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Technology Licenses

The hardware and/or software described in
this document are furnished under a
license and may be used or copied only in
accordance with the terms of such license.

U.S. Government Rights

The Software is “commercial computer
software,” as defined by Federal Acquisition
Regulation (“FAR”) 2.101. Pursuant to FAR
12.212 and 27.405-3 and Department of
Defense FAR Supplement

(“DFARS”) 227.7202, the U.S. government
acquires commercial computer software
under the same terms by which the soft-
ware is customarily provided to the public.
Accordingly, Keysight provides the Soft-
ware to U.S. government customers under
its standard commercial license, which is
embodied in its End User License Agree-
ment (EULA), a copy of which can be found
at http://www.keysight.com/find/sweula.
The license set forth in the EULA represents

the exclusive authority by which the U.S.
government may use, modify, distribute, or
disclose the Software. The EULA and the
license set forth therein, does not require
or permit, among other things, that Key-
sight: (1) Furnish technical information
related to commercial computer software
or commercial computer software docu-
mentation that is not customarily provided
to the public; or (2) Relinquish to, or other-
wise provide, the government rights in
excess of these rights customarily provided
to the public to use, modify, reproduce,
release, perform, display, or disclose com-
mercial computer software or commercial
computer software documentation. No
additional government requirements
beyond those set forth in the EULA shall
apply, except to the extent that those
terms, rights, or licenses are explicitly
required from all providers of commercial
computer software pursuant to the FAR and
the DFARS and are set forth specifically in
writing elsewhere in the EULA. Keysight
shall be under no obligation to update,
revise or otherwise modify the Software.
With respect to any technical data as
defined by FAR 2.101, pursuant to FAR
12.211 and 27.404.2 and DFARS 227.7102,
the U.S. government acquires no greater
than Limited Rights as defined in FAR
27.401 or DFAR 227.7103-5 (c), as appli-
cable in any technical data.

Warranty

THE MATERIAL CONTAINED IN THIS
DOCUMENT IS PROVIDED "AS IS," AND IS
SUBJECT TO BEING CHANGED, WITHOUT
NOTICE, IN FUTURE EDITIONS. FURTHER,
TO THE MAXIMUM EXTENT PERMITTED BY
APPLICABLE LAW, KEYSIGHT DISCLAIMS
ALL WARRANTIES, EITHER EXPRESS OR
IMPLIED WITH REGARD TO THIS MANUAL
AND ANY INFORMATION CONTAINED
HEREIN, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF

MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE. KEYSIGHT SHALL
NOT BE LIABLE FOR ERRORS OR FOR
INCIDENTAL OR CONSEQUENTIAL
DAMAGES IN CONNECTION WITH THE
FURNISHING, USE, OR PERFORMANCE OF
THIS DOCUMENT OR ANY INFORMATION
CONTAINED HEREIN. SHOULD KEYSIGHT
AND THE USER HAVE A SEPARATE
WRITTEN AGREEMENT WITH WARRANTY
TERMS COVERING THE MATERIAL IN THIS
DOCUMENT THAT CONFLICT WITH THESE
TERMS, THE WARRANTY TERMS IN THE
SEPARATE AGREEMENT WILL CONTROL.

Safety Notices

A CAUTION notice denotes a hazard. It
calls attention to an operating proce-
dure, practice, or the like that, if not
correctly performed or adhered to,
could result in damage to the product
or loss of important data. Do not pro-
ceed beyond a CAUTION notice until
the indicated conditions are fully
understood and met.

AWARNING notice denotes a hazard. It
calls attention to an operating proce-
dure, practice, or the like that, if not
correctly performed or adhered to,
could result in personal injury or death.
Do not proceed beyond a WARNING
notice until the indicated conditions
are fully understood and met.
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Introduction

Test Automation Software Platform

The Keysight N5990A Test Automation software is an open and flexible
framework for automating electrical compliance tests for digital buses
such as PCI Express digital bus. It is globally marketed and supported by
Keysight Technologies as N6990A.

The product runs on a standard PC that controls a wide range of test
hardware. Typically, the hardware comprises of instruments for stimulus
and response tests such as pattern generators, bit error ratio testers
(BERTS), and oscilloscopes. The key elements of the software platform are:
a test sequencer, receiver test libraries, and interfaces to oscilloscope
applications for transmitter tests.

Additional options are available, e.g. User Programming.
N5990A is implemented in C# within the Microsoft .NET Framework.

The software platform is specified in the data sheet 5989-5483EN, incl. the
PC requirements. For PCI Express®, application examples are given in the
application notes 5989-5500EN.
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First Edition (September, 2014)

The first edition of this user guide describes functionality of software
version N5990A ValiFrame_2.23_PCI-Express3_1.40 or higher.

Second Edition (October, 2014)

The second edition of this user guide describes functionality of software
version N5990A ValiFrame_2.23_PCl-Express3_1.41 or higher.

Third Edition (January, 2015)

The third edition of this user guide describes functionality of software
version N5990A ValiFrame_2.23_PCI-Express3_1.50 or higher.

Fourth Edition (May, 2015)

The fourth edition of this user guide describes functionality of software
version N5990A ValiFrame_2.23_PCI-Express3_1.55 or higher.

Fifth Edition (September, 2015)

The fifth edition of this user guide describes functionality of software
version N5990A ValiFrame_2.23_PCI-Express3_1.60 or higher.

Sixth Edition (February, 2018)

The sixth edition of this user guide describes functionality of software
version N5990A ValiFrame_2.24_PCle3_2.00 or higher.

Seventh Edition (December, 2018)

The seventh edition of this user guide describes functionality of software
version N5990A ValiFrame_2.24_PCle3_2.10 or higher.

Eighth Edition (October, 2019)

The eighth edition of this user guide describes functionality of software
version N5990A PCle 2.50 or higher.

Ninth Edition (June, 2020)

The ninth edition of this user guide describes functionality of software
version N5990A PCle 3.04 or higher.
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2 N5990A PCle Station

N5990A PCle Station Configuration

PCle Station Selection

The N5990A Station Configuration needs to be started prior to N5990A. It
allows to select the application (i.e. PCle) and the set of instruments used
for it. Start the software with a double-click of the left mouse button on
the icon (see Figure 1) or, alternatively, start the application from

All Programs / BitifEye /BitifEye PCle N5S590A/ PCle Station
Configuration.

&>

|
a |
PCle Station
Configurator
(MN539904)

Figure 1 N5990A PCle Station Configuration Icon

When the software is started, the Station Selection window appears as
shown in Figure 2. Here the PCle Station is selected by default.

Station Configurator - O *

Spr 1: Station Selection Mote, the predefined addresses may not be comect!

Select Station: PCle Station e
Settings

Database Option Sounds

[ Use Database End of sequencer

127.0.0.1:3082 TaDa ~| | Play
Connection diagram

Results Viewer Nane ¥

() Excel Dialog prompt

(® HTML Naone >

Cancel Next >
Figure 2 PCle Station Selection Window
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N5990A PCle Station 2

In the Settings section the following options are available:

Database Option

In case the option N5990A opt. 001 was purchased, the interface to SQL
databases (and web browsers) is available. The connection to the database
application server is established by unchecking the default Database
Offline selection and entering the IP address of the server.

Results Viewer

Select here the viewer for the test results. Choices are (Microsoft) Excel or
HTML.

Sounds

A warning sound can be activated in different states of program:
End of Sequencer plays the selected sound at the end of a sequence.
Connection diagram plays the selected sound every time a connection
diagram pops up.
Dialog Prompt plays the selected sound at each dialog prompt.
There are a few different sounds available to select:
None (deactivates the sound)
Car brake
Feep Feep
Ringing
TaDa
Tut

You can also hear the selected sound by clicking Play before you set the
sound of your choice.

Keysight N5990A-101 Test Automation Software Platform for PCle User Guide 19



2 N5990A PCle Station

PCle Station Configuration

After the station has been selected, press Next button to continue. The
Station Configuration window is displayed as shown in Figure 3. It shows
the possible instruments combinations that can be used for PCle testing.

All the required instruments can be selected using the drop-down menus.
It contains such options as:

Station Configurator - O *

Step 2: Station Configuration Mote, the predefined addresses may not be comect!

Data Generator JBERT_M8020A ~

Main Power Control | Manual i

Use ext. 100MHz Reference Clock Source

5 0o o plololicl

[] Use Switch for Rx Tests

[] Use Switch for Tx Tests [ Map DUT lanes to test instrument channels SigTest Config

Cancel < Back Next >

Figure 3 PCle Station Configuration Window

Data Generator

Main Power Control

Use ext. 100MHz Reference Clock Source
Use Switch for Rx Tests

Use Switch for Tx Tests

Map DUT lanes to test instruments channels
Sig Test Config

~N OO o A WNN -
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N5990A PCle Station 2

Data Generator

The Data Generator is used to create patterns with specified stress
parameters. The following instrument is available:

JBERT_M8020A

The selected generator can be used as error detector to check if the data
looped back from the DUT contains errors.

Station Configurator - O *
Step 2: Station Configuration Mote, the predefined addresses may not be comect!
Data Generator JBERT_M8020A ~

Main Power Control | Manual i

Use ext. 100MHz Reference Clock Source

Gpooool 2011
B oo oolololell

o
o
ol
]

[] Use Switch for Rx Tests

[] Use Switch for Tx Tests [ Map DUT lanes to test instrument channels SigTest Config
Cancel < Back Next >
Figure 4 Station Configuration with Data Generator JBERT_M8020A
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2 N5990A PCle Station

Main Power Control

Main Power Control has the following options:
Manual

Netlo 230 B: It is a Power Distribution Unit (PDU) that integrates one
230 V input and four 230 V outlets. It allows to connect virtually any
230 V powered device.

ALL4076
SynAccessNP

If Main Power Control is selected as Manual, you need to power cycle the
DUT manually. For any other option DUT is power cycled automatically.

To use Main Power Control, the ValiFrame option 008: Remote Power
Management Support is required.

For more details on Main Power Control, refer to the Appendix section
Main Power Switch Control on page 465.

Use ext. 100 MHz Reference Clock Source

Select the Use ext. 100 MHz Reference Clock Source check box to use
100 MHz reference clock as a clock source for the data generator and the
DUT for obtaining a constant clock signal.

It is required only in Common Clock architecture for Asic and Cem (with
DUT Type AddInCard) Interface Type, otherwise the DUT provides the
reference clock in Systems.

External Reference Clock Source always require Reference Clock
Multiplier.
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N5990A PCle Station 2

Use Switch for Rx Tests

Select the Use Switch for Rx Tests check box to enable the Switch
Configuration button to test more than one lane without changing the
connections.

Open the Rx Switch Configuration dialog (see Figure 5) to select Rx
Switch Type and Tx Switch Type. For both, the available options are:

SP4T

SPeT

SP8T

Rx Switch Configuration — ] X
Rx Switch Type |SP4T ~ Tx Switch Type | SP4T ~

H
EaTENION
aur

BT-F11a8 T [y BT 2114 3101

DUT Rx + DUT Rx - DUT Tx + DUT Tx -
Unteminated Unterminated

Rx+ |Slot_1 v T+ |Slot_3 ~
Ri- |Slot 2 - Tx- | Siot 4 v o
Figure 5 Rx Switch Configuration

This dialog is also used to map the Rx and Tx lines to the different module

slots.

To use a BitifEye 2100 Series Switch System, the ValiFrame option 002
NOTE (Switch System Support, available from BitifEye as BIT-2001-0002-0) is

required.

Use Switch for Tx Tests
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2 N5990A PCle Station

Select the Use Switch for Tx Tests check box to enable the following
switch module options, which can test more than one lane without
changing connections.

SP4T
SPeT
SP8T

Map DUT lanes to test instrument channels

This option is available only for the M8020A data generator. It is an
alternative to the Matrix Switch to test several lanes without cabling
reconnection. If selected, the different Rx DUT lanes can be mapped to the
different M8020A data outputs.

Sig Test Configuration

For 8 Gb/s and 16Gb/s datarate, the SigTest software is used in several
calibration procedures in order to calculate the eye height, eye width, and
jitter parameters of the generated signal. The SigTest Configuration dialog
allows to select the Installation directories, Jitter measurement template
and EH / Ew measurement template used for the calibrations.

SigTest Configuration x
8GT/s 16GT/s

Reguired Version: 3.2.0.3 Timeout: 210 |2 sec

Installation directory
|C:\ngram Files (xB6)\SigTest 3.2.0.1 |

Jitter measurement
[PCIE_3_8GB_CEM_Rx_Si_CALdat |

EH / EW measurement
|PCIE_3_SGB_CEM_Rx_CﬂRD_CﬂL.dat |

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

Figure 6 SigTest Configuration dialog box
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NOTE

N5990A PCle Station 2

The SigTest software must be installed separately before ValiFrame is
started. PCI-SIG members can download the 8 and 16 Gb/s SigTest
installer at the PCI-SIG website.

The template names sometimes change with the different SigTest
versions. To automatically adapt the template names, click on the
"Default" button, and the names will be adjusted based on the "required
verison".

Once all the settings of the PCle Station Configuration (see Figure 3) are
done, press the Next button to continue.

The user must ensure that all the selected instruments for the test
station are connected to the test station PC controller by remote control
interfaces such as LAN, USB or GPIB.

Instrument Configuration

Station Configurator — O >
Step 3: Instrument Configuration Note, the predefined addresses may not be comect!
Instruments

Address Status Instrument Description

[] Offline Mot Checked Keysight M8020A J-BERT MB020 with integrated jitter sources for B
[ offline Mot Checked Keysight D50 Reattime scope for stress signal calibratio|
[ Offline Mot Checked M5393F/G PCl Express Auto PciExpress Tx application running on rea

>

Check Connections

Figure 7 PCle Instrument Configuration Window
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26

N5990A PCle Station

When starting a specific test station configuration 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.
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N5990A PCle Station 2

After the installation process, all instruments are configured by default in
Offline mode. In this simulation mode, hardware does not need to be
physically connected to the test controller PC. The N5990A can not
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, GPIB (General Purpose Interface Bus) or LAN (Local Area
Network). Most of the instruments used in the PCle station require a VISA
(Virtual Instrument System Architecture) connection. To determine the
VISA address, run the VISA Connection Expert (right-click on the Keysight
IO Controlicon in the task bar and select the first entry Keysight
Connection Expert). Enter the instrument addresses in the Station
Configuration Wizard, for example, by copying and pasting the address
strings from the Connection Expert entries. After the address strings have
been entered, click on the Apply Address button before checking the
Offline box to set the instruments needed to be online and then press
Check Connections button to verify that the connections for the
instruments are established successfully. If anything is wrong in the
Instrument Address, a window is displayed with a message describing the
problem.

Keysight N5990A-101 Test Automation Software Platform for PCle User Guide 27



2 N5990A PCle Station

Starting the N5990A PCle

Start the N5990A PCle with a double click on the N5990A PCle icon that

appears on the desktop as shown in Figure 8.

Alternatively, start the N5990A PCle station from Start / All Programs /

BitifEye / BitifEye PCle N5990A / ValiFrame PCle.

&>

&
PCle ValiFrame
(N39904)

Figure 8 N5990A PCle Icon

Once all connections have been initialized successfully, it is ready for use.
Starting the N5990A PCle opens the following window (Figure 9):

PCle N5990A ValiFrame

File Station Seguencer Help

~ =& M(r © | 4L = et
Cortfigure DUT | Load  Save | Sta Abort Fawse | Fint || Properties | Log List
- not corfigured e | =

Severty  Message

Progress  Instument Cannections

Progress  Opening offiine connection to Keysight MB020A J-BERT at TCPIP0-192.168.0.133-hislip0=INSTR
Progress  Opening offiine connection to D50 Infinium Series at TCPIP0-192 162 0.78 hislip0-INSTR

Info PCle N5990A ValiFrame startup complete!

Date

5/15/2020 2:10:22 PM
5/15/2020 2:10:22 PM
5/15/2020 2:10:22 PM
5/15/2020 2:10:32 PM

Help menu

Mot Running PCle Station .

Figure 9 N5990A PCle User Interface

28 Keysight N5990A-101 Test Automation Software Platform for PCle User Guide



N5990A PCle Station 2

The test parameters need to be configured before running any test or
calibration procedure. Click on the Configure DUT button or select the

Configure DUT option from the File menu to pop up the Configure DUT
window (Figure 10).

Keysight N5990A-101 Test Automation Software Platform for PCle User Guide 29



2 N5990A PCle Station

Configuring DUT

30

In Configure DUT panel (Figure 10), the DUT parameters such as DUT
Name, Version, Interface Type, DUT Type, Clock Architecture and also the
Parameters related to the Receiver/Transmitter test configuration and
Lanes configuration can be selected. Those selected parameters are later
used in the calibration and test procedures shown in N5990A main
window.

