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Tektronix provides the most comprehensive solution to serve the needs
of engineers designing Thunderbolt 3 and Thunderbolt 4 Integrated
(SoC) and Discrete products. Tektronix TekExpress Thunderbolt
application provides one-button testing for the Thunderbolt 3 and
Thunderbolt 4 measurements as per the USB4 Electrical Compliance
Test Specification (Appendix E). TekExpress Thunderbolt automates
the measurements allowing engineers to perform the required tests
efficiently and reliably right on their bench. The DPO/MSO70000SX/DX
Series (BW =21 GHz) oscilloscopes are designed to meet the
challenges of the next generation of serial data standards such as
Thunderbolt. These oscilloscopes provide the industry's leading vertical
noise performance with the highest number of Effective bits (ENOB)
and flattest frequency response among oscilloscopes in their class.

Features and benefits

Tektronix Thunderbolt Compliance Automation and Debug solution

provides a comprehensive toolset for the Thunderbolt 3 and

Thunderbolt 4 verification, characterization, debug, and compliance

testing.

+  Tektronix DPOJET-TBT3 Plug-in solution with setup files and MOI
assists in root cause analysis.

+  Tektronix TBT solution supports the SigTest (USB-IF Analysis Tool).

+ Added support to initialize DUT using USB4 ETT (Goshan Ridge,
TigeLake DUT).

+ Supports the Wilder Technologies TBT3 (Gen2) Controller and
Intel's TenLira/TDT Electrical scripts.

+  Supports the Wilder Technologies USB4 Controller and USB4
Electrical Test Tool (ETT).

+ Tektronix Serial Data Link Analysis (SDLA) tool supports the De-
embedding, Embedding, Equalization (CTLE+DFE), and Custom
Channel Characterization.

+ Signal Validation feature validates the compliance pattern to ensure
the accuracy of the results.

+ Pre-Recorded Mode supports the offline analysis and baseline for
future specification changes.

+ Automatic DUT Control mode captures all the compliance test
patterns. So the USB4 Transmitter testing completes without user
intervention.

+ Automatic DUT Control supports both TBT3 and 4 Discrete and
Integrated (SoC) products.

+  Complete both Lane 0 and Lane 1 Transmitter test without flipping
the USB Type-C® connector or USB4 High-Speed fixture.

+ Quickly validate test results with comprehensive reporting that
details test margins, pass/fail results, and plots in PDF, MHT, and
CSV formats

Applications
Thunderbolt 3 and Thunderbolt 4 Transmitter testing:

+  Thunderbolt Silicon Testing: Host, Device, and Hub
+  Thunderbolt Peripheral Testing: Host, Device, and Hub
+ Manufacturing testing

Thunderbalt - Device - Spec 1.0

T e e
S Presetcal | Presetcal
=[] Gen2 ~

erfv] TP2
~[«7] Winimum Unit interval
~[w] $5C Down Spread Range
-[] §5C Down Spread Rate
$5C Phase Deviation
S5C Slew Rate
Rise Fall Time
Electrical Idle
TJ (Total Jitter)
~{«] TJ using PRBS15
~{w] TJ using S02
~[w] UJ (Uncorrelated Jitter)y
UDJ (Uncorrelated Deterministic Jitter}
DDJ (Data Dependent Jitter)

L A

Test Description

Please selecta test name fo view its
description

Thunderbolt physical-layer Tx compliance measurements

www.tek.com 1



Thunderbolt 3 and Thunderbolt 4 Transmitter Compliance Automation Solution Datasheet

DPOJET TBT3 plug-in debug solution . TekExpress Thunderbolt - (Unt

With its fast data rate and multi-lane topology, Thunderbolt presents a Thunderbol : Device - Spec 1.0

number of test and measurement challenges, including fixture effects e 2 |

and the need to isolate crosstalk. The coupling of energy from Select a messurement o corfigureinthe canfig penel below
adjacent signaling lanes adds noise and jitter that can affect system Result e T ey

interoperability. Effective debugging requires jitter analysis tools that e (4 cortquaton .Eé?m?i.mm,

can properly separate and classify the jitter components of a signal, @rnms (i

including those stemming from crosstalk. oot

Gen2CTLE |Optimize ]

Before the measurements are computed the cable must be de- | |
embedded. De-embed filters can be easily created using Serial [ Pettorm with D7E (ax Tap Value 50 )
Data Link Analysis software (SDLA) and then quickly entered into
the DPOJET TBT3 measurement setup and saved for future use.

