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The PCIe link between the root complex and the endpoint 
device consists of multiple lanes, each of them represent-
ing one differential signal path for transmission and one 
for reception. A lane width of x4, x8 or x16 consists of 8, 
16 or 32 differential signal paths requiring measurement 
with 32, 64 or 128 ports, respectively. According to PCIe 
5.0/6.0 CopprLink Internal Cable and CopprLink External 
Cable specifications, test items include insertion loss (IL), 
return loss (RL), near-end crosstalk (NEXT) with PowerSum 
NEXT (PSNEXT), far-end crosstalk (FEXT) with PowerSum 
FEXT (PSFEXT), effective intra-pair skew and lane-to-lane 
skew. The specifications also define integrated return loss 
(iRL) and component‑contributed integrated crosstalk 
noise (ccICN NEXT and ccICN FEXT) as waiver criteria for 
cases where the corresponding limit lines are violated. 

For a complete test of x4, x8 or x16 cables, 64, 256 or 
1024 4-port measurements, respectively, are required. 
To avoid measurement errors during crosstalk tests, the 
unused ports need to be terminated. 

For cables assemblies and connectors with PCIe transmis-
sion on their sideband signals, the number of required test 
ports and measurements can be even higher. Test automa-
tion is key because manual measurements are extremely 
time consuming and prone to connection errors.

Increasing processing power and storage speed in mod-
ern data centers drive the evolution of PCI Express (PCIe) 
data rates. At link speeds of 32 GT/s (PCIe 5.0) and 64 
GT/s (PCIe 6.0), insertion loss in PCB signal traces is too 
high. Thus, high-speed PCIe signals are increasingly being 
transmitted via cable assemblies that bypass the PCB. This 
significantly reduces insertion loss and allows longer dis-
tances between the PCIe root complex and the PCIe end-
points without exceeding the defined channel budgets for 
insertion loss, return loss, crosstalk and skew. 

With the CopprLink Internal and CopprLink External Cable 
and Connector specifications for PCIe 5.0 and 6.0, PCI-SIG 
has defined standard cable and connector configurations 
for internal cables (inside a chassis) and external cables 
(chassis-to-chassis) along with the corresponding test 
items and limits for compliance testing. Custom cable 
assemblies typically also use these test items with cor-
responding adaptations of the limits for pass/fail analysis. 
Testing PCIe cables presents many challenges and 
requires powerful test automation for efficient and reliable 
testing.

YOUR TASK

Cable compliance test: Example for PCIe x8
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Lane width PCIe x4 PCIe x8 PCIe x16
Number of lanes 4 8 16

Differential signal paths (TX and RX) 8 16 32

Number of ports for full testing 
(all lanes and all crosstalk 
combinations)

32 64 128

Number of 4-port measurements for 
full testing 
(all lanes and all crosstalk 
combinations)

8 × THRU 
4 × 4 = 16 × NEXT_L 
4 × 4 = 16 × NEXT_R 
3 × 4 = 12 × FEXT_L 
3 × 4 = 12 × FEXT_R 
total: 64 × 4-port measurements

16 × THRU 
8 × 8 = 64 × NEXT_L 
8 × 8 = 64 × NEXT_R 
7 × 8 = 56 × FEXT_L 
7 × 8 = 56 × FEXT_R 
total: 256 × 4-port measurements

32 × THRU 
16 × 16 = 256 × NEXT_L 
16 × 16 = 256 × NEXT_R 
15 × 16 = 240 × FEXT_L 
15 × 16 = 240 × FEXT_R 
total: 1024 × 4-port measurements

Standard calibration (three 
connections per 4-port)

64 × 3 = 192 256 × 3 = 768 1024 × 3 = 3072

Optimized calibration 31 connections 63 connections 127 connections

PCIe lane configurations, testing and calibration requirements
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	▶ Accurate test fixture modeling and deembedding:  
The specification defines the reference plane close to 
the cable connector on the test fixture. Each lead-in 
needs to be accurately characterized and deembedded, 
i.e. mathematically removed from the test results. 
Impedance corrected deembedding is required to 
accurately model each lead-in on the test fixture with 
its specific impedance profile and ensure accurate 
measurement results.

