USB TYPE C AND
LEGACY CONNECTOR CABLE
COMPLIANCE TESTING
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Rohde & Schwarz USB4 and USB3.2 cable test solutions are USB Implementers Forum (USB-IF) approved for
reliable and fast device compliance testing.

The R&S®ZNB3000 vector network analyzer, R&S®ZNB3-K2 time domain analysis option and
R&S®ZNB3-K220 in-situ deembedding option power the test solution. The R&S®ZNB3000 is the
recommended vector network analyzer (VNA), but an R&S®ZNBT or R&S®ZNA vector network analyzer
can also be used for USB cable testing. Rohde & Schwarz offers a complete solution by providing detailed

methods of implementation (MOI) with clear instructions for compliance testing in line with USB-IF
compliance test specification (CTS).

» Approved solution for USB4 and USB3.2 by USB-IF

» USB type C, USB type A, USB type B and micro family
connector type cable testing

» Versatile VNA firmware for enhanced flexibility while
compliance testing for connectors and cables
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Example: USB cable and test fixtures
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USB4 Gen3 type C cable testing
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Insertion loss fit at Nyquist frequencies (ILfitatNq)

Integrated multi-reflection (IMR)

Integrated crosstalk between super speed pairs

(IXT_USB and IXT_DP)

Integrated return loss (IRL)

Differential-to-common-mode conversion (Scd)

Channel operation margin (COM)

D+/D- pair attenuation

Differential impedance

Propagation delay

Intra-pair skew

Shielding effectiveness:

= Differential mode and common mode

Low speed signal:

= Differential insertion loss (D+/D- attenuation)

= Coupling between CC and differential USB D+/D—

= Coupling between VBUS and differential USB D+/D—

= Single-ended coupling between SBU_A and CC,
SBU_B and CC

= Single-ended coupling between CC and D—

= Single-ended coupling between SBU_A and SBU_B

= Coupling between SBU_A /SBU_B and differential
USB D+/D-

USB4 Gen2 and USB3.2 Gen2/Gen1 type C
cable testing
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Insertion loss fit at Nyquist frequencies (ILfitatNg)

Integrated multi-reflection (IMR)

Integrated crosstalk between super speed pairs

(IXT_USB and IXT_DP)

Integrated return loss (IRL)

Differential-to-commmon-mode conversion (Scd)

Shielding effectiveness:

= Differential mode and common mode

Low speed signal:

= Differential insertion loss (D+/D—- attenuation)

= Coupling between CC and differential USB D+/D—

= Coupling between VBUS and differential USB D+/D—

= Single-ended coupling between SBU_A and CC,
SBU_B and CC

= Single-ended coupling between CC and D-

= Single-ended coupling between SBU_A and SBU_B

= Coupling between SBU_A /SBU_B and differential
USB D+/D-

USB3.2 legacy cable tests
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D+/D- pair propagation delay

D+/D- pair propagation delay skew

Differential near-end crosstalk between super speed
pairs

Differential near-end and far-end crosstalk between
super speed and D+/D- pairs

Differential impedance of super speed mated
connectors

D+/D- pair attenuation

Differential insertion loss (super speed) of mated cable
assembly

Differential-to-commmon-mode conversion (super speed)
of mated cable assembly
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USB cable testing overview

Rohde & Schwarz makes USB cable testing easy with four steps:

Step 1:
Find the MOI for the desired test and follow the steps. All MOls are available on the Rohde & Schwarz website and
describe in detail how to use Rohde &Schwarz VNAs for a measurement.

Step 2:
Next load the test state in one of two ways:

Download the recall state file from Rohde & Schwarz. The files can be found on the Rohde & Schwarz website with
the MOI.

Another option is to go through the menus on the VNA to find the “standard” button here:
Measurement - Signal Integrity Apps - Standards - USB.

A - o . Measurement Menu =
i on @ = = - Signal Integrity Apps jliece

J| Real 200 mU/Ref 0 U NOTE: 50% point should be ec NP Meas Format
Tre3 [ Real 200 mV/RefOV ) gEcas P Assitant

el [mce
Standards Config

Line Marker
Stimulus

Start  Stop

Center  Span

Channel
Standards m O ® O x Power

Eniivall bt
Standard o Preset
Channel

v
usB USBA4: High-speed time domain cal
Config

P = Offset
Description ~ Script Details  Advanced Settings "
99T Embed

USB4: High-speed time domain System
File

Differential Insertion Loss (D+/D- attenuation), Coupling between CC and differential USB D+/ i
rint