In addition to jitter, DPOJET TBT3 also provides voltage, Spread
Spectrum Clocking (SSC), and other AC parametric measurements.
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e' ‘rronlx TekExpress Thunderbolt 3

Transmitter Test Report

Setup

DUT ID DUT001 Scope Model DPO733045X
Date/Time 2/7/2022 151:14AM Scope Serial Number QU000062
Acquisition Mode Live Scope F/W Version 10.12.1 Build 26
DUT Control Automated SPC Factory:s/W Calibration PASS,PASS
DUT Type Host TekExpress T 10.1.1.10
DUT Port Number [ TekExpress Framework 5.6.0.106
Test Method SigTest SigTest version 07
Total Acquisition Time 00195121 CTS Version vi.02
Total Analysis Time 01:48:52.29
Over Al Test Result Pass
DUT COMMENT: | General Comment - Thunderbolt Transmitter DUT
C Selgor ) Overell Result: & Pass CSCOEZ . . { Summary | ¥ | Expand )
Passfail  Mean std Dev Max Win [0} Popuiation s,
losooo | looooo _joooo | liomein | T TP3 using PRESTS
favices, | oo0s postees | Sa01%0s, |00 4 - Measurement | 5,13 Rates Lane Measured Value | Test Result Margin Low Limit High Limit
46698V 00000V 466.98mV  46638mV 00000V 1 Details
TP _TBTSEye Dia.. Pass 00000 0000 0.0000 1.0165M ILTP3 PRESISM | |0 - e o O pass WCNAAL3142| o
[ TP3 - TBT3 DFEEW, .. 735105 000008 7351205 735125 000008 1 x iy
(5 TP3 -TBT3 DFEEH, . 23742mv 00000V 23742mV 23742mV 00000V 1 DIPSERESISM | o Lane 1 271.157 mul pass L e L3288 | A 600 mul

For Lane0:
CTLE option chosen to Optimize.
Best CTLE gainis - 2

Perform DFE - True

RS DFE Tap Value(mV) = 40.5

Tektronix Thunderbolt debug solution with simultaneous multiple test point analysis Pt
BestCTLE gnts 2a8
Perform DFE : True

DFE Tap Value(mV) = 40.3

TekExpress Thunderbolt automation solution Detailed test report with measurement results, limits, setup details, and screen shots

For compliance testing, TekExpress TBT automates the instrument
setup as required by the Thunderbolt specification including an
adequate time window for SSC analysis and Phase locked loop

(PLL) settings for jitter/eye analysis. The port microcontroller enables
automated device automation through test pattern initiation. TekExpress
TBT allows the user to automate test modes while integrating

the required scripts or step through the test modes with manual

device control. A test status window indicates the current status of
waveform acquisitions, signal analysis, and results documentation. The
TekExpress TBT software can be run in Offline mode which allows

the user to quickly recalculate test results using saved waveforms. A
detailed test report provides color-coded pass/fail indications along with
test margins. TekExpress TBT can be run in the user-defined mode to
debug test failures with custom settings and test limits.
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Ordering information

TekExpress TBT3 transmitter compliance and debug solution

DPO/MSO70000SX/DX 1 Tektronix DPO (Digital Phosphor Oscilloscope) or MSO (Mixed Signal Oscilloscope) - 23 GHz and above with
DPOJET (DJA) and SDLA64 installed.