	▶ Calibration of the multiport setup:  
PCIe x4, x8 and x16 cable configurations require 
measurement setups with 32, 64 and 128 ports. 
Including sideband signals further increases the 
required port count. Calibrating this setup can be quite 
cumbersome and error-prone.

APPLICATION

	▶ Measurement of all THRU and crosstalk paths:  
PCIe x4, x8 and x16 cable configurations require a total 
of 64, 256 and 1024 4-port measurements; including 
sideband signals increases the count further. Test 
automation is essential to prevent connection errors and 
perform these measurements efficiently.

	▶ Postprocessing and report generation:  
For accurate pass/fail analysis in the test report, the iRL 
and ccICN metrics also have to be calculated.

The measurement of a PCIe 5.0/6.0 cable typically includes the following steps:
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VNA with deembedding assistant for accurate test fixture 
characterization and deembedding
The test fixture typically includes one 2x-THRU refer-
ence structure and numerous lead-ins. Because all of 
these structures have different orientations to the fiber 
weave structure of the test fixture, they each have differ-
ent impedance profiles. Accurate impedance correction 
is required to precisely model each lead-in with its own 
impedance profile and ensure correct deembedding with 
no phantom limbs.

Accurate impedance correction with the Rohde & Schwarz deembedding assistant, showing results of the total DUT and fixture structure and the deembedded 

DUT: example with R&S®ZNx-K220. Comparison of time domain reflectometry (TDR) results shows the difference in impedance profiles between the 2x-THRU 

reference structure, the A02_A03 total structure and the A14_A15 total structure. The calculated lead-in fixture model for A14_A15 perfectly conforms to the 

impedance profile of the A14_A15 total structure. The lead-in is completely removed, the impedance profile of the deembedded DUT shows no phantom limbs.

Rohde & Schwarz deembedding assistant: example with R&S®ZNx-K220 in-situ deembedding option

ROHDE & SCHWARZ SOLUTION
Rohde & Schwarz provides a fully automated compliance 
test solution based on Rohde & Schwarz vector network 
analyzers, the R&S®OSP320 open switch and control 
units and the R&S®ZNrun automation software. The solu-
tion enables compliance tests according to the CopprLink 
Internal and CopprLink External Cable and Connector 
specifications for PCIe 5.0 and 6.0 and can be easily be 
adapted to meet compliance testing requirements for cus-
tom PCIe 5.0 and 6.0 cables. Extending the frequency 
range beyond the current requirements of PCIe 5.0/6.0, 
means that this solution also meets the requirements 
of the upcoming PCIe 7.0 cable and connector test 
specifications.
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Recommended VNA models and their configurations

PCIe 5.0 and 6.0 use a frequency range of 10 MHz to 
24 GHz with a step size of 10 MHz for cable and connector 
testing. However, a frequency range of 40 GHz typically 
yields better time-domain resolution during test fixture 
characterization and deembedding and offers better accu-
racy of the derived model; it is therefore recommended 
for the test. The table below contains a list of the recom-
mended VNA models and their configurations.

With the R&S®ZNx-K210 (EZD), R&S®ZNx-K220 (ISD) 
and R&S®ZNx-K230 (SFD) deembeding options, 
Rohde & Schwarz vector network analyzers offer power-
ful workflow implementation for impedance corrected 
test fixture characterization and deembedding with indus-
try-leading accuracy. The deembedding assistant guides 
users through the steps of defining the DUT topology, 
measuring the deembedding reference structures (typi-
cally 2x-THRU coupons) and the total structure (DUT and 
fixtures), calculating the fixture models and deembedding 
them from the measurement result. Thanks to integration 
into the instrument, measurement results can immediately 
be viewed and analyzed. 