Configure DUT
DuT
Serial Number:
DUT Name: Version: (4.0 w
Interface Type: |Cem ~ DUT Type: | Add-In Card ~
gﬁﬁ!ﬁm”; Commen Clock ~
Description:
Test

User Name: |Unknown User |

Comment:

Initial Start Date: [5/14/2018 1211:02PM |

LastTest Date: [5/14/2018 1211:02PM |

Parameters
C li Med it
® Compliance Mode 25GTis Show Parameters
() Expert Mode b0GT/s
80GTs
Lanes Configurati
16.0GT/s e aur=en
oK

Figure 10 Configure DUT Panel

The parameters selection, available in the Configure DUT panel, depend
on the specific application. To configure the DUT, select the parameter
applicable for particular application.
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These selected DUT parameters and the information entered by the user
are shown in the measurement reports. If a connection to a SQL database
exists, these parameters and information also stored with the
measurement data. the stored information is used to retrieve data from the
database, select unique identifiers and descriptions.

In most applications either Compliance or Expert Mode can be selected.
In compliance mode, the tests run according to the specific test
specification (such as PCI Express 3.0). In expert mode, the DUT can be
characterized to determine performance margins. Expert mode includes
some additional tests and parameters to run the test differently than the
compliance mode and it is used by advanced users.

Settings of Configure DUT panel is described in following sections:
DUT on page 32
Test on page 34
Parameters on page 35
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DUT

Serial Number

The selected serial number will be used to identify the product when
database option is selected.

DUT Name
By default, the DUT name is set to PCle.

Version

The available PCI Express specification versions are:
1.0: supports 2.5 GT/s data rate
1.1: supports 2.5 GT/s data rate
2.0: supports 2.5 GT/s and 5.0 GT/s data rates
3.0: supports 2.5 GT/s, 5.0 GT/s and 8 GT/s data rates
4.0: supports 2.5 GT/s, 5.0 GT/s, 8.0 GT/s and 16.0GT/s data rates.

The calibrations and tests are defined according to the selected spec
version.

Interface Type

The Interface type can be chosen as:
Cem
Asic
U2
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DUT Type
The DUT Type selection is based on selected Interface Type. Following are
the description:
When Cem is selected as Interface Type, available options for DUT
Type are:

Add-In Card: A graphics card (for example) can be tested
according to the CEM specification

System: A mother board (for example) can be tested according
to the CEM specification
When Asic is selected as Interface Type, available options for DUT
Type are:
EndPoint: A PCle (for example) endpoint is tested according to
the Base specification
RootComplex: A PCle chip (for example) is tested according to
the Base specification
When U2 is selected as Interface Type, available options for DUT
Type are:
Host

Device

Clock Architecture

It can be selected as:

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

Separate Ref Clocks Independent SSC
Description: A description of DUT can be added.
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Test
User Name
A user name can be added to the test information.

Comment
A comment can be added to the test information.
Initial Start Date

Time stamp of the start of the current test session.

Last Test Date

Time stamp of the last test conducted in the current session.
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Parameters

Compliance Mode

In Compliance mode only compliance tests are available with limited
customization parameters.

Expert Mode

In Expert mode additional debugging tests are added and the compliance
tests can be run with customized settings. In Compliance Mode Rx
calibrations will be aborted if the scope does not support the BW
requirement from the test specification. In Expert Mode a warning is
displayed and calibration runs with highest supported BW.

Show Parameters

With a click on the Show Parameters button in the Configure DUT Panel
(Figure 10 on page 30), a window is displayed as shown in Figure 11 on
page 36. It allows to set more test parameters.
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PCle End Point Parameters *

Rx25GT/s Rx50GT/s Rx80GT/s Rx16GT/s Tx

Enable Generator S5C:

Power Switch Automation {* requires additional option)

Use Power Switch Automation: Channel:
) = Max Retries for =
Off - On Duration: 3 s LB training: 1

Settling Time:

(]
>
w

Extemal Reference Clock
Use External 100MHz Ref Clock
Reference Clock Source: Multiplier: Intemal ~

Mote: An external 100MHz reference clock source can be used as clock source for
MB0Z20A and the DUT to obtain a constant clock signal while ME020A is reset.
If option ME0414-0G6 is not available, the reference clock must be clean and
without SSC.

BER Reader (" requires additional option)
BER Reader: |JBERT Analyser ~

Receiver Setup Procedures
[ Include Rx Setup Procedures

Mote: Receiver Setup Procedures can be used to setup the data generator as it is done fol
Reiceiver Compliance Test without doing & BER test.

Set to Default oK

Figure 11 PCle End Point Parameters

Rx All Data Rates
Generator SSC

When Common Clock or Separate Ref Clock No SSC is selected in
Clock Architecture, Generator SSC has only one setting, which is
disabled, see Figure 12:
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Enable Generator S5C:

Figure 12 Generator SSC with Common Clock and Separate Ref Clock No SSC

When Separate Ref Clocks Independent SSC is selected in Clock
Architecture, following parameters can be set:

Generator SCC
Enable Generator S5C: SSC Freguency: | 33.0/5 kHz

Sin S5C Spur 25,05 ns

Figure 13 Generator SSC with Separate Ref Clocks Independent SSC

SSC Deviation
SSC Frequency
Sin SSC Spur

Power Switch Automation: If a Power Switch is used, the user need not
to power on/off the DUT manually, the software perform it
automatically and the loopback training also run without user
interaction.

Power Switch Automation (™ requires additional option)

Use Power Switch Automation: il Channel: |_4II =)
X = Max Retries for L
Off - On Duration 3 = s LE training: k1=
Settling Time: 3 = s
Figure 14 Power switch automation

Following parameters can be set:

Use Power Switch Automation: Select the corresponding check box
to power on/off the DUT manually.

Channel: Set the number of the switch channel(s) to be used.

Off - On Duration: Set the time span between power off and on of
the switch.
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Max. Retries for LB training: Set the maximum number of times for
the software to train the DUT into loopback mode. If it is not possible
within these set number of tries, the test is aborted automatically.
When the Use Power Switch Automation check box is not selected,
for every time the loop back fails; the software asks the user to retry.

Settling Time: Set the time span after power is on.

38 Keysight N5990A-101 Test Automation Software Platform for PCle User Guide



N5990A PCle Station 2

External Reference Clock

External Reference Clock option is available only for Common Clock
(Clock Architecture type).

For Interface Type Cem, Asic & U2 with DUT Type AddInCard, Endpoint &
Device respectively, external reference clock is required in common clock
architecture, see Figure 15

Extemal Reference Clock
Use External 100MHz Ref Clock
Reference Clock Source: Multiplier: Intemal ~

Mote: An external 100MHz reference clock source can be used as clock source for
MB0Z20A and the DUT to obtain a constant clock signal while ME020A is reset.
If option ME0414-0G6 is not available, the reference clock must be clean and
without SSC.

Figure 15 External Reference Clock (case I)

Select the Use External 100 MHz Reference Clock check box, for an
external source to provide the clock to the DUT and the data generator.
If it is not selected, the clock output of the data generator is connected
directly to the DUT.

Ref Clock Multiplier: When using an external reference clock there are
two options to connect the external clock to the data generator:

Internal: Connects the external clock to the data generator directly and
the data generator uses its internal PLL.

For Interface Type Cem, Asic & U2 with DUT Type System,
RootComplex & Host respectively, External Reference Clock is not
required, see Figure 16.

Extemal Reference Clock
Ref Clock
Multiplier: | Intemal ~

Figure 16 External Reference Clock (case II)

For this case, in common clock architecture, the clock is provided by the
DUT.
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Ref Clock Multiplier:
Internal: The DUT clock is directly connected to the data generator
and is multiplied internally
BER Reader: The error measurement can be done using the JBERT
Analyser or with an Offline BER Reader.

BER Reader {* requires additional option)

BER Reader: [JBERT Analyser '

JBERT Analyser
(Offline BER Reader

Figure 17 BER Reader

Receiver Setup Procedures: Select the Include Rx Setup Procedures
check box to add the receiver setup procedures to the test tree. In
these procedures only the data generator is set up for the calibrated
compliance conditions, but without BER test.

Receiver Setup Procedures

Include Rx Setup Procedures
Mote: Receiver Setup Procedures can be used to setup the data generator as it is done fo
Reiceiver Compliance Test without doing & BER test.

Figure 18 Receiver Setup Procedures
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Channels

Table 1 shows whether the channel is available or not for each
possible combinations of Interface Type and DUT Type at each data

rate.
Table 1

Version Interface Type  DUT Type Channels

2.5GT/s Cem All Not available,

2.5GT/s Asic All see Figure and
Figure 19

5.0GT/s Cem AddInCard Not Available,

5.0 GT/s Cem System see Figure 21

5.0GT/s Asic All see Figure and
Figure 19

8.0GT/s Cem & U2 All see Figure 22

8.0 GT/s Asic All see Figure 23
and Figure 23

16.0 GT/s Cem All see Figure 26

16.0 GT/s Asic Al see Figure 27
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Rx 2.5GT/s ASIC

R All Data Rates | Rt 25GT/s |Rx5.0GT/s | Re80GT/4 [T |

Channels
M2048A IS Channel [Channel 7. 24inch ']
Use ISI Channel Emulation [ | Customize [U’im 7. 24inch -

Channel 0, None
Channel 1, 7inch
Channel 2, 3inch
Channel 3, 11inch
Channel 4, 12inch
Channel 5, 14inch
Channel 6, 16inch

Figure 19 Channels section for 2.5GT/s and 5.0GT/s using JBERT_M8020A

M8048A ISI Channel: Select the ISI channel from O to 7 for the
testing.

Use ISI Channel Emulation: For M8020A setup, if the M8020A
JBERT option M8041A-0G5 is available, the ISI can be also
generated internally.

Customize: To enable the Customize button, select the check box
corresponding it. Clicking on Customize button, opens the ISI
Channel Customization dialog as shown in Figure 20. It allows you
to fine tune the selected ISI Channel by modifying the insertion loss.

L hl
ISI Channel Customization ﬁ
annel 7, 2 inch |

Insertion loss at 1 GHz | 45012 dB

Insertion loss at 4 GHz |-13.80 % dB

[ Calibrated | [ Standard |
o ) [ e ]
Figure 20 ISI Channel Customization
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Rx 5.0GT/s System

Channels

3.5dB Link 6.0 dB Link

Figure 21 Channels section 5.0GT/s Cem System

3.5 dB Link/6.0 dB Link: Select either 3.5dB Link, 6.0dB Link, or
both.

Rx 8.0GT/s CEM & U2

Roc All Data Rates | |
Channels DUT Type
[ CBBrev.2 CEB rev. 3 riser card | PCle Switch

Figure 22 Channels section for 8GT/s CEM and U2

CBB rev.3 riser card: The Rx tests must be done with compliance

base board gen 3, so the CBB rev. riser card check box is selected by
default.

CBB rev.2: Select the CBB rev. 2 check box to do the receiver test
with CBB gen?2 additionally.

DUT Type: For System, select the check box PCle Switch if the DUT
is a PCle switch.

Rx 8.0GT/s ASIC

| P All Data Rates | Rx8.0GT/A |Tx
Channels

151 Channel
[F]NoCh. [#]ShortCh. [#] LongCh. MED41A-0GE
N4515A-014

MBO48A-002
MB041A-DG5

= | | Customize
i

Figure 23 Channel section for 8GT/s with JBERT_M8020A
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Channels: To perform different target applications, three test cases
with different channel lengths are defined. Select the corresponding
check box for specific channel.

For spec 4.0 only Long Channel option is available.
NOTE P yHong P

ISI Channel:

For JBERT_MB8020A setup, select the following options (see
Figure 23):

N915A-014
M8048A-002
M8041A-0Gb

Customize: Click it to open the ISI Channel Customization dialog as shown
in Figure 25. It allows you to set the Insertion loss at 0 GHz and 4 GHz.

[ = Y
 ISIChannel Customization  (SHESE)

| Short Channel | Long Channel |

Insertion loss at 0 GHz | L‘E\'}‘ dB

Insertion loss at 4 GHz | 0.04}%] dB

[ Calibrated | [ Standard |
Lo ]| omes |
Figure 24 ISI Customization Channel

Rx 16 GT/s CEM:

Fixture 151 Adjustment
PCI Express 4.0 CEM Fixture Kit Hardware Traces w

Figure 25 Rx 16 GT/s for CEM
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For Gen4 CEM tests, the CTS only allows the official PCI-SIG Gen4
fixture set. Therefore, the “PCl Express 4.0 CEM Fixture” and the ISI
Adjustment with “Hardware Traces” is the only available option.

Rx 16 GT/s ASIC
Fixture:
Select the Fixture type PCI Express 4.0 CEM Fixture Kit, the
Generic or the BIT CEM Connector + M8048A. to perform the
Rx tests.

ISI Adjustment

Emulated ISI: Selecting it, allows to combine the internal ISI
generated by the M8020A, with the selected Hardware Traces
to adjust the insertion loss. For this, the M8020A JBERT option

M8041A-0G5 is required.

Hardware Traces: Selecting it, allows only the Hardware Traces
to be used for generating the ISI.

45
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Calibration

For 2.5GT/s-5.0GT/s

Calibration
Scope Connection Chan 1 3 Direct Connect ~
Use Transfer Function

Transfer Function on Scope CAFilters\PCleWASIC Lx |PCIe1Tran5ferFunction.ﬂ4 |

Figure 26 Calibration for CEM and ASIC 2.5 GT/s - 5.0 GT/s

Scope Connection: Select the Scope Connection type from the
button. Connections can be established by Direct Connect channels
1-3 or 2-4.

Use Transfer Function: On selecting the Use Transfer Function
check box, adds one more option (see Figure 26). It allows to embed
or de-embed the calibration boards, fixtures or additional cables
using the transfer function in the scope.

For Version 1.0, 1.1 and 2.0 available Interface Type are Cem and Asic.
NOTE P

For 8.0 GT/s
Calibration
Scope Connection Chan 1 3 Direct Connect ~
Use Transfer Function

Transfer Function on Scope C/\Filters\PCle\CEMiLx  |PCle3TransferFunction if4

Figure 27 Calibration for CEM and U2 8.0 GT/s
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Connection: Select the Scope Connection type from the
corresponding button. Connections can be established by Direct

Connect channels 1-3 or 2-4.

Use Transfer Function: It allows the transfer function file on the
scope to embed or de-embed additional components.

Calibration
Scope Connection [Channel 1 Differential Probe ']
Embed Replica Channel [}

Package Model on Scope:

C\Filters\PCI2\ASICY PCle3RxPackageModel tf2

. = Mumber of Averages
Step Low Time 8= Ul for Step Response
Step High Time 120 Ul 2048

Figure 28 Calibration for ASIC 8.0 GT/s

Channel 1 Differential Probe A

Channel 1 Differential Probe
Channel 2 Differential Probe
Channel 3 Differential Probe
Channel 4 Differential Probe
Chan 1 3 Direct Connect
Chan 2 4 Direct Connect

Calibration
Scope Connection [Channel 1 Differential Probe -
Embed Replica Channel
Rep Ch. + Package Model on Scope:

C:\Filters'\PCle\ASIC L PCle3RxReplicaChannelAndPackageModel 12
Replica Channel Model on Scope:

C\Filters\PCIE\ASIC Lt PCle3RxReplicaChannel tf2
Step Low Time gl=] ul Mumber of Averages

Step High Time 2 Ul

for Step Response
2048

Figure 29 Calibration for ASIC 8.0 GT/s with Embedded Replica Channel

Scope Connection: Select the Scope

Connection type from the

corresponding button. Connections can be established by Direct

Connect channels 1-3 or 2-4.

Embed Replica Channel: Select the check box to use a transfer
function for embedding the replica channel.

Package Model on Scope: Shows the transfer function file of the

package model.

Replica Ch. + Package Model on Scope: Shows the transfer function
file that combines the package model and replica channel, if replica

channel is embedded.
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Replica Channel Model on scope: Shows the transfer function file of
the replica channel.

Step Low Time: Set the time span from the falling edge of the step
to the end.

Step High Time: Set the time span from the rising edge of the step
to the end.

Number of averages for step response: Set the number of times that
the step response is averaged to minimize the noise.
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For Rx 16GT/s

Calibration
Scope Connection Chan 1 3 Direct Connect el
Embed additional Channel v

Add. Ch. + Pkg Medel on Scope C:\Filters\PCleVCEMY |F'CIe4RxAddChanAndF‘kgModel_E|

Additional Channel on Scope CAFilters\PCIeVCEMY |F'CIe4RxAdd'rtionalChannel.H4 |

Eye Calibration Method SigTest el
Start with Minimum Loss Channel .
Include Advanced Measurements .