DPO/MSO70000SX/DX Opt. TekExpress TBT3 Tx Compliance and DPOJET: TBT3 Tx/Rx Measurement Plugin Solution (Requires Opt. CIO,
TBT3 2 DJA, and SDLAG4)

DPO-UP TBT3 2 TekExpress TBT3 Tx Compliance and DPOJET: TBT3 Tx/Rx Measurement Plugin Solution (Requires Opt. CIO,
DJA, and SDLA)

DPOFL-TBT3? TekExpress TBT3 Tx Compliance and DPOJET: TBT3 Tx/Rx Measurement Plugin Solution (Requires Opt. CIO,
DJA, and SDLAG4); Floating

DPOFT-TBT3 2 TekExpress TBT3 Tx Compliance and DPOJET: TBT3 Tx/Rx Measurement Plugin Solution (Requires Opt. CIO,
DJA, and SDLA64); Floating Trial

Recommended TBT3 controller, high-speed test fixture, and accessories

Item Vendor Quantity
TBT3 Controller and High-Speed Test Fixtures: | Vilder Technologies 1
640-0961-000 3 OR 640-0535-000 and

640-0847-000 4

SMP(F) to 2.92 mm(F) Adapter: SM8852 Fairview Microwave Minimum 4
SMP Terminators: ST2643 (Optional) Fairview Microwave 4
PMCABLE1M Phase Matched SMA cable set | Tektronix 2

Oscilloscope and software prerequisite requirements

Required software Description
Operating System DPO/MSQO70000SX/DX with Microsoft Windows 10 OS
DUT Control Tool If using the USB4-TPA-UC controller, then the USB4 Electrical Test Tool (ETT) v 0.9.7 (or above)

should be available on the oscilloscope. The USB4ETT is available on the USB-IF Test Tools site
(www.usb.org/document-library/usb4ett).

If using the TBT-TPA-UHG2 controller, then Intel TenLira or TDT (Thunderbolt Diagnostic Tool)
software with Thunderbolt Electrical Scripts should be available on the oscilloscope. Intel's
software can be downloaded from Intel's Resource and Design Center site.

Table continued...

1 Required options: Opt. DJA and Opt. SDLAG4. Optional items: Opt. 10XL and DPO7AFP.

2 Requires Opt. ClO, DJA, and SDLAG4, and = 21 GHz oscilloscope. Thunderbolt 4 included in the Opt. TBT3.

3 Select the Wilder USB4-TPA-UC-K kit if the Thunderbolt chipset/soc used in the product is Ice Lake, Goshen Ridge, Maple Ridge, or Tiger Lake.
4 Select the Wilder TBT-TPA-UHG2 controller and TBT-TPA-PR fixture if the Thunderbolt chipset used in the product is Titan Ridge or Alpine Ridge.
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Required software

Description

Controller Driver and Software

Wilder Technologies Controller Driver and Software should be available on the oscilloscope.
Contact Wilder Technologies for software support.

ASEAN / Australasia (65) 6356 3900

Belgium 00800 2255 4835*

Central East Europe and the Baltics +41 52 675 3777
Finland +41 52 675 3777

Hong Kong 400 820 5835

Japan 81 (120) 441 046

Middle East, Asia, and North Africa +41 52 675 3777
People's Republic of China 400 820 5835

Republic of Korea +822 6917 5084, 822 6917 5080
Spain 00800 2255 4835*

Taiwan 886 (2) 2656 6688

* European toll-free number. If not accessible, call: +41 52 675 3777

Austria 00800 2255 4835*

Brazil +55 (11) 3759 7627

Central Europe & Greece +41 52 675 3777
France 00800 2255 4835*

India 000 800 650 1835

Luxembourg +41 52 675 3777

The Netherlands 00800 2255 4835*
Poland +41 52 675 3777

Russia & CIS +7 (495) 6647564

Sweden 00800 2255 4835*

United Kingdom & Ireland 00800 2255 4835*

Balkans, Israel, South Africa and other ISE Countries +41 52 675 3777
Canada 1 800 833 9200

Denmark +45 80 88 1401

Germany 00800 2255 4835*

Italy 00800 2255 4835*

Mexico, Central/South America & Caribbean 52 (55) 56 04 50 90
Norway 800 16098

Portugal 80 08 12370

South Africa +41 52 675 3777

Switzerland 00800 2255 4835*

USA 1800 833 9200

For Further Information. Tektronix maintains a comprehensive, constantly expanding collection of application notes, technical briefs and other resources to help engineers working on the cutting edge of technology. Please visit www.tek.com.
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