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1 Introduction

Overview

This guide provides a detailed description of the Keysight N5991P PClI
Express Test Automation Software Platform.

The BitifEye ValiFrame Test Automation software is globally marketed and
supported by Keysight Technologies as N599x. This document describes in
detail the setup preparation, calibration and test procedures conducted by
N5991P software for PCI Express.

The N5991P software calibrates the stress conditions and controls the
electronic test equipment for automated receiver tolerance tests. The
Back-Channel Optimization, part of Setup Preparation, which requires an
additional license, prepares the DUT and BERT for optimal test results. The
other part of Setup Preparation, Guided Fixture Characterization, ensures
that the fixtures are characterized according to the guidelines of the
PCI-SIG.

The receiver tests described in this document are implemented according
to the requirements of the Compliance Test Specification (CTS), and also
some custom characterization tests are offered to provide more details
about DUT behavior beyond the specification limits.

The features available with the N5991 PCle Receiver Test depend on the
hardware used. Please contact the Keysight support team for further
details.

The definitions of the acronyms and abbreviations used throughout this
User’s Guide are given in Appendix C, Acronyms and Abbreviations.
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Document History

First Edition (October 2019)

The first edition of this user’s guide describes the functionality of the
software version N5991 ValiFrame PCle_1.00.

Second Edition (June 2020)

The second edition of this user’s guide describes the functionality of the
software version N5991 ValiFrame PCle_2.07.

Third Edition (September 2020)

The third edition of this user’s guide describes the functionality of the
software version PCle_ValiFrame_N5991_2.20.

Fourth Edition (October 2021)

The fourth edition of this user’s guide describes the functionality of the
software version PCle_ValiFrame_N5991 3.00.

Fifth Edition (December 2022)

The fifth edition of this user’s guide describes the functionality of the
software version PCle_ValiFrame_N5991_4.1.0.

Sixth Edition (December 2023)

The sixth edition of this user’s guide describes the functionality of the
software version PCle_ValiFrame_N5991_5.0.0.

Seventh Edition (November 2024)

The seventh edition of this user’s guide describes the functionality of the
software version PCle_ValiFrame _N5991 5.1.0.

Eighth Edition (October 2025)

The eighth edition of this user’s guide describes the functionality of the
software version PCle_ValiFrame_N5991_5.2.0.
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Ninth Edition (March 2026)

The ninth edition of this user’s guide describes the functionality of the
software version PCle_ValiFrame_N5991_5.4.0.
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Support and Troubleshooting

PCI Express N3991 ValiFrame
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Introduction 1

In the case of problems when running the software, check the log list at
the bottom of the main window. The log file can be viewed by
right-clicking within the log list section (see red frame in Figure 1-1). The
log file is temporarily saved at C:\ProgramData\BitifEye\ValiFrameK1\
Tmp. Note that all log information will be lost when the N5991 application
is terminated unless you save the log file.
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Figure 1-1 Accessing the log file

If a problem with an application persists, click About (in the main window,
Figure 1-2), create an issue report file (in the About window, Figure 1-3)
and send this zip file (BitifEye_IssueReportFile.zip, which will be saved to
your desktop) to your Keysight support contact.
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" PCl Express N5991 ValiFrame = O >
Station| Mew Load Save Export Reset| Start Pause Abort Mute | About

Figure 1-2 About button

_— Abaut PCl Express N5991 ValiFrame x
o« Bitif ELe BitifEye Digital Test Solutions GmbH
Digital Tast Solutions Herrenberger Str, 130
PCIE N5991 V. | F 71034 Bablingen, Germany
KEYSIGHT Xpress alirrame www.bitifeye.com

TECHMOLOGIES

Solutions Partnes

© BitifEye Digital Test Sclutions GmbH

License Information:

Product: PCI Express N5991 ValiFrame ~ View Changelog
Version: 5.4.0.22

Release date: 2026-02-17 _
Computer ldentifier: “130- Eepgiiintoa
Licensed Praducts: View APl Docs
- N5O91RT - 1FP: PO Express . perpetual Node locked (Maintenance valid
2027-01-02)

Create issue report

Applicable Licenses:
- M5991PATA Check For Updates
- N5091PAZA v

Figure 1-3 Creating an issue report file

The Keysight support team is also happy to help you should you require
further information about a particular application.

For support options, visit www.keysight.com/find/contactus.
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This chapter describes how to start the N5991 ValiFrame PCle Rx Test
automation software and to configure the test instruments, DUT and test
parameters.
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2 Preparing to Take Measurements

Overview

The set of test instruments that are used for PCle test automation is
referred to in the following as the “Test Station” or simply “Station”. The
test station is controlled by a suitable PC and the N5991 PCI Express Test
Automation Software Platform.

Downloading and Installing the ValiFrame Software

First download and install the BitifEye N5991 ValiFrame PCI Express
software and then the relevant licenses. Further details about installing the
software and the required licenses can be found in the ValiFrame Getting
Started Guide.

Starting the ValiFrame Software

24

Double-click the PCle ValiFrame (N53991) icon on the desktop (see
Figure 2-1) to launch the app. Alternatively, to access the PCle ValiFrame
app on a Windows 11 PC, search PCle ValiFrame (N5991).

Figure 2-1 PCle ValiFrame (N5991) icon
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Normal Workflow

After the ValiFrame software has been installed, the normal procedure
when testing a DUT is as listed below. More details about each step are
provided in the following sections.

Start the PCI Express N5991 ValiFrame app
(see Starting the ValiFrame Software on page 24)

Configure the station
(see Configuring the Test Station on page 26)

Station configuration
Instrument configuration

Configure the DUT
(see Configuring the DUT and Test Parameters on page 33)

Setup Preparation
(see Setup Preparation Procedures on page 91)

Calibrate the system

Select calibration procedure(s) (see Selecting Procedures on
page 57)

Modify parameters (see Modifying Parameters on page 57)

View connection diagram and connect setup (see Connection
Diagrams on page 60)

Run calibration procedure(s) (see Running Procedures on page 58)

Save/export calibration results (see Exporting Results on page 65)
Run test procedures

Select test procedures (see Selecting Procedures on page 57)

Modify parameters (see Modifying Parameters on page 57)

View connection diagram and connect setup (see Connection
Diagrams on page 60)

Run test procedure(s) (see Running Procedures on page 58)
Save/export test results (see Exporting Results on page 65)
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2 Preparing to Take Measurements

Configuring the Test Station

When the PCI Express ValiFrame app is launched, the main ValiFrame
window opens (Figure 2-2).

~ PCl Express N5891 ValiFrame = (m] *
]EEEES QOE
Station] Mew Load Save Export Reset| Start Pause Abort Mute  About

------- O PCl Express - not configured

Seventy  Message Date
(i) Info Local license containers detected 01/02/2026 02:55:17
@ Info PCl Express N55351 ValiFrame startup complete! 01/02/2026 02:55:20
Ready IWamings: 0 I Maintenance is OK | Mot Running | Mot Connected -
Figure 2-2 PCI Express ValiFrame main window

Click ‘Station’ (red frame in the figure) to open the Station Configuration
window (Figure 2-3).
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Test Station Configuration

The Station Configuration window shows the various options for
instruments that can be used for PCI Express testing. The options are
described here.

Station Configurator

Step 1: Station Configuration

Data Generator MBO40A ¥
[[J Use Transition Time Converters an Data Out

Main Power Control ~ NETIO -

[] Use ext. 100MHz Reference Clock Source

SigTest Corfig
B Use Switch for Ax Tests | Switch Configuration (] Map DUT lanes to test instrument channels
Next >
Figure 2-3 Station Configuration window

Data Generator

The pattern generator is used to create patterns with specified stress
parameters. For PCle the supported options are:

M8020A (Keysight M8020A J-BERT High-Performance BERT), for spec
versions PCle4 and PCleb, data rates up to 16 GT/s.

M8040A (Keysight M8040A 64 GBd High-Performance BERT), for spec
versions PCle4, PCleb and PCle6.

MB8050A (Keysight M8050A 120 GBd High-Performance BERT), for
spec versions PCleb and PCle6.

The M8046A error detector is required if you are using the M8050A.

The error detector of the selected data generator (BERT system) is used to
check for errors contained in the data looped back from the DUT.

For further details about the clock module front end, error detector,
recommended oscilloscopes, etc. for each BERT, contact your Keysight
representative.
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Use Transition Time Converters on Data Out

This option appears only for the M8040A BERT. For all calibrations where
the output of the BERT is directly connected to the oscilloscope, it is
required to use the high bandwidth (BW) inputs of the scope to avoid any
measurement artifacts that may occur due to the fast edges of the
M8040A. Using transition time converters (TTCs) slows down the
M8040A’s edge rates and reduces the required bandwidth of the
oscilloscope. Therefore, adding TTCs to the setup allows low-bandwidth
inputs to be used for all calibrations, thus avoiding re-connections on the
oscilloscope. However, if TTCs are used, the 64 GT/s data rate is not
available.

Main Power Control

Select one of the options from the drop-down menu:
Manual
NETIO (for the NETIO PowerPDU 4PS with four outlets)
ALL4076 (a PDU from Allnet with six outlets)
SynaccessNP (for Synaccess NP PDUs)

Use External 100 MHz Reference Clock Source

Select the “Use ext. 100 MHz Reference Clock Source” check box to use a
100 MHz reference clock as a clock source for the data generator and the
DUT to obtain a constant clock signal. It is required only in Common Clock
architecture.

SigTest Configuration

The SigTest software is used in several calibration procedures to calculate
the eye height, eye width, and jitter parameters of the generated signal.

The SigTest Configuration dialog (see Figure 2-4) lets you select the
installation directories, jitter measurement template and EH/EW
measurement template used for the calibrations.

The SigTest software must be installed separately before ValiFrame is
started. The various versions of SigTest can be downloaded from the Intel
website. A link to this website is also provided in the SigTest Configuration
dialog (see Figure 2-4). The appropriate version of MATLAB® Runtime
should also be installed. Details can be found on the Intel website.
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There may be instances where the template names may change for
different SigTest versions. To automatically modify the template names,
click the “Default” button and the names are modified to correlate with
the required SigTest version.

SigTest Configuration X

8GT/ 16GT/s 32GT/s B4GTSs

Required Version: 6.1.13
Timeout: |600 5| sec

Installation directory
C:\Program Files\SigTest 6.1.13

Jitter measurement template
Ri_Cal dat

EH / EW measurement template
Eye_Cal dat

Sig Test download: www intel.com.’. /technology/high-speed-o.tools html

Ok Default Cancel

Figure 2-4 SigTest Configuration window
Use Switch for Rx Tests

Using a switch, you can test more than one lane without changing the
setup connections. This greatly reduces user interventions during testing.
Information about the advantages of using an RF switch for multilane PCle
testing can be found in this video.

Select the “Use Switch for Rx Tests” check box to enable the “Switch
Configuration” button. Click this button to open the Rx Switch
Configuration dialog (see Figure 2-5), where you can select the switch
type. The exact appearance of the Rx Switch Configuration window will
depend on the switch type chosen.

To use a BIT-2100 Series Switch System, you require a separate license.
For hardware inquiries contact BitifEye, and for the necessary license
contact your Keysight representative.
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Rx Switch Configuration
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Figure 2-5 Rx Switch Configuration window

Map DUT lanes to test instrument channels

The “Map DUT lanes to test instrument channels” option is an alternative
to “Use Switch for Rx Tests”. They cannot be used together. “Map DUT
lanes to test instrument channels” is used to test several lanes without
cabling re-connections. If this check box is selected, the Rx DUT lanes can
be mapped to different data outputs of the generator instrument.
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Test Instrument Configuration

NOTE

e

Once the PCI Express station is configured, the instrument addresses must
be set. An example of instrument configuration is shown in Figure 2-6.

Station Configurator

Step 2: Instrument Configuration Note. the predefined addresses may not be comect!
Instruments
Address Status Instrumert Description
[ Offline Offline Keysight Ma040A J-BERT MB8040 with integrated jitter sour|
[ Offline Cifline NETIO Main power switch
[ Offline Offline Keysight DSO Realtime scope for calibration an|
[ Offline Offline BitifEye BIT-2100 Switch Switch Matrix for Rx Tests

Connect

Figure 2-6 Instrument Configuration window

A UXR oscilloscope with a sample rate of 256 GSa/s and a bandwidth of
at least 50 GHz (59 GHz or more is recommended) is required for
M8040A and M8050A setups without TTCs.

Make sure that all the selected instruments for the test station are
connected to the test station PC controller by remote control interfaces
such as LAN or USB.

After the installation process, all instruments are configured by default in

“Offline” mode. In this simulation mode, the hardware need not necessarily
be physically connected to the test controller PC. The ValiFrame software
cannot connect to any instrument in this mode.

In order to control the instruments that are connected to the PC, the
instrument address must be entered. The address depends on the bus
type used for the connection, for example, USB or LAN.
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Most of the instruments used in the PCI Express station require a VISA
(Virtual Instrument System Architecture) connection. To determine the
VISA address, run the “Keysight Connection Expert”, which is part of the
Keysight 10 Libraries Suite. For each instrument, copy the address string
from the Connection Expert entries and paste it as the instrument address
in the ValiFrame Instrument Configuration window.

For further details about how to use the Keysight Connection Expert see
the ValiFrame Getting Started Guide.

After the address strings have been entered, click Connect to verify that

the connections for the instruments have been established properly. If an
erroneous instrument address configuration is performed, the ValiFrame

software will display a prompt to indicate so.

Click Finish to save the selected instruments and connections.

When a specific test station configuration is started for the first time, all
instruments are set to the “Offline” mode. In this mode, the test
automation software does not connect to any instrument. This mode can
be used for demonstrations or checks only. NO VALID DATA IS
PRODUCED.

You will need to repeat the station and instrument configuration whenever
you change the instruments you are using or their connections.
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Configuring the DUT and Test Parameters

Once the test station has been configured, the next step is to configure the
DUT and test parameters.

PCl Express N3991 ValiFrame

= O *
Station Load | Save _xport Hc—,ae Start Pause Abort Mute  About
Figure 2-7 New and Load buttons in the main window

Opening a Previously Saved Project

If you have already configured the N5991 PCI Express ValiFrame software
and saved the settings as a configuration or project file, you can click Load

(Figure 2-7) to use the same station, DUT and test parameters again,
which can save time.

Beginning a New Project

To begin a new project, click New (Figure 2-7), which opens the PCI
Express Configure DUT window (Figure 2-8).

Configure DUT Window

The Configure DUT window (Figure 2-8) allows you to select

the types of procedures to be run (calibrations and tests and/or setup
preparation)

DUT parameters, such as DUT Type, Specification Version, Compliance
Mode or Expert Mode

test parameters that are related to the receiver test configuration
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Configure DUT

Procedure Selection
B Calibrations and Tests
B Setup Preparation

Setup preparation supports
* BackChannel Optimization for 32GT/s and 64GT/s CEMA/ASIC/M.2
+ Guided Fixture Characterisation for 32GT/s and B4GT/s CEM

puT
DUT Name: Serial Number:
Version: 6.0 ~ Max Link Speed: 64 GT/s e
DUT Type:  Add-In Card ~ Interface Type:  CEM -
E":):ﬁ(ﬂedure: Common Clock v
Description:
Test

User Name:  Unknown User

Comment:

Inttial Start Date: 1/2/2026 3:56:32 PM

Last Test Date:  1/2/2026 3:56:32 PM

Parameters
(") Compliance Mode @ 25GT/s
© Expert Mode B 50GTs
B 20GTs
@ 160GTs
@ 120GT5A Show Parameters
B 640GT/s
198 G /e Lanes Corfiguration

0K

Figure 2-8 Configure DUT dialog
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Procedure Selection

Procedure Selection
B Calibrations and Tests

B Setup Preparation

Setup preparation supports
+ BackChannel Optimization for 32GT/s and 64G T,/ CEM/ASIC/M.2
+ Guided Fixture Characterisation for 32GT/s and 64GT/s CEM

Figure 2-9 Procedure Selection part of Configure DUT dialog
Calibrations and Tests

Check this box in order to include the calibrations and tests in the
procedure tree (see Figure 3-1 on page 54).

Setup Preparation

Setup Preparation requires an additional license. If this license is not
available, Setup Preparation cannot be selected.

Check the Setup Preparation box to include setup preparation procedures
in the procedure tree. The following setup preparation procedures are
supported:

Back-Channel Optimization

This is available at 32 GT/s, for CEM, ASIC and M.2, and at 64 GT/s, for

CEM (in Expert Mode) and ASIC.

See Back-Channel Optimization on page 96.

Guided Fixture Characterization
This is available for CEM at 32 GT/s and (in Expert Mode) at 64 GT/s.
See Guided Fixture Characterization on page 106.
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DUT Configuration Parameters

ouT
DUT Name: Serial Mumber:
Version: 6.0 w Max Link Speed: B4 GT/z “
DUT Type: | End Pairt ~ Interfface Type:  ASIC w
gﬁwum: Common Clock w
Description:

Figure 2-10  DUT part of Configure DUT dialog

DUT Name

The name of the DUT. This is used to identify the product. If you are using
the Back-Channel Optimization procedure, thisis used in the default name
for the file used to save the back-channel optimization data.

Serial Number

Serial Number of the DUT. This is used to identify the product. If you are
using the Back-Channel Optimization procedure, this is used in the default
name for the file used to save the back-channel optimization data.

Version
The available PCI Express® Base Specification Revisions (Versions) are:
4.0 - supports the 2.5, 5, 8 and 16 GT/s data rates.
5.0 - supports the 2.5, 5, 8, 16 and 32 GT/s data rates.
6.0 - supports the 2.5, 5, 8, 16, 32 and 64 GT/s data rates.
Max Link Speed

The maximum link speed of the DUT. Different specification versions
support different maximum link speeds. The availability of the data rate
check boxes toward the bottom of the Configure DUT panel is dependent
on the value of Max Link Speed.
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If you increase the spec version number, for example from 4.0 to 6.0, the
value shown as Max Link Speed does not automatically increase to the
maximum given in the specification. You must make this change
manually.

DUT Type

The available DUT types are:
For Interface Type ‘ASIC”:

End Point: A PCle end point (non-root-complex) silicon is tested
according to the Base specification

Root Complex: A PCle root complex silicon is tested according to
the Base specification

For Interface Type ‘CEM’:

Add-In Card: An add-in card with CEM connector is tested
according to the PHY test specification

System: A system with CEM connector is tested according to the
PHY test specification

For Interface Type ‘U.2" or ‘M.2":

Device: A drive (for example) with U.2 or M.2 connector is tested
according to the PHY test specification

Host: A motherboard (for example) with U.2 or M.2 connector is
tested according to the PHY test specification

Interface Type

The supported interface types are:
ASIC
CEM
U.2 (only for PCle Versions 4.0 and 5.0; Link Speed: 8 GT/s)

M.2 (only for PCle Versions 4.0 and 5.0; Link Speeds: 8 GT/s, 16 GT/s
and 32 GT/s (not 32 GT/s for Version 4.0))

Clock Architecture

The available options are:

Common Clock: The default clock architecture, where all parts of the
system use the same clock

Separate Ref Clocks Independent SSC: Separate reference clocks with
independent spread spectrum clocking (SRIS)
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Description

A text field for product description.
Test Configuration Parameters

Test

User Name:  Unknown User

Comment:

Initial Start Date: 8/11/2025 4:40:46 PM

Last Test Date:  8/11/2025 4:40:46 PM

Parameters
() Compliance Mode @ 25GT/s
© Expert Mode @ 50GTs
@ 80GTs
@ 160GT5A
B 320GT4E Show Parameters
@ 640GT/s

Lanes Corfiguration

Figure 2-11  Test part of Configure DUT dialog
User Name

Enter your name in the text field.

Comment

Text field for your comments.

Initial Start Date

Time stamp of the start of the current session.

Last Test Date

Time stamp of the last test conducted in the current session.
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Compliance Mode

If Compliance Mode is selected, the tests are conducted as mandated by
the CTS. You cannot modify the parameters that are shown in the
calibrations and test procedures.

Expert Mode

If Expert Mode is selected, the calibrations and tests can be conducted
beyond the limits and constraints of the CTS and to identify the limits of
the DUT. You can modify the parameters that are shown in the calibrations
and test procedures. Some procedures (“Custom Procedures”) are
available only in Expert Mode.

Data Rates

The available data rates in the current N5991 PCI Express software version
depend on the specification version and the interface type selected. This is
detailed in Table 2-1. Note that the M8020A and the M8050A do not
support all data rates. M8020A supports only Spec Versions 4.0 and 5.0
and data rates only up to 16 GT/s. M8050A supports Spec Version 5.0 and
above.

Table 2-1 Supported data rates according to interface type and spec version

Interface  Spec Version 4.0° Spec Version 5.0 Spec Version 6.0°
Type
ASIC 25,5,8and 16 GT/s  2.5,5,8,16and 32 GT/s® 2.5, 5,8, 16, 32 and 64 GT/s
CEM 25,5,8and 16GT/s  2.5,5,8,16and 32 GT/s¢  2.5,5, 8, 16, 32 and 64 GT/s¢
u.2 8GT/s 8GT/s -
M2 8and 16 GT/s 8,16 and 32 GT/s® -

@ Spec Version 4.0 is not supported by M8050A.

b Spec Version 6.0 is not supported by M8020A.

Z M8020A only supports tests up to 16 GT/s.

Currently, the CEM interface is supported at 64 GT/s in Expert Mode only.

Show Parameters

Click the Show Parameters button to open the PCle Parameters dialog
box. See PCI Express Parameters on page 40.

Lanes Configuration

Click the Lanes Configuration button to open the Lanes dialog box. See
Lanes Configuration on page 50.
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PCI Express Parameters

In the Configure DUT window, click the Show Parameters button. If the
DUT Type was selected as End Point, the “PCle End Point Parameters”
dialog box is displayed, as shown in Figure 2-12.

PCle End Point Parameters x

Al Data Rates 25GT/s 5GT/s 8GT/s 16GT/A& 32GT/A B4GTS
BER Reader (" requires additional option)
BER Reader: | JBERT Analyser ~

Receiver Setup Procedures
[J Include Rx Setup Procedures

Mote: Receiver Setup Procedures can be used to setup the data generator as is done
for a Receiver Compliance Test but without doing a BER test.

Custom Procedures
] Include Custom Procedures

Mote: Custom Procedures are measurements, calibrations and Rx Tests for debugging
and testing beyond compliance conditions.

Set to Default OK

Figure 2-12  PCle End Point Parameters configuration window

The selected speed class determines which individual tabs are displayed.
The parameters displayed under the “All Data Rates” tab are described
first.

BER Reader
BER Reader: The bit-error measurement can be done using the BERT
Analyzer or with an Offline BER reader.

Receiver Setup Procedures

Include Rx Setup Procedures: Select this option to add the receiver setup
procedures to the procedure tree. In these procedures, the data generator
is configured for the calibrated compliance conditions, but a BER test is
not performed.
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Custom Procedures

Include Custom Procedures: Select this option to add to the test tree
measurements, calibrations and Rx tests for debugging and testing that go
beyond compliance conditions. This option is available only if Expert Mode
is selected in the Parameters part of the Configure DUT panel.

2.5 GT/sand 5.0 GT/s Tabs

The 2.5 GT/s tab and 5.0 GT/s tab (Figure 2-13) of the PCle Parameters
dialogs are very similar and so are described together.

PCle End Point Parameters x

Al Data Rates 25GT/s 9GT/s 8GT/s 16GT/s 32GT/s B4GT/s

Channels

Ma043A 15! Channel Channel 7, 24 inch ~
Customize

Calibration

IUse Transfer Function -]

Transfer Function C\ProgramData"Bitif Eye \ValiFrame K 1\PC

Set to Default OK

Figure 2-13 5 GT/s tab of the PCle End Point Parameters dialog

Channels

M8048A 1Sl Channel: (Not for CEM.) Select the channel to be used for
testing (from Channel O (none) to Channel 7 (24 inches)).

Use ISI Channel Emulation: (Not for M8040A or M8050A; the M8020A
setup requires the M8020A BERT option M8041A-0G5.) Enable this
option to generate ISl internally in the M8020A.

If you click Customize, the “IS| Channel Customization” dialog

(Figure 2-14) appears, where you can fine-tune the selected ISI
Channel by modifying the insertion loss.
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ISI Channel Customization 4

Channel 7. 24 inch

Insertion loss at 1 GHz | 4.50/% | dB

Insertion loss at 4 GHz | -13.80}%| dB

Calibrated Standard

Figure 2-14  ISI Channel Customization dialog

If you have changed the IL settings in this dialog in the past and run a full
calibration, when you restart ValiFrame again you can use the following
buttons:

Calibrated to reset the two IL values to the values of the previous
calibration or

Standard to reset the two IL values to the default values that ValiFrame
used initially.

Calibration

Use Transfer Function: Check this box to embed or de-embed using
the transfer function.

Transfer Function: (Only when “Use Transfer Function” is enabled.)
Shows the name of the transfer function file for embedding. Generate
the transfer function displayed in the dialog (Figure 2-13 on page 41)
and then copy it to C:\ProgramData\BitifEye\ValiFrameK1\PCle\
Settings\TransferFunctions on the PC where ValiFrame is running.
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8.0 GT/s Tab
PCle End Point Parameters x
Al Data Rates 25GT/s 5GT/4 8GT/s 16GT/ 32GT4s B4GTA
Channels 151 Channel
Long Ch. Ma048A-002 ~ | Customize
Calibration
Embed Replica Channel 2
Rep Ch. + Pkg. Model Transfer Function  3RxReplicaChannelAndPackage Model if4
Replica Channel Transfer Function ferFunctionsPCle 3Rz ReplicaChannel f4
Set to Default OK
Figure 2-15 8 GT/s tab of the PCle End Point Parameters dialog
Channels

Long Ch.: (For ASIC) Long Channel is preselected and read-only.

CBB rev. 2: (For CEM) Check this to perform Rx tests with CBB rev. 2, in

addition to CBB rev. 3. See Figure 2-16 on page 44. Disabled for U.2
and M.2.

CBB rev. 3 riser card: (For CEM, U.2 and M.2) The Rx tests must be
performed with CBB Gen3; therefore, the CBB rev. 3 riser card check
box is preselected and read-only.

ISI Channel (Only ASIC)

Supported options are
M8041A-0G5 (only M8020A)
M8048A-002
N4915A-014
Customize: (Enabled only for the ISI Channel M8041A-0G5.) Click to

open the “ISI Channel Customization” dialog (Figure 2-14 on page 42),

where you can fine-tune the selected ISI Channel by modifying the
insertion loss.
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PCle Add-In Card Parameters x

Al Data Rates 25GT/s 5GT/s 8GT/s 16GT/4s 32GT/s B4GT/s

Channels DUT Type
[J CEBrev.2 CEEB rev. 3 riser card PCle Switch
Calibration
IUse Transfer Function ]
Transfer Function C:“ProgramData"Bitf Eye\ValiFramek14PC
Set to Default OK

Figure 2-16 8 GT/s tab of the PCle Add-In Card Parameters dialog

DUT Type (Only CEM, U.2, M.2)

Calibration

PCle Switch: For Systems, Host, select this if the DUT is a PCle switch.

Embed Replica Channel: (ASIC) Select this option to use a transfer
function to embed a replica channel.

Package Model Transfer Function: (ASIC, if “Embed Replica Channel”
is not enabled.) The transfer function file for the package model.

The Package Loss value is read automatically from the specified transfer
function files. When processing pre-recorded step responses, this
parameter can be defined in the procedure parameters directly.

Rep Ch. + Pkg. Model Transfer Function: (ASIC, when “Embed Replica
Channel” is enabled.) The transfer function file that combines the
replica channel and the package model.

Replica Channel Transfer Function: (ASIC, when “Embed Replica
Channel” is enabled.) The transfer function file for the replica channel.
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Use Transfer Function: (CEM, U.2, M.2) Use this check box to embed or
de-embed calibration boards or additional cables using the transfer
function on the oscilloscope.

Transfer Function: (CEM, U.2, M.2; when “Use Transfer Function” is
enabled.) Shows the path of the transfer function file for the package
model.

Transfer Functions

For the 8 GT/s data rate, the following transfer functions can be used:
Package Model Transfer Function — ASIC; Embed Replica Channel is
not checked
Replica Channel and Package Model Transfer Function — ASIC; Embed
Replica Channel is checked
Replica Channel Transfer Function — ASIC; Embed Replica Channel is
checked
Transfer Function — CEM, U.2, M.2; Use Transfer Function is checked

In each case the transfer function has to be generated (apart from the
Package Model Transfer Function) and then copied to C:\ProgramData\
BitifEye\ValiFrameK1\PCle\Settings\TransferFunctions on the PC where
ValiFrame is running.

If you change the name of the Package Model Transfer Function, this must
also be copied to C:\ProgramData\BitifEye\ValiFrameK1\PCle\Settings\
TransferFunctions, otherwise it will not be found.
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16 GT/s, 32 GT/s and 64 GT/s Tabs
The 16 GT/s tab (Figure 2-17), 32 GT/s tab and 64 GT/s tab of the PCle

Parameters dialog are very similar and so are described together.

PCle End Point Parameters X

All Data Rates 25GT/s 5GT/s 8GT/ 16GT/s 32GT/ 64GT/Ss

Fixture 151 Adjustment

PCl Express 4.0 CEM Fixture Kit - Hardware Traces v
Calibration

Embed Replica Channel a

Rep. Ch. + Pkg. Model Transfer Function  C:\ProgramDataBitif Eye\ValiFrame K1\PC

Replica Channel Transfer Function C:\Program Data"Bitif Eye\ValiFrameK1'\PC

Eye Calibration Method Seasim ~

Start with Minimum Loss Channel O

Set to Defautt oK

Figure 2-17 16 GT/s tab of the PCle End Point Parameters dialog

Fixture (not 64 GT/s)

Select the fixture. The options are

PCl Express 4.0 CEM Fixture Kit

(ASIC 16 GT/s, Spec Versions 4.0, 5.0, 6.0;
CEM 16 GT/s, Spec Versions 4.0, 5.0, 6.0;
M.2 16 GT/s, Spec Versions 4.0, 5.0)
Generic

(ASIC 16 GT/s, Spec Versions 4.0, 5.0, 6.0)
PCle 5.0 FR4 Base Fixture

(ASIC 32 GT/s, Spec Version 5.0, 6.0)

PCle 5.0 MEG6 Base Fixture

(ASIC 32 GT/s, Spec Version 5.0, 6.0)

PCle 5.0 CEM Fixture Kit

(ASIC 32 GT/s, Spec Version 5.0, 6.0;
CEM 32 GT/s, Spec Version 5.0;

M.2 32 GT/s, Spec Version 5.0)
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To change the fixture for the long channel for M.2 for 16 GT/s or 32 GT/s,
click Long Channel in the procedure tree for the appropriate data rate. In
the parameter grid (right half of the ValiFrame main window), go to ‘Gen5
M.2 Fixture’ (for PCle 5.0) or ‘Gen4 M.2 Fixture’ (for PCle 4.0), which is
under the heading Channel, and select the correct fixture from the
drop-down menu.

ISI Adjustment (only 16 GT/s)

The supported options are
Hardware Traces: Select this to use just the hardware traces to
generate the ISI.

Emulated ISI: (Only M8020A and ASIC) Select this option to
combine the internal IS| generated by the M8020A with the selected
hardware traces to adjust the insertion loss. Note that the M8020A
BERT option M8041A-0G5 is required to perform this operation.

For CEM tests, the CTS allows only the official PCI-SIG fixture sets.
Therefore, in this case, the “PCl Express 4.0 CEM Fixture Kit” or the
“PCle 5.0 CEM Fixture Kit” and the ISI Adjustment with “Hardware
Traces” are the only available options.

Calibration

Embed Replica Channel: (ASIC) Select this option to use a transfer
function to embed a replica channel.

Embed Additional Channel: (CEM) Select this option to use a transfer
function to embed an additional channel.

Package Model Transfer Function: (When “Embed Replica Channel”
(ASIC) or “Embed Additional Channel” (CEM) is not enabled.) The name
of the transfer function file for the package model.

The Package Loss value is read automatically from the specified transfer
function files. When processing pre-recorded step responses, this
parameter can be defined in the procedure parameters directly.
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Rep. Ch. + Pkg. Model Transfer Function: (ASIC, when “Embed Replica
Channel” is enabled.) The name of the transfer function file that
combines the replica channel and the package model.

Add. Ch. + Pkg Model Transfer Function: (CEM, when “Embed
Additional Channel” is enabled.) The name of the transfer function file
that combines the additional channel and the package model.

Replica Channel Transfer Function: (ASIC, when “Embed Replica
Channel” is enabled.) The name of the transfer function file for the
replica channel.

Additional Channel Transfer Function: (CEM, when “Embed Additional
Channel” is enabled.) The name of the transfer function file for the
additional channel.

Eye Calibration Method: Select the tool to be used for the stressed eye
calibration. Available options are:

Seasim: (At 16 GT/s and 32 GT/s, Seasim is available only for ASIC)
This is a processing tool that uses the standard method. A step
pattern with 256 ones and zeros is applied at the input of the
calibration channel and the step response is captured at the output
of the replica channel. The oscilloscope averages the step response,
which minimizes the noise. The step response defines the complete
electrical behavior of the channel and calculates a statistical eye.
Seasim also simulates the different impairments.

SigTest: This uses the compliance channel methodology. A
compliance pattern is applied and different impairments, such as
random jitter, sinusoidal jitter and differential and common mode
sinusoidal interference, are added to the signal.

Start with Minimum Loss Channel: (Only 16 GT/s)

Not enabled: The Initial Equalization Preset Optimization Calibration
will start with the maximum specification loss (-30 dB for 16 GT/s).
Then the Channel Calibration reduces channel loss in 0.5 dB steps
until Eye Height and Eye Width exceed the specification value (and
the ratio is similar to the nominal value) or until the channel loss
reaches the minimum specification loss (-27 dB for 16 GT/s).

Enabled: The Initial Equalization Preset Optimization Calibration will
start with the minimum specification loss. Then the Channel
Calibration increases channel loss in -0.5 dB steps until Eye Height
and Eye Width are slightly below the specification value (and the
ratio is close to the ratio of the nominal eye) or until the channel loss
reaches the maximum specification loss.

The remaining calibration procedures will use that channel.
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Transfer Functions

For the 16 GT/s, 32 GT/s and 64 GT/s data rates, the following transfer
functions can be used:
Package Model Transfer Function — ASIC, CEM;
Embed Replica/ Additional Channel is not checked
Replica Channel and Package Model Transfer Function — ASIC;
Embed Replica Channel is checked
Replica Channel Transfer Function — ASIC;
Embed Replica Channel is checked
Additional Channel and Package Model Transfer Function — CEM;
Embed Additional Channel is checked
Additional Channel Transfer Function — CEM;
Embed Additional Channel is checked

In each case the transfer function has to be generated (apart from the
Package Model Transfer Function) and then copied to C:\ProgramData\
BitifEye\ValiFrameKT\PCle\Settings\TransferFunctions on the PC where
ValiFrame is running.

If you change the name of the Package Model Transfer Function, this must
also be copied to C:\ProgramData\BitifEye\ValiFrameK1\PCle\Settings\
TransferFunctions, otherwise it will not be found.
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Lanes Configuration

If you do not check the ‘Map DUT lanes to test instrument channels’ box
during station configuration, the Lanes window appears as shown in
Figure 2-18 when you click the ‘Lanes Configuration’ button in the

Configure DUT Panel.

Lanes

Lanes for Rx tests

lane 0 @& Lane 4

lane1 [J Lane5
lane2 [J Llane®
laned [  Llane7

Lanes for Calibration

o Use Lane 0 calibration
for all lanes in Rx tests

Figure 2-18  Lanes configuration panel

Lane 8 [J
lane 9 [
Lane 10 (]

Lare 11 []

Lane 12 []
Lane 13 (]
Lane 14 []

Lane 15 []

() Calibrate all Rx lanes

Lanes for Rx tests: Select the corresponding check box for one or more
lanes where testing is to be performed. The selection of one or more
lanes depends on the following conditions in the Station Configuration

window:

If the ‘Use Switch for Rx tests’ check box is left unchecked, you can
select all lanes for testing. While the tests are being performed, you
will be prompted to manually switch cables from lane to lane.

This is the only option available for 64 GT/s.

If ‘Use Switch for Rx tests’ is enabled, the number of lanes to be
tested depends on the module type selected. Module types
BIT21T14B, BIT21T16B and BIT21T18B allow testing of up to 4, 6

and 8 lanes, respectively.
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2

Use Lane 0 calibration for all lanes in Rx tests: Only Lane O will be

calibrated. These values will be used in the Rx tests for all lanes.

Calibrate all Rx lanes: (Not available if ‘Use Switch for Rx tests’ is
enabled.) Calibrations will be performed for each Rx lane selected.
Each Rx test uses the corresponding calibration for each specific

lane to be tested.

If the ‘Map DUT lanes to test instrument channels’ check box is selected in

the Station Configuration window, the Lanes dialog appears as shown in

Figure 2-19. You may select all lanes and each tested lane can be mapped

to one of the available generator and analyzer channels. Mapping of
different lanes to various instruments can help you avoid cable

re-connections.

Lanes — [m}
Generator Channel Analyzer Channel
Lane 0 M1.DataOut1 ~ | M2.Dataln
Lane 1 [ [M1.DataOutl M2 Dataln
lane2 [ |M1.DataOutl M2 Dataln
Lane3 [ [M1DataOutl M2 Dataln
lane4 [ |M1.DataOutl M2 Dataln
Lane5 [ [M1.DataOutl M2 Dataln
Lane6 [ |M1.DataOutl M2 Dataln
Lane7 [ |M1.DataOutl M2.Dataln
Lane8 [ |M1.DataOutl M2 Dataln
Lane9 [ |M1.DataOutl M2.Dataln
Lane 10 [] |M1.DataOuti M2.Dataln
Lane 11 [] |M1.DataOuti M2 Dataln
Lane 12 [] |M1.DataOut1 M2 Dataln
Lane 13 [] |M1.DataOut1 M2 Dataln
Lane 14 [] |M1.DataOuti M2 Dataln
Lane 15 [] |M1.DataOutl M2.Dataln
Calibration
© STl e O Colibot ol s

oK

Figure 2-19  Lanes configuration panel when ‘Map DUT lanes to test instrument

channels’ is selected
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This chapter describes how to select the calibrations and test procedures
that are to be run and how — in expert mode — you can modify the
parameters to go beyond the tests specified by the CTS.



3 Using the Software

Introduction to Using the Software

Once the DUT has been configured, click ‘OK’ in the Configure DUT panel.
The PCI Express main window will appear with the procedure tree in the
left-hand pane (Figure 3-1). Click on a procedure or group to see the
associated parameters in the right-hand pane.

PCl Express M3991 ValiFrame = (m} x
BEES Qe Qi
Station| Mew Load Sawe Export Resst| Start Pause Abort Mute  About
e-0 ® p| Express - 6.0, AddInCard ~ 64G Guided Fixture Ct i
&0 Setup Preparation Offline o Falsf .
: © 5 0eTs Software Version 54022
=2-0 'Z‘;‘ - N i Fixture Ct
O 32G Back-Channel Optimization WNA Port Configuration Differential Channel 1-3
-{J 32G Guided Fixture Characterization Fixture Revision Revl
=-0 ® canGTs CLB Type 116
o N ) - Cable Type 2.92mm
O 84G Back-Channel Optimization XML File Export Path C:\ProgramData\Bitf Eye \aliFrameK1\PCle\ Sett
L) uided Fixture Characterization + Oscilloscope
=2-0J O - ibation Genb Transfer Function File for Package C:\ProgramData"Bitif Eye'\ValiFrame K1\PCle\Setf
: L e v Sequencer
= 5GT/s
D p o N Repetitions 1]
=-0 La‘l;e.. Procedure Emor Case Behavior Pbort Sequence
O 2.5G RJ Calibration Procedure Failed Case Behavior Proceed With Nest Procedure
o - e
2.5G De-Emphasis Calibration
p | 9355 Eye Height Calibration
=2-0(% 506Ts
B- a b Lane0
-9 5G RJ Calibration
O bi:c De-Emphasis Calibration
| Q5 Eye Height Calibration Repetitions
A0 ancTs
Severity Mezzage Date
#* Progres: station after ing i 01/05/2026 09:57:59 ¢ ~
##* Progres: |product after co ing i 01/05/2026 0%:58:00¢ .,
Ready IWarnings: 3 IMaintenanceis OK | Mot Running | Connected ;|

Figure 3-1  PCI Express N5991 ValiFrame main window

Parts of the Main Window

54

The functions of the buttons in the toolbar are described just below.

All the relevant calibration and test procedures are listed in groups in a
procedure tree (left-hand pane, Figure 3-1), similarly to how they are
organized in the CTS.

The parameter grid on the right side of the window shows the parameters
that are related to the individual procedure or group of procedures
selected on the left.
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The log list in the bottom pane of the window shows calibration and test
status messages (regular progress updates as well as warnings and error
messages).

The status bar at the very bottom provides information about how many
critical errors have occurred, how many warnings have been sent, the
status of the software maintenance license and whether ValiFrame is

running.
ValiFrame Toolbar
PCl Express N3991 ValiFrame = O >
ECEEEEN QDE <Ji
Station| MNew Load Save Export Reset| Start Pause Abort Mute  About

Figure 3-2  Toolbar

Use the Station button to configure the Test Station. See Configuring
the Test Station on page 26.

Use New to open the PCI Express Configure Product window. This
allows you to configure a new DUT or change the DUT and test
parameters. See Configuring the DUT and Test Parameters on page 33.

If you have already configured the N5991 PCI Express ValiFrame
software for a particular product and saved the settings as a
configuration file, you can click Load to use the same station, product
and test parameters again, which can save time.

The Save button is used to save settings for a particular project. You
can save the settings as either a ValiFrame configuration file (.vfc; this
contains the changed parameters and the selected procedures) or a
ValiFrame project file (.vfp; contains the same as the configuration file
and in addition the results of the current run). See the ValiFrame
Getting Started Guide for more details.

Use the Export button to save results of measurements. See Exporting
Results on page 65 for details.
Reset sets ALL parameters to their default values.

To start one or more procedures, select the corresponding check
box(es). Then the Start button is enabled and turns blue. Click ‘Start’ to
run the selected procedure(s).

Pause interrupts the current run at the end of the current step. When
the test is paused, the Start button is relabeled Step. You have two
options when a procedure is paused:
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Click ‘Step’ to continue the procedure and pause at the next step.

Click ‘Pause’ again to toggle the state of the Start/Step button.
Then click ‘Start’ to continue running the test until the end of the
procedure.

The Step feature is useful for debugging purposes, for example to
analyze the signal on the oscilloscope at each step. When a procedure
is paused, a message in the bottom-left corner of the main window
indicates which step has been reached.

Abort stops the current run and closes the procedure window.

ValiFrame produces a sound to indicate when a different state of the
program has been reached. You can turn this off (and on again) using
the Mute button.

The About button opens a window that provides details of the software,
such as the version of ValiFrame that is being run, the Container ID of
the license and when the software maintenance will expire. The window
can also be used to send a report to Support if you encounter persistent
problems. For more details see the ValiFrame Getting Started Guide.

Before executing the calibration or test procedures, ensure that the PCI
Express Station is configured properly with all necessary instruments,
such as the Infiniium oscilloscope, set to “online”. All calibrations can
also be run in offline mode, that is, without any instrument connected.
However, the offline mode is intended for product demonstrations with
simulated data only. CALIBRATIONS RUN IN OFFLINE MODE DO NOT
GENERATE VALID CALIBRATION DATA.
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Selecting Procedures

Using the Software 3

The setup preparation, calibration, receiver, link equalization and
receiver-setup procedure groups can be selected globally by selecting the
check box at the top of the group, as can a subgroups such as a certain
data rate. Alternatively, one or more individual test procedures can be
selected by checking the corresponding check boxes next to the
procedure names. Click ‘Start’ (Figure 3-3) to run the selected procedures.

PCl Express N5991 ValiFrame

RCEOER

Station| Mew Lozd Save FExport Reset
=-B(® PCl Express - 6.0, EndPointASIC
: 9 Setup Preparation

B % 320GTs
bl 32G Back-Channel Optimization
7 640GT/s

------- O ® 545 Back-Channel Optimization

Start

[E3

Pause Abort

Figure 3-3  Selecting and starting a procedure

Modifying Parameters

Keysight N5991P PCI Express Test Automation Software Platform User’s Guide

Most calibration and test procedures, as well as the groups containing
them, have parameters that control the details of how the procedures are
run. In compliance mode, most of these parameters are read-only. In
expert mode, most of the parameters can be modified.

To modify a parameter, first select a specific calibration or test procedure
or one of the groups contained in the N5991 procedure tree, as shown in
Figure 3-4. The corresponding parameters are displayed in a property list
(parameter grid) in the right pane. These parameters can be configured
only before the selected procedure subgroup or procedure is started. All of
the selected test parameters are listed in the test results.

For more details about parameters, see PCl Express ValiFrame Parameters
on page 68.
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Pl Exprass N5991 ValiFrame = [m] *
Station| MNew Load Save Export Reset| Start Pause Abo Mute  About
=0 0 _ibration ~ | 32G HF 5J Calibration
-0 0 3557k Offline True
Software Version 54022
Verification Mode False
v | Generator
Pre-Shoot 0dB
De-Emphasis 0dB
Differential Voltage 800 mv
~ | O=cilloscope
Scope Bandwidth 33GHz
Mumber of Averages pal
MNumber of Uls 2Mul
« | Seguencer
Repetitions 0
ad 32G Insertion Loss Calibration Procedure Emor Case Behavior Abort Sequence
- Q 106 AWG Amplitude Comectic Procedure Faied Case Behavior Proceed With Next Procedure
(9 326 CMSI Calibration
(% 32G DMSI Calibration
O Q5 Pre-Compliance Eye Calil
O b 32G Compliance Eye Calbrati
2-0C® 640677
=~ b Lanel
Renetiti
-] Q ca Scope Channel Skew Calibral tons
eV ® RAG TUEN and | 2iineh Vnabana C:
Severty Message Date
(i) Info Local license containers detected 01/0572026 09:53:05 4
Ready IWamings: 3 |Maintenance is OK | Not Running | Connected .

Figure 3-4  Modifying parameters

Running Procedures

To run the selected procedure(s), click the Start icon on the toolbar (see
Figure 3-3). The procedures are run sequentially in the order shown in the
procedure tree. Some procedures may require user intervention, such as
changing cable connections or entering DUT parameters. The required
action is prompted in pop-up dialog boxes.

To view the appropriate connection diagram, right-click the desired test or
calibration. From the right-click menu, select ‘Show Connection...". See
also Connection Diagrams on page 60.

Keysight N5991P PCI Express Test Automation Software Platform User's Guide



Using the Software 3

State Icons

Once the selected procedures have been run, the state icon next to a
group or an individual procedure indicates the result (pass / fail /
incomplete) and provides further information.

For an explanation of the icon beside a particular procedure, right-click
the procedure name and select ‘Show State Details...” (Figure 3-5). For
more information about all state icons, refer to the ValiFrame Getting
Started Guide.

"7 PC Express N5991 ValiFrame

C] 8 EHE S QOE

Station| MNew Load Save Export Reset| Start Pause Abort

2-0E3 PCI Express - 6.0, EndPointASIC v 32G TxE
B[:]o Setup Preparation g;ﬂfltne _
5-0(? 120675 ware

d EQ Calibr:

[:]@ 320G Back-Channel Optimization Verficatio

B-[70(® 640GTs Measure :
Select Me

------- O ® 545 Back-Channel Optimization
2~ @ Calibration
-0 256754

10?5067,

@] ov...GT.s @ Passed
m--] B0GT/s
[2
E

 State Details X

2-0(® 160GTs

-0 20GT/s

E|[:] @ | 20l

@ 326G TxEQ and Launch Voltage Calibration |
S EEiE R AR T

(@ 32G HF 5J Calibration

o Offline

Figure 3-5  State icons
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Connection Diagrams

To view the connection diagram for a particular set of instruments and
procedure, right-click the desired test or calibration in the procedure tree.
From the context menu select “Show Connection...”.

The window that opens consists of a connection diagram surrounded by
five buttons, which are outlined in red and numbered in Figure 3-6.

Connection Setup for 684G Rx Coefficient Matrix Scan = a X

) |\View Connection Instructions

) |View Instruments and Accessaries

Blackrg Capactar
- teruaice
@ 200 lemrahen

=y

Figure 3-6  Example connection diagram, default view

1 Export Mode: Click here to change the positions of the individual
instruments and cables in the connection diagram before exporting it.
This is intended to increase the clarity of the connections. For more
details about how to manipulate the components, see the ValiFrame
Getting Started Guide. Try double-clicking a component and then
either drag-and-dropping it or using the mouse wheel.
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Using the Software

2 Connection Instructions: Toggle to ‘on’ to view the connection
instructions and further information. It is possible to open step-by-step
instructions, where the connection currently being made is highlighted

(Figure 3-7).

3

3 Instruments and Accessories: Toggle to ‘on’ to view the list of required
instruments and accessories (Figure 3-7). If the list of instruments and
accessories is expanded, it will be included in the exported HTML

report.

4 Export: Export the diagram as an HTML file.
5 OK: Click here to close the connection diagram window.

For more details, see the ValiFrame Getting Started Guide.

w N
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= o X
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Figure 3-7  Connection diagram window with step-by-step instructions and list of

instruments
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Required Calibration Data

62

PCI Express N5991 ValiFrame

Some of the calibration procedures and most of the test procedures
require calibration data that has been measured previously. You can see
the calibration data required by a particular procedure by right clicking its
name in the procedure tree and selecting ‘Required Calibrations’. A list of
the prerequisite calibrations drops down (Figure 3-8).

B QOE3

Station| Mew Load Save Export Reset| Start Pause Abort
B0 640GT/ Manimum Boost 95d8B
[:] bl 64G Back-Channel Optimization Start Pre-Shoot 0dB
i Start De-Emphasis DdB
D@ Calibration + BER M
50 (® Recsiver BER Mode TargetbBer
-0 (% 25675 | Targst BER 30E12
N 0 50GT/s I Prrfidanne |aual R %,
E]] o Q'ﬂ GT‘ Required Calibrations X
° o .
16.0GT/s \
O 32G TxEQ and Launch Voltage Calibration "
O 3206 s
=] 2£U /5
=Y Lagal 22G RJ Calibration 9
O 32G Rx Coefficient Matrix Scan L
-7 T Te-ohoot De-Emphasis Scan 32G HF SJ Calibration iz
(™ 225G Fx PreCompliance Test . :l
0 3 B Jiter Tolerance Test 32G HF Second Tone S Calibration MHz
0., P . o
(3T 32G Rx Sensiiviy Test 326G Insertion Loss Calibration
&-0C9 640674 d
=-0 9 Lanel 32G Pre-Compliance Eye Calibration
(™ 645G Rx Coefficient Matrix Scan
-] 0 8413 Rx Pre-Compliance Test 32G Compliance Eye Calibration
L EVeL:Y
O 645 R dier Toerance Test 326 A5 Ampliude Comection Calibration
' o
B4G Rx Sensitivity Test
- 9 Link Equalization 32G CMSI Calibration
Severity Message 32G DMSI Calibration Date
LD Info Procedure is running offline 08712/2025 03:56:17 PM ~
U) Info 32G TxEQ and Launch Voltage Calibration started 08/12/2025 03:56:17 PM
Ready IWammgs: 0 | Maintenance is OK | Completed | Connected .

Figure 3-8  Example list of required calibrations

The icon next to the name of a calibration procedure in the list indicates
whether the calibration has been run successfully (green), is incomplete
(yellow), failed (red) or has not yet been run (gray).
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N5991 PCI Express Data Structure

All the N5991 PCI Express internal data is saved on the PC’s local disk in
the application data folder ProgramData\BitifEye\ValiFrameKT\PCle.

Windows hides the system folders by default. To make the application
data folder visible, check ‘Hidden items’ in the Windows file explorer >
View > Show.

The N5991 PCI Express data folder contains the folders listed below:

Calibrations: The calibration data is saved in the Calibrations folder.
For each calibration procedure run, at least one calibration file is saved.

CalibrationsOffline: If the calibration was run in offline
(simulation/demonstration) mode, the calibration data is saved in the
CalibrationsOffline folder. Offline calibrations are for demonstration
purposes only. They do not yield valid data.

Data: Data from the test runs are saved in the Data folder.

Pattern: The pattern files (mainly .ptrn) used in the various procedures
are saved in the Pattern folder.

Projects: The Projects folder is the default folder for ValiFrame project
(.vfp) and configuration (.vfc) files. These can be saved by clicking the
Save icon in the PCI Express ValiFrame main window.

Settings: The Settings folder contains settings files. These will include
the instrument connection setup, the Station Configuration setup and
settings for the last configured DUT, for example, as well as settings
related to the specification and also training scripts, Seasim templates
and transfer functions. If you are using the Setup Preparation
procedure, this is where the toggle scripts and back-channel
optimization files are saved. Similarly, if you are using the Guided
Fixture Characterization, the results of that are saved here by default.

SParameter: N59971 PCI Express does not save anything in the
SParameter folder.
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Results

Run-Time Data Display

Most procedures generate data output. While the procedure is running,
the data is displayed in a results viewer window, which opens
automatically for each individual procedure.

Any results windows that are open during the procedure runs are closed
automatically once the specific procedure is finished. As long as the
N5991 software is running, each result file (HTML page) can be reopened
by double-clicking the respective procedure. However, the individual files
are lost when the N5991 ValiFrame main window is closed, unless you
save the individual files or a collection of them.

Description of Results

In this User’s Guide, the descriptions of the calibration and test procedures
include example descriptions of the results. In addition to a graph and a
table, there is a text in each set of results that notes the conditions under
which the procedure was carried out, including a list of instruments used
and their associated firmware. In order to save space, the list of
instruments is not shown completely for each procedure in this User’s
Guide, because they are very similar, but simply as an example here
(Figure 3-9).

———-Instruments-———-

Measurement Instrument L

Mezsurement Instrument 2

; Model: M
ription: M
Supported: Unknown ;
1 = ; Model: M
integrated jitter s
7 Measurement

Measursment Instrument 3

Measurement Instrument £

ogies ; Model: M
Mezsurement Instrument 5 I i

Measurement Instrument €

Figure 3-9  Example ‘Instruments’ section in results for a calibration
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Exporting Results

Using the Software 3

For your convenience, all individual results are summarized in an HTML
document at the end of the test run. All calibration and test data report
pages can be saved in a report by clicking the Export button on the toolbar
of the PCI Express N5991 ValiFrame main window. More details can be
found in the ValiFrame Getting Started Guide.

Keysight recommends exporting results at least at the end of each N5991
run to avoid any data loss. If several calibration and test procedures are
conducted during the same N5991 run, the resulting report pages are
combined in a single report.

As a safety feature, all calibration and test results are saved by default to
the N5991 “Tmp” directory (C:\ProgramData\BitifEye\ValiFrameK1\
Tmp). The “Results\PCle Station” sub-folder of this contains the files of
the most-recent results measured for PCI Express for each calibration
and test procedure.

In addition to the calibration data report, calibration data files are
generated. These files are saved by default to the N5991 Calibrations
folder. If these calibrations are run again, the data file is overwritten. To
save the calibration data files at each configuration, the files must be
copied from the directory C:\ ProgramData\BitifEye\ValiFrameK1\PCle\
Calibrations and saved manually in any folder before rerunning the
calibrations.

An exported report includes a summary of the procedures performed in
that run (Figure 3-10) and details of the instruments used (Figure 3-11).
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Procedure result summary

Shows the procedure results as an overview

Droduct Number:
Serial Humber:

e

scription:
Name:

Us

"z Commant:
Scftware Version:

PCI Express N5551 ValiFrame

L0 Cal £4CTps ScopaChSkew

L0 Cal 64CTps THEQ
LD Cal £4GTps RJ
L0 Cal #4CTps HFSJ

L0 Cal €4CTps HFE2ndSJ

66

Unknowm User

Spec Deviations Commerntg

1-:3;’(;32?1, - Offline 54022
e [ o e
1-1;’{;:231, - Offline £.4.0.22
11‘;?%:2:“ - Offline 5. 4022
1 E;’rigz‘:} - Offline 5.4.0.22

Figure 3-10 Example Test Result Summary in a ValiFrame HTML report

Procedure Name: The name of the procedure (test or calibration).
Timestamp: The date and time at which the procedure ended.
Result: Whether the procedure was passed or failed.
Instruments: Either ‘Connected’ or ‘Offline’ (simulation mode).

Software Version: The version of the ValiFrame software used to
perform the procedure (calibration or test).

Spec Deviations: The parameters that have been changed so that the
procedure no longer agrees with the CTS.

Comments.
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Instrument Summary

This table lists the instruments used to run these procedures.

Instrument S
R Description
Bewvision P

ME040 with integrated jitter

Keysight Technologies | Keysight MB040R J-BERT Tnknown Unknown ccurces for EET tescs
Heysight Technologiss MEO4SRE, MBOSTA DR T C 7.5.700.8 Ma‘j‘;soc};i;; if“;re%?e:eii:“r
Heysight Tachnologies MB1S5E o a.0.0.0 k2d qs':l':;“ri:":a i:_“:":gfﬁrE‘?etdEg;t_‘E:
Heysight Technologies MA195% DE S a.0.0.0 L 452}1;1;: if’::%‘;:‘?et‘;ii;t'er
Eeysight Technologies DEQ Infiniium Series Unknown Unknown Realtime scope for calibrasion

and transmitter tests
Figure 3-11 Example list of instruments in an N5991 ValiFrame PCI Express report

Company: The manufacturer of the instrument.
Instrument Name: The model number or name of the instrument.
Serial: The serial number of the instrument.

Instrument Revision: The revision number or version of the software
running on the instrument.

Description: The type of instrument, e.g., real-time oscilloscope.
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PCI Express ValiFrame Parameters

PCI Express ValiFrame parameters are of three types:
Sequencer Parameters
Common Parameters
Procedure Parameters

Sequencer Parameters

The sequencer parameters control the flow of the test sequencer only, not
the behavior of individual procedures. One of them, Repetitions, is
available for all procedures and groups in the procedure tree. The others
are available only for individual procedures. Like all other parameters, the
sequencer parameters are shown on the right side of the ValiFrame user
interface, as illustrated in Figure 3-12, and you may manually change
them. The sequencer parameters are described in Table A-1 on page 317.

PCl Express N5991 ValiFrame = a *
] Qe
Station| Mew Load Save Export Reset| Start Pause Abort Mute  About
=-J LT Express - 6.0, AddInCard w 332G TxEQ and Launch Voltage Calibration
3-J(® Setup Preparation Cfine ) T"'fM
i o Software Version 54022
=-0 Ca‘l;bratlon EQ Calibration Pattem EQ Two Pattem, 16 zeros, 16 ones
= 25GT/s Verfication Mode False
B-0("® 50GT/s Measure all Generator voltages  False
- ©® 06T Select Measurement Algorithm Measure All Coefficients
0 'Y 1': 0GT ~ Generator
: Set Ampltuds 800mY
-0 32061 + Oscilloscope
B0 Langl Scope Bandwidth 50 GHz

Number of Waveform Averages 256

TxEQ and Launch Voltage Calibration

Repetitions 0
Procedure Emor Case Behavior Abort Sequence
Procedure Failed Case Behavior  Proceed With Next Procedure

Repetitions
Severity Messags Date
#* Progres: Mot opening ction to NETIO itis 1o be offline. 01/05/2026 02:35:16 F ~
gi* Progres: Not opening connection to Keysight DSO because it is configured to be offline. 01/05/2026 02:35:16 F
| g% Progres: Mot opening ction to BitifEye BIT-2100 Switch b it is configured to be offline. 01/05/2026 02:35:16 F
| Ready IWarnmgs:?_ Maintenance is OK | Not Running | Connected |

Figure 3-12 Sequencer parameters
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Common Parameters

Common parameters are used for several related calibration or test
procedures. They are shown on the right side of the ValiFrame user
interface when the selected entry of the procedure tree on the left is a
group instead of an individual procedure. The PCle common parameters
are listed and described as follows:

Common setup preparation parameters: Table A-2 on page 318

Common calibration parameters: Table A-3 on page 319

Common receiver parameters: Table A-4 on page 324

Common link equalization parameters: Table A-5 on page 334

Procedure Parameters

The Procedure Parameters are all those parameters that are not part of
either of the previously described categories. They are shown on the right
side of the ValiFrame user interface when the selected entry of the
procedure tree on the left is an individual procedure. Their purpose is to
modify the behavior of that single procedure. Different procedures often
have parameters with the same name, but pre-configured settings always
apply to the selected procedure. The meanings of the parameters may
differ slightly between procedures.

The PCle parameters for individual procedures that are available in Expert
Mode are listed as follows:

Setup preparation parameters for individual procedures: Table A-6 on
page 34b

Calibration parameters for individual procedures: Table A-7 on
page 348

Receiver parameters and receiver setup parameters for individual
procedures: Table A-8 on page 360

Link equalization parameters for individual procedures: Table A-9 on
page 370

Some parameters that are read-only in the user interface main window
can be changed when you configure the Test Station while others can be
changed when you configure the DUT.

If the value of a parameter appears in boldface type in the parameter grid
of the GUI, this indicates that the value is not the default value.
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Procedure Tree Overview

Introduction

72

NOTE

NOTE

The tables in this chapter list the procedures exactly as in the procedure
tree of the ValiFrame software.

The order of the procedures varies slightly depending on the method
used for eye calibration: Seasim or SigTest. The order used here is that
for Seasim for interface type ASIC and SigTest for CEM, U.2 and M.2.

Click on the page number in the table to jump to the description of the
corresponding procedure.

The procedures are listed according to procedure type and interface type.

Setup Preparation
Setup Preparation (ASIC): Table 4-1 on page 73
Setup Preparation (CEM): Table 4-2 on page 73
Setup Preparation (M.2): Table 4-3 on page 73

Calibrations
Calibrations (ASIC): Table 4-4 on page 74
Calibrations (CEM): Table 4-5 on page 76
Calibrations (U.2): Table 4-6 on page 79
(

U
Calibrations (M.2): Table 4-7 on page 79

Receiver Tests

Rx Tests (ASIC): Table 4-8 on page 81

Rx Tests (CEM): Table 4-9 on page 82
Rx Tests (U.2: Table 4-10 on page 83
Rx Tests (M.2): Table 4-11 on page 84

Link Equalization Tests

LEQ Rx Tests (ASIC):
LEQ Rx Tests (CEM):

2):

(

(
LEQ Rx Tests (U

(M.2):

LEQ Rx Tests
LEQ Tx Tests:
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Procedure Tree Overview 4

Receiver Setup Procedures

Rx Setup (ASIC): Table 4-17 on page 88
Rx Setup (CEM): Table 4-18 on page 88
Rx Setup (U.2; M.2): Table 4-19 on page 88
Setup Preparation Procedures
Table 4-1 Receiver setup procedures available for ASIC interfaces
Data Rate Receiver Setup Procedure Page Number
of Description
32.0GT/s 32G Back-Channel Optimization 96
64.0 GT/s* 64G Back-Channel Optimization 96
Table 4-2 Receiver setup procedures available for CEM interfaces
Data Rate Receiver Setup Procedure Page Number
of Description
32.0GT/s 32G Back-Channel Optimization 96
32G Guided Fixture Characterization 106
64.0 GT/s* 64G Back-Channel Optimization 96
64G Guided Fixture Characterization 106

*  Procedures at 64 GT/s are available for CEM interfaces in Expert Mode only.