Figure 30 Calibration for ASIC and CEM 16 GT/s

Scope Connection: Select the Scope Connection type from the
corresponding button. Connections can be established by Direct
Connect (channels 1-3 or 2-4).

Check the "Embed additional Channel"/"Embed Replica Channel"
(CEM/ASIC) option to include the channel in the embedding.

If unchecked, is required to specify the file with the transfer function
for the package model If checked, is required to select the transfer
function of the channel, and the transfer function that combines the
channel and the package model.

Eye Calibration Method: Select the tool used for the stressed eye
calibration. Available tools are Seasim (only for ASIC) or SigTest.
Each software uses a different methodology for jitter and eye
measurements.

Seasim: It is standard method which is a post processing tool. 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. Step response
defines the complete electrical behavior of the channel and
calculate a statistical eye. Seasim also simulated the different
impairments.

SigTest: It uses the compliance channel methodology. A
compliance pattern is applied and the different impairments
like random jitter, sinusoidal jitter and differential & common
mode sinusoidal inference are added to the signal.
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Start with Minimum Loss Channel:

If not selected, the Initial Equalization Preset Optimation
Calibration will start with -30dB. Then the Channel Calibration
decreases channel loss in 0.5dB steps until Eye Height and
Width is over spec value or channel loss reaches minimum of
-27dB. The remaining cal procedures are using this channel.
Typically EH and EW is still above spec at -30dB, therefore the
calibration process will be much faster (only -30dB channel has
to be used).

If selected, the Initial Equalization Preset Optimation
Calibration will start with -27dB. Then the Channel Calibration
increases channel loss in -0.5dB steps until Eye Height and
Width is slightly over spec value or channel loss reaches
maximum of -30dB. The remaining cal procedures are using
this channel.

Include Advanced Measurement: Select it to add some advanced
procedures (for debugging purposes) to the calibration tree.
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Receiver
Receiver [JBERT Interactive Link Training
Link Training Mode [JBEF{T Interactive Link Training v] JBERT Link Training
[JBERT Inferactive Lk Training ] ‘

Link Training Suite Settings File \Pcie4_16G_MB020A_ILT_Loopback bt [, | ,Vender Specfic.
Link Training Suite Lane Mumber Suto -
Relax Time 10005 ms
Equalization Optimization Fine -

Emor Detector

Use COR Loop Bandwidth 2008 MHz

Pezking 10 dB
Sensitivity Mods Equalization _6dB =
Figure 31 Receiver

Link Training Mode: Following are the available modes:

Static Sequence: JBERT sends a loopback training sequence to the
DUT. The training pattern is defined by several blocks, following the
standard sequence described in the CTS.

Interactive: This feature is only available for the M8020A when the
M8020A S02 option is installed. The training sequence consists of
three blocks -“Link Down”, a “Wait” block, and “Link Up”. The
loop-back training is managed by the M8020A JBERT internally. It
can run the link equalization phase to optimize the performance of
communication.

Vendor_Specific: The vendor can place his DUT in loopback with his
own tools like JTEC, 12C...
Link Training Suite Setting File: Allows to define the path for the Link
training suite setting file (script file) which is used for loopback training.

Link Training Suite Lane Number: Allows to set the lane number (Lane O
to Lane 15) used for encoded in the TS1s/TS2s and sent to the DUT
during loopback training. If option Auto is selected, each lane will be
encoded with its own number.

Relax Time: Select the time span between the points at which the stress
signal is changed and the BER measurement begins.

Equalization Optimization: Select it as Fine or Fast.

Keysight N5990A-101 Test Automation Software Platform for PCle User Guide 51



2

52

N5990A PCle Station

Error Detector

Use CDR: If select, CDR is used to generate a clock signal for the
JBERT error detector. If it is not selected, the clock is supplied by
the JBERT data generator. With CDR, the JBERT error detector
performance is better.

Loop Bandwidth: Select the loop bandwidth in MHz (between 0.1
MHz to 20 MHz) of the JBERT error detector CDR.

Peaking: Select the CDR Peaking in dB (between 0-1dB).
Sensitivity Mode: Allows to set the mode either Normal or High.
Equalization: Allows to set the Equalization to Off, 6, 9 or 12 dB.
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Lanes Configuration

Pressing on the Lanes Configuration button in the Configure DUT Panel
(see Figure 32), the window shown in Figure 33 is displayed.

Configure DUT

ouT

Serial Number:
DUT Name: Version: (4.0 w

Inbectace Tyee (61 ~|  DUT Type: | Add+n Card -
Clock

Architecture; | Comman Clock -
Description:

Test

User Name: |Unknown User |

Comment:

Initial Start Date: [5/15/2020 3:55:42 FM |

Last Test Date: [5/15/2020 3:55:42 FM |

Parameters
(® Compliance Mode 25GTis
O Expert Mode 50GTs Show Parameters
B0GTis
16.0GTls Lanes Configuration
oK
Figure 32 Selecting Lanes Configuration from Configure DUT Panel
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Lanes - O *

Lanes for Rx tests
Lane 0 Lane 4 Lane® [ Lane 12 []

Lane1 [ Lane 5 Laned [ Lane 13 []

O o o

lane?2 [] Leneb Lane 10 [] Lane 14 []
laned [ Llane7 [] Lenell [J Lanel5s [

Lanes for Calibration

® Use Lane 0 calibration
for all lanes in Rx tests

Figure 33 Lanes configuration window

Lanes for Rx Test: Select the corresponding check box of the specific
lane for which the user wants to perform the testing. It depends on the
option chosen in Station Configuration, which lane(s) can be selected.
Following are the setting:

If Use Switch for Rx test check box is not selected in Station
Configuration, all the lanes can be selected for testing. During the
tests, it is recommended to switch the cables from lane to lane
manually.

If Use Switch for Rx test check box is selected in Station Configuration,
the number of lanes to test depends on the module type selected. For
example; if SPT4 module type is chosen, up to 4 lanes can be selected
for testing, similarly if SPT6 module type is chosen, up to 6 lanes can be
selected for testing.
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Lanes for Calibration:

Select Use Lane0 calibration for all lanes in Rx tests button to
calibrate only Lane O and its results will be used in the Rx tests for
all lanes.

Calibrate all Rx lanes option is not available for spec 4.0

Select Calibrate all Rx lanes button to run the calibrations for each
Rx lane selected and each Rx test will use the specific calibration of
the lane to be tested.

If the Map DUT lanes to test instrument channels check box is
selected in the Station Configuration, the Lanes dialog is as shown
in Figure 34. It allows to select all the lanes and each tested lane
can be mapped to one of the available generator & analyzer
channels. Therefore, mapping of different lanes to different
instrument avoids cable reconnection.
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Generator Channel Analyzer Channel
Lane0 [ |M1.DataOutl ~ | [M1.Dataln1 |

Lne? [] MiDatsOwl - [MiDaisl
lnez [] MiDatsOu1 - [MiDatshl
Lne3 [] MiDatsOw1 - [MiDatshl
Lnes [] MiDatsOu1 - [MiDatsl
Lnes [] MiDatsOw1 - [MiDatsl
Lne6 [] MIDatsOw1 - [MiDaishl
Lne7 [] MiDatsOu1 - [MiDatsl
Lnes [] MiDatsOw1 - [MiDatsl
Lnes [] MiDatsOw1 - [MiDatsl
Laone 10 (] M1DataOu1 - [MiDatsll
Lane 1 (] M1DataOuw1 - [MiDatsll
Lane 12 [] M1DataOu1 - [MiDatsll
Lane 3 (] M1DataOu1 - [MiDatsll
Lane14 [] M1DataOw1 - [MiDatsll
Lane 15 [] M1DataOu1 - [MIDatshl

Calibration

Use Lane O calibration — ~_.
(O] for all lanes in Rx tests Calibrate all Rx lanes

[oc ]

Figure 34 Lanes Configuration for multiple M8020A Channels
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During the execution of all the calibration and test procedures, the results
are

displayed automatically in a data table as well as graphically. The viewer
can be either a MS-Excel or a HTML worksheet; this can be chosen in the
Station Selection (refer to Figure 2 on page -18). Once a specific
calibration or test procedure is finished, the MS-Excel/HTML worksheet is
closed. To re-open it at any time, double click on the respective procedure
in the respective tree.

All calibration data worksheets can be saved in a workbook by selecting
File > Save Results as Workbook... at any time. It is recommended that
this step is carried out at least at the end of each N5990A run. If the
calibration and test procedures are conducted several times during the
same N5990A run, the result worksheets are combined in the workbook. If
a test procedure is conducted without prior execution of calibration
procedures in the same test run, only the test results will be saved to the
workbook. As a safety feature, all calibration and test results are saved by

default to the N5990A “Tmp” directory (refer to “N5990A Getting Started
Guide.pdf”). The sub-folder “Results/PCle

Station” contains the Excel files of the final results measured at each
calibration and test procedure. In addition to the calibration data
worksheets, the calibration data files are generated. These files are saved
by default to the N5990A calibrations folder. If these calibrations are run
again, the data file will be overwritten. In order to save the calibration data

files at each configuration, the files must be copied from the directory:
“C:\ProgramData\BitifEye\ValiframeKO\Calibrations\PCle”
and saved manually in any folder before rerunning the calibrations

Keysight N5990A-101 Test Automation Software Platform for PCle User Guide



Using Software 3

Selecting, Modifying, & Running Tests

Once the DUT has been configured, press the OK button in Configure DUT
Panel.

All calibration and test procedures are included in the respective groups in
a way similar to how they are organized in the CTS. For most procedures,
some specific parameters can be set in expert mode by the user. In

Figure 35, the Insertion Loss Calibration is highlighted as an example. The
respective parameters are shown on the right side of the N5990A User
Interface. This is achieved by clicking on the calibration/test name. To start

one or more procedures, check the corresponding box to select them.
Then the Start button is enabled and colored in green. Clicking on the
Start button runs the procedure. Once all the procedures are run, the
N5990A configuration can be stored as a single “.vfp” file using Save
button and recalled using Load button without configuring the DUT again.

File

<

PCle N5990A ValiFrame

Station

£ -

=T

Properties

|
Log List

Callbration
eﬁ 25GT/s
(=R ’:‘m Lane0
----- ﬂ 2.5G R Calibration
2 5G De-Emphasis Calibration
----- ﬂ 2.5G Eye Height Calibration
=-[ARN 50GT/s
E-[1¥0R Lane0
----- [~1¥5% 5G RJ Calibration
ﬁ 5G De-Emphasis Calibration
----- .M 5G Eye Height Calibration
=-[ARN 8.0GT/s
B DM Lane0
."':'.l 8G TxEQ and Launch Voltage Calibration
.":rl 8G RJ Calibration
.M 8G 5 Calibration
BOX Long Channel, CBB rev. 3
Hom 3G DMSI Calibration
ﬂ 8G Eye Height and Width Calibration
ﬂ 8G Compliance Eye Calibration

)

| 2 |
~ PCle
Repetitions

Repetitions

All Results ~

Info

Severity
Progress
Progress
Progress

Message

Instrument Connections

PCle N5950A ValiFrame startup |

Opening offline connection to Keysight M8020A J-BERT at TCPIPD::152.168.0.133: hislip0::INSTR
Opening offline connection to DSO Infinium Series at TCPIPD::152.168.0.78: hislip0::INSTR

Date 2

5/15/2020 4:19:37 PM
5/15/2020 4:19:37 PM
5/15/2020 4:19:37 FM
5/15/2020 4:19:45 FM W

Sequencer menu

Figure 35

Example of PCle Calibration / Test Procedure
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System Calibration

Use the Properties and Log List buttons of the main menu (highlighted in
Figure 35 on page -59) to display additional information on the right side
and at the bottom of the N5990A main window respectively. The
parameter grid on the right side of the window shows the parameters
which are related to the selected calibration or test procedure subgroups
or to individual procedures. These parameters can be set only before the
execution of the procedure subgroup or procedure is started. The log list
at the bottom of the window shows calibration and test status messages
(regular progress updates as well as warnings and error messages).

Specific calibration or test procedures can appear multiple times as they
might be required for testing the DUT under various conditions. A typical
example is multiple data rates supported by the same DUT.

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

It is necessary to calibrate the test system before running the first test, in
order to ensure that test results are consistent from run to run. Itis
recommended that the equipments must achieve thermal stability before
the calibration is started (typically after 30 min of warm-up). The thermal
environment must be stable, and there must be no exchange of elements.
The calibration is very stable and may only need to be repeated once a
week or even less. The calibration interval depends on the degree of
accuracy desired. If the station is not calibrated prior to a DUT test, the
results of the previous calibration will be used for the current tests.
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Selecting Procedures

The calibration, receiver, and transmitter test procedure groups can be
selected globally by clicking on the check box at the top of the group.
Alternatively, an individual test procedure can be selected by checking the
specific selection boxes in front of the tests. Click on the Start button to
execute the selected test procedures.

Modifying Parameters

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 almost all parameters can be modified. First, select a specific
calibration or test procedure or one of the groups containing in the
N5990A procedure tree. The parameters are displayed in a property list on
the right side of the screen (see Figure 36). If they are not displayed, press
the Properties button. Depending on the user selection on the left side of
the top of the list, the list is either ordered alphabetically or in categories.
The test parameters available can be changed individually (see Figure 37).
The test parameters selected are listed in the MS Excel/HTML test results
worksheets, see Figure 40.
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PCle N5%30A ValiFrame (Version: 3.03.20200501RC1) — [} x
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Figure 36 N5990A Procedure Tree
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~ 168G RJ Calibraticn
Offline
Verification Mode

w Generator
Pre-Shoot
De-Emphasis
Generator Voltage

w Dscilloscope

~ Seguencer

Repetitions

Procedure Error Case Behavior
Procedure Failed Case Behavior Proceed With Next Procedure

True
False

0dB
0dB
800 mV
25 GHz

3
2 MUl

Abort Sequence

0

Number of Averages

The number of averages for one measurement.

Figure 37 Editing the test parameters
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Procedure Error Case Behavior Proceed With Next Procedure
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Figure 38

Repetitions

PCIE Sequencer Parameter
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Running Procedures

To run the selected procedure, press the Start button (see Figure 35 on
page -59). The procedures are run in the order, shown in the procedure
selection tree. Some procedures may require user interaction such as
changing cable connections or entering DUT parameters. The required

action is prompted in pop-up dialog boxes prior to the execution. as shown
in Figure 39.

Connection Setup for EQ Coefficient Matrix Scan - o x

(- Mount the N9398C blocking capacitors to DATA OUT and DATA OUT BAR of M3020A ~
- Connect the N9398C blocking capacitors to Rx+ and Rx- of the test fixture.

- Connect CEM Connector Board with Hardware Trace No. 13 to ASIC test fudure.

- Connect Tx+ and Tx- of the test fixture to MB020A Data Inputs.

- Connect Channel IN1 of the Power Switch to the Power Supply

- Termi all as
Figure 39 Connection diagram pop-up window
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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 temporary MS Excel worksheet or HTML page
(depending on the selected viewer in the Station), which opens
automatically for each individual procedure. An example is given in
Figure 40. See the Appendix for more details about the file directories.

LO_Cal_2_5GTps_RJ

15.0

—m— Actual Random Jitter rms)

135 +
- 120
&
Tz 105+
E
5 5.0 +
2 75 4
s
Z 60
@
= 45 +
< 30 |

15

0.0 + + t t 1

0.0 20 4.0 6.0 80 10.0
Set Random Jitter (rms) [ps)

BERT System Agilent M80ZO0R J-BERT, MB070A, SN: DE53CO000Z5
Cffline False
Scope Connection for Calibration Chan 1 3 Direct Connect
Jitcer Unitc Time

Set Random Jitter
(rms) ([ps]

Figure 40 Result MS-Excel worksheet example

The MS-Excel worksheet or the HTML page are opened during the
procedure run and closed once the specific procedure is finished. As long
as the N5990A Software is running, each worksheet or page can be
reopened with a double-click on the respective procedure. However, the
individual worksheets or pages will be lost when the N5990A main window
is closed, unless they were saved by the user.
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NOTE If a test or calibration procedure was run more than once, the list of
results is visible below the particular procedure after expanding the tree

below the procedure (see Figure 41).

=R . Lanel

Random Jitter Calibration
De-Emphasis Calibration
Eye Height Calibration

pim Eve Height Verfication

Equalization Preset Calibration

Equalization Custom Preset Calibration

Random Jitter Calibration
8/2014 1:25:55 PM

:22:45 B
0:15:53 Show Results...

