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Verify and Debug Your Thunderbolt Designs

The N6463A Thunderbolt electrical test software gives you a
fast and easy way to verify and debug your Thunderbolt designs
for both silicon validation as well as end products like storage
devices or motherboards.

The Thunderbolt electrical test software allows you to
automatically execute Thunderbolt electrical transmitter tests
and displays the results in a flexible report format. In addition to
the measurement data, the report provides a margin analysis that
shows how closely your device passed or failed each test.

The N6463A Thunderbolt electrical test software covers

the prescribed test methods and parameters required for
Thunderbolt electrical certification testing for all current
Thunderbolt specification revisions. This produces results that
are consistent with those obtained during official certification at
approved test labs and informational testing at plugfests.

In addition to automatic setup and execution of the transmitter
tests, the N6463A Thunderbolt electrical test software also
provides an automatic setup and control of the crosstalk
generator source, a required condition for electrical testing
during official certification tests.

Features and Benefits

The N6463A Thunderbolt electrical test software offers several
features to simplify the validation of your Thunderbolt designs:

- Automated test setup and execution for ease of use

- Testing support for Thunderbolt Interconnect specification
revisions 0.6, 0.7 and 0.9

- Fully-automated Device Test Mode control

- Support for simultaneous two-lane testing as well as single
or dual port

- Support for SMA cable and test fixture de-embedding to
provide more accurate margin estimates

- Includes required Thunderbolt UJ_RJ jitter decomposition
test method

- Run tests with live or saved waveforms for easy regression
testing if specification requirements change

- Support for user-defined limits and specification-specific
limits for all Thunderbolt Interconnect specification revisions

- Automated test report generation and margin analysis

- Add additional custom tests, steps or automation to your
application using the N5467A User-Defined Application
(UDA) development tool

- Supports automated setup and control of crosstalk
generator

Applications

The N6463A Thunderbolt application software provides electrical
testing coverage for:

Thunderbolt devices

- Storage devices

- Displays

- Expansion bays

- Systems, hosts, motherboards
Dongles

Cables

- Silicon

Fasy Test Definition

The N6463A Thunderbolt electrical test software extends

the ease-of-use advantages of the Keysight Technologies,

Inc. Infiniilum 90000 X- and Q-Series oscilloscopes to testing
Thunderbolt designs. The Keysight automated test engine walks
you quickly through the steps required to define, set up, perform,
and view the results for the tests. 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 to quickly
re-test, run additional tests and review previous test results. You
can also quickly verify old test results against new specification
requirements using the Saved Waveform option.
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Thunderbolt transmitter testing requires
active inputs to the receivers of the
product under test during all electrical
tests. The N6463A Thunderbolt electrical
test software automates setup and control
of the crosstalk source.
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Figure 2. Automated transmitter test setup including crosstalk source
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If you are testing a one-port or two-port
Thunderbolt product, the Select Tests
tab will provide selectable test options
automatically. You can select a category
of tests, all the tests, or an individual test
depending on your testing requirements.

Easy-to-follow task
flow for configuring and
running tests

Select one test or a group

File Control

Setup Trigger Measure Analyze Utilities

Demos Help

99.9042) TBT Test -- TBT Device 1 *
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Figure 4. Thunderbolt application - select test tab
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Configurability and Guided Connections

The N6463A Thunderbolt electrical test BETA VERSION 089.9054) TBT Test -- TBT Device 1 * [c(@ =
. P . File View Tools Help
software provides flexibility in your test Dw M| wo5r
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changes with hookup diagrams when the e | i
Lo = = ) [getues wil Comnection Diagram Steps
be used.
tests you select require it. EQnD 1. Connect from Wilder TBT Phug Adapter's Lane 0 transmitter "Tx0_P' and
N e "Tx0_N' (white label SMA pair) to Chan 1 and Chan 3 of the oscilloscope
configure — using matched SMA cable pairs
e 2. Connect from Wilder TBT Plug Adapter's Lane 1 transmitter 'Tx1_P' and
Comect || [testing "Tx1_N' (yellow label SMA pair) to Chan 2 and Chan 4 of the osciloscope

using matched SMA cable pairs.

