Keysight N64/0B

Thunderbolt 3 Transmitter Compliance Test

Software for Infiniium Oscilloscopes

File View Tools Help

D@ H| e 3Er % ae

Task Flow _

Select Tests

SetUp SelectTests |Conﬁgure I Connectl Run Tests | Automation I Resultsl Html Report

—
B[] © Thunderbolt 3 Transmitter Tests
E\D ) Thunderbolt 3 Host Transmitter Tests
E-[]© Port 1Host Transmitter Tests
) Tx CTLE Calibration
[]© CTLE Calibration {Lane 0)
) Tx Rise/Fall Time
[ © Tx Rise Time {Lane 0)
[ TxFall Time {Lane 0)
O Tx Jitter

[ TxTotal Jitter
) T Unit Interval and S5C Modulation

) Tx Unit Interval Mean, Min (Lane 0)
O Tx Unit Interval Mean, Max (Lane 0)
) Tx Unit Interval, Min (Lane 0)
) Tx Unit Interval, Max (Lane 0)
) Tx S5C Down Spread Rate (Lane 0)

[]© Tx 55C Phase
Tx AC Common Mode Voltage
[ Tx AC Comman Mode Voltage (Lane 0)
[1©) Tx Eye Parameter

[] © Tx Eye Diagram
) Tx Equalization
[]© Tx Equalization Preshoot{Lane 0)
[]© Tx Equalization Deemphasis{Lane 0)
[ © Tx Swing Preset 15 (Lane 0)

KEYSIGHT

TECHNOLOGIES

[]© Tx Data Dependent Jitter and Sum of Uncorrelated Deterministic Jitter and Random Jitter

[ © Tx Unit Interval and 5SC Down Spread Modulation

[]©) Tx S5C Down Spread Deviation {Lane 0)

Data Sheet



02 | Keysight | N6470B Thunderbolt 3 Transmitter Compliance Test Software for Infiniium Oscilloscopes - Data Sheet

Table of Contents

Verify and Debug Your Thunderbolt 3 DESIgNS. ......oiiiiiiiiiiiee e 03
EASY TEST DETINITION ..ttt 04
Configurability and Guided CONNECTIONS ......oviiiiie et 05
REPOITS WIth Margin ANGLYSIS. ... .ciii ettt 06
USB TYPE=C™ CONTIOL ..ttt 07
BB SIDILITY et 08
AUTOMIATION .ottt h ekt h ekttt 09
OSCILLOSCOPE COMPATIDILITY -ttt 10
Ordering INTOIMETION ...ttt 10
RecommENded TYPE=C ACCESSOIIES .. ..oiiuiiiieie ettt 11
KEYSIGNT OSCILLOSCOPES ...ttt ettt 11

EVOIVING SINCE T3 ..ot 13



03 | Keysight | N6470B Thunderbolt 3 Transmitter Compliance Test Software for Infiniium Oscilloscopes - Data Sheet

Verify and Debug Your
Thunderbolt 3 Designs

The N6470B Thunderbolt 3 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 3 electrical test software
allows you to automatically execute
Thunderbolt 3 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 N6470B Thunderbolt 3 electrical

test software covers the prescribed test
methods and parameters required for
Thunderbolt electrical certification testing.
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
N6470B Thunderbolt 3 electrical test
software also provides automatic setup
and control of the crosstalk generator
source, a required condition for electrical
testing during official certification tests.

Features and benefits

The N6470B Thunderbolt 3 electrical test software offers several features to simplify the
validation of your Thunderbolt designs:

Full USB Type-C interface control with N7018A Type-C Test Controller integrated
Automated test setup and execution for ease of use

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

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

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 N6470B Thunderbolt 3 application software provides electrical testing coverage for:

Thunderbolt devices

- Storage devices

- Displays

- Expansion bays

Systems, hosts, motherboards
Dongles

Cables

Silicon
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Easy Test Definition

The N6470B Thunderbolt 3 electrical
test software extends the ease-of-use
advantages of the Keysight Technologies,
Inc. Infiniium V- and Z-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.

Thunderbolt transmitter testing requires
active inputs to the receivers of the
product under test during all electrical
tests. The N6470B Thunderbolt electrical
test software automates setup and control
of the crosstalk source.

(BETA VERSION 1.01.9020) Thunderbolt 3 Test -- Thunderbolt 3 Device 1* — O e
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—IJSBE Type-C Test Controller
" Enable TCTC Configure |
Fun Tests
—Test Setup Channel Skew Calibration
Test Setup TestSetup| Calibrate Setup | Not calibrated

0 Tests |Fo||ow instructions to describe your test environment |Connecﬁon: UNKMOWN |

| ES

Figure 1. Setup test environment for one or two port products.
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Figure 2. Automated transmitter test setup including crosstalk source.
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Easy-to-follow task
flow for configuring and
running tests

Select one test or a group
of tests with a single
mouse click
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Figure 3. Thunderbolt application - select test tab.