Print Results

) CBBrev. 3
D! DM Sinusoidal Interference Calibration

Y[l Eye Height and Width Calibration
Compliance Eye Calibration

3-[C1 808 Receiver
- FIN0T 2 k=T m

Figure 41 Selecting the repeated procedure and show test results

Results Workbook

For user convenience, all individual results are combined in a summary MS
Excel workbook or HTML document at the end of the test run. The
workbook must be saved explicitly (File > Save Results as Workbook...) as
shown in Figure 42, otherwise it will be lost. After all tests have been run, a
test report document can be generated additionally for easy
documentation and printing with the standard Print function of the File
menu (see Figure 42). An example test report for PCle is shown in

Figure 43.
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N5990A Test W

File | Station  Seguencer Help
| Load Cenfiguration... an E,
P Prirt
| Save Project / Configuration... ause n
| Save Results as Workbook... |
Print... Repetitions
Print Previl 2ave Excel workbook with all test results l Embed Custom i
M CIC Transfer Fu
LConfigure DUT... Calibration
Set Properties to Default poe Calibration L
Exit
T TN oSO T ST T R e Tolerance Test
i ﬂ RS5G-05 Receiver Stress Test at +350ppm
Figure 42 Save results as workbook
A B | =
1 Product Number: PCI Express PCI Express 3 Station Unknown User 5/20/2014 5:54:07 PM
2
3 Test result summary
4 Shows the test results as an overview
5
6
T {
8
9 Froduct Number: FCI Express
10 serial Humber:
11 pescription:
Unlkmown
12 User Name: User
13 User's Comment:
14
15 sofrware Versions:
16 valiFrame .23.20140328
17 sequences .01.20140328
18 Instrument Manager .00.20140328
19 serial Bus Family .01.20140328
20 Excel Graph Table Viewer .00.20140328
21 pcI Express 140328 _beta3
22
23 Test name Result ]
24 L0 Cal 2 5GTps RJ Passed
25 L0 Cal 8GTps CBB3 Comp Eve Passed

Figure 43 Test report example
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PCle Parameter

Sequencer Parameters

The Sequencer parameters control the flow of the test sequencer, not the
behavior of individual procedures. They are identical across all the versions
of NB990A. One of them, Repetitions, is available for all procedures and

groups in the procedure tree. The others are only available for procedures.

Like all other parameters the sequencer parameters are shown on the right
side of the N5990A user interface and you can change them (see

Figure 44).

NS990A Test Automation Software Platform E=Nfel >

Eile Station Seguencer Help
# & || > LU ] i) AlResuts

Corfigure DUT  Load Save | Stal  Abail  Fause | Print || Properies | Log List
I8 PCle - 2.0, RootComplex ASIC SRNS || @

@1y Caibration <& E

E1ly 256GTss
| GE1R Leneo Offline True

[E1€ 15! Calibration
[T CM Optimization
Dﬁ CM Sinusoidal Interference Calibration
2 Dﬁ Eye Height Calibration

««[C]Rtw Eve Height Verfication

g Random Jitter Calibration

B s0GTe

) . Lane0

o Random Jitter Calibration

[T 15! Calibration

. [C1E CM Optimization

- "Dﬁ CM Sinusoidal Interference Calbration
D% Eye Height Calibration

[l Eve Height Verfication

Dﬁ Compliance Test
H Dﬁ Jtter Tolerance Test
Lo [TIRY Sensitivity Test
e-EIfR 5067/
= E‘ﬂ Lane0
LATFIMOT Comnlianre Test

Figure 44

Frocedure Error Case Behavior

Ty rcéad Wil Net Pracedrd
B Procedure Failed Case Behavior

Proceed VWith Next Procedure
0

Repetitions

PCIE Sequencer Parameter

All sequencer parameters are listed in alphabetical order in Table 2.
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Table 2 PCle Sequencer Parameters

Parameter Name Parameter Description

Procedure Error 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 the execution of the sequence.

Procedure Failed Case Behavior Proceed With Next Procedure - If the current test or calibration procedure fails, continue by running the
next procedure in the sequence.
Abort Sequence - Abort the execution of the sequence.

Repetitions The number of times the group or procedure is going to be repeated. If the value is '0', it runs only once.

Common Parameters

The 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

Common Parameters for Calibration groups

Table 3 Common Parameters for Calibration groups

Parameter Name Parameter Description

Same for all Data rate
Scope Connection for Calibration All calibrations can be done with either direct connect channel 1&3 or direct connect channel 2&4.

UXR Calibration Mode = "Compliance: Sampling Rate and Range to Signal Ratio is optimized to get similar calibration results
to scopes with higher noise floor compared to UXR (V- or Z-Series scopes)
= "Low Noise: Sampling Rate and Range to Signal Ratio is optimized to get the lowest scope noise.
Compared to other scopes like V- or Z-Series this results in more open eye. To close the eye to the
target values higher impairment values than setup calibrated with Z-Series and V-Series are required.
= "Custom: The User can choose Sampling Rate and Range to Signal Ratio.

Sampling Rate Sampling Rate for the calibrations. The higher the less noise is added.
Range to Signal Ratio Scope vertical range divided by signal amplitude. The higher the more noise is added.
2.5GT/s ASIC
PCle 1 Transfer Function on Scope This is the path to the package model, which is located on the oscilloscope. The package model has to be

embedded for some calibrations. The file cannot be copied to the scope by the automation software. If the
file is not on the oscilloscope, the automation software will instruct the user to copy the package model
file manually.

PCle1 M8048A ISI Channel The M8048A ISI Channel used for PCle1 ASIC Rx Calibration.
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Parameter Name

PCle1 M8048A ISI Channel Emulation

PCle1 JBERT ISI Channel

PCle 2 Transfer Function on Scope

PCle2 M8048A ISI Channel
PCle2 M8048A ISI Channel
Emulation

PCle2 JBERT ISI Channel

Transfer Function File for Package Model
on Scope

Transfer Function File for Replica on
Scope

Transfer Function File for Replica and
Package Model on Scope

Step Response Low Time
Step Response High Time

Number of Averages for Step Response

Gen4 Fixture

Parameter Description

Set to true if use the internal IS| of the M8020A, otherwise false
The JBERT ISI Channel used for PCle1 ASIC Rx Calibration
5.0GT/s ASIC

This is the path to the package model, which is located on the oscilloscope. The package model has to be
embedded for some calibrations. The file cannot be copied to the scope by the automation software. If the
file is not on the oscilloscope, the automation software will instruct the user to copy the package model
file manually

The M8048A ISI Channel used for PCle2 ASIC Rx Calibration

Set to true if use the internal ISI of the M8020A, otherwise false

The JBERT ISI Channel used for PCle2 ASIC Rx Calibration
8.0GT/s ASIC

This is the path to the package model, which is located on the oscilloscope. The package model has to be
embedded for some calibrations. The file cannot be copied to the scope by the automation software. If the
file is not on the oscilloscope, the automation software will instruct the user to copy the package model
file manually.

This is available only if "Embeded Replica Channel" was selected in Configure DUT > Show Parameters >
Rx 8.0GT/s.
This is the path to the transfer function of the replica channel, which is located on the oscilloscope.

This is available only if "Embeded Replica Channel" was selected in Configure DUT > Show Parameters >
Rx 8.0GT/s.

This is the path to the transfer function, which includes replica channel and package model, located on
the oscilloscope.

The length before the low to high transition in Uls.
The length after the low to high transition in Uls.
The number of averages for the step response.

16.0GT/s

The Rx tests can be performed either with the Generic fixtures or with the BIT CEM Connector + M8048A

70

Keysight N5990A-101 Test Automation Software Platform for PCle User Guide



Using Software 3

Parameter Name Parameter Description

Gen4 ISI Adjustment The Inter Symbol Interference can be generated with Hardware Traces or can be emulated internally if the
M8020A JBERT option M8041A-0G5 is available.

Gen4 ASIC Eye Calibration Method It can be selected as Seasim or SigTest. The selected software will be used for jitter and eye
measurements
Start With Minimum Loss Channel If defines how the Initial Equalization Preset Optimization Calibration starts. If true, the calibration starts

with minimum loss channel and increases it until the spec eye is reached. If false, the calibration starts
with maximum loss channel and decreases it until the spec eye is reached.

Common Receiver Parameters

Receiver Specific
Reference Clock
Data Rate Specific
Loopback Training
Link Training Mode
Link Training Suite Settings File,
Default Link Training Lane Number for every Lane
Suppress Loopback Training Messages
Use Gen3 EIEOS
Use Custom Training Voltage
Error Detector
Use CDR
CDR Loop Bandwidth
CDR Use SSC
Filter Gen1/Gen2 SKPOs for BER test
Peaking
Analyzer Equalization
Sensitivity Mode
Polarity
BER Measurement
Relax Time
Lane Specific

Keysight N5990A-101 Test Automation Software Platform for PCle User Guide 71



3 Using Software

Parameter Name

Link Training Lane Number

Table 4 Common Parameters for Receiver groups

Parameter Description

Reference Clock

Generator Output Voltage Compensation

Oscilloscope channels for Link EQ Tx
Tests

Skip BER Check

Loopback Training

Link Training Mode

Link Training Suite Settings File,
Interactive Training Script File,
Link EQ Tx Test Script File

Default Link Training Lane Number for
every Lane

Suppress Loopback Training Messages
Use Gen3 EIEOS

Use Custom Training Voltage

Interactive Link Training

The frequency of the reference clock.
Compensation for voltage attenuation caused by the combination of power splitters and attenuators

For Link EQ Tx tests, if direct connect is selected, the four channels of the oscilloscope are used for the
measurement. When the 4 channel are used simultaneously, the maximum bandwidth available is
divided by two. If differential probe is selected only two channels are used and the maximum bandwidth
is available.

For Gené4 and direct connect, the available bandwidth could not be enough for the waveform
decodification.

If true, LTSSM trains DUT into loopback but then skips the BER check. This can be helpful when at some
DUT Tx preset the error detector shows a constant BER because of high insertion loss.

Link Training Modes are following;

Static Sequence: JBERT sends a loopback training sequence to the DUT. The training pattern is defined by
several blocks, following the standard sequence described in the CTS.

Interactive: This feature is available only for the M8020A when the M8020A SO2 option is installed. The
training sequence consists of three blocks -“Link Down”, a “Wait” block, and “Link Up”. The loop-back
training is managed by the M8020A JBERT internally. It can run the link equalization phase to optimize
the performance of communication.

Vendor Specific: The vendor can place the DUT in loopback with specific tools like JTEC, I12C...

The Link Training Suite settings file (script file) is used for loopback training
NOTE: Some DUTs require a special training sequence which can be optimized with the PCle Link Suite.
This sequence can be used for Rx testing

This parameter is only available when the link training mode is “static sequence”. In that case during the
loopback training, the lane number are encoded in the TS1s/TS2s and sent to the DUT. This value is set by
default for all lanes. If Auto option is selected, each lane will be encoded with its own number

When set to true this hides all popup messages related to loopback training.

Set to true to specify the diferential voltage amplitude used during the DUT training.

Training Through For 8 and 16G Receiver Tests when Interactive Link Training Mode is selected, it can be choosen if
training should go through LO-Recovery or Configuration. Note: if Static Sequence is selected as Link
Training Mode, training always goes through Configuration.
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Parameter Description

Generator Start Preset

DUT Initial Preset
DUT Target Preset
Drop Link Method
Error Detector

Use CDR

CDR Loop Bandwidth
Peaking

Analyzer Equalization
Sensitivity Mode

Capture and Compare Mode

Pause before Auto-Align

Polarity

BER Measurement

Relax Time

Lane Specific

Link Training Lane Number
Equalization

Use Preset

Generator Preset

Pre Shoot

De Emphasis

The generator will use this preset in link equalization phase 1.
Note that this setting will be applied in the Jitter Tolerance and Sensitivity test only

The DUT Tx will use this preset in link equalization phase 0
The generator (downstream port) will request this preset in link equalization phase 3

It selects the method to drop the link during link training

If true, CDR is used to generate a clock signal for the JBERT error detector. If false, the clock is supplied
by the JBERT data generator. With CDR the JBERT error detector performance is better.

It is the loop bandwidth of the JBERT error detector CDR
Select the CDR Peaking in dB (between 0-1dB).

Select the equalization to Off, 6, 9 or 12dB.

Set to Normal or High.

Ifitis enabled, the received data is captured and saved in a pattern. A new analyzer sequence is generated
with a single block containing the captured pattern. This mode is available only with a common reference
clock architecture

Itis the pause before the BER measurement, so that the user can perform manual optimization of the DUT
receiver

Set to Normal or Inverted

Time span between the point the stress signal is changed and the BER measurement begins

During the loopback training, the lane number are encoded in the TS1/TS2s and sent to the DUT

Set to true to use a preset.
Select the generator preset (P7 as default)
Pre-shoot level of the signal. It is 0 by default.

De Emphasis level of the signal. It is set to the optimum de-emphasis using the Insertion Loss
Calibration.
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Procedure Parameters

The Procedure Parameters are all parameters that do not fall into one 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. They only change the behavior of
that single procedure. Procedures often have parameters with the same
name, but set settings always apply on the selected procedure, and the
meaning may be slightly different. The procedure parameters are listed in
Table 3: Procedure Parameters

Table 5 Procedure Parameters for Calibrations

Calibrations

Number of Waveforms Averages Number of waveform that are averaged during the scope acquisition, This will reduce the noise floor.

Number of Averages for Jitter

Measurements

Verification Mode If it is set to false, the procedure behaves as a normal calibration and the results are saved as usually. If it
is set to true, the procedure uses a previous calibration to set the calibrated parameter. In this case, the
purpose of the procedure is to certificate that the available calibration is valid and the desire values can
be achieved.

Save Calibration Data Set to true to save the results in a cal table.
Generator (16.0GT/s)

Generator Voltage Nominal differential voltage amplitude used for the calibration. The default value is 800mV and should
not be changed.

DMSI Differential mode sinusoidal interference added to the signal

CMSI Common mode sinusoidal interference added to the signal

Random Jitter The amount of RJ added to the signal

Sinusoidal Jitter Frequency The amount of SJ added to the signal
Oscilloscope (16GT/s)

Scope Bandwidth Bandwidth selected in the oscilloscope

Number of Averages Number of averages for each jitter measurement

Number of Uls Number of unit interval tested
Insertion Loss (16GT/s)
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Parameter Name Parameter Description

Measurement Method If Step Response is selected, the tes automation will measure the insertion loss for the different traces. If
VNA is selected, the test automation does not perform any measurement, the user must measure the
trace with a VNA.

Automatic Trace Selection If True the Trace Number Start Value and Trace Number Stop Value will be internally calculated. They are

calculated to be closest to the target ISI at 8GHz.

Generator Cable Loss Insertion Loss at 8GHz of te Tm SMA cable which was used at TP1 calibrations.
Trace Loss Increment It is the expected insertion loss variation between each trace number
Trace Number Start Value The minimum trace number that is calibrated

Trace Number Stop Value The maximum trace number that is calibrated

Channel (16GT/s)

Trace Number Hardware trace number used

Total Channel Loss Total insertion loss of the calibration channel

ISI from M8020A ISl trace set internally in the M8020A

CBB var. ISI pair The ISl trace number of the CBB

CLB var. ISI pair The ISl trace number of the CLB

Total Channel Loss Total insertion loss of the calibration channel.

Keysight N5990A-101 Test Automation Software Platform for PCle User Guide 75



3 Using Software

Parameter Name

Table 6 Procedure Parameters for Receivers

Parameter Description

Paramters 2.5GT/S and 5.0GT/s
]

CMSI Frequency

CMSI Amplitude

Random Jitter

Swept sinusoidal Jitter

HF Sinusoidal Jitter
HF Sinusoidal Jitter Frequency

SSC Residual

Eye Height

Parameters 8.0/s

Use Compliance Impairments
Enable Impairments for Loopback
Training

Eye-Height

Eye-Width

Random Jitter

Sinusoidal Jitter

Sinusoidal Jitter Frequency
Differential Mode Sinusoidal Jitter

Generator Launch Voltage

Common Mode Sinusoidal Interference

Force Retraining on Each Frequency

16 GT/s parameters

The amount of IS introduced by the selected trace.

Frequency of the Common Mode Sinusoidal Interference

It is the Common Mode Sinusoidal Interference amplitude added to the signal.
It is the amount of random jitter (rms) added to the test signal

It is the amplitude of the sinusoidal jitter component that is swept continuously from 1.5 to 100MHz
during the test.

The amount of high frequency sinusoidal jitter added to the test signal. It should be >=27ps
Frequency of the HF sinusoidal jitter component.

The SSC Residual emulates the residual which is caused by path length differences in the clock
distribution and SSC modulation in real world systems. The residual SSC is triangular. It should be >=75

ps

It is the eye height set to the signal.

If set to true, the impairments are setup according the compliance eye calibration and cannot by change
If set to false, user can modify the impairments

If false, the loopback training will be performed with a clean signal. If true, the signal will be stressed the
same as for the BER measurement.

