
PCI Express® 4.0  
Test Solution

Key Features

PCIe Gen4 CEM compliance testing: 
 – Transmitter preset and signal quality 
 – Transmitter link equalization 
 – Receiver test calibration 
 – Receiver jitter tolerance

PCIe Gen4 Base specification testing: 
 – Receiver test calibration 
 – Receiver jitter tolerance 
 – Transmitter measurements

Fully automated stressed-eye 
calibration for PCIe 4.0 receiver Link 
Equalization testing

Automated collection and analysis of 
waveforms for transmitter tests

Transmitter Link Equalization 
leveraging ProtoSync transaction-layer 
decode for deeper insight and visibility

Teledyne LeCroy PCI Express 4.0 
Compliance Board Controller 
automatically controls DUT

Server-class CPU in the LabMaster  
10 Zi-A oscilloscope enables 
significantly reduced test times

QualiPHY report generation feature 
creates comprehensive reports with  
all pertinent test information

Link-layer and transaction-layer 
decode for system validation  
and debug

Compliance
QPHY-PCIE4-TX-RX automated test 
software performs PCI Express 4.0 
compliance testing using  the 
Teledyne LeCroy LabMaster 10 
Zi-A and the Anritsu MP1900A. The 
solution controls both instruments 
for fully integrated transmitter testing, 
receiver test calibration, and jitter 
tolerance testing. Link Equalization 
tests are performed using a unique 
combination of industry-leading tools 
for unmatched visibility into DUT 
behavior. The QualiPHY automated 
test framework simplifies the complex 
task of compliance testing, increasing 
consistency and repeatability.

Sophisticated Debug 
Capabilities
PCIe can pose unique debug 
difficulties as physical- and protocol-
layer behaviors interact. Teledyne 
LeCroy’s toolset spans from eye, jitter 
and noise analysis through link-layer 
decode and includes the industry’s only 
transaction-layer analysis available on 
an oscilloscope, for unrivaled insight 
and analysis capabilities.

PCI Express 5.0 Capable
The Teledyne LeCroy LabMaster  
10 Zi-A and the Anritsu MP1900A fulfill 
all requirements for 32 Gb/s PCIe Gen5 
testing, ensuring your investment is 
protected as test requirements evolve.

PCI Express 4.0 introduces a new set of physical-layer testing demands, 
as sophisticated protocol-aware capabilities are required at transfer 
rates of 16 Gb/s. Teledyne LeCroy’s LabMaster 10 Zi-A oscilloscope 
combined with the Anritsu Signal Quality Analyzer (SQA) MP1900A 
BERT delivers a comprehensive system that provides high-speed 
IC, device, and network engineers with an integrated test solution to 
conduct automated compliance testing, accelerate debug and ensure 
faster time-to-market.
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Base Testing for Characterization
On-chip PCI Express transmitters and receivers are designed and tested to the PCI Express Base specification, which 
defines fundamental electrical and protocol behaviors. Unlike CEM compliance, Base testing is not subject to an 
official compliance test program, but rather used to characterize device behavior. QPHY-PCIE4-TX-RX also covers Base 
specification testing:

•  Receiver test calibration 

•  Receiver jitter tolerance test 

•   Transmitter measurements including: 
 –  UI and Tx Jitter parameters 
 –  DC and AC Common Mode tests 
 –  Transmit voltage (Full- and reduced-swing) 
 –  Other transmitter parameters

In addition, Teledyne LeCroy’s SDAIII CompleteLinQ 
toolset includes emulation capability for PCI Express 
reference PLL and CTLE behaviors, for in-depth 
characterization and debug.
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Standards-based testing for PCI Express can take the form of either Base specification testing or CEM 
(Card ElectroMechanical) specification testing. QPHY-PCIE4-TX-RX covers both cases - it first provides a 
step-by-step guide of how test system needs to be connected to correctly test the device. It then configures 
instrument settings and features, performs the test, and records the results.