D-, Coupling between VBUS and differential USB D+/D-, Single- ended Coupling between
Real 50/Refo00  [ifed Real 50/Ref900Q SBU_A and CC, SBU_B and CG, Single- ended Coupling between CC and D-, Single- ended
Coupling between SBU_A and SBU_B, Coupling between SBU_A /SBU_B and differential USB Tools  Display

D+/D. VNA must be capable of at least 16.5 GHz.
e

Setup

Pwr -10 dBm Bw 1kHz
Time Domain

Time Domain

File Trace Channel Display Tools System Help Ch1: AygNone  Ch1P3  64% 5/28/2026 10:39:29 PM




Step 3:
Sweep the DUT for a measurement. Once finished the VNA clearly displays pass or fail results, or depending on whether
a USB-IF analysis tool is involved (Get_iPar or IntePar), determines the pass/fail criteria.

Tre1 220 Lin Mag 100 mU/ Ref 500 U Cal 1~ Tr3 [N Lin Mag 100 mU/ Ref 440 mU. Cal
Tr2 Lin Mag 100 mU/ Ref 500 mU  Cal r;

- 500 mU

Ch1 Start 10 MHz Pwr -10dBm Bw 1kHz UOSM P1,P2,P3,P4 Stop 20 GHz
Trcl Start -1ns Time Domain Stop 15ns [Ch1 Start 10 MHz -10dBm Bw 1kHz UOSM P1,P2,P3,P4 Stop 20 GHz
Trc2 Start -1ns Time Domain Stop 15ns [Te3 Start -1ns Time Domain Stop 15ns

g 7.50/Ref125Q Cal

Ch1 Start 10 MHz Pwr -10dBm Bw 1kHz UOSM P1,P2,P3,P4 Stop 20 GHz
Trcd Start -Tns  — Time Domain Stop 15ns

Trcs5 Start -1ns  — Time Domain Stop 15ns

Step 4:

Use Get_iPar or IntePar to analyze pass or fail results with data captured on the VNA.
Passive cable TX1(L) TX1(R) RX1(L) RX1(R) TX2(L) TX2(R) RX2IL) RX2(R) Limit Pass/Fail
ILfit@0.1GHz, dB ~0.55 -0.55 -0.58 -0.58 ~0.54 ~0.54 -0.55 -0.55 -1 Pass
ILfit@2.5GHz, dB -2.86 -2.86 -2.91 -291 -2.81 -2.81 -28 -28 4.2 Pass
ILfit@5GHz, dB -4.25 -4.25 -43 43 -4.16 -4.16 —4.14 ~4.14 -6 Pass
ILit@10GHz, dB -6.59 -6.59 -6.51 -6.51 -6.39 -6.39 -6.29 -6.29 -15 Pass
ILfit@12.5GHz, dB -16 -16 -147 -147 -1.32 -1.32 -1.21 -1.21 -93 Pass
ILfit@15GHz, dB -85 -85 -8.38 -8.38 -8.14 -8.14 -8.03 -8.03 -1 Pass
IMR, dB -3989  -3989  -37 -37 -35.27 -3527  -3815  -3815  -36.09 Fail
IRL, dB -1936  -1936  -1858  -1858  -1828  -1828 1989  -19.89  -18.39 Fail
€20, dB 2717 2965  -27135 2717 30 27178 257 2714 17 Pass
D2C, dB -2627  -3085  -27.21 -2808  -2935 2919 2836  -2569 17 Pass
IXT_DP, dB —Inf —Inf —Inf —Inf —Inf —Inf —Inf —Inf -40.48 N/A
IXT_USB, dB —Inf —Inf —Inf —Inf —Inf —Inf —Inf —Inf -40.48 N/A
Detailed crosstalk between each pair in dB
Vic/Agg Port TXN(L) TX1(R) RX1(L) RX1(R) TX2(L) TX2(R) RX2(L) RX2(R)
TX1L) —Inf —Inf —Inf —Inf —Inf —Inf
TX1(R) —Inf —Inf —Inf —Inf —Inf —Inf
RX1(L) —Inf —Inf —Inf —Inf —Inf —Inf
RX1(R) —Inf —Inf —Inf —Inf —Inf —Inf
TX2(L) —Inf —Inf —Inf —Inf —Inf —Inf
TX2(R) —Inf —Inf —Inf —Inf —Inf —Inf
RX2(L) —Inf —Inf —Inf —Inf —Inf —Inf
RX2(R) —Inf —Inf —Inf —Inf —Inf —Inf

USB4 Gen3 Get_iPar Revision 1.1
Report Time: 18—Mar—2025 09:07:12
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Connectivity

Luxshare-ICT and Wilder Technologies provide two approved test fixtures for USB cable testing. The companies

both make plug and socket test fixtures for the different USB connector types. The test fixtures let the VNA measure
the device under test (DUT) by breaking out the desired signals. Generally, such test fixtures are deembedded for
measurements and the test fixture vendor provides deembedding files or Rohde &Schwarz deembedding tools to gener-
ate such files. All unused lanes on the test fixture must use 50 Q terminators, so test setups require 16 x 50 Q termina-
tors as well as the test fixtures.