The eye height of the signal when it is stressed with all the impairments
The eye width of the signal when it is stressed with all the impairments.
The amount of random jitter added to the signal

The amount of sinusoidal jitter added to the signal

The frequency of the sinusoidal jitter component.

The amount of DMS| added to the signal

Launch Voltage added to the signal

The amount of CMSI added to the signal

Re-train the DUT at each tested jitter frequency
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Residual SSC
Force training at each BER measurement
Random Jitter

Sinusoidal Jitter

2nd Tone Sinusoidal Jitter

Sinusoidal Jitter Frequency

Common Mode Sinusoidal Interference
Differential Mode Sinusoidal Interference
Generator Launch Voltage

EQ Pre-Shoot DeEmphasis Scan

Scan Order

Initial De Emphasis

Initial Pre Shoot

Force training at each Preset

Start De Emphasis:

Stop De Emphasis

De Emphasis Step Size

Start Pre Shoot

Stop Pre Shoot

De Pre Shoot Size

Jitter Tolerance: Sinusoidal Jitter Variation

Frequency Mode

Frequency Scale

Parameter Description

SSC added to the clock signal for Common Clock architectures.

Force retraining at each BER measurement for different PS/DE combination

The amount of RJ added to the signal. By default it is set to the nominal value (1ps)

The amount of SJ added to the signal. It is always set to the nominal value (6.25ps). When the required
amount of SJ for getting the compliance eye, is below the nominal, that difference is subtracted to the RJ
component. When the required amount is above the nominal, that difference is added to a second tone of
SJ at 210MHz.

The amount of SJ at 210MHz added to the signal.

The frequency of the sinusoidal jitter component

Common Mode Sinusoidal Interference amplitude added to the signal.
The amount of DMS| added to the signal to obtain the desired eye

Launch Voltage used to obtain the desired eye

Select if de-emphasis or pre-shoot is tested first.

The initial de-emphasis used for BER adjustment and pre-shoot scan.

The initial pre-shoot used for BER adjustment and de-emphasis scan.

If true, every time the de-emphasis or the pre-shoot is changed the DUT is trained into loopback again
Start amplitude for the de-emphasis scan.

Stop amplitude for the de-emphasis scan.

Step size for the de-emphasis scan

Start amplitude for the pre-shoot scan

Stop amplitude for the pre-shoot scan.

Step size for the pre-shoot scan.

Specifies the distribution of the frequency points to be tested. It can be:

Compliance Frequencies: The frequencies defined in the specification for compliance testing.
Equally Spaced Frequencies.

User Defined Frequencies.

Single Frequency.

The results can be represented in logarithmic or linear scaling. For “Equally Spaced Frequencies” the
frequency points depend on the chosen frequency scale.
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Parameter Name

Parameter Description

Start Frequency
Stop Frequency
Frequency Steps
Jitter Frequency
Frequency Points
Search Algorithm

Jitter Step Size

Jitter Start Value

Show Min Failed Points

Coefficient Variation

Test Calibrated Presets only

Coefficient Divider
Maximum Boost
Start De-Emphasis
Start Pre-Shoot
BER Measurement
BER Mode

Target BER

Confidence Level

BER Measurement Duration
Allowed Bit Error

Channel

Trace Number

Total Channel Loss

Start frequency for “Equally Spaced Frequencies”.

Stop frequency for “Equally Spaced Frequencies”

Number of frequency points for “Equally Spaced Frequencies”.

Single frequency point for “Single Frequency”.

Frequency points for “User Defined Frequencies”

The search algorithm used to find the maximum sinusoidal jitter that passes the BER test.

The size of the smallest sinusoidal jitter amplitude step used to search the “Max passed jitter” at each
frequency. For “User Defined Frequencies”, the jitter step size can be defined individually for each
frequency point.

The start jitter amplitude used to search the “Max passed jitter” at each frequency. For “User Defined
Frequencies”, the start amplitude can be defined individually for each frequency point

The results graph can show the minimum failed jitter in addition to the maximum passed jitter for each
tested frequency.

If true tests only calibrated presets (PO-P9). If false scans the whole coefficient matrix with uncalibrated
pre-shoot and de-emphasis values.

The coefficient divider for C-1 and C+1
Coefficient c+1 is increased until this Boots level is exceeded.
It is Start De-Emphasis value in dB

It is Start Pre-Shoot value in dB.

The BER measurement can be executed for a fixed time or until a target BER is achieved.

The Target BER for the BER measurement used in the test. For a Target BER of 1E-12 and a Confidence
Level of 95%, the test will run 10 minutes for 5 Gbit/s and 20 minutes for 2.5 Gbit/s if no bit error occurs

The confidence level value when BER mode is TargetBer
The duration of the BER measurement when mode is FixedTime.

The allowed number of bit errors during the BER measurement when mode is FixedTime.

Hardware trace number used.

Total insertion loss of the calibration channel
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Parameter Name Parameter Description

ISI from M8020A ISl trace set internally in the M8020A
CBB var. ISI pair

Equalization for remaining Rx Tests

Allow user to enter optimum equalization ~ Controls, if a window appears at the end of the test to let the user set the pre-shoot and de-emphasis
for remaining Rx tests values to use for the following tests.
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2.5GT/s &5.0 GT/s ASIC Tests

Gen1 & Gen2 ASIC Tests are shown in Figure 45.

-
_ N5990A Test Automation Software Platform

File Station Seguencer Help

- Z d|r © m
Configure DUT  Load Save | Stat Abot Pause

5 [ a
Print Propeties | Log List

=-/EIP% PCle - 2.0, EndPoint ASIC

=

=-[V] ¥ Calibration

Offline

ul

HOT 15| Calibration

Procedure Error Case Behavior

Proceed With Next Procedurs

WO CM Sinusaidal Interference Calibration
HOY Eye Height Calibration
MO Eye Height Verification

¥O% Random Jitter Calibration

0K 151 Calibration

0K CM Sinusoidal Interference Calibration
ﬂ Eye Height Calibration

ﬂ Eye Height Verfication

Lane0
HOT Compliance Test
HOY Jitter Tolerance Test
ﬂ Senstivity Test

Mo 50GT/s

Procedure Failed Case Behavior

Proceed With Next Procedurs

0

¥ Transmitter Repetitions

Severity Message Date

Progress  Instrument Connections: 1/30/2018 1:14:53 PM
Progress  Opening offline connection to MB020A J-BERT at TCPIPD::152.168.0.133:inst0::INSTR 1/30/2018 1:14:53 PM
Frogress  Opening offine connection to NETIO at 132.168.0.104usemame password 1/30/20718 1:14:53 PM
Progress  Opening offline connection to DSO Infiniium Series at TCPIP0::192.168.0.103:inst0::INSTR 1/30/2018 1:14:53 PM
Progress  Opening offline connection to N5393C =t 192.168.0.103 1/30/2018 1:14:53 PM
Progress  Opening offline connection to BIT-2100 Switch at TCPIP0::152.168.0.5::5025:.S0CKET 1/30/2018 1:14:53 PM

Info N5S50A Test Automation Software Platform startup complete! 1/30/2018 1:15:04 PM
Ready | Mot Running PCle Station .

82

Figure 45 Gen1 & Gen2 ASIC Tests
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Calibration

Common Calibration Parameters:

Scope Connection for Calibration:

All calibrations can be done with either a differential probe or a
single ended direct connection on two channels, with one exception
that the Common Mode Optimization can only be done with a
differential probe.

Jitter Unit:

All the jitter parameters can be displayed in time or in unit interval.
The graphics results are represented in the chosen unit.

PCle1 M8048A ISI Channel:

The M8048A ISI Channel used for PCle1 ASIC Rx Calibration.
PCle1 M8048A ISI Channel Emulation:

Set to true if use the internal I1SI of the M8020A, otherwise false.
PCle2 M8048A ISI Channel:

The M8048A ISI Channel used for PCle2 ASIC Rx Calibration.
PCle2 M8048A ISI Channel Emulation:

Set to true if use the internal ISI of the M8020A, otherwise false.
PCle1 JBERT ISI Channel:

The JBERT ISI Channel used for PCle1 ASIC Rx Calibration.
PCle2 JBERT ISI Channel:

The JBERT ISI Channel used for PCle2 ASIC Rx Calibration.
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2.5G/5G RJ Calibration

Purpose and Method

In the Rx tests, the input signal will be stressed with a combination of jitter
sources to simulate the possible impairments 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, so the jitter
amplitude is calibrated.

The test automation calibrates six equally spaced RJ values (from O to
10ps). The JBERT sends a clock pattern during this calibration procedure.
The actual jitter is measured on a DSO using the RJ/DJ-separation
software EzJIT.

The calibration data is stored in a caltable
(Pcie<generation>_ASIC_RandomJitter_<ISI trace>.txt). There is a caltable
for Gen1 ASIC and Gen2 ASIC. For the measurements, these calibration
tables are used to calculate the RJ amplitude that needs to be set on the
generator to get the desired RJ amplitude at the test point.

Connection Setup for Random Jitter Calibration

Conrectaan Stup foe Random Mier Caldbraton
Biocking Capacitor
N SMPYSMA Adapter
@ 500 Termination

- 1
ng

PBDL
4 &9 o
o .|

- M e WIIREC black.
Cannsct the NSGSEC blocking capacion ko 24,4 D+ and 24.4 D of MEIA-002
o 002 Tand3 cable arves s he FLX bests and

e
SMPSMA sdapters

/=]

Figure 46 Connection Setup using JBERT_M8020A (with M8048A-002)
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Connection Setup for Randses Mter Cabbiation

Blockrg Capactor
. SMPISMAAdigter
@ 500 Temnmcn

- Mount fhe NUSEC blocking capaciiors 35 DATA DU and DATA OUT BAR of MBIZDA
1and 3. Lise e P gt wil

{aciapters.

Tenmanate all connesices a3 it aed

==

Figure 47 Connection Setup using JBERT_M8020A (with ISI Channel Emulation)
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_ Connection Setup for Random Jitter Calibration

Blocking Capacitor
Bl SMP/SMA Adapter
@ 50 O Termination

- Connect two N3338C blocking capacitors to the pick-off tees outputs.

- Connect CLK OUT to ERROR DETECTOR CLK IN.

- Connect DATA OUT and DATA QUT BAR of N4903B to P1 and P1 BAR of the N4303B J20 module.

- Connect P2 and P2 BAR of the N4303B J20 module to RF IM of the pick-off tees.

- Connect DATA OUT and DATA OUT BAR of N81150A Pulse Function Arbitrary Generator to DC IN of the pick-off tees.

- Connect the N4303B Data Outputs to Data Inputs of the N5380 Probe. Use the same phase matched SMA/SMP cable pair that will be connected to the Rx lanes in the RX tests and SMP/SMA
adapters.

- Add Short to Center Connector of the Differential Probehead.

- Terminate all connectors as indicated

Figure 48 Connection Setup for Random Jitter Calibration with JBERT_N4903B

Parameters in Expert Mode
None

Used Calibrations
None
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Procedure Report

An example of HTML worksheet for Random Jitter Calibration procedure is
shown in Figure 49.

LO_Cal_2_5GTps_RJ

150 —a— Actual Random Jitter (rms)
135 +
— 120 +
)
=]
=
£
5
=
E
=1
2
14
3
[:4
K]
i
=
-
0.0 I t + 4
0.0 20 4.0 6.0 8.0 10.0
Set Random Jitter (rms) [ps]
BERT System Heysight M20Z0A J-BERT, ME2070A, SN: DES3CO00ZE
Cffline False
Secope C ien for Calibration Chan 1 3 Direct Connect
Jitter Unit UnizIntezval
PCIel M2048A ISI Channel Channel 7, Z4 inch
PCIel M2048A ISI Channel Emulation False

0.0 1.

2.0 2.35
4.0 4.13
€.0 €.05
8.0 7.99
10.0 9.98

Figure 49 Result Description of Random Jitter Calibration

Column 1:

Set Random Jitter: It is the jitter amplitude set in the instrument.
Column 2

Actual Jitter: It is the measured jitter amplitude.
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2.5G/5G ISI Calibration

Purpose and Method

In ASIC Rx tests, Inter Symbol Interference is generated to provide a close
to real environment. Due to system intrinsic jitter, the effective jitter level is
different from the value set in the data generator, so the jitter amplitude is
calibrated.

The test automation calibrates the ISI trace that has been previously
selected in the Configure DUT dialog (see Figure , “”). ISI can be injected
routing the signal though the M8048A ISl traces or can be generate
internally with the M8020A (see Figure 19, “Channels section for 2.5GT/s
and 5.0GT/s using JBERT_M8020A”. The actual value is calculated as the
difference between the eye width when the JBERT sends a clock pattern
and the eye width when it sends the compliance pattern. The eye width is
measured with a DSO using horizontal histograms.

The calibration data is stored in a caltable
(Pcie<generation>_ASIC_ISI_<ISI trace>.txt). There is a caltable for gen1
ASIC and one for gen2 ASIC. For the measurements, these calibration
tables will be used to display the ISI amplitude.

Connection Setup for ISI Calibration

Same as Connection Setup for Random Jitter Calibration on page 84.

Parameters in Expert Mode

None

Used Calibrations

None

Procedure Report

Examples of HTML worksheet for ISI Calibration procedure are shown in
Figure 50.

L0_Cal_2_5GTps_ISI Cal

BERT System Keysight MB020A J-BERT, MA8020A J-BERT, SN: Unknown
Offline True

Scope Connection for Calibration Chan 1 3 Direct Connect

Measured
ISI [ps]

48.0
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Figure 50 Result Description of ISI Calibration using JBERT_M8020A

Column 1:
Measured ISI: It is the measured ISI.
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2.5G/5G CM Sl Calibration

Purpose and Method

For the N4903B setup, Common Mode Sinusoidal Interference (CMSI) is
generated with a 81150A function generator and coupled into to the data
signal with pick off tees. For M8020A setup, the CMSI is generated
internally. In both cases, the resulting amplitude at the input of the Rx is
attenuated and needs to be calibrated.

The test automation calibrates seven equally spaced CMSI amplitudes.
The minimum amplitude is OmV and the maximum, is the maximum value
that the data generator can generate.

For this calibration, the data generator sends the IDLE pattern. In every
step, the CMSl injected is measured with a DSO.

The calibration data is stored in a caltable
(Pcie<generation>_ASIC_Cmlinterference_<ISI trace> .txt). There is a
caltable for gen1 ASIC and one for gen2 ASIC. For the measurements
these calibration tables will be used to adjust the voltage amplitude to the
desired output CMSI.

Connection Setup for CM Sinusoidal Interference Calibration

Same as Connection Setup for Random Jitter Calibration on page 84.

Parameters

Number of Averages: For details, refer to Table 3, “Common
Parameters for Calibration groups”.

Used Calibrations

None

Procedure Report

An example of HTML worksheet for CM Sinusoidal Interference Calibration
procedure is shown in Figure 57.
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LO_Cal_2_5GTps_CM_SI
for PCle 1.1 EndPoint ASIC

500.0 ! T T T

—m— Measured CM SI Amplitude
450.0 + 4

400.0

T
L

350.0 + 4

300.0

t
1

250.0 + 4
200.0 ¥ 4

150.0

T
1

Measured CM SI Amplitude [mV]

100.0 4

T
L

500 + 4

0.0 —t it : -
00 800 1600 240.0 3200 400.0

Set CM S| Amplitude [mV]

BERT Systenm Keysight M3020A J-BERT, M8020A J-BERI, SN: Unknown
Offline Tzue
Scope Connection for Calibration Chan 1 3 Direct Connect

Figure 51 Result Description of CM Sinusoidal Interference Calibration

Column 1:

Set CM SI Amplitude [mV]: It is the CM Sl set at the 81150A.
Column 2:

Measured CM SI Amplitude [mV]: It is the measured jitter amplitude.
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2.5G/5G Eye Height Calibration

Purpose and Method

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

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

For this calibration, the data generator sends the compliance pattern. It
adds random jitter, ISI, swept sinusoidal jitter, CMSI to the signal. For
generation 2, it adds high frequency sinusoidal jitter and SSC residual to
the signal. The eye height is measured in the scope using horizontal
histograms.

The calibration data is stored in a caltable
(Pcie<generation>_ASIC_EyeHeight_<ISI trace>.txt). There is a caltable for
genl1 ASIC and one for gen2 ASIC. For the measurements these calibration
tables will be used to adjust the differential voltage amplitude to the
desired eye height.

Connection Setup for Eye Height Calibration

Same as Connection Setup for Random Jitter Calibration on page 84.

Parameters in Expert Mode

Verification Mode

Used Calibrations

Random Jitter Calibration
ISI Calibration
CM Sinusoidal Interference
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Procedure Report

An example of HTML worksheet for Eye Height Calibration procedure is
shown in Figure 52.