PCI EXPRESS STANDARDS TESTING

CEM Testing for Compliance
At official PCI Express test events, PCI Express system boards and add-in cards are tested for compliance at Card 
ElectroMechanical (CEM) interface*. Performing thorough pre-compliance testing prior to attending a test workshop is 
crucial to meeting product time-to-market requirements. Teledyne LeCroy provides full compliance test coverage, with 
QPHY-PCIE4-TX-RX covering all relevant electrical and link equalization tests for both systems and add-in cards.

•   Transmitter electrical: 
 –  Signal Quality test 
 –  Preset test

•   Transmitter Link Equalization: 
 –  Response test 
 –  Preset test

•   Receiver test: 
 –  Calibration 
 –  Receiver Link Equalization test 
 –  PLL Bandwidth test

*Only CEM interface is currently specified for  
PCI Express 4.0 16 Gb/s rates. As more interfaces  
(U.2, M.2) are added, QPHY-PCIE4-TX-RX will be  
updated accordingly)
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Full CEM Electrical and Link Equalization test coverage– This diagram details 
the required connections for add-in card PLL Bandwidth testing. QPHY-PCIE4-TX-
RX uses clear connection diagrams to simplify all testing steps.

Simplifying testing and characterization– Base specification testing requires 
using, and in many cases de-embedding, custom test fixtures. QPHY-PCIE4-TX-
RX greatly simplifies this process.
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POWERFUL TEST TOOLS

Simplified Test Setup
Often, compliance testing is a very difficult task. The user must make the necessary connections between the oscilloscope 
and the device under test, manually configure the oscilloscope for the appropriate measurement, perform the test 
procedure as described by the test specification, record the results and finally compare the results to the appropriate test 
limit. QPHY-PCIE4-TX-RX performs many of these steps automatically, decreasing test time and improving repeatability and 
confidence.

Receiver test Eye Diagram calibration– Connection schemes used in PCIe Gen4 testing can often be 
complex. QPHY-PCIE4-TX-RX walks the user through the appropriate connections with helpful diagrams.

ProtoSync visibility– Oscilloscope (on left) gives visibility to physical layer 
behavior. ProtoSync (on right) gives visibility to protocol layer activity. Both 
views are fully interactive and time-correlated.

Link Equalization Visibility with ProtoSync
During transmitter link equalization, the transmitter’s 
emphasis not only needs to respond to the correct 
equalization request, it needs to change within a 
specified time. The voltage waveform indicates when 
the change occurs at the physical layer, but not when 
the change request was made in protocol. ProtoSync 
leverages Teledyne LeCroy’s industry-standard protocol 
analysis software to decode the acquired waveform 
up to the transaction layer. This enables QualiPHY to 
determine the precise timing of the equalization change 
request, for full visibility into link training behavior.

LabMaster MCMZi-A  Master Control Module
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Fastest Receiver Test Calibration 
PCI Express 4.0 receiver test calibration 
requires running SigTest software over 200 
times. If done sequentially, this could take 
several hours. The LabMaster 10 Zi-A has a 
powerful server-class processor that  
QPHY-PCIE4-TX-RX leverages to run up to  
20 instances of SigTest in parallel,  
significantly speeding up the calibration 
process.

Total Automation – The Teledyne 
LeCroy TF-PCIE4-CTRL is a low-
cost accessory which enables 
complete automation of PCIe 
Gen4 testing.

Complete Test Automation 
Testing for PCI Express requires multiple power 
cycles, reset operations, and transmitter preset 
toggles to be applied to the device under test. 
In previous iterations of the standard this 
was either a cumbersome manual process, or 
required expensive additional signal generators to 
automate. The Teledyne LeCroy TF-PCIE4-CTRL 
CBB automation controller is a low-cost accessory 
that connects directly to the oscilloscope and is 
fully integrated into QPHY-PCIE4-TX-RX to enable 
total test automation for PCIe Gen4 testing - further 
reducing test times and eliminating chances for 
operator error in complex test environments.