3. Connect the Wilder TBT Phug Adapter's low-speed comnector (ribbon cable)
to Wilder TBT Microcontroller.

Run Tests

4. Connect the Wilder TBT Microcontroller to oscilloscope using a USB cable.*

5. Connect 2 sets of Agllent N4911A-002 Adapter and 11636B Power Divider
A to Clock OUT and /OUT of the JBERT.

6. Attach 4 SMA cables to the output of the power divider. These cables should
be the same length, but do not neccessarily need to be matched pairs.

=] =282 |7 Douot comect JBERT crosstal signal to the R lanes of the fixture untl
instructed to do so during the test **

8. Plug in the Wilder TBT Plug Adapter into Port 1 of the DUT.
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Figure 5. Thunderbolt application - connection tab

The Configure Tab provides flexibility in
your test setup and oscilloscope settings
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Figure 6. Thunderbolt application - configure tab
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Reports with Margin Analysis

In addition to providing you with
measurement results, The N6463A
Thunderbolt electrical test software
automates and provides a report format
that shows you not only where your
product passes or fails but also how
close you are to the limits specified for
a particular test parameter relative to

the specification revision you are testing.

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 Thunderbolt
Interconnect specification.

Test results in an easy-to-read,
HTML formatted report
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Figure 7. Thunderbolt application - results HTML report
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+ 1.1.5Tx Total Jitter, EDR2 (T12) (Port 2, Lane 1) 240.6mUI 56.3%  VALUE <= 550.0mUI 1
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Figure 8. Thunderbolt application - summary of test results
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Thunderbolt Specification Measurements

Supported Transmitter Compliance Test Requirements

Test ID Test name

1.1 TBT transmitter test

11 AC common mode

11.2 Rise time

11.3 Fall time

11.4 Total jitter CDR1

115 Total jitter CDR2

116 Low-frequency jitter

117 DDJ

11.8 UJ/RJ

119 SSC modulation frequency
1110 Unitinterval (min)

1111 Unitinterval (max)

112 SSC down-spread deviation
1113 SSC phase deviation

1114 SSC phase slew rate

1115 Eye mask

Extensibility

You may add additional custom tests or steps to your application
using the N5467A User Defined Application (UDA) development
tool (www.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 configuration variables and
connection prompts)
- Any custom steps such as pre or post processing scripts,
external instrument control and your own device control

File View Tools Help

New Project... t( B |

Open Projedt... ests | Configure | Connect | Ry
Save Project ctual Val_| Margin | Pass Limi
Save Project As...

Export Results >

Definec

Figure 12. Importing a UDA Add-In into your test application.

SetUp SelectTests | Configure | Connect | Run Tests

———
=[O Al Tests
#-[JO Electrical Tests
&[] O Timing Tests
=[O User Defined
[ O My Custom Test

[M O My Post-processing Step
O My External Instrument Control

O My Device Control

Figure 13. UDA Add-In tests and utilities in your test application.
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Automation

You can completely automate execution of
your application’s tests and Add-Ins from
a separate PC using the included N5452A
Remote Interface feature (download free
toolkit from
www.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.

Using automation, you can accelerate
complex testing scenarios and even
automate manual tasks such as:

- Opening projects, executing tests and
saving results

- Executing tests repeatedly while
changing configurations

- 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 controller
to place it into desired states or test
modes before test execution.

- Configure 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 as
MATLAB, Python, LabVIEW, C, 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.

SetUp | Select Tests | Configure | Connect | Run Tests  Automation | Resuts | Him Report |

Execute commands from: ¢ Script (" Files Start | Settings... |

Commands... I =2 Configure signal data rate #= i]
SetConfig TestMode' '6Gbps’
Save As... I "
== Connect to external instrument ==

ConnectAppTolnstrument Instrument=PatternGen:Address=192, 168.0.2'

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

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

== Run custom analysis using Matlab through Add-In ==
SelectedTest -2001
Run|

<l L)

Figure 14. Remote Programming script in the Automation tab.