Table 4-3 Receiver setup procedures available for M.2 interfaces

Data Rate Receiver Setup Procedure

32.0GT/s 32G Back-Channel Optimization

Page Number
of Description

96
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Calibration Procedures

Table 4-4 Calibrations performed for ASIC interfaces

Data Rate Calibration Page Number
of Description
25GT/s 2.5G RJ Calibration 131
2.5G IS Calibration 129
2.5G CMSI Calibration 120
2.5G Eye Height Calibration 126
5.0 GT/s 5G RJ Calibration 131
5G ISI Calibration 129
5G CMSI Calibration 120
5G Eye Height Calibration 126
8.0GT/s Direct-Connection Calibrations
8G TXEQ and Launch Voltage Calibration 155
8G RJ Calibration 145
Custom Measurements*
8G TxEQ and Launch Voltage Measurement 163
Long Channel
8G Insertion Loss Calibration 212
8G CMSI Calibration 173
8G DMSI Calibration 193
8G Stressed Jitter Eye Calibration 224
16.0 GT/s Direct-Connection Calibrations
16G TxEQ and Launch Voltage Calibration 155
16G RJ Calibration 145
16G HF SJ Calibration 137
16G HF Second Tone SJ Calibration 134
Custom Measurements*
16G TxEQ and Launch Voltage Measurement 163
Long Channel
16G Insertion Loss Calibration 212
16G Initial Equalization Preset Optimization 209
16G Channel Calibration 169
16G Final Equalization Preset Optimization 205
16G AWG Amplitude Correction Calibration 167
16G CMSI Calibration 173
16G DMSI Calibration 193
16G Pre-Compliance Eye Calibration 219
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Table 4-4 Calibrations performed for ASIC interfaces (cont.)

Data Rate Calibration Page Number
of Description
16G Compliance Eye Calibration 176
Custom Calibrations*
16G Custom Eye Calibration 185
16G Custom Eye Scan Calibration 188
Custom Measurements*
16G Eye Height and Width Measurement 199
16G Eye Height and Width Scan 202
16G Processing of Pre-Recorded Steps 223
32GT/s Direct-Connection Calibrations
32G TxEQ and Launch Voltage Calibration 155
32G RJ Calibration 145
32G HF SJ Calibration 137
32G HF Second Tone SJ Calibration 134
Custom Measurements*
32G TxEQ and Launch Voltage Measurement 163
Long Channel
32G Insertion Loss Calibration 212
32G Pre-Compliance Eye Calibration 219
32G Compliance Eye Calibration 176
32G AWG Amplitude Correction Calibration 167
32G CMSI Calibration 173
32G DMSI Calibration 193
Custom Calibrations*
32G Custom Eye Calibration 185
32G Custom Eye Scan Calibration 188
Custom Measurements*
32G Eye Height and Width Measurement 199
32G Eye Height and Width Scan 202
32G Processing of Pre-Recorded Steps 223
64.0 GT/s Direct-Connection Calibrations
64G Scope Channel Skew Calibration 148
64G TxEQ and Launch Voltage Calibration 155
64G RJ Calibration 145
64G HF SJ Calibration 137
64G HF Second Tone SJ Calibration 134
64G Pulsewidth Jitter Calibration 143
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Table 4-4 Calibrations performed for ASIC interfaces (cont.)
Data Rate Calibration Page Number
of Description
64G SNDR Calibration 153
Custom Measurements*
64G TXEQ and Launch Voltage Measurement 163
Long Channel
64G Insertion Loss Calibration 212
64G Pre-Compliance Eye Calibration 219
64G Compliance Eye Calibration 176
64G AWG Amplitude Correction Calibration 167
64G CMSI Calibration 173
64G DMSI Calibration 193
Custom Calibrations*
64G Custom Eye Calibration 185
64G Custom Eye Scan Calibration 188
Custom Measurements*
64G Eye Height and Width Measurement 199
64G Eye Height and Width Scan 202
64G Processing of Pre-Recorded Steps 223
*  Procedures listed under these headings are available only if “Include Custom Procedures” is
checked in the PCle Parameters dialog (see Figure 2-12 on page 40).
Table 4-5 Calibrations performed for CEM interfaces
Data Rate Calibration Page Number
of Description
2.5GT/s 2.5G RJ Calibration 131
2.5G De-Emphasis Calibration 123
2.5G Eye Height Calibration 126
5.0GT/s 5G RJ Calibration 131
5G De-Emphasis Calibration 123
5G Eye Height Calibration 126
8.0GT/s Direct Connection Calibrations
8G TXEQ and Launch Voltage Calibration 155
8G RJ Calibration 145
8G SJ Calibration 150
Custom Measurements*
8G TxEQ and Launch Voltage Measurement 163

Keysight N5991P PCI Express Test Automation Software Platform User's Guide



Procedure Tree Overview 4

Table 4-5 Calibrations performed for CEM interfaces (cont.)

Data Rate Calibration Page Number
of Description

Long Channel, CBB rev. 3

8G DMSI Calibration 193
8G Eye Height and Width Calibration 196
8G Compliance Eye Calibration 176
16.0 GT/s Direct Connection Calibrations

16G TXEQ and Launch Voltage Calibration 155
16G RJ Calibration 145
16G LF SJ Calibration 140
16G HF SJ Calibration 137
Custom Measurements*

16G TxEQ and Launch Voltage Measurement 163

Long Channel, CBB rev. 4

16G Insertion Loss Calibration 212
16G AWG Amplitude Correction Calibration 167
16G CMSI Calibration 173
16G DMSI Calibration 193
16G Initial Equalization Preset Optimization 209
16G Channel Calibration 169
16G Final Equalization Preset Optimization 205
16G Pre-Compliance Eye Calibration 219
16G Compliance Eye Calibration 176
Custom Calibrations*

16G Custom Eye Calibration 185
16G Custom Eye Scan Calibration 188
Custom Measurements*

16G Eye Height and Width Measurement 199
16G Eye Height and Width Scan 202

32GT/s Direct Connection Calibrations

32G TxEQ and Launch Voltage Calibration 155
32G RJ Calibration 145
32G HF SJ Calibration 137
Custom Measurements*

32G TXEQ and Launch Voltage Measurement 163

Long Channel

32G Insertion Loss Calibration 212
32G AWG Amplitude Correction Calibration 167
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Table 4-5 Calibrations performed for CEM interfaces (cont.)

Data Rate Calibration Page Number
of Description

32G CMSI Calibration 173
32G DMSI Calibration 193
32G Pre-Compliance Eye Calibration 219
32G Compliance Eye Calibration 176
Custom Calibrations*

32G Custom Eye Calibration 185
32G Custom Eye Scan Calibration 188
Custom Measurements*

32G Eye Height and Width Measurement 199
32G Eye Height and Width Scan 202

64.0 GT/s** Direct-Connection Calibrations

64G Scope Channel Skew Calibration 148
64G TXEQ and Launch Voltage Calibration 155
64G RJ Calibration 145
64G HF SJ Calibration 137
64G Pulsewidth Jitter Calibration 143
Custom Measurements*

64G TxEQ and Launch Voltage Measurement 163

Long Channel

64G Insertion Loss Calibration 212
64G Pre-Compliance Eye Calibration 219
64G Compliance Eye Calibration 176
64G AWG Amplitude Correction Calibration 167
64G CMSI Calibration 173
64G DMSI Calibration 193
Custom Calibrations*

64G Custom Eye Calibration 185
64G Custom Eye Scan Calibration 188
Custom Measurements*

64G Eye Height and Width Measurement 199
64G Eye Height and Width Scan 202
64G Processing of Pre-Recorded Steps 223

*  Procedures listed under these headings are available only if “Include Custom Procedures” is
checked in the PCle Parameters dialog (see Figure 2-12 on page 40).

** Procedures at 64 GT/s are available for CEM interfaces in Expert Mode only.
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Table 4-6

Data Rate

8.0GT/s

Procedure Tree Overview

Calibrations performed for U.2 interfaces

Calibration

Direct Connection Calibrations

8G TxEQ and Launch Voltage Calibration
8G RJ Calibration

8G SJ Calibration

Custom Measurement*

8G TXEQ and Launch Voltage Measurement

Long Channel, CBB rev. 3

8G DMSI Calibration
8G Eye Height and Width Calibration
8G Compliance Eye Calibration

Page Number
of Description

155
145
150

163
193

196
176

*  Procedures listed under these headings are available only if “Include Custom Procedures” is
checked in the PCle Parameters dialog (see Figure 2-12 on page 40).

Table 4-7

Data Rate

8.0GT/s

16.0 GT/s

Calibrations performed for M.2 interfaces

Calibration

Direct Connection Calibrations

8G TXEQ and Launch Voltage Calibration
8G RJ Calibration

8G SJ Calibration

Custom Measurement*

8G TxEQ and Launch Voltage Measurement

Long Channel, CBB rev. 3

8G Device Insertion Loss Calibration
8G DMSI Calibration

8G Host Insertion Loss Calibration
8G Eye Height and Width Calibration
8G Compliance Eye Calibration

Direct Connection Calibrations

16G TXEQ and Launch Voltage Calibration
16G RJ Calibration

16G LF SJ Calibration

16G HF SJ Calibration

Custom Measurement*

16G TxEQ and Launch Voltage Measurement

Page Number
of Description

155
145
150

163

191
193
208
196
176

155
145
140
137

163

Keysight N5991P PCI Express Test Automation Software Platform User’s Guide



4 Procedure Tree Overview

Table 4-7 Calibrations performed for M.2 interfaces (cont.)

Data Rate Calibration Page Number
of Description
Long Channel
16G Insertion Loss Calibration 212
16G AWG Amplitude Correction Calibration 167
16G CMSI Calibration 173
16G DMSI Calibration 193
16G Initial Equalization Preset Optimization 209
16G Channel Calibration 169
16G Final Equalization Preset Optimization 205
16G Pre-Compliance Eye Calibration 219
16G Compliance Eye Calibration 176
Custom Calibration*
16G Custom Eye Calibration 185
16G Custom Eye Scan Calibration 188
Custom Measurements*
16G Eye Height and Width Measurement 199
16G Eye Height and Width Scan 202
32.0GT/s Direct Connection Calibrations
32G TxEQ and Launch Voltage Calibration 155
32G RJ Calibration 145
32G HF SJ Calibration 137
Custom Measurement*
32G TxEQ and Launch Voltage Measurement 163
Long Channel
32G Insertion Loss Calibration 212
32G AWG Amplitude Correction Calibration 167
32G CMSI Calibration 173
32G DMSI Calibration 193
32G Pre-Compliance Eye Calibration 219
32G Compliance Eye Calibration 176
Custom Calibration*
32G Custom Eye Calibration 185
32G Custom Eye Scan Calibration 188
Custom Measurements*
32G Eye Height and Width Measurement 199
32G Eye Height and Width Scan 202

*  Procedures listed under these headings are available only if “Include Custom Procedures” is
checked in the PCle Parameters dialog (see Figure 2-12 on page 40).
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Receiver Tests

Table 4-8 Receiver tests available for ASIC interfaces

Data Rate Receiver Test Page Number
of Description
25GT/s 2.5G Rx Compliance Test 244
2.5G Rx Jitter Tolerance Test 247
2.5G Rx Sensitivity Test 268
5.0GT/s 5G Rx Compliance Test 244
5G Rx Jitter Tolerance Test 247
5G Rx Sensitivity Test 268
8.0GT/s 8G Rx Coefficient Matrix Scan 236
8G Rx Pre-Shoot De-Emphasis Scan 262
8G Rx Pre-Complicance Test 254
8G Rx Jitter Tolerance Test 247
16.0 GT/s 16G Rx Coefficient Matrix Scan 236
16G Rx Pre-Shoot De-Emphasis Scan 262
16G Rx Pre-Compliance Test 254
16G Rx Jitter Tolerance Test 247
16G Rx Sensitivity Test 268
Custom Tests*
16G Rx Custom Coefficient Matrix Scan 243
16G Rx Custom Pre-Shoot De-Emphasis Scan 267
16G Rx Custom Pre-Compliance Test 258
16G Rx Custom Jitter Tolerance Test 253
16G Rx Custom Sensitivity Test 272
32GT/s 32G Rx Coefficient Matrix Scan 236
32G Rx Pre-Shoot De-Emphasis Scan 262
32G Rx Pre-Compliance Test 254
32G Rx Jitter Tolerance Test 247
32G Rx Sensitivity Test 268
Custom Tests*
32G Rx Custom Coefficient Matrix Scan 243
32G Rx Custom Pre-Shoot De-Emphasis Scan 267
32G Rx Custom Pre-Compliance Test 258
32G Rx Custom Jitter Tolerance Test 253
32G Rx Custom Sensitivity Test 272
64 GT/s 64G Rx Coefficient Matrix Scan 236
64G Rx Pre-Compliance Test 254
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Table 4-8 Receiver tests available for ASIC interfaces (cont.)

Data Rate Receiver Test Page Number
of Description
64G Rx Jitter Tolerance Test 247
64G Rx Sensitivity Test 268
Custom Tests™
64G Rx Custom Coefficient Matrix Scan 243
64G Rx Custom Pre-Compliance Test 258
64G Rx Custom Jitter Tolerance Test 253
64G Rx Custom Sensitivity Test 272

*  Procedures listed under these headings are available only if “Include Custom Procedures” is
checked in the PCle Parameters dialog (see Figure 2-12 on page 40).

Table 4-9 Receiver tests available for CEM interfaces

Data Rate Receiver Test Page Number
of Description
25GT/s 2.5G Rx Compliance Test 244
2.5G Rx Jitter Tolerance Test 247
2.5G Rx Sensitivity Test 268
5.0GT/s 5G Rx Compliance Test 244
5G Rx Jitter Tolerance Test 247
5G Rx Sensitivity Test 268
8.0GT/s 8G Rx Coefficient Matrix Scan 236
8G Rx Pre-Shoot De-Emphasis Scan 262
8G Rx Preset Pre-Compliance Test 259
8G Rx Pre-Compliance Test 254
8G Rx Jitter Tolerance Test 247
8G Rx Sensitivity Test 268
16.0 GT/s 16G Rx Coefficient Matrix Scan 236
16G Rx Pre-Shoot De-Emphasis Scan 262
16G Rx Pre-Compliance Test 254
16G Rx Jitter Tolerance Test 247
16G Rx Sensitivity Test 268
Custom Tests*
16G Rx Custom Coefficient Matrix Scan 243
16G Rx Custom Pre-Shoot De-Emphasis Scan 267
16G Rx Custom Pre-Compliance Test 258
16G Rx Custom Jitter Tolerance Test 253
16G Rx Custom Sensitivity Test 272
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Table 4-9 Receiver tests available for CEM interfaces (cont.)

Data Rate Receiver Test Page Number
of Description

32GT/s 32G Rx Coefficient Matrix Scan 236
32G Rx Pre-Shoot De-Emphasis Scan 262
32G Rx Pre-Compliance Test 254
32G Rx Jitter Tolerance Test 247
32G Rx Sensitivity Test 268
Custom Tests*
32G Rx Custom Coefficient Matrix Scan 243
32G Rx Custom Pre-Shoot De-Emphasis Scan 267
32G Rx Custom Pre-Compliance Test 258
32G Rx Custom Jitter Tolerance Test 253
32G Rx Custom Sensitivity Test 272

64 GT/s** 64G Rx Coefficient Matrix Scan 236
64G Rx Pre-Compliance Test 254
64G Rx Jitter Tolerance Test 247
64G Rx Sensitivity Test 268
Custom Tests*
64G Rx Custom Coefficient Matrix Scan 243
64G Rx Custom Pre-Compliance Test 258
64G Rx Custom Jitter Tolerance Test 253
64G Rx Custom Sensitivity Test 272

*  Procedures listed under these headings are available only if “Include Custom Procedures” is
checked in the PCle Parameters dialog (see Figure 2-12 on page 40).

** Procedures at 64 GT/s are available for CEM interfaces only in Expert Mode.

Table 4-10  Receiver tests available for U.2 interfaces

Data Rate Receiver Test Page Number
of Description

8GT/s 8G Rx Coefficient Matrix Scan 236

8G Rx Pre-Shoot De-Emphasis Scan 262

8G Rx Preset Pre-Compliance Test 259

8G Rx Pre-Compliance Test 254

8G Rx Jitter Tolerance Test 247

8G Rx Sensitivity Test 268
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Table 4-11  Receiver tests available for M.2 interfaces

Data Rate Receiver Test Page Number
of Description
8GT/s 8G Rx Coefficient Matrix Scan 236
8G Rx Pre-Shoot De-Emphasis Scan 262
8G Rx Preset Pre-Compliance Test 259
8G Rx Pre-Compliance Test 254
8G Rx Jitter Tolerance Test 247
8G Rx Sensitivity Test 268
16 GT/s 16G Rx Coefficient Matrix Scan 236
16G Rx Pre-Shoot De-Emphasis Scan 262
16G Rx Pre-Compliance Test 254
16G Rx Jitter Tolerance Test 247
16G Rx Sensitivity Test 268
Custom Tests*
16G Rx Custom Coefficient Matrix Scan 243
16G Rx Custom Pre-Shoot De-Emphasis Scan 267
16G Rx Custom Pre-Compliance Test 258
16G Rx Custom Jitter Tolerance Test 253
16G Rx Custom Sensitivity Test 272
32GT/s 16G Rx Coefficient Matrix Scan 236
16G Rx Pre-Shoot De-Emphasis Scan 262
16G Rx Pre-Compliance Test 254
16G Rx Jitter Tolerance Test 247
16G Rx Sensitivity Test 268
Custom Tests*
16G Rx Custom Coefficient Matrix Scan 243
16G Rx Custom Pre-Shoot De-Emphasis Scan 267
16G Rx Custom Pre-Compliance Test 258
16G Rx Custom Jitter Tolerance Test 253
16G Rx Custom Sensitivity Test 272

*  Procedures listed under these headings are available only if “Include Custom Procedures” is
checked in the PCle Parameters dialog (see Figure 2-12 on page 40).
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Link Equalization Tests

Table 4-12

Data Rate

8.0GT/s

16.0 GT/s

32GT/s

64 GT/s

Procedure Tree Overview

Link equalization receiver tests available for ASIC interfaces

Link Equalization Receiver Test

8G LEQ Rx Compliance Test

8G LEQ Rx Jitter Tolerance Test

16G LEQ Rx Compliance Test

16G LEQ Rx Jitter Tolerance Test

16G LEQ Rx Sensitivity Test

Custom Tests*

16G LEQ Rx Custom Compliance Test
16G LEQ Rx Custom Jitter Tolerance Test
16G LEQ Rx Custom Sensitivity Test

32G LEQ Rx Compliance Test

32G LEQ Rx Jitter Tolerance Test

32G LEQ Rx Sensitivity Test

Custom Tests*

32G LEQ Rx Custom Compliance Test
32G LEQ Rx Custom Jitter Tolerance Test
32G LEQ Rx Custom Sensitivity Test

64G LEQ Rx Compliance Test

64G LEQ Rx Jitter Tolerance Test

64G LEQ Rx Sensitivity Test

Custom Tests*

64G LEQ Rx Custom Compliance Test
64G LEQ Rx Custom Jitter Tolerance Test
64G LEQ Rx Custom Sensitivity Test

Page Number
of Description

280
282
280
282
284

281
283
285
280
282
284

281
283
285
280
282
284

281
283
285

4

*

Procedures listed under these headings are available only if “Include Custom Procedures” is

checked in the PCle Parameters dialog (see Figure 2-12 on page 40).
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Table 4-13  Link equalization receiver tests available for CEM interfaces

Data Rate Link equalization receiver test Page Number
of Description
8.0GT/s 8G LEQ Rx Compliance Test 280
8G LEQ Rx Jitter Tolerance Test 282
8G LEQ Rx Sensitivity Test 284
16.0 GT/s 16G LEQ Rx Compliance Test 280
16G LEQ Rx Jitter Tolerance Test 282
16G LEQ Rx Sensitivity Test 284
Custom Tests*
16G LEQ Rx Custom Compliance Test 281
16G LEQ Rx Custom Jitter Tolerance Test 283
16G LEQ Rx Custom Sensitivity Test 285
32GT/s 32G LEQ Rx Compliance Test 280
32G LEQ Rx Jitter Tolerance Test 282
32G LEQ Rx Sensitivity Test 284
Custom Tests*
32G LEQ Rx Custom Compliance Test 281
32G LEQ Rx Custom Jitter Tolerance Test 283
32G LEQ Rx Custom Sensitivity Test 285
64 GT/s** 64G LEQ Rx Compliance Test 280
64G LEQ Rx Jitter Tolerance Test 282
64G LEQ Rx Sensitivity Test 284
Custom Tests*
64G LEQ Rx Custom Compliance Test 281
64G LEQ Rx Custom Jitter Tolerance Test 283
64G LEQ Rx Custom Sensitivity Test 285

*  Procedures listed under these headings are available only if “Include Custom Procedures” is
checked in the PCle Parameters dialog (see Figure 2-12 on page 40).

** Procedures at 64 GT/s are available for CEM interfaces only in Expert Mode.

Table 4-14  Link equalization receiver tests available for U.2 interfaces

Data Rate Link Equalization Receiver Test Page Number
of Description
8.0GT/s 8G LEQ Rx Compliance Test 280
8G LEQ Rx Jitter Tolerance Test 282
8G LEQ Rx Sensitivity Test 284
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Table 4-15  Link equalization receiver tests available for M.2 interfaces

Data Rate Link Equalization Receiver Test Page Number
of Description
8.0 GT/s 8G LEQ Rx Compliance Test 280
8G LEQ Rx Jitter Tolerance Test 282
8G LEQ Rx Sensitivity Test 284
16.0 GT/s 16G LEQ Rx Compliance Test 280
16G LEQ Rx Jitter Tolerance Test 282
16G LEQ Rx Sensitivity Test 284
Custom Tests*
16G LEQ Rx Custom Compliance Test 281
16G LEQ Rx Custom Jitter Tolerance Test 283
16G LEQ Rx Custom Sensitivity Test 285
32.0GT/s 32G LEQ Rx Compliance Test 280
32G LEQ Rx Jitter Tolerance Test 282
32G LEQ Rx Sensitivity Test 284
Custom Tests*
32G LEQ Rx Custom Compliance Test 281
32G LEQ Rx Custom Jitter Tolerance Test 283
32G LEQ Rx Custom Sensitivity Test 285

Table 4-16  Link equalization transmitter tests available for ASIC, CEM, U.2 and M.2 interfaces

Data Rate Link Equalization Transmitter Test Page Number
of Description
8.0GT/s 8G LEQ Tx Initial Preset Compliance Test 286
8G LEQ Tx Response Time Compliance Test 290
16.0 GT/s* 16G LEQ Tx Initial Preset Compliance Test 286
16G LEQ Tx Response Time Compliance Test 290
32 GT/s* 32G LEQ Tx Initial Preset Compliance Test 286
32G LEQ Tx Response Time Compliance Test 290
64 GT/s** 64G LEQ Tx Initial Preset Compliance Test 286
64G LEQ Tx Response Time Compliance Test 290

*  These data rates are not available for U.2 interfaces.

** Procedures at 64 GT/s are available for CEM interfaces only in Expert Mode and not at all for U.2
and M.2 interfaces.
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Receiver Setup Procedures

For details about how to enable these procedures in the procedure tree,
see Chapter 9, Receiver Setup Procedures.

Table 4-17  Receiver setup procedures available for ASIC interfaces

Data Rate Receiver Setup Procedure Page Number
of Description
2.5GT/s 2.5G Rx Compliance Setup 3am
5.0 GT/s 5G Rx Compliance Setup 3N
8.0GT/s 8G Rx Stressed Jitter Eye Setup 314
16.0 GT/s 16G Rx Pre-Compliance Setup 313
32.0GT/s 32G Rx Impairments Setup 312
64.0 GT/s 64G Rx Impairments Setup 312

Table 4-18  Receiver setup procedures available for CEM interfaces

Data Rate Receiver Setup Procedure Page Number
of Description
2.5GT/s 2.5G Rx Compliance Setup 3am
5.0 GT/s 5G Rx Compliance Setup 3am
8.0GT/s 8G Rx Pre-Compliance Setup 313
16.0 GT/s 16G Rx Pre-Compliance Setup 313
32.0GT/s 32G Rx Impairments Setup 312
64.0 GT/s** 64G Rx Impairments Setup 312

** Procedures at 64 GT/s are available for CEM interfaces only in Expert Mode.

Table 4-19  Receiver setup procedure available for U.2 and M.2 interfaces

Data Rate Receiver Setup Procedure Page Number
of Description
8.0GT/s 8G Rx Pre-Compliance Setup 313
16.0 GT/s* 16G Rx Pre-Compliance Setup 313
32.0 GT/s* 32G Rx Impairments Setup 312

*  These data rates are not available for U.2 interfaces.
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5 Setup Preparation Procedures

Overview

The setup preparation procedures are intended to make achieving an
optimal setup as convenient and efficient as possible.

Setup Preparation Procedures are available if “Setup Preparation” is
checked when configuring the DUT (see Figure 2-8 on page 34) and the
required additional license has been activated.

Back-Channel Optimization

92

When testing receivers using loopback mode, a digital stressed signal is
sent to the receiver. This signal is then retransmitted from the receiver’s
transmitter to the test equipment (BERT). At higher speeds with multi-level
modulation, the path of the signal from the DUT’s transmitter back to the
test equipment, known as the back channel, has become a particular
challenge. We need to be sure that, if a DUT fails, then it failed because of
errors at the DUT receiver and not because of errors introduced in the
back channel. This means that it is necessary to ensure that the back
channelintroduces as few errors as possible, significantly fewer than those
occurring in the DUT. The N5991 PCI Express test automation software
now includes a procedure to automate this optimization.

It is important that all parts of the back channel (PCB, traces, connectors,
cables, redrivers, bonding wires within the DUT and BERT but also the FFE
and ADC inside the BERT) are adjusted together for a given setup to
achieve the lowest BER in the back channel: The DUT must send the best
preset, the redriver must be set correctly, the FFE steps need to be
adjusted and the sampling setup (sampling delay, input range and
threshold) has to be fine-tuned.

If back-channel optimization (BCO) is active for a test, so-called
realignment is always carried out.This means that just before a procedure
is run, a quick optimization (realignment) is performed that takes
approximately 5 s per preset. It adjusts for any small shifts that have
occurred and is done only for the presets that are used in the test. If this
realignment does not find similar settings to the BCO, it is time to rerun
the BCO.

For more details about the back-channel optimization automation,
including a description of the workflow, see the video BitifEye Explains: PCI
Express 6.0 Receiver Testing & Back-Channel Tuning Made Easy.
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Guided Fixture Characterization

This procedure guides you through the characterization of the fixtures
used in the subsequent calibrations and test procedures, saving the results
for later use in the ValiFrame software. It is currently available for the CEM
interface at 32 GT/s and 64 GT/s data rates.

Connection Diagrams

In this User’s Guide, only example connection diagrams are given. The
exact connection diagram for a specific situation can be viewed by
right-clicking the appropriate procedure in the procedure tree of the main
window of the user interface and selecting “Show Connection...”.

PCI Express Common Receiver Parameters

The PCI Express Common Parameters are listed in the parameter grid
(right pane) of the main window of the user interface when you click the
corresponding group in the procedure tree in the left half of the main
window. Clicking a data rate in the procedure tree shows you the
data-rate-specific PCle Common Parameters for that data rate.

Details of PCI Express Common Setup Preparation Parameters can be
found in Table A-2 on page 318.

Parameters in Expert Mode for Individual Procedures

The PCI Express Parameters in expert mode for an individual procedure are
not listed in this User’s Guide explicitly. They are displayed in the
parameter grid (right half) of the main window of the user interface when
you click on the corresponding entry in the procedure tree in the left half of
the main window.

Details of PCI Express Setup Preparation Parameters for individual
procedures can be found in Table A-6 on page 345.
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Example Connection Diagrams

Just example connection diagrams are shown here. For more details,
right-click the appropriate procedure in the procedure tree of the user
interface and select “Show Connection...”.

In general, PCI Express N5991 v. 5.4.0 supports Keysight M8047
redrivers M8047A, M8047B and M8047C. However, M8047A is not
supported for the Back-Channel Optimization procedure. Also, M8047B
is supported for BCO only at 32 GT/s.

Since the setup used for BCO must be the same as the setup used later
in test procedures, make sure that you use the appropriate redriver for
tests where you wish to use back-channel data.

Blocking Capacitor
E Attenuator
@ 50 Q Termination

Figure 5-1 Example connection diagram for Back-Channel Optimization procedure
(M8040A, ASIC) with M8047C redriver
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Blocking Capacitor
W Attenuator
@ 50 0 Termination

PC Power
Supply

Figure 5-2 Example connection diagram for Back-Channel Optimization procedure
(M8050A, CEM)
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Descriptions of Setup Preparation Procedures

96

Back-Channel Optimization

Availability

Data Generator:  M8040A, M8050A

Interface Types: ASIC CEM M.2

DUT Types: End Point Add-In Card Device
Root Complex System Host

Modes: Compliance, Expert

Data Rates: 32,64 GT/s

See also Table 2-1 on page 39.

The “Setup Procedures” option must be selected when configuring the
DUT; refer to Figure 2-8 on page 34.

Purpose and Method

The purpose of this procedure is to achieve the lowest BER in the back
channel for a given setup, to ensure that the back channel (the path of the
signal from the DUT's transmitter (DUT Tx) back to the test equipment)
introduces as few errors as possible to the signal path in loopback mode. It
optimizes the back channel from the DUT Tx to the error detector for every
specified DUT Tx preset. Since the back channel starts within the DUT, this
procedure is DUT and setup dependent.

The test automation starts with a measurement of the estimated
back-channel loss up to the redriver using a real-time oscilloscope. This is
possible with Keysight UXR Infiniilum oscilloscopes with a bandwidth of at
least 50 GHz (59 GHz or more is recommended). Otherwise the estimated
back-channel loss must be measured or estimated separately and entered
in ValiFrame as a parameter.

If the property Preset Selection Mode is set to ‘All at Target Data Rate’, a
good starting point for the procedure at 64G (if the procedure is to be run
at 64G) is estimated from the Estimated Back-Channel Loss (either what
the you, as the user, have set or, if Measure Estimated Back-Channel Loss
is enabled, what ValiFrame has estimated).

If the property Preset Selection Mode is set to a different value (not ‘All at
Target Data Rate’), the next step is an FFE optimization with a coarse
adjustment of the sampling setup (sampling delay, input range and
thresholds) for all 32G presets (or all those that are selected). This
provides a good starting point for 64G.
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For the 32G presets, you will repeatedly be asked to reset or power cycle
the DUT between presets. This is because the presets are included in the
compliance patterns, which causes changes in the error detector sampling
setup. This is not the case for 64G presets, so power cycling is required
only once when setting everything up for 64G.

When the optimization for the selected 32G presets is finished, the FFE
optimization is run again, but this time for the first 64G preset. After that,
the sampling setup fine optimization is run for the same 64G preset.

The procedure continues with the next 64G preset, performing the FFE
optimization and sampling setup fine optimization as before, until all the
selected 64G presets have been optimized.

There are two Optimization Modes: ‘Automatic’ and ‘Guided with manual
interaction’. If you select ‘Automatic’, the default value, you also need to
specify the ‘Maximum Number of Rerun Attempts’. For each PAM4 preset,
the FFE optimization will be rerun until either the BER is smaller than Te-7,
or the Maximum Number of Rerun Attempts has been exceeded. Similarly,
the criterion for NRZ is that the Eye Height at the current Sampling Delay
is greater than the maximum level width at the current Sampling Delay, or
the Maximum Number of Rerun Attempts has been exceeded. After that,
the sampling point alignment is executed and the next preset is optimized.
This automated procedure might take longer than an experienced user
using the manual mode, but it is interaction-free (except for the power
cycle instructions, if no power automation is used).

If ‘Guided with manual interaction’ is selected as the optimization mode,
the procedure requests input from the user to decide if the optimization of
a preset is “good enough”. After each FFE optimization step and after each
sampling setup step, a dialog is shown with the option to rerun this step
again (yes) or continue with the next step (no). Guidance is given in each
dialog about whether rerunning the step is likely to further improve the
result. An experienced user might find other indications to rerun by
observing the sampling point setup inside the M8070B.

The expected pattern and toggle pattern can be changed by supplying a
different script to the parameter ‘Toggle Script File for 32/64 GT/s. If
you change the expected pattern, it is not possible to use the ‘Measure
Estimated Back-Channel Loss’ feature.

If running the back-channel optimization fails when ‘Preset Selection
Mode’ is set to ‘All at target rate’, try running it with ‘Preset Selection
Mode’ set to ‘Include NRZ Prerequisites’.
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The back-channel optimization data is stored in an XML file at a
user-specified path. During tests, this data can be used to set the error
detector sampling setup, FFE coefficients and redriver to the optimal
settings for the given back channel. The best DUT Initial Preset and DUT
Target Preset are also automatically preselected from the BCO data.

For the default file-naming of the BCO data file, it is advisable to set the
DUT name and serial number in the Configure DUT dialog, as well as the
DUT type and interface type (Figure 5-3 on page 98).

Configure DUT

Procedure Selection
B Calibrations and Tests
B Setup Preparation

Setup preparation supports
* BackChannel Optimization for 32GT/s and 64GT/s CEM/ASIC/M.2
+ Guided Fixture Characterisation for 32GT/s and 64GT/s CEM

DuT

| DUT Name: [Fcle || senal Number: - [54321 vl
Version: 6.0 ~ Max Link Speed: 64 GT/s w

I DUT Type:  End Poirt r I Ilntefface Type:  ASIC e I
medure: Common Clock e
Description:

Test

User Mame:  Unknown User

Comment:

Intial Start Date:  1/5/2026 3:49:03 PM

Last Test Date:  1/5/2026 3:43:03 PM

Parameters
O Compliance Mode (] 25GT/s
© Expert Mode 0 5.0GTs
() 8.0GTss
) 16.0GT/s
@ 320GTsA Show Parameters
@ 640GTss
Lanes Configuration
oK

Figure 5-3 Values used in default naming of the back-channel optimization file
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The back-channel optimization file is not saved as a ValiFrame project. It
must be saved separately!

Results can be reloaded by running the 64G Back-Channel Optimization
procedure with both the “32 GT/s Presets to Optimize” property and the
“64 GT/s Presets to Optimize” property empty.

If you run the back-channel optimization with a file path for an existing
BCO, you will be asked if you want to load the data. If you load the data, it
will be used as a starting point for the new BCO. With this feature, you can
also add previously not optimized presets to an existing BCO file or
improve upon already existing preset optimization. However, if already
optimized presets are selected, the old optimization for the existing
presets is overwritten. Therefore, it is advisable to create a backup before
loading old BCO data.

If you decide not to load old back-channel optimization data and
continue, the old data is deleted.

During the dialog you can still save the old BCO data or abort and then
save the old BCO data.

Also, if old BCO data is loaded, the redriver settings from the old BCO data
file are used and no estimation of the back-channel loss is performed. In
this case, the user selection does not matter.

If it is not necessary to run all 64 GT/s presets for optimization (for
example, because the test to be run requires just one preset), it may be
possible also to reduce the number of 32 GT/s presets for optimization.
Table 5-1 shows which 32 GT/s preset is the best match to each 64 GT/s
preset.
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Table 5-1 Closest 32 GT/s Preset for a 64 GT/s Preset

64 GT/s Preset Closest 32 GT/s Preset

Q0 P4
Q1 P5
Q2 P9
Q3 P3
Q4 P1
Q5 P9
Q6 P8
Q7 P9
Q8 P9
Q9 P9

Connection Diagram

Refer to Example Connection Diagrams on page 94.

Result Description

The results file contains the figure of merit for all presets as well as all
redriver and error detector settings.

When the procedure has been successfully finished, the best preset is
highlighted in green in the table in the results. If multiple results have an
equally good figure of merit for the back channel, all of them are
highlighted.
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2 5.g¢ 0.000 |0.375 0.025  -0.173 | 1.000 0.217 | -0.03e -0.035 0.03(
2 £.00 g.000 0©0.375 0.02% -0.173 1.000 ©.217 -0.038 -0.035 0.03(
2 0.00 0.000 | 0.450 0.032  -0.085 | 1.000 0.253 | -0.043 -0.045  0.02§
2 2.55 =T.800 0.327 0.000 0.ooo 1.000 ©.000 0.0oo 0.000  O.000
Z 0.00 =7.500 |0.375| 0.000 0.000 1.000 0.000 0.000 0.000 0,000
2 0. =7.500 0. 0.013 0.0&2 0. 0.055 -0.04% 0.
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Figure 5-4 Example result for Back-Channel Optimization at 32 GT/s

DUT Tx Preset: DUT Tx Preset identifier.
Bit Error Ratio: Not relevant for 32 GT/s.

Minimum Level Width [mV]: The sum of all level widths for the best
settings found during Back-Channel Optimization. The best setting has
the smallest (minimal) sum of all levels.

Boost: Setting for M8047B Redriver.

Eye Expander: Setting for M8047B Redriver.

DC Gain: Setting for M8047B Redriver.

Driver Gain: Setting for M8047B Redriver.

Threshold [mV]: Setting for M804BA error detector.
Sampling Delay [ps]: Setting for M8046A error detector.
Input Range [V]: Setting for M8046A error detector.
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CursorX: Values for M8046A error detector FFE cursors, where X =0, ...
15. Cursor2 is the main FFE cursor. Note: For space reasons (and to
make the table more legible), the example result table has been
cropped on the right so that several CursorX columns are not visible.

If an M8047C redriver is used instead of an M8047B, the M8047B
redriver entries listed above will be replaced by those for M8047C. See
the description for 64 GT/s.

For 64 GT/s

For 64G, in addition to the best preset(s) being highlighted in green in the
table in the results, all presets with BER below the selected Back-Channel
Target BER are highlighted in yellow to warn you about possible difficulties
in training the DUT into loopback when using these presets during tests.

LO_DutPrep_64GTps_BChanOpt
for PCle 6.0 AddInCard Preliminary

eneral----

—-—-Cenerater Clock----
Use S55C

S55C Deviszticn

Power Cycle

Power Cycle max. 1

———-Error Detector-—--

Bolarity Hon-Inverted
——-Toggling-—-

Pause after toggle
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———-Back-Channel OJptimization---——
Preset Selection Mode E11 =t Tzrget D=tz Rate

C:\ProgramData\Bit ye'\WaliFra
PCI= _Marvell-Cem R4dInCard.smml

Optimization Besult File

Scope Connecticn for Back-Channel Qptimization Chan 2 4 Direct Connect
Measure Estimated Back-Channel Loss Trus
Number of Compliance Patterns 100
Sarial Number

Optimization Mode Rutomatic
Maximum Number Of Berun Rttempts 2
—-—-Dedriver----

Estimated Channel Loss 10.5 dB
Compensation BRdjustment o
Compensation Bias Factor e
————DUT————

Max Link Training Speed €4 ET/=
——--Instruments----

Wame: Keysight MEBJ40R J-BERT ;
Mezsurement Instrument 1 rev.: 12.6.45.8 ; Descripticn: |
Supported: False ; Measursment
Name: Datzlutl ; Company: EKeysi
Measurement Instrument 2 FW rev.: 12_€.45_8 ; Descriptio
Version Supported: Unknown ; HMe
Hame: Datalutl ; Company: Keysi
Mezsursment Instrument 3 ;7 Description: MED with integ
Unknown ; Measurement Instrumen

Wame: Datzfuti ; Company: Heysi
Mezsurement Instrument 4 ; Description: MEO40 with integ
Unknown ; Measurement Instrumen

Hame: Keysight DE0Q ; Company: K

assura strument
Measurement Instrument & 11.70.00015 ; Descriptien: Unkn

IUT Tx| Bit Error

Preset| Ratio [ 1 idt! T justment |Bias Facto esho eshole oL — - 1
Q0 4.331E-008 | 235.422 10.50 a 2 75.00 0.00 =75. 25.700 |0 0.010 | -0.088 | 1.000
g1 5_405E-008 201._250 10.50 52_00 0.00 —-5&._00 27.700 0.230 0.050 -0.028 1_000
-—-——————-----
Q3 2_157E-004 183._453 10.50 [u] e0_€3 —-63._74 21_400 0.153 005 -0.034 1_000
Q4 £.401E-004 15B.&25 10.50 [a] HI 34.00 -1.00 -40.00 24.e00 0.188 0.023 -0.084 1.000
a5 &_302E-007 144_375 10.50 1] =2 35.00 -1.00 —-37.00 34_300 0.1e5 0.04e O.002 1_000
Q& 2_351E-004 178.531 10.50 [i] =2 41_55 -1.54 —-44_g3 36.500 0.157 -0.063 -0.1%9& 1_000
Q7 2_33SE-008 1&7.578 10.50 i} =2 47_00 0.00 —-47.00 27.300 0.155 -0.070 0O_124 i_000
Qs 1.405E-00€& 13€.351 10.50 [a] HI 3e.00 -2.00 oo -€.000 |0.203 -0.00€ | ©.235 | 1.000
Qs &.787E-005 115.156 10.50 1] =2 28.83 -1.52 -32.e7 33.500 0.24¢ 0.01& 0.145 1.000

Figure 5-5 Example result for Back-Channel Optimization at 64 GT/s

- DUT Tx Preset: DUT Tx Preset identifier.

- Bit Error Ratio: Measured Bit Error Ratio.

- Minimum Level Width [mV]: Not relevant for 64 GT/s.

- Estimated Channel Loss [dB]: Setting for M8047C Redriver.
- Compensation Adjustment: Setting for M8047C Redriver.
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Compensation Bias Factor: Setting for M8047C Redriver.

Upper Analyzer Threshold [mV]: Setting for M8046A error detector.
Middle Analyzer Threshold [mV]: Setting for MB046A error detector.
Lower Analyzer Threshold [mV]: Setting for M804BA error detector.
Sampling Delay [ps]: Setting for M8046A error detector.

Input Range [V]: Setting for M8046A error detector.

CursorX: Value for M8046A error detector FFE cursors, where X =0, ...,
15. Cursor2 is the main FFE cursor. Note: For space reasons (and to
make the table more legible), the example result table has been
cropped on the right so that several CursorX columns are not visible.
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Guided Fixture Characterization

Availability

Data Generator:  M8040A, M8050A
Interface Types: CEM

DUT Types: Add-In Card, System
Modes: Compliance, Expert
Data Rates: 32,64 GT/s

See also Table 2-1 on page 39.

Purpose and Method

This procedure guides you through the characterization of the fixtures
used in the subsequent calibration and test procedures and saves the
results for later use in the ValiFrame software. The measurement setups
and calculations specified by PCI-SIG are followed. The procedure requires
a fully calibrated VNA.

This procedure is guided but not fully automatic. You have to set up the
VNA for each procedure run and then enter the result in the ValiFrame
application for each step.

After you have entered the serial number of the fixture kit in a pop-up
dialog, a connection diagram for the first measurement is displayed
(Figure 5-7), followed by a dialog asking you to enter the value of the first
measurement (Figure 5-6).

Insertion Loss Short trace (2.000")
CBB Short Trace Measured Loss 2dB

Enter the loss value (S21) from VMA at 16 GHz
Typical value: 2 dB

Figure 5-6 First pop-up dialog of the Guided Fixture Characterization
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The procedure continues with further connection diagrams and dialogs
until all of the required data has been entered. All of the values are
displayed in the result report (Figure 5-8), which concludes with a list of
trace numbers and the corresponding channel losses.

Connection Diagram

Throughout the Guided Fixture Characterization procedure, several
different setups are required. Each time, you will be prompted by a pop-up

connection diagram to change the setup. Just the first connection diagram
is shown here.

VNA

Portl Port2 Port3 Port4
| |

Figure 5-7 Example connection diagram for Guided Fixture Characterization
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Result Description

LO_DutPrep_64GTps_FixtChar
for PCle 6.0 AddInCard Preliminary

-——-General-——

Offline False
Seftware Version

Spec Deviations

Comments

ded Fixture Characterization--—--

Port Configuration Differential Chamnnel 1-3

Hturas Revision Reavl
CLE Type xlxle
Cabls Typs 2.52 mm

HML File Export Path

rogramDat,

ZBitifEye\WaliFra

Fixturs Serizl Number 1234:
Transfer Function File

ProgramData\BitifEye'\Vali
-———CGuided Fixture Characterization Information-——-

CBBE Short Trace Measured Lo

I

= =
CBE Long Trace Measured Los
CEE per inch T7E. €T mdB

CBE Tx Less

"

CEE Bx Less

i

CLE Short Trace Measured Loss

CLE Long Trace Measured Los

n

CLE Loss per inch
CLE Tx Loss
CLBE Rx Leoss

7 dB
7 dB

1]

db
2.52 mm FM - 2.52 mm FM Barrel Adapters dB
MMPX ML - 2.52 mm BM Rdspter Measured Loss dB
MMPE ML - 2.52 FM Rdapter Loss mdB
2.52 mm ML - MMPX ML 3 ft cable Measured loss 1.85 dB
2.52 ML — MMPX ML 3 loss 1.5% 4B
MMDPX ML — MMDPE ML 1 Measured Loss 1.03 4B
MMEX ML - MMDX ML loss &30 mdB
MMDX ML - MMDE ML Measured Loss l.48 48

MMPX ML - MMPX ML loss 1.08 d

i Coa ) 166.E€7 mdB

Differential Coaxial
CBE Rx to CLE Tx Measured Loss &.08 4B
Mated CEM Cenneector Loss 150 mdB
CLE Fimed Side Target Loss 441 42
CLE Fized Side Loss 5.22 dB
CIE Fixed Side Loss - (CBE Rx Loss + Mated CEM Connector Loss) 4.5 4B
CLE ISL Pair 0

-——-Ogcilloscope———

Gen& Tran

r Function File for Package Model on Scope ProgramData’\BitifEya'\ValiFrs
-——-DUT----

Max Link Training Spesd

o
i
0
-
[T
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Trace Number|Channel Loss
[]

21 2500
22 25.20
23 25.40
24 2837
25 27.07
28 27_50
27 23.41
Figure 5-8 Example result for Guided Fixture Characterization

Trace Number: Number that identifies the trace.
Channel Loss [dB]: Loss of the channel that corresponds to the trace.
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Before any receiver test procedure can be run, the PCI Express receiver
test system has to be calibrated.
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6 Calibrations

Calibration Overview

The ValiFrame calibration plane is given by the DUT input ports. The
receiver test signal characteristics such as the PCI Express signal
generator output voltage level and jitter parameters are typically affected
by the signal transmission between the generator output ports and the
DUT input ports. Thus, for any signal output parameter that you select (set
value), the jitter and the signal received at the DUT input ports (actual
value) deviate from the set value. Additional deviations can be caused by
effects such as offset errors, hysteresis, and nonlinear behavior of the
signal generator. The ValiFrame calibration procedures compensate for
the deviations of the relevant signal output parameter actual values from
the set values over the required parameter range.

All calibration procedures required for PCI Express receiver testing are
included in the ValiFrame software. The ValiFrame calibration procedures
are implemented such that the calibration process is automated as much
as possible and is conducted as fast as possible, for example, by
minimizing the number of re-configurations of the hardware connections.

A UXR oscilloscope with 256 GSa/s sample rate is required in order to
execute calibrations at 64 GT/s.

Prerequisite Calibrations

Prerequisite calibrations for each procedure are displayed in the
application itself. Right-click the procedure name in the procedure tree of
the main window of the user interface and select “Required Calibration
Data...”. See Required Calibration Data on page 62 for details.

Connection Diagrams

112

In this User’s Guide, only example connection diagrams are given in a
separate section near the beginning of each chapter, for example for
calibrations. The exact connection diagram for a specific situation can be
viewed by right-clicking the appropriate procedure in the procedure tree
of the main window of the user interface and selecting “Show
Connection...”.
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PCI Express Parameters

Common Parameters

N5991 PCI Express common parameters are listed in the parameter grid
(right pane) of the main window of the user interface when you click the
corresponding group in the procedure tree in the left half of the main
window. Clicking a data rate in the procedure tree shows you the
data-rate-specific PCI Express common parameters for that data rate.
Similarly, clicking a lane shows you the corresponding lane-specific
common parameters and clicking a channel shows you the corresponding
channel-specific common parameters.

Details of N5991 PCI Express common parameters for calibrations can be
found in Table A-3 on page 319.

Parameters for Individual Calibrations

The N5991 PCI Express parameters in expert mode for an individual
procedure are not listed in this user’s guide explicitly. They are displayed in
the parameter grid (right half) of the main window of the user interface
when you click on the corresponding entry in the procedure tree in the left
half of the main window.

Details of N5991 PCI Express parameters for individual calibration
procedures can be found in Table A-7 on page 348.

Order of the Calibration Descriptions

The calibration descriptions are arranged alphabetically under the
headings

Descriptions of Calibrations at 2.5 GT/s and 5.0 GT/s

Descriptions of Direct-Connection Calibrations

Descriptions of Long-Channel Calibrations
The descriptions of calibrations at 2.5 GT/s and 5.0 GT/s are in a separate

section because the distinction between Direct Connection and Long
Channel had not been introduced when these calibrations were defined.

To find a procedure description easily, go to Chapter 4, Procedure Tree
Overview on page 71, where the procedures are listed in tables in the
order they appear in the procedure tree in the application. Each listed
procedure has a link to its description.
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6 Calibrations

Example Connection Diagrams

In each case, for more details, right-click the appropriate procedure in the
procedure tree of the user interface and select “Show Connection...”.

Calibrations at 2.5 GT/sand 5.0 GT/s

Blocking Capacitor
@ 500 Termination

Figure 6-1 Example connection diagram for ASIC calibrations at 2.5 GT/s and
5.0 GT/s (M8040A)

Blocking Capacitor
@ 50O Termination

Tk &k - T

il l it e TR

Figure 6-2 Example connection diagram for CEM calibrations at 2.5 GT/s and
5.0 GT/s (M8020A)
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Direct-Connection Calibrations

Blocking Capacitor
@ 50 O Termination

Figure 6-3 Example connection diagram for ASIC and CEM direct-connection
calibrations, 8.0 GT/s and above (TP1, no TTC, 4-channel UXR, M8040A)

Blocking Capacitor
@ 50 0 Termination

Figure 6-4 Example connection diagram for ASIC and CEM direct-connection
calibrations, 8.0 GT/s and above (TP1, 4-channel UXR, M8050A)
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Blocking Capacitor
@ 50 Q Termination

o ® @8 00 O

— e wc——k 9 © & 6 [ ]

Figure 6-5 Example first connection diagram for the ASIC 64G Scope Channel Skew
Calibration (4-channel UXR, M8040A)
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Long-Channel Calibrations

In each case, for more details, right-click the appropriate procedure in the
procedure tree of the user interface and select “Show Connection...”.

Blocking Capacitor
@ 50 Q Termination

Figure 6-6 Example connection diagram for ASIC long-channel calibrations (M8040A,
8 GT/s)

Blocking Capacitor
@ 50 Q Termination

-
| —— e
[l
Figure 6-7 Example connection diagram for CEM long-channel calibrations (M8040A)
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Blocking Capacitor
@ 500 Termination

Figure 6-8 Example connection diagram for ASIC long-channel calibrations (M8050A,
64 GT/s)

Most long-channel calibrations (data rates 8 GT/s and above) are
performed on the highest-loss channel. The hardware trace is set to the
corresponding number based on the Insertion Loss Calibration. However,
for 32 GT/s and 64 GT/s, during the Compliance Eye Calibration the
channel (hardware trace) may have to be changed and the channel that is
finally used in this calibration should be used for all subsequent
calibrations.
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Blocking Capacitor
@ 50 Q Termination

ey ST

Figure 6-9 Example of a connection diagram with a switch (here, M8040A, ASIC
long-channel calibration, 32 GT/s)

Blocking Capacitor
@ 500 Termination

Figure 6-10  Example connection diagram for M.2 long-channel calibrations (M8040A)
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Descriptions of Calibrations at 2.5 GT/s and 5.0 GT/s

CMSI Calibration

Availability

Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC

DUT Types: End Point, Root Complex
Modes: Compliance, Expert
Data Rates: 2.5GT/s, 5.0 GT/s

Purpose and Method

The Common Mode Sinusoidal Interference (CMSI) that is generated by
the generator setup is attenuated before it reaches the receiver, and
therefore the CMSI amplitude at the Rx input must be calibrated.

The test automation starts with a small CMSI amplitude and increases that
value in several steps over a defined range. The minimum amplitude is

0 mV and the maximum amplitude is the maximum value that the data
generator can generate. For each step, the procedure measures the actual
CMSI with a real-time oscilloscope.

The calibration data is stored in a cal-data table. When measurements are
performed, these calibration tables are used to adjust the voltage
amplitude to the desired output CMSI.

Connection Diagram

120

Refer to Figure 6-1 on page 114.
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Result Description

LO_Cal_5GTps_CMSI
for PCle 6.0 EndPoint ASIC
1000 ————F——————F———

—m— Measured CM S| Amplitude

900 I ]
800 I E
700 I ]
600 I ]
500 I ]
400 + .

300 + 1

Measured CM SI Amplitude [mV]

200 + 4

100 1 ]

0 F
0 200 400 600 800 1000

Set CM S| Amplitude [mV]

———-General-————
Offline True
Software Version 5.4.0.22

Spec Deviations

Comments

Number of Rverages El12

Scope Connection for Calibration Chan 1 3 Direct Connect

Use PCIe2 Transfer Function Falsze

DCIe2 MEQ4SR ISI Channel Channel 7, 24 inch

DCIe2 MEO48A 12T Channel Emulation False

———-Instrumentg----

Calibrated Instrument 1 Name: Keysignht M80402 J-BERT ; Company: Keysigl

Calibrated Instrument 2 Name: D Company: Keysight Technologis:
3 Hame: Company: Keysight T nologise:

Calibrated Im: 4 Hame: Company: Keysight Technologis:

Measurement Instrument L Kame: EKeysight DSO ; Cempany: Keysight Technol:

Set OM SI Measured CM SI
Mmplitude [mW] Mmplitude [my]
o 0._00

eV 1ee.567

333 333.33

500 500,00

E&T BEE.ET

833 833.33

1000 1000. 00O

Figure 6-11 Example result for CMSI Calibration, 2.5 GT/s and 5.0 GT/s
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Set CM SI Amplitude [mV]: The value of CMSI set on the generator.

Measured CM SI Amplitude [mV]: The value of CMSI measured with the
oscilloscope.

Keysight N5991P PCI Express Test Automation Software Platform User's Guide



Calibrations

De-Emphasis Calibration

Availability
Data Generator: M8020A, M8040A, M8050A
Interface Types: CEM

DUT Types: Add-In Card, System
Modes: Compliance, Expert
Data Rates: 2.5GT/s, 5.0 GT/s

Purpose and Method
This procedure calibrates the de-emphasis.

By default, the test automation starts with -6 dB of de-emphasis,
increasing it with a step size of 0.5 dB and measuring the corresponding
de-emphasis for every set value. The calibration ends when the set
de-emphasis is O or the measured de-emphasis is above 0 dB.

The calibration data is stored in cal-data tables. These calibration tables
are used during measurements to calculate the de-emphasis level that
must be set on the generator to get the desired de-emphasis level at the
test point.

Connection Diagram

Refer to Figure 6-2 on page 114.
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Result Description

LO_Cal_5GTps_DE
for PCle 6.0 AddInCard

-3.6

42 1

Actual De-Emphasis [dB]
&

48 1

54 1

6 Tt

] —m— Actual De-Emphasis

-6 -4.8 -3.6

-2.4 -1.2 0

Set De-Emphasis [dB]

——--Ceneral----

0ffline

Software Version
Spec Deviastions

Commants

Eye Height

Start De-Emphasis

Scope Conne on for Calibration
Use PCIe2 Transfer Function
———-Instruments———-—

Calibrated Instrument

Calibrated Instrument

C.

1
2
librated Instrument 3
Calibrated Instrument 4

Measurement Instrument 1

Set De-Emphasis Aetoal De—
[dB] Emphasis [dE]

b L —3.65¢
=50 —2.742
-4.0 -1.828
-3.0
-2.0
e Bl
0.0

225 oW
-& dB
Chan 1 3 Direct Connect

False

: Eeysight M2040hR J-BERT ; Company: Keysight
: DataCutl ; Company: Eeysight Technologies

: Datalutl 7 Company: Eeysight Technologies

: DataCut2 Company: Feysight Technologies

Neme: Heysight D50 ; Company: Keysight Technolog:

Figure 6-12  Example result for De-Emphasis Calibration
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Set De-Emphasis [dB]: Value of de-emphasis set on the generator.
Actual De-Emphasis [dB]: Measured (actual) value of de-emphasis.
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Eye Height Calibration

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM
DUT Types: End Point Add-In Card
Root Complex System
Modes: Compliance, Expert
Data Rates: 2.5GT/s,5.0GT/s

Purpose and Method

The test fixtures attenuate the data signal. To compensate for the
attenuation, the data signal differential swing is calibrated.

The test automation calibrates five equally spaced differential voltage
amplitudes. The minimum amplitude is 300 mV and the maximum
amplitude is the maximum value that the data generator can generate.

For this calibration, the data generator sends the compliance pattern.
The following impairments are added to the signal.

At the data rate 2.5 GT/s
random jitter
1SI
swept sinusoidal jitter
CMSI

At the data rate 5.0 GT/s
high-frequency sinusoidal jitter
SSC residual

The eye height is measured on the oscilloscope using horizontal
histograms.

The calibration data is stored in a separate cal-data table for each data
rate and DUT type. During measurements, these calibration tables are
used to adjust the differential voltage amplitude to the desired eye height.

Connection Diagram

Refer to Figure 6-1 and Figure 6-2 on page 114.
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Result Description

LO_Cal_5GTps_EH
for PCle 8.0 EndPoint ASIC

Calibrations 6

1700 ——
1530 F
1360 +
190
1020 F
850 1
680 +

510 +

IMeasured Eye Height [mV]

340 1

170 1

—a— Measured Eye Height

I ———
880

1220

1560

Set Diff Voltage [mV]

——-General--—

Offline

Seftware Version
Spec Deviations

ts

Verification Mode

Scope Connection for Calibration
Use PCIeZ Transfer Function

Te2 MBO48% ISI Chanmel

I

ed ME04ER ISI Channel Emulation

[ B N

inal Eye Height

———-Instrumentg----

T

Calibrated

rument

runsnt

1
2
i Instrument 3
Calibrated Instrument 4
Measurement Instrument 1

HMeasured Eye
Height [mi7]

Set Diff Voltege

[mi/]
1800 1233
1500 1278
1200 102z
500 767
£00 511
300 226
Figure 6-13
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False
Chan 1 3 Direct Connect
False

Channel 7, 24 inch

False

0.1

Neme: Keysight MED J-BERT ; Cocmpany: Keysigh
Neme: Dat=Cutl ; ny: Keysight Technolcgie:
Hame: tafutl ; Company: Keysight Technologis:

: Datalut? ; Company: Heysight Technologis:
o

Heme: EKeysight DS0Q ; Company: Eeysight Technolc

Example result for Eye Height Calibration, 2.5 GT/s and 5.0 GT/s
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Calibrations

Set Diff Voltage [mV]: Differential voltage set on the generator.
Measured Eye Height [mV]: Corresponding measured eye height.
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ISI Calibration

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC

DUT Types: End Point, Root Complex
Modes: Compliance, Expert
Data Rates: 2.5GT/s, 5.0 GT/s

Purpose and Method

In ASIC Rx tests, ISl is generated to provide a close-to-real environment.
As a result of the system intrinsic jitter, the effective jitter level is different
from the value set in the data generator; therefore, the jitter amplitude has
to be calibrated.

The test automation calibrates the ISI trace that was selected in the
“Configure DUT” dialog. ISI can be injected by routing the signal through
the M8048A ISI traces or can be generated internally with the M8020A.
The actual value is calculated as the difference between the eye width that
is obtained when the BERT sends a clock pattern and the eye width that is
obtained when it sends a compliance pattern. The eye width is measured
with a DSO using horizontal histograms.

The calibration data is stored in a separate cal-data table for each data
rate. During measurements, these calibration tables are used to display
the ISl amplitude.

Connection Diagram

Refer to Figure 6-1 on page 114.
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Result Description

LO_Cal_5GTps_ISI
for PCle 6.0 EndPoint ASIC

-——-General---—-

Offline

Seftware Version
Spec Dewvistions

Comments

Scope Connection for Calibration
Use PCIez Transfer Function
PCIe2 MB048% ISI Channel

DPCIe2 MEO48R IST Channel Emulation

-——-Instruments——--—

Calibrated Instrument

Calibrated Instrument
Calibrated Instrument

Calibrated Instrument

HMeasurement Instrument L

Measured ISI
[ps]
73.000

1
2
3
4

Chan 1 3 Direct Connect

False

Channel 7, 24 inch

False

Neme: Keysight ME0402 J-BERT ; Company: Keysigl
Kaeme: Datalutl ; Company: Keysight Technologie
Neme: DatzCutl ; Company: Keysight Technologie
Keme: Datalut2 ; Company: Keysight Technologie
Name: Eeysight DSO ; Company: Keysight Technol:

Figure 6-14  Example result for ISI Calibration, 2.5 GT/s and 5.0 GT/s

Measured ISI [ps]: The ISI measured with the oscilloscope.
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RJ Calibration

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM
DUT Types: End Point Add-In Card
Root Complex System
Modes: Compliance, Expert
Data Rates: 2.5GT/s,5.0GT/s

Purpose and Method

During Rx tests, the input signal is stressed with a combination of jitter
sources to simulate the possible impairments that are expected at the Rx
input when operating in a target system. Random jitter is added to
simulate the effects of thermal noise. Due to system-intrinsic jitter, the
effective jitter level is different from the value set in the data generator;
therefore, jitter amplitude has to be calibrated.

The test automation starts with a small RJ amplitude and increases that
value in several steps over a defined range. For each step, the procedure
measures the actual random jitter.

The generator sends a clock pattern during this calibration procedure.

The measurement is done using a real-time oscilloscope and the
RJ/DJ-separation software EZJIT or SigTest. The method used depends
on the Eye Calibration Method selected for the particular data rate in the
PCle Parameters dialog during DUT configuration. (If Seasim is selected,
EZJIT is used for RJ and SJ calibrations.)

The calibration data is stored in a cal-data table. This calibration table is
used during measurements to calculate the RJ amplitude that must be set
on the generator to get the expected RJ amplitude at the test point.

Connection Diagram

Refer to Figure 6-1 and Figure 6-2 on page 114.
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Result Description

L0_Cal_5GTps_RJ
for PCle 6.0 EndPoint ASIC

15 T T I —m— Actual Random Jitter (rms)

13.5 + 1

ey
N
|
T
1

10.5

w

E
-u'm

Actual Random Jitter (rms) [ps]
~
o

w

1.5
e
0 2 4 6 8 10
Set Random Jitter (rms) [ps]
——--General----
Offline True
Software Version 5.4.0.22

Spec Devis

Conmants

Scope Connection for Celibration

Use PCIe2 Transfer Function False
PBCIe2 M8048R ISTI Channel Channel 7, 24 inch
BCIe2 MB0482 IST Channel Emlation False

ruments———-

i Instrument 1 Name: Heysight T ; Company: Keysig

i Instrument 2 Wame: Datalutl ny: Keysight Technologis

i Instrument 3 Name: Datalutl ; Company: Keysight Technologie
Instrument 4 Weme: Datalutl ; Company: Feysight Technologie
Messurement Instrument 1 Rame: Eeysight DSC ; Company: Keysight Technol

ual Bendom

) 1
Set Bandom Jitter Titver ( }

Figure 6-15  Example result for RJ Calibration, 2.5 GT/s and 5.0 GT/s
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Set Random Jitter (rms) [ps]: Rms amplitude of random jitter set on the
generator.

Actual Random Jitter (rms) [ps]: Rms amplitude of random jitter
measured with the oscilloscope.
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Descriptions of Direct-Connection Calibrations

HF Second Tone SJ Calibration

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC

DUT Types: End Point
Root Complex

Modes: Compliance, Expert
Data Rates: 16 GT/s, 32 GT/s, 64 GT/s
See also Table 2-1 on page 39.

Purpose and Method

This procedure calibrates the second tone sinusoidal jitter amplitude for
two frequencies (150 MHz and 250 MHz).

The test automation starts with small SJ amplitude and increases that
value in steps over a defined range. For each step, the procedure
measures the actual sinusoidal jitter for both frequencies. The
measurement is done using a real-time oscilloscope and the
RJ/DJ-separation software EZJIT.

The calibration data is stored in a cal-data table. This calibration table is
used during measurements to adjust the second tone SJ amplitude to the
desired output second tone SJ amplitudes.

