3.0 electrical performance validation and
compliance software with an Infinilum Series oscilloscope, please order the

following:
Model number Description
U7243A Option 001 86 % (OHFWULFDO 7HVW VRIWZDUH IRU FQOQRMFRSHY 6HULHV

Related literature

Publication title

Publication type Publication number
,QOoQLLXP 6HULHYV 2VFLOORVFRSH VData sheet 5989-7819EN
( $ 1 $ +LJK 6SHHG 6HULDO 'DWD aibshertLV ZLWK 5989-0108EN
&ORFN 5HFRYHU\ 6RIWZDUH IRU ,Q0QLLXP 2VFLOORVFRSHYV
7KH 86% 7TUDQVPLWWHU DQG 5HFHL YDatd sfieev W )L[WXUH 5990-4118EN
(=-,7 DQG (=-,7 30XV -LWWHU $QDO\VL\Da#dsh#eZ DUH IR U 5989-0109EN

,QO0QLLXP 6HULHYV 2VFLOORVFRSHYV
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Keysight Technologies Oscilloscopes

Multiple form factors from 20 MHz to >90 GHz | Industry leading specs | Powerful applications
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For more information on Keysight
7THFKQRORJLHVj SURGXFWV DSSOLI

myKeysight

myKeysight www.keysight.com/ fir_1d/ mykeysight ) services, please contact your local Keysight
A personalized view into the information most relevant to you. office. The complete list is available at:
www.axiestandard.org www.keysight.com/find/contactus
ANV AdvancedTCA Extensions for Instrumentation and Test (AXle) is an
- 5o\ ’e open standard that extends the AdvancedTCA for general purpose and Americas
semiconductor test. Keysight is a founding member of the AXle consortium. Canada
ATCA, AdvancedTCA, and the ATCA logo are registered US trademarks of Brazil
WKH 3&, ,QGXVWULDO &RPSXWHU ODQXIDFWXUHUV MeRCOS
United States
www.Ixistandard.org
LAN eXtensions for Instruments puts the power of Ethernet and the $VLD 3DFLoOF
L)///(I Web inside your test systems. Keysight is a founding member of the LXI Australia
consortium. China
Hong Kong
WWw.pXisa.org India
PCI eXtensions for Instrumentation (PXI) modular instrumentation delivers a ii?:g
rugged, PC-based high-performance measurement and automation system. .
Malaysia
. Singapore
Keysight Assurance Plans Taiwan
www.keysight.com/find/AssurancePlans 2WKHU $3 &RXQWULHV
Up to five years of protection and no budgetary surprises to ensure your
WARRANTY instruments are operating to specification so you can rely on accurate Europe & Middle East
measurements. Austria
Belgium
www.keysight.com/quality Finland
Keysight Technologies, Inc. France
'(.5% &HUWLILHG ,62 *HUPDQ\
Quality Management System Ireland
Israel
Keysight Channel Partners Italy
www.keysight.com/find/channelpartners Luxembourg
*HW WKH EHVW RI ERWK ZRUOGV .H\VLJKWjV PHDVXetheAan@3W H[SHUWLVH DQG SURGX
breadth, combined with channel partner convenience. Russia
Spain
Sweden
www.keysight.com/find/USB3 Switzerland ssw
2SW )5
2SW 7
United Kingdom
For other unlisted countries:
www.keysight.com/find/contactus
%3
This information is subject to change without notice.
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