ACCELERATE COMPLIANCE TESTING

LabMaster MCMZi-A  Master Control Module

1 2 3 4
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ProtoSync 
Teledyne LeCroy’s ProtoSync option further leverages supported decode annotation options installed on the oscilloscope by 
providing simultaneous views of the complete protocol stack, from physical layer to transaction layer. The protocol analysis 
software provided is a viewing, analyzing, and trace printing subset of the software provided with Teledyne LeCroy’s 
industry-standard Summit hardware protocol analyzers. Since the software runs directly on the oscilloscope, all physical 
layer and protocol views are linked directly to each other at all times—touch a packet or a byte on the oscilloscope interface 
or protocol analysis software, and the oscilloscope will highlight and zoom to that packet in both views.

Link Layer Decode 
Requirements for PCI Express 4.0 place new 
demands on traditional physical layer test tools. 
The decode annotation options provide an 
intuitive, color-coded link and data layer decode 
overlaid on the waveform with a table display 
and a convenient “zoom to message” and 
search capability. Decode information expands 
as the timebase is adjusted or zoomed.

UNIQUE DEBUG CAPABILITIES
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A COMPLETE TEST SOLUTION

Anritsu MP1900A SQA-R
The Signal Quality Analyzer-R MP1900A series is a high-

performance BER test solution for R&D and compliance 

testing of high-speed devices. Combining jitter and noise 

generation, a high-quality waveform PPG with available 

10-tap emphasis, and a high input sensitivity ED with clock 

recovery and variable CTLE and Link negotiation function 

required by PCI Express receiver test, into one box, the 

MP1900A supports high-reproducibility jitter and noise 

tolerance tests making design and verification efficient.

Teledyne LeCroy LabMaster 10 Zi-A
A LabMaster 10-25Zi-A system provides the required 25 

GHz bandwidth for PCI Express 4.0 transmitter testing and 

receiver test calibration, with upgradeability to 65 GHz or 

even 100 GHz to support next-generation serial standards 

at 32 Gb/s and beyond. The industry’s deepest software 

toolbox offers the most comprehensive selection of serial 

data decode, measurement and analysis tools available. 

A server-class computer system means less time spent 

processing waveforms for faster test times.

Features 
 Oscilloscope models from 25 GHz to 100 GHz, to 
support 16 Gb/s, 32 Gb/s and beyond

Integrated eye diagram and jitter analysis tools

PCI Express decoding with waveform annotation 
and tabular analysis

Features 
High speed BERT from 2.4 Gbit/s to 32.1 Gbit/s

 Link Training/Equalization and LTSSM Analysis

  Maximum 10 Tap Emphasis function

 12 dB CTLE and clock recovery functions
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PCI Express 5.0 Capable
The next generation of PCI Express will operate at data 
rates of 32 Gb/s. PCIe Gen5 Compliance testing will require 
higher bandwidth oscilloscopes than Gen4, and a BERT 
system which is protocol-aware at 32 Gb/s.

The LabMaster 10 Zi-A family of oscilloscopes and the 
MP1900A SQA-R already fulfill all of these hardware 
requirements. The Teledyne LeCroy/Anritsu PCI Express 
test solution represents not only a system for the current 
generation of PCI Express, but an investment in the 
development and testing of future technologies.

Support for All Generations of PCIe
PCI Express 1.0, 2.0, and 3.0 testing is also supported by  
the Teledyne LeCroy PCI Express toolset, including 
PCIEbus D for link layer decode and ProtoSync for higher-
level protocol analysis.

For PCI Express 3.0 CEM compliance testing, Teledyne 
LeCroy’s QPHY-PCIE3-TX-RX supports WaveMaster 8 Zi and 
LabMaster 10 Zi families of oscilloscopes for transmitter 
testing, and the Anritsu MP1900A-SQR or Teledyne LeCroy 
PeRT for receiver and link equalization testing.

FULL PCI EXPRESS ECOSYSTEM COVERAGE
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Local sales offices are located throughout the world.  
Visit our website to find the most convenient location.