Used test fixture, courtesy Samtec

Designation Type
Frequency range up to 43.5 GHz
4-port VNA, 9 kHz to 32 GHz, 2.92 mm R&S®ZNB3032

Frequency upgrade R&S®ZNB3032 to 43.5 GHz, 4-port, 2.92 mm R&S®ZNB3-B444

Time domain analysis R&S®ZNB3-K2

EaZy deembedding (EZD)
In-situ deembedding (ISD)
Smart fixture deembedding (SFD)

R&S®ZNB3-K210 or 
R&S®ZNB3-K220 or 
R&S®ZNB3-K230

2-port calibration unit, 2.92 mm, 9 kHz to 40 GHz (characterized up 43.5 GHz) R&S®ZN-Z54

Frequency range up to 54 GHz
4-port VNA, 9 kHz to 43.5 GHz, 1.85 mm R&S®ZNB3044

Frequency upgrade R&S®ZNB3044 to 54 GHz, 4-port, 1.85 mm R&S®ZNB3-B544

Time domain analysis R&S®ZNB3-K2

EaZy deembedding (EZD)
In-situ deembedding (ISD)
Smart fixture deembedding (SFD)

R&S®ZNB3-K210 or 
R&S®ZNB3-K220 or 
R&S®ZNB3-K230

2-port calibration unit, 1.85 mm, 10 MHz to 67 GHz R&S®ZN-Z156

Frequency range up to 67 GHz
4-port VNA, 10 MHz to 67 GHz, 1.85 mm R&S®ZNA67

Time domain analysis R&S®ZNA-K2

EaZy deembedding (EZD)
In-situ deembedding (ISD)
Smart fixture deembedding (SFD)

R&S®ZNA-K210 or 
R&S®ZNA-K220 or 
R&S®ZNA-K230

2-port calibration unit, 1.85 mm, 10 MHz to 67 GHz R&S®ZN-Z156
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Predefined matrix configurations with semi-rigid cable sets 
Predefined switch matrix configurations are available with 
24 ports, 44 ports and 64 ports for 40 GHz (2.92 mm) and 
67 GHz (1.85 mm). The solution is customizable, support-
ing various switch matrix configurations up to 144 ports. 
The switch matrices include modules with high-perfor-
mance, terminated SP6T switches. They connect the vec-
tor network analyzer to the differential signal path under 
test and terminate all other paths to avoid measurement 
errors due to unwanted reflections during the crosstalk 
tests.

Designation Type Quantity
Frequency range up to 40 GHz
Open switch and control platform R&S®OSP320 2

SP6T switching module, DC to 40 GHz, terminated, 
2.92 mm

R&S®OSP-B122H 8

Semi rigid x4 cable set R&S®ZNB3032 to R&S®OSP, 
40 GHz, 2.92 mm

R&S®ZV-ZB40 1

Semi rigid x4 cable set R&S®OSP to R&S®OSP,  
40 GHz, 2.92 mm

R&S®ZV-Z40X4 1

Frequency range up to 67 GHz
Open switch and control platform R&S®OSP320 2

SP6T switching module, DC to 67 GHz, terminated, 
1.85 mm

R&S®OSP-B122VL 8

Semi rigid x4 cable set R&S®ZNB3044 to R&S®OSP, 
67 GHz, 1.85 mm;  
Semi rigid x4 cable set R&S®ZNA67 to R&S®OSP, 
67 GHz, 1.85 mm

R&S®ZV-ZB67 or 
R&S®ZV-ZA67

1

Semi rigid x4 cable set R&S®OSP to R&S®OSP,  
67 GHz, 1.85 mm

R&S®ZV-Z67X4 1

Recommended setup for 44 ports

Recommended setup for 64 ports

Designation Type Quantity
Frequency range up to 40 GHz
Open switch and control platform R&S®OSP320 3

SP6T switching module, DC to 40 GHz, terminated, 
2.92 mm

R&S®OSP-B122H 12

Semi rigid x8 cable set R&S®ZNB3032 to R&S®OSP, 
40 GHz, 2.92 mm

R&S®ZV-ZB40X 1

Semi rigid x8 cable set R&S®OSP to R&S®OSP,  
40 GHz, 2.92 mm

R&S®ZV-Z40X8 1

Frequency range up to 67 GHz
Open switch and control platform R&S®OSP320 3

SP6T switching module, DC to 67 GHz, terminated, 
1.85 mm

R&S®OSP-B122VL 12

Semi rigid x8 cable set R&S®ZNB3044 to R&S®OSP, 
67 GHz, 1.85 mm;  
Semi rigid x8 cable set R&S®ZNA67 to R&S®OSP, 
67 GHz, 1.85 mm

R&S®ZV-ZB67X or 
R&S®ZV-ZA67X

1

Semi rigid x8 cable set R&S®OSP to R&S®OSP,  
67 GHz, 1.85 mm

R&S®ZV-Z67X8 1

For best return loss and phase stability, semi rigid cables 
are recommended. The tables below provide an overview 
of typical, predefined matrix configurations for PCIe cable 
and connector tests and the semi rigid cable sets required.