:f l Custon tests I
= >(Matlab processing == |

UDA Add-in
® DUT control
© Instrument control

DUT or External
Pattern ‘ Instrument Control
Generator
> Live Signals
Custom Tests/steps
g or Post Processing

Figure 15. Combine the power of built-in automation and extensibility to transform your
application into a complete test suite executive.
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Oscilloscope Compatibility

The N6463A Thunderbolt electrical

] : - Data rate Recommended oscilloscope  Bandwidth of recommended
‘)t(est ngtwgre'ls com.pl)latlble with %?OOO oscilloscope
- and Q-Series oscilloscopes wi 10.3125 Gb/s DSO/DSAX91604A 16 GHz or higher
operation software revision 4.10 or .
higher. Oscilloscope bandwidth must be DSO/DSAX92004Q 20 GHz or higher
a minimum of 16 GHz. 20 GHz or higher is
recommended.
Ordering Information
You can order the N6463A as an option to
your oscilloscope hardware purchase or as
a separate software product. The N6463A
Thunderbolt electrical test software
supports testing for Thunderbolt devices
and hosts.
Publication title Publication number
Infiniium 90000 X-Series Oscilloscopes - Data Sheet 5990-5271EN
Infiniium 90000 Q-Series Oscilloscopes - Data Sheet 5990-9712EN
Infiniium Oscilloscope Probes and Accessories - Data Sheet 5968-7141EN

E2688A, Nb384A High-Speed Serial Data Analysis and Clock Recovery Software for Infiniium

Oscilloscopes - Data Sheet 5989-0108EN

PrecisionProbe for Bandwidths up to 33 GHz - Data Sheet 5990-7940EN

Nb&465A InfiniiSim Waveform Transformation Toolset for the Infiniium Series Oscilloscopes -

Data Sheet 5990-4059EN

Keysight Oscilloscope Probes and Accessories - Selection Guide 5989-6162EN

U7232B/U7232C DisplayPort Electrical Performance Validation and Compliance Software for Infiniium Series

Oscilloscopes - Data Sheet 5990-7697EN

N5399C HDMI Electrical Performance Validation and N5399D Compliance Software for Infiniium Series

Oscilloscopes - Data Sheet 2990-5299EN

N5393C PCI Express® 3.0 (Gen3) Software for Infiniium Oscilloscopes — Data Sheet 5989-1240EN

To download copies of these publications go to www.keysight.com
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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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Evolving Since 1939

Our unique combination of hardware, software, services, and people can help you
reach your next breakthrough. We are unlocking the future of technology.
From Hewlett-Packard to Agilent to Keysight.

myKeysight

KEYSIGHT SERVICES
Accelerate Technology Adoption.

Lower costs.

ASSURANCE PLANS

myKeysight
www.keysight.com/find/mykeysight
A personalized view into the information most relevant to you.

http://www.keysight.com/find/emt_product_registration
Register your products to get up-to-date product information and
find warranty information.

Keysight Services

www.keysight.com/find/service

Keysight Services can help from acquisition to renewal across your
instrument’s lifecycle. Our comprehensive service offerings—one-
stop calibration, repair, asset management, technology refresh,
consulting, training and more—helps you improve product quality
and lower costs.

Keysight Assurance Plans
www.keysight.com/find/AssurancePlans

Up to ten years of protection and no budgetary surprises to ensure
your instruments are operating to specification, so you can rely on
accurate measurements.

Keysight Channel Partners
www.keysight.com/find/channelpartners

Get the best of both worlds: Keysight's measurement expertise and
product breadth, combined with channel partner convenience.

PCI Express® is a registered trademark and/or service mark
of PCI-SIG.
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