1-800-5-LeCroy  
teledynelecroy.com

Customer Service 
Teledyne LeCroy oscilloscopes and probes are designed, built, and tested to ensure high reliability. In the unlikely event you experience difficulties,  
our digital oscilloscopes are fully warranted for three years and our probes are warranted for one year. This warranty includes: 

•  No charge for return shipping  •  Long-term 7-year support  •  Upgrade to latest software at no charge

Ordering Information

21G/32G bit/s SI PPG MU195020A
Bit Rate 2.4 Gbit/s to 32.1 Gbit/s (Opt.001)
Number of Channels 1 or 2
Output Amplitude 0.2 Vp-p to 2.6 Vp-p (differential)
Emphasis Taps 10 (max.)
Rise/Fall Time (20-80%) Typ. 12 ps

21G/32G bit/s SI ED MU195040A
Bit Rate 2.4 Gbit/s to 32.1 Gbit/s (Opt.001)
Number of Channels 1 or 2
Input Amplitude 2 Vp-p max. (differential)
Input Sensitivity Typ. 15 mVp-p (21 Gbit/s)
Clock Recovery (Option) 2.4 Gbit/s to 32.1 Gbit/s 

(SSC supported)
CTLE (Option) 0 to -12 dB

Noise Generator MU195050A
CMI frequency 0.1 GHz to 6 GHz
DMI frequency 2 GHz to 10 GHz

Link Negotiation for PCIe MX183000A - PL001, PL021
Link Negotiation Yes (PL021)
JTOL auto measurement Yes (PL001)

LabMaster 10-25Zi-A
Analog Bandwidth (all channels) 25 GHz
Sample Rate (all channels) 80 GS/s
Rise Time (20-80%) 11.6 ps

Input channels 4 per module 
Up to 80 per system

Standard Acquisition memory 32 Mpts per channel
Maximum Acquisition memory 512 Mpts per channel
Sample Clock Jitter 50fsrms (up to 3.2ms timebase)
Sensitivity 5 mV–500mV/div, fully variable 

(5-9.9 mV/div via zoom)

Recommended Software Options
Serial Data Analysis Framework, Eye 
and Jitter Measurements

LM10Zi-SDAIII

Advanced De-embedding, Emulation 
and Virtual Probing Toolkit

LM10Zi-VIRTUALPROBE

Signal Integrity Toolkit - Channel & 
Fixture De-embedding/Emulation, 
Tx/Rx Equalization

LM10Zi-EYEDRII

Multi-Lane SDA LinQ Framework, 
including Eye, Jitter, Noise, Crosstalk 
Measurements, with EyeDrII and 
VirtualProbe

LM10Zi-SDAIII-CompleteLinQ

QualiPHY
QualiPHY is designed to reduce the time, effort and  
specialized knowledge needed to perform compliance  
testing on high-speed serial buses.

•   Guides the user through each test setup

•   Performs each measurement in accordance with  
the relevant test procedure

•   Compares each measured value with the applicable  
specification limits

•   Fully documents all results

•   QualiPHY helps the user perform testing  
the right way—every time!

Compliance Reports 
contain all of the tested 
values, the specific 
test limits and screen 
captures. Compliance 
Reports can be created 
as HTML, PDF or XML. 

Product Description Product Code
QualiPHY Enabled PCI Express 4.0 Transmitter and Receiver Compliance Testing (Includes QPHY-PCIE3-TX-RX) QPHY-PCIE4-TX-RX
PCI Express Decode Annotation Option * LM10Zi-PCIEbus D
Decode Annotation and Protocol Analyzer Synchronization Software Option * LM10Zi-PROTOSYNC
Signal Integrity Toolkit - Channel & Fixture De-embedding/Emulation, Tx/Rx Equalization * LM10Zi-EYEDRII
PCI Express 4.0 CBB Automation Controller TF-PCIE4-CTRL

* Required software options for QPHY-PCIE4-TX-RX

Oscilloscope (Required for Tx and Rx testing) BERT (Required for Rx testing)