Configurability and Guided Connections

The Configure Tab provides flexibility in
your test setup and oscilloscope settings
used during tests. In configuring the tests,
advanced users can specify changes to
the test configuration to optimize test time
versus coverage depending on validation
requirements and testing goals.
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Figure 4. Thunderbolt application - configure tab.
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Reports with Margin Analysis

In addition to providing you with
measurement results, The N6470B
Thunderbolt electrical test software
automates and provides a report format
that shows you not only where your
product passes or fails but also how

Test results in an easy-to-
read, HTML formatted report

close you are to the limits Spedﬂed for Task Flow | SetUp | Select Tests | Configure | Connect | Run Tests | Automation | Results  Himl Report
a particular test parameter relative to
the specification revision you are testing. KEYSIenT
You can select.the margin test report . T Test Report
parameter, which means you can specify
. . . Overall Result: IS
the level at which warnings are issued to — verall Resu
alert you to electrical tests where your s Dot
product is operating close to the official —Izﬁmm
test limit defined by the Thunderbolt —Is.pem.m Rev a0
o [estiane Port2 | 5ot lanes
Interconnect specification. B ——————— Overall test
[Portlumber. [t For description
[Portziiame ot 2
[Portiitame T fport 1
puTType st
Test Session Details
e W Versian | s 0 00604
infiniiurm Model Number | [D50xes0040
infiniium Serial fumber | [vo Seral
[Application sw Version | [0.02 2022
Debug Mode Used o
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Summary of Results

Figure 5. Thunderbolt application - results HTML report.
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Figure 6. Thunderbolt application — summary of test results.
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USB Type-C™ Control

The DisplayPort Electrical Performance
Validation and Compliance software fully
controls devices that incorporate the USB
Type-C™ connector using the new Keysight
N7018A Type-C Test Controller. The test
controller is required to establish power
delivery contracts (known as PDOs: Power
Delivery Objects) as well as to place the
Device Under Test into the proper alternate
mode for Thunderbolt. The Type-C
environment setup is initiated by selection
of ‘Enable TCTC’ shown at the bottom of
Figure 1.

Power Delivery Contracts: the thorough
testing of devices using the USB Type-C
interface will require verification at all

the possible power delivery settings and
the DisplayPort EPV&C software handles
this with ease. In the setup of the Type-C
environment, the device is queried for its
possible contracts and these are reflected
in a PDO selection window and integrated
into the test plan using the Keysight
N6701C power supply which can handle
both the provision and consumption

of power. One or many PDOs may be
selected; if more than one is selected, the
test plan will repeat for each PDO.

Alternate mode: to obtain Thunderbolt
functionality from a Type-C device, it must
be put into the Thunderbolt alternate
mode. Alternate mode setting is chosen in
the Type-C setup screen in the Thunderbolt
Transmitter Compliance Test software.

M —
i ' Type C Test Setup ' ==

II Query Dut Capability

Mode: DP

Vbus: DFP/Source

Source Power Profile: 5V,0.94;20V 3A
Sink Power Profile: 5V,0.9A:20V,3A

- e - J

Figure 7. Type-C Setup: Device is queried for PDO capability.

rTypeCTestSe{up g TT e e Elglg
[ s
AltMeodeSetup

Operating Mode

T uss
) DP 4 lanes

I [ Establish connection

Status

Operating Mode:

Done

|

Figure 8. Type-C Setup: Device mode control setting.
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Extensibility

You may add additional custom

tests or steps to your application

using the N5467B 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... K |
Open Project...

Save Project
Save Project As...
Export Results »

lefinec

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

SetUp SelectTests IConﬁgurel Connect | Run Tests

= O Al Tests
&[] O Electrical Tests
@[ O Timing Tests
=[O User Defined

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


http://www.keysight.com/find/uda

09 | Keysight | N6470B Thunderbolt 3 Transmitter Compliance Test Software for Infiniium Oscilloscopes - Data Sheet

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 IResuIts | Html Report |

Execute commands from: ¢ Script ( Files Start |

Settings... |

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

Commands...

l

Save As... )
== Connect to external instrument ==

SelectedTest -S000
Run

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

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

SelectedTest -2001
Run|

<l

Figure 9. Remote Programming script in the Automation tab.

Compliance app + Automation engine

UDA add-in
- Custom test/Steps
- Post processing

UDA add-in
- DUT control
- Instrument control

== Send commands to Pattern Generator through Add-In ==

ConnectAppTolnstrument 'Instrument=PatternGen: Address =192, 168.0.2'

_Resutts

Pattern
generator

DUT or external
instrument control

Live signals

Custom tests/Steps
or post processing

Figure 10. 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 N6470B Thunderbolt 3 electrical
test software is compatible with V- and
Z-Series oscilloscopes with operation
software revision 5.60 or higher.
Oscilloscope bandwidth must be a
minimum of 25 GHz.