Connection Diagram

Refer to Figure 6-3 and Figure 6-4 on page 115.
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Result Description

L0_Cal_64GTps_HF2ndsJ
for PCle 6.0 EndPoint ASIC

1.5

Calibrations 6

1.35 +

12 +

1.06

09 +

06 +

Measured SJ [ps]
o
~J
o
Il
T

045 +

03 +

—a— SJ
—e— SJ

—-——-General----
O0ffline

Seftware Version
Spec Dewviations
Comments
Verification Mode

——-—Qszilloscope————
Scope Bandwidth

Use Bessel Filter
Remowve Scope Hoise
Mumber of Rwverages
Number of Uls

Scope Connection for Calibration

————Instruments————

Calibrated Instrument
Calibrated Instrument
Calibrated Instrument
Czlibrated Instrumsnt

0 0.3 06 0.9

Set SJ [ps]

True
5.4.0.22

50 GHz
True
False

3 MOT

Heme: Eeysight
Name: Datalutl

Datalutl

B A
=
[
;

Hame: Datalutl

Measurement Instrument 1 Name: Eeysight
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(150 MHz)
(250 MHz)

ME5040k J-BERT ; Company: Keysight

7 Compzany: EKeysight Technologies ;

; Company: Keysight Tech
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- ST (150 MHz) | S5J (250 MHz
o

a.00 0.00 0.00
0.50 0.50 0.50
1.00 1.00 1.00
1.50 1.50 1.50

Figure 6-16  Example result for HF Second Tone SJ Calibration

Set SJ [ps]: Sinusoidal jitter set at the instrument.
SJ (x MH2) [ps]: Sinusoidal jitter measured at the frequency x MHz.
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HF SJ Calibration

Calibrations 6

Availability

Data Generator:  M8020A, M8040A, M8050A

Interface Types: ASIC CEM M.2

DUT Types: End Point Add-In Card Device
Root Complex System Host

Modes: Compliance, Expert

Data Rates: 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

Purpose and Method

This procedure calibrates the sinusoidal jitter amplitude for two high
frequencies (15 MHz and 100 MHz).

The test automation starts with small SJ amplitude and increases that
value in steps over a defined range. For each step, the procedure
measures the actual sinusoidal jitter for both frequencies. The
measurement is done using a real-time oscilloscope and the
RJ/DJ-separation software EZJIT or SigTest. The method used depends
on the Eye Calibration Method selected for the particular data rate in the
PCle Parameters dialog during DUT configuration. (If Seasim is selected,
EZJIT is used for RJ and SJ calibrations.)

The calibration data is stored in a cal-data table. This calibration table is
used during measurements to adjust the SJ amplitude to the desired
output SJ amplitudes.

Connection Diagram

Refer to Figure 6-3 and Figure 6-4 on page 115.
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Result Description

LO_Cal_64GTps_HFSJ
for PCle 6.0 EndPaint ASIC

12

10.8

9.6

8.4

7.2

6

4.8

Measured SJ [ps]

36

2.4

1.2

—a— SJ {15 MHz)
—e— 5J (100 MHz)

0 2

-——-General--——-—

Offline

Software Version

Spec Devistions

Comments

Verification Mode

—=---0zcilloscope—-—=

Scope Bandwidth

Use Bessel Filter

Remowe Scope Hoise

Mumker of Rverages

Number of Uls

Scope Connection for Calibration

————Instruments————

Calibrated Instrument 1 Hame: Heysight
Czlibrated Instrument 2 Hame: Datadutl ;
Calibrated Instrument 3 Name: Datalutl
Calibrated Instrument 4 Hame: Datalutld
Measurement Instrument 1 Nzme: Keysight

4 48 7.2
Set SJ [ps]

True
Z.4.0.22

I
n
i

50 GHz
True
Fzlse

3 MUI

9.6 12

Chan 1 3 Direct Conmect

ME0402 J-BERT ; Company: Keysight

aysight Technologies
7 Compan: eysight Technologies

7 Company: Keysight Technologies

D50 ; Company: Keysight Technolog
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5. 5 z
—— 3016 Mix) | 5 (100 M

0.00 0.00 0.00
1.00 1.00 1.00
1.50 1.50 1.50
3.00 3.00 3.00
£.00 £.00 £.00
12.00 12.00 12.00

Figure 6-17  Example result for HF SJ Calibration

Set SJ [ps]: The sinusoidal jitter set at the instrument.
SJ (x MH2) [ps]: The sinusoidal jitter measured at the frequency x MHz.
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LF SJ Calibration

Availability

Data Generator:  M8020A, M8040A, M8050A

Interface Types: CEM M.2

DUT Types: Add-In Card Device
System Host

Modes: Compliance, Expert

Data Rates: 16 GT/s

See also Table 2-1 on page 39.

Purpose and Method

This procedure calibrates the sinusoidal jitter amplitude for a set of low
frequencies (200 kHz, 500 kHz, 1 MHz, 2 MHz and 4 MHz).

The test automation starts with small SJ amplitude and increases that
value in several steps over a defined range. For each step, the procedure
measures the actual sinusoidal jitter for all the frequencies.

The calibration data is stored in a cal-data table. This calibration table is
used during measurements to adjust the SJ amplitude to the desired
output SJ amplitudes.

Connection Diagram

Refer to Figure 6-3 and Figure 6-4 on page 115.
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Result Description

L0_Cal_16GTps_LFSJ
for PCle 6.0 AddInCard

—a— 5J (0.2 MHz)
—e— SJ(0.5MHz)
—i— SJ (1 MHz)
2 | i —— 5J (2 MHz)
107 7 —— SJ (4 MHz)
w ]
o 1
5
o0 ]
o
2
5 ]
n
o]
@
=
10’ T ]
1 1
10' 10
Set SJ [ps]
——-General--—
Offline True
Seftware Version §.4.0.22

Spec Deviations

Commants

Verification Mode

Start With Minimum Loss Channel

SigTest Version

———-Generator———

Pre-Sheot o dB
De-Empghasis @ dB
Differentisl Woltage 2800 ol

———-0scilloscope———
Scope Bar ith 25 GHz

Mumkber of Rwerages 7

Humbar of Uls 2 MUI

Scope Connection for Calibration Chan 1 3 Direct Connect

———-Instruments——-——

Calibrat In: ument . EKeysight MS040R J-BERT ; Company: Keysight

Calibrated Instrument : Datalutl 7 Company: Eeysight Technologies

1
2

Calibrated Instrument 3 : DataCutl ; Company: Eeysight Technologies
4

Calibrated Instrument : Datalut2 7 Company: Eeysight Technologies

Measurement Instrument 1 : Keysight DS0Q ; Company: Keysight Technolog.
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5J (0.2 MH=z) (5J (0.5 MH=z)| 5J (1 MHz) 5J (2 MHz} 5J (4 MHz]
€.25 L25 E.ZE E.Z5

E.25 3 E.25
12.80 12.50 12.50 12_50 12_50 12_50
25.00 25.00 25.00 25.00 25.00 25.00
50.00 50.00 5000 5000 50.00 50.00
100.00 100.00 100.00 100.00 100.00 100.00
200.00 200. 00 200.00 200.00 200.00 200.00

Figure 6-18  Example result for LF SJ Calibration

Set SJ [ps]: The SJ jitter amplitude set on the instrument.

SJ (X MH2z) [ps]: The measured sinusoidal jitter amplitude for the set SJ
amplitude and frequency X.
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Pulsewidth Jitter Calibration

Availability
Data Generator:  M8040A, M8050A
Interface Types: ASIC CEM
DUT Types: End Point Add-In Card
Root Complex System
Modes: Compliance, Expert
Data Rates: 64 GT/s

See also Table 2-1 on page 39.

Purpose and Method

This procedure calibrates the pulsewidth data-dependent jitter (DDJ) and
pulsewidth random jitter.

During eye calibrations using Seasim, the pulsewidth DDJ and pulsewidth
RJ of the generator need to be included in the simulation.

The generator sends the modified compliance pattern for 32 GT/s during
this calibration procedure.

The measurement is done using a real-time oscilloscope and the SigTest
application.

As a result, two calibration data tables are generated. Then, in further eye
measuring procedures, these calibrations are used to provide the correct
pulsewidth values for simulation with Seasim.

Connection Diagram

Refer to Figure 6-3 and Figure 6-4 on page 115.
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Result Description

This calibration produces two similar pages of results, one for DDJ and one
for RJ. Only an example for DDJ is shown here.

L0_Cal_64GTps_Pulsewidth_DDJ
for PCle 6.0 EndPoint ASIC

——==General-———
Offline True
Seftware Version 5.4.0.22

Spec Dewviations

Comments

SigTest Version 6.1.13
————0scilloscope———

Scope Bandwidth 50 GHz

Use Bessel Filter True

Bemcove Scope Hoise False

MNumber of Rverages 5

Humber of Uls 3 MUI

Seope Connection for Calibration Chan 1 3 Direct Connect
———-Inatruments———-

[

Calibrated Instrument Nazme: Keysight M2040L J-BERT ; Company: Keysight

Calibrated Instrument Name: Datalutl ; Company: Keysight Technologies

brated Instrument Name: Datalutl ; Company: Keysight Technologies

P )

brated Instrument Name: Datalutl ;

Company: Keysight Technologies

Measurement Instrument 1 Name: Feysight D50 ; Company: Keysight Technolog

Pulsewidth DOJ
[ps]

1.000
Figure 6-19 Example result for Pulsewidth Jitter Calibration (DDJ)

Pulsewidth DDJ [ps]: Measured pulsewidth data-dependent jitter.

On other page of results:
Pulsewidth RJ [ps]: Measured pulsewidth random jitter.
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RJ Calibration

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM U.2 and M.2
DUT Types: End Point Add-In Card Device
Root Complex System Host
Modes: Compliance, Expert
Data Rates: 8 GT/s, 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

Purpose and Method

During Rx tests, the input signal is stressed with a combination of jitter
sources to simulate the possible impairments that are expected at the Rx
input when operating in a target system. Random jitter is added to
simulate the effects of thermal noise. Due to system intrinsic jitter, the
effective jitter level is different from the value set in the data generator;
therefore, jitter amplitude is calibrated.

The test automation starts with a small RJ amplitude and increases that
value in several steps over a defined range. For each step, the procedure
measures the actual random jitter.

The generator sends a clock pattern during this calibration procedure.

The measurement is done using a real-time oscilloscope and the
RJ/DJ-separation software EZJIT or SigTest. The method used depends
on the Eye Calibration Method selected for the particular data rate in the
PCle Parameters dialog during DUT configuration. (If Seasim is selected,
EZJIT is used for RJ and SJ calibrations.)

The calibration data is stored in a cal-data table. This calibration table is
used during measurements to calculate the RJ amplitude that must be set
on the generator to get the expected RJ amplitude at the test point.

For RJ Calibration at 64 GT/s, if you load calibration data measured with
version 5.0 or earlier of N5991 PCI Express, NaN will be shown in the RJ
Calibration result report, but the appropriate value of random jitter will
still be applied in all tests, as indicated in the result report of each test.
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Connection Diagram

Refer to Figure 6-3 and Figure 6-4 on page 115.
Result Description

LO_Cal_64GTps_RJ
for PCle 6.0 EndPoint ASIC
1.25 —_—

—m— Measured Random Jitter

1.125 4

0.625

0.5

0.375

Measured Random Jitter [ps]

0 i e M
0 0.2 0.4 0.6 0.8 1
Set Random Jitter [ps]

-———eneral----
0ffline True
Seftware Version E.4.0.22
Spec Deviations

Comments

Verification Mode False
—==-0seilloscope-——-
Scope Bandwidth

Use Bessel Filter

Bemowe Scope Hoise

Scopa RJ

Humker of Rverages ki

Humbar of Uls 3 MUI

Scope Connection for Celibration Chan 1 3 Direct Connect

—-——-Instruments-—-—-——

Calibrated Name: Feysight M3040L J-BERT ; Company: Keysight

Calibrated

atalutl ; Compan: ¥sight Technologies

1
2

Calibrated Instrument 3 latalutl ; Compan ysight Technologies
4

Calibrated Instrument Name: Datalus2 ; Company: Heysight Technologies

Mezasurement Instrument 1 Nzme: Eeysight DSQ ; Company: KHeysight Technolog:
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Measured
= Dandom
Set Random Jitter [ps] Tittar
[ps]

0.00 0.050
0.10 0.113
0.25 0.25¢
0.50 0.503
1.00 1.002

Figure 6-20  Example result for RJ Calibration

Set Random Jitter [ps]: The jitter amplitude set on the instrument.

6

Measured Random Jitter [ps]: The jitter amplitude measured with the

oscilloscope.
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Scope Channel Skew Calibration

Availability
Data Generator:  M8040A, M8050A
Interface Types: ASIC

DUT Types: End Point
Root Complex

Modes: Compliance, Expert
Data Rates: 64 GT/s

Purpose and Method

This procedure measures the skew between the differential channels used
as input on the oscilloscope.

The procedure executes the auto deskew command, repeating this for
different connections. The channel skew and setup skew are derived from
the results of these measurements.

Connection Diagram

Refer to Figure 6-5 on page 116. Note that the cable connections must be
changed during the calibration. A pop-up window informs you when to do
this.

Result Description

L0_Cal_64GTps_ScopeChSkew
for PCle 6.0 EndPoint ASIC

———-General————
Offline True
Software Version 5.4.0.32

Spec Deviations

Comments

——-—Qscilloscope———

Scopse Ba dth 50 GHz
tion for Calibration Chan 2 4 Direct Connect

Scope Conn

———-Instruments-—---

Instrument 1 Name: Feysight MSC0404 J-BERT ; Company: Keysight
Calibrated trument 2 Nzme: DatzOutl ; Company: Eeysight nologies
Calibrated Instrument 3 Name: DataOusl ; Company: Heysight nologies
Calibrated Instrument 4 Nzme: DataOut2 ; Company: Eeysight Technologies

Measurement Instrument 1 Neme: Eeysight D50 ; Company: Keysight Technoclog:
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Channel | Inverted | Skew
(8] [ [ps]

4 1 0.00
4 L3} 000
3 23 a.og
a 1] 000

Figure 6-21 Example result for Scope Channel Skew Calibration

Channel: Number of the oscilloscope channel.
Inverted: 1T means that the cable is inverted, O that it is not.
Skew [ps]: Value of skew for the given connection.
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SJ Calibration

Availability

Data Generator:  M8020A, M8040A, M8050A

Interface Types: CEM U.2 and M.2

DUT Types: Add-In Card Device
System Host

Modes: Compliance, Expert

Data Rates: 8 GT/s

See also Table 2-1 on page 39.

Purpose and Method

This procedure calibrates the sinusoidal jitter amplitude for two
frequencies (16 MHz and 100 MHz).

The test automation starts with small SJ amplitude and increases that
value in several steps over a defined range. For each step, the procedure
measures the actual sinusoidal jitter for all the frequencies. The
measurement is done using a real-time oscilloscope and the SigTest
Application.

The calibration data is stored in a cal-data table. This calibration table is
used during measurements to adjust the SJ amplitude to the desired
output SJ amplitudes.

Connection Diagram

Refer to Figure 6-3 and Figure 6-4 on page 115.
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Result Description
LO_Cal_8GTps_SJ
for PCle 6.0 AddInCard
D T T —&— SJ (16 MHz)
—s— SJ (100 MHz)
67.5 + N
60 T ]
525 1 ]
o
2 45 1 ]
5
w
E 375 + 3
3
(7]
¢ 30 I 3
=
225 + 3
15 I ]
75 1 ]
0 F—d
0 10 20 30 40 50
Set SJ [ps]
——--General----
Offline True
Software Version E.4.0.22
Spec Devistions
Comments
Verification Mode Falese
CDR loop-bandwidth 50 kH=z
MNumber of averages for jitter measurement 5
SigTest Version 3.2.0.3
————Qscilloscope———
Scope Connection for Calibration Chan 1 3 Direct Connect

———-Instruments—-—--

Calibrated Instrument 1
Instrument

Calibrated Instrument 2 MName: Datelutl ; Company: Keysight
Calibrated Instrument 3 Name: Datelutl ; Company: Keysight
Calibrated Instrument 4 Name: DataOutld ; Company: Keysight
Messurement Instrument 1 Name: HKeysigh
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5T (1& MHz 5T (100 MH=)

0.00 0.00 0.00
1250 12.50 12.50
25.00 25.00 25.00
37.50 37.50 37.50
50.00 50.00 50.00

Figure 6-22  Example result for SJ Calibration

Set SJ [ps]: The sinusoidal jitter amplitude set on the instrument.

SJ (x MHz) [ps]: The measured sinusoidal jitter amplitude for the set SJ
amplitude and frequency x MHz.
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SNDR Calibration

Availability

Data Generator:
Interface Types:

DUT Types:

Modes:
Data Rates:

Purpose and Method

Calibrations

M8040A, M8050A
ASIC

End Point
Root Complex

Compliance, Expert
64 GT/s

This procedure measures the ratio of signal to noise and distortion of the
generator (SNDR: signal-to-(noise and distortion) ratio).

As a result, a calibration data table is generated. Then, in further

eye-measuring procedures, these calibrations are used to provide the

correct SNDR value for simulation with Seasim.

Connection Diagram

Refer to Figure 6-3 and Figure 6-4 on page 115.
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Result Description

L0_Cal_64GTps_SNDR
for PCle 6.0 EndPoint ASIC

——==General-———
Offline True
Seftware Version 5.4.0.22

Spec Dewviaztions
Comments

————Qscilloscope———

Scope Bandwidth 50 GHz

Use Bessel Filter Irue

Bemove Scope Noise True

Number of Averages 10

Seope Connection for Calibration Chan 1 3 Direct Comnmect

———-Inatruments———-

Calibrated Instrument 1 Name: Feysight ME040%L J-BERT ; Company: Keysight
Calibrated Instrument 2 Name: Datalutl ; Company: Feysight Technologies
Calibrated Instrument 3 Name: DataOutl ; Compsny: Eeysight Technologies
Calibrated Instrument 4 Name: Datafutl ; Company: Kegsight Technologies
Measurement Instrument 1 Name: Keysight D50 ; Company: Kewsight Technolog
SHOE

[dE]

4.0

Figure 6-23 ~ Example result for SNDR Calibration

SNDR [dB]: Measured signal-to-(noise and distortion) ratio.
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TxEQ and Launch Voltage Calibration

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM U.2 and M.2
DUT Types: End Point Add-In Card Device
Root Complex System Host
Modes: Compliance, Expert
Data Rates: 8 GT/s, 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

Purpose and Method

This procedure calibrates the De-Emphasis, Pre-Shoot (for 64 GT/s:
Pre-Shoot 1 and Pre-Shoot 2 ) and Differential Voltage at TP1.

The pattern generator sends an equalization pattern to the oscilloscope
and performs a sweep of the equalization range according to the
measurement algorithm selected in the user interface.

Speed Optimized Measurement: The default — and recommended -
algorithm for 64 GT/s. In this case, the test measures only a subset of
the possible combinations of pre-cursor 2, pre-cursor 1 and
post-cursor. This subset provides the best possible accuracy for the
preset values Q0-Q9 and acceptable accuracy for the rest of the range.
Measure All Coefficients:

8 GT/s, 16 GT/s, 32 GT/s: The pre-cursor is set to the initial value
(-0.28). For this set value, the post cursor is swept from -0.28 to 0.02 in
linear steps of 0.02.

64 GT/s: With this algorithm you can set the start value, stop value and
step value for the pre-cursors and post-cursor. This procedure takes a
very long time.

At each combination of values of the pre-cursor(s) and post-cursor, the
de-emphasis, pre-shoot(s) and differential voltage are measured with the
oscilloscope. The set Differential Voltage always remains fixed at 800 mV.

The procedure explained above is specific to the M8040A and M8050A
data generator setups. For the M8020A setup, the procedure is very
similar but the sweep is performed not over the pre-cursor and
post-cursor values but directly for the de-emphasis (from -6 dB to 2 dB)
and pre-shoot (from 6 dB to -1 dB).
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As aresult, a single cal-data table is generated. In subsequent procedures,
this calibration data is used to set equalization values that provide the
desired de-emphasis, pre-shoot(s) and differential voltage at the test

point.

Connection Diagram

Refer to Figure 6-3 and Figure 6-4 on page 115.

Result Description (8 GT/s, 16 GT/s and 32 GT/s)

Pre-Shoot, De-Emphasis and Launch Voltage are presented separately.

Pre-Shoot

L0_Cal_32GTps_PS

for PCle 6.0 EndPoint ASIC

7

6.2

54

4.6

38

3

22

Measured Pre-Shoot [dB]

14

06

02

A

-0.28 -0.22

-0.

Set Pre-Cursor C-1

. —f
16 -0.1

Prittetittttitie

C+1(-0.28)
C+1 (-0.26)
C+1 (-0.24)
C+1(-0.22)
C+1(-0.20)
C+1(-0.18)
C+1(-0.16)
C+1(-0.14)
C+1(-0.12)
C+1(-0.10)
C+1(-0.08)
C+1 (-0.06)
C+1 (-0.04)
C+1 (-0.02)
C+1 (0.00)
C+1(0.02)
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———=Ceneral----
Offline True
Software Version s.4.0.22

Spec Deviastions

Commants

EQ Calibration Pattern EQ Two Pattern, 1€ zeros, 1€ cnes
Verification Mode False

Mezasure =211 Generator woltages Fzlse

Select Measurement Algorithm Messure R11 Cosfficients

Gant Fixture DCIs 5.0 FR4 Base Fixture

Gen5 Rsic Eye Calibration Method Seasim

-——-Generator-——-

Set Amplitude 800 =W

——-—0scilloscope———

Scope Bandwidth 50 GH=z

Humber of Waveform Zwerages 25¢

Scope Connection for Calibration Chan 1 3 Direct Connect
—-——-Instruments——-—

zme: Eeysight M2040R J-BERT ; ny: K ight
Calibrated Tnstrument 1 Hame eysight ME2040R J-BERT ; Company: Keysigh

Instrument
Calibrated Instrument 2 Hame: Datalutl ; Company: Eeysight Technologies
Calibrated Instrument 3 Nzme: Datalutl ; Company: Eeysight Technologies
Calibrated Instrument 4 Hame: Datalut2 ; Company: Keysight Technologies

Mezasurement Instrument 1 Nzme: Eeysight DSQ ; Company: FKeysight Technolog:

CH C+L
(-0.12) | (-0-10)
[dB] [dE]
12.04 10.24
5.54 5.21
B.52 7.5
7.€0 £.72
E.T78 E£.02

5.33 5.38 4.25 4.08 4.08

4.5 4_€8 444 3.38 3.28 3.28

4.31 4_08 3.€5 2.58 2.87 2_87

3.71 3.52 3.1% 2 Z2.55 2.50 2.50

Z.83 2.50 2.72 2 Z.22 1_80 1.80

-0.08 3.84 3.52 3.03 2.83 2_€5 2.50 2.24 2.13 2.03 1.8 1.78 1.71 1.64 1.53 1.48 1.48
-0.0& 2.52 2.5 2.33 2.18 2_08 1.84 1.74 1.&€ 1.58 1.45 1.35 1.34 1.24 1.20 1.1 1.16
-0.04 2.05 1.24 1.E5 1.58 0.57 1.34 1.27 1.21 0.7€ 1.08 1.02 0.e4 0.&2 0.88 0.86 0.8&
-0.02 0.&4 0.&0 0_53 0.50 0.47 0.45 0.40 0.35 0_37 0.35 0.33 0.32 0.30 0.28 0.28 0.28
0.00 0.00 0.00 0.00 g.00 o.00 o.00 0.00 0.00 0.00 .00 o.00 0.00 0.00 0.00 0.00 0.00

0.02 -0.8& -0.8& -0.B5 -0.55 -0.55 -0.8% -0.55 -0.58 -0.BE -0.B5 -0.B5 -0.85 -0.55 -0.55 -O.BE -0O.E%

Figure 6-24  Example result for TXEQ and Launch Voltage Calibration (Pre-Shoot,
32 GT/s)

- Set Pre-Cursor C-1: The pre-cursor value set on the data generator.

- The remaining table entries are the values of the Pre-Shoot [dB]
measured for the combination of the Pre-Cursor values (C-1), listed in
the first column, and the Post-Cursor values (C+1 (x)), listed in the first
row, that are set on the data generator.
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-0.22 N/R R/R N/R

-0.20 N/L H/a -12.57
-0.18 N/R -11.48 -10.€3
-0.1e | -10.28 | -5.54 -7.71

-0.08 | -3.84 -3.52 -3.03
-0.06 -2.92 -2_89 -2.33
-0.04 | -2.05 -1.24 -1.&5
-0.02 -D.&84 -0.e0 -0._56
o.o0 0.00 0.00 0.00
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De-Emphasis

For De-Emphasis, the text in the results is the same as for Pre-Shoot (see
Figure 6-24) and is not repeated here.

LO_Cal_32GTps_DE
for PCle 6.0 EndPoint ASIC

1 R O B —a— C-1(-028)
—e— C-1(-0.26)
02 1 —4— C-1(-0.24)
—— C-1(-0.22)
06 I —n— C-1(-0.20}
: —8— C-1(-0.18)
m —a— C-1(-0.16)
D 14 + —4— C-1(-0.14)
w —— C-1(-0.12)
@ 29t —— C-1(-0.10)
5 —a— C-1(-0.08)
£ —e— C-1(-0.06)
Lji 3 ik —&— C-1(-0.04)
] —— C-1(-0.02)
T -38 + —— C-1(0.00)
g —8— C-1(0.02)
w
o 46 +
=
-5.4 +
82 L
-7 £ il L —

: : —t— : e
-0.28 -0.22 -0.16 -0.1 -0.04 0.02

Set Post-Cursor C+1

7.18 7.18
-6.58 -£.58
7 -E.45% -b.4%
-€.35 -&.02 -5.73 -5.22 -5.00 -5.00
-5.70 | -5.42 | -4£.53 -4.72 | -4.53 | -4.53
-5.11 -4.33 -4.14 -4.25 -4.08 -4.08
-4.02 | -3.84 | -3.&7 -3.3%2  -3.2% -3.2%
-3.52 -—-3.37 -3.23 -2.58 -2 87 -2_BT7
-3.08 | -2.%2 | -2.e5  -2.8% -2.50 -2.80

=Z.580 -2_38 -2.18 =208 -2.01 -2.22 -1_80 -1.80

-2.03 -1.8¢ -1.78 -1.71 | -1.&4 -1.53 | -1.48| -1.48
=2.08 -1.84 =1.74 -1_66 -1.58 =1._45 —1._3%9 -1.34 -1.34 -1.20 -1.16 -1.1&
-0.57 -1.34 -1.27 -L.2L -0.7€ -1.0¢ -1.02 -0.e4 | -D.52 -0.88 | -0.8Be | -0.8¢
=0.47 —0.45 =040 -0.3% -—0.37 -0.38 -0.33 -0.3z -D.30 -0.28 -0.28 -0.28
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

D.55 0_55 0.55 0.55 0.55 0.55 0_55 0.55 0.55 0.55 0.55 0.55

Figure 6-25  Example result for TXEQ and Launch Voltage Calibration (De-Emphasis,
32 GT/s)
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Set Post-Cursor C+1: The post-cursor value set on the data generator.

The remaining table entries are the values of the De-Emphasis [dB]
measured for the combination of the Post-Cursor values (C+1), listed in
the first column, and the Pre-Cursor values (C-1 (x)), listed in the first
row, that are set on the data generator.

Launch Voltage

For Launch Voltage, the text in the results is the same as for Pre-Shoot
(see Figure 6-24 on page 157) and is not shown here.

L0_Cal_32GTps_Vdiff
for PCle 6.0 EndPoint ASIC

1000;""""'""""""": —&— C+1(-028)

1 ]  —— C+1(-028)

960 + . —i— C+1(-0.24)

] 1 —— C+1(-022)

T i —— C+1(-0.20)

920 1 1 —e— C+1(018)

] ] —e— cH+1(-018)

— 880 7 —d— C+1(-0.14)

= 1 1 —t— C+1(-0.12)

E aa0 1 1 —— C+1(-010)

= 1 ] —a— C+1(-0.08)

Z —e— C+1(-0.06)

i 800 OB o—0—0—0—0—0—0—0—0—0 —i— C+1(-0.04)

e ] b —— C+1(-0.02)

@ 760 I 1 = C+1(0.00)

© ] ] —a— C+1(0.02)
= ] ]
720 1+ .
680 T ]
640 I 3
600 F—ti ]
-0.28 -0.22 -0.16 -0.1 -0.04 0.02

Set Pre-Cursor C-1
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BOO.

80000

B00.00 0| 80D.00
BO0.00 80D .00
800.00 0| 800.00
—0.18 N/L BOO. .00 8O0 .00 BOD.00
-0.1€ | B00.00 | 800.00 | 200.00 oo BO0.00 800.00
—-0.14 B00.00 800.00 800.00 .00 80000 800.00
-0.1z | BDD.0D0 E200.00 B00.00 00| 80D.00
-0.10 B00.00 800.00 200.00 il BO0.00 800.00
—-0.08 | B00.00 | 800.00 | 800.00 -oo B00.00 80D.00

-0.0& BOD.D0 800.00 200.00
-0.04 | BOD.O0 | BOOD.0O | 200.00
-0.02 B80D.00 800.00 E00.0
0.00 | B0D.00 | B0O0.00 | 800.00

0.02 B00.00 800.00 200.00

.00
-oo
Ml
-oo
il

800 .00
B00.00
BO0.00
B00.00

BO0.00

800.00 800.00 800.00 BOD.O0O
200.00 | 80O0.00 | 200.00| BOD.O0O
800.00 800.00 &800.00 BOD.0O0
200.00 | 800.00 | 200.00| BOD.0O

200.00 800.00 200.00 B800.00

=1

Figure 6-26  Example result for TXEQ and Launch Voltage Calibration (Launch Voltage,
32 GT/s)

- Set Pre-Cursor C-1: The post-cursor value set on the data generator.

- The remaining table entries are the values of the Differential Voltage
[mV] measured for the combination of the Pre-Cursor values (C-1),
listed in the first column, and the Post-Cursor values (C+1 (x)), listed in
the first row, that are set on the data generator.
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Result Des

Set
DreCursor?

[]
-0o0o00
-000000
-000000
- 000000
-0o0o00
-000000
-000000
-0o0000
-0o0000
-0o0000
-0ooo0o0
-0ooo0o
-0ooo0o
-0ooo0o0
-0ooo0o0

[T R e =T =T R T I R I )

Keysight N5991P PCI Express Test Automation

cription (64 GT/s)

Calibrations

For the TxEQ and Launch Voltage Calibration at data rate 64 GT/s, there

are no plots.

LO_Cal_64GTps_TxEq
for PCle 6.0 EndPoint ASIC

———-General————
Offline
Sc

Spec Dewviations

tware Version

Comments
Werification Mode
Measurement Algorithm
————0Qsecilloscope———
Scope Bandwidth

Bessel Filter
Number of Waweform Awverages

brated Q0 Pre-Cursor 2
Calibrated Q0 Pre-Cursor 1
Czlibrated Q0 Post-Cursor L
Scope Connection for Calibration
——--Instruments——-—
Calibrated Instrument

Calibrated In ument

Czlibrated Instrumwent

A

Calibrated Instrument

Messurement Instrument 1

Set Set
DreCursorl DostCursor
1 1
-0.281280 -0.186250 80O
-0.281250 -0.140€25 BOO
-0.281250 -0.125000 =1ala]
-0.281250 -0.109375 800
-0.281280 -0.053780 80O
-0.281250 -0.078125 BOO
-0.281250 -0.0€2500 =1ala]
-0.281250 —0.046875 =]
-0.281250 -0.031250 =]
-0.281250 -0.015625 800
-0.281250 0.000000 800
-0.285625 -0.140625 800
-0.2&5625 0.000000 80O
-0.250000 —-0.140625 80O
8OO

-0.250000

o

0.000000

Software Platform User’s Guide

True
5.4.0.22

Fzlse

Speed Optimized Measurement

oo b
L R T
Fj
H & uwof
= o
]

=1

Chan 1 3 Direct Connect

6

Name: Keysight M20404 J-BERT ; Company: Heysight
Weme: Detafutl ; Company: Keysight Technologies ;
Name: DataQutl ; Company: Heysight Technoleogies ;
Name: DatalutZ ; Company: Keysight Technologies ;
Name: Keysight DS0 ; Company: Keysight Technelogi

Measured

Measured
DeEmphasis

[dB]

0.00 200
0.00 200
0.00 200
Q.00 200
0.00 200
0.00 200
0.00 200
0.00 7.3 -1.34 200
0.00 7.35 -0.¢4 200
0.00 7.18 0.00 200
0.00 11.67 -7.38 200
0.00 £.38 0.00 200
0.00 10.33 -7.18 200
0.00 £.02 0.00 200
16

1
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Q.000000
d.000000
0.000000
0.000000
0.000000
0.078125
0.015e25
0.015e25
0.015e25
-0.015e25
-0.015e25
-0.0l5e25
-0.015e25

0.000000 —0_ 082500 ={ala] 0.00 0.00 -1.1¢ 200
0.000000 —-.04&875 t=1ula] 0.00 0.00 -0.8¢ 200
0.000000 —0.031250 800 0.00 0.00 -0_5& 200
0.000000 —0.015e25 800 0.00 a.00 -0.28 200
0.000000 0.000000 800 0.00 0.00 0.00 200
-0.140e25 —-0.140e25 t=1ula] -5.84 4. 31 -£.31 200
0.015e25 0.015e25 800 -0.28 -0.28 0.28 200
0.015e25 —0.015e25 800 -0.z28 -0.28 -0.28 200
-0.015e25 0.015e25 800 -0.28 0.28 0.28 200
0.015e25 0.015e25 800 0.28 -0.28 0.28 200
0.015e25 —0.015e25 800 0.28 -0.25 -0.28 200
-0.015e25 0.015e25 800 0.28 0.28 Q.25 200
-0.015e25 —0.015e25 800 0.25 0.25 -0.2% 200

Figure 6-27 Example result for TXEQ and Launch Voltage Calibration (64 GT/s)

Set Precursor2: Value of Pre-Cursor 2 set on the instrument.
Set PreCursor1: Value of Pre-Cursor 1 set on the instrument.
Set PostCursor: Value of Post-Cursor set on the instrument.

Set VDIff: Value of Differential Voltage set on the instrument.

Measured PreShoot2 [dB]: Value of Pre-Shoot 2 measured at the
oscilloscope.

Measured PreShoot1 [dB]: Value of Pre-Shoot 1 measured at the
oscilloscope.

Measured DeEmphasis [dB]: Value of De-Emphasis measured at the
oscilloscope.

Measured VDiff [mV]: Value of Differential Voltage measured at the
oscilloscope.
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TxEQ and Launch Voltage Measurement

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM U.2 and M.2
DUT Types: End Point Add-In Card Device
Root Complex System Host
Modes: Expert — Custom Procedure
Data Rates: 8 GT/s, 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.
The “Include Custom Procedures” option must be selected when
configuring the DUT; refer to Figure 2-12 on page 40.

Purpose and Method

This procedure sets the calibrated Differential Voltage, Pre-Shoot
(Pre-Shoot 2 and Pre-Shoot 1 for 64 GT/s) and De-Emphasis values at
TP1 and re-measures them. The measurement can be repeated as many
times as a new impairment combination is selected.

The procedure is useful for checking whether the TxEQ and Launch
Voltage Calibration is correct and the desired values at TP1 can be
achieved.

Connection Diagram

Refer to Figure 6-3 and Figure 6-4 on page 115.
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Y

M mom

Result Description

-4.00
—-€.00

Example presentation of results for all data rates except 64 GT/s.

L0_Meas_32GTps_EQ_Vdiff

for PCle 6.0 EndPoint ASIC

-—--General-—--

Offline

Software Version

Spec Dewistions

Comments

EQ Calibration Pattern

GenS Fixture

Gen5 Zsic Eye Calikbration Method
———-0Oscilloscope———

Scope Bandwidth

MNuxkber of Wawveform Zwverzges
Scope Connection for Calibration
—-——-Inatruments—-——-

Calibrated Instrument

Calibrated Instrument

1
2
Calibrated Instrument 3
4

brated Instrument

Measurement Instrument 1

800 0.000 0.080
800 -0.147 0.000
800 -0.178 0.080
800 =-0.220 0.000
800 -0.245 0.000
800 -0.222 -0.053
200 -0.15 -0.11z
800 -0.170 -0.165

Figure 6-28

moH

CoH
i
m

EQ Two Pattern

DCIe &

1€ zeros, l€ ones

-0 FR4 EBase Fixture

Seasim

oo

€

2

Name:
Hame:
Hame:
Name:

Hame:

GHz

Eaysight

Datalucl ;

Datalutl
Datalutl

Keysight

hann 1 3 Direct Comnnect

M2040R J-BERT ; Company: Keysigh
Company: Eeysight Technologies
i Compeny: Feysight Technologies
i Company: Feysight Technologies

D50 ; Company: Keysight Technolog

Measured Measured

Pre-Shoot Differential
0.00 0.00 800
3.00 0.00 800
4.00 0.00 800
5.00 0.00 &00
€.00 0.00 &o0
€.00 =-2.00 &o0
€.00 -4.00 800
€.00 —&_00 800

Example result for 32G TxEQ and Launch Voltage Measurement procedure

Requested Pre-Shoot [dB]: Entered value of Pre-Shoot.
Requested De-Emphasis [dB]: Entered value of De-Emphasis.

Requested Differential Voltage [mV]: Entered value of voltage set in

ValiFrame.

Set Coefficient 1: Value of Pre-Cursor applied at the generator

according to calibration.

Set Coefficient 3: Value of Post-Cursor applied at the generator

according to calibration.
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Set Generator Voltage [mV]: Value of Generator Voltage according to

calibration.

Measured Pre-Shoot [dB]: Measured value of Pre-Shoot.
Measured De-Emphasis [dB]: Measured value of De-Emphasis.

Measured Differential Voltage [mV]: Measured value of differential
voltage at the generator output.

The presentation of results for 64 GT/s differs from that for the other data

rates.

L0_Meas_64GTps_EQ_Vdiff

for PCle 6.0 EndPoint ASIC

——=-General-———

Offline

Scftware Versiom

Spec Deviations

Comments

Use Coefficients as Input
———-0scilloscope———

Scope Bandwidth

Use Bessel Filier

Mumber of Wawveform Everages

Hunber of Rverages
Use Linezr Fit Pulse Response
Calibrated Q0 Pre—Cursor Z

Calibrated Q0 Pre—Cursor 1

Calibrated Q0 Post-Cursor 1

Scope Connection for Celibration

TR SR

nITrunsnt

Measurement Instrument 1
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0.00 0.0

0.00 2.0 0.0

0.00 4.00 0.00
0.00 600 0.00
-1.00 .00 0.00
—2.00 600 0.00
-3.00 &.00 0.00
-3.00 e.00 -2.00
=3.00 &.00 =4.00
-3.00 .00 -E.00
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Requested | Requested Ei!;::fted
Bre-Shoot2 | Pre—Shootl _
[dB] [dB] Emphasis
[dB]
o.oo 0

Measured
Set Measured | Measured Measured
CEREEsE] 5“ ': = "ﬂ' ‘:_1 5“”' ‘:ﬂ Implitude |Ere-Shoot2|Dre-Sheatl L= Vd:LEf
VAiff [mv] Emphasis
[=i] [dE] [dB]
[dB]
ooo 200

0.000 0.000 Q. 0.00 0.00 0.00

0.00 -0.103 (1] 0.00 2.00 0.

0.000 -0.184 0.000 a0 0.00 4.00 0.00 200
0.000 -0.2435 0.000 800 0.00 &.00 0.00 800
o.027 -0.245% 0.000 200 -1.00 £.00 0.00 200
0. -0.2435 0.000 800 —2.00 &.00 0.00 800
0.073 -0.245 0.000 00 -3.00 .00 0.00 0o
0.0e5 -0.221 -0.057 800 -3.00 £.00 -2.00 8on
0.087 -0.183 -0.113 g00 =3.00 E.00 -4.00 800
0.045 -0.1eg -0.1e7 200 -3.00 &.00 -&.00 800

Figure 6-29  Example result for 64G TXEQ and Launch Voltage Measurement procedure

Requested Pre-Shoot?2 [dB]: Entered value of Pre-Shoot 2.
Requested Pre-Shoot1 [dB]: Entered value of Pre-Shoot 1.
Requested De-Emphasis [dB]: Entered value of De-Emphasis.

Requested Vdiff [mV]: Entered differential voltage value set in
ValiFrame.

Set c-2: Value of Pre-Cursor 2 applied at the generator according to
calibration.

Set c-1: Value of Pre-Cursor 1 applied at the generator according to
calibration.

Set c+1: Value of Post-Cursor applied at the generator according to
calibration.

Set Amplitude [mV]: Value of Generator Voltage amplitude according
to calibration.

Measured Pre-Shoot2 [dB]: Measured value of Pre-Shoot 2.
Measured Pre-Shoot1 [dB]: Measured value of Pre-Shoot 1.
Measured De-Emphasis [dB]: Measured value of De-Emphasis.

Measured Vdiff [mV]: Measured value of differential voltage at the
generator output.
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Descriptions of Long-Channel Calibrations

AWG Amplitude Correction Calibration

Availability
Data Generator:  M8040A, M8050A
Interface Types: ASIC CEM M.2
DUT Types: End Point Add-In Card Device
Root Complex System Host
Modes: Compliance, Expert
Data Rates: 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

Purpose and Method
This procedure calibrates the correction factor of the AWG.

The test automation measures the amplitude of each channel at TP2 with
the oscilloscope when the AWG corrector factor is set to 1. With the
measured values, the new correction factor is calculated.

Connection Diagram
Refer to Figure 6-7 on page 117 and Figure 6-8 on page 118.

If Seasim is used, the hardware trace is set to the optimal number based
on the final channel from the Compliance Eye Calibration on page 176.

If SigTest is used, the calibration is done at the nominal loss channel.
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Result Description

L0 _Cal_64GTps_AWG_Correction
for PCle 6.0 EndPoint ASIC

—==-Genergli———

Offline

Software Version

Spec Deviations

Comments

——==0scillozcope———-

Scope Bandwidth

Gengé Embed Beplica Channel

Gene Transfer Function File for Package Model on Scope
Scope Connection for Calibration
———-Seasim——-

Number of UL

Used Pattern

———=Channel——

Trace Humbex

Totel Chanmel Loss

———Inatrumencs———

Calibrated Instrument 1

Calibrated Instrument 2

Calibrated Instrument 3

Calibrated Instrument. 4

Messurement Instrument 1

Amplitude Correction Factor [®/fx]

1:000

Figure 6-30

2% ProgramDeta’\Bicii

Chan 1 3 Direct Conr

120

Clock Diw 1024

Hame: Feysight M204C
Celibrated Instrumen
Hame: Datalutl ; Com
Instrument

Neme: Datalutl ; Com
Heme: Datalutl ; Com
Yzme: Keysight DSO ;
Instrurment

Example result for AWG Amplitude Correction Calibration

Amplitude Correction Factor [x/x]: The correction factor that must be

applied to the data channels of the AWG.

Keysight N5991P PCI Express Test Automation Software Platform User's Guide



Calibrations 6

Channel Calibration

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM M.2
DUT Types: End Point Add-In Card Device
Root Complex System Host
Modes: Compliance, Expert
Data Rates: 16 GT/s

Purpose and Method

This procedure searches for the calibration channel loss that produces an
eye closest to the target value.

When the “Start with Minimum Loss Channel” option is not selected in the
“Configure DUT” dialog, the hardware trace is set to achieve -30 dB at

8 GHz and the Tx EQ preset to the value that gets the largest eye. Then, at
each step, the channel loss is decreased by 0.5 dB and the eye measured
until the eye width and the eye height exceed the target, or until the
insertion loss at 8 GHz reaches the minimum of -27 dB.

When the “Start with Minimum Loss Channel” option is selected, the
hardware trace is set to achieve -27 dB at 8 GHz and the Tx EQ preset to
the value that gets the largest eye. Then, at each step, the channel loss is
increased, by changing the hardware trace, and the eye measured until
either the eye width or the eye height have fallen below the target, or until
the insertion loss at 8 GHz reaches -30 dB.

The calibration data is stored in a cal-data table. This calibration data is
used to evaluate the optimum ISI trace for the Rx tests.

Connection Diagram

The initial setup is that for Long Channel (refer to Figure 6-7 on page 117
and Figure 6-8 on page 118) with the var. ISI Pair set to either the one that
gives the maximum loss channel (if “Start with Minimum Loss Channel” is
unchecked under ‘Configure DUT’ - ‘Show Parameters’ - ‘16 GT/s’) or the
one that gives the minimum loss channel (if “Start with Minimum Loss
Channel” is checked). Note that for each step you will be prompted to
change the hardware trace until the optimum channel is found.
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Result Description

There are two sets of results, one for Eye Height (Figure 6-31) and one for

Eye Width (Figure 6-32).
Eye Height

L0_Cal_16GTps_Chan_EH
for PCle 6.0 EndPoint ASIC

50—

45 T
40 L
a5 1
301
25 1
20 +

15 +

Measured Eye Height [mV]
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5 1

0 P S R

-30 -29.4 -28.8
Channel Loss [dB]

————Genersl----
Offline

Sofoware Version
Spec Dewviations
Comments

Gend Fixture

Gen4 IS5T Adjustment

Gen4 Lsic Eye Celibration Method

Start With Minimum Loss Channel

——--Cenerstor----

Bre-Shoot

De-Emphasis

Generator Launch Woltage
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CMST

Random Jitter

Sinusoidal Jitter Frequency

-28.2

-27.6

-27
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a
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————0scilloscope-————
dth 25 GH=

r

Scope Bandwid

Number of Lverages

Number of Waveform Rverages 1024

Gen4 Embed Beplica Channel Fzl=ze

Gen4 Transfer Function File for Dackage Model on Scope C:\ProgramDatat\Bic
Scope Connection for Calibratiom Chan 1 3 Direct Connsct
——-—Seasim-——-

Number of UL 124

Used Pattern Clock Diw 512
————Instruments-——-—

. 3 Neme: Feysight MBO40R J
Calibrated Inscrument 1 e
Lo = Calibrated Instrument
R 3 o ¥ame: Datalutl ; Compan
Calibrated Instrument 2

Calibrated Instrument
Calibrated Instrument 3 Weme: DataOutl ; Compan
Calibrated Instrument 4 Neme: DataOutl? ; Compan

Neme: Feysight D50 ; Co

HMeasurement Instrument 1 =
Heaszurement Instrument

Measured

Set Channel Loss [dB] |Eye Height
[m\]
-27.00 15.00

-27.50
Figure 6-31  Example result for Channel Calibration (Eye Height)

Set Channel Loss [dB]: Loss of the channel used during the
measurement.

Measured Eye Height [mV]: Value of the eye height for the set channel
loss.
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Eye Width

For Eye Width, the text in the results is the same as for Eye Height (see
Figure 6-31) and is not shown here.

LO_Cal_16GTps_Chan_EW
for PCle 6.0 EndPoint ASIC

—a— Measured Eye Width
45 + ]

40 | ]
35 | ]
30 | ]
25 L ]

20

Measured Eye Width [ps]

15 1 E
10 1 ]

5 1 ]

0 i
-30 -29.4 -28.8 -28.2 -27.6 -27
Channel Loss [dB]

Meagured
Set Chanmel Loss [dB] Eye Hidcth
[ps]

—27.00 18.75

=27.60

Figure 6-32  Example result for Channel Calibration (Eye Width)

Set Channel Loss [dB]: Loss of the channel used during the
measurement.

Measured Eye Width [ps]: Value of the eye width for the set channel
loss.
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Calibrations 6

Availability

Data Generator:  M8020A, M8040A, M8050A

Interface Types: ASIC CEM M.2

DUT Types: End Point Add-In Card Device
Root Complex System Host

Modes: Compliance, Expert

Data Rates: 8 GT/s, 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

Purpose and Method

The Common Mode Sinusoidal Interference (CMSI) that is generated by
the generator setup is attenuated before it reaches the receiver, and
therefore the CMSI amplitude at the Rx input must be calibrated.

The test automation starts with a small CMSI amplitude and increases that
value in several steps over a defined range. The minimum amplitude is

0 mV and the maximum amplitude is the maximum value that the data
generator can generate. For each step, the procedure measures the actual
CMSI with a real-time oscilloscope.

The calibration data is stored in a cal-data table. When measurements are
performed, these calibration tables are used to adjust the voltage
amplitude to the desired output CMSI.

With N5991 PCle ValiFrame version 5.0, the calibration method for
CMSI/DMSI changed, which means that the calibration data and files
from earlier versions of the application will not work or will be shown as
missing.

Connection Diagram

The setup is that for Long Channel (refer to Figure 6-6, Figure 6-7 and
Figure 6-8 on page 118).

For Seasim as the Eye Calibration Method, the hardware trace is set to the
optimal one according to

the Channel Calibration (16 GT/s),

the Compliance Eye Calibration (32, 64 GT/s)
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while for 8 GT/s the hardware trace is fixed and not changed during the
calibrations.
For SigTest as the Eye Calibration Method, the nominal channel is used:
a -28 dB loss channel for 16 GT/s,
a -36 dB loss channel for 32 GT/s.

Result Description

L0_Cal_64GTps_CMSI
for PCle 6.0 EndPoint ASIC
800 —_— —— T

—a— Measured CMSI
720 + .

640 F ]

560 + ]

480 ¥ ]

400 T ]

320 + 3

240 T ]

160 ]

Measured Common Mode Interference [mV)]

80 + ]

0

0 160 320 480 640 800
Set Common Mode Interference [mV]

————General-—-——

Offline True
Software Version 5.4.0.22
Spec Deviations

Commants

Verification Mode False
----Zenerator----

Set DMSI 40 W
———-0seilloscope———-—

Scope Bendwidth 5 GHz

Gene Embed RBeplica Channsl False

Gant Transfer Function File for Package Model on Scope C:\ProgramD=ta‘\Bitif
Scope Connectiom for Calibration Chan 1 3 Direct Conr
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-———feasim—---
Number of UL
Used Pattern

====-Channel----
Irace Humber

Totzl Channel Loss
——--Instruments----

Calibrated Instrument 1

Calibrated Instrument 2

Calibrated Instrument 3
Calibrated Instrument 4

Measurement Instrument 1

- Mezmured
Set CMSI [mW] CHMST [mV]

Lali]

0.00
100.00
200_00
300.00
400.00

Figure 6-33  Example result for CMSI Calibration

Set CMSI [mV]: Value of CMSI set on the generator.

0.
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Calibrations 6

120
Clock Div 1024

W

=35 4B

Hame: Eeysight M204C
Celibrated Instrumer
Hame: Datalutl ; Com
Celibrated Instrumer

Heme: Datalutl ; Com
Heme: Datalut? ; Com
Heme: EKeysight DED ;
Instrument

Measured CMSI [mV]: Value of CMSI measured with the oscilloscope.
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Compliance Eye Calibration

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM U.2 and M.2
DUT Types: End Point Add-In Card Device
Root Complex System Host
Modes: Compliance, Expert
Data Rates: 8 GT/s, 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.
Purpose and Method

For 32 GT/s and 64 GT/s

This calibration searches for the optimum combination of DMSI, SJ and
Launch Voltage values to generate an eye with values of eye height and
eye width that are the closest possible to the Compliance Eye Height and
Eye Width.

The calibration starts at the channel with the highest loss. In the first step,
the eye is measured when the impairments are set to the nominal values.
Then a search algorithm is used to re-calculate the optimum amount of
SJ, DMSI and Vdiff. This process is repeated until the eye is in the middle
of the specification values or until the “Max Number of Search Steps per
Channel” is reached.

If no suitable combination is found, you are requested to connect the
channel that is one step down in loss, as specified in the Insertion Loss
Calibration.

The search is repeated for each channel (in order of decreasing loss) until a
suitable combination of channel, DMSI, SJ and Launch Voltage is found.

If the minimum loss channel is reached and no combination is found, the
calibration is considered to have failed.

For 16 GT/s

This calibration searches for the optimum combination of DMSI, SJ and
Launch Voltage values to generate an eye with values of eye height and
eye width that are the closest possible to the Compliance Eye Height and
Eye Width.
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In the first step, the eye is measured with the impairments set to their
nominal values and the channel loss previously determined by the Channel
Calibration. Then, a search algorithm is used to re-calculate the optimum
amount of SJ, DMSI and Vs This process is repeated until the eye is in
the middle of the specifications or until the “Max number of Search Steps”
is reached.

If the automatic search does not find a suitable combination of
impairments that generates an eye within the specifications (EH between
14 mV and 16 mV and EW between 18.5 ps and 19 ps), it is possible to
perform a manual search by manually setting the SJ, DMSI and Vi
values.

For 8 GT/s

This procedure checks the possibility of generating an eye height and an
eye width that meet the specifications by adding Random Jitter and
Differential Mode Sinusoidal Interference.

The method starts with nominal RJ and DMSI values and checks if the
obtained eye height and eye width are the target values. If they are not, RJ
and DMSI are recalculated with an algorithm that uses the difference
between the measured and the target values of the eye amplitudes. The
procedure is repeated until the target values are reached or until the “Max
Number of Search Steps” is reached. If the “Max Number of Search Steps”
is reached, the algorithm checks whether or not the optimum combination
of the tested RJ and DMSI meets the specification.

Connection Diagram

Refer to Figure 6-8 on page 118 (ASIC), Figure 6-7 on page 117 (CEM) and
Figure 6-10 on page 119 (M.2).
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Result Description
For 64G (Compliance Eye Calibration)

L0_Cal_64GTps_CompEye
for PCle 6.0 EndPoint ASIC

-———=General-——-
Offline True
Scftware Wersion E.4.0.22

Spec Dewiations

Comments

Verification Mode False
Skip DPreset and CTLE Optimization Fzl=e
Re-calibrate on Final Channel False
-—--Generator—--—-

Pre-Shootd -1.3 4B
Pre-Sheotl 4.7 dB
Ce-Emphasis 0 dB
CMsI ov
———--0scilloscope———-—

Fixed Wertical Scale of Scope Channels 38 my
Do Auto Scale False
Scope Bandwidth 33 GH=

Mumker of Aversges 7
Number of Waveform Lwerages

Gent Embed Replica Channsal

Gene Transfer Function File for Package Model on Scope C:\ProgramData\Bit
Scope Connection for Calibration Chan 1 3 Direct Comm
————Beasim-———

Hunker of UL 120

Used Pattern Clock Diwv 1024

————Preset and CTLE Optimization————
Equalization Preset Range
DMET

Sinusoidal Jitter

Nurber of Averages 3
-—-—Channel--—-
Trace Number 5

Total Channel Loss -33 dE

———-Search Rlgorithm——-

Mirimam V4iff 720 =V
Maximum DRSI 25 oV
Minimam S5.J 1ps=
Maximam 5J 3 p=

Max Number of Search Steps 7
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—==-Instrurents-——--
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= Datalutl ; Com
brated Instrumen

Calibrated Imstrument. 1
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Figure 6-34  Example result for Compliance Eye Calibration (ASIC, 64 GT/s)

Step: Description of Step.
Trace: Number of the trace used.
Loss [dB]: The channel loss corresponding to the trace.

CTLE [dB]: CTLE DC gain [dB] that results in the maximum eye area (eye
height times eye width) for the current channel.

Vertical Scaling [mV]: The vertical scaling used on the oscilloscope for
the measurement.

Preset: Corresponding Preset number.

Pre-Shoot 2 [dB]: Value of Pre-Shoot 2 that results in the maximum eye
area (eye height times eye width) for the current channel.

Pre-Shoot 1 [dB]: Value of Pre-Shoot 1 that results in the maximum eye
area (eye height times eye width) for the current channel.

De-Emphasis [dB]: Value of de-emphasis that results in the maximum
eye area (eye height times eye width) for the current channel.

DMSI [mV]: The amount of DMSI set using the calibrations.
SJ [ps]: The amount of SJ set using the calibrations.

RJ [ps]: Amount of RJ set.

VDiff [mV]: The differential voltage set using the calibrations.
Eye Height [mV]: The measured eye height.

Eye Width [ps]: The measured eye width.
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For 32G (Compliance Eye Calibration)

LO_Cal_32GTps_CompEye
for PCle 6.0 EndPoint ASIC

———-General-———
Offline True
Software Version 5.4.0.22

Spec Deviations

Comments
Verification Mode False
GanS Fixture PCIs 5.0 FR4 Ezse Fi

Genb Lgic Eye Calibretion Method Seagim

—---Generator----

Pre-Shoot 3.5 4B

De-Emphesis o dB

Sinusoidal Jitter Frequency 100 ME=

Common Mode Interference ow

Random Jitter 50D fs
———-0scilioscope—-—

Scope Bendwidth 33 GH=

MNumber of Rversges 21

Mumber of Wawveform Awverages 1024

Send Embed Re ca Channel False

Ganb Transfer Function File for Package Model on Scope C:\ProgramDataiBitcii
Scope Connection for Calibration Chan 1 3 Direct Conr
——=-Seasim-—-

Number of UL 129

Used Pattern Clock Diw 512

————Preset and CTLE Optimizstion———-—

Fresets Rangs PL; Pe B
DMST 15 m¥
57 5 ps
Number of Bversges )
———-Calibration Flow—-

Skip Preset and CILE Optimizsticn Fzl=e
Re-calibrate on Final Channel False
—===Channe]l----

Trace Humber 3

Totzsl Channel Loss =37 dB

——=—-Instruments-—--

Calibrated Instrument 1

HName: Datalutl ; Com
Celibrated Instrumer
Datalutl ; Com
CataCut? ; Com
Keysight DSO ;
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Calibrated Instrument 3

Calibrated Instrument 4
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IST Pair Channel Pre—Shoor Vdiff Eye Height|Eye Width | Preset
ST e e o m u
g 10.0 200
&

-37.0 0 3.125 5. 5
-37.0 0 i0.0 3.125 15.00 5.3 5
-37.0 0 1.5 0.0 10.0 3.12% 200 15.00 5.38 5

Figure 6-35  Example result for Compliance Eye Calibration (ASIC, 32 GT/s)

ISI Pair: Number of the IS pair used.
Channel Loss [dB]: Loss of the channel used.
CTLE [dB]: Value of the applied CTLE.

Pre-Shoot [dB]: Value of Pre-Shoot that results in the maximum eye
area (eye height times eye width) for the current channel.

De-Emphasis [dB]: Value of de-emphasis that results in the maximum
eye area (eye height times eye width) for the current channel.

DMSI [mV]: The amount of DMSI set using the calibrations.
SJ [ps]: The amount of SJ set using the calibrations.

VDiff [mV]: The differential voltage set using the calibrations.
Eye Height [mV]: The measured eye height.

Eye Width [ps]: The measured eye width.

Preset: Corresponding Preset number.
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For 16G (Compliance Eye Calibration)

L0_Cal_16GTps_CompEye
for PCle 6.0 EndPoint ASIC

-———General--——
Offline True
Scftware Wersion 5.4.0.22

Spec Devistions

Comments

Werification Mode False

Gend Fixture PCI Express 4.0 CEM Fix
Gend IST ERdjustment Hardware Traces

Gend Rsic Eye Czlibration Method Sezsim

Start With Minimum Loss Channel True

-———Generator————

Pre-Shoot o dB

De-Emphasis -g dB

Simusopidal Jitter Fregquency 100 ME=

Commenn Mode Interference o

Random Jitter 1l ps
——-—0scilloscope———

Scope Bandwidth 25 GHz

Murker of Averages 21

Number of Waveform Averzges 1024

Gend Embed Replica Channsl Fzlse

Gend Transfer Function File for Package Meodel on Scope C:%ProgramData\BitifEye
Scope Connection for Celibratiom Chan 1 3 Direct Connect
-———Seasi

Number of UL 120

Used Pattern Clock Diwv 512
-———Channel-——-—

Trace Number 22

Tetzl Channel Loss =27 dB
————Instruments————

Neme: Keysight ME040R J

Falibrated Instrument 1 Celibrated Instrument

e Tiats — -

Calibrated Instrument 2 1_\.-_1'.1&_ DataQutl ; Compan
Instrument

Calibrated Instrument 3 Heme: Datalutl ; Compan

Calibrated Instrument 4 Nemes: DetaCutl ; Compan

Hame: EKeysight DSO ; Co

Measurement Instrument 1 o
Instrument

-—--Segarch Rlgorithm----

Minimmm Vdiff 720 =\
Maximam DMSI 25 oW
Maximam 5J 10 ps

Mzx Number of Search Steps 7

Use nominal EH/EW results from Pre Comp Cal True
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I ) T ) e el

Step 0, Hominal Tmpairments 14.0 15.75 -8.00

Final Result 14.0 6.25 800 15.00 18.75 —-8.00

Figure 6-36  Example result for Compliance Eye Calibration (ASIC, 16 GT/s)

Step: Description of step.

DMSI [mV]: Optimum value of DMSI.

SJ [ps]: Optimum value of SJ.

Vdiff [mV]: Optimum value of Differential Voltage.
Eye Height [mV]: The measured Eye Height.

Eye Width [ps]: The measured Eye Width.

CTLE [dB]: Value of the applied CTLE.
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For 8G (Compliance Eye Calibration)

LO_Cal_8GTps_LnCh_CompEye
for PCle 6.0 AddInCard

-———General-————

Offline True

Software Version s.4.0.22

Spec Deviations

Comments

Verification Mode False

Target Eye Height 44 5 nW

Target Eye Width 40.%5 ps

Max ¥Number of Search Steps 14

Number of Lwerages 21

Use PCIe3 Transfer Function Fzlsa

SigTest Version 3.2:0:3

——--Qscilloscope————

Scope Connection for Calibration Chan 1 3 Direct Connect

-——-Instruments-——-—

Calibrated Instrument 1 Name: EKeysight MEC0404L J-BERT ; Company: Keysigh
Calibrated Instrument 2 Hame: Datalutl ; Company: Eeysight Technologies
Calibrated Instrument 3 Name: Datalutl ; Company: Heysight Technologies
Calibrated Instrument 4 HName: Datalutl ; Company: Keysight Technologies

Messurement Instrument 1 HName: EKeysight D50 ; Company: Keysight Technolog

e
23.8 10X

Step O, Buto Search 425 40.5
Final Result 23.8 1.0L 44.5 40.5

Figure 6-37  Example result for Compliance Eye Calibration (CEM, 8 GT/s)

Step: Description of step.

DMSI [mV]: Optimum value of DMSI.

RJ [ps]: Optimum value of RJ.

Eye Height [mV]: The measured Eye Height.
Eye Width [ps]: The measured Eye Width.
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Custom Eye Calibration

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM M.2
DUT Types: End Point Add-In Card Device
Root Complex System Host
Modes: Expert — Custom Procedure
Data Rates: 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

The “Include Custom Procedures” option must be selected when
configuring the DUT; refer to Figure 2-12 on page 40.

Purpose and Method

This procedure is similar to the Compliance Eye Calibration except that, in
the custom case, multiple combinations of impairments that lead to values
of Eye Height and Eye Width that are within the CTS limits are saved in a
custom cal-data table. You can use this data later to select combinations
of impairments for Receiver Custom Tests or Link Equalization Custom
Tests.

You will be asked to enter values for Differential Voltage, DMSI and
Sinusoidal Jitter. All other impairments are fixed. The eye is measured
each time a new impairment combination is entered when prompted. If the
Eye Height and Eye Width are within the CTS tolerance, this combination
will be stored as a cal-data point.

Connection Diagram
Refer to Figure 6-8 on page 118 (ASIC) and Figure 6-7 on page 117 (CEM).

The hardware trace is set to the optimal number according to
Channel Calibration on page 169 (16 GT/s) or
Compliance Eye Calibration on page 176 (32 GT/s and 64 GT/s).
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Result Description

LO0_Cal_64GTps_CustEye
for PCle 6.0 EndPoint ASIC

-—=--General----

Offline

Scftware Wersion
Spec Dewiations

Comments

———-Generator———-

Pre-Shootl

Ere-Shootl

De-Emphasis

CMST

Generstor Lsunch Voltage

IMST
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—---Oseilloscope———-

Do Ruto Secale

Fixed Wertical Scsle cof Scope Channels
Scope Bandwidth

Number of RAwerages

Numker of Weveform Averages

Gené Embed Replica Channel

Genté Transfer Function File for Package Model on Scope
Scope Connection for Calibration
-—--Sgagim----

Hurker of UI

Used Pattern

====Channel----
Trace Number
Total Channel Loss

———-Instruments-—---

Calibrated Instrument 1

Calibrated Instrument 2

Calibrated Instrument 3

Calibrated Instrument 4

Measurement Instrument 1

5825 p=

38 oV

33 GHz

21

10240

False
C:yProgramData’\Bitif
Chan 1 3 Direct Comn
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Cleck Diw 1024

uw

-33 dB

Name: Heysight HMS8040
Calibrated Instrumen
Name: DataCutl ; Com
Instrument

Name: DataCutl ; Com
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Figure 6-38  Example result for Custom Eye Calibration
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Result: (pass/fail) “Pass” if eye height and eye width are within the spec

limits; otherwise, fail.
Step: Step number.