LO_Cal_2_5GTps_Eye-Height

1700.0 T T T T

—a— Measured Eye Heigh
1530.0 + 3

1360.0 + 1
1190.0 + 1
1020.0 + 1
850.0 T 1
680.0 T 1

510.0 + 1

Measured Eye Height [mV]

340.0 4+ ]
170.0 + ]

200.0 540.0 880.0 1220.0 1560.0 1900.0
Set Diff Voltage [mV]

BERT System Heysight MB020A J-BERT, M8020R J-BERI, SN: Unknown
Offline Tue

Scope Connection for Calibration Chan 1 3 Direct Connect

1200 1022
1500 1278
1800 1533

Figure 52 Result Description of Eye Height Calibration

Column 1:

Set Diff Voltage [mV]: It is the differential voltage amplitude set in
the instrument.

Column 2:
Measured Eye Height [mV]: It is the measured eye height amplitude.
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Procedure Report

An example of HTML worksheet for Eye Height Verification procedure is
shown in Figure 53.

LO_Ver_2_5GTps_Eye Height

Offline True
Scope Connection for Calibration Chan 1 3 Direct Connect
PCIel M2048R ISI Channel Ch7 Z24inch

PCIel M30482& ISI Channel Emulaticon False

IIIII%HEIHHIIIIII i

pass

Figure 53 Result Description of Eye Height Verification

Column 1:

Result: Pass or Fail
Column 2:

Measured Eye Height [mV]: It is the measured eye height amplitude.
Column 3:

Target Eye Height [mV]: It is the target eye height amplitude.
Column 4:

Min Spec Eye Height [mV]: It is the minimum spec eye height
amplitude.

Column b:

Max Spec Eye Height [mV]: It is the maximum spec eye height
amplitude.
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Receiver

Common Receiver Parameters

Receiver Specific

Reference Clock

Data Rate Specific

Loopback Training
Link Training Mode
Link Training Suite Settings File,
Default Link Training Lane Number for every Lane
Suppress Loopback Training Messages
Use Gen3 EIEOS
Use Custom Training Voltage

Error Detector
Use CDR
CDR Loop Bandwidth
CDR Use SSC
Filter Gen1/Gen?2 SKPQOs for BER test
Peaking
Analyzer Equalization
Sensitivity Mode
Polarity

BER Measurement
Relax Time

Lane Specific

Link Training Lane Number

Please refer to Table 4, “Common Parameters for Receiver groups”.
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2.5G/5G Rx Compliance Test

Purpose and Method

This test determines if the DUT meets the receiver specifications. The
procedure measures the BER when all jitter types and the eye height are
set to their spec limit values (maximum for jitter, minimum for eye height).
In expert mode these values can be changed.

Connection Setup for Compliance Test

Connection Setup for Jitter Tolerance Test

Blocking Capactior
Blocking Capacitor (Optional)
@ 500 Tesmination

to DATA QUT and DATA OUT BAR of MEDZ0A
N9393C blocking 24,4 D+ and 24,4 D- of M3042A-002.

- Connect D+ Out and D- Out of MED4EA-002 to Rx+ and Rx- of the test fixture.

- Connect Tx+ and Tx- of the test fodure to MED20A Data Inputs.

- Connect Channel IN1 of the Power Switch to the Power Supply

- Terrninate all connectors as indicated

Figure 54 Connection Setup using JBERT_M8020A for Common Clock
Architecture and no External ref clock
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[« ion Setup for C Ji Test - a X

Blockng Cazector

"7 Blocking Cagactor (Optensl)
@ 500 Termnation

ders lo the the test fixture reference

OUT and CLK OUT BAR of the External z Clock Source to the Power Dividers
P Positive Output of the Power Dividers to ME020A REF CLK IN

- Connect D+ Out and O- Out of MB048A-002 to Rx+ and Rx- of the test fixture.

- Connect Tx+ and Tx- of the test fixture to M8020A Data Inputs.

- Connect Channel IN1 of the Power Switch to the Power Supply

- Termi all as indi d

Figure 55 Connection Setup using JBERT_M8020A for common clock architecture
external ref clock

Parameters in Expert Mode

1 Compliance Test
ISI:
CMSI Frequency
CMSI Amplitude
2 Generator Jitter
Random Jitter
Swept sinusoidal Jitter
SSC Residual (only for 5.0Gbit/s)
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3 Eye Height
Eye Height

4 BER Measurement
BER Mode
Target BER

Confidence Level
BER Measurement Duration
Allowed Bit Error

Used Calibrations

Random Jitter Calibration

ISI Calibration

CM Sinusoidal Interference Calibration
Eye Height Calibration

Procedure Report

An example of HTML worksheet for Compliance Test is shown in Figure 56.

LO_Rx_2_5GTps_Complian

PCle 1.1 EndPoint ASIC

Specification:
Eye Height for Transition Bits <= 175 oV
Total Jitter(peak-peak)] »= 2400 ps

Test Properties:

Offline False

Link Training Lane Number 0

Link Training Mode JBERT Link Training
Link Training Suite Settings File C:\ProgramData‘\BitifZya\l
Suppress Loopback Training Messages False

Use CDR True

CDR Leoop Bandwidth 3.75 MHz

Peaking 1 48

Rnalyzer Equalizaticn 0ff

Sensitivity Normal

Polarity Normal

Relax Time 1s

Target BER [ ] | BER [ ]

pass 1.000E-012 O.000E+000
Figure 56 Result Description of Compliance Test
ColumnT:

Result: The BER measured should be smaller than the Target BER.
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Column 2:

BER: It is the target BER.
Column 3:

BER: It is the measured BER.
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2.5G/5G Rx Jitter Tolerance Test

Purpose and Method

This test procedure searches the maximum sinusoidal jitter at which the
DUT passes the BER test.

There are different methods to find the jitter tolerance limits. It can be
selected with “search algorithm” parameter as: Binary, Linear, Linear with
two sizes, Linear with Hysteresis or Logarithmic.
If Binary is selected, the binary search algorithm is used. At first, the
jitter amplitude is set to the middle of the tested range. When the
BER test passes it goes forward and when the test fails it goes down,
At each step, the step size is reduced until the target resolution is
reached.

If Linear is selected, the test uses the defined step size to go linearly
from “Start Jitter” up until the BER test fails.

If Linear with two step size is selected, the test first uses relatively
large steps to go linearly from “Start Jitter” up. When BER test fails
it goes back to the last passed point and steps up again with small
steps until an error is found again.

If Linear with Hysteresis is selected, the test first uses relatively large
steps to go linearly from “Start Jitter” up. When BER test fails it goes
back down with mid-sized steps until it passes again. From there it
steps up again with small steps until an error is found again.

If Logarithmic is selected, the test uses the defined step factor to
increase with a logarithmic scale from “Start Jitter” up until the BER
test fails.

The maximum passed value is the last test point that did not return an
error. All of this happens separately for each frequency.

Jitter Tolerance Test is available only in Expert Mode.

Connection Setup for Jitter Tolerance Test
Same as Connection Setup for Compliance Test on page 96”.

Parameters in Expert Mode

1 Jitter Tolerance Test
ISI.
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CMSI Frequency
CMSI Amplitude
2 Sinusoidal Jitter Variation
Frequency Mode
Frequency Scale
Start Frequency:
Stop Frequency
Frequency Steps
Search Algorithm:

The Binary search is not recommended for devices with a long recovery
time.

Frequency Points
Jitter Step Size
Jitter Step Factor

Jitter Start Value: The start jitter amplitude used to search the “Max
passed jitter” at each frequency. For “User Defined Frequencies”, the
start amplitude can be defined individually for each frequency point.

Show Min Failed Points
3 Parameter
Force Retraining on Each Frequency
4 Generator Jitter
Random Jitter
HF Sinusoidal Jitter (only for 5.0Gbit/s)
HF Sinusoidal Jitter Frequency (only for 5.0Gbit/s)
SSC Residual (only for 5.0Gbit/s)
5 Eye Height
Eye Height
6 BER Measurement
BER Mode
Target BER
Confidence Level
BER Measurement Duration
Allowed Bit Error
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For details refer to Table 6, “Procedure Parameters for Receivers”.

Used Calibrations

Random Jitter Calibration

ISI Calibration

CM Sinusoidal Interference Calibration
Eye Height Calibration

Procedure Report

An example of HTML worksheet for Jitter Tolerance Test procedure is
shown in Figure 57.
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LO_Rx_2_5GTps_Jit Tol

PCle 1.1 EndPoint ASIC

2.5GT/s &5.0 GT/s ASIC Tests

950.0 .
855.0 1 —
——
760.0 1 -
665.0 ]
2 5700 ]
£ 4750 .
=
5
= 3800 + 4
: b\‘-_‘\_'\/'_‘_'\‘
285.0 + 4
190.0 + 4
95.0 + E
0.0 - 4
10! 10%
Sinusocidal Jitter Frequency [MHz]
Fandom JitTer E.4 pa
BER Mode TacgeBaz
I
Confidence Level 95 4
Falae
0 ppa

JEERT Link T

g Suite Sestings Fale €1\ PrograsDat
© Link Training Lane Wamber for

svery Lane ure
Suppzess Lecpback Training Hessages Fale
tae c32 Toos
IR Loop Bandwidsh 3.75 W
Peaking a8
Anslyeus Tquelisarion see
Sensizivicy Vormal
selazsny -

Min Spec
Measured ISI

Jitter Capability Test Setup
Max Passed Total Jitter

Min Failed Total Jitter

oL ValiTrame  Setsings\ FCTe\ TradningSoriptet Poiel_166_XI030A_toopback. tx

2 51.87
pass 3814 417.30 415 30 51.87
pass €.082 384 66 452 €€ 51.87
pass 5659 33466 352 _6€ 51.87
pass 15 466 327.11 325.11 51.87
pass 14662 33544 357 44 51.87
pass 33327 41144 405 44 51.87
pass 62.711 40144 355 44 51.57
pass 100.000 345.89 34389 51.87

Figure 57 Result Description of Jitter Tolerance Test

Column1:

240,00
240,00
240,00
240,00
240,00
240,00
240,00
240,00

Result: Max passed jitter should be bigger than min spec.

Column 2:

7.0
€36
€36
38,5
€56
70.6
€6.4
433

Sinusoidal Jitter Frequency [MHz]: It is the tested frequency points.

Column 3:
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Min Failed Total Jitter [ps]: It is the minimum jitter that failed the
test.

Column 4:

Max Passed Total Jitter [ps]: It is the maximum jitter that passed the
test.

Column b:

Jitter Capability Test Setup [ps]: It is the maximum jitter that the
hardware can generate.

Column 6:
Measured IS [ps]: It is the measured BER.
Column 7:

Min Spec [ps]: It is the minimum jitter that has to pass the test to
meet the specification.

Column 8:

Margin [%]: It is the margin between the max passed jitter and the
specification.
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2.5G/5G Rx Sensitivity Test

Purpose and Method

This test searches the minimum eye height at which the DUT passes the
BER test. The method starts with “Start Eye Height” and decreases with
steps of “Step Size”. The minimum passed value is the last test point that
did not return an error.

Sensitivity Test is available only in Expert Mode.

Connection Set up for Sensitivity Test

Same as Connection Setup for Compliance Test on page 96.

Parameters in Expert Mode
1 Sensitivity Test
ISI
CMSI Frequency
CMSI Amplitude
2 Generator Jitter
Use Jitte.
Random Jitter
Swept sinusoidal Jitter
HF Sinusoidal Jitter (only for 5.0Gbit/s)
HF Sinusoidal Jitter Frequency (only for 5.0Gbit/s)
SSC Residual (only for 5.0Gbit/s)
3 Eye Height
Loopback Training Eye Height
Start Eye Height
Stop Eye Height
Step Size
4 BER Measurement
BER Mode
Target BER
Confidence Level
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BER Measurement Duration
Allowed Bit Error

For details refer to Table 6, “Procedure Parameters for Receivers”.

Used Calibrations

Random Jitter Calibration

ISI Calibration

CM Sinusoidal Interference Calibration
Eye Height Calibration

Procedure Report

An example of HTML worksheet for Sensitivity Test Calibration
procedure is shown in Figure 58.
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LO_Rx_2 5GTps_Sensitiv
PCle 1.1 EndPoint ASIC
Specification:

Eye Height for Transition Bits <= 175 mV

Test PFroperties:

Offline False
Loopback Training Eye Height 175 oWV
CMSI Fregquency 1z0 MH=
CHMSI Amplitude 300 mW
Use Jitter True
Random Jitter 5.4 ps3
Swept Sinuscidal Jitter 112.83 ps
Start Eye Height 185 mV
Stop Eye Height 50 mV
Step Size 10 mv
BER Mode TargetBer
Target BER 1E-%
Confidence Lewvel 35 %
Link Training Lane Number a

Data Rate Deviation 0 ppm
Link Training Mode JBERT Link Training
Link Training Suite Settings File C:\ProgramData‘\BitifEye\V
Default Link Training Lane Number for ewvery Lane RAuto
Suppress Loopback Training Messages False

Use CDR True

CDR Loop Bandwidth 3.75 MHz
Peaking 1 dB
Analyzer Equalization Off
Sensitivity Normal
Polarity Normal
Relax Time 1=
Jitter Unit Time

Min Spec S
R

175.0 8Z.3

Figure 58 Result Description of Sensitivity Test

Column1:

Result: It is the Min Passed Eye Height measured that should be
smaller than the Min Spec.

Column 2:

Min Passed Eye Height [mV]: It is the smallest eye height at which

the DUT passes the BER test.
Column 3:

Min Spec [mV]: It is the smallest eye height at which the DUT has to

pass the BER test to meet the specification.
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Column 4:

Margin [%]: It is the margin between the Min Passed Eye Height and
the Min Spec.
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Receiver Setup (Only for Debugging) -

2.5G/5G Rx Compliance Setup

Purpose and Method

The purpose of this procedure is to configure the data generator with the
parameters needed in the Compliance Rx test using the calibration data
saved on the PC where N5990A software is running. The method begins
like Compliance test but then the test will not run, it only leaves the setup
prepared. The set parameters are the differential amplitude, random jitter,
swept sinusoidal jitter and common mode sinusoidal interference.

Connection Setup for Receiver Setup
Same as Connection Setup for Compliance Test on page 96.

Parameters in Expert Mode
1 Compliance Test
ISI
CMSI Frequency
CMSI Amplitude
2 Generator Jitter
Random Jitter
Swept sinusoidal Jitter
SSC Residual (only for 5.0Gbit/s)
3 Eye Height
Eye Height

Used Calibrations

Random Jitter Calibration

ISI Calibration

CM Sinusoidal Interference Calibration
Eye Height Calibration

For details refer to Table 6, “Procedure Parameters for Receivers”.

Procedure Report

None
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8.0 GT/s ASIC Tests

Calibration

112

For details refer to Table 6, “Procedure Parameters for Receivers”.

Common Calibration Parameters

Scope Connection for Calibration
Transfer Function File for Package Model on Scope:
Transfer Function File for Replica on Scope:
Transfer Function File for Replica and Package Model on Scope:
Step Response Low Time:
The length before the low to high transition in Uls.
Step Response High Time:
Number of Averages for Step Response
UXR Calibration Mode
Sampling Rate
Range to Signal Ratio

For details refer to Table 5, “Procedure Parameters for Calibrations”.
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8G TxEq and Launch Voltage Calibration

Purpose and Method

This procedure calibrates the De-emphasis, Pre-shoot and DC amplitude
right behind the couplers which add the DM and CM interference to the
test signal (TP1).

This calibration has to be done with a equalization pattern. The whole
de-emphasis and pre-shoot range are calibrated. For this, the
de-emphasis is set from -6 to 0 dB with 1dB step. At each step, the
de-emphasis, pre-shoot and differential voltage amplitude are measured
with the oscilloscope. This is repeated for several pre-shoot settings: from
0 to 6 dB with 1dB step. The Launch Voltage is always fixed to 800mV.

The Launch Voltage should be initially calibrated to 800mV for all other
calibrations. It is allowed to change the Launch Voltage later to adjust the
eye height or eye width.

For the short and long channel the voltage cannot be measured directly at
TP1 because it is inside a box and thus not accessible. In that case, the
voltage is measured at the end of the channel and the voltage at TP1 is
calculated over the DC resistance of the channel.

The calibration data is stored in a caltable caltable
(Pcie3Asic_<channel>_Vdiff.txt, Pcie3Asic_<channel>_DeEmphasis.txt,
Pcie3Asic_<channel>_PreShoot.txt) . For the measurements these
calibration tables will be used to adjust the differential voltage amplitude
to the desired output value.
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Connection Setup for TxEq and Launch Voltage Calibration

Connection Setup for 26 EQ and Launch Voltage Calibration - o

x

Blocking Capacitor
@ 50 0 Termination

® o 0 o ololol ol

|- Mount the N9398C blocking capacitors to DATA OUT and DATA OUT BAR of M8020A
|- Connect the N9388C blocking capacitors to oscilloscope channels 1 and 3. Use the same 1m long phase matched Huber+Suhner SF104 cable pair (or equivalent) that will
b= connected tothe Rx lanes in the RX tests.

|- Terminate all connectors as indicated.