Debugging methods and options

The R&S®ZN3-K20 extended time domain analysis option lets the VNA implement a virtual signal generator for multi-
level pulse-amplitude-modulation (PAM) signals such as NRZ, PAM-4, PAM-8 and PAM-16, as well as simulated lowpass
behavior. The eye diagram calculated from the DUT S-parameters provides an extensive overview of system signal
integrity. Further building blocks for pre-emphasis, jitter, noise and equalization can be used to synthesize transmission
system transmitter and receiver parts.



USB type C cable test reference configuration

USB4 and USB3.2 cable testing

Designation _|Type  [Quantity [Remark |
Required

VNA R&S®ZNB3020 1 4-port model

50 Q, DC to 26.5 GHz, 3.5 mm (f) to 3.5 mm (m), flexible,

RF cable R&S®ZV-2193, model .60 4 slaee sEE, 105 5 130 1)

Calibration unit R&S°ZN-752 model 30 ] electronic calibration unit, 100 kHz to 26.5 GHz, 4 ports,
! 3.5 mm (f)

Time domain analysis R&S®ZNB3-K2 1 software license

In-situ deembedding (ISD) R&S®ZNB-K220 1 software license

50 Q terminator XMA 2003-6110-00 16 CLIET S TEIITIENR 1) WoRS

make sure they operate up to at least 20 GHz
Optional (only purchase applicable fixtures for user cable)
Extended time domain analysis R&S®ZN3-K20 1 software license
Fixtures for USB type C cable tests

TFU-49R38 2 USB type C super speed test fixture, made by Luxshare
TFU-59R18 2 USB type C low speed test fixture, made by Luxshare
MEU-28R2-041 2 RFI test fixture, made by Luxshare

USB3.2 (legacy) cable testing

Quantity |Remark |
Required
4-port model, with R&S®ZNB3-B084 frequency upgrade

(©)

VNA R&S®ZNB3004 1 t0 9 GHz

RF cable R&S°ZV-2193, model .60 4 50 Q, DC to 26.5 GHz, 3..5 mm (f) to 3.5 mm (m), flexible,
phase stable, 1.5 m (60 in)

Calibration unit R&S°ZN-Z52, model .30 1 electronic calibration unit, 100 kHz to 26.5 GHz, 4 ports,
3.5 mm (f)

Time domain analysis R&S®ZNB3-K2 1 software license

In-situ deembedding (ISD) R&S®ZNB-K220 1 software license

50 Q terminator XMA 2003-6110-00 16 other 50 Q terminators can work,

make sure they operate up to at least 20 GHz
Optional (only purchase applicable fixtures for user cable)
Extended time domain analysis R&S®ZN3-K20 1 software license

Fixtures for USB3.2 legacy cable tests

TFU-12R4R 2 standard USB A test fixture, made by Luxshare
ICT TFU-19R4R 2 standard USB B test fixture, made by Luxshare
TFU-14R4R 2 micro USB B test fixture, made by Luxshare
TFU-26R4R 2 mini USB B test fixture, made by Luxshare
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Service at Rohde & Schwarz

You're in great hands
» Worldwide

» Local and personalized

» Customized and flexible
» Uncompromising quality
» Long-term dependability

Rohde & Schwarz

The Rohde & Schwarz technology group is among the trail-
blazers when it comes to paving the way for a safer and
connected world with its leading solutions in test&measure-
ment, technology systems and networks & cybersecurity.
Founded more than 90 years ago, the group is a reliable
partner for industry and government customers around

the globe. The independent company is headquartered in
Munich, Germany and has an extensive sales and service
network with locations in more than 70 countries.

www.rohde-schwarz.com

Sustainable product design

» Environmental compatibility and eco-footprint

» Energy efficiency and low emissions

» Longevity and optimized total cost of ownership

Certified Quality Management Certified Environmental Management

1S0 9001 IS0 14001

Rohde & Schwarz training
www.training.rohde-schwarz.com

Rohde & Schwarz customer support
www.rohde-schwarz.com/support
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