DMSI [mV]: Applied differential mode sinusoidal interference.

SJ [ps]: Applied sinusoidal jitter.
RJ [ps]: Applied random jitter.
VDiff [mV]: Applied differential voltage (launch voltage).

Eye Height [mV]: Measured eye height.

Eye Width [ps]: Measured eye width.
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Custom Eye Scan Calibration

Availability
Data Generator:
Interface Types:
DUT Types:

Modes:
Data Rates:

M8020A, M8040A, M80O50A

ASIC CEM M.2
End Point Add-In Card Device
Root Complex System Host

Expert — Custom Procedure
16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

The “Include Custom Procedures” option must be selected when
configuring the DUT; refer to Figure 2-12 on page 40.

Purpose and Method

This procedure is similar to the Custom Eye Calibration except that, in the
scan case, the values of the impairments are swept instead of being set by

the user.

The “Loop levels” property determines the number of impairments to be
scanned. For each loop, it is necessary to specify the impairment type and
define the range to scan. Then, the test automation combines the defined
loops and the eye is measured at each step.

Connection Diagram

Refer to Figure 6-8 on page 118 (ASIC) and Figure 6-7 on page 117 (CEM).

The hardware trace is set to the optimal number according to
Channel Calibration on page 169 (16 GT/s) or
Compliance Eye Calibration on page 176 (32 GT/s and 64 GT/s).

188

Keysight N5991P PCI Express Test Automation Software Platform User's Guide



Calibrations 6

Results Description

LO_Cal_64GTps_CustScanEye
for PCle 6.0 EndPoint ASIC

———-General----
0ffline

Software Version

Spec Deviations
Comments

Loop Lewels

——-Loop 1-—-

Secan Parameter (Loop 1)
CMSI Start Value

DifferentialModeSinusoid
5 m\

OMET Stop Walus 25 oy
OMST Scals Type Linear
OMST Number of Steps 11
———-Loop 2-—-

Scan Parameter (Loop 2 SinuscidalJitter
Sinnsoidal Jitter Start Velue 1 ps
Sinusoidzl Jitter Stop Valus 3 ps
Sinusoidsl Jitter Scsle Type Linesr
Sinusoidzl Jitter Number of Steps ]
—-—-Fixzed Parsmeters----

Generator Launch Woltage 800 oW
————Generator-————

Pre-Shootl -1.3 &B
Dre-Shootl 4.7 4B
De-Emphasis o dB
CMST ov
———-0scilloscope———

Scope Bandwidth 33 GHz
Mumkzer of Rverages 21
Numker of Waveform Averages 10240
Gent Embed Replics Channel False
Gent Transfer Function File for Package Model on Scope C:%ProgramData\BitifEye\

Scope Connection for Calibration Chan 1 3 Direct Ceonnect
————Seasim———

Mumber of UL 1z0

Used Pattern Clock Diwv 1024
————Channel-———-
Trace Number
Totzl Channel Loss -33 dB

'

——--Instruments——--

dame - s il 20408 J-

Calibrated Instrument 1 Heme: Heysight M20402 J
Cazlibrated Instrument

P : - o Name: DataCutl ; Company

Eelibrated Inssrument 2 Cazlibrated Instrument

Calibrated Instrument 3 Fame: Datalutl ; Company

=

Calibrated Instrument Weme: DatzOut? ; Company
Fame: KHeysight DS0O ; Con

Measurement Instrument 1 -
Instrument
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Result DMST [mW] 57 [p=] BT [ps] ToRET (o) || SRS AENEAE | Lps LIGER
[odi7] [ps]
¢ .56 0.15 80D .00 .12

pass o 5.0 1 a & 3

pass 1 5.0 1.56 .22 BOO &.00 3.13
pass 2 5.0 1.5€ 0.2 800 .00 3.13
pass 3 5.0 1.75 0_25 BOO &_00 3.13
pass 4 5.0 Z.00 a.25 8OO &.00 313
pass 5 5.0 2.25 0_25 BOO &_00 3.13
pass [ 5.0 2.50 0.25 800 &.00 3.13
pass 7 5.0 2.75 0.25 800 €.00 3.13
pass g 5.0 3.00 0.25 8O0 &.00 3.12
pass = 7.0 1.5€ Q.15 800 &.00 2.13
pass o 7.0 1.5€ 0.Z22 8OO E.00 3.13
pass 11 7.0 1.56 0.24 BOO &.00 3.13
pass 1z 7.0 1.75 .25 800 .00 3.13
pass 13 7.0 200 0_25 BOO &_00 3.13
pass 14 7.0 2.25 0.25 800 &.00 3.13
pass 15 7.0 2.50 0._25 80D &.00 3.13
pass 16 7.0 2.75 0.25 800 &.00 3.13
pass 17 7.0 3.00 0.25 800 €.00 3.13
pass 18 5.0 1.56 0.1% 8O0 &.00 3.12
pass 13 5.0 1.5€ 0.22 800 &.00 2.13
pass 20 5.0 1.5€ .24 8OO E.00 3.13
pass 21 5.0 1.75 Q.25 BOO &.00 3.13
pass 2Z 5.0 Z.00 .25 800 .00 3.13
pass 23 5.0 2.25 0_25 BOO &_00 3.13
pass 24 5.0 2.50 0.25 800 &.00 3.13
pass 25 5.0 2.75 0._25 80D &.00 3.13
pass 26 5.0 3.00 0.25 8O0 &.00 3.12
pass 27 11.0 1.5 0.19 800 €.00 3.13
pass 28 11.0 1.5€ 0.Z22 8OO E.00 3.13
pass 25 11.0 1.5€ 0.24 800 &.00 2.13
pass 30 11.0 1.75 Q.25 8OO E.00 3.13
pass 31 11.0 Z.00 Q.25 BOO &.00 3.13

(...)

Figure 6-39  Example result for Custom Eye Scan Calibration (only top of table)

Result: (pass/fail) “Pass” if eye height and eye width are within the spec
limits; otherwise, fail.

Step: Step number.

DMSI [mV]: Applied differential mode sinusoidal interference.
SJ [ps]: Applied sinusoidal jitter.

RJ [ps]: Applied random jiter.

VDiff [mV]: Applied differential voltage (launch voltage).

Eye Height [mV]: Measured eye height.

Eye Width [ps]: Measured eye width.
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Device Insertion Loss Calibration

Availability

Data Generator:
Interface Types:

DUT Types:
Modes:
Data Rates:

Purpose and Method

Calibrations

M8020A, M8040A
M.2

Device
Compliance, Expert
8 GT/s

The Insertion Loss (IL) of the calibration channels has to be in a
well-defined range. This procedure calibrates the insertion loss for
different hardware traces.

At the beginning of the calibration it is necessary to specify the variable ISI

pair numbers that generate a channel loss of -16.5 dB. The var ISI pair

number for the particular channel must be determined manually by a VNA.
The package loss must be added to the VNA IL value. With these values,
the procedure calculates for every ISI trace the insertion loss from 1 GHz
to 4 GHz in steps of 100 MHz.

The calibration data is stored in a cal-data table. This calibration data is
used to evaluate the optimal IS trace for the Rx tests.

Connection Diagram

No connections are needed. The measurement is performed using a VNA.
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Results Description

L0_Cal_8GTps_Device_IL
for PCle 5.0 M 2 Device

-—--—-Ceneral----

Offline

Scftware Wersion

Spec Dewiations

Comments

Use PCIe3 Transfer Function

————Cuided Fixture Characterizaticon—--—-—
Use result of Guided Fixture Characterizetion
—-—--=0Oscilloscope———-

Scope Connection for Calibration
—-———Channal———-

CBE base IS5I pair

-——-Instruments-——-—-

Measurement Instrument 1

Measurement Instrument 2

Measurement Instrument
Measuremsnt Instrument
Measurement Instrument

mon b

Measurement Instrument

Channel Loss|Trace Number
[dE] [1

-16.5 24

False

5.4.0.22

Fzlss

Chan 3 Direct Connect

15

Name: Feysight MBO402 J-BERT ; C
Instrument

Name: Datalutl ; Company: Eeysig
Instrument

Name: DataIn ; Company: Kewysight
Hame: Datalurl ; Company: Heysig
Hame: Dataduti ; Company: Heysig
Mame: NETIO ; Company: Eoukasam ;

Figure 6-40  Example result for Device Insertion Loss Calibration

Channel Loss [dB]: Measured insertion loss of the specified trace.

Trace Number: The channel number of the channel that has the loss

noted in the column ‘Channel Loss’.
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Calibrations 6

DMSI Calibration

Availability
Data Generator:  M8050A, M8040A, M8020A
Interface Types: ASIC CEM U.2 and M.2
DUT Types: End Point Add-In Card Device
Root Complex System Host
Modes: Compliance, Expert
Data Rates: 8 GT/s, 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

Purpose and Method

The Differential Mode Sinusoidal Interference (DMSI) that is generated by
the generator setup is attenuated before it reaches the receiver, and
therefore the DMSI amplitude at the Rx input must be calibrated.

The test automation starts with a small DMSI amplitude and increases that
value in several steps over a defined range.

For each step, the procedure measures the actual DMSI with a real-time
oscilloscope. Measurements are made for two values of CMSI (0 V and
150 mV).

The calibration data is stored in a cal-data table. When measurements are
performed, this calibration table is used to adjust the DMSI amplitude to
the desired value at the Rx input.

With N5991 PCle ValiFrame version 5.0, the calibration method for
CMSI/DMSI changed, which means that the calibration data and files
from previous versions of the application will not work or will be shown
as missing.

Connection Diagram

The setup is that for Long Channel (refer to Figure 6-6 on page 117 and
Figure 6-7, Figure 6-8, Figure 6-10) with the hardware trace set to the
optimal number according to the Insertion Loss Calibration on page 212 or
based on the final channel from the Channel Calibration on page 169

(16 GT/s) or the Compliance Eye Calibration on page 176 (32 GT/s,

64 GT/s).
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Result Description

L0_Cal_64GTps_DMSI
for PCle 6.0 EndPoint ASIC

Measured Differential Mode Interference [mV]

160
144
128
112
96
80
64
48
32
16
0

10 40 70 100 130 160

Set Differential Mode Interference [mV]

—-—--General----

Offline

Scftwere Version
Spec Dewviations

Comments

Werification Mode

————0Oscilloscope————

Scope Bandwidth

Gené Embed Beplica Chamnmel
Gené Transfer Function File for Package Model on Scope
Scope Connection for Calibration

——=S8easim-——-

Humber of UL

Used Pzttern

——==Channel---—

Trace Numbexr

Total Channel Loss

———-Instruments-——--—
Calibrated Instrument 1
Calibrated Instrument 2

Celibrated Instrument 3

Calibrated Instrument 4

Measurement Instrument 1

—m— Measured DMSI (CMSI =0 V)
—a— Measured DMSI (CMSI = 75 mV)

Co\ProgramData\BitifEy
Char: 1 3 Direct Connec

120

Cleck Diw 1024

: Kewysight M30402
ibrated Instrument

Ca
Rame: DataOutl ; Compa
Celibrated Instrument
Keme: Datalutl ; Comps
; Compa
t DSO ; C
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Measured DMST
(CMSI = 75 mW)
[m71

Measured IMST
(CMSI = 0 V) [mV]

Set TMST [ml]

20.00 20.02 15.02
3000 30701 2851
40.00 40.01 38.01
&0.00 §0.01 57.01
£0.00 80_00 TE_0D
100.00 100.00 9500
1£0.00 160.00 152.00

Figure 6-41 Example result for DMSI Calibration

Set DMSI [mV]: The value of DMSI set on the data generator.

Measured DMSI (CMSI = x V) [mV]: The actual DMSI measured with the
oscilloscope when CMSI = x V.
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Eye Height and Width Calibration

Availability

Data Generator:
Interface Types:

DUT Types:

Modes:
Data Rates:

Purpose and Method

M8020A, M8040A, M80O50A

CEM U.2 and M.2
Add-In Card Device
System Host

Compliance, Expert
8 GT/s

This procedure calibrates Eye Height and Eye Width by adding random
jitter and differential mode sinusoidal interference (DMSI).

Starting with “Start DMSI”, the Jitter is increased with equally spaced
steps from “Start RJ” to “Stop RJ” and the Eye Height and Eye Width are
measured. This procedure is then repeated for all remaining DMSI

amplitudes.

The eye is measured using the SigTest software.

The calibration data is stored in a cal-data table. When measurements are
performed, this calibration table is used to evaluate the optimum amount
of DMSI and Random Jitter to get the desired Eye Height and Width.

Connection Diagram

Refer to Figure 6-7 and Figure 6-10 on page 119.
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Calibrations 6

Result Description

Eye Height and Eye Width are presented separately. Since the graphs and
tables are very similar, only the results for Eye Height are included here.

LO_Cal_8GTps_CBB3_EH
for PCle 6.0 AddInCard
—a— Eye Height (0.5ps RJ)
—a— Eye Height (2.5ps RJ)
67.5 + =
60 F 3
=
E 525+ 3
o
2 45 1
I
L 375 + 4
L
=
o 30 4 3
=4 T
3
@
g 225 L ]
=
15 1 ]
7.5 4 B
0
10 12 14 16 18 20
DM Interference [mV]
-———General-———
Offline True
Scftware Wersion 5.4.0.z22
Spec Dewiations "Stop DMSI: 20 mi™
Commants
Optimize CTLE Fzl=e
CT1E Index 7
Start IMSI 10 oW
Stop DMSI 20 oV
Start BT 500 f=
Stop BJ 2.5 p=
MNumkber of Rverages 21
Use PCIe3 Transfer Function Fzlse
-=---COscilloscope——-—
Scope Connection for Calibratiom Chan 1 3 Direct Connect
-—--Instruments-—--
Calibrated Instrument 1 Name: Keysight ME040& J-BERT ; Company: Keysig
Czlibrated Instrument 2 Neme: Datalutl ; Company: Heysight Technologie
Czlibrated Instrument 3 Meme: Datalutl ; Company: Heysight Technologie
Czlibrated Instrument 4 Name: Datalut2 ; Company: Eeysight Technologis
Measurement Instrument 1 Hame: Heysight D50 ; Company: Keysight Techne!
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Eye Height|Eye Height|
Set M Interference [mV] |(0_5ps BJ}|(2.5p= RJ}
[mW] [m¥']

10 EE.0 el.0
20 450 50,0

Figure 6-42  Example result for Eye Height and Width Calibration (eye height)

Set DM Interference [mV]: The DMSI set on the instrument.

Eye Height (X ps RJ) [mV]: The measured eye height for random jitter
amplitude of X picoseconds.
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Eye Height and Width Measurement

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM M.2
DUT Types: End Point Add-In Card Device
Root Complex System Host
Modes: Expert — Custom Procedure
Data Rates: 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

The “Include Custom Procedures” option must be selected when
configuring the DUT; refer to Figure 2-12 on page 40.

Purpose and Method

This procedure is similar to the Compliance Eye Calibration on page 176
except that, here, multiple combinations of impairments that lead to
values of eye height and eye width that are within the CTS limits are saved
in a report. You can use this data later to select combinations of
impairments for Receiver Custom Measurements or Link Equalization
Custom Tests.

The Pre-Shoot (Pre-Shoot 2 and Pre-Shoot 1 for 64 GT/s), De-Emphasis,
Generator Launch Voltage, DMSI, Random Jitter and Sinusoidal Jitter
values can be defined. All other impairments are fixed. The eye is
measured each time a new impairment combination is selected when
prompted. If the eye height and eye width are within the CTS tolerance,
this combination will be stored as a cal-data point.

Connection Diagram
Refer to Figure 6-8 on page 118 (ASIC) and Figure 6-7 on page 117 (CEM).

The hardware trace is set to the optimal number based on the Insertion
Loss Calibration on page 212.
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Result Description

LO_Meas_64GTps_EHEW
for PCle 6.0 EndPoint ASIC

----Genersl--—-
Offline

Scftware Version
Spec Devistions
Comments

Scope Bandwidth
----Generstor----—
Bre-Shootl
Bre-Sheotl
De-Emphasis
Generator Launch Woltage
ST

Random Jitter
Sinusoidzal Jitzer

—---0Oscilloscope————

Fixed Wertical Scale of Scope Channels
Do Ruto Scale

Number of Waveform Awerages

Number of Lwverages

CTLE

Gent Embed Replica Channel

Ler &

Gené Tran netion File for

Package Model on Scopes
Scope Connection for Caelibration

——--Seasim-
Optimize CILE
Number of UL

Used Pattern
-——-Channel-———
Irace Number

Iotazl Channel Loss

-——-Instruments-————

Calibrated Instrument 1

Calibrated Instrument 2

Calibrated Instrument 3

Calibrated Instrument 4

Measurement Instrument 1

50 GHz

1.5825 p=

38 oW
True
10240

7

-11 4B

Falsze
C:hProgramDatz\BitifEye
Chan 1 3 Direct Connact

True
120
Cleck Diw 1024

W

-33 4B

Kame: Eeysight MB040E J
Calibrated Instrument
Hame: Datalutl ; Compsn
Instrument

Name: DataOutl ; Compsn
Rame: Datalutd ; Compan
Name: Heysight DS0 ; Co
Instrurent
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Set PFre- A o £ Set Random
Shootl [dB] Jitter [ps]

Simusoidal
Jitter [pal

Figure 6-43  Example result for Eye Height and Width Measurement

Set Pre-Shoot2 [dB]: The value of Pre-Shoot 2 set in the ValiFrame user
interface.

Set Pre-Shoot1 [dB]: The value of Pre-Shoot 1 set in the ValiFrame user
interface.

Set De-Emphasis [dB]: The value of De-Emphasis set in the ValiFrame
user interface.

Set Generator Launch Voltage [V]: The value of Generator Launch
Voltage set in the ValiFrame user interface.

Set DMSI [mV]: The value of DMSI set in the ValiFrame user interface.

Set Random Jitter [ps]: The value of Random Jitter set in the ValiFrame
user interface.

Set Sinusoidal Jitter [ps]: The value of Sinusoidal Jitter set in the
ValiFrame user interface.

Measured Eye Height [mV]: The eye height measured on the
oscilloscope.

Measured Eye Width [ps]: The eye width measured with Seasim.
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Eye Height and Width Scan

Availability

Data Generator:
Interface Types:

DUT Types:

Modes:
Data Rates:

M8020A, M8040A, M80O50A

ASIC CEM M.2
End Point Add-In Card Device
Root Complex System Host

Expert — Custom Procedure
16 GT/s, 32 GT/s, 64 GT/s

See alsoTable 2-1 on page 39.

The “Include Custom Procedures” option must be selected when
configuring the DUT; refer to Figure 2-12 on page 40.

Purpose and Method

This procedure is similar to the Eye Height and Width Measurement on
page 199 except that, in the scan case, the values of the impairments are
swept instead of being set by the user.

The “Loop levels” property determines the number of impairments to be
scanned. For each loop, it is necessary to specify the impairment type and
to define the range to scan. Then the test automation combines the
defined loops and the eye is measured at each step.

Connection Diagram

Refer to Figure 6-8 on page 118 (ASIC) and Figure 6-7 on page 117 (CEM).

The hardware trace is set to the optimal number based on the Insertion
Loss Calibration on page 212.
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Result Description

LO_Scan_64GTps_EHEW
for PCle 6.0 EndPoint ASIC

————General-——-
Offline

Software Version

Spec Dewvistions
Comments

Show PBlots
Equzlization Mode

Loop Lewels

————Loop 1-———

Scan Parameter (Loop 1)
Eguslizstion PFreset Rangs
————Loop 2-———

Scan Parameter (Loop 2]
Sinusoidzl Jitter Start Value
Sinusoidzl Jitter Stop Walue
Sinusoidal Jitter Scale Type
Sinusoidzl Jitter Number of Steps
———-Fixed Parsmeters---—-—

Generator Launch Voltage

Random Jitter
Sinusoidzl Jitter Frequency
CILE

—=——-0sgilloscope-——-—

Fixed Wertical Scale of Scope Chamnels

Do Rute Scale
Number of Waveform Averages
Mumker of Rwverages

Gené Embed Replica Channsl

Gent Transfer Function File for Package Model on Scope

Scope Connection for Calikbration
——-—Zeasim--—

Optimize CILE

Number of UL

Used Patterm

————Channal-———-—
Trace Numbexr
Totzl Channel Loss

———-Instrumentgs-—--—

Calibrated Instrument 1

Calibrated Instrument 2

Calibrated Instrument 3

=

Calibrated Instrument

Measurement Instrument 1
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True

S.4.0.22

False
Presets
2

EquslizstionPreset
Q07QL; 02703704705, 067075

SinuscidalJitter
1l ps
3 p=

Linear

True
10240
False
C:\ProgramDatat\BitifEye’
Chan 1 3 Direct Ceonnsct

True
1z0
Clock Div 1024

i

-3 dB

Name: Heysight M20402 J-
Cazlibrated Instrumsnt
Wame: DataCutl ; Company
Cazlibrated Instrumsnt
Wame: DataCutl ; Company
Heme: DatzaCut2 ; Company
Wame: Keysight D50 ; Ceom
Instrument
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6 Calibrations

Set Set
Ereset Jitter [psa] P
Q0 1.00 €00 3.13

Qo 1.25 &.00 3.13
Qo 1.50 E.00 3.13
Qo 1.75 €.00 3.13
Q0 2.00 §.00 E.13
Qo 2.25 €_00 3.13
Qo 2.50 E.00 3.13
Qo 2.75 €.00 3.13
Q0 E.00 §.00 E.13
a1 1.00 €_00 3.13
Q1 1.25 £.00 3.13
Ql 1.50 €.00 3.13
QL 1.75 §.00 E.13
a1 2.00 €_00 3.13
Ql Z.25 £.00 3.13
Q1 2.80 &.00 3.13
a1 2.75 €.00 3.13
Q1 3.00 &.00 3.13
Qz 1.00 £.00 3.13
Q22 1.25 &.00 3.13
d2 1.50 €.00 3.13
Qz 1.75 &.00 3.13
Qz 2.00 £.00 3.13
Q22 2.25 &.00 3.13
d2 2.50 €.00 3.13
Qz 2.75 &.00 3.13
Qz 5.00 £.00 3.13
a3 1.00 €_00 3.13
Q3 1.25 E.00 3.13
Q3 1.50 €.00 3.13
Lok] 1.75 §.00 E.13
a3 2.00 €_00 3.13
Q3 Z2.25 E.00 3.13
Q3 2_50 €.00 3.13

(...)

Figure 6-44  Example result for Eye Height and Width Scan (64 GT/s). (Only top of
table)
Set Equalization Preset: Equalization Preset used.
Set Sinusoidal Jitter [ps]: Value of SJ used.

Measured Eye Height [mV]: The eye height measured on the
oscilloscope.

Measured Eye Width [ps]: The eye width measured on the oscilloscope.

204 Keysight N5991P PCI Express Test Automation Software Platform User's Guide
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Final Equalization Preset Optimization

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM M.2
DUT Types: End Point Add-In Card Device
Root Complex System Host
Modes: Compliance, Expert
Data Rates: 16 GT/s

Purpose and Method

This procedure measures the Eye Height and Eye Width for each Tx
equalization preset when the channel loss has been adjusted to the
optimum value. Depending on the Eye Calibration Method selected when
configuring the DUT, the eye measurement is performed with either
Seasim or SigTest software. There is no choice for CEM: SigTest is used.

The calibration data is stored in a cal-data table. This calibration data is
used in subsequent procedures to set the preset that gets the largest eye.

Connection Diagram

The setup is that for Long Channel (refer to Figure 6-8 on page 118 for
ASIC and Figure 6-7 on page 117 for CEM) with the var. ISI Pair set to the
optimal one according to the Channel Calibration.

Result Description

There are two sets of results, one for Eye Height and one for Eye Width.
Since the results are very similar, just the results for Eye Height are given
here as an example (Figure 6-45).

The results report the Set Equalization Preset and the Measured Eye
Height (Eye Width). If SigTest is used, several values of Eye Height (Eye
Width) are reported for various CTLE values.
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L0_Cal_16GTps_FinPres_EH
for PCle 6.0 EndPoint ASIC
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Calibrations 6

-———Channal-————

Trace Numbexr 22
Totzl Channel Loss -27 dB
-———Instruments————

PR N — HName: Heysight M2040% J
Faliprated Instrument 1 Czlibrated Instrument

PR . — - Neme: DataCutl ; Compan
Calibrated Instrument 2 Czlibrated Instrument

Czlibrated Instrument 3 Wame: Datalutl ; Compan
Czlibrated Instrument 4 Wame: Datalut? ; Compan
Wame: Eeysight DSO ; Co

Measurement Instrument 1
Measurement Instrument

. - Measured
Set Eq'ual:l.z[a]t:l.uu Preset Eye Height
[mW]

Q.00 15.00
1.00 15.00
2.00 15.00
.00 15.00
4.00 15.00
5.00 15.00
e.00 15.00
T7.00 15.00
g.00 15.00
5.00 15.00

Figure 6-45  Example result for Final Equalization Preset Optimization (Eye Height)
when using Seasim

Set Equalization Preset: The number of the equalization preset used.

Measured Eye Height [mV]: Value of the eye height measured for the
corresponding preset.
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Host Insertion Loss Calibration

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: M.2

DUT Types: Host
Modes: Compliance, Expert
Data Rates: 8 GT/s

See Device Insertion Loss Calibration on page 191 for all further details of
this calibration.
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Initial Equalization Preset Optimization

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM M.2
DUT Types: End Point Add-In Card Device
Root Complex System Host
Modes: Compliance, Expert
Data Rates: 16 GT/s

Purpose and Method

This procedure measures the Eye Height and Eye Width for each Tx
equalization preset and several values of CTLE (when using SigTest). When
the “Start with Minimum Loss Channel” option is not selected in the
Configure DUT dialog, the measurement is performed with a channel loss
of =30 dB. When the “Start with Minimum Loss Channel” option is
selected, the measurement is performed with a channel loss of -27 dB.

The eye measurement is performed with SigTest or Seasim software.
(Seasim is available only for ASIC interfaces.)

A compliance pattern is applied and different impairments, such as
random jitter, sinusoidal jitter and differential and common mode
sinusoidal inference, are added to the signal.

The calibration data is stored in a cal-data table. This calibration data is
used in the Channel Calibration to set the preset that gets the largest eye.

Connection Diagram

The setup is that for Long Channel (refer to Figure 6-8 on page 118 for
ASIC and Figure 6-7 on page 117 for CEM) with the var. ISI Pair set to
either the one that gives the maximum-loss channel (if “Start with
Minimum Loss Channel” is unchecked) or the one that gives the
minimum-loss channel (if “Start with Minimum Loss Channel” is checked).

Result Description

There are two sets of results, one for Eye Height and one for Eye Width.
Since the two results are very similar, just the one for Eye Height is
presented here.

The results report the Set Equalization Preset and the Measured Eye
Height (Eye Width). If SigTest is used, several values of Eye Height (Eye
Width) are reported for various CTLE values.
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LO_Cal_16GTps_IniPres_EH
for PCle 6.0 AddInCard
50 Ir - - - 1 - - - - T T
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I I
R ]
B 204+ :
2 i
3 15 3
= I
10 ]
5 1T J
0 1 —
5 5.2 54 56 5.8 6
Equalization Preset
————General----
Offline True
Scftware Version 5.4.0.22
Spec Dewvistions
Comments
Equalization Preset Hangs P5;Pe
CTLE 5tart Value -5.75 dB
CTLE Stop Value -8.75 dB
Start With Minimum Loss Channel True
SigTest Version 4.0.52
————Fenerstor----
Generator Launch Voltage 800 mi
OMST 14 uv
Random Jitter 1 ps
Sinusoidal Jitter £.25 ps
Sinusoidsl Jitter Frequency 100 MH=
————0scilloscope————
Scope Bandwidth 25 GH=
NHumber of Lverages 7
Humber of Uls 2 MUI
Gen4 Embed Replicz Channel Fzl=ze
Gen4 Transfer Function File for Package Model on Scope C:\ ProgramData’\BitifEye
Scope Connection for Calibration Chan 1 3 Direct Conmnect
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——-—Channel---—
CBE war. ISI paix
CLE war. ISI pairx
Total Channel Loss

———-Instruments----

Calibrated Instrument 1

Calibrated Instrument 2

Calibrated Instrument 3

S

Calibrated Instrument

Heasurement Instrument 1

Calibrations 6

Neme: Keysight ME040ER J
Czlibrated Instrument
NHame: Datalutl ; Compan
Calibrated Instrument
Neme: Datalutl ; Compan
Neme: Datalutl ; Compan
Neme: Keysight D50 ; Co
Heaszurement Instrument

15.00

1500

Figure 6-46  Example result for Initial Equalization Preset Optimization (Eye Height)

when using SigTest

Set Equalization Preset: The number of the equalization preset used.
Measured Eye Height (-X dB CTLE) [mV]: Value of the eye height for the

corresponding preset and CTLE of -X dB.
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Calibrations

Insertion Loss Calibr:

Availability

ation

Data Generator:  M8020A, M8040A, M8050A

Interface Types: ASIC CEM M.2

DUT Types: End Point Add-In Card Device
Root Complex System Host

Modes: Compliance, Expert

Data Rates: 8 GT/s (only ASIC), 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

Purpose and Method

The Insertion Loss (IL) of the calibration channels + the replica/additional
channel must be in a well-defined range.

For 16 GT/s, 32 GT/s, 64 GT/s

The description in this subsection is for ASIC and M.2, and also for CEM
at 16 GT/s. For the use of values from Guided Fixture Characterization for
CEM at 32 GT/s and 64 GT/s, see page 213.

This procedure calibrates the insertion loss for different hardware traces.

The procedure does not perform any measurement. At the beginning of
the calibration, it is necessary to specify the variable ISI pair numbers that
generate a channel loss of

-27 dBto -30dBin 0.5 dB steps for 16 GT/s
-34 dBto -37 dBin 0.5 dB steps for 32 GT/s
-30dB to -33dBin 0.5 dB steps for 64 GT/s

See Figure 6-47. Note:

The var. ISI pair number for the channels must be determined manually
using a VNA.

For 16, 32 and 64 GT/s, the cable from the generator to the IS traces
must not be included in the VNA measurement.

The package model IL must be added to the VNA IL value.

If no trace can be found with the specified loss, the value “~1” can be
entered to mark this trace as not available.
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Calibrations 6

The package model can be changed in the user interface using the
parameter “Transfer Function File for Package Model on Scope”. It is a
channel-specific common parameter and is visible in the parameter grid
when you select “Long Channel” in the left half of the main window of the
PCle ValiFrame user interface.

The calibration data is stored in a cal-data table. This calibration table is
used to evaluate the optimum ISl trace for the Rx tests.

Please specify variable |51 pair numbers

Var. 151 trace -30 dB Channel
Var. 15l trace -30.5 dB Channel
Var. 151 frace -31 dB Channel
Var. 15l trace -31.5 dB Channel
Var. 151 trace -32 dB Channel
Var. 15l trace -32.5 dB Channel
Var. 15 trace -33 dB Channel

=TT A O = I A T O L]

The var. IS pair number for each channel has to be
determined manually using a VMA. Forthe VNA
measurement, exclude the cable from the generatorto
the |15l traces. Add the transfer function loss of the
package to the VNA IL value. f no pair can be found,
please enter -1.

The cumently selected transfer function is

PCle6_revlp7_refpkg_EndPoint_padZpin_6&0ghz_2020-
08-06_thnu tf4 with an IL of 4.09 dB@16 GHz.

Figure 6-47  Panel for specifying variable ISI pair numbers in the Insertion Loss
Calibration (example for 64 GT/s)

For CEM at 32 GT/s and 64 GT/s

In this case, there is the possibility of using the results of the Guided
Fixture Characterization on page 106.

If you set ‘Use result of Guided Fixture Characterization’ in the parameter
grid to ‘False’, the procedure will performed as described for ASIC just
above.

If ‘Use result of Guided Fixture Characterization’ in the parameter grid is
set to ‘True’, several other parameters will be visible, including the XML
File Import Path. Then the stored data will be used to calculate the
Insertion Loss and find suitable traces.
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6 Calibrations

For 8 GT/s

This calibration calculates the Insertion Loss from the step response at
three different de-emphasis levels. By adding de-emphasis, IL can be
reduced to a certain degree. This procedure is used to compensate IL
during the Rx tests.

For every de-emphasis level, the insertion loss is measured from 1 GHz to
4 GHz in steps of 100 MHz. The IL is measured using the Seasim software.

The calibration data is stored in a cal-data table. This calibration data is
used to evaluate the optimum amount of de-emphasis for the Rx tests.

Connection Diagram
For 64G, 32G and 16G: None.
For 8G: Refer to Figure 6-6 on page 117.

Result Description

Example results are shown for 64G (ASIC; CEM) and 8G.
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For 64G (Insertion Loss Calibration)

LO_Cal 64GTps_IL
for PCle 6.0 EndPoint ASIC

———General-———
Offline

Scftware Version
Spec Deviations

Comments

——-——Guided Fixture Characterizastion————

Use result of CGuided Fixture Characterization

——--0=zecilloscope———

Enbed Replics Channel

Gené
Gent Transfer
Scope Connection for Calibratiom

—=-Beasim——-
Number of TI
TUsed Pattern

———-Instruments-——--—

Calibrated Instrument 1

Calibrated Instrument 2

librated Instrument 3

librated Instrument 4

Mezsurement Instrument 1

-30.0 3
=S0eE 4
-3l.0 =
-31.& &
-32.0 7
=325 ]
-33.0 3

ction File for Package Model o

Calibrations 6

False

5.4.0.22

False

False
C:\ProgramData\BitifEye\Va
Charr 1 3 Direct Connect
120

Clock Diw 1024

Kame: Heysight MEJ402 J-BE
Calibrated Instrument
Heme: Datadutl ; Company:
Instrumant

Name: DetaOutl ; Company:

H ny:
Name: Keysight DSO ; Ceompa
Instrurent

[T

[x]

Hame: DetaQutl ; Com

Figure 6-48 Example result for Insertion Loss Calibration (64 GT/s, ASIC)

Channel Loss [dB]: Calculated insertion loss of the channel.

Trace Number: Number of the trace corresponding to the Channel
Loss. (-1 indicates that no suitable trace was found.)
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6 Calibrations

The CEM example at 64 GT/s uses Guided Fixture Characterization.

LO_Cal_64GTps_IL
for PCle 6.0 AddInCard Preliminary

———-General----

Offline

Sefoware Version

Spec Deviztions

Comments

————Guided Fixture Characterization————

Use result of Guided Fixture Characterization
CLE Type

Fixture Serial Number

ML File Import Path

————Qszzilloscope————
Gené Embed Replics Channel

o

WProgramData'\ BitifEye'\ValiframeKl
PCIe\Settings\GuidedFixtureCharacterization' &4E CEM 2ddInCard.xml

False
C:\ ProgramData’\BitifEye’\ValiFramekl

Gen€ Transfer Function File for Package Model on Scope WPCIeh\Settings\TransferFunctions\PCIe€ rewlp7 refpkg EndPoint padl

Scope Connection for Calibration
——-—Seasim----

Number of UL

Used Pattarn

——-—Channel---—

CLE war. IST pair

———-Instruments----

(..

)

08-06_thru. tf4

Chan 1 3 Direct Conmect

Sed

Cleock Diw 2048

=1

Channel Logs|Trace Humber
[dB] I]

-30.

= =T =T T =

-1
-1
-1
-1
-1
21
25

Figure 6-49 Example result for Insertion Loss Calibration (64 GT/s, CEM)
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Channel Loss [dB]: Calculated insertion loss of the channel.

Trace Number: Number of the trace corresponding to the Channel
Loss. (-1 indicates that no suitable trace was found.)
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Calibrations 6

For 8G (Insertion Loss Calibration)

LO_Cal_8GTps_LnCh_IL
for PCle 6.0 EndPoint ASIC
0 [ I —— Insertion Loss at 0dB de-emphasis
—— Insertion Loss at -1dB de-emphasis
2.5 1 —— Insertion Loss at -2dB de-emphasis
—— Min Spec
—— Max Spec
o
=
W
@
o
-
=
h=]
=
[
@
£
25 e
1 16 2.2 2.8 3.4 4
Frequency [GHz]
-———General---—-
Offlina True
Scftware Version S.& 022
Spec Dewvistions
Comments
———-—Qscilloscope———
Embed Replics Channel False
Transfer Function File for Package Model con Scope C:\ProgramData\BitifEye\ValiFra
Mumkber of Rverages for Step Response 2048
Scope Connection for Calibration Chan 1 3 Direct Comnect
———-Seasim———-
Humber of UL 120
Used Pattern Cleock Diwv 25&
-——-Instruments——--—

Calibrated Instrument 1 EETE:_KEynght H2Q40a J-BERT ;
Instrument

o miaes . =i
Calibrated Instrument 2 Heme: Dat20usl ; Company: Heysi

Instrument
Calibrated Instrument 3 Wame: Datalutl ; Company: Eeysi
Calibrated Instrument 4 Name: DetaCutl ; Company: Eeysi

Name: Keysight D3SO ; Company: K

Measurement Instrument 1 -
Instrument
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6 Calibrations

Insertion | Insertion | Insertion
Loss at Loss at
Frequency [GHz] —1dB de— —2dB de-—

emphasis | emphasis
[dE] [dE]

1.00 —&_50 -&_50 —E_50 -8_00 -5_00
abeal, -&.95 -6.95 -6.95 -8.47 -5.43
1.20 —7.40 —7.40 =7.40 -8.53 -5.87
130 -7.85 -7.85 -7.85 -5_40 -&.30
1.40 -8.30 -B8_30 -B_30 -5_87 -&.73
1.50 -8_75 -B_75 -B_75 -10_33 =7.17
1.80 -5.20 -5.20 -5.20 -10.80 -7.&0
1.70 -59_&5 -5 _g5 -5 _g5 -11._27 -8.03
1.80 -10.10 -10.10 -10.10 -11.73 -5.47
1.30 -10_55 -10_55 -10.55 -12_20 -8._90
2.00 =11.00 =11.00 =11.00 -12_&7 -5.33
2.10 -11._45 -11._45 —11_45 -13.13 -5.77
Z.Z0 -11.50 -11.50 -11_50 -13_ €0 -10.20
2.30 -12.3% -12.3%5 -12.3% =14.07 -10.63
Z.40 -12.80 -12.80 -12_80 -14_53 -11.07
Z2.50 -13_25% -13_25 -13.25 -15_00 -11_50
Z2.80 -13.70 -13.70 -13.70 -15.47 -11.53
2.70 -14_15 -14_15 -14_15 -15_53 -12_37
2.80 =l4. €0 =14.€0 -l4. el -le.40 -12.80
2.90 -15_05 -15_05& -15.05 -16_87 -13.23
.00 -15.50 =15.50 -15.50 -17.33 -13.€7
3.10 —15_95 —15_95 =125 -17_80 -14_10
3.20 -le_40 =1&_40 -16._40 -18_27 -14_53
3.30 -1&.8% -16.8% -1l6.85 -18.73 -14.57
3.40 -17.30 -17.30 -17.30 -15_20 -15_40
3.50 =17_78% -17.75% -17.7% -15_87 -15_83
3.80 -18.20 -18.20 -18.20 -20.13 -16.27
3.70 -18_&5 -18_65 -18_€5 -20_€e0 -16.70
.80 =15.10 =15.10 -15.10 -21.07 =17.13
3.30 —15_55 —15_55 =121 E5 -21_53 -17.57
4.00 =20.00 =20.00 -20.00 -22.00 =18.00

Figure 6-50  Example result for Insertion Loss Calibration (8 GT/s)

Frequency [GHz]: Frequency used in the calculation.

Insertion Loss at XdB de-emphasis [dB]: Calculated value of Insertion
Loss at X dB de-emphasis at the given frequency.

Min Spec [dB]: Minimum Insertion Loss allowed by the specification.
Max Spec [dB]: Maximum Insertion Loss allowed by the specification.
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Pre-Compliance Eye Calibration

Availability

Data Generator:
Interface Types:

DUT Types:

Modes:
Data Rates:

Calibrations

M8020A, M8040A, M80O50A
ASIC CEM M.2

End Point Add-In Card Device
Root Complex System Host

Compliance, Expert
16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

Purpose and Method

This procedure measures the effects on the Eye Height and Eye Width of
changes made to each impairment (SJ, DMSI and Launch Voltage)

individually.

The calibration measures the eye in a series of four situations, which differ
slightly according to data rate.

For 64 GT/s

All the impairments are set to the minimum values.

The DMSI is set to the nominal value from the specification.

The SJ is set to the maximum specification amplitude.

The differential voltage is set to the minimum specification level.

For 16 GT/s and 32 GT/s

All the impairments are set to their nominal values.

The DMSI is set to a value greater than the nominal value from the
specification.

The SJ is set to the maximum specification amplitude.

The differential voltage is set to the minimum specification level.

At each step, the eye is measured with either Seasim or SigTest software.

The calibration data is stored in a cal-data table. This calibration data is

used in the Compliance Eye Calibration to calculate DMSI, SJ and V 4

adjustment to meet the target eye.

Connection Diagram

Refer to and Figure 6-7 on page 117, Figure 6-8 and Figure 6-10.
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6 Calibrations

The hardware trace is set to the optimal number based on
Insertion Loss Calibration on page 212 (for 32 GT/s and 64 GT/s)
Channel Calibration on page 169 (for 16 GT/s, maximum loss trace)

Result Description
For 64G (Pre-Compliance Eye Calibration)

LO_Cal_64GTps_PreComp
for PCle 6.0 EndPoint ASIC

—=-—-Ceneral----
Offline True
Scoftware Versiom E.4.0.22

Spec Devistions

Comments
—=-—-Cenerator----
Pre-Shootd -1.3 dB

4.7 dB
De-Emphasis ¢ dBE
CMET ov
Random Jitter 250 f=s
——--0scilloscope————
Fixed Wertical Scale of Scope Channels HaN W
Do Zutc Scale True
Scope Bandwidth 33 GHz
Numker of Rverages 7
Nunber of Wawveform Awverzges 10240
CTLE HaM dB
Gené Embed Replica Channel False
Gené Transfer Function File for Package Model on Scope C:wProgramData'\BitifEye'\Va
Scope Connection for Calibrationm Chan 1 3 Direct Connect
———-Seasim——
Number of UI 120
Used Pattern Clock Div 1024
—=---Preset and CTLE Optimization----
Eguzlizstion Freset Rangs Q5005
DMST 15 oy
Sinusoidal Jitter 1.5€25 p=
Mumker of Rverages 3
--——Channel-——-
Irace Numbex El
Total Channel Loss =33 dB
-———Instruments-————

Hame: Feysight MEO40AR J-BE

Czlibrated Instrument 1 falibraced Tnstrument

o e S
Calibrated Instrument 2 Hame: DzzaQucl ; Company:

Instrurment
Calibrated Instrument 3 Hame: Datalutl ; Company:
Calibrated Imstrument 4 Name: DatazOut? ; Company:

Yame: Heysight D30 ; Compa

Measurement Instrument 1 -
Instrument
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Calibrations 6

Step 0, Minimum impairments 1_583 0.
Step 1, Hominal DMST 15.0 1_563 0.150 800
Step 2, HMaximum 5J 5.0 3.000 0.280 200
Step 3, Minimum Vdiff 5.0 1.5e3 0.150 720

4_50 2.50
3.50 2.00
4.50 2.50

Figure 6-51 Example result for Pre-Compliance Eye Calibration for 64G

Step: Step number and description.

DMSI [mV]: The amount of applied DMSI.
SJ [ps]: The amount of applied SJ.

RJ [ps]: The amount of applied RJ.

VDiff [mV]: The applied differential voltage.
Eye Height [mV]: The measured eye height.
Eye Width [ps]: The measured eye width.

For 32G (Pre-Compliance Eye Calibration)

LO_Cal_32GTps_PreComp
for PCle 6.0 EndPoint ASIC

———-General-———-

Offline

Software Version

Spec Dewviations

Comments

Gent Fixture

Genb Lsic Eye Celibration Method
---—-Generator--—-

re-Shoot

De—-Emphasis

Common Mode Interference

Raendom Jitter
———--0scilloscope———-—

Scope Bandwidth

Humbher of Lwverages

Number of Waveform Awerages

CTLE

Gent Embed Replica Channel

Gen5 Transfer Function File for Package Model on Scope

Scope Connection for Celibration
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0
0
5

1024

H=N dB

False

G2\ ProgramData’\Bitif
Chan 1 3 Direct Conn
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Calibrations

——-Seasim———
Hurber of UI

Used Fattern

—-—-Preset and CIL

Dresets Hangs
OMST
5T

Humber of Rverages

———-Channel-————-

Trace Number

Total Channel Loss

—==-Instruments---=

Optimization———-—

Calibrated Instrument 1

Calibrated Imstrument 2

Calibrated Instrument 3

Calibrated Instrument 4

Measurement Instrument 1

Step 0, Mominal impzirments
Step 1, Maximum DMSI
Step 2, Maximum 57
Step 3, Minimum Vdiff

Figure 6-52

10.0
20.0
10.0
10.0

o

T T T

-125 800
000 800
.12t 720

Step: Step number and description.

DMSI [mV]: The amount of applied DMSI.
SJ [ps]: The amount of applied SJ.

VDiff [mV]: The applied differential voltage.
Eye Height [mV]: The measured eye height.

Eye Width [ps]: The measured eye width.

1240
Cloeck Diw 512

mon
)
m
=]
w

H
=

o
I

=]

Hame: Heysight M2040
Calibrated Instrumen

Name: Datelutl ; Com

Instrument
Hame: Datalutl ; Com
Hame: Datalutl ; Com

Kame: Keysight DSO ;
Instrument

Eye Height Eye Hidth
[m¥] [ps]

15.00 5.

12.00 5.00
7.50 §.50
12.00 5.00

Example result for Pre-Compliance Eye Calibration for 32G
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Calibrations 6

Processing of Pre-Recorded Steps

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM (only at 64 GT/s)
DUT Types: End Point Add-In Card
Root Complex System
Modes: Expert — Custom Procedure
Data Rates: 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

The “Include Custom Procedures” option must be selected when
configuring the DUT; refer to Figure 2-12 on page 40.

Purpose and Method

This procedure is similar to Eye Height and Width Scan on page 202,
except that the waveform is not measured on the oscilloscope. Previously
recorded step responses selected by the user can be used.

Connection Diagram
Refer to Figure 6-8 on page 118.

The hardware trace is set to the optimal number based on the Insertion
Loss Calibration on page 212.

Result Description

The Result Description is the same as that for Eye Height and Width Scan
on page 202.
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6 Calibrations

Stressed Jitter Eye Calibration

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC

DUT Types: End Point
Root Complex

Modes: Compliance, Expert
Data Rates: 8 GT/s

Purpose and Method

This procedure calibrates the eye height and eye width by adding
differential mode sinusoidal interference (DMSI) at different random jitter
levels.

The calibration is done for random jitter amplitudes of 1 ps, 1.5 ps, 2 ps,
2.5 ps and 3 ps. For each jitter amplitude value, the DMSI is increased
from 0 to 30 mV in equally spaced steps. The eye height and width are
measured by capturing a step response and using Seasim software.
Sinusoidal jitter is always kept at 12.5 ps.

The calibration data is stored in two cal-data tables. This calibration data
is used to evaluate the optimum amount of random jitter and DM voltage
to get the desired eye.

Connection Diagram

Refer to Figure 6-6 on page 117.

Result Description

There are two sets of results, one for Eye Height and one for Eye Width.
They are very similar in format, so only example results for Eye Height
(Figure 6-53) are shown here.
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Eye Height

LO_Cal_8GTps_LnCh_strEye_EH
for PCle 6.0 EndPoint ASIC
40

Calibrations 6

36
32
28
24
20
16 1
12

Measured Eye Height [mV]

Eye Height (1ps RJ)
Eye Height (1.5ps RJ)
Eye Height (2ps RJ)
Eye Height (2 5ps RJ)
Eye Height (3ps RJ)

0 6 12 18

DM Interference [mV]

————General-————

Offline

Software Version

Spec Dewviations

Comments

Verification Mode
Sinusoidal Jittex

M Interference Step Size
———-0scilloscope————
Embed Replica Channel

Transfer
Humkbar o
Scope Connection for Calibration

werages for Step Response

————Seasim-—--—
Humkber of UL
Used Patcarn

———Instruments-—--—

Calibrated Instrument 1

Calibrated Instrument 2

Calibrated Instrument 3

Calibrated Instrument 4

Measurement Instrument 1
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ction File for Package Model on Scope

24 30

False

C:ZProgramData\BitifEye\Vali
2048

Chan 1 3 Direct Cemnect

120

Clock Diwv 25€

Name: Eeysight M2040Z
Czlibreted Instrument
Hame: DataCutl ; Company: Ee
Calibrated Imstrument

Wame: Detalutl ; Compeny: Ee
Wame: Detalut? ; Compeny: Ee
Hame: Heysignt DSC ; Company
Instrument
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Calibrations

Eye HeightEye Height|Eye Height|Eye Height|Eye Height
Set IM Interference [mW] | (lp=z BJ) |{l1.5ps RJ}| (2pz RJ) |(2.5ps RJ}| (3p= BRI}
[mi7] [mW] (W] [miW'] [mW]
36.0

o .0 50.0 40.49 20.0
E 57.5 47.5 37.5 27.8 LS
10 55.0 45.40 38.0 258.10 15.0
15 52.5 42.5 32.5 22.5 12.5
a0 50. 40.0 30.0 20.0 10.0
25 47.5 233:5 27.5 175 5
30 48.0 35.40 28.0 1E.0 5.0

Figure 6-53  Example result for Stressed Jitter Eye Calibration (eye height)

Set DM Interference [mV]: The amount of DM Interference set on the
data generator.

Eye Height (x ps RJ) [mV]: The measured Eye Height for the set RJ
(x ps) and set DM interference.
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Once the PCle Test Station has been calibrated, receiver test procedures
can be run.



7 Receiver Tests

Overview

228

The basic principles underlying all PCI Express receiver tests are:
Train the DUT into loopback mode
Send the training pattern with defined stress characteristics

Use the error detector to verify that the DUT loops back the correct
pattern without errors

A bit error count shown in the results as -1 indicates either that the
BERT lost synchronization during a measurement or that synchronization
of the BERT to the Tx pattern could not be achieved at all.

Most of the Rx tests constantly change the signal stress to collect more
data and re-initialize the loopback mode if the DUT terminates from it. If
calibration data is available, the data confirms that the signal stress is at
the specified level and test point. If calibration data is missing, a warning
message pops up. If you ignore the warning messages explicitly, you can
run tests without the calibration data.

You do not require a real-time oscilloscope to perform Receiver Tests.

Some Rx tests are available only in Expert Mode. This is the case when
only “Expert” appears as the Mode under the heading Availability in the
description of the test.

Prerequisite Calibrations

Prerequisite calibrations for each procedure are displayed in the
application itself. Right-click the procedure name in the procedure tree of
the main window of the user interface and select “Required Calibration
Data...”. See Required Calibration Data on page 62 for details.
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Receiver Tests 7

Connection Diagrams

In this User’s Guide, only example connection diagrams are given at the
beginning of each chapter, for example for receiver tests. The exact
connection diagram for a specific situation can be viewed by right-clicking
the appropriate procedure in the procedure tree of the main window of the
user interface and selecting “Show Connection...”.

PCI Express Common Receiver Parameters

The PCI Express Common Parameters are listed in the parameter grid
(right half) of the main window of the user interface when you click the
corresponding group in the procedure tree in the left half of the main
window. Clicking a data rate in the procedure tree shows you the
data-rate-specific PCl Express Common Parameters for that data rate.
Similarly, clicking a lane shows you the corresponding lane-specific
common parameters and clicking a channel shows you the corresponding
channel-specific common parameters.

Details of PCI Express Common Receiver Parameters can be found in
Table A-4 on page 324.

Parameters in Expert Mode for Individual Tests

The PCI Express Parameters in expert mode for an individual procedure are
not listed in this User’s Guide explicitly. They are displayed in the
parameter grid (right half) of the main window of the user interface when
you click the corresponding entry in the procedure tree in the left half of
the main window.

Details of PCI Express Receiver Parameters for individual procedures can
be found in Table A-8 on page 360.

Parameters Related to FBER

In the CTS for PCI Express Version 6.0, the First Bit Error Ratio (FBER) is
introduced. It is relevant only for Rx Test and LEQ Rx Test procedures at
64 GT/s. The relevant parameters used in those procedures are defined in
Table A-8 and Table A-9, respectively, under the category heading ‘BER
Measurement’.

Note that FBER is supported only when the M8070EDAB Error Distribution
Analysis Package plugin is installed and licensed in the M8070B system.
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Using Back-Channel Optimization Data

For 32 GT/s

Using Back-Channel Optimization leads to the following changes for Rx (or
LEQ Rx) test procedures at 32 GT/s. If “Use Back-Channel Optimization
Data” is set to True in the corresponding Rx (or LEQ Rx) data rate node
(32 GT/s), the “DUT Initial Preset Gen5” and “DUT Target Preset Gen5”
parameters are set to the data for the first preset with the smallest
Minimum Level Width from the selected Back-Channel Optimization file.
The redriver parameters are hidden and the values specified in the
selected Back-Channel Optimization file are used instead. The
Back-Channel Optimization file can be selected with the parameter
“Back-Channel Optimization file”.

For 64 GT/s

Using Back-Channel Optimization leads to the following changes for Rx (or
LEQ Rx) test procedures at 64 GT/s. If “Use Back-Channel Optimization
Data” is set to True in the corresponding Rx or (LEQ Rx) data rate node
(64 GT/s), the “DUT Initial Preset Gen6” and “DUT Target Preset Gen6”
parameters are set to the data for the first preset with the best BER from
the selected Back-Channel Optimization file. The redriver parameters are
hidden and the values specified in the selected Back-Channel
Optimization file are used instead. The Back-Channel Optimization file can
be selected with the parameter “Back-Channel Optimization file”.

Order of Descriptions of Receiver Tests

The receiver test descriptions are arranged alphabetically (except for
“Custom” tests, which are placed directly after their “basic” versions).

To find a procedure description easily, go to Chapter 4, Procedure Tree
Overview, where the procedures are listed in tables in the order they
appear in the procedure tree in the application. Each listed procedure has
a link to its description.
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Example Connection Diagrams

For more details, right-click the appropriate procedure in the procedure
tree of the user interface and select “Show Connection...”.

Figure 7-1 shows the connection diagram for receiver tests for ASIC
end-point DUTs for M8040A. Note that the setup can differ depending on
the ISI channel, clock architecture and external reference clock selection.

Blacking Capacitor
. Attenuator
@ 50 0 Termination

Figure 7-1 Example connection diagram for ASIC receiver tests (M8040A, 32 GT/s,
End Point)

For ASIC Root Complex DUTs, the setup differs in the reference clock
connection.

If a Keysight M8047 Redriver is used, it must be connected between the
test fixture Tx outputs and the BERT data inputs.

For redrivers it is important that the setup includes the couplers that are
shown in the Connection Diagram in the application.
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Blocking Capacitor
El Attenuator
@ 500 Termination

[Trace 11 IR >

Figure 7-2 Example connection diagram for ASIC receiver tests (M8050A, 64 GT/s,
End Point)
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Blocking Capacitor
I Attenuator
@ 50 Q Termination

PC Power
Supply

Figure 7-3 Example connection diagram for ASIC receiver tests with a switch
(M8020A, 8 GT/s, End Point)

Blocking Capacitor
I Attenuator
@ 50 O Termination

PC Power
Supply

Figure 7-4 Example connection diagram for ASIC receiver tests (M8040A, 5 GT/s, End
Point)
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Blocking Capacitor
. Attenuator
@ 500 Temination

Var. IS| Pair 28

Figure 7-5 Example connection diagram for CEM receiver tests (M8040A, 16 GT/s,
Add-In Card)

Blocking Capacitor
- Attenuator
@ 50 O Termination

J.2 Compliance Base Board

Figure 7-6 Example connection diagram for U.2 receiver tests (M8020A, 8 GT/s,
Device)
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Blocking Capacitor
50 Q Termination

Var. IS| Pair 0

Figure 7-7 Example connection diagram for M.2 receiver tests (M8040A, 32 GT/s,
Host)
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Descriptions of Receiver Tests

236

Rx Coefficient Matrix Scan

Data Generator:  M8020A, M8040A, M8050A

Interface Types: ASIC CEM U.2 and M.2

DUT Types: End Point Add-In Card Device
Root Complex System Host

Modes: Expert

Data Rates: 8 GT/s, 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

Purpose and Method

For 64 GT/s: This procedure measures the BER with a combination of
coefficients C+1 (Post-Cursor), C-1 (Pre-Cursor1) and C-2 (Pre-Cursor2)
to create a coefficient matrix with the BER results. At each step, for a
certain C-2, the BER value is measured for different values of C-1 and
C+1. After repeating for different values of C-2, the resulting values are
mapped onto three triangular matrices, where each element contains four
entries (measured BER, pre-shoot, de-emphasis, and boost). Note that the
BER level, which determines the color of each tile, will change if FEC is
enabled.

For Other Data Rates: This procedure measures the BER with a
combination of coefficients C+1 (Post-Cursor) and C-1 (Pre-Cursor) to
create a coefficient matrix with the BER results. At each step, the BER
value is measured for different values of C+1 coefficients while the C-1
coefficient value is kept constant. The resulting values are mapped onto a
single triangular matrix, where each element contains four entries
(measured BER, pre-shoot, de-emphasis, and boost).

Elements on a diagonal line from bottom left to top right in each triangle
have the same maximum boost value. The elements of the matrix are
displayed in different colors depending on the measured BER value. If the
element appears in green, the entry values are valid and they can be used
for testing. As the color changes to red, such values are invalid for testing.

If the parameter “Allow user to enter optimum equalization for remaining
tests” (in the parameter grid of the main window of the user interface) is
set to ‘True’, a window appears where you can select the values of
pre-shoot and de-emphasis from the resulting table.

Keysight N5991P PCI Express Test Automation Software Platform User's Guide



Receiver Tests 7

Connection Diagram

Refer to Figure 7-1 on page 231 and Figure 7-2, Figure 7-3, Figure 7-5,
Figure 7-6, Figure 7-7.

Result Description

L0_Rx_64GTps_EQTable
for PCle 6.0 EndPoint ASIC

-————General-———
Offline True
Software Version £.4.0.22

Spec Dewiations

Commants

——--Loopback Training Settings-——--

Use Custom Training Voltage False
Suppress Loopback Trzining Messages False

-———Generator Clock-———

Data Rate Dewiation 0 ppm

Use S5C Falze
Us=e S5C Falze
Use S5C Falze

Reference Clock 100 MH=

-———Power Switch Rutcmstion----

Use Power Switch Zutomation True

Power Switch Channel Number 1

Bower Cycle Off Om Duration 3=

PBower Cycle Settling Times 3=

PBower Cycle max. Retries for LE Training 1

————Loopback Training-—-——

Enable Impairments during LE Training Trus

Force Betrzining at each BER messurement False

Dre-Shoot2 used for LB Training -1.3 dB

Dre-Shootl used for LB Trazining 4.7 4B
hasis uwsed for LB Training 0 dB

Link Training Lane Number [a]

Link Training Mode Interactive

Link Training Suite Settings File C:%ProgramData

Training through Li-Recovery

——--Interactive Link Training----

Drecoding Luto Detection True
Generator Full Swing 24

Generator Start Preset EE

00T Initiasl Preset EE

00T Target Preset EE

Select Start Freset Gend User Defined
Generator Start Preset Gend EE

DUT Initial Preset Gend P&

OUT Target Preset Gend BS

Keysight N5991P PCI Express Test Automation Software Platform User’s Guide 237



7

238

Receiver Tests

Select Start Preset Genb
Generator Start Preset Genb
OUT Initizl Preset Genk

0UT Target Preset G=nb
Select Stzrt Fresset Gené
Generator Start Freset Gené
0UT Initisl Preset Gend

OUT Target Preset Genf

Drop Link Method

----Error Detector----
Ensble FE

Manusally align error detector sampling point.
Fast Rlignment

Use Ruto Enslyzer Egualization

Betries for Euto Znalyzer Egualizmation
CIDR Loop Bandwidth

Input Range for Loopback Training
Input Eange

CDR Locp Selecticon

Filter SKEPOS

Upper Enzlyzer Thresheold

Middle Znalyzer Threshold

Lower Enzlyzer Thresheld

Dolarity

-——-Taggling———

Pattern Selection Mede

Toggle Script File For 32 GIfs

Toggle Script File For €4 GI/s

Dzuss after toggle

——---Eack-Channel Optimization----

Use Back-Channsl Optimization Data
-——-Coafficient Varizcion———
Coefficient Dividex

C+l =
C+l =

Maximum Pre-Shoot2 for C-1 =

==
woom
(==

Maximum Pre-Shootl for C-2 =
Maximim Boost

Start Pre-Shootl

Start Pre-Shootl

Stzrt De-Emphasis

——---BEL Meagurement-—---

Eit Error Ratic Measurement
Maximim number of consecutive symbols
FBER Mode

Tzrg=t TEER

Confidence Lewel

Eelzx Time

Usexr Defined

User Defined

False
False
False
Tru=

1

20 MHz
&00 mif
&00 mif
Loopl
True
180 oV
[
=150 m\f

Hon-Inverted

Ix Compliance
C:%\Programlats
C:"Progrzmlata

100 ms

False

(SN e
i

Bi B Bi B B

FEER
24
TargetBer
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———-Impairments————

Use Complisnce Impairments True
Differentizl Woltage 800 oW
Bandom Jitter 150 £s
Common Mode Interference TE mv
Differentizsl Mode Interference 5 v
Sinuspidal Jitter 1.5825 p=
Sinusoidzl Jitter Freguency 100 MH=
Znd Tone Sinuseoidal Jitter d =

Znd Tone Sinuscidal Jitter Frequency 210 MH=
Trest 33kHz as separate 57 frequency True
--=--Equalization----

Use Preset Trus
Fenerzstor Fresst Q5
Bre-Shoot 2 -1.3 dB
Bre-Shoot 1 4.7 4B
De-Emphasis 0 dB
=-=-Channel----

Trace Number 5

Totzl Channel Loss -33 dB
—---Egualization for remsining Bx tests----

L1low user to enter optimum eguslizastion for remsining Bx tests True

—— ——[UT-——-

Mzx Link Training Speed gd GI/=
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[cich| o/24 | 1/24 | 2/24 | 24| 24 | 28 | a2k |

1/24

0/24 2/24
0/24 3/24
0724 4/24
0724 5/24
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2724 5/24 .

Figure 7-8 Example result for Rx Coefficient Matrix Scan (64 GT/s)

Matrix of the BER, Pre-Shoot 2, Pre-Shoot 1, De-Emphasis and Boost
values for combinations of C-2 (values listed in first column), C-1
(values listed in second column) and C+1 (values listed in first row).
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Rx Custom Coefficient Matrix Scan

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM M.2
DUT Types: End Point Add-In Card Device
Root Complex System Host
Modes: Expert — Custom Procedure
Data Rates: 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

The “Include Custom Procedures” option must be selected when
configuring the DUT; refer to Figure 2-12 on page 40.

Purpose and Method

This procedure is similar to the Rx Coefficient Matrix Scan on page 236,
with the difference that you can use combinations of impairments that
have been obtained with the Custom Eye Calibration on page 185 or
Custom Eye Scan Calibration on page 188.
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Rx Compliance Test

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM
DUT Types: End Point Add-In Card
Root Complex System
Modes: Compliance, Expert
Data Rates: 2.5,5GT/s

Purpose and Method

This test determines whether the DUT meets the receiver specifications.
The procedure measures the BER when all jitter types and the eye height
are set to their specification limit values (that is, maximum values for jitter,
minimum value for eye height). In expert mode, these values can be
changed.