Figure 59 Connection Setup for TxEq and Launch Voltage Calibration using
JBERT_MB8020A

Parameters in Expert Mode

EQ Calibration Pattern
Verification Mode
Generator
Set Amplitude
Oscilloscope
Scope Bandwidth
Number of Waveform Averages

For details refer to Table 5, “Procedure Parameters for Calibrations”.

Used Calibrations

None

Procedure Report

Examples of HTML worksheet for TxEq and Launch Voltage Calibration
procedure are shown in Figure 60, Figure 61 and Figure 62.
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7.0 T T T T

—e— DE (0 dB)
] —e— DE(-1dB)
6.2 & 4 —=— DE(-2dB)
1 —+— DE (-3 dB)
54 I 1 —a&— DE (-4 dB)
- | —e— DE(-5dB)
— 1 —a&— DE (-6 dB)
m 46 + 3
=2 h
8 38 1 1
o ]
0? ]
E 3.0 + —
L=
£ 221 ]
8} 4
[u)
2 14 F §
06 + B
02 F ]
-1.0 ——t b e
0.0 1.2 2.4 3.6 4.8 6.0
Set Pre-Shoot [dB]
EERT 3ystem FKeysight M8020A J-EERT, ME8020A J-EERI, 3NH: Unknown
Generator Channel Channel M1._DataOutl
QOffline True
Kumber of Waveform Averages 128
Verification Mode Fal=se
3cope Connection for Calibration Chan 1 3 Direct Connect

Transfer Function File for Package Model on 3cope PCIe3RxPackageModel. t£2

3tep Response Low Time 8 UI

3tep Response High Time 112 UI
Yumber of Averages for 3tep Response 2048

Jitter Unit UnitInterval

et Pre-Shoot|DE (-€ dB} |DE (-5 dB} | DE (-4 dB} | DE (-3 dB} |DE (-2 dB} | DE (-1 dB} DE (0 dB}
[dE] [dE] [dE] [dE] 1 [dE] [dE] [dE]
.00 0.00 a.00 a.00 .00 .00 a.00 .00

a a a

1.00 1.00 i.00 i.00 1.00 i.00 i.00 1.00
2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
3.00 3.00 3.00 a.o0 3.00 3.00 a.o0 a.00
4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
€.00 €.00 €.00 €.00 €.00 €.00 €.00 €.00

Figure 60 Result Description of TxEq and Launch Voltage Calibration

ColumnT:
Set Pre-Shoot: It is the pre-shoot value set at the signal generator
Column 2,3,4,5,6,7,8:

DE (x dB): It is the pre-shoot measured with the scope when the
de-emphasis is set to xdB.
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LO_Cal_8GTps_DE

for PCle 3.0 EndPoint ASIC

1.0 - 1 | | 1 —e— PS (6 dB)
1 —8— PS (5dB)
0.2 + 4 —¢ PS(4dB)
1 —— PS (3 dB)
06 1 ] —— Ps(2dB)
1 —e— PS (1dB)
iy ] —&— PS (0dB)
o -14 + 1
o ]
o B
£y -
& ]
5 830 1
[a] ]
® 38+ .
3 4
H4 b
v -46 | 4
2 ]
54 5_ ]
6.2 F ]
-7.0 4 t t f f
-6.0 -4.8 -3.6 -2.4 -1.2 0.0
Set De-Emphasis [dB]
BERT 3dystem Feysight MO020A J-EERT, ME020A J-BERTI, 3K: Unknown
Generator Channel Channel M1l.DataCutl
Qffline True
Humber of Waveform Averages 128
Verification Mode Fal=e
3cope Connection for Calibration Chan 1 3 Direct Connect
Transfer Function File for Package Model on 3cope PCIle3dBRxPackageModel. t£2
3tep Re=pon=e Low Time 8 UI
3tep Respon=e High Time 112 UI
Number of Averages for 3tep Response 2048
Jitter Unit TUnitInterval
Emphasis [dBE] [dE] [d4E]
-€.00 -€.00 -€.00 -€.00 -€.00 —-€.00 —-€.00 -€.00
-5.00 -5.00 -5.00 -5.00 -5.00 -5.00 -5.00 -5.00
—-4.00 -4._00 -4._00 -4.00 -4.00 —-4.00 -4.00 -4.00
-3.00 -3.00 -3.00 -3.00 -3.00 -3.00 -3.00 -3.00
-2.00 -2.00 -2.00 -2.00 -2.00 -2.00 -2.00 -2.00
-1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
a.o00 o.00 o.00 o.00 o.00 0.00 0.00 0.00
Figure 61 Result Description of TxEq and Launch Voltage Calibration
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Column1:

Set De-Emphasis: It is the de-emphasis value set at the signal
generator

Column 2,3,4,5,6,7,8:

PS (x dB): It is the de-emphasis measured with the scope when the
pre-shoot is set to xdB.
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LO_Cal_8GTps_Vdiff

for PCle 3.0 EndPoint ASIC

71— oE (0

] ] —e— DE(-

960.0 T b —»— DE (-

i ] —— DE(-

I E —a— DE (~

9200 | DE (-

r 1 —a— DE (-
8800 + ]
E b ]
E 8a00 L ]
3 ~ |
3 8000 - s s s o ;
2 7600 + ]
QO L 4
E o
7200 1 ]
680.0 I
640.0 T ]
600.0 + : ,- : ; ]
0.0 1.2 2.4 3.6 4.8 6.0

Set Pre-Shoot [dB]

BERT 3y=tem
Generator Channel Channel
Offline

Number of Waveform Everages
Verification Mode

3cope Connection for Calibration

Transfer Function File for Package Model on 3cope

3tep Responze Low Time
3tep Responze High Time
Number of Averages for Step Response

Jitter Unit

et Pre-3hoot|DE (-€ dB} DE [ dB} DE (-4 dB}
[dE] [mV] [mV] [mV]
ao

a.00 goo. goo.oo0 8o0o.o0
i.00 goo.oo0 goo.oo0 8o0o.o0
2.00 goo.oo0 goo.oo0 8o0o.o0
a.o00 goo.oo0 goo.oo0 8o0o.o0
4.00 goo.oo0 goo.oo0 8o0o.o0
5.00 goo.oo0 goo.oo0 8o0o.o0
€.00 goo.oo0 goo.oo0 8o0o.o0
Figure 62

Eeysight M8020& J-BERT, M8020A J-BERT,
Ml.DataCutl

True

izs

Fal=e

Chan 1 3 Direct Connect
PCIe3RxPackageModel. t£2

8 UI

112 UI

2048

UnitInterval

800.00 800.00 goo.o0 ao
800.00 800.00 goo.o0 ao
800.00 800.00 goo.o0 ao
800.00 800.00 goo.o0 ao
800.00 800.00 goo.o0 ao
800.00 800.00 goo.o0 ao

Result Description of TxEq and Launch Voltage Calibration
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ColumnT:
Set Pre-Shoot: It is the pre-shoot value set at the signal generator
Column 2,3,4,5,6,7,8:

DE (x dB): It is the pre-shoot measured with the scope when the
de-emphasis is set to xdB.
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8G RJ Calibration

Purpose and Method

In the Rx tests, the input signal will be stressed with a combination of jitter
sources to simulate the possible impairments 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, so the jitter
amplitude is calibrated.

The test automation starts with small RJ amplitudes and increases them in
steps defined by the “Random Jitter Step Size” parameter under “Stop
Jitter”. It measures the corresponding amplitude for every set amplitude.
For this purpose, the EasyJit+ application running on the real time scope is
used.

The calibration data is stored in a caltable
(Pcie3Asic_<channel>_RandomJitter.txt). For the measurements these
calibration tables will be used to adjust the RJ amplitude to the desired
output RJ amplitudes.

Connection Setup for Random Jitter Calibration

Same as Connection Setup for TxEq and Launch Voltage Calibration on
page 114.
Parameters in Expert Mode

Verification Mode

Random Jitter Step Size: It is the step size that define how much jitter is
increased for every step.

Stop Random Jitter: It is the maximum RJ amplitude that is calibrated.

Used Calibrations

None

Procedure Report

An example of HTML worksheet for Random Jitter Calibration procedure is
shown in Figure 63.
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LO_Cal_8GTps_RJ

forPCle 3.0 EndPoint ASIC

9.0 L ] i | ’ | | —m— Measured Random Jitter
81 + E
7.2 + E
g :
- 6.3 +
< 3
S 541
g 1
3 ¥
c 45 +
T r
o :
E 3.6 T
= L
& 271
[:4] L
= 3
18 I
09 3 |
0.0 +~ : : L
0.0 1.2 2.4 3.6 4.8 6.0
Set Random Jitter [ps]
EERT 3ystem FKeysight M8020A J-EERT, ME8020A J-EERI, 3NH: Unknown
Generator Channel Channel M1.Datalutl
QOffline True
3top Random Jitter 48 mUI
Random Jitter 3tep 3Jize 8 mUI
3cope Connection for Calibration Chan 1 3 Direct Connect

Transfer Function File for Package Model on 3cope PCIe3RxPackageModel. t£2

3tep Response Low Time 8 UI

3tep Response High Time 112 UI
Yumber of Averages for 3tep Response 2048

Jitter Unit UnitInterval

Measured

Set Random Jitter [p=] p'?mlm
Jitter
[p=1
0. -
1.00 1.45
2.00 2.30
3a.o0 a.23
4.00 4.18
5.00 5.15
€.00 €.13
Figure 63 Result Description of Random Jitter Calibration
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Column 1:

Set Random Jitter [ps]: It is the jitter amplitude set in the
instrument.

Column 2:
Measured Random Jitter [ps]: It is the measured jitter amplitude.
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8G Insertion Loss Calibration

Purpose and Method

The Insertion Loss (IL) of the calibration channels + the replica channel
must be in a well defined range. This calibration calculates the Insertion
Loss from the step response at 3 different de-emphasis levels. By adding
de-emphasis, IL can be reduced to a certain degree. This is used to
compensate IL during the Rx tests.

For every de-emphasis level, the insertion loss is measured from 1GHz to
4GHz with steps of TOOMHz. The IL is measured using the Seasim
software.

The calibration data is stored in a caltable (Pcie3Asic_<channel>_IL). This
cal data is used to evaluate the optimum amount of de-emphasis for the
Rx tests.

Available for hardware configurations
All
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Connection Setup for Insertion Loss Calibration

Connection Setup for Insertion Loss Calibration

Blocking Capacitor
@ 50 Q Termination

- Terminate all connectors as indicated

- Mount the N3398C blocking capacitors to DATA OUT and DATA OUT BAR of MB020A
- Connect the N3338C blocking capacitors to Foct and Rx- of the test fixture.
- Connect Tx+ and Tx- of the test fdure to oscilloscope channels 1 and 3.

124

Figure 64 Connection Setup for Insertion Loss Calibration with
JBERT_M8020A-Without Channel (channel with internal ISI)

For JBERT_M8020A, there are three ISI Channels; N915A-014,
M8048A-002 and M8041A-0Gb. To set this ISI Channel, refer to IS
Channel Customization on page 42.
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Cannectian Setip for CM Sinusoidal interference Calibration

Blocking Capacdor
@ 500 Termnation

- Mouns the N9398C blocki CATA OUT BAR of M2020A
- Conmect the NI398C blocking capacton 1o 16,1 D+ and 16.1 D- of ME042A-002
Ol P

- T+ and T of the test fisture ko cacsloscope channels 1.0md 3.
- Termanate all connectons as indicated

]

Figure 65 Connection Setup for Insertion Loss Calibration with
JBERT_M8020A-Short Channel (with ISI Channel M8048A-002)

Conmectson Setup for CM Sinutoidal Interference Calibeation

Biocking Capaciior
® 500 Teemination

- Mount the NS3SBC blocking capacitors to DATA OUT and DATA OUT BAR of MBIR0A

- Connect the NIZ9EC blockng copacion o SHORT CAL CHANNEL DATA I and SHOAT CAL CHANNEL DATA lverted IN of N49154 PCI EXPRESS 3.0 Calibration
Channels.

- Connect DATA OUT and DATA knveried QUT of N49154 PCI EXPRESS 3.0 Calibraticn Channels i Rx+ and Rx- of the tost Eature.

- Connect Tx+ and Tx- of the best fixture 1o cacilloscope channels 1 and 3.

- Terminate all connectors as indicated.

Figure 66 Connection Setup for Insertion Loss Calibration with
JBERT_MB8020A-Short Channel (with ISI Channel N4915A)
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Parameters in Expert Mode

None

Used Calibrations

Generator Launch Voltage Calibration
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LO_Cal_8GTps_ShCh_IL

for PCle 3.0 EndPoint ASIC

0.0 R R R | —— Insertion Loss at -2dB de-emphasis
—— Insertion Loss at -1dB de-emphasis
-15 + ] —— Insertion Loss at 0dB de-emphasis
3.0 F 4
_ 45
g
W 60
[
2 15
i
=]
T 90
[z
£
-10.5
-12.0
-135 + 4
-15.0 + I +——} +——} +
1.0 1.6 22 28 34 4.0
Frequency [GHz]
SERT System Keysignt ME020A J-BERT, ME020A J-BERT, SN: Unknown
Generator Channel Chanmel M1.Daca0ucl
offline True
Scope Connection for Calibration Chan 1 3 Direct Commect

Transfer Function File for Package Model on Scope  PCIe3RxPackageModel.tf2

Step Response Low Time 8 ur
Step Response High Time 112 U1
Number of Averages for Step Response 2088

Jitter Univ UnicInserval

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.90 =10.85 =10.88 =10.68
2.00 =11.00 =11.00 =11.00
2.10 -11.45 -11.45 =11.4%
2.20 =11.%0 =11.90 =11.90
2.30 =12.35 =12.35 =12.35
2.40 -12.80 -12.80 -12.80
2.80 ~-13.28 -13.28 -13.28
2.60 =13.70 -13.70 =-13.70
2.70 -14.185 -14.15 =14.1%
2.80 -14.60 -14.60 -14.60
2.%0 =15.08 =15.08 =15.06
3.00 -15.50 -15.50 =-15.50
3.10 -15.98 -15.98 -15.98
3.20 -1€.40 =16.40 -16.40
3.30 -16.85 -16.85 -16.85
3.40 -17.30 -17.30 -17.30
3.80 =17.78 =17.78 =17.7%
3.60 -18.20 -18.20 -18.20
3.70 -18.65 -18.65 -18.65
3.80 -19.10 -19.10 -19.10
3.%0 =19.55 =19.55 =19.5§5
4.00 -20.00 -20.00 -20.00

Figure 67 Result Description of Insertion Loss Calibration
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Column 1:
Frequency [GHZ]
Column 2:

Insertion Loss at 0 dB deemphasis [dB]: It is the insertion loss at O
dB de-emphasis.

Column 3:

Insertion Loss at 1 dB deemphasis [dB]: It is the insertion loss at 1
dB de-emphasis.

Column 4:

Insertion Loss at 2 dB deemphasis [dB]: It is the insertion loss at 2
dB de-emphasis.
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8G CM Sl Calibration

Purpose and Method

The method used to calibrate the CMSI at 8.0GT/s is the same as for
2.5GT/s and 5.0GT/s. For more details please refer to 2.5G/5G CM S|
Calibration on page 90.

The calibration data is stored in a caltable
(Pcie3Asic_<channel>_Cminterference.txt). For the measurements these
calibration tables will be used to adjust the amplitude of the function
generator to the desired output CMSI.

Connection Setup for CM Sinusoidal Interference Calibration
Same as Connection Setup for Insertion Loss Calibration on page 124.

Parameters in Expert Mode.

Verification Mode

Number of Averages: For details refer to Table 5, “Procedure
Parameters for Calibrations”

Used Calibrations
CM Optimization
Procedure Report

An example of HTML worksheet for CM Sinusoidal Interference Calibration
procedure is shown in Figure 51, “Result Description of CM Sinusoidal
Interference Calibration”.
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8G DM Sl Calibration

Purpose and Method

The Differential Mode Sinusoidal Interference (DMSI) is generated
internally. The resulting amplitude at the input of the Rx is attenuated and
needs to be calibrated.

DMSI is generated in a range from O to 400 mV in steps of 50 mV. Itis
measured with a real time oscilloscope. For this calibration, CMSI is set to
150mV.

The calibration data is stored in a caltable
(Pcie3Asic_<channel>_Dminterference.txt). For the measurements, these
calibration tables will be used to adjust the DMSI amplitude to the desired
value in the RX input.