Ordering Information

You can order the N6470B as an option to
your oscilloscope hardware purchase or as
a separate software product. The N6470B
Thunderbolt 3 electrical test software
supports testing for Thunderbolt devices
and hosts.

Data rate
20.625 Gb/s

Recommended oscilloscope
Infiniium V or Z Series

Bandwidth of recommended oscilloscope
25 GHz or higher

Table 1. Required SW applications.

Application License type Infiniium Z/V Series
Thunderbolt 3 transmitter ~ Fixed Factory-installed N6470B-1FP
compliance software User-installed N6470B-1FP
Floating Transportable N6470B-1TP
Server based N543bA-104
EZJIT+ jitter analysis Fixed Factory-installed N5400A-1FP
software User-installed N5400A-TFP
Floating Transportable N5400A-1TP
Server based N5435A-001
Equalization emulation Fixed Factory-installed N5461A-1FP
software User-installed N5461A-1FP
Floating Transportable Nb46TA-1TP
Server based N5435A-025
[nfiniiSim advanced Fixed Factory-installed N5465A-TFP
waveform transformation User-installed N54B65A-TFP
software Floating Transportable N5465A-1TP
Server based N5435A-027
Serial data analysis/mask  Fixed Factory-installed E2688A-1FP
testing with clock recovery User-installed E2688A-1FP
Floating Transportable E2688A-1TP
Server based N5435A-003

1.
2.

Requires Infiniium oscilloscope software 5.00 and above.
Systems running Windows 7 require Infiniium 4.60; systems running XP require Infiniium 4.20.

)
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Recommended Type-C Accessories

For testing USB Type-C™ devices, the following solution elements are recommended for the purposes identified.

Model number Description Quantity Purpose
N7018A Type-C Test Controller 1 Control Power Delivery Contracts, Orientation and
Alternate Mode
N7015A Type-C Plug Test point adapter 1 Access of all Type-C signals
N7017A Type-C Receptacle to Receptacle Adapter 1 For RX calibration or Type-C interface debug
N6701C Power Supply Chassis 1 Power supply/Power Load for arbitrary PDOs
NG6786A Power Supply/Power Load 1 minimum Power supply/Power Load for arbitrary PDOs
2 optional
N9398C DC Blocking Capacitors 2 minimum The RX lanes of the Type-C interface do not have
4 recommended blocking capacitors. When testing DP at least one of
these will be tested for DP and will present a DC bias
5061-5311 3.5 mm f-f adapter 4 minimum Connect matched cables to break out coaxial
connectors of N7015A
N2823A 1 m matched cable set 2 minimum Connect scope to N7015A breakouts
N5448B 0.25 m matched cable set 2 minimum Connect scope to N7015A breakouts

Keysight Oscilloscopes

Multiple form factors from 20 MHz to > 90 GHz | Industry leading specs | Powerful applications

N /
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www.axiestandard.org
AV AdvancedTCA® Extensions for Instrumentation and Test (AXle) is an
- s o\ ’e open standard that extends the AdvancedTCA for general purpose and
semiconductor test. The business that became Keysight was a founding
member of the AXle consortium. ATCA®, AdvancedTCA®, and the ATCA logo
are registered US trademarks of the PCI Industrial Computer Manufacturers
Group.

www. Ixistandard.org

LAN eXtensions for Instruments puts the power of Ethernet and the Web
L%I inside your test systems. The business that became Keysight was a founding

member of the LX| consortium.

Www.pxisa.org

[\ ' 4 | PCI eXtensions for Instrumentation (PXI) modular instrumentation delivers a
l Al rugged, PC-based high-performance measurement and automation system.

Download your next insight

Keysight software is downloadable
expertise. From first simulation through

first customer shipment, we deliver the \
tools your team needs to accelerate from (
data to information to actionable insight.

- Electronic design automation (EDA)
software

- Application software

- Programming environments

- Productivity software

Learn more at
www.keysight.com/find/software

Start with a 30-day free trial.
www.keysight.com/find/free_trials


http://www.axiestandard.org
http://www.lxistandard.org
http://www.pxisa.org
http://www.keysight.com/find/software
http://www.keysight.com/find/free_trials
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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.

USB Type-C™ and USB-C™ are trademarks of USB Implementers
Forum.

www.keysight.com/find/N6470B

For more information on Keysight
Technologies’ products, applications or
services, please contact your local Keysight
office. The complete list is available at:
www.keysight.com/find/contactus

Americas
Canada (877) 894 4414
Brazil 55113351 7010
Mexico 001 800 254 2440
United States (800) 829 4444
Asia Pacific
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China 8008100189
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Netherlands 0800 0233200
Russia 8800 5009286
Spain 800 000154
Sweden 0200 882255
Switzerland 0800 805353
Opt. 1 (DE)
Opt. 2 (FR)
Opt. 3(IT)
United Kingdom 0800 0260637
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www.keysight.com/find/contactus
(BP-9-7-17)
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