Connection Diagram

Refer to Figure 7-4 on page 233.
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Result Description

L0O_Rx_5GTps_Comp
PCle 6.0 EndPoint ASIC

----Ceneral----

Offline

Scftware Wersion

Spec Deviations

Commants

IST

CHMST Emplitude
Specification:

Eye Height <= 100 oW

Bandom Jitter(rms} = 3.4 ps
S5C Residuzl (pesk-pesk] »= 75

Deterministic Jitter(pesk-pesk] = E5.

High Frequency Deterministic Jitter (peak-pea

Test Properties:

-—--Loopback Training Settings----
Suppress Locpkack Trzining Messages
-—-—Generator Clock-—---

Datz Rate Dewviation

Use S3C

32 =T/ s U=se 35C

g4 ET/s U=se S55C

Reference Clock

-———Power Switch Rutcmstion----
Use Power Switch Automstion

Power Switch Channel Number

Dower Cycle Off On Durstion

Power Cycle Settling Time

Dower Cycle max. Retries for LE Trainming

——--Loopback Training---—-

Ensble Impairments during Loopback Training

Link Training Lane Number

Link Training Mode

Link Training Suite Settings File
Training through

——-—Error Detector-———

CIR Locp Bandwidth

Input Bange for Loopback Training
Input Range

CIR Locp Selecticn

Filter SEPOS

Threshold

Bolzarity

Manually align erxror detector sampling point.

Fast Alignment
Inalyzer Equalization
Use Zuto Enalyzer Egusalizstion
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»= 0.0 ps

73 p=
150 oW

False

0 ppm
False
False
False
100 MH=z

True

W
I

[
n

True

7

Static Segue

C:\ProgramDa

Configuratio

-
I
i
b

3

& o
(== ]
g8

2}

Loopl
Irue
ow

Hen-Inverted

False
False
b:41]

Fzlse
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-———Generator Jitter--——-

LF Sinusaidal Jitter Emplitude 15 ps
-——-Eya Height----
Eye Height 100 oW
----BER Measursment----
BER Mode TargetBer
Target EER 1E-12
Confidence Lewvel 55 %
RBelax Tims 3=
——--Impairments—-——-
Use Complience Impzirments True
Bandom Jitter 3.4 p=s
S5C Residusl 75 ps
Trest 33kHz &= separste 57 freguency True
T
M=x Link Training Speed &4 GI/s
-———Instruments——--
57 5T
Result Frequency | Amplitude | Target BER [ 1] Measured BER [ ]
ME=z] [p=]
pass 100.000 18.0 0.000E+000 0. 000E+D00

Figure 7-9 Example result for Rx Compliance Test

Result: (pass/fail) “Pass” if the measured BER is smaller than the target
BER.

SJ Frequency [MHz]: Frequency of the applied SJ.
SJ Amplitude [ps]: Amplitude of the applied SJ.
Target BER: BER to be achieved.

BER: Measured BER.
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Rx Jitter Tolerance Test

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM U.2 and M.2
DUT Types: End Point Add-In Card Device
Root Complex System Host
Modes: Expert
Data Rates: 2.5GT/s,5GT/s, 8 GT/s, 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

Purpose and Method

The Rx Jitter Tolerance Test determines how much jitter a DUT can
tolerate at different SJ frequencies.

The test procedure applies a search algorithm that is used sequentially
over a number of jitter frequencies, which are defined by the parameters in
the category Sinusoidal Jitter Variation in the parameter grid.

Frequencies to be tested are defined with the “Frequency Mode” property.

If ‘User Defined’, ‘Compliance Frequencies’ or ‘Single Frequency’ is
selected, the enabled parameter is

Jitter frequencies/y
If ‘Equally Spaced Frequencies’ is selected, the enabled parameters are
Start frequency value
Stop frequency value
Number of frequency steps
Frequency sweep scale

Other parameters that govern the jitter variation are
Start jitter amplitude(s)
Use fixed number of steps, which can be defined in terms of
Jitter step sizes or factors
Number of jitter steps
Show min failed points
At each jitter frequency value, the minimum failed jitter value and the
maximum passed jitter value are saved. The passed values are either the

maximum jitter amplitudes where the DUT produced no more bit errors
than the number of allowed bit errors (if BER Mode is “Fixed Time”) or the
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maximum jitter amplitude where the BER did not exceed the target BER (if
BER Mode is “Target BER”). The results are curves that show the maximum
jitter that the DUT can tolerate as a function of the SJ frequency.

There are different methods of finding the maximum passed jitter
amplitude. Search Algorithm can be selected as Binary, Linear, Linear with
two step sizes, Linear with two step sizes and hysteresis, Logarithmic up or
Logarithmic down.

With the “Binary” search algorithm, the jitter amplitude is initially set to
the middle of the tested range. If the BER test is passed, the jitter
amplitude is increased and if the BER test is failed, the amplitude is
decreased. The step size is reduced at each step until the target
resolution is reached. The binary search algorithm is recommended for
DUTs with short recovery time.

If “Linear” is selected, the test uses the defined step size to increase the
jitter amplitude linearly from “Start Jitter” until the BER test fails.

If “Linear with two step sizes” is selected, the test first uses relatively
large steps to increase the jitter amplitude linearly from “Start Jitter”.
When the BER test is failed, the jitter amplitude is returned to the last
passed point and steps up again with small steps until an error is found
again.

If “Linear with two step sizes and hysteresis” is selected, the test first
uses relatively large steps to increase the jitter amplitude linearly from
“Start Jitter”. When the BER test is failed, the jitter amplitude goes
back down with mid-sized steps (hysteresis) until the BER test is
passed again. From that point, the jitter amplitude steps up again with
small steps until an error is found again.

If “Logarithmic up” is selected, the test uses the defined step factor to
increase the jitter amplitude on a logarithmic scale from “Start Jitter”
until the BER test is failed.

If “Logarithmic down” is selected, the test uses the defined step factor
to decrease the jitter amplitude on a logarithmic scale from “Start
Jitter” until the BER test is passed.

Connection Diagram

Refer to Figure 7-1 on page 231 to Figure 7-7 on page 235.

In the result table, Margin is given as N/A if there is no specification limit
for a particular test point, i.e., Min spec is N/A.
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Result Description

LO_Rx_64GTps_JTol
for for PCle 6.0 EndPoint ASIC

8
10 Min Failed Jitter
Max Passed Jitter
Setup Capability
1 DT iR Min Spec
]

SJ Amplitude [fs]
=)
Il
T

107 A

102 107 10° 10 10°
SJ Frequency [MHz]

———-General----

Offline True
Software Version 5.4.0.22
Spec Deviztions

Comments

————Loopback Training Settings———

Use Custom Trzining Voltage Fzlss
Suppress Locpback Treining Messages Fzlse

————Generator Clock-——-

Datz Rate Deviation 0 ppm
Use S5C False
32 GI/s Use EBC Fzlse
&4 GT/s U=ze E5C False
Reference Clock 100 MH=z

————Power Switch Rutemation-————

Use Power Switch Automation xue
Power Switch Channel Number 1
Power Cycle Off On Duration 3Is=
Dower Cycle Settling Time 3=
Power Cycle mex. Retries for 1B Training 1
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———-Loopback Training-——-

Enable Impairments during LE Training
Force retrzining on each fregquency
Link Training Lzne Number

Link Training Mode

Link Training Suite Settings File
Training through

————Interactive Link Training---—-
Precoding Ruto Detection
Generator Full Swing

Generator Start Preset

DUT Initial Dreset

0TT Target Freset

Select Start Preset Gend
Generator Start Freset Gend

0UT Initizl Preset Gend

OJT Target Preset Gend

Select Stzrt PFreset Genb
Generator Start Freset (enb

0UT Imitizl Preset Genk

OUT Target Preset Genb

Select Start Preset Gené
Generator Start Freset (ené

00T Initisl Preset Gend

DUT Target Preset Gent

Drop Link Method

——-—Error Detector-———

Enable FEC

Mamually align error detector sampling point.

Fast Alignment

Use Auto Enalyzer Eguslization
Retries for Ruto Znalyzer Egualization
CIR Locp Bandwidth

Input Range for Loopback Training
Input Range

CIR Locp Selecticn

Filter SEPOS

Upper Enzlyzer Threshold

Middle Zmalyzer Threshold

Lower Enalyzer Threshold

Bolarity

————Toggling——

Dattern Selection Mode

Toggle Script File For 32 GI/s=
Toggle Script File For &4 GIfs
Dzuses after toggle
——--EBack-Channel Optimization----
Use Back-Channsl Optimization Data
-—--Sinusoidal Jitter Variation----
Search Algorithm

Frequency mods

Use fixed number of steps

Show min failed points

True

Falsze

Interactive
C:WProgramDaetz\BitifEye\ValiFrzam

Lil-Recovery

User Defined
o5
o5
B5
User Defined
B5
o5
e
User Defined
Q5
a5
a5

LTS55M

False
False
False
Trues

1

20 MH=
€00 my
€00 m¥
Loopl
Tue
150 m¥
aw
-150 off

Nen-Inverted

Tz Complisnce Pattern Toggling
C:\Brograml=ta%BitifEye\ValiFram

C:\PrograzmDatz‘\BitifEye\ValiFram
100 ms

False

Linear with 2 step sizes
Compliance Freguencies
Falss

True
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-———BER Measursment————

Eit Error Ratio Measurement

Maximum numter of consecutive symbols

FBER Mode

Tzrget FEER

Confidence Level

Belax Tims
——--Impairments—-—-

Use Complisnce Impzirments
Differentizl Voltage
Random Jitter

Common Mode Interference

Differential Mode Interference

Znd Tone Sinusoidal Jitter

2nd Tone Sinusoidal Jitter Frequency

Treat 33kH= as separste 57 frequency

—-—--Equalization-—--
Use Preset

Pre—Sheot 2

Pre-Sheot 1

De-Emphasis
-———Channal-————

Trace Numbexr

Totzl Channel Loss

—_— __DU':__ —_—

M=x Link Training Speed

-———Instruments——--

(...)

up Capability

Receiver Tests

FBER
e

TargetBer

Tue
200 mW
150 fs
75 oif
i

(ST
0

10 MH=z
Trues

False
-1.3 dB8
.7 dB
dB

[

1000000.00
385404 7€
e24e5_4¢

20575.55
e777. €€
1562.50
15e2.50
1562.50

15e2.50

Result 57 Freguency Min Failed Jitter Max Pasged Jitter Set
MHz] [£2] [£1] [£s]
pass 0.03 Nall 23021500.00 23021500.0
pass 0.40 Nalt 145260000 1453£00.0
pass 1.00 Nall 4p4100.00 484100.0
pass 2.00 Nalt 21070000 210700.0
pass 4.00 NslN 51700.00 51700.0
pass 10.00 Nal 30500.00 30500.0
pass 20.00 NslN 12300.00 12500.0
pass 40.00 Nal 12500.00 12500.0
pass 100.00 NslN 12300.00 12500.0
Figure 7-10  Example result for Rx Jitter Tolerance Test
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Result: “Pass” or “fail”.

Min Spec [fs

280

1253

1352,
725,
T2k,
725,

SJ Frequency [MHz]: The frequency of the sinusoidal jitter applied to

the test signal.

_2
-3
€750
-0

-0

Margin

o

moom

Min Failed Jitter [fs]: The first value of SJ amplitude where the DUT did
not pass the BER test at a specific frequency.

Max Passed Jitter [fs]: The maximum value of SJ that the DUT can
tolerate at a specific SJ frequency.
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Setup Capability [fs]: The maximum value of jitter that the test setup
can generate at a specific SJ frequency.

Min Spec [fs]: Lower specification limit for jitter.

Margin [%]: The margin between the max passed jitter and the
specification.
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Rx Custom Jitter Tolerance Test

Availability

Data Generator:
Interface Types:

DUT Types:

Modes:
Data Rates:

Receiver Tests

M8020A, M8040A, M80O50A
ASIC CEM M.2

End Point Add-In Card Device
Root Complex System Host

Expert — Custom Procedure
16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

The “Include Custom Procedures” option must be selected when
configuring the DUT; refer to Figure 2-12 on page 40.

Purpose and Method

This procedure is similar to the Rx Jitter Tolerance Test on page 247, with

the difference that you can use combinations of impairments that have
been obtained with the Custom Eye Calibration on page 185 or Custom

Eye Scan Calibration on page 188.
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Rx Pre-Compliance Test

Availability

Data Generator:  M8020A, M8040A, M8050A

Interface Types: ASIC CEM U.2 and M.2

DUT Types: End Point Add-In Card Device
Root Complex System Host

Modes: Expert

Data Rates: 8 GT/s, 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

Purpose and Method

For all data rates except ASIC at 8 GT/s

This test verifies that the DUT functions properly in the presence of the
compliance eye defined in the specification.

The target eye height and eye width are generated by adding the optimum
combination of Differential Mode Sinusoidal Interference, Sinusoidal Jitter
and Launch Voltage. Random Jitter and Common Mode Sinusoidal
interference are fixed to the nominal values. Then, the BER test is
performed for different amplitudes of the sinusoidal jitter. For ASIC the
frequency is also varied; otherwise the frequency is kept fixed at 100 MHz.

For ASIC at 8 GT/s

This test verifies that the receiver meets the eye width specification. Eye
width is set to the minimum of the specification, which is 37.5 ps, and the
eye height must be between 22.5 and 27.5 mVpp.

Eye width is generated by adding the combination of Random Jitter and
DMSI that also gets as close as possible to the desired eye height. Launch
Voltage is fixed to the value used in Stressed Jitter Eye Calibration. Then,
the BER test is performed for different frequencies and amplitudes of the
sinusoidal jitter.

Connection Diagram

Refer to Figure 7-1 on page 231 and Figure 7-2, Figure 7-5, Figure 7-6,
Figure 7-7.
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Result Description

Receiver Tests 7

The Result Description is basically the same for all data rates with just a
few alterations for ASIC at 8 GT/s. Just one example is given here.

L0_Rx_64GTps_Comp
for PCle 6.0 EndPoint ASIC

----Ceneral----

0ffline

Scftware Version

Spec Dewviations

Commants

————Loopkback Training Ssttings——-—
Use Custom Training Voltage
Suppress Locpkack Trzining Messages
-———Generator Clock-————

Data Rate Deviation

Use S3C

32 GI/s Use E5C

&4 GT/3 Use S5C

Reference Clock

-———Power Switch Rutomation-—--
Use Power Switch RAutomation

Power Switch Channel Numbex

Dower Cycle Off On Duration

Dower Cycle Settling Time

Dower Cycle max. Retries for LE Training

——--Loopback Training----

Engble Impairments during LE Training
Link Training Lane Humber

Link Training Mode

Link Training Suite Settings File
Training through

————Interactive Link Training————
Precoding Zuto Detection
Generator Full Swing

Generator Start Preset

00T Initisl Preset

OUT Target Preset

Select Start Preset Gend
Generator Start Preset Gen4

00T Initisl Preset Gend

OUT Target Preset Gend

Select Start Preset Genb
Generator Start Preszet Genb

DUT Initial Preset GenS

0T Target Freset Genb

Select Start Preset Gene
Generator Start Preszet Gene

DUT Initial Preset Genc
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Receiver Tests

OOT Target Ereset Gene
Drop Link Method
————Error Detector—----—

Enable FE

Manually align error detector sampling point.

Fast RAlignment
Use Ruto Analyzer Eguslization

Retries for Ruto Rnalyzer Egualizsticn

COR Loop Bandwidth

Input Range for Loopback Training
Input ERange

COR Loop Selecticn

Filter SKPOS

Upper Enzlyzer Thresheold
Middle Znalyzer Threshold
Lower Enzslyzer Thresheold
Bolarity

———Toggling-——-

Pattern Sslection Mode

Toeggle Script File For 32 GI/s
Toggle Script File For €4 GIfs
Pause after toggle

EBack-Channel Optimization----
Use Back-Channel Optimization Data
—---BER Mezsurementg----

Bit Error Ratioc Messurement

Maximum number of consecutiwve symbols
FBER Hode

Target FBER

Confidence Level

Relax Time

——--Impairments----

Use Complisnce Impzirments
Differentizl Woltage

Random Jitter

Common Mode Interference
Differentizl Mode Interference

2Znd Tone Sinuscidal Jitter

2nd Tone Sinuscidal Jitter Frequency
Treat 33kHz =23 sepsrste 57 fraguency
————Equalization--——-

Use Preset

Pre-Shoot 2

Dre-Sheot 1

De-Emphasis

————Channel-—--

Trace Numbexr

Total Channel Loss

— ——DUT————

Max Link Training Speed

(...)

a5
LTSsH

False
False
False
True

1

20 MHz
€00 mWf
600 my
Loopl
True
150 mWf
ow
-150 o

Hen-Inverted

Tz Complisnce Pattern Toggling
C:h\ProgramD=ta \BitifEye\WaliFram
C:\ProgramDaeta\BitifEye\ValiFram

100 ms

False

FRER

"

ped

TargetBer

-33 4B

€4 GT/s
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Nl i

pass
pass
pass
pass
pass
pass
pass
pass

pass
Figure 7-11

Result

100.000
40.000
20.000
10.000

4._000

2
1.000
[u]

-BE25
-5625

-]

Il

1777

3854048
1000.0000

H EH EH H B

-DDOE-00E
0D0E-00E
000E-00E
0DOE-00E
DOCE-00E
Q0CE-00&
0D0E-00E
0D0E-00E

0DOE-00E

Example result for Rx Pre-Compliance Test

: “Pass” or “fail”.

« i - Y o o

-000E-007

-000E-007

-000E-007

000E-007

-000E-007
-000E-007
-000E-007
-000E-007

-000E-007

SJ Frequency [MHz]: The calibrated frequency of the sinusoidal jitter.
SJ Amplitude [ps]: The calibrated amplitude of the sinusoidal jitter.

Target FBER: The maximum value of FBER allowed for a “pass” result.
Measured FBER: The measured FBER value.

OR, for the last two columns, if the BER Mode is selected as Fixed Time,

Allowed Bit Error: The maximum number of bit errors allowed for a

“pass”

result.

Measured Bit Error: The number of bit errors measured.

For data rates below 64 GT/s or if ‘Bit Error Ratio Measurement’ is

selected as ‘BER’, FBER is replaced by BER.
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7 Receiver Tests

Rx Custom Pre-Compliance Test

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM M.2
DUT Types: End Point Add-In Card Device
Root Complex System Host
Modes: Expert — Custom Procedure
Data Rates: 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

The “Include Custom Procedures” option must be selected when
configuring the DUT; refer to Figure 2-12 on page 40.

Purpose and Method

This procedure is similar to the Rx Pre-Compliance Test on page 254, with
the difference that you can use combinations of impairments that have
been obtained with the Custom Eye Calibration on page 185 or Custom
Eye Scan Calibration on page 188.
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Rx Preset Pre-Compliance Test

Availability

Data Generator:

Interface Types:

DUT Types:
Modes:
Data Rates:

Purpose and Method

Receiver Tests

M8020A, M8040A, M80O50A

CEM U.2 and M.2
Add-In Card Device
Expert

8 GT/s

This test determines whether the DUT meets the receiver specifications for

different presets.

Eye height, eye width and sinusoidal jitter are set to the specified values.
Eye height and eye width are generated by adding the appropriate amount
of random jitter and DMSI.

The procedure measures the number of errors during “BER Measurement
duration” and checks if the “Target BER” is met. In this procedure, presets
P7 and P8 are tested.

Connection Diagram

Refer to Figure 7-6 on page 234.

Result Description

LO_Rx_8GTps_CBB3_PresPreComp
for PCle 6.0 AddInCard

———General-——-

Offline True
Software Version 5.4.0.22
Spec Dewviations

Comments

———-Loopback Training Settings————-

Use Custom Training Woltage False
Suppress Loopback Treining Messages Fzls=
————Generator Clock--——-

Data Rate Dewviation ppm
Use S5C Falsze

32 GI/=s Use S5C Irue

32 GI/s S58C Deviatiom 5000 ppm
&4 GT/s Use EBC Txue

&4 EI /= 5EC Deviation 5000 ppm
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————DPower Switch RAutomstion————

Use Power Switch Automation

Power Switch Channel Number

Bower Cycle Off On Duration

Power Cycle Settling Time

Power Cycle max. Retries for LE Training
————Loopback Training--—-

Enable Impzirments during Loopback Training
Link Training Lzne Number

Link Training Mode

Link Training Suite Settings File
Training through

————Interactive Link Training-—-———
Generator Full Swing

Generator Start Preset

DUT Initial Dreset

OTT Target Preset

Drop Link Metheod

Error Detector—----

Pause pelore Rutc-ilign

COR Loop Bandwidth

Input Range for Loopback Training
Input Range

COR Loop Selecticn

Filter SKPOS

Threchold

Bolarity

Manuslly align error detector sampling point.

Fast Llignment

Inaslyzer Equslization

Use Luto Enalyzer Equalization
———-Parameter----

Eye Height

Eye Width

————BER 'Measurement—-—

EER Meagurement Duration
Target EER

Relzx Time

————Impairmen
Use Compliznce Impairments

Random Jitter

Differentizl Mode Sinuscidal Interference
Sinusoidal Jittex

Sinusoidzl Jitter Freguency
——--Equalizaticn----

Usze Preset

Generator Dreset

Dre-Shoot

Training Speed

True

[T
mwon

Interactive
C:\ProgramData\BitifEye'\VzliFrzm

LO-Recovery

LIEsM

False
12 MHz
€00 oW
€00 oW
Loopl
True
[
Nen-Inverted
False
False
20
Falsze

True

1.01 ps
23.8 oV
12.5 ps
100 MHz
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Target BSR L] | Hessared BER
D7 2z

passa -DOCE-DO4 0. 0OCE+CO0

pass =1} 1.000E-004 0.DO0E+000
Figure 7-12  Example result for Rx Preset Pre-Compliance Test

Result: “Pass” or “fail”.

Preset: The preset used for the measurement.

Target BER: The maximum value of BER allowed for a “pass” result.
Measured BER: The measured BER value.
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7 Receiver Tests

Rx Pre-Shoot De-Emphasis Scan

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM U.2 and M.2
DUT Types: End Point Add-In Card Device
Root Complex System Host
Modes: Expert
Data Rates: 8 GT/s, 16 GT/s, 32 GT/s

See also Table 2-1 on page 39.

Purpose and Method

The purpose of this test is to find the optimum combination of
de-emphasis and pre-shoot amplitudes. As a first step, the procedure sets
initial de-emphasis and pre-shoot values and adjusts the eye height to
obtain the desired BER (slightly above 1e-9). Then, it retains the initial
pre-shoot and performs a de-emphasis scan, measuring the BER for every
de-emphasis value. After that, it retains the initial de-emphasis amplitude
and makes a pre-shoot scan. Finally, the test shows the result tables, one
for the de-emphasis scan and one for the pre-shoot scan. The results let
you see the best combination with the initial values that were selected.

Connection Diagram

Refer to Figure 7-1 on page 231 and Figure 7-2, Figure 7-3, Figure 7-5,
Figure 7-6, Figure 7-7.

Result Description

The de-emphasis scan and the pre-shoot scan are presented separately.
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Receiver Tests 7

De-Emphasis Scan

LO_Rx_32GTps_DeEmphasis_8can
for PCle 6.0 EndPoint ASIC

R —m— BER for De-Emphasis Scan

10" £ 1

10% F

16° & 1
= S 1
z 10
w €L 3
a 9

107 ¥ 1

107" £ 1

10-13 I 4

10'15 —

-6 -4.8 -3.6 -2.4 -1.2 0
De-Emphasis Level [dB]

----Cenerzl----
Offline True
Software Versiom 5.4.0.22

Spec Devistions

Comments

----Loopback Training Settings----

Use Custom Training Weltage Fzlse
Suppress Loopback Training Messages Fzlse

----Generator Clock----

Dztz Rate Deviation 0 ppm
Use 25C False
32 EI/s Use 53T False

g4 I/s Use 53T False

Reference Clock 100 MH=

----Dower Switch Rutemation----

Use Power Switch Zutomation True

Dower Switch Channel Number 1

Power Cycle Off On Duration 3=

Power Cycle Settling Time 3=

Power Cycle max. Betries for LB Training 1
——--Loopback Training————

Ensble Impsirments during Loopback Training True

Force Betrsining st each Preset Fzlse

Link Training Lane Kumber [i]

Link Training Mode Interactiwve
Link Training Suite Settings File C:\ProgramData
Training through Li-Recovery
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——--Interactive Link Training—--—-
Precoding Bute Detection
Generator Full Swing

Generstor Start Preset

DUT Initial E

set

OUT Target Preset

Select Start Preset Gend
Generator Start Preset Gend
DUT Initial DPreset Gend

0T Tzxget Freset Gend

Select Start Preset Genb
Generator Start FPreset Genb
OUT Initial Dreset Gent

0UT Tzxget Preset G=nb

Drop Link Method

-——--Exrror Detector--—-
Marmslly align error detector sampling point.
Fast Rlignment

Inalyzer Equalization

Use Zuto Enslyzer Egualization
CIR Loop Bandwidth

Input Bange for Loopback Training
Input Bange

CDR Loop Selecticn

Filter SKPOS

Threshold

Bolarity

————Toggling-———-

Pattern Selection Mode

Toggle Script File For 32 GIfs
Pause =fter toggle
——-—Back-Channel Optimization--——
Use Back-Channel Optimization Data
———-Pre-Shoot Waristion--—-
Start Pre-Shoot

Stop Pre-Shoot

Bre—-Shoot Step Size
———-De-Emphasis Varistion———
Start De-Emphasis

Stop De—Emphasis

De-Emphasis Step Size
———-Parameter----

Scan Order

Initial De-Emphasis

Initial Pre-Shoot

—---BER Mezsurementg----

BER Mode

Target BER

Confidence Lewvel

Belax Tims

True
24
EE
BS
BS
User
BS
DE
D&
Usexr Defined
LE

D&

Pe

LTsEM

False
False
80
False
20 MHz
600 mi
600 mi
Loopl
True
awv

Non-Inverted

Tx Compliance
C:\ProgramData'

False

DeEmphasis fir:
0 48
1.5 dB

TargetBer
30E-12
55 %

3=
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Receiver Tests 7

——--Impairments----

Use Compliznce Impzirments
Differentizl Woltage
Random Jitter

Common Mode Interference

Differentizl Mode Interference

Sinusoidal Jitter 3.125 ps
Sinusoidal Jitter Frequency 100 MH=
Znd Tone Sinuscidal Jitter Qs

2nd Tone Sinuscidal Jitter Frequency 210 MH=
Treat 33kHz =23 sepsrste 57 fraguency Trus

———-Equslization--——

Use Preset Trus
Generator Presst EE
Pre-Shoot 1.5 48
De-Emphasis 0 48
————Channel-—--

Trace Number ]
Total Channel Loss -37 48
——--Eguzlization for remsining Bx tests-—--—

Lllow user to enter optimum egualization for remsining Bx tests Tru=
— __]:fu':‘__ _—

Max Link Training Speed Ed4 GI/=
———-Instruments-—--—

(...)

De-Emphasis BF'E;‘:: E:;n
Level [dB] |°°% o - =

o.00 1.000E-003
-0_50 1.212E-005
=1.00 Z2.154E-007
-1.50 5.823E-00%
-2.00 2.154E-010
—2_50 1.212E-011
-3.00 1.000E-012
—-3.50 1.212E-013
—4.00 Z2.154E-014
—4_50 5.823E-015
-5.00 2.154E-01E
—-5_50 1.212E-015
—&.00 1.000E-015

Figure 7-13  Example result for Rx Pre-Shoot De-Emphasis Scan (de-emphasis)

- De-Emphasis Level [dB]: The value of de-emphasis added to the signal
for each step.

- BER for De-Emphasis Scan: The BER measured at each de-emphasis
level.
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Pre-Shoot Scan

The text part of the result for the pre-shoot scan is exactly the same as for
the de-emphasis scan in Figure 7-13 and so is not repeated here.

LO_Rx_32GTps_PreShoot_Scan
for PCle 6.0 EndPoint ASIC

1T —m— BER for Pre-Shoot Scan

BER[]

0 1.2 2.4 3.6 4.8 6
Pre-Shoot Level [dB]

e
Level [dB] . Q:

0.00 1_000E-003
0.50 &_551E-007
1.00 1.32eE-00%
1.50 8.28cE-012
2.00 1.:00E-013
2.50 5_541E-015
3.00 1_758E-01E
3.50 1.000E-015
4.00 1.758E-01E
4_50 5_541E-015
5.00 1._&00E-013
5.50 2.28eE-012
£.00 1_32eE-005

Figure 7-14  Example result for Rx Pre-Shoot De-Emphasis Scan (pre-shoot)

Pre-Shoot Level [dB]: The value of pre-shoot added to the signal for
each step.

BER for Pre-Shoot Scan: The BER measured at each pre-shoot level.
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Rx Custom Pre-Shoot De-Emphasis Scan

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM M.2
DUT Types: End Point Add-In Card Device
Root Complex System Host
Modes: Expert — Custom Procedure
Data Rates: 16 GT/s, 32 GT/s

See also Table 2-1 on page 39.

The “Include Custom Procedures” option must be selected when
configuring the DUT; refer to Figure 2-12 on page 40.

Purpose and Method

This procedure is similar to the Rx Pre-Shoot De-Emphasis Scan on
page 262, with the difference that you can use combinations of

impairments that have been obtained with the Custom Eye Calibration on

page 185 or Custom Eye Scan Calibration on page 188.
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Rx Sensitivity Test
Availability

Data Generator:  M8020A, M8040A, M8050A

Interface Types: ASIC CEM U.2 and M.2

DUT Types: End Point Add-In Card Device
Root Complex System Host

Modes: Expert

Data Rates: 2.5 GT/s, 5 GT/s, 8 GT/s (not ASIC), 16 GT/s, 32 GT/s,
64 GT/s

See also Table 2-1 on page 39.

Purpose and Method

This test searches for the minimum Eye Height at which the DUT passes
the BER test.

For 16 GT/s, 32 GT/s and 64 GT/s: The procedure starts with “Start DMSI”
and increases it in steps of “DMSI Step Size”, which reduces the Eye
Height. (Vdiff could also be used to reduce the Eye Height.) The random
jitter is held fixed at the compliance value. The Eye Height corresponding
to each DMSI value is reported. The minimum passed Eye Height value is
the last test point that did not return an error.

For 2.5 GT/s, 5 GT/s and 8 GT/s: The method starts with “Start Eye
Height” and decreases it in steps of “Step Size”. The minimum passed
value is the last test point that did not return an error.

In principle, it is possible for a DUT to work without error even when the
Eye Height is zero, because the Eye Height was calibrated with a reference
receiver and the DUT may be better than that.

Connection Diagram

Refer to Figure 7-1 on page 231 and Figure 7-2, Figure 7-4, Figure 7-5,
Figure 7-6, Figure 7-7.
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Result Description

LO_Rx_64GTps_Sens
for PCle 6.0 EndPoint ASIC

----General----

Offline

Scftware Version
Spec Deviztions

Comments

=—=-Loopback Training Settings—----
Use Custom Training Voltage
Suppress Loopkack Training Messages
----Generator Clock----

Datz Rate Deviation

Use E55C

32 EI/s Use 53C

g4 I/s Use S53C

Reference Clock

-—--Dower Switch Automstion-——-
Use Power Switch Zutomation
Dower Bwitch Channel Humbexr
Power Cycle Off On Duration

Dower Cycle Settling Time

Power Cycle max. Betries for LE Training

——--Loopback Training————

Ensble Impsirments during LB Training

Link Trzining Lane Kumber

Link Training Mode

Link Training Suite Settings File
Training through

——--Interactive Link Training---—-
Precoding Buto Detection
Generator Full Swing

Generstor Start Preset

OUT Initial Preset

OUT Target Preset

Select Start Preset Gend
Generator Start Preset Gand
OUT Initial Dreset Gend

0UT Tzxget Preset Gend
Select Start Preset Genb
Ereset Ganb

=et Zenk

Generator Start

DUT Initisl ©
OUT Target Preset G=nb

Select Start Preset Geng
Generastor Start Preset (Gene
OUT Initisl Preset Gend

OUT Target Preset G=nf

Drop Link Method
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False
False

0 ppm
False
False
False
100 MH=z

Iue

W
m

w
m

True

Interactive
C:\ProgrambData’\BitifEye\ValiFrams
LO-Recavery

True

i

oo e
nonoin

User Defined
-]

-]

-1

User Defined
o]

5

DE

User Defined
Q5

Q5

Q5
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————Error Detector—--—-—

Enable FE

Manuslly align error detector sampling point.

Fast Rlignment

Use Zuto Enalyzer Egualization

Betries for Luto Bnalyser Equalization

CLR Loop Bandwidth

Input Range for Loopback Training
Input Range

COR Loop Selection

Filter SEPOS

Upper Rnalyzer Threshold

Middle Enslyzer Threshold

Lower EAnzlyzer Thresheold

Dolaricy

——--Toggling----

Pattern Selection Mode

Toggle Script File For 32 GIfs
Teggle Script File For €4 GIfs
Pause after toggle
————Back-Channel Optimization-———
Use Back-Channsl Optimizastion Data
————Sensitivity Varistion————
Sensitivity Mode

Start DMSI

Stop DMSI

OMET Step Size

————BER Mezsurement--—-

Eit Error Ratio Measurement

Maximum number of consecutive symbols
FBER Mode

Target FEER

Confidence Level

Relax Time

————Impairments-————

Use Compliznce Impzairments
Differentizl Woltage

Random Jitter

Common Mode Interference

Sipusoidsl Jittex

Sinusoidsl Jitter Fregquency

2Znd Tone Sinuscidal Jitter

Znd Tone Sinuscidzsl Jitter Frequency
Treat 33kHz as separate 5J frequency
—-—--Egqualization----

Use Preset

Pre-Sheoot 2

Bre-Sheoot 1

De-Emphasis

————Channel-—--

Trace Number

Total Channel Loss

Falss
Falss
Falss
True

1

20 MH=z
&00 m\
€00 m\7
Loopl
True
150 m\f
ov
=180 oV
Hen-Inverted

Tz Complisnce Pattern Toggling
C:WProgramDetz\BitifEye\ValiFrzam
C:\ProgramDeta\BitifEye’\WaliFram

100 ms

Falsze

DifferentizlModeInterferance

TzrgstBer
1E-8
35 %

-

rue

200 W7
150 fs

75 mif
1.5625 ps
100 MHz

4.7 4B

u

-33 4B
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—— D T————
Max Link Training Speed &4 EI/s

————Instruments----

2.8 15.0 7

pass 47.58 Z1e.7
Figure 7-15  Example result for Rx Sensitivity Test

Result: Either “pass” or “fail”.

Max Passed DMSI [mV]: The maximum value of DMSI for which the BER
test was passed.

Eye Height [mV]: The eye height corresponding to the Max Passed
DMSI value.

Spec Limit [mV]: The lower limit of DMSI required by the specification.
Margin [%]: The margin of the Max Passed DMSI to the Spec Limit.
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7 Receiver Tests

Rx Custom Sensitivity Test

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM M.2
DUT Types: End Point Add-In Card Device
Root Complex System Host
Modes: Expert — Custom Procedure
Data Rates: 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.
The “Include Custom Procedures” option must be selected when
configuring the DUT; refer to Figure 2-12 on page 40.

Purpose and Method

This procedure is similar to the Rx Sensitivity Test on page 268, with the
difference that you can use combinations of impairments that have been
obtained with the Custom Eye Calibration on page 185 or Custom Eye
Scan Calibration on page 188.
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Descriptions of LEQ Transmitter Tests / 286

This chapter describes tests that use the link training feature of the BERT
to put the DUT in loopback mode.
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Overview

274

Link Equalization Tests

LEQ Rx and LEQ Tx tests are available only if interactive link training for
the selected data rate is licensed on the connected BERT.

Prerequisite Calibrations

Prerequisite calibrations for each procedure are displayed in the
application itself. Right-click the procedure name in the procedure tree of
the main window of the user interface and select “Required Calibration
Data...”. See Required Calibration Data on page 62 for details.

Connection Diagrams

In this User’s Guide, only example connection diagrams are given near the
beginning of each chapter, for example for link equalization tests. The
exact connection diagram for a specific situation can be viewed by
right-clicking the appropriate procedure in the procedure tree of the main
window of the user interface and selecting “Show Connection...”.

PCI Express Common Link Equalization Parameters

The PCI Express Common Parameters are listed in the parameter grid
(right half) of the main window of the user interface when you click the
corresponding group in the procedure tree in the left half of the main
window. Clicking a data rate in the procedure tree shows you the
data-rate-specific PCI Express Common Parameters for that data rate.
Similarly, clicking “Custom Tests” shows you the parameters specific to
custom tests.

Details of PCI Express Common Link Equalization Parameters can be found
in Table A-5 on page 334.

Parameters in Expert Mode for Individual LEQ Tests

The N5991 PCI Express parameters in expert mode for an individual
procedure are not listed in this User’'s Guide explicitly. They are displayed
in the parameter grid (right half) of the main window of the user interface
when you click on the corresponding entry in the procedure tree in the left
half of the main window.

Details of PCI Express Parameters for Individual LEQ Tests can be found in
Table A-9 on page 370.

Keysight N5991P PCI Express Test Automation Software Platform User's Guide



Link Equalization Tests 8

Parameters Related to FBER

See Parameters Related to FBER on page 229.

Using Back-Channel Optimization Data

See Using Back-Channel Optimization Data on page 230.

Order of Description of Link Equalization Receiver Tests

The LEQ test descriptions are arranged alphabetically (except for “Custom”
tests, which are placed directly after their “basic” versions).

To find a procedure description easily, go to Chapter 4, Procedure Tree
Overview on page 71, where the procedures are listed in tables in the
order they appear in the procedure tree in the application. In those tables,
each procedure has a link to its description.
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Example Connection Diagrams

LEQ Rx Tests

Figure 8-1 and Figure 8-2 show example connection diagrams for LEQ Rx
tests. Note that the setup can differ depending on the DUT type, ISI
channel, clock architecture and external reference clock selection. For
more details, right-click the appropriate procedure in the procedure tree
of the user interface and select “Show Connection...”.

Blocking Capacitor
I Attenuator
@ 500 Termination

Figure 8-1 Example connection diagram for an LEQ Rx test (64G LEQ Rx Compliance
Test; ASIC, End Point, M8040A)
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Blocking Capacitor
@ 500 Termination

PC Power
Supply

Var. ISl Pair 11

Figure 8-2 Example connection diagram for an LEQ Rx test (64G LEQ Rx Compliance
Test; CEM, System, M8040A)
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Blocking Capacitor

W Aftenuator
@ 50 0 Termination

Var. 15| Pair 11

Example connection diagram for an LEQ Rx test with a redriver (32G LEQ
Rx Compliance Test; CEM, Add-In Card, M8040A; redriver M8047C)

Figure 8-3
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LEQ Tx Tests

Figure 8-4 shows an example connection diagram for LEQ Tx tests. For
more details, right-click the appropriate procedure in the procedure tree
of the user interface and select “Show Connection...”.

Blocking Capacitor
Il Attenuator
@ 50 Q Termination

PC Power
Supply

Figure 8-4 Example connection diagram for an LEQ Tx test (64G LEQ Tx Initial Preset
Compliance Test; ASIC, End Point M8040A)

Keysight N5991P PCI Express Test Automation Software Platform User’s Guide 279



8 Link Equalization Tests

Descriptions of LEQ Receiver Tests

LEQ Rx tests are very similar to the usual Rx tests described in Chapter 7.
The main difference is that LEQ Rx tests always use interactive training
with TxEQ negotiation.

LEQ Rx Compliance Test

Availability
Data Generator: M8020A, M8040A, M8050A
Interface Types: ASIC CEM U.2and M.2
DUT Types: End Point Add-In Card Device
Root Complex System Host
Modes: Compliance, Expert
Data Rates: 8 GT/s, 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

Purpose and Method

This test uses the interactive link training feature of the BERT to let the
DUT negotiate the generator transmitter preset to be used.

Once the equalization training is finished and the DUT is in loopback
mode, the test behaves in the same manner as the Rx Pre-Compliance
Test on page 254.

The final transmitter equalization (TxEQ) settings (Pre-Shoot and
De-Emphasis) are reported in the test results.
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LEQ Rx Custom Compliance Test

Availability

Data Generator:
Interface Types:

DUT Types:

Modes:
Data Rates:

Link Equalization Tests

M8040A, M8020A, M80O50A
ASIC CEM M.2

End Point Add-In Card Device
Root Complex System Host

Expert — Custom Procedure
16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

The “Include Custom Procedures” option must be selected when
configuring the DUT; refer to Figure 2-12 on page 40.

Purpose and Method

This procedure is similar to the LEQ Rx Compliance Test on page 280, with

the difference that you can use combinations of impairments that have

been obtained with custom calibrations.

Click “Custom Tests” under the appropriate data rate in the procedure tree
in the GUI to select (in the right-hand pane)

the Custom Calibration Source (either Custom Eye Calibration or
Custom Eye Scan Calibration)

the Custom Eye Calibration Point (from the drop-down list)
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LEQ Rx Jitter Tolerance Test

Availability

Data Generator:  M8040A, M8020A, M8050A

Interface Types: ASIC CEM U.2 and M.2

DUT Types: End Point Add-In Card Device
Root Complex System Host

Modes: Expert

Data Rates: 8 GT/s, 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

Purpose and Method

This test characterizes how much jitter a DUT can tolerate at different
frequencies of sinusoidal jitter.

It uses the interactive link training feature of the BERT to let the DUT
negotiate the generator transmitter preset to be used.

Once the equalization training is finished and the DUT is in loopback
mode, the test behaves in the same manner as the Rx Jitter Tolerance Test
on page 247.

For the LEQ Rx Jitter Tolerance Test, the final transmitter equalization
(TXEQ) settings (Pre-Shoot and De-Emphasis) are reported in the test
results. In addition, the Final Generator Preset and the Final Generator
Cursors are also reported. (Note that the Final Generator Cursors are not
reported for the M8020A.)
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LEQ Rx Custom Jitter Tolerance Test

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM M.2
DUT Types: End Point Add-In Card Device
Root Complex System Host
Modes: Expert — Custom Procedure
Data Rates: 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

The “Include Custom Procedures” option must be selected when
configuring the DUT; refer to Figure 2-12 on page 40.

Purpose and Method

This procedure is similar to the LEQ Rx Jitter Tolerance Test on page 282,
with the difference that you can use combinations of impairments that
have been obtained with custom calibrations.

Click “Custom Tests” under the appropriate data rate in the procedure tree
in the GUI to select (in the right-hand pane)

the Custom Calibration Source (either Custom Eye Calibration or
Custom Eye Scan Calibration)

the Custom Eye Calibration Point (from the drop-down list)
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LEQ Rx Sensitivity Test

Availability

Data Generator:
Interface Types:
DUT Types:

Modes:
Data Rates:

M8020A, M8040A, M80O50A

ASIC CEM U.2 and M.2
End Point Add-In Card Device
Root Complex System Host

Expert
8 GT/s, 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

Purpose and Method

This test uses the interactive link training feature of the BERT to let the
DUT negotiate the generator transmitter preset that must be used.

Once the equalization training is finished and the DUT is in loopback
mode, the test behaves in the same manner as the Rx Sensitivity Test on

page 268.

The final transmitter equalization (TxEQ) settings (Pre-Shoot and
De-Emphasis) are reported in the test results.
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LEQ Rx Custom Sensitivity Test

Availability

Data Generator:
Interface Types:

DUT Types:

Modes:
Data Rates:

Link Equalization Tests

M8020A, M8040A, M80O50A
ASIC CEM M.2

End Point Add-In Card Device
Root Complex System Host

Expert — Custom Procedure
16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

The “Include Custom Procedures” option must be selected when
configuring the DUT; refer to Figure 2-12 on page 40.

Purpose and Method

This procedure is similar to the LEQ Rx Sensitivity Test on page 284, with

the difference that you can use combinations of impairments that have

been obtained with custom calibrations.

Click “Custom Tests” under the appropriate data rate in the procedure tree
in the GUI to select (in the right-hand pane)

the Custom Calibration Source (either Custom Eye Calibration or
Custom Eye Scan Calibration)

the Custom Eye Calibration Point (from the drop-down list)
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Descriptions of LEQ Transmitter Tests

- Differential probes are not supported for LEQ Tx tests at 32 GT/s and
NOTE 64 GT/s.

LEQ Tx Initial Preset Compliance Test

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types:  ASIC CEM U.2and M.2
DUT Types: End Point Add-In Card Device
Modes: Compliance, Expert
Data Rates: 8 GT/s, 16 GT/s, 32 GT/s

64 GT/s only with M8040A
See also Table 2-1 on page 39.

Purpose and Method
This test uses the interactive link training feature of the BERT.

The BERT runs the link training, setting several initial equalization
transmitter presets on the DUT and skipping the link equalization phase.
Once the DUT is in loopback, the DUT signal is captured and analyzed to
check whether the DUT is using the preset requested by the BERT.

The specification has a special case for this test at 32 GT/s. For details
NOTE see Special Case for LEQ Tx Tests at 32 GT/s on page 301.

Connection Diagram

Refer to Figure 8-4 on page 279.

286 Keysight N5991P PCI Express Test Automation Software Platform User's Guide



Link Equalization Tests 8

Result Description

LO_EqQTx_64GTps_IniPreset
for PCle 6.0 EndPoint ASIC

-————General-———
0ffline True
Software Version s.4.0.22

Spec Dewiations

Commants

SigTest Version Qffline
——--Loopback Training Settings——-—-—

Suppress Loopkack Training Messages Falszs

-———Power Switch Rutomation--—--

Use Power Switch Automation True

Power Switch Channel Number 1

Power Cycle OZf On Duration 3=

Dower Cycle Settling Time 3=

Dower Cycle max. Retries for LE Training 1
——--Loopback Training---—-

Link Training Lane Number 1]

Training through Li-Becovery

C:\ProgramData‘\BitifEye\ValiFrameKl

Interactive Training Seript File \BCTIeh\BettingshTrainingScripts\Peisd

——--Interactive Link Training----

Link Training Evpass
Generator Start Dreset el
Generator Start Preset Gens S
Generstor Start Preset Benb ES
Generstor Start Preset Bent a5

-—--Error Detector----

Fast Rlignment Falss

CIR Locp Bandwidth 20 MH=z

CIR Locp Selection Loopl

Use Ruto Anslyzer Eguslizstion Tru=

Betries for Ruto Enslyzer Eguslizsticn 1

Input Bange for Loopback Training 450 oW

Input HRange 350 oW
Upper Enalyzer Threshold 150 oW
Middle Zmalyzer Threshold oW

Lower Analyzer Threcshold —-150 oW
Bolzsrity Noen-Inverted
-———Toggling——

Dattern Selesction Mode Ixz Compliance Pattern Toggling

C:\ProgramData‘\EitifEye\ValiFrameKl
“BCIehSettingshToggleScripts\PCIed 32
C:\ProgramData\BitifEye\ValiFrameKl
\BCIehSettingshToggleScripts\PCIed &4

Toggle Script File For 32 GIfs

Toggle Script File For €4 GI/s
Dzuse after toggle 100 ms

——-—Back-Channel Optimization----
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——-—Back-Channel Optimization----

Use Back—Channel Optimization Data Falss

----Parametar----

Bressts 2001702, 0304057085 07,08,05
Scope Connection for Link EQ Tx Tests Chan 1 2 3 4 Direct Connect
Generator Output Voltage Compensstion & dB8

Skip BER Check Tru=

——-—Oscilloscope Preset Messurement————

Humker of Uls 3 MUI
Scope raw Bandwidth 50 GH=z
Use Bessel Filter False
— —DUT-———

=3
o
0l
I
u

Max Link Training Speed

———-Instruments----

(...)

0T fMin | Mex | g Max | pg. | Min | Max
Besult | Initial Spec | Spec | g ot EEEE |m oo FEEE || EIEE |iEemEE s Comment

S psz | Ps2 |, ps1 | S DE DE Method

[4B] | [4BI [dB] [4B] | [dB]
pass N2 | N2 | 0.00 N/2 | N/A | D.00 | N/R | N/R LFER
pass N/&2 K/A 0.00 N/A2 KR 0.00 WA HR C Fit
pass -0.50  0.50 1.0 1.10 2.10 0.00 | -0.50 2.50 LFER
pass -0.50 0.50 1.60 1.10 2.10 0.00 -D.50 0.50  2C Fic
pass -0.80 0.50 3.50 3.00 4.00 0.00  -0.50 2.50 LFER
pass -0.80 0.50 3.50 3.00 £.00 0.00 -0.80 0.50  AC Fic
pass -0.80  0.50 0.00 -0.50 0.50 -1.80  -2.10 -1.10 LFPR
pass -0.50 0.50 ©0.00 -0.50 0.50 -1.60 -2.10 -1.10  2C Fic
pass -0.50 0.50 0.00 -0.50 0.50 -3.50 -4.00 -3.00 LFER
pass s 0.00 -D.80 0.50 ©0.00 -0.50 0.50 -3.50 ~-4.00 -3.00 AC Fis
pass s -1.30  -1.80 -0.80 4.70 3.70 5.70  0.00 | -0.50 0.50 LFER
pass gs -1.30 -1.80 -0.80 4.70 3.70 5.70 0.00 -0.50 0.50  AC Fic
pass Qe -1.80 -2.10 -1.10 3.50 3.00 4.00 -3.50 -4.00 -3.00 LFER
pass e -1.60 -2.10 -1.10 3.50 3.00 4.00 -3.50 -4.00 -3.00 AC Fic
pass o7 -z.50 | -3.40 -2.40 4.70  S8.70 §.70 0.00  -0.50 0.50 LFPR
pass eyl -2.50 -3.40 -2.40 4.70 3.70 5.70 0.00 -0.50 0.50  AC Fis
pass o] -3.50  -4.00 -3.00 .00 5.00 7.00 0.00  -0.50 1.50 LFER
pass o] -3.50 -4.00 -3.00 6€.00 5.00 7.00 0.00 -0.50 0.50  AC Fic
pass E] -4.40 -3.40 -3.40 &.30 5.30 7.30 -1.80 -2.10 -1.10 LFER
pas=s oL} -4.40 -5.40 -3.40 6€.30 5.50 7.30 -1.60 -2.10 -1.10  AC Fic

pass %":;Ell_“ N/R | H/R N/R | N/R N/ N/Z | N/B

Figure 8-5 Example result for the LEQ Tx Initial Preset Compliance Test

Result: (pass/fail) The measured Pre-Shoot and De-Emphasis must be
within the specification limits.

DUT Initial Preset: Set by the BERT.
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Pre-Shoot 2 [dB]: (Only 64G) Measured Pre-Shoot 2 on the DUT
waveform.

Min Spec PS2 [dB]: (Only 64G) Pre-Shoot 2 lower specification limit.
Max Spec PS2 [dB]: (Only 64G) Pre-Shoot 2 upper specification limit.
Pre-Shoot 1 [dB]: Measured Pre-Shoot 1 on the DUT waveform.

Min Spec PS1 [dB]: Pre-Shoot 1 lower specification limit.

Max Spec PS1 [dB]: Pre-Shoot 1 upper specification limit.
De-Emphasis [dB]: Measured De-Emphasis on the DUT waveform.
Min Spec DE [dB]: De-Emphasis lower specification limit.

Max Spec DE [dB]: De-Emphasis upper specification limit.

Measurement Method: Measurement method used to calculate the
Pre-Shoot and De-Emphasis.

Comment: A comment may be added to each test step if it fails,
explaining why.

Keysight N5991P PCI Express Test Automation Software Platform User’s Guide 289



8

290

Link Equalization Tests

LEQ Tx Response Time Compliance Test

Availability

Data Generator:  M8020A, M8040A, M8050A

Interface Types: ASIC CEM U.2 and M.2

DUT Types: End Point Add-In Card Device
Root Complex System Host

Modes: Compliance, Expert

Data Rates: 8 GT/s, 16 GT/s, 32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

Purpose and Method

This test uses the interactive link training feature of the BERT to train the
DUT into loopback mode, running the link equalization phase completely.

A certain initial transmitter preset is set on the DUT. A successful link
training raises an event, which is used to capture the waveforms of the
BERT and the DUT. At that moment, the captured waveform from the
BERT contains the preset change request and the waveform from the DUT
contains the acknowledgment of that request. Additionally, the waveform
from the DUT also contains the physical transition from the initial
transmitter preset to the requested preset.

The captured data is decoded and two time intervals are calculated: one
between the request and the acknowledgment, and other between the
request and the electrical transition.

Finally, once the DUT is in loopback mode, a similar preset measurement is
performed for the Initial Preset.

The test is divided into two parts. In the first part, the BERT requests
transmitter presets. In the second part, the BERT requests the pre-cursor,
cursor and post-cursor reported by the DUT.

For End Point DUTs (or Add-In-Cards or Devices), the initial transmitter
preset is set by the BERT. For Root Complex DUTs (or Systems or Hosts),
you must manually set the DUT initial transmitter preset.

The specification has a special case for this test at 32 GT/s. For details
see Special Case for LEQ Tx Tests at 32 GT/s on page 301.
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Connection Diagram
Refer to Figure 8-4 on page 279.
Result Description
Example presentation of results for 8 GT/s and 16 GT/s.
L0_EqTx_16GTps_RespTime
for PCle 6.0 EndPoint ASIC

-———General--——
Offline True
Scftware Wersion 5.4.0.22

Spec Devistions

Comments
SigTest Freset Measurement Methed Vo
SigTest Version Offline

——--Loopback Training Settings----
Suppress Locpback Treining Messages Fzlss
Use Gend EIEOS False

-———Power Switch Rutcmstion----

Use Power Switch Rutomstion True

Power Switch Channel Numbex 1

Power Cycle Qff On Duration 3 s

Dower Cycle Settling Time 3 s

Dower Cycle mex. Retries for LB Training 1
——--Loopback Training---—-

Link Training Lane Number L]

Training through Li-Recovery
Interactiwe Training Script File C:\ProgramData‘BitifEye\ValiFrameKI1\P
——-—Interactive Link Training----

Generator Start Preset BE
Generator Start Preszet Gensd BE
-———Error Detector--——-—

Fast Rlignment False

CIR Locp Bandwidth 20 MH=

CIR Loop Selection Loopl
Enalyzer Equalization 20

Use huto Bnalyzer Egualization False

Input Bange for Loopback Training 450 mW
Input HRange 350 mvW
Threshold aw
Bolzarity Hen-Inverted
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-———Parametar————

Praszats PO;PL1;B2;P3;P4; P Pe; BT, P8 05
Skip response time mMEesSUreEmsSnTs Fzlss

Measure protocol response times True

Max Number of Retries 1

Scope Connection for Link EQ Tx Tests Chan 1 2 3 4 Direct Comnect
Generator Output Voltage Compensation & dB

Skip EER Check True

————Qscilloscope———

Scope Horizontal Range 10 us

Scope Pre-Trigger Dats 1.5 us

Scops Beguest Verticsl Rangs 200 mW

Scops Response Verticsl HRange 200 oW

N | —

Max Link Training Speed &4 I/ 3

————Instruments————

Max
Result DUT Target Sp\_a_c Co o
PBreget BS
[dE]
_ - LUT reported CursoIrs:
DEES H/R /R 0, 18, &
pass =31 100_00 17600 Hal N/R  NW/R  -3.50 -4.50 -2.50 Vo £ refonmze;’ ";“?H““:
pass p2 100.00 176.00 Nalt N/ | /R -4.40 | -5.50 | -2.50 Vo oot re:?‘c'-":_‘f; EE“::E"“:E:
pass P3 100_00 176_00 HaN N/A2  NW/R  -2.50 -3.50 -1.50 Vo Lin refonmzef “;H“rg:
pass pa 10000 176.00 WaN N/R | N/R aN N/a Vb DUT reported cursors:
(0, 24, 0)
pass D5 100.00 176.00 1.50 0.80 2.50 Hal N/A H/R Vo L refz""”zzd "E;““s:
pass pe 10000 176.00 | 2.50 | 1.50 | 3.50 HaN H/A s DUT reported eursors:
(3, 21, 0)
pass ] 10000 17600 3.50 2.80 4.50 -&.00 -7.50 =-4.50 Vb Lin refz‘-"mle,}d ";ISDISZ
- - - - LUT reported cursors:
as ;] o_00 7&.00 o | 2.50 & -3.50 | -4_50 | -2_50 T
pass EB 10000 176.00 | 3.5 2 480 3 50 | -2 b T
pass PS 10000 176.00 3.50 2.50 4.50 NzN H/R H/A Vo Lin reff“zend ‘B“f“rsz
. Bo' (0, o o0 wc o0 | R N 600 | 750 .
DEES 18 &) 10000 17&._00 Hal H/R /R —-&.00 -7.50 | -4.50 W
pass lec- [f]' 100_00 176_00 WaMN N/A W/AR  -3.50 -4.50 -2_50 b
pass B2 [f.l' 100.00 176.00 WaN | N/R | N/R | -4.40 | -5.50 | -2.80 Ve
pass 100_00 176_00 WaMN N/2 NW/AR  -2.50 -3_50 -1.50 b
pass 100.00 176.00 ¥aN | N/R | /R =N H/R e
pass 100_00 176,00 1.30 0.%0 2.50 Hal H/R H/R b
pass 100_00 176,00 | 2.50 | 1.50 | 3.80 =l H/R B
pass 100.00 176.00  3.50 2.50 4.80 -£.00 -7.50 -4.50 Ve
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. EBE' (3, oA e an =n P - en 4 ER a2 En
pass 8. 3 100.00 17&€.00 3.50 2_50 4. 50 -3_50 -4_50 | -2.50 Vo
ES' (4
pass 20, 0) 100.00 176.00 3.50 2.50 4,50 H=N H/R R/ ]
Ouverall - - - . - - -
255 H/2 H/R /R iR M/ TR H/z R
P Result ’ ‘ ¥ . M/ /. ! Hy

Figure 8-6 Example result for LEQ Tx Response Time Compliance Test (16 GT/s)

Result: (pass/fail) The values of Pre-Shoot and De-Emphasis should lie
between the upper and lower specification limits and the electrical
response time should not exceed the maximum specification limit.

DUT Target Preset: The transmitter preset that is requested from the
DUT by the BERT at each step.

Electrical response time [ns]: The calculated timespan between the
request from the BERT and the physical preset transition on the DUT
waveform.

Protocol response time [ns]: The calculated time interval between the
request from the BERT and the acknowledgment of the request by the
DUT.

Pre-Shoot [dB]: The measured Pre-Shoot on the DUT waveform.

Min Spec PS [dB]: The Pre-Shoot lower specification limit.

Max Spec PS [dB]: The Pre-Shoot upper specification limit.
De-Emphasis [dB]: The measured De-Emphasis on the DUT waveform.
Min Spec DE [dB]: The De-Emphasis lower specification limit.

Max Spec DE [dB]: The De-Emphasis upper specification limit.

Measurement Method: The measurement method used to calculate the
Pre-Shoot and the De-Emphasis.

Comment: An explanatory comment may be added.
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Example presentation of results for 32 GT/s.

L0_EqTx_32GTps_RespTime
for PCle 6.0 AddInCard

-——-—General----

0ffline

Software Versiom

Spec Dewiations

Commants

SigTest Freset Measurement Method
SigTest Version

————Loopkback Training Settings———
Suppress Locpkack Irazining Messages
-———Power Switch Rutomation--—--
Use Power Switch Automation

Power Switch Channel Numbex

Power Cycle OZf On Duration

Dower Cycle Settling Time

Dower Cycle max. Retries for LE Training
——--Loopback Training---—-

Link Training Lane Number

Training through

Interactive Training Script File
——-—Interactive Link Training---—-
Generator Start Preset

Generator Start Preszet Gensd
Generator Start Preset Gankb

————Error Detector-——-—

Fast Rlignment

CCR Locp Bandwidth

CIR Locp Selecticn

AEnalyzer Egualization

Use huto Bnalyzer Egualization
Input Bange for Loopback Training
Input Range

Ihreshold

Bolzsrity

————Toggling——

Dattern Selesction Mode

Toggle Script File Foxr 32 GIfs
Pzuse after toggle
——-—Back-Channel Optimization---—-
Use Back-Channel Qptimization Data

AT Fit
Offline

False

True

=

Li-Recovery
C:\ProgramData'\BitifEye\ValiFrameK1\P

=1
=1
=1

False

20 MH=

Loopd

g0

False

450 myf

350 mW

0w
Hen-Inverted

Ix Compliance Pattern Toggling
C:\ProgramData‘\BitifEye\ValiFrameK1\DP
100 ms

Falsze
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Resue [P Toge
pass

pEss Bl
pEss B2
pEss B3
pEss B4
pEss BS
pEss =
pass BT
pass ER
pass ES
pass

pass

pass

pass

DEss Es

= 24,
DEss stz.'

Electrical

response
time [ns]

Messure protocol response
Max Humber of Retries
Scope Conmection for Limk EQ Tx Tests
Generstor Cutput Voltage Compensation
Skip BER Check

———-0scilloscope———

Scope Horizontal Range
Scope Pre-Trigger Data
Scope Beguest Verticzl Ranges
Scope Besponse Wertical Range

Y o T ey

Max Link Trai

g Speed

-——-Instruments-————

L H/R —3.50 -4.50 -2.50
N/R H/R —&.40 -5.50 | -2.50
L H/R -2.50 -3.50 -1.50
N/R H/R Hal H/L X
0.50 2.50 Hal /R H/2
1.50 | 3.50 Hal H/L

2.50 4.50 —E&.00 -7.50 -4_50
2.50 | 4.50 -3.50 -4.50 | -2_50
2.50 4.50 Mal /L H/&
H/R H/R -E£.00 -7.50 | -4_50
H/R H/L -3.50 -4 50 -2_E0
H/R H/R -4_40 -5.50 | -2.50
H/R H/L —-2_50 -3.50 -1_50
N/R H/R Hal H/L

0.50 2.50 Hal /R H/2
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Spec Spec
LE LIE
[dE] [dB]
-7.50 | -4.50
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X
Chan 1 2 3 4 Direct Connect
& dB
True
10 us
1.8 us
200 oW
200 oW
o4 GI/fs
Meaosurement Con -
Method
P DUT reported Cursors
T ELE (0, 18, &)
. DUT reported cursors
A
= L (o, 20, 4}
1m Fie DUT reported Cursors:
- (0, 1%, 5}
. DUT reported cursors
A
REpE {0, 21, 3)
2, oo LUT reported cursors:
Ro E1T P - o
(o, 24, 0
. DUT reported cursors
A
REpE (2, 22, 0}
J— LUT reported cursors:
AC Fiz H A
(3, 21, o)
. LUT reported cursors
A
C Fit (2, 17, 5}
1r Fie DUT reported Cursors
oL (a, 18, 3}
. DUT reported CUrsors:
A
C Fit la, 20, 0}
BT Fit
AC Fit
LT Fiz
AC Fit
AC Fit
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pass 1;261'{ '::i’ 100.00 2.50 | 1.50 | 3.50 Nal N/E H/2 AC Fis
pass P;.?" [52] 100.00 3.50 2.50 4.50 -€.00 -7.50 -4.50 AC Fit
pass E,_Eslr ':333" 100.00 3.50 | 2.50 | 4.50 | -3.50 | -4.50 | -2.50 AT Fit
pass PRSD" [04]* 100.00 3.50 2.50 4.50 Hal N/& H/R AC Fit
pass :_;:;l_.all_;— WL B/2 | N/R | N/R N/Z N/R R/2

Figure 8-7 Example result for LEQ Tx Response Time Compliance Test (32 GT/s)

Result: (pass/fail) The values of Pre-Shoot and De-Emphasis should lie
between the upper and lower specification limits and the electrical
response time should not exceed the maximum specification limit.

DUT Target Preset: The transmitter preset that is requested from the
DUT by the BERT at each step.

Electrical response time [ns]: The calculated timespan between the
request from the BERT and the physical preset transition on the DUT
waveform.

Pre-Shoot [dB]: The measured Pre-Shoot on the DUT waveform.

Min Spec PS [dB]: The Pre-Shoot lower specification limit.

Max Spec PS [dB]: The Pre-Shoot upper specification limit.
De-Emphasis [dB]: The measured De-Emphasis on the DUT waveform.
Min Spec DE [dB]: The De-Emphasis lower specification limit.

Max Spec DE [dB]: The De-Emphasis upper specification limit.

Measurement Method: The measurement method used to calculate the
Pre-Shoot and the De-Emphasis.