Test case selection
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Test automation 
The R&S®ZNrun automation software with the 
R&S®ZNrun-K400 and R&S®ZNrun-K440 options enables 
easy, precise and time-saving compliance testing of 
cable assemblies and cable connectors according to the 
CopprLink Internal and CopprLink External Cable specifica-
tion for PCIe 5.0 and 6.0. It automatically measures IL, RL, 
NEXT including PSNEXT, FEXT including PSFEXT, effective 
intra-pair skew and lane-to-lane skew of the various differ-
ential signal pairs. The software calculates the correspond-
ing iRL, ccICN NEXT and ccICN FEXT metrics and gener-
ates a comprehensive test report with a pass/fail verdict.

 The solution offers
	▶ High flexibility to support different types of cable 

assembly and connector configurations. Besides 
standard test plans for PCIe x4, x8 and x16 with 4, 8 
or 16 lanes, the user can easily generate test plans 
for cables and connectors with different lane counts. 
This is highly useful for cables and connectors with 
PCIe transmission on sideband signals. If the selected 
lane count is higher than the number of ports available 
in the vector network analyzer plus switch matrix 
configuration, users are  guided through the required 
connection steps and prompted, whenever a new 
connection of the switch matrix to the test fixture and 
new port terminations on the test fixture are required.

	▶ High flexibility in setting up the measurements based 
on the generated test plan. Instead of complete 
measurement of all lanes and with all test items, 
measurement can be restricted to specific lanes and 
specific test items. Limit lines can be adapted to meet 
the requirements of custom cable assemblies and 
connectors.

	▶ An optimized calibration routine that significantly 
reduces the number of calibration connections. The 
routine is based on a star calibration and reduces 
the number of calibration connections in PCIe x4, x8 
and x16 configurations as shown on page 3. PCIe 

cable assemblies and connectors that have high-speed 
transmission on sideband signals, the number of lanes, 
ports and calibration connections increase accordingly

	▶ Fully automated measurement, calculation of the 
corresponding metrics and test report generation with 
a pass/fail verdict, which saves test time and prevents 
connection errors. The software always connects the 
vector network analyzer to the right differential signal 
pair and terminates all other ports.

	▶ A comprehensive API to control the test automation 
remotely from other software. 

Summary 
The test solution offers automated cable assembly and 
connector compliance tests in line with the CopprLink 
Internal and External Cable and Connector specification for 
PCIe 5.0 and 6.0 and is upgradeable to the future require-
ments of PCIe 7.0. Automation provides fast and accu-
rate calibration and measurements as well as a full test 
report with a pass/fail verdict. It automatically switches 
the vector network analyzer to the differential signal path 
under test and terminates all other signal paths to avoid 
unwanted reflections during the crosstalk measurements. 
Thanks to its high level of flexibility, the solution can eas-
ily be adapted to custom cable configurations, test plans 
and limit lines. With its API interface, the software can also 
be integrated into an existing software environment. The 
solution addresses the needs of compliance testing and 
beyond, also covering R&D and regression as well as pro-
duction testing.

Designation Type
License dongle, mandatory for R&S®ZNrun R&S®ZNPC

R&S®ZNrun core software R&S®ZNRUN-K1

Signal integrity base option for cable and 
connector assembly test

R&S®ZNRUN-K400

Compliance test software automation for PCIe 5.0 
and 6.0

R&S®ZNRUN-K440

Recommended software configuration
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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

Sustainable product design
	▶ Environmental compatibility and eco-footprint
	▶ Energy efficiency and low emissions
	▶ Longevity and optimized total cost of ownership

Certified Quality Management

ISO 9001
Certified Environmental Management

ISO 14001

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

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

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.
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