Comment: An explanatory comment may be added.
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Link Equalization Tests 8
Example presentation of results for 64 GT/s.
L0_EqTx_64GTps_RespTime
for PCle 6.0 EndPoint ASIC
----Ceneral----
0ffline
Scftware Wersion
Spec Dewviations
Commants
SigTest WVersion Offline
—=—--Loopback Training Settings—----
Suppress Locpkack Trzining Messages False
-———Power Switch Rutomation--—-—-
Use Power Switch Automation True
Dower Switch Channel Number 1
Dower Cycle Off On Duration 3s
Dower Cycle Settling Time 3s
Dower Cycle mex. Retries for LE Training 1
————Loopbkack Training-—-——
Link Training Lane HNumber 0
Training through LO-Recovery
Interactive Training Script File CovProgramDatae\BitifEye'\ValiFra
————Interactive Link Training————
Generator Start Preset 2]
Generator Start Preset Gend PE
Generator Start Preset Genb PE
Generator Start Preset Gené [+13
-———Error Detector-———-—
Fast Alignment False
CIR Loep Bandwidth 20 MH=
CIR Locp Selection Loopl
Use Ruto Anslyzer Eguslizsticon Trus
Betries for Ruto EZnslyzer Eguslizeticn 1
Input Range for Loopback Training 450 oV
Input Range 350 oV
Upper Enalyzer Threshold 150 oV
Middle EZmalyzer Threshold ov
Lower Enalyzer Threshold -150 my
Polarity Non-Inwverted
-———Toggling——
Dattern Selection Mode Tx Compliznce Pattern Toggling
Toggle Script File For 32 GIfs= C:\PrograwData’\BitifEye'\ValiFra
Toggle Script File For &4 GIfs= Coy\PrograwmData\BitifEye\ValiFra
Dause after toggle 100 ms
——-—Back-Channel Optimization---—-
Use Back—Channel Optimization Data False
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----Darameter—---

Dressts Q0;Q1;Q2; 037047 08,08, Q708,05
Skip response time messurements False

Messure protocol response times False

Max Number of Retries 1

Scope Conmection for Link Ef Tx Tests Chan 1 2 3 4 Direct Connect
Generator Output Woltage Compensstion & dB

Skip BER Check Trus

----Osgilloscope Presset Measurement----

Hunber of Uls 3 MUI

Scope raw Bandwidth 50 GH=

Use Bessel Filter False

----0Oscilloscope RBesponsse Time Measursment----

Scope Horizontal Range 10 us
Scope PBre-Trigger Data 1.5 us
Scope Beguest Verticzl Range 400 o
Scope Besponse Wertical Eange 200 oV
—— ——OT-——-

Mzx Link Training Speed €4 ET/=
----Instruments—-—--—

Electrical | Pre— ;E'Kc De— Min Max I ———
response |Shoot 2 ;:1 Emphasis|Spec DE|Spec DE| Hﬂth_od Comment
time [ns] | [dB] = [dE] [dB] | [dB] =
[4E]
0.00 w2 | 0.00 wa | wa LFER DUT zeperted cursers:
{0, 0, 24, O
. DUT reported cursors:
pass Q0 100.00 0.00  N/A N/&  ©0.00 N/A  N/R 0.00 W/ w2 AC Fit T han e
pass a1 -0.50 | 0.50 | 1.€0 | 1.10 | 2.10 0.00 -0.80 LFER DUT zeported cursors:
i , 2, 22, 0)
pass Q1 100.00 0.00 -0.50 0.50 1.0 1.10 Z.1D 0.00 -0.50  0.50 LT Fit s fgp";“g;“;f"“:
pass Q2 -0.50 | 0.50 | 3.50 | 3.00 0.00 DUT reporced cursers:
(0, 4, 20, 0)
pass Qz 100.00 0.00 -0.50 0.50 3.50 3.00 4.00 0.00 -0.50  0.50 LT Fit s fgp";“gﬂcugf"“:
pass Q3 100.00 -0.50 0.30  ©0.00  -0.50  0.50  -1.é0  -2.10 LFER I’f‘“gzc"‘gf“;:
pass Q3 100.00 0.00 -0.50 ©0.50 0.00 -0.50 ©0.50 -1.60 -2.10 ~-1.10 LT Fit s fgp";“g;“;f"“:
pass Q¢ 100.00 0.00 | -0.50  0.50  0.00 -0.50 0.50  -3.50  -4.00 -3.00 LFER DUt == "i“sg,c"‘f”i:
pass Q4 100.00 0.00 -0.50 0.50 0.00 -0.50 ©0.50 -3.50 -4.00 -3.00 LT Fit s fgp";“gﬂ‘:“ﬁ"“:
pass Qs 100.00 | -1.30 | -1.80 | -0.80 | 4.70 | 3.70 0.00 | -0.50 | 0.50 LEER DUT zeported cursors:
F {1, 5, 18, 0)
pass Qs 100.00  -1.30 -1.80 -0.80 4.70 3.70 5.70 0.00 -0.50  0.50 LT Fit s ﬁp";“facugf"“:
pass Qe -1.60 | -2.10 3.50 | 3.00 -3.50 -3.00 DUT zepersed cursers:
i (1, 3, 17, 3
pass Q& 100.00  -1.60 -2.10 -1.10 3.0 3.00 4.00 -3.50 -4.00 -3.00 LT Fit s ﬁp";“f?‘:“gf"“:
. - A o an o - o oan - R p— rted cursors:
pass Q7 100.00 | -2.30 | -3.40 4.70 0.00 | -0.80 | 0.50 LEER i
pass a7 100.00  -2.50 -3.40 -2.40 4.70 3.70 5.70 0.00 -0.50  0.50 LT Fit s fzp";“f?‘:“gf"“:
pas= Qs 100.00 | -3.50 | -4.00 | -3.00 | €.00 | 5.00 g.00 | -0.80 | 0.80 LEIR Ot z= "f“fec“f?“s:
e T P
pass Qs 100.00  -3.50 -4.00 -3.00 6€.00 5.00 7.00 0.00 -0.50  0.50 LT Fit HIE SEETEAE S

{2, € 1g, 0)
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Link Equalization Tests 8

DUT reported cursors:

pass Qs 100.00 -4.40 | -5.40 | -3.40 .50 5.50 7.50 -1.€0 -2.10 | -1.10 LEER (2, & 15, 1)

e B e om un o en o ma m
S I N
B e om o em e am en m e o m
P e om o em m am e s e e m
0 e (o oo e am en aw e m

R e A I
R I I I
R E I N
e A N
I I R E I

Owearall
Result

pass N/R H/R H/R H/R H/n H/R H/R H/n PR H/n

Figure 8-8 Example result for LEQ Tx Response Time Compliance Test (64 GT/s)

Result: (pass/fail) The values of Pre-Shoot and De-Emphasis should lie
between the upper and lower specification limits and the electrical
response time should not exceed the maximum specification limit.

DUT Target Preset: The transmitter preset that is requested from the
DUT by the BERT at each step.

Electrical response time [ns]: The calculated timespan between the
request from the BERT and the physical preset transition on the DUT
waveform.

Pre-Shoot X [dB]: The measured Pre-Shoot X (X = 2, 1) on the DUT
waveform.

Min Spec PSX [dB]: The Pre-Shoot X (X = 2, 1) lower specification limit.
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8 Link Equalization Tests

Max Spec PSX [dB]: The Pre-Shoot X (X =2, 1) upper specification limit.
De-Emphasis [dB]: The measured De-Emphasis on the DUT waveform.
Min Spec DE [dB]: The De-Emphasis lower specification limit.

Max Spec DE [dB]: The De-Emphasis upper specification limit.

Measurement Method: The measurement method used to calculate the
Pre-Shoot and the De-Emphasis.

Comment: An explanatory comment may be added.
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Link Equalization Tests 8

Special Case for LEQ Tx Tests at 32 GT/s

For both LEQ Tx Initial Preset Compliance Test and LEQ Tx Response Time
Compliance Test the specification includes a special case at 32 GT/s.

In each case, the usual ValiFrame analysis consists of up to two stages. If
the DUT fails the first stage, where the AC fit method is used to measure
the presets, i.e., some of the pre-shoot or de-emphasis values lie outside
the spec limits, ValiFrame automatically checks to see if the values lie
within the spec limits with extended tolerance. If the DUT fails this too,
then the test is failed. However, if this second stage is passed, the user
dialog window shown in Figure 8-9 opens.

Result Vb method

Some Pre-Shoot and/or De-Emphasis values are outside of the ~
spec. but all of them are within the relaxed spec limits for the AC fit
method.

Therefore, please run SigTest version 4.0.52 and change the unit
interval in SigTest to 31.25ps

Use the waveform files located at
C:\ProgramData\BitifEye\ValiFramel1
\PCle\Data\438413_32G_LEQ_Tx_Response_Time_Compliance_
Test\PresetTester

Please verify the waveform files in both sub-directories with

SigTest.

For more infarmation, see the instructions in the application User

< >
Passed Failed

Figure 8-9 User dialog for LEQ Tx tests special cases at 32 GT/s

The brief outline there of the procedure to be followed — manual testing by
the Vb method - is described in more detail here. In both cases SigTest is
used to compute the presets.
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8 Link Equalization Tests

Using SigTest to Compute the Presets Using the Vb Method
1 Start SigTest 4.0.52 and click ‘EnablePTest’ (Figure 8-10).

Figure 8-10  Enabling the Preset Test in SigTest 4.0.52

2 Select ‘PCIE_4_0_PRESET as the Technology and
‘PCIE_GEN4_SYS_PRESET’ as the Template File (Figure 8-11). This can
be used for End Point, Root Complex, Add-In-Card and System DUTs.

PCIE_GEN4_SYS_PRESET |

25.000

Figure 8-11  Selecting the Technology and the Template File
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Link Equalization Tests 8

3 Select ‘PCle Gen4 Presets’ from the drop-down menu under ‘Select
Preset Test’ (Figure 8-12).

PCIE_4_0_PRESET |
PCIE_GEN4_SYS_PRESET |

Figure 8-12  Select the preset test as ‘PCle Gen4 Presets’

4 Change the Unit Interval to 31.25 ps (Figure 8-13).

Differential Al Files in Folder |
Test
Browse
e 3124 Full Swing Exit
0,00 0,00 0.00 0 0
0.00 0.00 0.00 0 0
0.00 0.00 0.00 0 0
0.00 0.00 0.00 0 0
0.00 0.00 0.00 0 0
0.00 0.00 0.00 0 0
0.00 0.00 0.00 0 0
0.00 0.00 0.00 0 0
0.00 0.00 0.00 0 0
0.00 0.00 0.00 (i (i
0.00 0.00 0.00 0 0
Ready

Figure 8-13  Changing the unit interval

Keysight N56991P PCI Express Test Automation Software Platform User’s Guide 303



8 Link Equalization Tests

5 Use the ‘Browse’ button to select the folder where the preset waveform
files are located, then click ‘Test’ (Figure 8-14). The location of the
preset files is given in the pop-up dialog window shown in Figure 8-9
on page 301.

3_32G_LEQ_Tx_Response_Time_Compliance_Test'\Preset Tester'.Presets

ey [ ———————————— - O (EX

Figure 8-14  Select the folder for preset files then begin test

6 All of the presets (except P10) must pass in order to achieve an overall
pass. When the run is finished, click ‘Exit’ (Figure 8-14) and a result file
will be created in the same folder.

Procedure for 32G LEQ Tx Initial Preset Compliance Test (Special Case)

Compute the presets manually, as described above. The pop-up dialog
window (Figure 8-9 on page 301) asks for the result. Click on ‘Passed’ or
‘Failed’, as appropriate. The result of the 32G LEQ Tx Initial Preset
Compliance Test is marked accordingly, and a comment is added to the
‘Overall Result’ row of the test report.

Procedure for 32G LEQ Tx Response Time Compliance Test (Special Case)

This is similar to the procedure for the 32G LEQ Tx Initial Preset
Compliance Test (Special Case), except that the test against the relaxed
limits is performed not only for the defined presets but also for the
reported cursors. Again, the pop-up window appears and the presets must
be computed manually. The waveform files for the cursors as well as for
the defined precursors must be used. If one or more presets or reported
cursors do not comply, the procedure is considered failed. Once you have
the result, click on ‘Passed’ or ‘Failed’ in the pop-up dialog (Figure 8-9 on
page 301) to report the result to ValiFrame.
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9 Receiver Setup Procedures

Overview

Receiver Setup Procedures are available in either Compliance or Expert
Mode but only if “Include Rx Setup Procedures” is checked when
configuring the DUT. To set this option, refer to Figure 2-12 on page 40.

Connection Diagrams

In this User’s Guide, only example connection diagrams are given at the
beginning of each chapter, for example for receiver setup procedures. The
exact connection diagram for a specific situation can be viewed by
right-clicking the appropriate procedure in the procedure tree of the main
window of the user interface and selecting “Show Connection...”.

PCI Express Common Receiver Parameters

The PCI Express Common Parameters are listed in the parameter grid
(right pane) of the main window of the user interface when you click the
corresponding group in the procedure tree in the left half of the main
window. Clicking a data rate in the procedure tree shows you the
data-rate-specific PCle Common Parameters for that data rate. Similarly,
clicking a lane shows you the corresponding lane-specific common
parameters.

Details of PCI Express Common Receiver Parameters can be found in
Table A-4 on page 324.

Parameters in Expert Mode for Individual Tests

The PCI Express Parameters in expert mode for an individual procedure are
not listed in this User’s Guide explicitly. They are displayed in the
parameter grid (right half) of the main window of the user interface when
you click on the corresponding entry in the procedure tree in the left half of
the main window.

Details of PCI Express Receiver Parameters for individual procedures can
be found in Table A-8 on page 360.
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Receiver Setup Procedures 9

Order of Descriptions of Receiver Setup Procedures

The descriptions of the Receiver Setup Procedures are arranged
alphabetically.

To find a procedure description easily, go to Chapter 4, Procedure Tree
Overview on page 71, where the procedures are listed in tables in the
order they appear in the procedure tree in the application. Each procedure
has a link to its description.
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Receiver Setup Procedures

Example Connection Diagrams

308

The connections to the base boards for Rx setup procedures vary greatly
depending on the data rate and interface type. For more details, right-click
the appropriate procedure in the procedure tree of the user interface and
select “Show Connection...”.

Figure 9-1 shows the connection diagram for receiver setup procedures
for ASIC end-point DUTs for M8040A. Note that the setup can differ
depending on the ISI channel, clock architecture and external reference
clock selection.

Blocking Capacitor
A or

ttenuat
@ 500 Termination

 Trace 11 [N

Figure 9-1 Example connection diagram for the Rx Impairments Setup procedure
(M8050A, ASIC, End Point, 64 GT/s)

For ASIC Root Complex DUTs the setup differs in the reference clock
connection.
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Blocking Capacitor
- Attenuator
@ 50 Q Termination

Var. IS| Pair 0

Figure 9-2 Example connection diagram for the Rx Pre-Compliance Setup procedure
(M8040A, CEM, Add-in Card,16 GT/s)

Blocking Capacitor
I Attenuator
@ 50 Q Termination

Figure 9-3 Example connection diagram for the Rx Compliance Setup procedure
(M8040A, ASIC, End Point, 5 GT/s)
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Receiver Setup Procedures

Blocking Capacitor
50 Q Termination

Figure 9-4 Example connection diagram for the Rx Pre-Compliance Setup procedure
(M8040A, CEM, System, 8 GT/s)

Blocking Capacitor
- Attenuator
@ 50 O Termination

PC Power
Supply

o

o),

.2 Compliance Base Board

Figure 9-5 Example connection diagram for the Rx Pre-Compliance Setup procedure
(M8020A, U.2, 8 GT/s)
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Descriptions of Receiver Setup Procedures

Rx Compliance Setup

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC CEM
DUT Types: End Point Add-In Card
Root Complex System
Modes: Compliance, Expert
Data Rates: 2.5,5GT/s

See also Table 2-1 on page 39.

The “Include Receiver Setup Procedures” option must be selected when
configuring the DUT; refer to Figure 2-12 on page 40.

Purpose and Method

The purpose of this procedure is to configure the data generator with
those parameters that are needed in the Rx Compliance Test, using the
calibration data saved on the PC where the N5991 software is running. The
method initiates in the same manner as the Rx Compliance Test but it does
not proceed any further after the setup is prepared.

Connection Diagram

Refer to Example Connection Diagrams on page 308.

Result Description

None
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Rx Impairments Setup

Availability
Data Generator:
Interface Types:
DUT Types:

Modes:
Data Rates:

M8040A, M8050A

ASIC CEM M.2
End Point Add-In Card Device
Root Complex System Host

Compliance, Expert
32 GT/s, 64 GT/s

See also Table 2-1 on page 39.

The “Include Receiver Setup Procedures” option must be selected when
configuring the DUT; refer to Figure 2-12 on page 40.

Purpose and Method

The purpose of this procedure is to configure the data generator with the
parameters that are required in the Rx Pre-Compliance Test, using the
calibration data saved on the machine where ValiFrame is running. The
method initiates in the same manner as the Rx Pre-Compliance Test but it
does not proceed any further after the setup is prepared.

Connection Diagram

Refer to Example Connection Diagrams on page 308.

Result Description

None
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Rx Pre-Compliance Setup

Availability

Data Generator:
Interface Types:

DUT Types:

Modes:
Data Rates:

Receiver Setup Procedures

M8020A, M8040A

ASIC CEM U.2 and M.2
End Point Add-In Card Device
Root Complex System Host

Compliance, Expert
8 GT/s (not ASIC), 16 GT/s

See also Table 2-1 on page 39.

The “Include Receiver Setup Procedures” option must be selected when
configuring the DUT; refer to Figure 2-12 on page 40.

Purpose and Method

The purpose of this procedure is to configure the data generator with the
parameters that are required in the Rx Pre-Compliance Test on page 254,
using the calibration data saved on the machine where ValiFrame is
running. The method initiates in the same manner as the Rx

Pre-Compliance Test but it does not proceed any further after the setup
has been prepared.

Connection Diagram

Refer to Example Connection Diagrams on page 308 (CEM).

Result Description

None
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Rx Stressed Jitter Eye Setup

Availability
Data Generator:  M8020A, M8040A, M8050A
Interface Types: ASIC

DUT Types: End Point, Root Complex
Modes: Compliance, Expert
Data Rates: 8 GT/s

The “Include Receiver Setup Procedures” option must be selected when
configuring the DUT; refer to Figure 2-12 on page 40.

Purpose and Method

The purpose of this procedure is to configure the data generator with the
parameters for ASIC at 8 GT/s that are required in the Rx Pre-Compliance
Test on page 254, using the calibration data saved on the machine where
ValiFrame is running. The method initiates in the same manner as the Rx
Pre-Compliance Test but it does not proceed any further after the setup
has been prepared.

Connection Diagram

Refer to Example Connection Diagrams on page 308.

Result Description

None
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Overview

316

PCI Express Parameters

The parameters used in PCI Express N5991 ValiFrame are divided here into
Sequencer Parameters (Table A-1 on page 317)
Common Setup Preparation Parameters (Table A-2 on page 318)
Common Calibration Parameters (Table A-3 on page 319)
Common Receiver Parameters (Table A-4 on page 324)
Common Link Equalization Parameters (Table A-5 on page 334)
Setup Procedure Parameters for Individual Procedures (Table A-6 on
page 345)
Calibration Parameters for Individual Procedures (Table A-7 on
page 348)
Receiver Parameters for Individual Procedures (Table A-8 on page 360)
Link Equalization Parameters for Individual Procedures (Table A-9 on
page 370)

In each table, the parameters are listed under the categories that they
appear under in the parameter grid of the GUI (e.g. Oscilloscope, Power
Switch Automation), with the categories approximately in the order in
which they appear in the GUI. It is not possible to keep to the exact order,
because this varies from procedure to procedure. Within each category,
the parameters are listed alphabetically.

If the value of a parameter appears in boldface type in the parameter grid
of the GUI, this indicates that the value is not the default value.

If a parameter is read-only (gray) in the parameter grid, it can usually be
set either in the Station Configurator or when configuring the DUT. If you
are working in Compliance Mode, the grayed-out parameter may be
editable in Expert Mode.

In several of the following tables, the relevant data rates are listed.
Remember that, in addition, 64 GT/s is available only for PCle Ver. 6.0
and 32 GT/s only for PCle Ver. 5.0 and 6.0.
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PCI Express N5991 ValiFrame Sequencer Parameters

The parameter ‘Repetitions’ appears when you click a group node in the
procedure tree (e.g., Calibration, 16.0 GT/s or Custom Measurements) or
an individual procedure. The other sequencer parameters are available for
each individual procedure.

Table A-1 Sequencer parameters for individual procedures

Category/ Parameter ~ Description

Sequencer

Procedure Error Instruction for sequencer in error cases.

Case Behavior = “Proceed With Next Procedure”: If an error occurs in the current test
or calibration procedure, continue by running the next procedure in
the sequence.

= “Abort Sequence”: Abort further running of the sequence.

Procedure Failed Instruction for sequencer if the procedure is failed.

Case Behavior = “Proceed With Next Procedure: If the current test or calibration
procedure is failed, continue by running the next procedure in the
sequence.

= “Abort Sequence”: Abort further running of the sequence.
Repetitions The number of times the procedure or group of procedures will be

repeated. If the value is '0', it runs only once.
Values: 0, ..., 2147483647
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PCI Express N5991 ValiFrame Common Parameters

Common Parameters — Setup Preparation

These parameters are displayed in the GUI at a level higher than an
individual procedure in the Setup Preparation part of the procedure tree.

Table A-2 PCle common setup preparation parameters

Category/
Parameter

Power Switch Automation

Power Cycle max. Retries for LB

Training

Power Cycle Off On Duration

Power Cycle Settling Time

Power Switch Channel Number

Use Power Switch Automation

Generator Clock
Data Rate Deviation

Reference Clock

Level (where
shown in GUI)

Setup Preparation

Setup Preparation

Setup Preparation

Setup Preparation

Setup Preparation

Data rates

Setup Preparation

Values

True, False

Conditions/Description

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Available only if ‘Use Power Switch Automation’ is set to True.

No effect for Setup Preparation, as no attempt is made to set the DUT in
loopback mode.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Available only if Use Power Switch Automation is set to True.

The duration between powering the DUT off and then powering it on
again.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Available only if Use Power Switch Automation is set to True.
The wait time after the DUT is powered on and before the test
continues with loopback (LB) training.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Available only if Use Power Switch Automation is set to True.

This sets the channel number of the power switch channel that is
connected to the DUT.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

This is visible only if a power switch has been configured in the Station
Configurator.

If True, the DUT is powered on/off automatically by the software and
the loopback training can be run without user intervention.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

PCle Ver. 5.0, 6.0; 32, 64 GT/s
Frequency of the reference clock.

DUT
Max Link Training Speed Setup Preparation 32 GT/s, 64 GT/s PCle Ver. 5.0, 6.0; 32, 64 GT/s
Error Detector
Polarity Data rates Inverted PCle Ver 5.0, 6.0; 32, 64 GT/s
Non-Inverted
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Common Parameters — Calibration

These parameters are displayed in the GUI at a level higher than an
individual procedure in the Calibration part of the procedure tree.

For an overview of which data rates are supported for which interface
NOTE type and spec version by this version of ValiFrame, see Table 2-1 on

page 39.

Abbreviations used in “DUT Type column of Table A-4:
EP, End Point; RC, Root Complex (both ASIC)

AIC, Add-In Card; Sys, System (both CEM)

Dev, Device (U.2 and M.2)

Table A-3 PCle common calibration parameters

Category/ DUTType  Level (where Values Conditions/Description
Parameter shown in GUI)
None
Gen4 ASIC Eye EP,RC Data rates Seasim, SigTest PCle Ver. 4.0,5.0,6.0; 16 GT/s
Calibration
Method
Gené Fixture EP,RC Data rates Name of Fixture PCle Ver. 4.0, 5.0, 6.0; 16 GT/s
Gen4 ISI EP, RC Data rates Hardware Traces PCle Ver. 4.0,5.0,6.0; 16 GT/s
Adjustment Emulated ISI (only
M8020A and ASIC)
Gen5 ASIC Eye EP,RC Data rates Seasim, SigTest PCle Ver 5.0, 6.0; 32 GT/s
Calibration
Method
Genb Fixture EP,RC Data rates Name of fixture PCle Ver 5.0, 6.0; 32 GT/s
PCle1/PCle2 EP,RC Data rates Channel 0, None PCle Ver. 4.0, 5.0, 6.0; 2.5 GT/s (PCle1) and 5 GT/s (PCle2)
M8048A ISI Default: Channel 7, 24 inch.
Channel Channel 8, 34 inch The M8048A ISI channel used for PCle1/PCle2 ASIC Rx Calibration.
PCle1/PCle2 EP,RC Data rates True, False PCle Ver. 4.0, 5.0, 6.0; 2.5 GT/s (PCle1) and 5 GT/s (PCle2)
M8048A ISI Set to True if the internal ISI of the M8020A is used, otherwise set to
Channel False.
Emulation
PCle1/PCle2 EP,RC Data rates Name of transfer PCle Ver. 4.0, 5.0, 6.0; 2.5 GT/s (PCle1), 5 GT/s (PCle2)
Transfer Function ~ AIC, Sys function file Visible only if “Use Transfer Function” was selected in Configure DUT
File on Scope > Show Parameters > [Data rate].
Path and filename of the transfer function that is located on the
oscilloscope.
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Table A-3

Category/
Parameter

PCle3 Transfer
Function File on
Scope

Scope Connection
for Calibration

Start with Minimum
Loss Channel

Use PCle1/PCle2
Transfer Function

Use PCle3 Transfer
Function

Oscilloscope

Embed Replica
Channel

Gen4 Embed
Replica Channel

Gen4 Transfer
Function File for
Additional
Channel on
Scope

Gen4 Transfer
Function File for
Additional
Channel and
Package Model
on Scope

Gen4 Transfer
Function File for
Package Model
on Scope

320

DUTType  Level (where
shown in GUI)

AIC, Sys Long Channel

Dev, Host

EP,RC Data rates

AIC, Sys

EP,RC Data rates

AIC, Sys

Dev, Host

EP, RC Data rates

AIC, Sys

AIC, Sys Long Channel

Dev, Host

EP, RC Long Channel

EP, RC Long Channel

AIC, Sys

Dev, Host

AIC Long Channel

Sys

Dev, Host

AIC Long Channel

Sys

Dev, Host

EP,RC Long Channel

AIC, Sys

Dev, Host

PCle common calibration parameters (cont.)

Values

Name of transfer
function file

Chan 1 3 Direct
Connect

Chan 2 4 Direct
Connect

True, False

True, False

True, False

True, False

True, False

Name of transfer
function file

Name of transfer
function file

Name of transfer
function file

Conditions/Description

PCle Ver. 4.0, 5.0, 6.0; 8 GT/s

Visible only if “Use Transfer Function” was selected in Configure DUT
> Show Parameters > 8 GT/s.

Path and filename of the transfer function that is located on the
oscilloscope.

PCle Ver. 4.0, 5.0, 6.0;

2.5, 5 GT/s (for other data rates see under “Oscilloscope”)

All calibrations can be done with a single-ended direct connection to
either channels 1&3 or channels 2&4.

Note: The values available depend on the connected oscilloscope.
The values given here are for a four-channel model; they will differ
for a two-channel model.

PCle Ver. 4.0,5.0,6.0; 16 GT/s
Enable or disable via Configure DUT > Show Parameters > 16 GT/s.

PCle Ver. 4.0, 5.0, 6.0; 2.5 GT/s (PCle1) and 5 GT/s (PCle2)

PCle Ver. 4.0, 5.0; 8.0 GT/s
Enable/disable via “Use Transfer Function” in Configure DUT > Show
Parameters > 8 GT/s.

PCle Ver. 4.0,5.0,6.0; 8 GT/s

PCle Ver. 4.0,5.0,6.0; 16 GT/s

PCle Ver. 4.0,5.0; 16 GT/s

PCle Ver. 4.0,5.0; 16 GT/s
Visible only if “Embed Additional Channel” was selected in Configure
DUT > Show Parameters > 16 GT/s.

PCle Ver. 4.0,5.0,6.0; 16 GT/s

This is the name of the package model file that is located on the
oscilloscope. The package model must be embedded to perform
some calibrations.

Not visible if “Embed Additional Channel” was selected in Configure
DUT > Show Parameters > 16 GT/s.
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Table A-3

Category/
Parameter

Gené Transfer
Function File for
Replica Channel
on Scope

Gené Transfer
Function File for
Replica Channel
and Package
Model on Scope

Gen5 Embed
Replica Channel

Genb Transfer
Function File for
Additional
Channel on
Scope

Gen5 Transfer
Function File for
Additional
Channel and
Package Model
on Scope

Genb Transfer
Function File for
Package Model
on Scope

Genb Transfer
Function File for
Replica Channel
on Scope

Genb Transfer
Function File for
Replica Channel
and Package
Model on Scope

Gen6 Embed
Replica Channel

Gen6 Transfer
Function File for
Package Model
on Scope

DUT Type

EP,RC

EP,RC

EP,RC
AIC, Sys
Dev, Host
AIC

Sys

Dev, Host

AIC
Sys
Dev, Host

EP, RC
AIC, Sys
Dev, Host

EP,RC

EP,RC

EP,RC
AIC, Sys

EP, RC
AIC, Sys

Level (where

shown in GUI)

Long Channel

Long Channel

Long Channel

Long Channel

Long Channel

Long Channel

Long Channel

Long Channel

Long Channel

Long Channel

PCle common calibration parameters (cont.)

Values

Name of transfer
function file

Name of transfer
function file

True, False

Name of transfer
function file

Name of transfer
function file

Name of transfer
function file

Name of transfer
function file

Name of transfer
function file

True, False

Name of transfer
function file

PCI Express Parameters A

Conditions/Description

PCle Ver. 4.0, 5.0; 16 GT/s
Visible only if “Embed Additional Channel” was selected in Configure
DUT > Show Parameters > 16 GT/s.

PCle Ver. 4.0, 5.0; 16 GT/s
Visible only if “Embed Additional Channel” was selected in Configure
DUT > Show Parameters > 16 GT/s.

PCle Ver. 5.0, 6.0; 32 GT/s
Visible only if “Embed Replica Channel” was selected in Configure
DUT > Show Parameters > 32 GT/s.

PCle Ver. 5.0; 32 GT/s
Not visible if “Embed Additional Channel” was selected in Configure
DUT > Show Parameters > 32 GT/s.

PCle Ver. 5.0; 32 GT/s

PCle Ver. 5.0, 6.0; 32 GT/s

This is the name of the package model file that is located on the
oscilloscope. The package model must be embedded to perform
some calibrations.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Visible only if “Embed Replica Channel” was selected in Configure
DUT > Show Parameters > 32 GT/s.

This is the name of the transfer function of the replica channel,
which is located on the oscilloscope.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Visible only if “Embed Replica Channel” was selected in Configure
DUT > Show Parameters > 32 GT/s.

This is the name of the transfer function that includes the replica
channel and package model, which is located on the oscilloscope.

PCle Ver. 6.0; 64 GT/s

PCle Ver. 6.0; 64 GT/s

This is the name of the package model file that is located on the
oscilloscope. The package model must be embedded to perform
some calibrations.
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Table A-3

Category/
Parameter

Gen6 Transfer
Function File for
Replica Channel
on Scope

Gen6 Transfer
Function File for
Replica Channel
and Package
Model on Scope

Number of
Averages for
Step Response

Range to Signal
Ratio

Sampling Rate

Scope Connection
for Calibration

Scope Skew

Transfer Function
File for Package
Model on Scope

Transfer Function
File for Replica
(Channel) on
Scope

322

DUTType  Level (where
shown in GUI)

EP, RC Long Channel

AIC, Sys

EP,RC Long Channel

AIC, Sys

EP, RC Long Channel

EP,RC Long Channel

AIC, Sys (8,16 GT/s)
Dev, Host  Data rate (32,
64 GT/s)
EP,RC Long Channel
AIC, Sys (8,16 GT/s)
Dev,Host  Data rate
(32 GT/s)
EP, RC Data rates
AIC, Sys
Dev, Host
EP,RC Data rate
AIC, Sys
EP, RC Data rates
EP, RC Data rates

PCle common calibration parameters (cont.)

Values

Name of transfer
function file

Name of transfer
function file

1.1t010

Chan 1 3 Direct
Connect

Chan 2 4 Direct
Connect,

Name of transfer
function file

Name of transfer
function file

Conditions/Description

PCle Ver. 6.0; 64 GT/s

Visible only if “Embed Replica Channel” was selected in Configure
DUT > Show Parameters > 64 GT/s.

This is the name of the transfer function of the replica channel,
which is located on the oscilloscope.

PCle Ver. 6.0; 64 GT/s

Visible only if “Embed Replica Channel” was selected in Configure
DUT > Show Parameters > 64 GT/s.

This is the name of the transfer function that includes the replica
channel and package model, which is located on the oscilloscope.

PCle Ver. 4.0, 5.0, 6.0; 8 GT/s
The number of measurements averaged for the step response.

PCle Ver. 4.0, 5.0, 6.0; 8,16 GT/s
Visible only if a UXR oscilloscope is connected.

PCle Ver. 4.0, 5.0, 6.0; 8, 16,32 GT/s
Visible only if a UXR oscilloscope is connected

PCle Ver. 4.0, 5.0,6.0

8, 16, 32, 64 GT/s (see under ‘None’ for 2.5, 5 GT/s)

The values can be selected/preselected for some kinds of
calibrations (all 32 GT/s calibrations and the TxEQ and Launch
Voltage Calibration at 8 GT/s and 16 GT/s).

All calibrations can be done with a single-ended direct connection to
either channels 1&3 or channels 2&4.

Note: The values available depend on the connected oscilloscope.
The values given here are for a four-channel model, they will differ
for a two-channel model.

PCle Ver. 6.0; 64 GT/s

PCle Ver. 4.0,5.0,6.0; 8 GT/s

This is the file name of the package model, which is located on the
oscilloscope. The package model must be embedded to perform
some calibrations.

PCle Ver. 4.0,5.0,6.0; 8 GT/s

Available only if “Embed Replica Channel” was selected in Configure
DUT > Show Parameters > 8 GT/s.

This is the name of the transfer function of the replica channel,
which is located on the oscilloscope.
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Table A-3
Category/
Parameter

Transfer Function
File for Replica
(Channel) and
Package Model
on Scope

UXR Calibration
Mode

Waveform
Interpolation

Channel
Genb5 M.2 Fixture

Seasim

Number of Ul

Used Pattern

DUT Type

EP,RC

EP,RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys

Dev, Host

EP, RC
AIC, Sys

EP,RC
AIC, Sys

Level (where

shown in GUI)

Data rates

Long Channel
(8,16 GT/s)

Data rate
(32GT/s)

Long Channel

Long Channel

Long Channel

Long Channel

PCle common calibration parameters (cont.)

Values

Name of transfer
function file

Compliance
Custom

OFF
INT2

WilderPCIEG5-M2-TP
A3_CLBCBB

IPass Labs
PCIE-TF-M.2

Intel PCIE5.0 M.2
Fixture Set

10to0 1000

Clock Div 256 /512 /
1024 /2048

PCI Express Parameters

Conditions/Description

PCle Ver. 4.0, 5.0, 6.0; 8 GT/s

Available only if “Embed Replica Channel” was selected in Configure
DUT > Show Parameters > 8 GT/s.

This is the name of the transfer function that includes the replica
channel and package model, which is located on the oscilloscope.

PCle Ver. 4.0,5.0,6.0; 8, 16,32 GT/s
Visible only if a UXR oscilloscope is connected.

PCle Ver. 4.0,5.0,6.0; 16 GT/s

Visible only if a UXR oscilloscope is connected.

When the value is INT2 (two-point interpolation), an additional data
point will be interpolated between each of the original points. This
increases the resolution by a factor of 2.

PCle Ver. 4.0, 5.0; 16, 32 GT/s
Only for M.2.
Available Gen5 M.2 fixtures.

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
Number of Uls processed in Seasim.

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s

A
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Common Parameters — Receiver

These parameters are displayed in the GUI at a level higher than an
individual procedure in the Receiver and Receiver Setup parts of the
procedure tree.

- For an overview of which data rates are supported for which interface
NOTE type and spec version by this version of ValiFrame, see Table 2-1 on

page 39.

Abbreviations used in “DUT Type” column of Table A-4:
EP, End Point; RC, Root Complex (both ASIC)

AIC, Add-In Card; Sys, System (both CEM)

Dev, Device (U.2 and M.2)

Table A-4 PCle common receiver parameters

Category/Parameter DUT Type  Level (where Values Conditions/Description/Where it can be changed
shown in GUI)

None
Custom Calibration Source EP,RC Custom Tests Custom Eye PCle Ver. 4.0, 5.0, 6.0; 16, 32, 64 GT/s

AIC, Sys Calibration

Custom Eye Scan
Calibration

Custom Eye Calibration Point EP,RC Custom Tests PCle Ver. 4.0, 5.0, 6.0; 16, 32, 64 GT/s

AIC, Sys The values are impairment combinations (that give a valid

eye) taken from the calibration chosen under ‘Custom
Calibration Source’.

Pause Before Auto-Align EP,RC Rx data rates True, False PCle Ver. 4.0,5.0,6.0; 16 GT/s

AIC, Sys
Repetitions AlLDUT All Receiverand 0, ..., 2147483647  The number of times the group of procedures is going to be

types Receiver repeated. If the value is '0', it runs only once.
Setup group
levels

Loopback Training Settings
Custom Voltage EP,RC Rx data rates 100mvV-12V PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s

AIC, Sys Specify the Custom Training Voltage.

Dev, Host Available only if ‘Use Custom Training Voltage’ is True.
Suppress Loopback Training EP, RC Rx data rates True, False PCle Ver. 4.0, 5.0, 6.0; 2.5, 5, 8, 16, 32, 64 GT/s

Messages AIC, Sys
Dev, Host
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Table A-4 PCle common receiver parameters (cont.)

Category/Parameter DUT Type  Level (where Values
shown in GUI)
Use Custom Training Voltage EP, RC Rx data rates True, False
AIC, Sys
Dev, Host
Use Gen3 EIEOS EP,RC Rx data rates True, False
AIC, Sys
Clock Setup
Use End Point Clock Setup RC Receiver True, False
Receiver Setup
Generator Clock
32 GT/s SSC Deviation EP Receiver
AIC Receiver Setup
32 GT/s Use SSC EP Receiver True, False
AIC Receiver Setup
64 GT/s SSC Deviation EP Receiver
AIC Receiver Setup
64 GT/s Use SSC EP Receiver True, False
AIC Receiver Setup
Data Rate Deviation EP Data rates
AIC
Dev
Ref Clock Multiplier Bandwidth RC Receiver 100 kHz, 2 MHz,
Sys Receiver Setup 5 MHz
Host
Reference Clock EP Receiver
Receiver Setup
Use SSC EP Receiver True, False
AIC Receiver Setup
Dev

Power Switch Automation

Power Cycle max. Retries for LB EP,RC Receiver
Training AIC, Sys Receiver Setup
Dev, Host
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Conditions/Description/Where it can be changed

PCle Ver. 4.0,5.0,6.0; 8, 16, 32, 64 GT/s

PCle Ver. 4.0,5.0,6.0; 16 GT/s

PCle Ver. 4.0, 5.0, 6.0
If set to True, the same clock setup will be used as for End
Point DUTs.

PCle Ver. 5.0, 6.0

PCle Ver. 5.0, 6.0

PCle Ver. 6.0

PCle Ver. 6.0

PCle Ver. 4.0, 5.0, 6.0; 2.5, 5, 8,16, 32, 64 GT/s

PCle Ver. 4.0,5.0,6.0

PCle Ver. 4.0,5.0,6.0
Frequency of the reference clock.

PCle Ver. 4.0, 5.0, 6.0
In Ver. 4.0, read only.

PCle Ver. 4.0,5.0,6.0

Available only if ‘Use Power Switch Automation’ is set to
True.

Maximum number of times that ValiFrame tries to train the
DUT into loopback mode. If it is not possible within these
tries, the test is aborted automatically. When Power Switch
Automation is not checked, ValiFrame prompts you to retry
every time loopback fails.
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Table A-4 PCle common receiver parameters (cont.)

Category/Parameter

Power Cycle Off On Duration

Power Cycle Settling Time

Power Switch Channel Number

Use Power Switch Automation

Impairments

Treat 33kHz as separate SJ
frequency

DUT
Max Link Training Speed

Loopback Training

Link Training Lane Number

Link Training Mode

Link Training Suite Settings File

326

DUT Type

EP,RC
AIC, Sys
Dev, Host

EP, RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys

EP,RC
AIC, Sys
Dev, Host

EP, RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
Dev, Host
EP, RC
AIC, Sys
Dev, Host

Level (where
shown in GUI)

Receiver
Receiver Setup

Receiver
Receiver Setup

Receiver
Receiver Setup

Receiver
Receiver Setup

Receiver
Receiver Setup

Receiver
Link Equalization
Receiver Setup

Lane

Rx data rates

Rx data rates

Values

True, False

True, False

Static Sequence
Vendor Specific
Interactive

Conditions/Description/Where it can be changed

PCle Ver. 4.0, 5.0, 6.0

Available only if ‘Use Power Switch Automation’ is set to
True.

The duration between powering the DUT off and then
powering it on again.

PCle Ver. 4.0,5.0,6.0

Available only if ‘Use Power Switch Automation’ is set to
True.

The wait time after the DUT is powered on and before the
test continues with loopback (LB) training.

PCle Ver. 4.0,5.0,6.0

Available only if ‘Use Power Switch Automation’ is set to
True.

This sets the channel number of the power switch channel
that is connected to the DUT.

PCle Ver. 4.0, 5.0, 6.0

This is visible only if a power switch has been configured in
the Station Configurator.

If True, the DUT is powered on/off automatically by the
software and the loopback training can be run without user
intervention.

PCle Ver. 6.0

According to PCle Ver. 6.0, the 33 kHz frequency must be
treated as a separate frequency point.

Read-only in Compliance Mode, editable in Expert Mode.
Default value: True.

PCle Ver. 4.0, 5.0, 6.0
This is a read-only parameter showing the value from the
Configure DUT panel.

PCle Ver. 4.0, 5.0, 6.0; 2.5, 5, 8,16, 32, 64 GT/s

PCle Ver. 4.0, 5.0,6.0; 2.5, 5, 8,16, 32, 64 GT/s
“Interactive” is not available for 2.5, 5 GT/s.
“Static Sequence” is not available for 64 GT/s.

PCle Ver. 4.0,5.0,6.0; 2.5, 5, 8,16, 32, 64 GT/s
The path to the link training suite settings file (script file)
that will be used for loopback training.
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Table A-4

Category/Parameter

Rx Setup Link Training Mode

Rx Setup Training Script File

Training through

Interactive Link Training
Drop Link Method

DUT Initial Preset

DUT Initial Preset Gen4

DUT Initial Preset Gen5

DUT Initial Preset Gen6

DUT Start Preset Choice Gen4

DUT Start Preset Choice Gen5

DUT Start Preset Choice Gen6

DUT Target Preset

DUT Target Preset Gen4

Keysight N5991P PCI Express Test Automation Software Platform User’s Guide

DUT Type

EP, RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
Dev, Host
EP, RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys
Dev, Host
EP

AlC

Dev

EP
AIC

EP
AIC

EP
AIC

RC
Sys

RC
Sys

RC
Sys

EP,RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys

PCle common receiver parameters (cont.)

Level (where
shown in GUI)

Rx Setup data
rates

Rx Setup data
rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Values

Vendor Specific
Static Sequence

LO-Recovery
Configuration
LO-Recovery with
Speed Bypass
(32, 64 GT/s)
Configuration with
Equalization (32,

64 GT/s)

LTSSM

Power Cycle

PO, ...

PO, ...

PO, ...

Qo, ...

System Board

,P9

,P9

,P9

,Q10

Defined

User Defined
System Board

Defined

User Defined
System Board

Defined

User Defined

PO, ..., P10

PO, ...

,P10

PCI Express Parameters A

Conditions/Description/Where it can be changed

PCle Ver. 4.0, 5.0, 6.0; 2.5, 5, 8,16, 32, 64 GT/s
“Static Sequence” is not available for 64 GT/s.

PCle Ver. 4.0,5.0,6.0; 2.5, 5, 8,16, 32, 64 GT/s
The Rx Setup Training Script File is used for loopback
training.

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s

Default: LO-Recovery

For 2.5 and 5 GT/s, ‘Training through’ is read only and set to
‘Configuration’.

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
Select the method of dropping the link during link training.

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
The DUT Tx will use this in link equalization phase 0.

PCle Ver. 4.0, 5.0, 6.0; 16, 32, 64 GT/s
PCle Ver. 5.0, 6.0; 32, 64 GT/s
PCle Ver. 6.0; 64 GT/s

PCle Ver. 4.0, 5.0, 6.0; 16, 32, 64 GT/s

PCle Ver. 5.0, 6.0; 32, 64 GT/s

PCle Ver. 6.0; 64 GT/s

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
The generator (downstream port) will request this preset in
link equalization phase 3.

PCle Ver. 4.0, 5.0, 6.0; 16, 32, 64 GT/s
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Table A-4 PCle common receiver parameters (cont.)

Category/Parameter DUTType  Level (where Values Conditions/Description/Where it can be changed
shown in GUI)
DUT Target Preset Genb EP, RC Rx data rates PO, ..., P10 PCle Ver. 5.0, 6.0; 32, 64 GT/s
AIC, Sys
DUT Target Preset Gen6 EP, RC Rx data rates Q0,..,Q10 PCle Ver. 6.0; 64 GT/s
AIC, Sys
Generator Full Swing EP,RC Rx data rates PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
AIC, Sys Full swing of generator used with LTSSM.
Dev, Host
Generator Start Preset EP Rx data rates PO, ..., P9 PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
AIC The generator Tx will use this preset in link equalization
Dev phase 1. Note: This setting will be applied in the Jitter
Tolerance and Sensitivity tests only.
Generator Start Preset Gen4 EP,RC Rx data rates PO, ..., P9 PCle Ver. 4.0, 5.0, 6.0; 16, 32, 64 GT/s
AIC, Sys For Root Complex and System, only editable if ‘DUT Start
Preset Gen4’ is set to ‘User Defined.
Generator Start Preset Genb EP, RC Rx data rates PO, ...,P9 PCle Ver. 5.0, 6.0; 32, 64 GT/s
AIC, Sys For Root Complex and System, only editable if ‘DUT Start
Preset Genb’ is set to ‘User Defined’.
Generator Start Preset Gen6 EP,RC Rx data rates Q0,...,Q10 PCle Ver. 6.0; 64 GT/s
AIC, Sys For Root Complex, only editable if ‘DUT Start Preset Gen6’
is set to ‘User Defined.
Precoding Auto Detection EP,RC Rx data rates True, False PCle Ver. 5.0, 6.0; 32, 64 GT/s
AIC, Sys If set to True, the test automation will automatically switch

to a precoded test pattern at the generator if the DUT has
requested it during loopback training. When set to True, the
test automation will also try to re-sync on a precoded
pattern if the synchronization did not work with a
non-precoded pattern at the first attempt. Please note that
link training can take significantly longer when Precoding
Auto Detection is enabled.

Select Start Preset Gen4 EP Rx data rates User Defined PCle Ver. 4.0, 5.0, 6.0; 16, 32, 64 GT/s
AIC LTSSM Defined
LTSSM EQTS2
Defined
Select Start Preset Genb EP Rx data rates User Defined PCle Ver. 5.0, 6.0; 32, 64 GT/s
AIC LTSSM Defined The value ‘LTSSM Defined’ is available only when the
LTSSM EQTS2 property ‘Training Through’ (under ‘Loopback Training’) is
Defined selected as ‘Configuration’ or ‘L0-Recovery’.
Select Start Preset Gen6 EP Rx data rates User Defined PCle Ver. 6.0; 64 GT/s
AIC LTSSM Defined The value ‘LTSSM EQTS2 Defined' is available only when the
LTSSM EQTS2 property ‘Training Through’ (under ‘Loopback Training’) is
Defined selected as ‘Configuration’ or ‘L0-Recovery’.
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Table A-4

Category/Parameter

Speed Change Control

Error Detector

Analyzer Equalization

CDR Loop Bandwidth

CDR Loop Selection

Enable FEC

Fast Alignment

Filter SKPOS

Input Range

Input Range for Loopback
Training

Lower Analyzer Threshold

Manually align error detector

sampling point

DUT Type

RC
Sys
Host

EP, RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys
EP,RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys

EP, RC
AIC, Sys
Dev, Host

PCle common receiver parameters (cont.)

Level (where
shown in GUI)

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Values

BERT, DUT

1,..,120.

For 64 GT/s:
1,..,55

For M8020A:
0ff,-6 dB, -9 dB,
-12dB

For2.5GT/s:
Loop1, Loop2
Otherwise: Loop1,

..., Loop4

True, False

True, False

True, False

-400 mVto -1 mV

True, False
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Conditions/Description/Where it can be changed

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
Select the device that will control the speed change during
link training. Default: BERT.

PCle Ver. 4.0, 5.0, 6.0; 2.5, 5, 8, 16, 32, 64 GT/s
Available only if ‘Use Auto Analyzer Equalization’ is set to
False.

Not available if ‘Use Back-Channel Optimization’ is set to
True.

PCle Ver. 4.0, 5.0, 6.0; 2.5, 5, 8, 16, 32, 64 GT/s
The loop bandwidth of the BERT error detector CDR.

PCle Ver. 4.0,5.0,6.0; 2.5, 5, 8,16, 32, 64 GT/s

The loops available depend on the value of the CDR Loop
Bandwidth as follows:

Always: Loop1

CDR Loop Bandwidth > 3 MHz: Loop1, Loop2

CDR Loop Bandwidth > 5 MHz: Loop1, Loop2, Loop3

CDR Loop Bandwidth > 8 MHz: Loop1, Loop2, Loop3, Loop4

PCle Ver. 6.0; 64 GT/s
If True, forward error correction is enabled.
PCle Ver. 4.0, 5.0,6.0; 2.5, 5, 8,16, 32, 64 GT/s

Not available if ‘Use Back-Channel Optimization’ is set to
True.

PCle Ver. 4.0, 5.0, 6.0; 2.5, 5, 8,16, 32, 64 GT/s

When Filter SKPOS is set to True, skip order set filtering is
enabled on the error detector. On M8046A this is done by
setting the Phy Protocol token. Disable this when using
custom patterns that use HardwarePRBS, for example.

PCle Ver. 4.0,5.0,6.0; 2.5, 5, 8,16, 32, 64 GT/s
Not available if ‘Use Back-Channel Optimization’ is set to
True.

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
Not available if ‘Use Back-Channel Optimization’ is set to
True.

PCle Ver. 6.0; 64 GT/s
Not available if ‘Use Back-Channel Optimization’ is set to
True.

PCle Ver. 4.0,5.0,6.0
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Table A-4

Category/Parameter

Middle Analyzer Threshold

Pause before Auto-Align

Polarity

Retries for Auto Analyzer
Equalization

Threshold

Upper Analyzer Threshold

Use Auto Analyzer Equalization

Redriver

Boost

Boost1

Boost2
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PCle common receiver parameters (cont.)

DUT Type  Level (where
shown in GUI)

EP, RC Rx data rates
AIC, Sys

EP,RC Rx data rates
AIC, Sys

Dev, Host

EP, RC Rx data rates
AIC, Sys

Dev, Host

EP, RC Rx data rates
AIC, Sys

Dev, Host

EP, RC Rx data rates
AIC, Sys

Dev, Host

EP,RC Rx data rates
AIC, Sys

EP, RC Rx data rates
AIC, Sys

Dev, Host

Values

-124 mV to
+124 mV

True, False

Non-inverted
Inverted

-400 mV to
+400 mV

+1 mVto+400 mV

True, False

Conditions/Description/Where it can be changed

PCle Ver. 6.0; 64 GT/s
Not available if ‘Use Back-Channel Optimization’ is set to
True.

PCle Ver. 4.0, 5.0, 6.0; 8 GT/s
The execution is paused to allow manual optimization of the
DUT Rx.

PCle Ver. 4.0, 5.0, 6.0; 2.5, 5, 8,16, 32, 64 GT/s

Polarity of the analyzer input.

Depending on the connected signal, the applied value at
the instrument might change when auto-align is performed.

PCle Ver. 4.0, 5.0, 6.0; 2.5, 5, 8,16, 32, 64 GT/s

Defines how often the Error Detector FFE Optimization will
be performed.

Available only if ‘Use Auto Analyzer Equalization’ is set to
True.

Not available if ‘Use Back-Channel Optimization’ is set to
True.

PCle Ver. 4.0,5.0,6.0; 2.5, 5, 8,16, 32 GT/s
Not available if ‘Use Back-Channel Optimization’ is set to
True.

PCle Ver. 6.0; 64 GT/s
Not available if ‘Use Back-Channel Optimization’ is set to
True.

PCle Ver. 4.0, 5.0, 6.0; 2.5, 5, 8,16, 32, 64 GT/s

This optimization will not be performed if “Manually align
error detector sampling point” is enabled.

Not available if ‘Use Back-Channel Optimization’ is set to
True.

Note 1: The M8047A redriver cannot be used if Back-Channel Optimization is used.
Note 2: The M8047B redriver cannot be used at 64 GT/s if Back-Channel Optimization is used.
Note 3: The parameters listed in this section are not available if ‘Use Back-Channel Optimization’ is set to True for the

test procedure.
EP,RC
AIC, Sys
Dev, Host
EP, RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
Dev, Host

Rx data rates

Rx data rates

Rx data rates

M8047B: 0 to 33

M8047A: 0to 7

M8047A: 0to 7

Only if an M8047B redriver is connected.
Sets Equalizer Boost for the Linear Equalization.

Only if an M8047A redriver is connected.

Only if an M8047A redriver is connected.
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Table A-4

Category/Parameter

Boost Bandwidth

Compensation Adjustment

Compensation Bias Factor

DC Gain

Driver Gain

Estimated Channel Loss

Eye Expander

Toggling

Debug Pause after Toggle

Debug Toggle Script File for
32GT/s

Debug Toggle Script File for
64 GT/s

DUT Type

EP,RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys
Dev, Host

EP, RC
AIC, Sys
Dev, Host

EP,RC
AIC, Syst

PCle common receiver parameters (cont.)

Level (where
shown in GUI)

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Values

M8047A: 0to 3

M8047C: -20 to 20

M8047C: No Bias,
x1, x2, x3

M8047A: High, Low
M8047B: 0 to 3

M8047A: 0to 3
M8047B: 0 to 3

M8047C: 8 dB to
37dB

M8047B: 0 to 3

100msto10s

Path and filename

Path and filename
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Conditions/Description/Where it can be changed

Only if an M8047A redriver is connected.

Only if an M8047C redriver is connected.

Only if an M8047C redriver is connected.

Only if an M8047A or M80478B redriver is connected.
Sets Equalizer DC Gain for the Linear Equalization.

Only if an M8047A or M80478B redriver is connected.
Sets Driver Gain.

Only if an M8047C redriver is connected.

Only if an M8047B redriver is connected.
Sets Equalizer Eye Expander for the Linear Equalization.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Visible only if ‘Debug’ is selected as the Pattern Selection
Mode.

Determines the time between two consecutive toggling
pulses.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Visible only if ‘Debug’ is selected as the Pattern Selection
Mode.

Defines the script used for the pattern selection mode
‘Debug’. The script contains the generator sequence with
the sent pattern and the analyzer sequence with the
expected pattern for 32 GT/s.

PCle Ver. 6.0; 64 GT/s

Visible only if ‘Debug’ is selected as the Pattern Selection
Mode.

Defines the script used for the pattern selection mode
‘Debug’. The script contains the generator sequence with
the sent pattern and the analyzer sequence with the
expected pattern for 64 GT/s.
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Table A-4 PCle common receiver parameters (cont.)

Category/Parameter

Manual Toggle Script File for
32GT/s

Manual Toggle Script File for
64 GT/s

Pattern Selection Mode

Pause after Toggle

Toggle Script File for 32 GT/s

Toggle Script File for 64 GT/s

Back-Channel Optimization

Auto Adjust Sampling Delay
during training

332

DUT Type

EP,RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys

EP, RC
AIC, Sys
Dev, Host

EP, RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys
Dev, Host

EP, RC
AIC, Sys

EP,RC
AIC, Sys
Dev, Host

Level (where

shown in GUI)

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Values

Path and filename

Path and filename

Tx Compliance
Pattern Toggling

Manual

Debug

100msto10s

Path and filename

Path and filename

True, False

Conditions/Description/Where it can be changed

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Visible only if ‘Manual’ is selected as the Pattern Selection
Mode.

Defines the script used for the Manual Tx Compliance
Pattern Toggling. The script contains the generator
sequence for toggling and the analyzer sequence with the
expected pattern for 32 GT/s.

PCle Ver. 6.0; 64 GT/s

Visible only if ‘Manual’ is selected as the Pattern Selection
Mode.

Defines the script used for the Manual Tx Compliance
Pattern Toggling. The script contains the generator
sequence for toggling and the analyzer sequence with the
expected pattern for 64 GT/s.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Defines how the compliance pattern is selected for

Back-Channel Optimization.

= Tx Compliance Pattern Toggling: Automatic Tx
Compliance Pattern Toggling

= Manual: Manual toggling/forcing the DUT to transmit a
specific pattern.

= Debug: This uses the BERT pattern generator as the
DUT.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Visible only when Pattern Selection Mode is set to ‘Tx
Compliance Pattern Toggling’.

Determines the time between two consecutive toggling
pulses.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Script for toggling the Tx Compliance Patterns sent by the
DUT. The script contains the generator sequence for
toggling and the analyzer sequence with the expected
pattern for 32 GT/s.

PCle Ver. 6.0; 64 GT/s

Script for toggling the Tx Compliance Patterns sent by the
DUT. The script contains the generator sequence for
toggling and the analyzer sequence with the expected
pattern for 64 GT/s.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Visible only if ‘Use Dynamic Rx Eq’ is enabled.

If set to ‘True’, the sampling delay will be changed
automatically when link training is not successful.
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Table A-4 PCle common receiver parameters (cont.)

Category/Parameter

Back-Channel Optimization File

Default preset for Back-Channel
Optimization data

Use Back-Channel Optimization
Data

Use Dynamic Rx Eq

BER Measurement

Relax Time

Equalization

De-Emphasis

Generator Preset

Pre-Shoot

Pre-Shoot 1

Pre-Shoot 2

Use Preset

DUT Type

EP,RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys
Dev, Host

EP, RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
EP,RC
AIC, Sys
EP,RC
AIC, Sys
Dev, Host

Level (where
shown in GUI)

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Rx data rates

Channel (ASIC
8 GT/s)
Lane

Lane

Channel (ASIC
8 GT/s)
Lane

Lane

Lane

Lane

Values

Path and filename

For 32G: PO, ..., P10

For 64G: QO, ..., Q10

True, False

True, False

PO, ..., P9.
For 64 GT/s:
Q0, ..,Q9

True, False

PCI Express Parameters A

Conditions/Description/Where it can be changed

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Optimization File for the back channel specific to one DUT
and maximum available data rate. Default: [ED]:[DUT
Name]_SN[Serial Number]_[interface Type] [DUT Type]

PCle Ver. 5.0, 6.0; 32 GT/s, 64G

Default for 32G: P4; default for 64G: Q0

Back-Channel Optimization data from the given preset is
used for the default sampling setup.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Default: False

Loads and applies the Back-Channel Optimization data
defined in ‘Back-Channel Optimization File’.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Visible only if ‘Use Back-Channel Optimization Data’ is
enabled. Default: True.

If set to ‘True’, the Thresholds and FFE settings are adapted
to the Preset sent by the DUT during Link Training.

PCle Ver. 4.0, 5.0, 6.0; 2.5, 5, 8,16, 32, 64 GT/s

The time between when the stress signal is changed and
the start of a BER measurement. This delay is to allow the
DUT to adjust to the new settings.

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
Read-only if “Use Preset” is True.

PCle Ver. 4.0, 5.0, 6.0; 8 GT/s (not ASIC), 16, 32, 64 GT/s
Available only if “Use Preset” is set to True.

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32 GT/s
Read-only if “Use Preset” is True.

PCle Ver. 6.0; 64 GT/s
Read-only if “Use Preset” is True.

PCle Ver. 6.0; 64 GT/s
Read-only if “Use Preset” is True.

PCle Ver. 4.0,5.0,6.0
8 GT/s (not ASIC), 16, 32, 64 GT/s
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Common Parameters — Link Equalization

Table A-5

Category/Parameter

DUT Type

These parameters are displayed in the GUI at a level higher than an
individual procedure in the Link Equalization part of the procedure tree.

For an overview of which data rates are supported for which interface
type and spec version by this version of ValiFrame, see Table 2-1 on

page 39.

Abbreviations used in “DUT Type” column of Table A-4:
EP, End Point; RC, Root Complex (both ASIC)

AIC, Add-In Card; Sys, System (both CEM)

Dev, Device (U.2 and M.2)

Common link equalization parameters

Level (where

Values

Conditions/Description/Where it can be changed

None

Custom Calibration Source

Custom Eye Calibration Point

Pause before Auto-Align

SigTest Preset Measurement
Method

DUT
Max Link Training Speed

Clock Setup
Use End Point Clock Setup

334

EP,RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys
Dev, Host
EP, RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys
Dev, Host

RC

shown in GUI)

LEQ Custom
Tests (exist
only for LEQ Rx
data rates)

LEQ Custom
Tests (exist
only for LEQ Rx
data rates)

LEQ Rx data rates

LEQ Tx data rates

Link Equalization

Link Equalization

Custom Eye
Calibration

Custom Eye Scan
Calibration

True, False

Vb
AC Fit (not 8 GT/s)

True, False

PCle Ver. 4.0, 5.0, 6.0; 16, 32, 64 GT/s

PCle Ver. 4.0, 5.0, 6.0; 16, 32, 64 GT/s

The values are impairment combinations (that give a valid
eye) taken from the calibration chosen under ‘Custom
Calibration Source’.

PCle Ver. 4.0,5.0,6.0; 16 GT/s

PCle Ver 4.0,5.0,6.0; 8,16, 32 GT/s
(64 GT/s only for End Point)
For Vb method, Gené4 (16 GT/s) SigTest version is used.

PCle Ver. 4.0,5.0,6.0
This is a read-only parameter showing the value from the
Configure DUT panel.

PCle Ver. 4.0, 5.0,6.0
If set to True, the same clock setup will be used as for End
Point DUTs.
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Table A-5 Common link equalization parameters (cont.)

Category/Parameter DUTType  Level (where Values Conditions/Description/Where it can be changed

shown in GUI)

Power Switch Automation

Power Cycle max. Retries for LB EP,RC Link Equalization Maximum number of times that ValiFrame tries to train the
Training AIC, Sys DUT into loopback mode. If it is not possible within these
Dev, Host tries, the test is aborted automatically. When Power Switch

Automation is not checked, ValiFrame prompts you to retry
every time loopback fails.

Power Cycle Off On Duration EP,RC Link Equalization The duration between powering the DUT off and then
AIC, Sys powering it on again.
Dev, Host

Power Cycle Settling Time EP,RC Link Equalization The wait time after the DUT is powered on and before the
AIC, Sys test continues with loopback (LB) training.
Dev, Host

Power Switch Channel Number ~ EP,RC Link Equalization This sets the channel number of the power switch channel
AIC, Sys that is connected to the DUT
Dev, Host

Use Power Switch Automation EP, RC Link Equalization  True, False This is visible only if a power switch has been configured
AIC, Sys during Station Configuration.
Dev, Host If True, the DUT is powered on/off automatically by the

software and the loopback training can be run without user
intervention.

Loopback Training Settings

Custom Voltage EP,RC LEQ Rxdatarates 100 mVto 1.2V PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
AIC, Sys Visible only if ‘Use Custom Training Voltage’ is enabled.
Dev, Host

Suppress Loopback Training EP,RC LEQ Rx datarates  True, False PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s

Messages AIC, Sys LEQ Tx data rates

Dev, Host

Use Custom Training Voltage EP,RC LEQ Rx datarates True, False PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
AIC, Sys
Dev, Host

Use Gen3 EIEOS EP, RC LEQ Rx datarates True, False PCle Ver. 4.0,5.0,6.0; 16 GT/s
AIC, Sys LEQ Tx data rates
Dev, Host

Generator Clock

32 GT/s Sinusoidal SSC Spur EP,RC LEQ Receiver 0to25ns PCle Ver. 5.0, 6.0

Only available/editable if “Clock Architecture” (in Configure
DUT dialog box) is set to “Separate Ref Clocks Independent
SSC” and “Treat 33kHz as separate SJ frequency” (under
“Impairments” for the LEQ Receiver node) is set to False.

32 GT/s SSC Deviation AIC LEQ Receiver 0 to 5000 ppm PCle 5.0
Dev Available only if ‘32 GT/s Use SSC’ is True.
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Table A-5

Category/Parameter

32 GT/s Use SSC

64 GT/s Sinusoidal SSC Spur

64 GT/s Use SSC

Data Rate Deviation

Ref Clock Multiplier Bandwidth

Sinusoidal SSC Spur
SSC Deviation

SSC Frequency

Use SSC

Impairments

Treat 33kHz as separate SJ
frequency

Loopback Training

Interactive Training Script File

Link Training Lane Number
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Common link equalization parameters (cont.)

DUTType  Level (where
shown in GUI)

EP LEQ Receiver

AlC

Dev

EP LEQ Receiver

EP LEQ Receiver

EP,RC LEQ Rx data rates

AIC, Sys

Dev, Host

RC LEQ Receiver

Sys

Host

EP LEQ Receiver

AlC LEQ Receiver

Dev

EP LEQ Receiver

AIC

Dev

EP LEQ Receiver

AlC

Dev

EP, RC LEQ Receiver

EP, RC LEQ Rx data rates

AIC, Sys LEQ Tx data rates

Dev, Host

EP,RC Lane

AIC, Sys

Dev, Host

Values

True, False

0to25ns

True, False

100 kHz, 2 MHz,
5 MHz

True, False

True, False

Conditions/Description/Where it can be changed

PCle 5.0,6.0

For End Point, only available if “Clock Architecture” (in
Configure DUT dialog box) is set to “Separate Ref Clocks
Independent SSC”.

PCle 6.0
Available only if ‘64 GT/s Use SSC’ is True.

PCle 6.0

Only available/editable if “Clock Architecture” (in Configure
DUT dialog box) is set to “Separate Ref Clocks Independent
SSC” and “Treat 33kHz as separate SJ frequency” (under
“Impairments” for the LEQ Receiver node) is set to False.

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
For End Point, Root Complex: Not 8 GT/s.

PCle Ver. 4.0,5.0,6.0

PCle Ver. 4.0,5.0,6.0
PCle Ver. 4.0, 5.0

PCle Ver. 4.0,5.0,6.0

Only available/editable if “Clock Architecture” (in Configure
DUT dialog box) is set to “Separate Ref Clocks Independent
SSC”. Additionally, for PCle Ver. 6.0, “Treat 33kHz as
separate SJ frequency” (under “Impairments” for the LEQ
Receiver node) must be set to False.

PCle Ver. 4.0, 5.0, 6.0

PCle Ver. 6.0

According to PCle Ver. 6.0, the 33 kHz frequency must be
treated as a separate frequency point.

Read-only in Compliance Mode, editable in Expert Mode.
Default value: True.

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
The link training suite settings file (script file), and path,
that will be used for loopback training.

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
LEQ Rx and LEQ Tx are coupled for the same lane and data
rate.
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Table A-5 Common link equalization parameters (cont.)

Category/Parameter DUTType  Level (where Values Conditions/Description/Where it can be changed
shown in GUI)
Training through EP, RC LEQ Rx datarates LO-Recovery PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
AIC, Sys LEQ Tx datarates  LO-Recovery with Not all training methods are available for all data rates.
Dev, Host Speed Bypass
Configuration with
Equalization

Interactive Link Training

Drop Link Method EP,RC LEQ Rx datarates LTSSM PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
AIC, Sys Power Cycle Select the method used to drop the link during link training.
Dev, Host
DUT Initial Preset EP LEQ Rx datarates PO, ... P9 PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
AIC
Dev
DUT Initial Preset Gen4 EP LEQ Rx datarates PO, ..., P9 PCle Ver. 4.0, 5.0, 6.0; 16, 32, 64 GT/s
AIC
Dev
DUT Initial Preset Gen5 EP LEQ Rx datarates PO, ..., P9 PCle Ver. 5.0, 6.0; 32, 64 GT/s
AlC
Dev
DUT Initial Preset Gen6 EP LEQ Rx datarates QO, ..., Q10 PCle Ver. 6.0; 64 GT/s
DUT Start Preset Choice Gen4 RC LEQ Rx datarates ~ System Board PCle Ver, 4.0,5.0, 6.0; 16, 32, 64 GT/s
Sys Defined The properties “DUT Start Preset Choice GenX” (for X =4, 5,
Host User Defined 6) are linked. Once you have chosen the value for one of
them, the same value is used for the others.
DUT Start Preset Choice Gen5 RC LEQ Rx datarates ~System Board PCle Ver. 5.0, 6.0; 32, 64 GT/s
Sys LEQ Tx data rates Defined The properties “DUT Start Preset Choice GenX” (for X =4, 5,
Host User Defined 6) are linked. Once you have chosen the value for one of
them, the same value is used for the others.
DUT Start Preset Choice Gen6 RC LEQ Rx datarates System Board PCle Ver. 6.0; 64 GT/s
Sys Defined The properties “DUT Start Preset Choice GenX” (for X =4, 5,
User Defined 6) are linked. Once you have chosen the value for one of
them, the same value is used for the others.
DUT Target Preset EP, RC LEQ Rx datarates PO, ..., P10 PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
AIC, Sys
Dev, Host
DUT Target Preset Gen4 EP,RC LEQ Rx datarates PO, ..., P10 PCle Ver. 4.0, 5.0, 6.0; 16, 32, 64 GT/s
AIC, Sys
Dev, Host
DUT Target Preset Genb EP, RC LEQ Rx datarates PO, ..., P10 PCle Ver. 5.0, 6.0; 32, 64 GT/s
AIC, Sys
Dev, Host
DUT Target Preset Gen6 EP,RC LEQ Rx datarates QO, ..., Q10 PCle Ver. 6.0; 64 GT/s
AIC, Sys
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Table A-5 Common link equalization parameters (cont.)

Category/Parameter DUT Type

Expected DUT Start Preset Gen5  Sys
Host

Expected DUT Start Preset Gen6 ~ Sys

Generator Full Swing EP, RC
AIC, Sys
Dev, Host
Generator Start Preset EP
AIC
Dev
Generator Start Preset Gen4 EP, RC
AIC, Sys
Dev, Host

Generator Start Preset Gen5 EP,RC
AIC, Sys
Dev, Host

Generator Start Preset Gen6 EP,RC
AIC, Sys

Precoding Auto Detection EP,RC
AIC, Sys
Dev, Host
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Level (where Values
shown in GUI)

LEQ Rx datarates PO, ..., P10
LEQ Tx data rates

LEQ Rx datarates QO, ..., Q10
LEQ Tx data rates

LEQ Rx data rates

LEQ Rx datarates PO, ..., P9

LEQ Tx data rates

LEQ Rx datarates PO, ..., P9
LEQ Tx data rates

LEQ Rx datarates PO, ..., P9
LEQ Tx data rates

LEQ Rx datarates QO ...,Q10
LEQ Tx data rates

LEQ Rx datarates True, False

Conditions/Description/Where it can be changed

PCle Ver. 5.0, 6.0; 32, 64 GT/s

The preset that the DUT is most likely to use as Start Preset.
Updating this value can help to select the correct
back-channel settings during link training.

PCle Ver. 6.0; 64 GT/s

The preset that the DUT is most likely to use as Start Preset.
Updating this value can help to select the correct
back-channel settings during link training.

PCle Ver. 4.0,5.0,6.0; 8, 16, 32, 64 GT/s

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s

PCle Ver. 4.0, 5.0, 6.0; 16, 32, 64 GT/s

The generator Tx will use this preset in link equalization
phase 1. Note: This setting will be applied in the Jitter
Tolerance and Sensitivity tests only.

For Root Complex and System: This parameter is
visible/editable only if the parameter “DUT Start Preset
Choice Gen4” is set to “User Defined”.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

The generator Tx will use this preset in link equalization
phase 1. Note: This setting will be applied in the Jitter
Tolerance and Sensitivity tests only.

For Root Complex and System: This parameter is
visible/editable only if the parameter “DUT Start Preset
Choice Genb” is set to “User Defined”.

PCle Ver. 6.0; 64 GT/s

The generator Tx will use this preset in link equalization
phase 1. Note: This setting will be applied in the Jitter
Tolerance and Sensitivity tests only.

For Root Complex and System: This parameter is
visible/editable only if the parameter “DUT Start Preset
Choice Gen6” is set to “User Defined”.

PCle 5.0, 6.0; 32, 64 GT/s

If set to True, the test automation will automatically switch
to a precoded test pattern at the generator if the DUT has
requested it during loopback training. When set to True, the
test automation will also try to re-sync on a precoded
pattern if the synchronization did not work with a
non-precoded pattern at the first attempt.

Please note that link training can take significantly longer
when Precoding Auto Detection is enabled.
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Table A-5 Common link equalization parameters (cont.)

Category/Parameter DUTType  Level (where Values
shown in GUI)
Select Start Preset Gen4 EP LEQ Rx datarates User Defined
AlC LTSSM Defined
Dev LTSSM EQTS2
Defined
Select Start Preset Gen5 EP LEQ Rx datarates User Defined
AlC LTSSM Defined
Dev LTSSM EQTS2
Defined
Select Start Preset Gen6 EP LEQ Rx datarates User Defined

LTSSM Defined
LTSSM EQTS2

Defined
Speed Change Control RC LEQ Rx datarates BERT, DUT
Sys
Host
Error Detector
Analyzer Equalization EP,RC LEQ Rx datarates 1, ..,120.
AIC, Sys LEQ Tx datarates 1, ..., 55 for 64 GT/s
Dev, Host
CDR Loop Bandwidth EP, RC LEQ Rx datarates 5 kHz to 20 MHz
AIC, Sys LEQ Tx data rates
Dev, Host
CDR Loop Selection EP,RC LEQ Rx datarates LoopT1, ..., Loop4
AIC, Sys LEQ Tx data rates
Dev, Host
Enable FEC EP,RC LEQ Rx datarates True, False
AIC, Sys
Fast Alignment EP,RC LEQ Rx datarates  True, False
AIC, Sys LEQ Tx data rates
Dev, Host
Filter SKPOS EP,RC LEQ Rx datarates True, False
AIC, Sys
Dev, Host
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Conditions/Description/Where it can be changed

PCle Ver. 4.0,5.0, 6.0; 16, 32, 64 GT/s

PCle Ver. 5.0, 6.0; 32, 64 GT/s

The value ‘LTSSM Defined’ is available only when the
property ‘Training Through’ (under ‘Loopback Training’) is
selected as ‘Configuration’ or ‘LO-Recovery’.

PCle Ver. 6.0; 64 GT/s

The value ‘LTSSM EQTS2 Defined’ is available only when the
property ‘Training Through’ (under ‘Loopback Training’) is
selected as ‘Configuration’ or ‘LO-Recovery’.

PCle Ver. 4.0,5.0,6.0; 8, 16, 32, 64 GT/s

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s

Available only if ‘Use Auto Analyzer Equalization’ is set to
False.

Not available if ‘Use Back-Channel Optimization Data’ is set
to True.

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
The loop bandwidth of the BERT error detector CDR.

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s

The loops available depend on the value of the CDR Loop
Bandwidth as follows:

Always: Loop1

CDR Loop Bandwidth > 3 MHz: Loop1, Loop2

CDR Loop Bandwidth > 5 MHz: Loop1, Loop2, Loop3

CDR Loop Bandwidth > 8 MHz: Loop1, Loop2, Loop3, Loop4

PCle Ver. 6.0; 64 GT/s

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
Not available if ‘Use Back-Channel Optimization Data’ is set
to True.

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s

When Filter SKPOS is set to True, skip order set filtering is
enabled on the error detector. On M8046A this is done by
setting the Phy Protocol token. Disable this when using
custom patterns that use HardwarePRBS, for example.
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Table A-5

Category/Parameter

Input Range

Input Range for Loopback

Training

Lower Analyzer Threshold

Manually align error detector

sampling point

Middle Analyzer Threshold

Pause Before Auto-Align

Polarity

Retries for Auto Analyzer
Equalization

Threshold

Upper Analyzer Threshold

Use Auto Analyzer Equalization
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DUT Type

EP, RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys

EP,RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys

EP,RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
Dev, Host

EP, RC
AIC, Sys
Dev, Host

EP, RC
AIC, Sys
Dev, Host

EP.RC
AIC, Sys

EP, RC
AIC, Sys
Dev, Host

Common link equalization parameters (cont.)

Level (where
shown in GUI)

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates
LEQ Tx data rates

LEQ Receiver

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates
LEQ Tx data rates

Values

100 mV to 800 mV

100 mV to 800 mV

-400 mVto-1mV

True, False

-124 mV to

+124 mV

True, False

Non-inverted

Inverted

1,..,5

-400 mV to
+400 mV

+1 mVto+400 mV

True, False

Conditions/Description/Where it can be changed

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
Not available if ‘Use Back-Channel Optimization Data’ is set
to True.

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
Not available if ‘Use Back-Channel Optimization Data’ is set
to True.

PCle Ver. 6.0; 64 GT/s
Not available if ‘Use Back-Channel Optimization Data’ is set
to True.

PCle Ver. 4.0,5.0,6.0

PCle Ver. 6.0; 64 GT/s
Not available if ‘Use Back-Channel Optimization Data’ is set
to True.

PCle Ver. 4.0, 5.0, 6.0; 8 GT/s
The execution is paused to let the user carry out manual
optimization of the DUT receiver.

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s
Polarity of the analyzer input.

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s

Available only if ‘Use Auto Analyzer Equalization’ is enabled.
Not available if ‘Use Back-Channel Optimization Data’ is set
to True.

This defines how often the Error Detector FFE Optimization
will be performed. Between each optimization the sample
delay will be aligned.

PCle Ver. 4.0, 5.0, 6.0; 8, 16,32 GT/s
Not available if ‘Use Back-Channel Optimization Data’ is set
to True.

PCle Ver. 6.0; 64 GT/s
Not available if ‘Use Back-Channel Optimization Data’ is set
to True.

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s

Not available if ‘Use Back-Channel Optimization Data’ is set
to True.

This optimization will not be performed if ‘Manually align
error detector sampling point’ is enabled.
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Table A-5

Category/Parameter

Redriver

Boost

Boost1

Boost2

Boost Bandwidth

Compensation Adjustment

Compensation Bias Factor

DC Gain

Driver Gain

Estimated Channel Loss

Eye Expander

Toggling
Debug Pause after Toggle

DUT Type

Common link equalization parameters (cont.)

Level (where
shown in GUI)

Values

PCI Express Parameters A

Conditions/Description/Where it can be changed

Note 1: The M8047A redriver cannot be used if Back-Channel Optimization is used.

Note 2: The M8047B redriver cannot be used at 64 GT/s if Back-Channel Optimization is used.

Note 3: The parameters listed in this section are not available if ‘Use Back-Channel Optimization’ is set to True for the
test procedure.

EP, RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
Dev, Host
EP, RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
Dev, Host
EP, RC
AIC, Sys
Dev, Host
EP, RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
Dev, Host
EP, RC
AIC, Sys
Dev, Host
EP,RC
AIC, Sys
Dev, Host
EP, RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys
Dev, Host

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates

LEQ Rx data rates

LEQ Rx data rates

LEQ Rx data rates

LEQ Rx data rates

LEQ Rx data rates

LEQ Tx data rates

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates
LEQ Tx data rates

M8047B: 0 to 33

M8047A: 0to 7

M8047A: 0to 7

M8047A: 0to 3

M8047C: -20 to 20

M8047C: No Bias,
x1, x2, x3

MB8047A: High, Low
M8047B:0to 3

M8047A: 0to 3
M8047B:0to 3

M8047C: 8 dB to
37dB

M8047B: 0 to 3

100msto10s
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Only if an M80478B redriver is connected.
Sets Equalizer Boost for the Linear Equalization.

Only if an M8047A redriver is connected.

Only if an M8047A redriver is connected.

Only if an M8047A redriver is connected.

Only if an M8047C redriver is connected.

Only if an M8047C redriver is connected.

Only if an M80470A or M8047B redriver is connected.
Sets Equalizer DC Gain for the Linear Equalization.

Only if an M80470A or M8047B redriver is connected.
Sets Driver Gain.

Only if an M8047C redriver is connected.

Only if an M8047B redriver is connected.
Sets Equalizer Eye Expander for the Linear Equalization.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Visible only if ‘Debug’ is selected as the Pattern Selection
Mode.

Determines the time between two consecutive toggling
pulses.
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Table A-5 Common link equalization parameters (cont.)

Category/Parameter DUT Type
Debug Toggle Script File for EP, RC
32GT/s AIC, Sys
Dev, Host
Debug Toggle Script File for EP,RC
64 GT/s AIC, Syst

Manual Toggle Script File for EP, RC
32GT/s AIC, Sys
Dev, Host

Manual Toggle Script File for EP,RC

64 GT/s AIC, Sys
Pattern Selection Mode EP, RC
AIC, Sys
Dev, Host
Pause after Toggle EP,RC
AIC, Sys
Dev, Host
342

Level (where

shown in GUI)

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates
LEQ Tx data rates

Values

Path and filename

Path and filename

Path and filename

Path and filename

Tx Compliance
Pattern Toggling

Manual

Debug

100msto10s

Conditions/Description/Where it can be changed

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Visible only if ‘Debug’ is selected as the Pattern Selection
Mode.

Defines the script used for the pattern selection mode
‘Debug’. The script contains the generator sequence with
the sent pattern and the analyzer sequence with the
expected pattern for 32 GT/s.

PCle Ver. 6.0; 64 GT/s

Visible only if ‘Debug’ is selected as the Pattern Selection
Mode.

Defines the script used for the pattern selection mode
‘Debug’. The script contains the generator sequence with
the sent pattern and the analyzer sequence with the
expected pattern for 64 GT/s.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Visible only if ‘Manual’ is selected as the Pattern Selection
Mode.

Defines the script used for the Manual Tx Compliance
Pattern Toggling. The script contains the generator
sequence for toggling and the analyzer sequence with the
expected pattern for 32 GT/s.

PCle Ver. 6.0; 64 GT/s

Visible only if ‘Manual’ is selected as the Pattern Selection
Mode.

Defines the script used for the Manual Tx Compliance
Pattern Toggling. The script contains the generator
sequence for toggling and the analyzer sequence with the
expected pattern for 64 GT/s.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Defines how the compliance pattern is selected for

Back-Channel Optimization.

= Tx Compliance Pattern Toggling: Automatic Tx
Compliance Pattern Toggling

= Manual: Manual toggling/forcing the DUT to transmit a
specific pattern.

= Debug: This uses the BERT pattern generator as the
DUT.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Visible only when Pattern Selection Mode is set to Tx
Compliance Pattern Toggling.

Determines the time between two consecutive toggling
pulses.
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Table A-5

Category/Parameter

Toggle Script File for 32 GT/s

Toggle Script File for 64 GT/s

Back-Channel Optimization

Auto Adjust Sampling Delay
during training

Back-Channel Optimization File

Default preset for Back-Channel
Optimization data

Use Back-Channel Optimization
Data

Use Dynamic Rx Eq

BER Measurement

Relax Time

DUT Type

EP, RC
AIC, Sys
Dev, Host

EP.RC
AIC, Sys

EP,RC
AIC, Sys
Dev, Host

EP, RC
AIC, Sys
Dev, Host

EP, RC
AIC, Sys
Dev, Host

EP, RC
AIC, Sys
Dev, Host

EP,RC
AIC, Sys
Dev, Host

EP, RC
AIC, Sys
Dev, Host

Common link equalization parameters (cont.)

Level (where
shown in GUI)

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates
LEQ Tx data rates

LEQ Rx data rates

Values

Path and filename

Path and filename

True, False

Path and filename

For 32G: PO, ..., P10

For 64G: Q0, ...,Q10

True, False

True, False

100 ms, ..., 37500 s
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Conditions/Description/Where it can be changed

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Script for toggling the Tx Compliance Patterns sent by the
DUT. The script contains the generator sequence for
toggling and the analyzer sequence with the expected
pattern for 32 GT/s.

PCle Ver. 6.0; 64 GT/s

Script for toggling the Tx Compliance Patterns sent by the
DUT. The script contains the generator sequence for
toggling and the analyzer sequence with the expected
pattern for 64 GT/s.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Visible only if ‘Use Dynamic Rx Eq’ is enabled.

If set to ‘True’, the sampling delay will be cycled
automatically through various sampling delay settings if
link training is not successful.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Optimization File for the back channel specific to one DUT
and maximum available data rate. Default: [ED]:[DUT
Name]_SN[Serial Number] [interface Type] [DUT Type]

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Default for 32 GT/s: P4; Default for 64 GT/s: Q0
Back-Channel Optimization data from the given Preset is
used for the default sampling setup.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Default: False

Loads and applies the Back-Channel Optimization data
defined in ‘Back-Channel Optimization File’.

PCle Ver. 5.0, 6.0; 32, 64 GT/s

Visible only if ‘Use Back-Channel Optimization Data’ is
enabled. Default: True.

If set to ‘True’, the Thresholds and FFE settings are adapted
to the Preset sent by the DUT during Link Training.

PCle Ver. 4.0, 5.0, 6.0; 8, 16, 32, 64 GT/s

The time between when the eye-opening is changed and
the start of a BER measurement. This delay is to allow the
DUT to adjust to the new settings.
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Table A-5 Common link equalization parameters (cont.)

Category/Parameter DUT Type  Level (where Values Conditions/Description/Where it can be changed
shown in GUI)
Parameter
Generator Output Voltage EP, RC LEQ Transmitter ~ 0dB,...,6 dB PCle Ver. 4.0, 5.0,6.0
Compensation AIC, Sys Compensation for voltage attenuation caused by the
Dev, Host combination of power splitters and attenuators.
Scope Connection for Link EQ Tx ~ EP,RC LEQ Transmitter ~ Chan 12 3 4 Direct  PCle Ver. 4.0, 5.0, 6.0
Tests AIC, Sys Connect Oscilloscope Channels for LEQ Tx Tests
Dev, Host Channel 13
Differential Probe
Channel 2 4
Differential Probe
Skip BER Check EP, RC LEQ Transmitter  True, False PCle Ver. 4.0,5.0,6.0
AIC, Sys If True, LTSSM trains DUT into loopback but then skips the
Dev, Host BER check. It can be helpful if at some DUT Tx preset the

error detector shows a constant BER because of high
insertion loss.
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PCI Express N5991 ValiFrame Individual-Procedure Parameters

Parameters for Individual Procedures — Setup Procedure

These parameters are displayed in the GUI at the level of an individual
procedure in the Setup Procedure part of the procedure tree. See
Table A-1 on page 317 for sequencer parameters.

Table A-6 Setup procedure parameters for individual procedures

Category/Parameter Description, Values, Where shown in GUI (which procedures)

None
Offline

Software Version

Generator Clock
SSC Deviation

Use SSC

Toggling
Debug Pause after Toggle

Debug Toggle Script File for
32GT/s

Debug Toggle Script File for
64 GT/s

Pattern Selection Mode

= [f True, the test automation software is not connected to any instrument. This mode should be used for
demonstrations and checks only. It is not valid for calibrations or measurements.

= [ False, the software is connected to instruments and produces valid data. It is read-only in the parameter grid.

It can be set in the Instrument Configuration step during station configuration.

All procedures
The version number of the N5991 ValiFrame software currently being used.

All procedures

This setting should have the same value as for the test where the optimization data is used.
Back-Channel Optimization (32, 64 GT/s)

This setting can have an impact on the optimization result. It should be set to ‘False’ when optimizing the back
channel for LEQ Tx tests.

Back-Channel Optimization (32, 64 GT/s)

Determines the time between two consecutive toggling pulses. Visible when pattern election mode is set to
‘Debug’.

Back-Channel Optimization (32, 64 GT/s)

Script for toggling the Tx Compliance Patterns sent by the DUT when pattern selection mode is ‘Debug’. The script
contains the generator sequence with the sent pattern and the analyzer sequence with the expected pattern for
32 GT/s. Value: Path and filename (for 32 GT/s).

Back-Channel Optimization (32, 64 GT/s)

Script for toggling the Tx Compliance Patterns sent by the DUT when pattern selection mode is ‘Debug’. The script
contains the generator sequence with the sent pattern and the analyzer sequence with the expected pattern for
64 GT/s. Value: Path and filename (for 64 GT/s).

Back-Channel Optimization (64 GT/s)

Defines how the compliance pattern is selected for Back-Channel Optimization.
= Tx Compliance Pattern Toggling: Automatic Tx Compliance Pattern Toggling
= Manual: Manual toggling/forcing the DUT to transmit a specific pattern.

= Debug: This uses the BERT pattern generator as the DUT.

Back-Channel Optimization (32, 64 GT/s)
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Table A-6 Setup procedure parameters for individual procedures (cont.)

Category/Parameter Description, Values, Where shown in GUI (which procedures)

Manual Toggle Script File for Script file for toggling the Tx Compliance Patterns sent by the DUT when pattern selection mode is ‘Manual’. The
32GT/s script contains the generator sequence for toggling and the analyzer sequence with the expected pattern for
32 GT/s. Value: Path and filename (for 32 GT/s).

Back-Channel Optimization (32, 64 GT/s)

Manual Toggle Script File for Script file for toggling the Tx Compliance Patterns sent by the DUT when pattern selection mode is ‘Manual’. The
64 GT/s script contains the generator sequence for toggling and the analyzer sequence with the expected pattern for
64 GT/s. Value: Path and filename (for 64 GT/s).

Back-Channel Optimization (64 GT/s)

Pause after Toggle Determines the time between two consecutive toggling pulses. Visible when pattern selection mode is set to ‘Tx
Compliance Pattern Toggling’.

Back-Channel Optimization (32, 64 GT/s)

Toggle Script File for 32 GT/s Script file used for toggling the Tx Compliance Patterns sent by the DUT when pattern selection mode is ‘Tx
Compliance Pattern Toggling. The script contains the generator sequence for toggling and the analyzer sequence
with the expected pattern for 32 GT/s. Value: Path and filename (for 32 GT/s).

Back-Channel Optimization (32, 64 GT/s)

Toggle Script File for 64 GT/s Script file for toggling the Tx Compliance Patterns sent by the DUT when pattern selection mode is ‘Tx Compliance
Pattern Toggling’. The script contains the generator sequence for toggling and the analyzer sequence with the
expected pattern for 64 GT/s. Value: Path and filename (for 64 GT/s).

Back-Channel Optimization (64 GT/s)

Back-Channel Optimization

32 GT/s Presets to Optimize List of the 32 GT/s presets that will be (re-)optimized. Can be empty. Values: PO, ..., P9.
Back-Channel Optimization (32 GT/s)
64 GT/s Presets to Optimize List of the 64 GT/s presets that will be (re-)optimized. Can be empty. Values: QO ..., Q9.
Back-Channel Optimization (64 GT/s)
Maximum Number of Rerun Visible only if the optimization mode is chosen as ‘Automatic’. It limits the number of times the FFE optimization
Attempts process will be run for each preset.

Back-Channel Optimization (32, 64 GT/s)

Measure Estimated Back-Channel  Set to ‘True’ to measure the estimated back-channel loss using the oscilloscope. This is only possible with
Loss oscilloscopes with a bandwidth of at least 50 GHz (59 GHz or more is recommended).

Back-Channel Optimization (32, 64 GT/s)
Number of Auto FFE optimization Number of Auto FFE optimization runs used to determine the best FFE cursors. Values: 1, ..., 40.
runs Back-Channel Optimization (32, 64 GT/s)

Number of Compliance Patterns Visible only if Measure Estimated Back-Channel Loss is enabled.
Number of repeats of a compliance pattern captured on the real-time oscilloscope to measure the back-channel
loss. Values: 20, ..., 1000.

Back-Channel Optimization (32, 64 GT/s)
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Table A-6 Setup procedure parameters for individual procedures (cont.)

PCI Express Parameters

A

Category/Parameter Description, Values, Where shown in GUI (which procedures)

If you select ‘Automatic’, the amount of user interaction is reduced. The advantage of ‘Guided with manual
interaction’ for an experienced user is that a shorter time may be required for the optimization and the result may

Optimization Mode

Optimization Result File

Preset Selection Mode

Scope Connection for
Back-Channel Optimization

Guided Fixture Characterization

Cable Type

CLB Type

Fixture Revision

VNA Port Configuration

XML File Export Path

Oscilloscope

Genb Transfer Function File for
Package Model on Scope

Gen6 Transfer Function File for
Package Model on Scope

Sequencer

be better than in Automatic mode.

Back-Channel Optimization (32, 64 GT/s)
File where the results from the error detector optimization will be saved.
Back-Channel Optimization (32, 64 GT/s)

Determines how the presets to be optimized will be selected.
Values: All at Target Data Rate, Custom. Additional value at 64G: Include NRZ Prerequisites.

Back-Channel Optimization (32, 64 GT/s)
Oscilloscope connection used for Back-Channel Optimization.
Back-Channel Optimization (32, 64 GT/s)

Values: 2.92 mm, 2.4 mm for 64 GT/s. Only 2.92 mm for 32 GT/s.
Guided Fixture Characterization (32, 64 GT/s)

The path to the Gen5 transfer function file being used.
Guided Fixture Characterization (32 GT/s)
The path to the Gen6 transfer function file being used.
Guided Fixture Characterization (64 GT/s)

Visible only if ‘Use result of Guided Fixture Characterization’ is set to ‘True’. Values: x1x16, x4x8
Guided Fixture Characterization (32, 64 GT/s)

Values: Rev2, Rev3, Rev4 for 32 GT/s; Rev1 for 64 GT/s.

Guided Fixture Characterization (32, 64 GT/s)

Values: Differential Channel 1-3, Differential Channel 1-2

Guided Fixture Characterization (32, 64 GT/s)

Enter the path where the XML file should be saved.

Guided Fixture Characterization (32, 64 GT/s)

The parameters listed in the category Sequencer in the parameter grid are described in Table A-1 on page 317.
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Parameters for Individual Procedures — Calibration

These parameters are displayed in the GUI at the level of an individual
procedure in the Calibration part of the procedure tree. See Table A-1 on
page 317 for sequencer parameters.

Table A-7 Calibration parameters for individual procedures

Category/Parameter Description, Values, Where shown in GUI (which procedures)

None
CDR Loop-Bandwidth

CTLE

CTLE Index

CTLE Start Value

CTLE Stop Value

DM Interference Step Size

DMSI for CTLE Optimization

EQ Calibration Pattern

Equalization Mode

Equalization Preset Range

Eye Height

348

The CDR bandwidth passed to SigTest.
SJ Calibration (8 GT/s)
The CTLE value passed to SigTest.

Compliance Eye Calibration (16 GT/s) Custom Eye Scan Calibration (16, 32 GT/s)
Custom Eye Calibration (16, 32 GT/s) Pre-Compliance Eye Calibration (16 GT/s)

Values: 1,..., 7. For each index, the DC gain is as follows: 1,-12 dB; 2, -11 dB; 3, -10 dB; 4, -9 dB; 5, -8 dB;
6,-7dB; 7,-6dB.
SJ Calibration (8 GT/s)

The CTLE will be optimized during these calibrations. The presets that will be tested to find an optimum point are
those that lie between CTLE Start Value and CTLE Stop Value. Making this range smaller might speed up the
calibration but it will also negatively impact the accuracy.

Channel Calibration (16 GT/s)
Final Equalization Preset Optimization (16 GT/s)

See CTLE Start Value.

Channel Calibration (16 GT/s)
Final Equalization Preset Optimization (16 GT/s)

Initial Equalization Preset Optimization (16 GT/s)

Initial Equalization Preset Optimization (16 GT/s)

The amount of additional DM interference added to the simulation at each step.

Stressed Jitter Eye Calibration (8 GT/s)

Visible only if Optimize CTLE is enabled. Value of DMSI used for the optimization of CTLE.
Eye Height and Width Calibration (8 GT/s)

Two pattern is usually used in order to remove reflections.
Values: EQ Two Pattern, 64 zeros, 64 ones; EQ Two Pattern, 16 zeros, 16 ones; EQ One Pattern, 64 zeros, 64 ones

TXEQ and Launch Voltage Calibration (8, 16, 32 GT/s) TXEQ and Launch Voltage Measurement (8, 16, 32 GT/s)
Values: Presets, Custom Values, Cursors

Eye Height and Width Scan (16, 32, 64 GT/s)
Values: PO, ..., P9

Final Equalization Preset Optimization (16 GT/s) Initial Equalization Preset Optimization (16 GT/s)
Value of eye height used in the calibration.

De-Emphasis Calibration (2.5, 5 GT/s)
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Table A-7

Category/Parameter

PCI Express Parameters A

Calibration parameters for individual procedures (cont.)

Description, Values, Where shown in GUI (which procedures)

Loop Levels

Max Number of Search Steps

Measure All Generator Voltages

Measurement Algorithm

Number of Averages

Number of Averages for Jitter
Measurement

Offline

Optimize CTLE

Random Jitter Step Size

Re-calibrate on Final Channel

RJ for CTLE Optimization

Save Calibration Data

Scope Bandwidth

Values: 2to 14

Custom Eye Scan Calibration (16, 32, 64 GT/s)
Eye Height and Width Scan (16, 32, 64 GT/s)

The maximum number of steps in the search for optimum DMSI and RJ. After that the search is aborted.

Processing of Pre-Recorded Steps (64 GT/s)

Compliance Eye Calibration (8 GT/s)

For M8040A and M8050A: If True, all generator voltages are measured. If False, only voltages where the cursors
have different signs are measured. This increases the speed of the calibration.
With the MB020A, all generator voltages are always measured.

TXEQ and Launch Voltage Calibration (8, 16, 32 GT/s)

For details of the algorithms, see TXEQ and Launch Voltage Calibration on page 155.
Values: Measure All Coefficients, Speed-Optimized Measurement

TXEQ and Launch Voltage Calibration (64 GT/s)
The number of measurements averaged for each value.

CMSI Calibration (2.5, 5, 8 GT/s)
Compliance Eye Calibration (8 GT/s)

Eye Height and Width Calibration (8 GT/s)

The number of averages (SigTest measurements) for one RJ or SJ measurement.
RJ Calibration (8 GT/s) SJ Calibration (8 GT/s)

= [f True, the test automation software is not connected to any instrument. This mode should be used for
demonstrations and checks only. It is not valid for calibrations or measurements.

= If False, the software is connected to instruments and produces valid data. It is read-only in the parameter grid.

It can be set in the Instrument Configuration step during Station Configuration.

All procedures

When set to ‘True’, the CTLE index is swept and the optimum CTLE is determined by ValiFrame using SigTest.
When set to ‘False, the user-selected CTLE index is used for all measurements.

Eye Height and Width Calibration (8 GT/s)
The amount by which the random jitter amplitude is increased at each step.
RJ Calibration (8 GT/s)

If True, the calibration starts on the final channel from the previous compliance eye calibration instead of the
highest loss channel. A successful previous compliance eye calibration is required when selecting this.
Values: True, False

Compliance Eye Calibration (64 GT/s)
Visible only if Optimize CTLE is enabled. Value of RJ used for the optimization of CTLE.
Eye Height and Width Calibration (8 GT/s)

Choose whether to save the created calibration data (True) or not (False). If False, the calibration will have to be
rerun when ValiFrame is restarted.

Insertion Loss Calibration (16 GT/s)
Bandwidth selected on the oscilloscope.
Eye Height and Width Measurement (64 GT/s)
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A PCI Express Parameters

Table A-7 Calibration parameters for individual procedures (cont.)

Category/Parameter Description, Values, Where shown in GUI (which procedures)

Select Measurement Algorithm For details of the algorithms, see TxEQ and Launch Voltage Calibration on page 155.
Values: Measure All Coefficients, Speed-Optimized Measurement

TXEQ and Launch Voltage Calibration (8, 16, 32 GT/s)

Show Plots Values: True, False
Eye Height and Width Scan (16, 32, 64 GT/s) Processing of Pre-Recorded Steps (64 GT/s)
Sinusoidal Jitter The amount of sinusoidal jitter added to the simulation of the stressed eye.

Stressed Jitter Eye Calibration (8 GT/s)
Skip Preset and CTLE Optimization ~ Values: True, False
Compliance Eye Calibration (64 GT/s)
Software Version The version number of the N5991 ValiFrame software currently being used.

All procedures

Start De-Emphasis Start value of de-emphasis.
De-Emphasis Calibration (2.5, 5 GT/s)
Start DMSI The first DMS| value set for the calibration table.
Eye Height and Width Calibration (8 GT/s)
Start RJ The first RJ value set for the calibration table.
Eye Height and Width Calibration (8 GT/s)
Stop DMSI The last DMSI value set for the calibration table.
Eye Height and Width Calibration (8 GT/s)
Stop RJ The last RJ value set for the calibration table.
Eye Height and Width Calibration (8 GT/s)
Stop Random Jitter The maximum RJ amplitude that is calibrated.
RJ Calibration (8 GT/s)
Target Eye Height Target value of eye height.
Compliance Eye Calibration (8 GT/s)
Target Eye Width Target value of eye width.
Compliance Eye Calibration (8 GT/s)
Use Coefficients as Input When set to ‘True’, the user can input coefficients to be requested during the measurement.
When set to ‘False’, the user can input pre-shoot and de-emphasis values to be requested during the
measurement.

TXEQ and Launch Voltage Measurement (64 GT/s)
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Table A-7

Calibration parameters for individual procedures (cont.)

PCI Express Parameters A

Category/Parameter Description, Values, Where shown in GUI (which procedures)

If True, instead of calibrating, the procedure uses the last successful calibration to apply values to the instrument.
This can be used to confirm the calibration data if necessary.

Verification Mode

Parameter

Keep SigTest Files

Generator
CMmSI

Common Mode Interference

De-Emphasis

Differential Mode Interference

Differential Voltage

DMSI

Generator Launch Voltage

Values: True, False

CMSI Calibration (8, 16, 32, 64 GT/s)
Compliance Eye Calibration (8, 16, 32, 64 GT/s)
DMSI Calibration (8, 16, 32, 64 GT/s)

Eye Height Calibration (2.5, 5 GT/s)

HF Second Tone SJ Calibration (64 GT/s)

HF SJ Calibration (16, 32, 64 GT/s)

Set to ‘True’ to keep the SigTest files.
Eye Height and Width Measurement (16 GT/s)

LF SJ Calibration (16 GT/s)

RJ Calibration (8, 16, 32, 64 GT/s)

SJ Calibration (8 GT/s)

Stressed Jitter Eye Calibration (8 GT/s)

TXEQ and Launch Voltage Calibration (8, 16, 32,
64 GT/s)

Common mode sinusoidal interference added to the signal.

Channel Calibration (16 GT/s)
Compliance Eye Calibration (64 GT/s)
Custom Eye Calibration (64 GT/s)
Custom Eye Scan Calibration (64 GT/s)

Common mode interference added to the signal.

Compliance Eye Calibration (16, 32 GT/s)

Custom Eye Calibration (16, 32 GT/s)

Value of De-Emphasis in dB applied to the signal.
Channel Calibration (16 GT/s)

Compliance Eye Calibration (16, 32, 64 GT/s)

Custom Eye Calibration (16, 32, 64 GT/s)

Custom Eye Scan Calibration (16, 32, 64 GT/s)

Eye Height and Width Measurement (16, 32, 64 GT/s)

Differential mode interference added to the signal.
Custom Eye Calibration (16, 32 GT/s)
Value of differential voltage at the generator.

Custom Eye Calibration (16, 32 GT/s)
Eye Height and Width Measurement (16, 32 GT/s)
HF SJ Calibration (16, 32 GT/s)

Final Equalization Preset Optimization (16 GT/s)
Initial Equalization Preset Optimization (16 GT/s)
Pre-Compliance Eye Calibration (64 GT/s)

Custom Eye Scan Calibration (16, 32 GT/s)
Pre-Compliance Eye Calibration (16, 32 GT/s)

HF SJ Calibration (16, 32 GT/s)

LF SJ Calibration (16 GT/s)

Pre-Compliance Eye Calibration (16, 32, 64 GT/s)

RJ Calibration (16, 32 GT/s)

TXEQ and Launch Voltage Measurement (8, 16, 32 GT/s)

Eye Height and Width Measurement (16, 32 GT/s)

LF SJ Calibration (16 GT/s)
RJ Calibration (16 GT/s)

Differential mode sinusoidal interference added to the signal.

Channel Calibration (16 GT/s)
Custom Eye Calibration (64 GT/s)
Eye Height and Width Measurement (64 GT/s)

Value of launch voltage at the generator.

Channel Calibration (16 GT/s)
Custom Eye Calibration (64 GT/s)
Eye Height and Width Measurement (64 GT/s)
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Initial Equalization Preset Optimization (16 GT/s)

Final Equalization Preset Optimization (16 GT/s)
Initial Equalization Preset Optimization (16 GT/s)
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Table A-7 Calibration parameters for individual procedures (cont.)

Category/Parameter Description, Values, Where shown in GUI (which procedures)

Generator Voltage Value of voltage at the generator.
HF SJ Calibration (16, 32 GT/s) TXEQ and Launch Voltage Measurement (8, 16, 32 GT/s)
RJ Calibration (16, 32 GT/s)
Pre-Shoot Value of Pre-Shoot in dB applied to the signal.
Channel Calibration (16 GT/s) HF SJ Calibration (16, 32 GT/s)
Compliance Eye Calibration (16, 32 GT/s) LF SJ Calibration (16 GT/s)
Custom Eye Calibration (16, 32 GT/s) Pre-Compliance Eye Calibration (16, 32 GT/s)
Custom Eye Scan Calibration (16, 32 GT/s) RJ Calibration (16, 32 GT/s)
Eye Height and Width Measurement (16, 32 GT/s) TXEQ and Launch Voltage Measurement (8, 16, 32 GT/s)
Pre-Shoot1 Value of Pre-Shoot1 in dB applied to the signal.
Compliance Eye Calibration (64 GT/s) Eye Height and Width Measurement (64 GT/s)
Custom Eye Calibration (64 GT/s) Pre-Compliance Eye Calibration (64 GT/s)
Custom Eye Scan Calibration (64 GT/s)
Pre-Shoot2 Value of Pre-Shoot2 in dB applied to the signal.
Compliance Eye Calibration (64 GT/s) Eye Height and Width Measurement (64 GT/s)
Custom Eye Calibration (64 GT/s) Pre-Compliance Eye Calibration (64 GT/s)
Custom Eye Scan Calibration (64 GT/s)
Random Jitter Amount of random jitter added to the signal.
Channel Calibration (16 GT/s) Eye Height and Width Measurement (16, 32, 64 GT/s)
Compliance Eye Calibration (16, 32, 64 GT/s) Final Equalization Preset Optimization (16 GT/s)
Custom Eye Calibration (16, 32, 64 GT/s) Initial Equalization Preset Optimization (16 GT/s)
Custom Eye Scan Calibration (16, 32, 64 GT/s) Pre-Compliance Eye Calibration (16, 32, 64 GT/s)
Set Amplitude Value of launch voltage at the generator.
TXEQ and Launch Voltage Calibration (8, 16, 32 GT/s)
Sinusoidal Jitter Amount of sinusoidal jitter added to the signal.
Channel Calibration (16 GT/s) Final Equalization Preset Optimization (16 GT/s)
Custom Eye Calibration (16, 32, 64 GT/s) Initial Equalization Preset Optimization (16 GT/s)
Eye Height and Width Measurement (16, 32, 64 GT/s)
Sinusoidal Jitter Frequency Frequency of sinusoidal jitter added to the signal.
Channel Calibration (16 GT/s) Custom Eye Scan Calibration (16, 32 GT/s)
Compliance Eye Calibration (16, 32 GT/s) Final Equalization Preset Optimization (16 GT/s)
Custom Eye Calibration (16, 32 GT/s) Initial Equalization Preset Optimization (16 GT/s)
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PCI Express Parameters A

Table A-7 Calibration parameters for individual procedures (cont.)

Category/Parameter

Description, Values, Where shown in GUI (which procedures)

Loop n

Scan Parameter (Loop n)

Equalization Preset Range

“Parameter” Start Value

“Parameter” Stop Value

“Parameter” Scale Type

“Parameter” Number of Steps

Fixed Parameters
CBBvar. ISI pair

CLB var. ISI pair

Package Loss at 2.1 GHz

Here n can take the values 1 to 14. There must be at least two loops.

= For Custom Eye Scan Calibration (16, 32, 64 GT/s):

By default, Scan Parameter (Loop 1) is set to Differential Mode Sinusoidal Interference

The other available parameters are Generator Launch Voltage and Sinusoidal Jitter.
= For Eye Height and Width Scan (16, 32, 64 GT/s):

By default, Scan Parameter (Loop 1) is set to Equalization Preset.
= For Processing of Pre-Recorded Steps (64 GT/s):

By default, Scan Parameter (Loop 1) is set to Differential Mode Sinusoidal Interference.

The values Equalization Preset and Generator Launch Voltage are not available to be scanned.
Values: Equalization Preset, Generator Launch Voltage, Differential Mode Sinusoidal Interference (DMSI), Common
Mode Sinusoidal Interference (CMSI), Random Jitter, Sinusoidal Jitter, Sinusoidal Jitter Frequency, CTLE, Trace
(only 16 GT/s)

Custom Eye Scan Calibration (16, 32, 64 GT/s) Processing of Pre-Recorded Steps (64 GT/s)
Eye Height and Width Scan (16, 32, 64 GT/s)

Available if Scan Parameter (Loop n) is set to Equalization Preset.
Values: Q0-Q9

Eye Height and Width Scan (16, 32, 64 GT/s)
Here “Parameter” can be any of the values given for Scan Parameter (Loop n), apart from Equalization Preset.

Custom Eye Scan Calibration (16, 32, 64 GT/s) Processing of Pre-Recorded Steps (64 GT/s)
Eye Height and Width Scan (16, 32, 64 GT/s)

Here “Parameter” can be any of the values given for Scan Parameter (Loop n), apart from Equalization Preset.

Custom Eye Scan Calibration (16, 32, 64 GT/s) Processing of Pre-Recorded Steps (64 GT/s)
Eye Height and Width Scan (16, 32, 64 GT/s)

Here “Parameter” can be any of the values given for Scan Parameter (Loop n), apart from Equalization Preset.
Values: Linear, Logarithmic

Custom Eye Scan Calibration (16, 32, 64 GT/s) Processing of Pre-Recorded Steps (64 GT/s)
Eye Height and Width Scan (16, 32, 64 GT/s)

Here “Parameter” can be any of the values given for Scan Parameter (Loop n), apart from Equalization Preset.

Custom Eye Scan Calibration (16, 32, 64 GT/s) Processing of Pre-Recorded Steps (64 GT/s)
Eye Height and Width Scan (16, 32, 64 GT/s)

Number of the IS trace that will be connected on the CBB side during the scan by the user. This will be
prepopulated based on the ISI calibration data.

Eye Height and Width Scan (16 GT/s)

Number of the IS trace that will be connected on the CLB side during the scan by the user. This will be
prepopulated based on the ISl calibration data.

Eye Height and Width Scan (16 GT/s)

Loss of the package model that was used to record the selected step responses. This is required for the TP2P to
TP2 conversion of DMSI. If this value is not correct, the effect of DMSI might be misjudged. It is prepopulated with
values of the default package model.

Processing of Pre-Recorded Steps (64 GT/s)

Keysight N5991P PCI Express Test Automation Software Platform User’s Guide 353



A PCI Express Parameters

Table A-7 Calibration parameters for individual procedures (cont.)

Category/Parameter Description, Values, Where shown in GUI (which procedures)

“Parameter” The parameters listed under “Fixed Parameters” are those listed under “Scan Parameter (Loop n)” (see Loop n just
above) that are not scanned but held fixed. ISI is not included here.

Custom Eye Scan Calibration (16, 32, 64 GT/s) Processing of Pre-Recorded Steps (64 GT/s)
Eye Height and Width Scan (32, 64 GT/s)

Oscilloscope

Calibrated QO Post-Cursor Value of the Post-Cursor that was applied to record the QO reference waveform during the TXEQ Calibration. For
the Measurement it will be loaded from the Calibration result.
TXEQ and Launch Voltage Calibration (64 GT/s) TXEQ and Launch Voltage Measurement (64 GT/s)
Calibrated QO Pre-Cursor 1 Value of Pre-Cursor1 that was applied to record the QO reference waveform during the TXEQ Calibration. For the
Measurement it will be loaded from the Calibration result.
TXEQ and Launch Voltage Calibration (64 GT/s) TXEQ and Launch Voltage Measurement (64 GT/s)
Calibrated QO Pre-Cursor 2 Value of the Pre-Cursor2 that was applied to record the QO reference waveform during the TXEQ Calibration. For
the Measurement it will be loaded from the Calibration result.
TXEQ and Launch Voltage Calibration (64 GT/s) TXEQ and Launch Voltage Measurement (64 GT/s)
CTLE The value of CTLE in dB.
Compliance Eye Calibration (32 GT/s) Pre-Compliance Eye Calibration (32, 64 GT/s)
Eye Height and Width Measurement (16, 32, 64 GT/s)
Do Auto Scale If True, the vertical scale of the oscilloscope channel is set automatically.
Value: True, False
Compliance Eye Calibration (64 GT/s) Eye Height and Width Scan (64 GT/s)
Custom Eye Calibration (64 GT/s) Pre-Compliance Eye Calibration (64 GT/s)
Custom Eye Scan Calibration (64 GT/s) Processing of Pre-Recorded Steps (64 GT/s)
Eye Height and Width Measurement (64 GT/s)
Fixed Vertical Scale of Scope The vertical scale of the oscilloscope channel.
Channels If “Do Auto Scale” is set to True, the value here is read only.
Compliance Eye Calibration (64 GT/s) Eye Height and Width Scan (64 GT/s)
Custom Eye Calibration (64 GT/s) Pre-Compliance Eye Calibration (64 GT/s)
Custom Eye Scan Calibration (64 GT/s) Processing of Pre-Recorded Steps (64 GT/s)
Eye Height and Width Measurement (64 GT/s)
Horizontal Range The Horizontal Range that will be set on the oscilloscope during the calibration. This will determine how many Uls

will be displayed during the calibration.
DMSI Calibration (16 GT/s)
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Table A-7

Calibration parameters for individual procedures (cont.)

PCI Express Parameters A

Category/Parameter Description, Values, Where shown in GUI (which procedures)

Number of Averages

Number of Uls

Number of Waveform Averages

Optimize CTLE

Remove Scope Noise

Number of measurements averaged for each (jitter) value.

AWG Amplitude Correction Calibration (32 GT/s)
Channel Calibration (16 GT/s)

Compliance Eye Calibration (16, 32, 64 GT/s)

Custom Eye Calibration (16, 32, 64 GT/s)

Custom Eye Scan Calibration (16, 32, 64 GT/s)

Eye Height and Width Measurement (16, 32, 64 GT/s)
Eye Height and Width Scan (16, 32, 64 GT/s)

Final Equalization Preset Optimization (16 GT/s)

HF Second Tone SJ Calibration (64 GT/s)

HF SJ Calibration (16, 32, 64 GT/s)

Number of unit intervals tested.

Channel Calibration (16 GT/s)

CMSI Calibration (16 GT/s)

Compliance Eye Calibration (16 GT/s)

Custom Eye Calibration (16 GT/s)

Custom Eye Scan Calibration (16 GT/s)

Eye Height and Width Measurement (16 GT/s)
Eye Height and Width Scan (16 GT/s)

Final Equalization Preset Optimization (16 GT/s)

Initial Equalization Preset Optimization (16 GT/s)
Insertion Loss Calibration (16, 32 GT/s)

LF SJ Calibration (16 GT/s)

Pre-Compliance Eye Calibration (16, 32, 64 GT/s)
Processing of Pre-Recorded Steps (64 GT/s)
Pulsewidth Jitter Calibration (64 GT/s)

RJ Calibration (16, 32, 64 GT/s)

SNDR Calibration (64 GT/s)

TXEQ and Launch Voltage Calibration (64 GT/s)
TXEQ and Launch Voltage Measurement (64 GT/s)

HF Second Tone SJ Calibration (16, 32, 64 GT/s)
HF SJ Calibration (16, 32, 64 GT/s)

Initial Equalization Preset Optimization (16 GT/s)
LF SJ Calibration (16 GT/s)

Pre-Compliance Eye Calibration (16 GT/s)
Pulsewidth Jitter Calibration (64 GT/s)

RJ Calibration (16, 32, 64 GT/s)

Number of waveforms that are averaged during the scope acquisition. A higher number will reduce the noise floor.

AWG Amplitude Correction Calibration (32 GT/s)
Channel Calibration (16 GT/s)

CMSI Calibration (16, 32 GT/s)

Compliance Eye Calibration (16, 32, 64 GT/s)

Custom Eye Calibration (16, 32, 64 GT/s)

Custom Eye Scan Calibration (16, 32, 64 GT/s)

DMSI Calibration (16, 32 GT/s)

Eye Height and Width Measurement (16, 32, 64 GT/s)
Eye Height and Width Scan (16, 32, 64 GT/s)

Values: True, False

Eye Height and Width Measurement (16 GT/s)

Final Equalization Preset Optimization (16 GT/s)

Initial Equalization Preset Optimization (16 GT/s)

Insertion Loss Calibration (16, 32 GT/s)

Pre-Compliance Eye Calibration (16, 32, 64 GT/s)

Processing of Pre-Recorded Steps (64 GT/s)

TXEQ and Launch Voltage Calibration (8, 16, 32,
64 GT/s)

TXEQ and Launch Voltage Measurement (8, 16, 32,
64 GT/s)

Eye Height and Width Scan (16 GT/s)

This parameter is editable only in RJ Calibration; the same value is applied to the other calibrations listed here.

Values: True, False

HF Second Tone SJ Calibration (64 GT/s)
HF SJ Calibration (64 GT/s)
Pulsewidth Jitter Calibration (64 GT/s)
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Table A-7 Calibration parameters for individual procedures (cont.)

Category/Parameter Description, Values, Where shown in GUI (which procedures)

Scope Bandwidth Bandwidth selected on the oscilloscope.
AWG Amplitude Correction Calibration (16, 32, HF SJ Calibration (16, 32, 64 GT/s)
64 GT/s) Initial Equalization Preset Optimization (16 GT/s)
Channel Calibration (16 GT/s) Insertion Loss Calibration (16, 32 GT/s)
CMSI Calibration (16, 32, 64 GT/s) LF SJ Calibration (16 GT/s)
Compliance Eye Calibration (16, 32, 64 GT/s) Pre-Compliance Eye Calibration (16, 32 GT/s)
Custom Eye Calibration (16, 32, 64 GT/s) Pulsewidth Jitter Calibration (64 GT/s)
Custom Eye Scan Calibration (16, 32, 64 GT/s) RJ Calibration (16, 32, 64 GT/s)
DMSI Calibration (16, 32, 64 GT/s) Scope Channel Skew Calibration (64 GT/s)
Eye Height and Width Measurement (16, 32 GT/s) TXEQ and Launch Voltage Calibration (8, 16, 32,
Eye Height and Width Scan (16, 32 GT/s) 64 GT/s)
Final Equalization Preset Optimization (16 GT/s) TXEQ and Launch Voltage Measurement (8, 16, 32,
HF Second Tone SJ Calibration (64 GT/s) 64 GT/s)
Scope RJ Read-only value of intrinsic RJ of the oscilloscope. If ‘Remove Scope Noise’ is set to True, this value is removed

internally in the scope RJ measurement.
RJ Calibration (64 GT/s)

Scope Skew If the used channels have an inter-channel skew, the value can be added here and will be compensated during
measurements.
Compliance Eye Calibration (64 GT/s) Eye Height and Width Scan (64 GT/s)
Custom Eye Calibration (64 GT/s) Pre-Compliance Eye Calibration (64 GT/s)
Custom Eye Scan Calibration (64 GT/s) Processing of Pre-Recorded Steps (64 GT/s)
Eye Height and Width Measurement (64 GT/s)

Use Bessel Filter Values: True, False
HF Second Tone SJ Calibration (64 GT/s) SNDR Calibration (64 GT/s)
HF SJ Calibration (64 GT/s) TXEQ and Launch Voltage Calibration (64 GT/s)
Pulsewidth Jitter Calibration (64 GT/s) TXEQ and Launch Voltage Measurement (64 GT/s)
RJ Calibration (64 GT/s)

Use Linear Fit Pulse Response When set to ‘True’, pre-shoot and de-emphasis are calibrated using the linear fir pulse response measurement, in

contrast to previous measurement using the voltage levels. The default value, True, is read-only; it cannot be
changed by the user.

TXEQ and Launch Voltage Calibration (64 GT/s) TXEQ and Launch Voltage Measurement (64 GT/s)
Vertical Scale Scale of the vertical axis on the oscilloscope.

TXEQ and Launch Voltage Calibration (64 GT/s)
Preset and CTLE Optimization

CTLE Start Value Start Value of the CTLE for the calibration.

Compliance Eye Calibration (32 GT/s) Pre-Compliance Eye Calibration (32 GT/s)
CTLE Stop Value Stop value of the CTLE for the calibration.

Compliance Eye Calibration (32 GT/s) Pre-Compliance Eye Calibration (32 GT/s)
DMSI Differential mode sinusoidal interference added to the signal.

Compliance Eye Calibration (32, 64 GT/s) Pre-Compliance Eye Calibration (32, 64 GT/s)
Equalization Preset Range Compliance Eye Calibration (64 GT/s) Pre-Compliance Eye Calibration (64 GT/s)
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Table A-7

PCI Express Parameters A

Calibration parameters for individual procedures (cont.)

Category/Parameter Description, Values, Where shown in GUI (which procedures)

Number of Averages

Presets Range

Sinusoidal Jitter

SJ

Search Algorithm

Maximum DMSI

Maximum SJ

Max Number of Search Steps

Max Number of Search Steps per
Channel

Minimum SJ

Minimum Vdiff

Use Nominal EH/EW Results from
Pre Comp Cal

Calibration Flow

Skip Preset and CTLE Optimization

Re-calibrate on Final Channel

Seasim

Directory that contains the step
responses to process

Optimize CTLE

SigTest
Add SigTest Result Details

Number of measurements averaged for each jitter value.
Compliance Eye Calibration (32, 64 GT/s)

Compliance Eye Calibration (32 GT/s)

Sinusoidal jitter added to the signal.

Compliance Eye Calibration (64 GT/s)

Pre-Compliance Eye Calibration (32, 64 GT/s)
Pre-Compliance Eye Calibration (32 GT/s)

Pre-Compliance Eye Calibration (64 GT/s)
Sinusoidal jitter added to the signal.
Compliance Eye Calibration (32 GT/s) Pre-Compliance Eye Calibration (32 GT/s)
Compliance Eye Calibration (16, 32, 64 GT/s)

Compliance Eye Calibration (16, 32, 64 GT/s)

Compliance Eye Calibration (16, 64 GT/s)

Compliance Eye Calibration (32 GT/s)

Values: 1 ps to 1.5625 ps

Compliance Eye Calibration (64 GT/s)
Compliance Eye Calibration (16, 32, 64 GT/s)
Values: True, False

Compliance Eye Calibration (16 GT/s)

Values: True, False
Compliance Eye Calibration (32 GT/s)
Values: True, False
Compliance Eye Calibration (32 GT/s)

Here you can specify the directory where the files that are to be used for the procedure are stored. All step
response files must have the extension “rfstep1’.

Processing of Pre-Recorded Steps (64 GT/s)
Value: True, False

Custom Eye Calibration (64 GT/s)
Custom Eye Scan Calibration (64 GT/s)

Eye Height and Width Measurement (32, 64 GT/s)
Eye Height and Width Scan (32, 64 GT/s)

When set to ‘True’, more details about each individual SigTest average are added to the results table.
Values: True, False.

Eye Height and Width Measurement (16 GT/s) Eye Height and Width Scan (16, 32 GT/s)

Keysight N5991P PCI Express Test Automation Software Platform User’s Guide 357



A PCI Express Parameters

Table A-7 Calibration parameters for individual procedures (cont.)

Category/Parameter

Description, Values, Where shown in GUI (which procedures)

Eye Height Result Type

Number of Ul

SigTest Template for EH/EW
Measurement

Use SigTest

Channel
CBB var. ISI pair

CLB var. ISI pair

Total Channel Loss

Trace Number
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Selects which type of eye height calculation is used to determine the eye height.

Values: Composite Eye Height, Extrapolated Eye Height

Eye Height and Width Measurement (16 GT/s)

Eye Height and Width Scan (16, 32 GT/s)

Number of unit intervals that the oscilloscope is set up to capture.

Eye Height and Width Measurement (16 GT/s)

Eye Height and Width Scan (16, 32 GT/s)

Specifies the template (file) that is used for the eye calibration in SigTest.

Eye Height and Width Measurement (16 GT/s)
Default: True. Set to ‘False’ to use Seasim.
HF SJ Calibration (64 GT/s)

Eye Height and Width Scan (16, 32 GT/s)

Number of the IS trace that will be connected on the CBB side during the procedure by the user. A value might

already be present, based on previous calibration data.

AWG Amplitude Correction Calibration (16, 32,
64 GT/s)

CMSI Calibration (16, 32, 64 GT/s)

Compliance Eye Calibration (16, 32, 64 GT/s)

Custom Eye Calibration (16, 32, 64 GT/s)

Custom Eye Scan Calibration (16, 32 GT/s)

DMSI Calibration (16, 32, 64 GT/s)

Eye Height and Width Measurement (16 GT/s)
Final Equalization Preset Optimization (16 GT/s)
Initial Equalization Preset Optimization (16 GT/s)
Pre-Compliance Eye Calibration (16, 32 GT/s)

Number of the IS trace that will be connected on the CBB side during the procedure by the user. A value might

already be present, based on previous calibration data.

AWG Amplitude Correction Calibration (16, 32,
64 GT/s)

Channel Calibration (16 GT/s)

CMSI Calibration (16, 32, 64 GT/s)

Compliance Eye Calibration (16, 32, 64 GT/s)

Custom Eye Calibration (16, 32, 64 GT/s)

Total insertion loss of the calibration channel.

AWG Amplitude Correction Calibration (16, 32,
64 GT/s)

CMSI Calibration (16, 32, 64 GT/s)

Compliance Eye Calibration (16, 32, 64 GT/s)

Custom Eye Calibration (16, 32, 64 GT/s)

Custom Eye Scan Calibration (16, 32, 64 GT/s)

Hardware trace number used for the procedure.

AWG Amplitude Correction Calibration (32, 64 GT/s)
CMSI Calibration (16, 64 GT/s)

Compliance Eye Calibration (16, 32 GT/s)

Custom Eye Calibration (16, 32, 64 GT/s)

Custom Eye Scan Calibration (16, 32, 64 GT/s)

Custom Eye Scan Calibration (16, 32 GT/s)
DMSI Calibration (16, 32, 64 GT/s)

Eye Height and Width Measurement (16 GT/s)
Final Equalization Preset Optimization (16 GT/s)
Initial Equalization Preset Optimization (16 GT/s)
Pre-Compliance Eye Calibration (16, 32 GT/s)

DMSI Calibration (16, 32, 64 GT/s)

Eye Height and Width Measurement (16, 32, 64 GT/s)
Final Equalization Preset Optimization (16 GT/s)
Initial Equalization Preset Optimization (16 GT/s)
Pre-Compliance Eye Calibration (16, 32, 64 GT/s)

DMSI Calibration (16, 32, 64 GT/s)

Eye Height and Width Measurement (16 GT/s)
Final Equalization Preset Optimization (16 GT/s)
Initial Equalization Preset Optimization (16 GT/s)
Pre-Compliance Eye Calibration (16, 32, 64 GT/s)
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Table A-7 Calibration parameters for individual procedures (cont.)

Category/Parameter Description, Values, Where shown in GUI (which procedures)

Capture
Capture Mode

Guided Fixture Characterization
CLB Type

Use result of Guided Fixture
Characterization

XML File Import Path

Sequencer

Variable ISI Pairs
CBB var. ISI pair -XXdB Channel

This allows waveforms to be saved for the current configuration for each step of the procedure.

Values:

= Do only local eye measurement

= Only save waveform on the oscilloscope — The waveforms are saved but no measurement is performed.

= Do local eye measurement and save waveform on the oscilloscope — The normal calibration/measurement is
performed and additionally the waveforms are saved on the oscilloscope.

Eye Height and Width Measurement (16, 32 GT/s) Eye Height and Width Scan (32 GT/s)

Visible only if ‘Use result of Guided Fixture Characterization’ is set to ‘True’. Values: x1x16, x4x8
Insertion Loss Calibration (32, 64 GT/s)

Set to ‘True’ to use the results of the Guided Fixture Calibration. This is possible only if the Setup Preparation
license is activated.

Insertion Loss Calibration (32, 64 GT/s)

Visible only if ‘Use result of Guided Fixture Characterization’ is set to ‘True’. Enter the path from where the XML file
should be imported.

Insertion Loss Calibration (32, 64 GT/s)

The parameters listed in the category Sequencer in the parameter grid are described in Table A-1 on page 317.

The number of the variable ISI pair on the CCB side required for -XX dB.
Insertion Loss Calibration (16, 32 GT/s)
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Parameters for Individual Procedures — Receiver

These parameters are displayed in the GUI at the level of an individual
procedure in the Receiver and Receiver Setup parts of the procedure tree.
See Table A-1 on page 317 for sequencer parameters.

For more details about the parameters listed in the category Sinusoidal
Jitter Variation and the relationships between them, see Rx Jitter
Tolerance Test on page 247.

Table A-8 Receiver parameters for individual procedures

Category/ Parameter Description/ Values/Where shown in GUI
None
CMSI Amplitude Rx Compliance Setup (2.5, 5 GT/s) Rx Jitter Tolerance Test (2.5, 5 GT/s)
Rx Compliance Test (2.5, 5 GT/s) Rx Sensitivity Test (2.5, 5 GT/s)
Eye Height Rx Stressed Jitter Eye Setup (8 GT/s)
Eye Width Rx Stressed Jitter Eye Setup (8 GT/s)
ISI Rx Compliance Setup (2.5, 5 GT/s) Rx Jitter Tolerance Test (2.5, 5 GT/s)
Rx Compliance Test (2.5, 5 GT/s) Rx Sensitivity Test (2.5, 5 GT/s)
Offline = If True, the test automation software is not connected to any instrument. This mode should be used for
demonstrations and checks only. It is not valid for calibrations or measurements.
= [ False, the software is connected to instruments and produces valid data. It is read-only in the parameter grid.
It can be set in the Instrument Configuration step during Station Configuration.
All procedures
Repeat Setup Values: True, False
Rx Impairments Setup (32, 64 GT/s)
Software Version The version number of the N5991 ValiFrame software currently being used.
All procedures
Swap HF PJ Sources Swap the HF jitter sources PJ1 and PJ2. When True, ValiFrame uses the same sources as the M8070B JTOL plugin.

Rx Impairments Setup (32 GT/s)

Loopback Training

De-Emphasis used for LB Training  Rx Coefficient Matrix Scan (8, 16, 32, 64 GT/s) Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s)
Enable Impairments during Values: True, False
Loopback Training Rx Coefficient Matrix Scan (8, 16, 32, 64 GT/s) Rx Custom Sensitivity Test (16, 32, 64 GT/s)
Rx Compliance Test (2.5, 5 GT/s) Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)
Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s) Rx Pre-Compliance Test (8, 16, 32, 64 GT/s)
Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) Rx Preset Pre-Compliance Test (8 GT/s)
Rx Custom Pre-Compliance Test (16, 32, 64 GT/s) Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)
Rx Custom Pre-Shoot De-Emphasis Scan (16,32 GT/s)  Rx Sensitivity Test (2.5, 5, 8, 16, 32, 64 GT/s)
Force Retraining at each BER Values: True, False.
Measurement If True, retraining is forced at each BER measurement for different Pre-Shoot2/Pre-Shoot1/DE combinations.
Rx Coefficient Matrix Scan (8, 16, 32, 64 GT/s) Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s)
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Table A-8 Receiver parameters for individual procedures (cont.)

Category/ Parameter Description/ Values/Where shown in GUI

Force Retraining at each Preset

Force Retraining on each
Frequency

Pre-Shoot used for LB Training
Pre-Shoot1 used for LB Training
Pre-Shoot2 used for LB training
Eye Parameter

Common Mode Sinusoidal
Interference

Eye Height

Eye Width
Coefficient Variation
Coefficient Divider

Maximum Boost

Maximum Pre-Shoot1 for C-2 =0,
C+1=0

Maximum Pre-Shoot2 for C-1=0,
C+1=0

Start De-Emphasis

Start Pre-Shoot

Start Pre-Shoot1

Start Pre-Shoot2

Test Presets Only

Pre-Shoot Variation
Pre-Shoot Step Size
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Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)

Values: True, False

Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)
Rx Custom Pre-Compliance Test (16 GT/s)

Rx Coefficient Matrix Scan (8, 16, 32 GT/s)

Rx Coefficient Matrix Scan (64 GT/s)
Rx Coefficient Matrix Scan (64 GT/s)

Rx Coefficient Matrix Scan (8 GT/s)

Rx Coefficient Matrix Scan (8 GT/s)
Rx Coefficient Matrix Scan (8 GT/s)

The coefficient divider (for C-2, C-1 and C+1 for 64 GT/s).
Rx Coefficient Matrix Scan (8, 16, 32, 64 GT/s)

PCI Express Parameters A

Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)

Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)
Rx Pre-Compliance Test (8, 16 GT/s)

Rx Custom Coefficient Matrix Scan (16, 32 GT/s)
Rx Custom Coefficient Matrix Scan (64 GT/s)
Rx Custom Coefficient Matrix Scan (64 GT/s)

Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s)

Coefficient C+1 is increased until this Boost level is exceeded.

Rx Coefficient Matrix Scan (8, 16, 32, 64 GT/s)

Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s)

Maximum pre-shoot1 for C-2 = 0 (0 dB pre-shoot2) and C+1 = 0 (0 dB de-emphasis). Coefficient C-1 is increased

until this pre-shoot1 level is exceeded.

Rx Coefficient Matrix Scan (64 GT/s)

Rx Custom Coefficient Matrix Scan (64 GT/s)

Maximum pre-shoot2 for C-1 = 0 (0 dB pre-shoot1) and C+1 = 0 (0 dB de-emphasis). Coefficient C-2 is increased

until this pre-shoot2 level is exceeded.

Rx Coefficient Matrix Scan (64 GT/s)
Start De-Emphasis value in dB

Rx Coefficient Matrix Scan (8, 16, 32, 64 GT/s)

Start Pre-Shoot value in dB.

Rx Coefficient Matrix Scan (8, 16, 32 GT/s)

Start Pre-Shoot1 value in dB.
Rx Coefficient Matrix Scan (64 GT/s)
Start Pre-Shoot2 value in dB.
Rx Coefficient Matrix Scan (64 GT/s)

Rx Custom Coefficient Matrix Scan (64 GT/s)

Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s)

Rx Custom Coefficient Matrix Scan (16, 32 GT/s)

Rx Custom Coefficient Matrix Scan (64 GT/s)

Rx Custom Coefficient Matrix Scan (64 GT/s)

When set to ‘True’, only the equalization preset are swept (varied) during the procedure.
When set to ‘False’, a matrix of pre-shoot and de-emphasis values can be swept.

Rx Coefficient Matrix Scan (8 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)

Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)
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Table A-8

Category/ Parameter
Start Pre-Shoot
Stop Pre-Shoot

De-Emphasis Variation
De-Emphasis Step Size
Start De-Emphasis
Stop De-Emphasis
Parameter

Eye Height

Eye Width

Initial De-Emphasis
Initial Pre-Shoot

Scan Order

Generator Jitter

LF Sinusoidal Jitter Amplitude
LF Sinusoidal Jitter Frequency
Use Jitter

Receiver parameters for individual procedures (cont.)

Description/ Values/Where shown in GUI
Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)

Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)
Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)

Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)
Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)
Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)

Rx Pre-Compliance Setup (8 GT/s)
Rx Pre-Compliance Test (8 GT/s)

Rx Pre-Compliance Setup (8 GT/s)
Rx Pre-Compliance Test (8 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)

Rx Preset Pre-Compliance Test (8 GT/s)
Rx Preset Pre-Compliance Test (8 GT/s)

Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)
Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)
Values: De-emphasis first, Pre-shoot first

Rx Custom Pre-Shoot De-Emphasis Scan (16,32 GT/s)  Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)
Rx Compliance Test (2.5, 5 GT/s)
Rx Sensitivity Test (2.5, 5 GT/s)

Rx Sensitivity Test (2.5, 5 GT/s)

If True, jitter is added to the test signal.
Rx Sensitivity Test (2.5, 5 GT/s)

Sinusoidal Jitter Variation (see Rx Jitter Tolerance Test on page 247)

Frequency Mode

Frequency sweep scale

Jitter Frequencies/Frequency

Jitter step size(s) or factor(s)

Number of frequency steps
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Defines jitter frequencies that will be tested.
Values: Compliance Frequencies, Equally Spaced Frequencies, User Defined Frequencies, Single Frequency.

Default: Compliance frequencies.
Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)

Defines how the frequency values are calculated.
Values: Logarithmic, Linear
Enabled when Frequency Mode is ‘Equally Spaced Frequencies’.

Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)
Read-only when Frequency Mode is Compliance Frequencies.

Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)
Read-only when Frequency Mode is Compliance Frequencies and Use fixed number of steps is False.

Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)
Enabled when Frequency Mode is Equally Spaced Frequencies.

Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)
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Table A-8 Receiver parameters for individual procedures (cont.)

Category/ Parameter

Description/ Values/Where shown in GUI

Number of jitter steps

Search Algorithm

Show min failed points

Start frequency value

Start jitter amplitude(s)

Stop frequency value

Stop jitter amplitude(s)

Use fixed number of steps

Eye Height
Eye Height

Loopback Training Eye Height

Start Eye Height

Step Size

Stop Eye Height

Available when Use fixed number of steps is True.
Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)

Values: Binary, Linear, Linear with 2 step sizes, Linear with 2 step sizes and hysteresis, Logarithmic up, Logarithmic
down.

Default: Linear with 2 step sizes.

The binary search algorithm is recommended for DUTs with short recovery time.

For more details about the search algorithms, see Rx Jitter Tolerance Test on page 247.

Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)
If True, the minimum sinusoidal jitter amplitude at which the BER test failed is included in the results graph.
Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)
Enabled when Frequency Mode is Equally Spaced Frequencies.

Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)
Read-only when Frequency Mode is Compliance Frequencies.

Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)
Enabled when Frequency Mode is Equally Spaced Frequencies.

Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)

Read-only when Frequency Mode is Compliance Frequencies.
Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)

= [f True, the range from the start amplitude to the jitter capability at each frequency is divided into a fixed
number of steps.
= If False, the jitter steps are calculated depending on the Frequency Mode.

Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)

Rx Compliance Setup (2.5, 5 GT/s) Rx Jitter Tolerance Test (2.5, 5 GT/s)
Rx Compliance Test (2.5, 5 GT/s)

The eye height used for loopback training.
Rx Sensitivity Test (2.5, 5 GT/s)
The eye height with which the test starts.
Rx Sensitivity Test (2.5, 5 GT/s)

The amount by which the eye height is decreased in each step to search for the “Min Passed Eye Height”. “Min
Passed Eye Height” is the smallest eye height at which the DUT passes the BER test. At the next lower eye height
the DUT fails the BER test.

Rx Sensitivity Test (2.5, 5 GT/s)
The eye height at which the test is aborted if the DUT does not fail the BER test before.
Rx Sensitivity Test (2.5, 5 GT/s)
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Table A-8

Category/ Parameter

Receiver parameters for individual procedures (cont.)

Description/ Values/Where shown in GUI

Sensitivity Variation

Sensitivity Mode

Start “Parameter”

Stop “Parameter”

“Parameter” Step Size

BER Measurement

Abort BER measurement when
failed

Abort FBER measurement when

failed

Allowed Bit Error

364

Values: Differential Mode Interference, Generator Launch Voltage

Rx Custom Sensitivity Test (16, 32, 64GT/s)

Rx Sensitivity Test (16, 32, 64 GT/s)

Start value of “Parameter”, where “Parameter” refers to the parameter selected in Sensitivity Mode (for 16,
64 GT/s, e.g., Differential Mode Interference, Generator Launch Voltage) or Eye Height (8 GT/s).

Rx Custom Sensitivity Test (16, 32, 64 GT/s)

Rx Sensitivity Test (8, 16, 32, 64 GT/s)

Stop value of “Parameter”, where “Parameter” refers to the parameter selected in Sensitivity Mode (for 64 GT/s,
e.g., Differential Mode Interference, Generator Launch Voltage) or Eye Height (8 GT/s).

Rx Custom Sensitivity Test (16, 32, 64 GT/s)

Rx Sensitivity Test (8, 16, 32, 64 GT/s)

Step size of “Parameter”, where “Parameter” refers to the parameter selected in Sensitivity Mode (for 64 GT/s, e.g.,
Differential Mode Interference, Generator Launch Voltage) or Eye Height (8 GT/s).

Rx Custom Sensitivity Test (16, 32, 64 GT/s)

Values: True, False.

Rx Sensitivity Test (8, 16, 32, 64 GT/s)

If True, the BER measurement is aborted when the allowed bit errors are exceeded (for BER Mode ‘Fixed Time’).

Rx Coefficient Matrix Scan (8, 16, 32, 64 GT/s)

Rx Compliance Test (2.5, 5 GT/s)

Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s)
Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)

Rx Custom Pre-Compliance Test (16, 32, 64 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)

Rx Custom Sensitivity Test (16, 32, 64 GT/s)

Rx Impairments Setup (64 GT/s)

Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)
Rx Pre-Compliance Test (8, 16, 32, 64 GT/s)

Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)
Rx Sensitivity Test (2.5, 5, 8, 16, 32, 64 GT/s)

Visible only if Bit Error Ratio Measurement is set to ‘FBER’. Values: True, False.
If True, the FBER measurement is aborted when the allowed bit errors are exceeded (for FBER Mode ‘Fixed Time’).

Rx Coefficient Matrix Scan (64 GT/s)

Rx Custom Coefficient Matrix Scan (64 GT/s)
Rx Custom Jitter Tolerance Test (64 GT/s)
Rx Custom Pre-Compliance Test (64 GT/s)
Rx Custom Sensitivity Test (64 GT/s)

Rx Impairments Setup (64 GT/s)
Rx Jitter Tolerance Test (64 GT/s)
Rx Pre-Compliance Test (64 GT/s)
Rx Sensitivity Test (64 GT/s)

Number of bit errors that are allowed when BER Mode or FBER Mode is ‘Fixed Time’.

Rx Coefficient Matrix Scan (8, 16, 32, 64 GT/s)

Rx Compliance Test (2.5, 5 GT/s)

Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s)
Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)

Rx Custom Pre-Compliance Test (16, 32, 64 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)

Rx Custom Sensitivity Test (16, 32, 64 GT/s)

Rx Impairments Setup (64 GT/s)

Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)
Rx Pre-Compliance Test (8, 16, 32, 64 GT/s)

Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)
Rx Sensitivity Test (2.5, 5, 8, 16, 32, 64 GT/s)
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Table A-8

Receiver parameters for individual procedures (cont.)

PCI Express Parameters A

Category/ Parameter Description/ Values/Where shown in GUI

Duration of the BER measurement in seconds when BER Mode is ‘Fixed Time’.

BER Measurement Duration

BER Mode

Bit Error Ratio Measurement

Confidence Level

FBER Measurement Duration

Rx Coefficient Matrix Scan (8, 16, 32, 64 GT/s)

Rx Compliance Test (2.5, 5 GT/s)

Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s)
Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)

Rx Custom Pre-Compliance Test (16, 32, 64 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Custom Sensitivity Test (16, 32, 64 GT/s)

Values: Target BER, Fixed Time

Rx Coefficient Matrix Scan (8, 16, 32, 64 GT/s)

Rx Compliance Test (2.5, 5 GT/s)

Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s)
Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)

Rx Custom Pre-Compliance Test (16, 32, 64 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)

Rx Impairments Setup (64 GT/s)

Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)
Rx Pre-Compliance Test (8, 16, 32, 64 GT/s)

Rx Preset Pre-Compliance Test (8 GT/s)

Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)
Rx Sensitivity Test (2.5, 5, 8, 16, 32, 64 GT/s)

Rx Custom Sensitivity Test (16, 32, 64 GT/s)

Rx Impairments Setup (64 GT/s)

Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)
Rx Pre-Compliance Test (8, 16, 32, 64 GT/s)

Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)
Rx Sensitivity Test (2.5, 5, 8, 16, 32, 64 GT/s)

Values: FBER, BER. For more details about when FBER is supported, see Parameters Related to FBER on page 229.
If ‘BER’ is selected, the BER measurement is performed as usual.

If ‘FBER’ is selected, only the first bit of a possible error burst counts as an error. Any number of bit errors in a PAM4
symbol (that is, 1 or 2) are considered as a symbol error. The number of consecutive symbol errors that constitute
an error burst can be selected using Maximum Number of Consecutive Symbols.

Rx Coefficient Matrix Scan (64 GT/s)

Rx Custom Coefficient Matrix Scan (64 GT/s)
Rx Custom Jitter Tolerance Test (64 GT/s)
Rx Custom Pre-Compliance Test (64 GT/s)
Rx Custom Sensitivity Test (64 GT/s)

Rx Impairments Setup (64 GT/s)
Rx Jitter Tolerance Test (64 GT/s)
Rx Pre-Compliance Test (64 GT/s)
Rx Sensitivity Test (64 GT/s)

The value of the confidence level when BER Mode is ‘Target BER’ or FBER Mode is ‘Target FBER'.

Rx Coefficient Matrix Scan (8, 16, 32, 64 GT/s)

Rx Compliance Test (2.5, 5 GT/s)

Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s)
Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)

Rx Custom Pre-Compliance Test (16, 32, 64 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)

Visible only if Bit Error Ratio Measurement is set to ‘FBER’.

FBER Mode is ‘Fixed Time’.

Rx Coefficient Matrix Scan (64 GT/s)

Rx Custom Coefficient Matrix Scan (64 GT/s)
Rx Custom Jitter Tolerance Test (64 GT/s)
Rx Custom Pre-Compliance Test (64 GT/s)
Rx Custom Sensitivity Test (64 GT/s)
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Rx Custom Sensitivity Test (16, 32, 64 GT/s)

Rx Impairments Setup (64 GT/s)

Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)
Rx Pre-Compliance Test (8, 16, 32, 64 GT/s)

Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)
Rx Sensitivity Test (2.5, 5, 816, 32, 64 GT/s)

Duration of the FBER measurement in seconds when

Rx Impairments Setup (64 GT/s)
Rx Jitter Tolerance Test (64 GT/s)
Rx Pre-Compliance Test (64 GT/s)
Rx Sensitivity Test (64 GT/s)
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Table A-8

Category/ Parameter

Receiver parameters for individual procedures (cont.)

Description/ Values/Where shown in GUI

FBER Mode

Maximum number of consecutive
symbols

Target BER

Target FBER

Visible only if Bit Error Ratio Measurement is set to ‘FBER’. Values: Target FBER, Fixed Time

Rx Coefficient Matrix Scan (64 GT/s)

Rx Custom Coefficient Matrix Scan (64 GT/s)
Rx Custom Jitter Tolerance Test (64 GT/s)
Rx Custom Pre-Compliance Test (64 GT/s
Rx Custom Sensitivity Test (64 GT/s))

Rx Impairments Setup (64 GT/s)
Rx Jitter Tolerance Test (64 GT/s)
Rx Pre-Compliance Test (64 GT/s)
Rx Sensitivity Test (64 GT/s)

The number of consecutive symbols errors that together count as just one error for FBER.

Visible only if Bit Error Ratio Measurement is set to ‘FBER".

Rx Coefficient Matrix Scan (64 GT/s)

Rx Custom Coefficient Matrix Scan (64 GT/s)
Rx Custom Jitter Tolerance Test (64 GT/s)
Rx Custom Pre-Compliance Test (64 GT/s)
Rx Custom Sensitivity Test (64 GT/s)

Rx Impairments Setup (64 GT/s)
Rx Jitter Tolerance Test (64 GT/s)
Rx Pre-Compliance Test (64 GT/s)
Rx Sensitivity Test (64 GT/s)

The target value of BER to be reached when BER Mode is ‘Target BER'.

Rx Coefficient Matrix Scan (8, 16, 32, 64 GT/s)

Rx Compliance Test (2.5, 5 GT/s)

Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s)
Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)

Rx Custom Pre-Compliance Test (16, 32, 64 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Custom Sensitivity Test (16, 32, 64 GT/s)

Rx Impairments Setup (64 GT/s)

Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)
Rx Pre-Compliance Test (8, 16, 32, 64 GT/s)

Rx Preset Pre-Compliance Test (8 GT/s)

Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)
Rx Sensitivity Test (2.5, 5, 8, 16, 32, 64 GT/s)

Visible only if Bit Error Ratio Measurement is set to ‘FBER’. The target value of FBER to be reached when FBER

Mode is ‘Target BER'.

Rx Coefficient Matrix Scan (64 GT/s)

Rx Custom Coefficient Matrix Scan (64 GT/s)
Rx Custom Jitter Tolerance Test (64 GT/s)
Rx Custom Pre-Compliance Test (64 GT/s)
Rx Custom Sensitivity Test (64 GT/s)

Rx Impairments Setup (64 GT/s)
Rx Jitter Tolerance Test (64 GT/s)
Rx Pre-Compliance Test (64 GT/s)
Rx Sensitivity Test (64 GT/s)

Impairments (Most of the parameters listed under Impairments are read-only unless Use Compliance Impairments is set to False)
Only for ASIC or if the Jitter Eye Adjustment Mode is set to ASIC (Rx Jitter Tolerance Test only).

2nd Tone Sinusoidal Jitter

2nd Tone Sinusoidal Jitter
Frequency
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Rx Coefficient Matrix Scan (16, 32, 64 GT/s)

Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s)
Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)

Rx Custom Pre-Compliance Test (16, 32, 64 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Custom Sensitivity Test (16, 32, 64 GT/s)

Rx Impairments Setup (32, 64 GT/s)

Rx Jitter Tolerance Test (16, 32, 64 GT/s)

Rx Pre-Compliance Setup (16 GT/s)

Rx Pre-Compliance Test (16, 32, 64 GT/s)

Rx Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Sensitivity Test (16, 32, 64 GT/s)

Only for ASIC or if the Jitter Eye Adjustment Mode is set to ASIC (Rx Jitter Tolerance Test only).

Rx Coefficient Matrix Scan (16, 32, 64 GT/s)

Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s)
Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)

Rx Custom Pre-Compliance Test (16, 32, 64 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Custom Sensitivity Test (16, 32, 64 GT/s)

Rx Impairments Setup (32, 64 GT/s)

Rx Jitter Tolerance Test (16, 32, 64 GT/s)

Rx Pre-Compliance Setup (16 GT/s)

Rx Pre-Compliance Test (16, 32, 64 GT/s)

Rx Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Sensitivity Test (16, 32, 64 GT/s)
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Table A-8

Category/ Parameter

Receiver parameters for individual procedures (cont.)

Description/ Values/Where shown in GUI

PCI Express Parameters A

Common Mode Interference

Common Mode Sinusoidal
Interference

Differential Mode Interference

Differential Mode Sinusoidal
Interference

Differential Voltage

Generator Launch Voltage

HF Sinusoidal Jitter

HF Sinusoidal Jitter Frequency

Rx Coefficient Matrix Scan (32, 64 GT/s)

Rx Custom Coefficient Matrix Scan (32, 64 GT/s)
Rx Custom Jitter Tolerance Test (32, 64 GT/s)

Rx Custom Pre-Compliance Test (32, 64 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (32 GT/s)
Rx Custom Sensitivity Test (32, 64 GT/s)

Rx Coefficient Matrix Scan (16 GT/s)

Rx Custom Coefficient Matrix Scan (16 GT/s)

Rx Custom Jitter Tolerance Test (16 GT/s)

Rx Custom Pre-Compliance Test (16 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16 GT/s)
Rx Custom Sensitivity Test (16 GT/s)

Rx Coefficient Matrix Scan (32, 64 GT/s)

Rx Custom Coefficient Matrix Scan (32, 64 GT/s)
Rx Custom Jitter Tolerance Test (32, 64 GT/s)

Rx Custom Pre-Compliance Test (32, 64 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (32 GT/s)

Rx Coefficient Matrix Scan (8, 16 GT/s)

Rx Custom Coefficient Matrix Scan (16 GT/s)

Rx Custom Jitter Tolerance Test (16 GT/s)

Rx Custom Pre-Compliance Test (16 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16 GT/s)
Rx Jitter Tolerance Test (8, 16 GT/s)

Rx Coefficient Matrix Scan (32, 64 GT/s)

Rx Custom Coefficient Matrix Scan (32, 64 GT/s)
Rx Custom Jitter Tolerance Test (32, 64 GT/s)

Rx Custom Pre-Compliance Test (32, 64 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (32 GT/s)
Rx Custom Sensitivity Test (32, 64 GT/s)

Rx Coefficient Matrix Scan (16 GT/s)

Rx Custom Coefficient Matrix Scan (16 GT/s)

Rx Custom Jitter Tolerance Test (16 GT/s)

Rx Custom Pre-Compliance Test (16 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16 GT/s)
Rx Custom Sensitivity Test (16 GT/s)

Rx Impairments Setup (32, 64 GT/s)

Rx Jitter Tolerance Test (32, 64 GT/s)

Rx Pre-Compliance Test (32, 64 GT/s)

Rx Pre-Shoot De-Emphasis Scan (32 GT/s)
Rx Sensitivity Test (32, 64 GT/s)

Rx Jitter Tolerance Test (8, 16 GT/s)

Rx Pre-Compliance Setup (16 GT/s)

Rx Pre-Compliance Test (8, 16 GT/s)

Rx Pre-Shoot De-Emphasis Scan (16 GT/s)
Rx Sensitivity Test (16 GT/s)

Rx Impairments Setup (32, 64 GT/s)

Rx Jitter Tolerance Test (32, 64 GT/s)

Rx Pre-Compliance Test (32, 64 GT/s)

Rx Pre-Shoot De-Emphasis Scan (32 GT/s)

Rx Pre-Compliance Setup (8, 16 GT/s)

Rx Pre-Compliance Test (8, 16 GT/s)

Rx Preset Pre-Compliance Test (8 GT/s)

Rx Pre-Shoot De-Emphasis Scan (8, 16 GT/s)
Rx Stressed Jitter Eye Setup (8 GT/s)

Rx Impairments Setup (32, 64 GT/s)

Rx Jitter Tolerance Test (32, 64 GT/s)

Rx Pre-Compliance Test (32, 64 GT/s)

Rx Pre-Shoot De-Emphasis Scan (32 GT/s)
Rx Sensitivity Test (32, 64 GT/s)

Rx Jitter Tolerance Test (8, 16 GT/s)

Rx Pre-Compliance Setup (16 GT/s)

Rx Pre-Compliance Test (8, 16 GT/s)

Rx Pre-Shoot De-Emphasis Scan (16 GT/s)
Rx Sensitivity Test (16 GT/s)

Rx Stressed Jitter Eye Setup (8 GT/s)

The amplitude of the SJ component fixed at a high frequency during the test.

Rx Compliance Setup (5 GT/s)
Rx Compliance Test (5 GT/s)

The frequency of the HF SJ component.

Rx Compliance Setup (5 GT/s)
Rx Compliance Test (5 GT/s)
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Rx Jitter Tolerance Test (5 GT/s)
Rx Sensitivity Test (5 GT/s)

Rx Jitter Tolerance Test (5 GT/s)
Rx Sensitivity Test (5 GT/s)
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Table A-8

Category/ Parameter

Receiver parameters for individual procedures (cont.)

Description/ Values/Where shown in GUI

Jitter Eye Adjustment Mode

LF Sinusoidal Jitter
LF Sinusoidal Jitter Frequency

Random Jitter

Residual SSC (Triangular)

RJ Low Pass Filter Frequency

Sinusoidal Jitter

Sinusoidal Jitter Frequency
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Values: ASIC, CEM

ASIC: Either a 2nd tone SJ or RJ reduction is used to adjust to the target EH and EW. SJ pass/fail limit is nominal

SJ.

Rx Custom Jitter Tolerance Test (16, 32 GT/s)
Rx Compliance Setup (2.5, 5 GT/s)

Rx Compliance Setup (2.5, 5 GT/s)

The amount of random jitter (rms) added to the test signal.

Rx Coefficient Matrix Scan (8, 16, 32, 64 GT/s)

Rx Compliance Setup (2.5, 5 GT/s)

Rx Compliance Test (2.5, 5 GT/s)

Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s)
Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)

Rx Custom Pre-Compliance Test (16, 32, 64 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Custom Sensitivity Test (16, 32, 64 GT/s)

Rx Jitter Tolerance Test (16, 32 GT/s)

Rx Impairments Setup (32, 64 GT/s)

Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32, 64 GT/s)
Rx Pre-Compliance Setup (8, 16 GT/s)

Rx Pre-Compliance Test (8, 16, 32, 64 GT/s)

Rx Preset Pre-Compliance Test (8 GT/s)

Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)
Rx Sensitivity Test (2.5, 5, 8, 16, 32, 64 GT/s)

Rx Stressed Jitter Eye Setup (8 GT/s)

Magnitude of the residual SSC when residual SSC is selected to be in triangular modulation.
Only for CEM. Visible only if Use Residual SSC (Triangular) is set to ‘True’.

Rx Coefficient Matrix Scan (16 GT/s)

Rx Custom Coefficient Matrix Scan (16 GT/s)

Rx Custom Jitter Tolerance Test (16 GT/s)

Rx Custom Pre-Compliance Test (16 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16 GT/s)

Rx Custom Sensitivity Test (16 GT/s)

Rx Pre-Compliance Setup (16 GT/s)

Rx Pre-Compliance Test (16 GT/s)

Rx Pre-Shoot De-Emphasis Scan (16 GT/s)
Rx Sensitivity Test (16 GT/s)

1000 MHz low-pass filter frequency is compliant with the spec but it reduces the total amount of SJ for high jitter
frequencies. In order to have the full amount of SJ, change to 500 MHz.

This is only available for M8020A and M8040A.
Rx Custom Jitter Tolerance Test (16, 32 GT/s)
Amplitude of the sinusoidal jitter added to the signal.

Rx Coefficient Matrix Scan (8, 16, 32, 64 GT/s)

Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s)
Rx Custom Pre-Compliance Test (32, 64 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Custom Sensitivity Test (16, 32, 64 GT/s)

Rx Impairments Setup (32, 64 GT/s)

Frequency of the sinusoidal jitter added to the signal.

Rx Coefficient Matrix Scan (8, 16, 32, 64 GT/s)

Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s)
Rx Custom Pre-Compliance Test (32, 64 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Custom Sensitivity Test (16, 32, 64 GT/s)

Rx Impairments Setup (32, 64 GT/s)

Rx Jitter Tolerance Test (2.5, 5, 8, 16, 32 GT/s)

Rx Pre-Compliance Setup (8, 16 GT/s)

Rx Pre-Compliance Test (32 GT/s)

Rx Preset Pre-Compliance Test (8 GT/s)

Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)
Rx Sensitivity Test (8, 16, 32, 64 GT/s)

Rx Stressed Jitter Eye Setup (8 GT/s)

Rx Pre-Compliance Setup (8, 16 GT/s)

Rx Pre-Compliance Test (32 GT/s)

Rx Preset Pre-Compliance Test (8 GT/s)

Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)
Rx Sensitivity Test (8, 16, 32, 64 GT/s)

Rx Stressed Jitter Eye Setup (8 GT/s)
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Table A-8

Category/ Parameter

Receiver parameters for individual procedures (cont.)

Description/ Values/Where shown in GUI

PCI Express Parameters A

SSC Residual

Use Compliance Impairments

Use Residual SSC (Triangular)

Channel
CBBvar. ISI pair

Total Channel Loss

Trace Number

Equalization for Remaining Rx tests

Allow user to enter optimum
equalization for remaining Rx tests

Sequencer

This emulates the residual that is caused in “real world systems” by path length differences in the clock

distribution and SSC modulation. See Appendix B.

Rx Compliance Setup (5 GT/s)
Rx Compliance Test (5 GT/s)

Rx Jitter Tolerance Test (5 GT/s)
Rx Sensitivity Test (5 GT/s)

If True, the compliance values of impairments are used. The listed impairments are read only.
If False, all the parameters listed under “Impairments” become editable and their values can be changed.

All Rx tests, Rx Custom tests and Receiver Setup tests for all data rates.

Set to ‘True’ to change the residual SSC modulation form from sinusoidal to triangular.

Only for CEM.

Rx Coefficient Matrix Scan (16 GT/s)

Rx Custom Coefficient Matrix Scan (16 GT/s)

Rx Custom Jitter Tolerance Test (16 GT/s)

Rx Custom Pre-Compliance Test (16 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16 GT/s)

Variable ISI pair selected on the CBB side.

Rx Coefficient Matrix Scan (16, 32 GT/s)

Rx Custom Coefficient Matrix Scan (16, 32 GT/s)

Rx Custom Jitter Tolerance Test (16, 32 GT/s)

Rx Custom Pre-Compliance Test (16, 32 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Custom Sensitivity Test (16, 32 GT/s)

Rx Coefficient Matrix Scan (16, 32, 64 GT/s)

Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s)
Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)

Rx Custom Pre-Compliance Test (16, 32, 64 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Custom Sensitivity Test (16, 32, 64 GT/s)

Rx Coefficient Matrix Scan (16, 32, 64 GT/s)

Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s)
Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)

Rx Custom Pre-Compliance Test (16, 32, 64 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Custom Sensitivity Test (16, 32, 64 GT/s)

Values: True, False.

Rx Coefficient Matrix Scan (8, 16, 32, 64 GT/s)
Rx Custom Coefficient Matrix Scan (16, 32, 64 GT/s)

Rx Custom Sensitivity Test (16 GT/s)

Rx Pre-Compliance Setup (16 GT/s)

Rx Pre-Compliance Test (16 GT/s)

Rx Pre-Shoot De-Emphasis Scan (16 GT/s)
Rx Sensitivity Test (16 GT/s)

Rx Impairments Setup (32 GT/s)

Rx Jitter Tolerance Test (16, 32 GT/s)

Rx Pre-Compliance Setup (16 GT/s)

Rx Pre-Compliance Test (16, 32 GT/s)

Rx Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Sensitivity Test (16, 32 GT/s)

Rx Impairments Setup (32, 64 GT/s)

Rx Jitter Tolerance Test (16, 32, 64 GT/s)

Rx Pre-Compliance Setup (16 GT/s)

Rx Pre-Compliance Test (16, 32, 64 GT/s)

Rx Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Sensitivity Test (16, 32, 64 GT/s)

Rx Impairments Setup (32, 64 GT/s)

Rx Jitter Tolerance Test (16, 32, 64 GT/s)

Rx Pre-Compliance Test (16, 32, 64 GT/s)

Rx Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Sensitivity Test (16, 32, 64 GT/s)

Rx Custom Pre-Shoot De-Emphasis Scan (16, 32 GT/s)
Rx Pre-Shoot De-Emphasis Scan (8, 16, 32 GT/s)

The parameters listed in the category Sequencer in the parameter grid are described in Table A-1 on page 317.

Keysight N5991P PCI Express Test Automation Software Platform User’s Guide

369
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Parameters for Individual Procedures — Link Equalization

Table A-9

These parameters are displayed in the GUI at the level of an individual
procedure in the Link Equalization part of the procedure tree. See
Table A-1 on page 317 for sequencer parameters.

For more details of the parameters listed in the category Sinusoidal Jitter
Variation and the relationships between them, see Rx Jitter Tolerance Test
on page 247.

Parameters for individual link equalization tests

Category/ Parameter Description/ Values/Where shown in GUI

None
Offline

Software Version

Loopback Training

Enable Impairments during
Loopback (LB) Training

Force Retraining on each
Frequency

Interactive Link Training

Link Training

Parameter
Eye Height
Eye Width

Max Number of Retries

Measure Protocol Response Times

Presets
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= [f True, the test automation software is not connected to any instrument. This mode should be used for
demonstrations and checks only. It is not valid for calibrations or measurements.

= If False, the software is connected to instruments and produces valid data. It is read-only in the parameter grid.

It can be set in the Instrument Configuration step during Station Configuration.

All procedures
The version number of the N5991 ValiFrame software currently being used.

All procedures

LEQ Rx Compliance Test (8, 16, 32, 64 GT/s)
LEQ Rx Custom Compliance Test (16, 32, 64 GT/s)
LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)

LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)

LEQ Rx Custom Sensitivity Test (16, 32 GT/s)
LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)
LEQ Rx Sensitivity Test (8, 16, 32, 64 GT/s)

LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)

The method used for link training: Bypass, Presets only, Full. If the DUT does not support Bypass mode, select ‘Full’
to make this test procedure possible for the DUT.

LEQ Tx Initial Preset Compliance Test (64 GT/s)

LEQ Rx Compliance Test (8 GT/s)
LEQ Rx Compliance Test (8 GT/s)

The maximum number of tries if the electrical and/or protocol response time cannot be evaluated. If it is not
possible within these tries, the test is aborted automatically.

LEQ Tx Response Time Compliance Test (8, 16, 32, 64 GT/s)
Values: True, False.

LEQ Tx Response Time Compliance Test (8, 16, 32, 64 GT/s)
The presets used in the test.

LEQ Tx Initial Preset Compliance Test (8, 16, 32, 64 GT/s)
LEQ Tx Response Time Compliance Test (8, 16, 32, 64 GT/s)
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PCI Express Parameters

Table A-9 Parameters for individual link equalization tests (cont.)

Category/ Parameter Description/ Values/Where shown in GUI

If you are only interested in the reported pre-shoot, de-emphasis or cursor values, setting this to ‘True’ allows you

Skip Response Time
Measurements

Sensitivity Variation
Eye Height Step Size

Sensitivity Mode

Start Eye Height

Start “Parameter”

Stop Eye Height

Stop “Parameter”

“Parameter” Step Size

to skip the response time measurements and thus save test time.
LEQ Tx Response Time Compliance Test (8, 16, 32, 64 GT/s)

LEQ Rx Sensitivity Test (8 GT/s)

Values: Differential Mode Interference, Generator Launch Voltage

LEQ Rx Custom Sensitivity Test (16, 32, 64 GT/s) LEQ Rx Sensitivity Test (16, 32, 64 GT/s)
LEQ Rx Sensitivity Test (8 GT/s)

“Parameter” is that selected in Sensitivity Mode.

LEQ Rx Custom Sensitivity Test (16, 32, 64 GT/s) LEQ Rx Sensitivity Test (16, 32, 64 GT/s)
LEQ Rx Sensitivity Test (8 GT/s)

“Parameter” is that selected in Sensitivity Mode.

LEQ Rx Custom Sensitivity Test (16, 32, 64 GT/s) LEQ Rx Sensitivity Test (16, 32, 64 GT/s)
“Parameter” is that selected in Sensitivity Mode.

LEQ Rx Custom Sensitivity Test (16, 32, 64 GT/s) LEQ Rx Sensitivity Test (16, 32, 64 GT/s)

Sinusoidal Jitter Variation (see Rx Jitter Tolerance Test on page 247)

Frequency Mode

Frequency sweep scale

Jitter Frequencies/Frequency

Jitter step size(s) or factor(s)

Number of frequency steps

Number of jitter steps

Search Algorithm

Defines jitter frequencies that will be tested.

Values: Compliance Frequencies, Equally Spaced Frequencies, User Defined Frequencies, Single Frequency.

Default: Compliance frequencies.
LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)

Defines how the frequency values are calculated. Values: Logarithmic, Linear
Enabled when Frequency Mode is Equally Spaced Frequencies.

LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)
Read-only when Frequency Mode is Compliance Frequencies.

LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)
Read-only when Frequency Mode is Compliance Frequencies and Use fixed number of steps is False.

LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)
Enabled when Frequency Mode is Equally Spaced Frequencies.

LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)
Available when Use fixed number of steps is True.

LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)

A

Values: Binary, Linear, Linear with 2 step sizes, Linear with 2 step sizes and hysteresis, Logarithmic up, Logarithmic

down.

Default: Linear with 2 step sizes.

The binary search algorithm is recommended for DUTs with short recovery time.

For more details about the search algorithms, see Rx Jitter Tolerance Test on page 247.

LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)
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Table A-9

Category/ Parameter

Parameters for individual link equalization tests (cont.)

Description/ Values/Where shown in GUI

Show min failed points

Start frequency value

Start Jitter Amplitude(s)

Stop frequency value

Use fixed number of steps

BER Measurement

Abort BER measurement when
failed

Abort FBER measurement when
failed

Allowed Bit Error

BER Measurement Duration

BER Mode

372

If True, the minimum sinusoidal jitter amplitude at which the BER test failed is included in the results graph.
LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)
Enabled when Frequency Mode is Equally Spaced Frequencies.

LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)
Read-only when Frequency Mode is Compliance Frequencies.

LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)
Enabled when Frequency Mode is Equally Spaced Frequencies.

LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)

= [f True, the range from the start amplitude to the jitter capability at each frequency is divided into a fixed
number of steps.
= If False, the jitter steps are calculated depending on the Frequency Mode.

LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)

Enabled for BER Mode Fixed Time. Values: True, False.
If True, the BER measurement is aborted when the allowed bit errors are exceeded.

LEQ Rx Compliance Test (8, 16, 32, 64 GT/s) LEQ Rx Custom Sensitivity Test (16, 32, 64 GT/s)
LEQ Rx Custom Compliance Test (16, 32, 64 GT/s) LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)
LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) LEQ Rx Sensitivity Test (8, 16, 32, 64 GT/s)

Visible only if Bit Error Ratio Measurement is set to ‘FBER’. Values: True, False.

If True, the FBER measurement is aborted when the allowed bit errors are exceeded (for FBER Mode ‘Fixed Time’).
LEQ Rx Compliance Test (64 GT/s) LEQ Rx Custom Sensitivity Test (64 GT/s)

LEQ Rx Custom Compliance Test (64 GT/s) LEQ Rx Jitter Tolerance Test (64 GT/s)

LEQ Rx Custom Jitter Tolerance Test (64 GT/s) LEQ Rx Sensitivity Test (64 GT/s)

Number of bit errors that are allowed when BER Mode or FBER Mode is Fixed Time.

LEQ Rx Compliance Test (8, 16, 32, 64 GT/s) LEQ Rx Custom Sensitivity Test (16, 32, 64 GT/s)

LEQ Rx Custom Compliance Test (16, 32, 64 GT/s) LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)
LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) LEQ Rx Sensitivity Test (8, 16, 32, 64 GT/s)

Duration of the BER measurement in seconds when BER Mode is Fixed Time.

LEQ Rx Compliance Test (8, 16, 32, 64 GT/s) LEQ Rx Custom Sensitivity Test (16, 32, 64 GT/s)
LEQ Rx Custom Compliance Test (16, 32, 64 GT/s) LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)
LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) LEQ Rx Sensitivity Test (8, 16, 32, 64 GT/s)

Values: Target BER, Fixed Time

LEQ Rx Compliance Test (8, 16, 32, 64 GT/s)
LEQ Rx Custom Compliance Test (16, 32, 64 GT/s)
LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)

LEQ Rx Custom Sensitivity Test (16, 32, 64 GT/s)
LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)
LEQ Rx Sensitivity Test (8, 16, 32, 64 GT/s)
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Table A-9 Parameters for individual link equalization tests (cont.)

Category/ Parameter Description/ Values/Where shown in GUI

Bit Error Ratio Measurement Values: FBER, BER. For more details about when FBER is supported, see Parameters Related to FBER on page 229.
If ‘BER’ is selected, the BER measurement is performed as usual.
If ‘FBER’ is selected, only the first bit of a possible error burst counts as an error. Any number of bit errors in a PAM4
symbol (that is, 1 or 2) are considered as a symbol error. The number of consecutive symbol errors that constitute
an error burst can be selected using Maximum Number of Consecutive Symbols.

LEQ Rx Compliance Test (64 GT/s) LEQ Rx Custom Sensitivity Test (64 GT/s)
LEQ Rx Custom Compliance Test (64 GT/s) LEQ Rx Jitter Tolerance Test (64 GT/s)
LEQ Rx Custom Jitter Tolerance Test (64 GT/s) LEQ Rx Sensitivity Test (64 GT/s)
Confidence Level The value of the confidence level when BER Mode is ‘Target BER’ or FBER Mode is ‘Target FBER'.
LEQ Rx Compliance Test (8, 16, 32, 64 GT/s) LEQ Rx Custom Sensitivity Test (16, 32, 64 GT/s)
LEQ Rx Custom Compliance Test (16, 32, 64 GT/s) LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)
LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) LEQ Rx Sensitivity Test (8, 16, 32, 64 GT/s)
FBER Measurement Duration Visible only if Bit Error Ratio Measurement is set to ‘FBER’. Duration of the FBER measurement in seconds when
FBER Mode is ‘Fixed Time’.
LEQ Rx Compliance Test (64 GT/s) LEQ Rx Custom Sensitivity Test (64 GT/s)
LEQ Rx Custom Compliance Test (64 GT/s) LEQ Rx Jitter Tolerance Test (64 GT/s)
LEQ Rx Custom Jitter Tolerance Test (64 GT/s) LEQ Rx Sensitivity Test (64 GT/s)
FBER Mode Visible only if Bit Error Ratio Measurement is set to ‘FBER'. Values: Target FBER, Fixed Time
LEQ Rx Compliance Test (64 GT/s) LEQ Rx Custom Sensitivity Test (64 GT/s)
LEQ Rx Custom Compliance Test (64 GT/s) LEQ Rx Jitter Tolerance Test (64 GT/s)
LEQ Rx Custom Jitter Tolerance Test (64 GT/s) LEQ Rx Sensitivity Test (64 GT/s)
Maximum number of consecutive The number of consecutive symbols errors that together count as just one error for FBER.
symbols Visible only if Bit Error Ratio Measurement is set to ‘FBER’.
LEQ Rx Compliance Test (64 GT/s) LEQ Rx Custom Sensitivity Test (64 GT/s)
LEQ Rx Custom Compliance Test (64 GT/s) LEQ Rx Jitter Tolerance Test (64 GT/s)
LEQ Rx Custom Jitter Tolerance Test (64 GT/s) LEQ Rx Sensitivity Test (64 GT/s)
Target BER The target value of BER to be reached when BER Mode is Target BER.
LEQ Rx Compliance Test (8, 16, 32, 64 GT/s) LEQ Rx Custom Sensitivity Test (16, 32, 64 GT/s)
LEQ Rx Custom Compliance Test (16, 32, 64 GT/s) LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)
LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) LEQ Rx Sensitivity Test (8, 16, 32, 64 GT/s)
Target FBER Visible only if Bit Error Ratio Measurement is set to ‘FBER’. The target value of FBER to be reached when FBER
Mode is ‘Target BER'.
LEQ Rx Compliance Test (64 GT/s) LEQ Rx Custom Sensitivity Test (64 GT/s)
LEQ Rx Custom Compliance Test (64 GT/s) LEQ Rx Jitter Tolerance Test (64 GT/s)
LEQ Rx Custom Jitter Tolerance Test (64 GT/s) LEQ Rx Sensitivity Test (64 GT/s)
Impairments (Most of the parameters listed under Impairments are read-only unless Use Compliance Impairments is set to False)
2nd Tone Sinusoidal Jitter Sinusoidal jitter used to fine adjust the eye height and width.
Only for ASIC or if the Jitter Eye Adjustment Mode is set to ASIC (LEQ Rx Jitter Tolerance Test only).
LEQ Rx Compliance Test (16, 32, 64 GT/s) LEQ Rx Custom Sensitivity Test (16, 32, 64 GT/s)
LEQ Rx Custom Compliance Test (16, 32, 64 GT/s) LEQ Rx Jitter Tolerance Test (16, 32, 64 GT/s)

LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s) LEQ Rx Sensitivity Test (16, 32, 64 GT/s)
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Table A-9

Category/ Parameter Description/ Values/Where shown in GUI

Parameters for individual link equalization tests (cont.)

2nd Tone Sinusoidal Jitter
Frequency

Common Mode Interference
Common Mode Sinusoidal
Interference

Differential Mode Interference

Differential Mode Sinusoidal
Interference

Differential Voltage

Generator Launch Voltage

Jitter Eye Adjustment Mode

Random Jitter

Residual SSC (Triangular)

RJ Low Pass Filter Frequency

Sinusoidal Jitter

374

Only for ASIC or if the Jitter Eye Adjustment Mode is set to ASIC (LEQ Rx Jitter Tolerance Test only).

LEQ Rx Compliance Test (16, 32, 64 GT/s)
LEQ Rx Custom Compliance Test (16, 32, 64 GT/s)
LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)

LEQ Rx Compliance Test (32, 64 GT/s)
LEQ Rx Custom Compliance Test (32, 64 GT/s)
LEQ Rx Custom Jitter Tolerance Test (32, 64 GT/s)

LEQ Rx Compliance Test (16 GT/s)
LEQ Rx Custom Compliance Test (16 GT/s)
LEQ Rx Custom Jitter Tolerance Test (16 GT/s)

LEQ Rx Compliance Test (32, 64 GT/s)
LEQ Rx Custom Compliance Test (32, 64 GT/s)

LEQ Rx Compliance Test (8, 16 GT/s)
LEQ Rx Custom Compliance Test (16 GT/s)

LEQ Rx Compliance Test (32, 64 GT/s)
LEQ Rx Custom Compliance Test (32, 64 GT/s)
LEQ Rx Custom Jitter Tolerance Test (32, 64 GT/s)

LEQ Rx Compliance Test (16 GT/s)
LEQ Rx Custom Compliance Test (16 GT/s)
LEQ Rx Custom Jitter Tolerance Test (16 GT/s)

Values: ASIC, CEM
For CEM, only one SJ frequency is used and swept.

LEQ Rx Custom Sensitivity Test (16, 32, 64 GT/s)
LEQ Rx Jitter Tolerance Test (16, 32, 64 GT/s)
LEQ Rx Sensitivity Test (16, 32, 64 GT/s)

LEQ Rx Custom Sensitivity Test (32, 64 GT/s)
LEQ Rx Jitter Tolerance Test (32, 64 GT/s)
LEQ Rx Sensitivity Test (32, 64 GT/s)

LEQ Rx Custom Sensitivity Test (16 GT/s)
LEQ Rx Jitter Tolerance Test (8, 16 GT/s)
LEQ Rx Sensitivity Test (16 GT/s)

LEQ Rx Custom Jitter Tolerance Test (32, 64 GT/s)
LEQ Rx Jitter Tolerance Test (32, 64 GT/s)

LEQ Rx Custom Jitter Tolerance Test (16 GT/s)
LEQ Rx Jitter Tolerance Test (8, 16 GT/s)

LEQ Rx Custom Sensitivity Test (32, 64 GT/s)
LEQ Rx Jitter Tolerance Test (32, 64 GT/s)
LEQ Rx Sensitivity Test (32, 64 GT/s)

LEQ Rx Custom Sensitivity Test (16 GT/s)
LEQ Rx Jitter Tolerance Test (8, 16 GT/s)
LEQ Rx Sensitivity Test (16 GT/s)

For ASIC, the first SJ frequency is fixed while the second frequency is swept.

LEQ Rx Custom Jitter Tolerance Test (16, 32 GT/s)

LEQ Rx Compliance Test (8, 16, 32, 64 GT/s)
LEQ Rx Custom Compliance Test (16, 32, 64 GT/s)
LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)

LEQ Rx Jitter Tolerance Test (16, 32 GT/s)

LEQ Rx Custom Sensitivity Test (16, 32, 64 GT/s)
LEQ Rx Jitter Tolerance Test (8, 16, 32, 64 GT/s)
LEQ Rx Sensitivity Test (8, 16, 32, 64 GT/s)

Magnitude of the residual SSC when residual SSC is selected to be in triangular modulation.
Only CEM. Visible only if Use Residual SSC (Triangular) is set to ‘True’.

LEQ Rx Compliance Test (16 GT/s)
LEQ Rx Custom Compliance Test (16 GT/s)
LEQ Rx Custom Jitter Tolerance Test (16 GT/s)

Values: 500 MHz, 1000 MHz.

LEQ Rx Custom Sensitivity Test (16 GT/s)
LEQ Rx Jitter Tolerance Test (16 GT/s)
LEQ Rx Sensitivity Test (16 GT/s)

The 1000 MHz low-pass filter frequency is compliant with the specification, but it reduces the total amount of SJ
for high jitter frequencies. In order to have the full amount of SJ, switch to 500 MHz.

This is only available for M8020A and M8040A.
LEQ Rx Custom Jitter Tolerance Test (16, 32 GT/s)
Sinusoidal jitter applied during the test.

LEQ Rx Compliance Test (8, 16, 32 GT/s)
LEQ Rx Custom Compliance Test (16, 32, 64 GT/s)

LEQ Rx Jitter Tolerance Test (8, 16, 32 GT/s)

LEQ Rx Custom Sensitivity Test (16, 32, 64 GT/s)
LEQ Rx Sensitivity Test (8, 16, 32, 64 GT/s)
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Table A-9

Category/ Parameter

Parameters for individual link equalization tests (cont.)

Description/ Values/Where shown in GUI

PCI Express Parameters A

Sinusoidal Jitter Frequency

Use Compliance Impairments

Use Residual SSC (Triangular)

Channel
CBBvar. ISI pair

Total Channel Loss

Trace Number

Oscilloscope

Scope Horizontal Range
Scope Pre-Trigger Data
Scope Request Vertical Range

Scope Response Vertical Range

Oscilloscope Preset Measurement

Number of Uls

Scope Raw Bandwidth

Use Bessel Filter

Frequency of the sinusoidal jitter applied during the test.

LEQ Rx Compliance Test (8, 16, 32 GT/s)
LEQ Rx Custom Compliance Test (16, 32, 64 GT/s)

Values: True, False. Editable only in Expert Mode.

LEQ Rx Custom Sensitivity Test (16, 32, 64 GT/s)
LEQ Rx Sensitivity Test (8, 16, 32, 64 GT/s)

If True, the amount of RJ and DMSI used during the compliance test is applied. Together with 12.5 ps SJ, this
results in the eye height and eye width specified for the compliance test.

All LEQ Rx and LEQ Rx Custom tests at all data rates

Set to ‘True’ to change the residual SSC modulation form from sinusoidal to triangular.

Only for CEM.

LEQ Rx Compliance Test (16 GT/s)
LEQ Rx Custom Compliance Test (16 GT/s)
LEQ Rx Custom Jitter Tolerance Test (16 GT/s)

LEQ Rx Compliance Test (16, 32 GT/s)
LEQ Rx Custom Compliance Test (16, 32, 64 GT/s)
LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)

LEQ Rx Compliance Test (16, 32, 64 GT/s)
LEQ Rx Custom Compliance Test (16, 32, 64 GT/s)
LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)

LEQ Rx Compliance Test (32, 64 GT/s)
LEQ Rx Custom Compliance Test (32, 64 GT/s)
LEQ Rx Custom Jitter Tolerance Test (16, 32, 64 GT/s)

LEQ Tx Response Time Compliance Test (8, 16, 32 GT/s)

LEQ Rx Custom Sensitivity Test (16 GT/s)
LEQ Rx Jitter Tolerance Test (16 GT/s)
LEQ Rx Sensitivity Test (16 GT/s)

LEQ Rx Custom Sensitivity Test (16, 32, 64 GT/s)
LEQ Rx Jitter Tolerance Test (16, 32, 64 GT/s)
LEQ Rx Sensitivity Test (16, 32, 64 GT/s)

LEQ Rx Custom Sensitivity Test (16, 32, 64 GT/s)
LEQ Rx Jitter Tolerance Test (16, 32, 64 GT/s)
LEQ Rx Sensitivity Test (16, 32, 64 GT/s)

LEQ Rx Custom Sensitivity Test (16, 32, 64 GT/s)
LEQ Rx Jitter Tolerance Test (16, 32, 64 GT/s)
LEQ Rx Sensitivity Test (16, 32, 64 GT/s)

The interval that is captured before the trigger event. Default: 1.5 ps.

LEQ Tx Response Time Compliance Test (8, 16, 32 GT/s)

The vertical range on the scope display used for the request signal.

LEQ Tx Response Time Compliance Test (8, 16, 32 GT/s)

The vertical range on the scope display used for the response signal.

LEQ Tx Response Time Compliance Test (8, 16, 32 GT/s)

The number of Uls that the oscilloscope is set up to record.

LEQ Tx Initial Preset Compliance Test (64 GT/s)

LEQ Tx Response Time Compliance Test (64 GT/s)

Bandwidth that the acquisition hardware is configured to. It must be higher than the bandwidth after any filters

such as Bessel, etc.
LEQ Tx Initial Preset Compliance Test (64 GT/s)

LEQ Tx Response Time Compliance Test (64 GT/s)

When set to ‘True’, the Bessel-Thomson filter is enabled on the oscilloscope.

LEQ Tx Initial Preset Compliance Test (64 GT/s)
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Table A-9 Parameters for individual link equalization tests (cont.)

Category/ Parameter Description/ Values/Where shown in GUI

Oscilloscope Response Time Measurement

Scope Horizontal Range LEQ Tx Response Time Compliance Test (64 GT/s)

Scope Pre-Trigger Data The interval that is captured before the trigger event. Default: 1.5 ps.
LEQ Tx Response Time Compliance Test (64 GT/s)

Scope Request Vertical Range The vertical range on the scope display used for the request signal.
LEQ Tx Response Time Compliance Test (64 GT/s)

Scope Response Vertical Range The vertical range on the scope display used for the response signal.

LEQ Tx Response Time Compliance Test (64 GT/s)

Sequencer
The parameters listed in the category Sequencer in the parameter grid are described in Table A-1 on page 317.
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B SSC Settings

SSC Settings / 378

This Appendix contains tables that list the SSC settings according to
specification version, interface type, clock architecture and data rate.
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B SSC Settings

SSC Settings

The CTSs lay down exactly which type and value of SSC should be used. In
addition to the specification version, this depends on the interface type
(ASIC or CEM), clock architecture (CC or SRIS) and data rate. Table B-1 to
Table B-3 provide details.

Table B-1 SSC settings for PCle Specification Version 6.0

ASIC

2.5 N/A 25 ns sinusoidal SSC Spur (1)
5 75 ps residual triangular SSC 25 ns sinusoidal SSC Spur (1)
8 N/A 25 ns sinusoidal SSC Spur (1)
16 1 ns residual sinusoidal SSC (1) 25 ns sinusoidal SSC Spur (1)
32 1 ns residual sinusoidal SSC (1) 15 ns sinusoidal SSC Spur (1)
64 1 ns residual sinusoidal SSC (1) 15 ns sinusoidal SSC Spur (1)

(1) Using LF PJ12 and tested as a separate 33 kHz frequency point. Not applied for other SJ
frequencies. Always using nominal DR.

(2) The rSSC for 16 GT/s Rx and LEQ Rx tests are now dependent on the Max Link Speed. For example,
for DUTs NOT supporting 32 GT/s and higher, 500 ps residual triangular SSC is used.
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Table B-2 SSC settings for PCle Specification Version 5.0

Datarate [GT/s] CC SRIS

ASIC

2.5 N/A 25 ns sinusoidal SSC Spur (1)
5 75 ps residual triangular SSC 25 ns sinusoidal SSC Spur (1)
8 N/A 25 ns sinusoidal SSC Spur (1)
16 1 ns residual sinusoidal SSC (4) 25 ns sinusoidal SSC Spur (1)
32 1 ns residual sinusoidal SSC (4) 15 ns sinusoidal SSC Spur (1)
CEM

25 N/A triangular 5000 ppm ds. (2)

5 75 ps residual triangular SSC triangular 5000 ppm ds. (2)

8 N/A triangular 5000 ppm ds. (2)
16 Optional: 500 ps res. triang. SSC (3)  triangular 5000 ppm ds. (2)
32 triangular 5000 ppm ds. (2) triangular 5000 ppm ds. (2)

(1) Using custom sinusoidal SSC profile and setting the data rate (DR) in the middle:
(DR = nominal DR - (SSC deviation)/2).
(2) Using center-spread triangular SSC and setting the DR in the middle:
(DR = nominal DR - (SSC deviation)/2).
(3) Using residual SSC from LF RJ (triangular profile). Always using nominal DR.
(4) Using LF RJ2 because 100 MHz should not contain that tone in CC. Always using nominal DR.

Table B-3 SSC settings for PCle Specification Version 4.0

Datarate [GT/s] CC SRIS

ASIC

2.5 N/A 25 ns sinusoidal SSC (1)

5 75 ps residual triangular SSC (3) 25 ns sinusoidal SSC (1)

8 N/A 25 ns sinusoidal SSC (1)
16 500 ps residual triangular SSC (3) 25 ns sinusoidal SSC (1)
CEM

25 N/A triangular 5000 ppm ds. (2)
5 75 ps residual triangular SSC (3) triangular 5000 ppm ds. (2)
8 N/A triangular 5000 ppm ds. (2)
16 Optional: 500 ps res. triang. SSC (3)  triangular 5000 ppm ds. (2)

(1) Using custom sinusoidal SSC profile and setting the data rate (DR) in the middle:
(DR = nominal DR - (SSC deviation)/2).

(2) Using center-spread triangular SSC and setting the DR in the middle:
(DR = nominal DR - (SSC deviation)/2).

(3) Using residual SSC from LF RJ (triangular profile). Always using nominal DR.
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Acronyms and
Abbreviations

List of Acronyms / 382

This Appendix contains a list of acronyms and abbreviations used in the
Keysight N5991P PCI Express Test Automation Software Platform User’s
Guide.



C Acronyms and Abbreviations

List of Acronyms

Acronym Definition

A

ADC Analog-Digital Converter

AlC Add-In Card

ASIC Application-Specific Integrated Circuit
AWG Arbitrary Waveform Generator

B

BCO Back-Channel Optimization

BER Bit Error Ratio

BERT Bit Error Ratio Tester

BW Bandwidth

c

CBB Compliance Base Board

cc Common Clock

CDR Clock Data Recovery

CE Circuit Emulation

CLB Compliance Load Board

CMSI Common Mode Sinusoidal Interference
CTLE Continuous Time Linear Equalization
CTS Compliance Test Specification

D

DDJ Data-Dependent Jitter

DE De-Emphasis

dev Device

DJ Deterministic Jitter

DMSI Differential Mode Sinusoidal Interference
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Acronym Definition

DR Data Rate

ds Downspread

DSO Digital Storage Oscilloscope
DUT Device Under Test

E

EH Eye Height

EIEOS Electric Idle Exit Ordered Set
EP End Point

EW Eye Width

E

FBER First Bit Error Rate

FEC Forward Error Correction
FFE Feed Forward Equalization
G

GPIB General Purpose Interface Bus
GSa/s Gigasamples per second
GT/s Gigatransfers per second
GUI Graphical User Interface

H

HF High Frequency

HTML Hypertext Markup Language
|

IL Insertion Loss

10 Input-Output

ISI Inter-Symbol Interference

J

J-BERT Jitter Bit Error Rate Tester
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Acronym Definition
L

LAN Local Area Network

LB Loopback

LEQ Link Equalization

LF Low Frequency

LFPR Linear Fit Pulse Response

LTSSM Link Training and Status State Machine
M

MMPX ML Type of male RF coaxial connector

N

N/A Not Applicable

NaN Not a Number

P

PC Personal Computer

PCB Printed Circuit Board

PCle Peripheral Component Interconnect Express
PCI-SIG Peripheral Component Interconnect Special Interest Group
PDU Power Distribution Unit

PJ Periodic jitter

PLL Phase-Locked Loop

PS Pre-Shoot

R

RC Root Complex

RJ Random Jitter

rSSC Residual Spread Spectrum Clocking
Rx Receiver
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Acronym Definition
S

SJ Sinusoidal Jitter

SKPOS Skip Ordered Set

SN, S/N Serial Number

SNDR Signal-to-(Noise and Distortion) Ratio
SRIS Separate Reference Clock with Independent SSC
SSC Spread Spectrum Clocking

T

TP Test Point

T1C Transition Time Converter

Tx Transmitter

TXEQ Transmitter Equalization

U

ul Unit Interval

uUsB Universal Serial Bus

\

VISA Virtual Instrument System Architecture
VNA Vector Network Analyzer

X

XML Extensible Markup Language
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