Connection Setup for DM Sinusoidal Interference Calibration

Same as Connection Setup for Insertion Loss Calibration on page 124.

Parameters in Expert Mode
Verification Mode; For detail, refer to Table 5, “Procedure Parameters
for Calibrations”.

Used Calibrations

CM Optimization
CM Sinusoidal Interference Calibration

Procedure Report

An example of HTML worksheet for DM Sinusoidal Interference Calibration
procedure is shown in Figure 68.
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LO_Cal_8GTps_ShCh_DM_SI
for PCle 3.0 EndPoint ASIC
300.0 - : T T

8.0 GT/s ASIC Tests

270.0 +
2400 +
2100 +

180.0 4

150.0 +
120.0 4

90.0 +

Measured DM Interference [mV]

800 +

300 +

0.0 4 | | I

—m— Measured DM S| Amplilude

0.0 80.0 160.0 2400 320.0
Set DM Interference [mV]

BERT System

Offline

Musber of Averages

ISI Channel

Scope Connection for Calibration

Transfer Function File for Package Model on Scope
Step Response Low Tizme

Step Response High Time

Husber of ges for Step R

Jitter Unit

400.0

5

Heysight M3020A J-BERT, ME80T0A, SH: DES3C000I5

False

258

1 GHz: -3 dB, 4 GHz: -5.6 dB
Chan 1 3 Direct Connect
FCIe3RxPackageModel .t£2

8 ur

112 UI

2048

UnitInterval

150 120
200 160
250 200
300 240
350 2€0
Figure 68 Result Description of DM Sinusoidal Interference Calibration
Column 1:
Set DM Interference [mV]: It is the jitter amplitude set in the
instrument.
Column 2:

Measured DM SI Amplitude [mV]: The measured DM S| amplitude.
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8G Stressed Voltage Calibration

This calibration is only available if Gen3 spec is selected.

Purpose and Method

This procedure calibrates the Eye-Height and Eye-Width by adding
Differential Mode Sinusoidal Interference (DMSI) at different Launch
Voltage levels.

Due to the low signal levels at the end of the channel, there is a lot of noise
on the measured signal. At that point, the eye is nearly closed. It is not
sufficient to just capture a waveform at this point with an 8 Gbps
Compliance Pattern as it would be too inaccurate to calibrate the Eye
Height.

For this reason another approach is used. A step (128 zeros followed by
128 ones) is applied at the input of the calibration channel. The step
response is captured at the output of the replica channel. The oscilloscope
averages the step response which minimizes noise. With the step
response, the complete electrical behavior of the channel is defined. With
this data, a statistical eye can by calculated. This is done with the Seasim
software. Additionally different impairments like random jitter, sinusoidal
jitter and differential mode sinusoidal inference (DMSI) are simulated by
Seasim. For the Stressed Voltage calibration RJ and SJ are always fixed,
however, DMSI is increased at every step. The simulation is done for 600,
800 and 1000 mV of launch voltages.

The calibration data is stored in a caltable
(Pcie3Asic_<channel>_StrVoltEyeHeight). This cal data is used to evaluate
the optimum amount of DMSI and Launch voltage to get the desired Eye
Height.

Connection Setup for Stressed Voltage Calibration

Same as Connection Setup for Insertion Loss Calibration on page 124.

Parameters in Expert Mode

Verification Mode
Random Jitter: It is the amount of RJ added to the simulation of the
Stressed Eye.

Sinusoidal Jitter: It is the amount of SJ added to the simulation of the
Stressed Eye.

DM Interference Step Size: It is the amount of DMSI added to the
simulation at every step.
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Used Calibrations

Launch Voltage Calibration
Insertion Loss Calibration
DM Sinusoidal Interference

Procedure Report

Examples of HTML worksheet for Stressed Voltage Calibration procedure
are shown in Figure 69 and Figure 70.
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LO_Cal_8GTps_ShCh_StVol_EH
forPCle 3.0 EndPoint ASIC

100.0

90.0 +
80.0 +
70.0
60.0
50.0
40.0

30.0

Measured Eye Height [m'/]

20.0

10.0

0.0 | |

—&— Eye Height (1000mV Launch Voltage)
—e— Eye Height (800mV Launch Voltage)
] —a— Eye Height (600mV Launch Voltage)

0.0 56.0

84.0 112.0 140.0

DM Interference [mV]

BERT Systam

Generator Channel Channel
Offline

Random Jitter

Sinuscidal Jitter

DM Interference Step Jize

Scope Commecticn for Calibration

Transfer Function File for Package Model on Scope

Step Response Low Time
Step Responze High Time
Fumber of Averages for Step Response

Jitter Unit

Eeys=ight ME020A J-EERT, MEQ2Z0A J-EERT, SN: Unkmown
M1_Datalusl

True

16 mUI

100 mUT

20 wv

Chan 1 3 Direct Connect
FCle3RxPackageModel. ££2
8 UI

112 UI

2048

UnisInterval

Set DM Interference

[m¥V]

134

Ey=
Height
(1000mV
Launch

Height
(80 0mV
Launch

} | Voltage) | Voltagel

w1 L]

N
0
0
0
N}
N}

[

0.0 5.0 ao.
Figure 69

Column 1:

Result Description of Stressed Voltage Calibration

Set DM Interference [mV]: It is the DMSI amplitude set in the

simulation.
Column 2:
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Eye Height at 600mV Launch Voltage: It is the simulated Eye-Height
with 600 mV LV.

Column 3:

Eye Height at 800mV Launch Voltage: It is the simulated Eye-Height
with 800 mV LV.

Column 4:

Eye Height at T000mV Launch Voltage: It is the simulated
Eye-Height with 1000 mV LV.
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for PCle 3.0 EndPoint ASIC

600.0 . . .

540.0 +
480.0 +
4200 +
360.0
300.0
240.0

180.0

Measure Eye Width [mUI]

1200 +

600 1

| |
—— F———

0.0 ;

—a— Eye Width (1000mV Launch Voltage)
—a— Eye Width (800mV Launch Voltage)
—a— Eye Width (600mV Launch Voltage)

0.0 28.0 56.0 84.0

112.0 140.0

DM Interference [mV]

BERT System

Generator Channel Channel

Offline

Random Jitter

Sirusoidal Jitter

DM Interference Step Size

3cope Comncction for Calibration
Tran=fer Function File for Package Model on 3cope
3tep Responsze Low Time

3vep Response High Time

NWumber of hRverages for Step Res=pon=e

Jitter Unit

. . (600mV | (B00mV | (1000mv
Set DM Interfezence
e launch | Launch | Launch
= Voltage} | Voltagel |Voltage)
=] [mD 11 [mOI]
0 200.0 200.0 200.0
20 aro.0 ato.0 270.0
20 340.0 350.0 240.0
&0 210.0 210.0 210.0
EL 280.0 280.0 z80.0
100 250.0 250.0 z50.0
120 220.0 220.0 z20.0
140 130.0 130.0 1800
Figure 70
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8 OI

112 UI

2048

TUnitInterval
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Column 1:

Set DM Interference [mV]: It is the DMSI amplitude set in the
simulation.

Column 2:

Eye Width at 600mV Launch Voltage[mUI]: It is the simulated Eye-
Width with 600mV LV.

Column 3:

Eye Width at 800mV Launch Voltage [mUI]: It is the simulated Eye-
Width with 800mV LV.

Column 4:

Eye Width at 1000mV Launch Voltage [mUI]: It is the simulated Eye-
Width with 1000mV LV.
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8G Stressed Jitter Calibration
This calibration is only available if Gen3 spec is selected.
Purpose and Method

This procedure calibrates the eye-width by adding random jitter at
different launch voltage levels.

The calibration is done for 600, 800 and 1000 mV of launch voltages. For
each amplitude, random jitter is increased from O with equally spaced
steps. The eye width is measured by capturing a step response and using
Seasim software. Sinusoidal Jitter is always fixed to 12.5 ps.

The calibration data is stored in a caltable
(Pcie3Asic_<channel>_StrVoltEyeWidth). This cal data is used to evaluate
the optimum amount of random jitter and launch voltage to get the
desired eye width.

Available for following hardware configurations

Only for Long Channel

Connection Setup for Stressed Jitter Calibration

Same as Connection Setup for Insertion Loss Calibration on page 124.

Parameters in Expert Mode
Verification Mode

Sinusoidal Jitter: It is the amount of SJ added to the simulation of the
Stressed Eye.

End Random Jitter: It is the maximum amount of RJ added.
Random Jitter Step Size: It is the amount that RJ is increased in each
step.

Used Calibrations

Launch Voltage Calibration
Insertion Loss Calibration
Random Jitter Calibration

Procedure Report

An example of HTML worksheet for Stressed Jitter Calibration procedure is
shown in Figure 72.
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L0_Cal_8GTps_LnCh_StJit_EW

for PCle 3.0 EndPoint ASIC

600.0 T T T T —a— Eye Width (1000mV Launch Vollage)
—e— Eye Width (800mV Launch Voltage)
5400 + 4 —=— Eye Widlh (600mV Launch Voltage)
480.0 + B
2 4200 4 |
E
£ 3800 + 1
=
@ 3000 &+ 4
=
w
& 2400 + B
=2
8
= 1800 + B
=
1200 + 1
800 + B
0.0 + 4 t +
0.0 1.4 2.8 4.2 56 7.0
Random Jitter [ps]
BERT System Keysight M8020A J-BERT, M8070A, SN: DES3C00025
Offline False
Sinuscidal Jitter 100 =0T
End Random Jitter 56 =0T
Random Jitter Step Size 8 =UI
ISI Channel 1 GHz: -5.6 48, 4 GHz: -17.% 4B
Scope Connection for Calibration Chan 1 3 Direct Connect
T fer Function File for ge Model on Scope  PCIe3RxPackageModel.tf2
Step Response Low Time 8 UI
Step Response High Time 112 UI
Humber of g for Step 2048
Jitvexr Unic UnitInterval

0 §71.0 0 $%1.0

1 534.0 537.0 547.0

Z 456.0 463.0 456.0

3 365.0 373.0 365.0

4 269.0 275.0 267.0

5 185.0 185.0 185.0

& 130.0 130.0 130.0

7 0.0 0.0 0.0

Figure 71 Result Description of Stressed Jitter Calibration
Column 1:
Set Random Jitter [ps]: It is the RJ amplitude set in the simulation.

Column 2:

Eye Width (600 mV Launch Voltage)imUl]: It is the simulated Eye-
Width with 600 mV LV.
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Column 3:

Eye Width (800 mV Launch Voltage) [mUI]: The simulated Eye-
Width with 800 mV LV.

Column 4:

Eye Width (1000 mV Launch Voltage) [mUI]: The simulated Eye-
Width with 1000 mV LV.

L0_Cal_8GTps_LnCh_StJit_EH

for PCle 3.0 EndPoint ASIC
75.0 T T T T aunc
—a— Eyo Height (1000mY Launch Voltage)
—e— Eye Height (800mV Launch Voltage)
675 + 4 —=— Eye Height {800mV Launch Voltage)
60.0 + .
=
E 525 & 4
E
§‘ 450 + 4
2 375 &+ B
w
T 300+ E
g 225 & &
=
150 + B
75 + 4
0.0 + + + +
0.0 14 28 4.2 56 7.0
Bandnm l#ar Inel
BERT System Keysight MB020A J-BERT, MBOTOA, SN: DES3C00025
Cffline False
Sinuscidal Jitter 100 mUI
End Random Jittez 5€ =1
Random Jitter Step Size & mbI
ISI Channel 1 GHz: =-5.6 dB, 4 GHz: =-17.9 dB
Scope Connection for Calibraticn Chan 1 3 Direct Connect

Transfer Function File for Package Model on Scope PCIedAxPackageModel . tf2

Step Response Low Time 8 Ul
Step Response High Time 11z UI
Nusber of ges for Step R 2048

Jizzer Unit UnitIntezval

0 -8 45.1 €3.0
1 35.3 48.2 €l.4
2 33.5 45.2 £7.2
3 295.9 40.5 51.2
4 4.2 33.1 38.8
5 16.1 22.86 26.2
€ 7.8 11.8 12.4
7 0.0 0.0 0.0

Figure 72 Result Description of Stressed Jitter Calibration
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Column 1:
Set Random Jitter [ps]: It is the RJ amplitude set in the simulation.
Column 2:

Eye Height (600mV Launch Voltage) [mV]: It is the simulated Eye-
Height with 600mV LV.

Column 3:

Eye Height (800mV Launch Voltage) [mV]: The simulated Eye-
Height with 800mV LV.
Column 4:

Eye Height (600mV Launch Voltage) [mV]: The simulated Eye-
Height with 1000mV LV.
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8G Stressed Jitter Eye Calibration

This calibration is only available if Gen4 spec is selected.

Purpose and Method

This procedure calibrates the eye-height and eye-width by adding
differential mode sinusoidal interference at different random jitter levels.

The calibration is done for 1, 1.5, 2, 2.5 and 3 ps of random jitter. For each
jitter value, the DM sinusoidal interference is increased from O to 30 mV
with equally spaced steps. The eye height and width is measured by
capturing a step response and using Seasim software. Sinusoidal Jitter is
always fixed to 12.5 ps.

The calibration data is stored in two caltables

(Pcie3Asic_<channel>_ M8041A_StrEyeWidth and Pcie3Asic_<channel>_
M8041A_StrEyeHeight). This cal data is used to evaluate the optimum
amount of random jitter and DM voltage to get the desired eye.

Available for following hardware configurations

Only for Long Channel

Connection Setup for Stressed Jitter Calibration

Same as Connection Setup for Insertion Loss Calibration on page 130.

Parameters in Expert Mode

Verification Mode

Sinusoidal Jitter: It is the amount of SJ added to the simulation of the
Stressed Eye.

DM Interference Step Size: It is the amount of DM interference voltage
increased at each step.

Used Calibrations

Launch Voltage Calibration
Insertion Loss Calibration
Random Jitter Calibration

Procedure Report

An example of HTML worksheet for Stressed Jitter Calibration procedure is
shown in Figure 97.
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LO_Cal_8GTps_LnCh_StrEye_EW

for PCle 4.0 EndPoint ASIC

8.0 GT/s ASIC Tests

5000 —
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Measure Eye Width [mUI]
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00 Tt pev iy

Eye Width
Eye Width
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(2
Eye Width (2
(1
(1

Sps RJ)
s RJ)
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ps RJ)

Eye Width
Eye Width

$Hiid

6.0 12.0 18.0

e
<}
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DM Interference [mV]

BERT System
Generator Channel Channal

Offline

Sinuscidal Jitter

DM Interference Step Size

ISI Channel

Scope Connection for Calibration

Transfer Function File for Package Model on Scope
Step Response Low Time

Step Response High Time

Number of Averages for Step Response

Set DM Interference
[m¥V]

Heysight M2020A J-BERT, Keysight M8020& J-BERT,
Ml . Datalutl

True

12.5 p=s

5 mv

1 GHz: -5.6 43, 4 GHaz: -17.3 dB
Chan 1 3 Direct Connect
BCIe3RxPackageModel. t54

3 UL

11z UI

2048

Figure 73 Result Description of Stressed Jitter Eye Width Calibration
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Column 1:

Set DM Interference [mV]: It is the DM sinusoidal interference
amplitude set in the simulation.

Column 2:

Eye Width (x ps RJ): It is the simulated Eye-Width with x ps Random
Jitter.
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for PCle 4.0 EndPoint ASIC

8.0 GT/s ASIC Tests 5
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Step Response Low Time
Step Response High Time
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25 0.0 12.5
30 0.0 7.5
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Result Description of Stressed Jitter Eye Height Calibration
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Column 1:

Set DM Interference [mV]: It is the DM sinusoidal interference
amplitude set in the simulation.

Column 2:

Eye Height (x ps RJ): It is the simulated Eye-Height with x ps of
Random Jitter.
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Receiver

The set of 8.0G/s ASIC tests depend on the specification selected.

For Gen3, the DUT needs to be tested for three cases: No-Channel,
Short-Channel and Long-Channel. For Gen4 only the Long Channel is
tested.

Common Receiver Parameters

Receiver Specific

Reference Clock

Data Rate Specific

1 Loopback Training
Link Training Mode
Link Training Suite Settings File,
Default Link Training Lane Number for every Lane
Suppress Loopback Training Messages
Use Custom Training Voltage

2 Interactive Link Training
Training Through
Generator Start Preset
DUT Initial Preset
DUT Target Preset
Drop Link Method

3 Error Detector
Use CDR
CDR Loop Bandwidth
CDR Use SSC
Filter Gen3 SKPOs for BER test
Peaking
Analyzer Equalization
Sensitivity Mode
Capture and Compare Mode
Pause befare Auto-Align
Polarity
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4 BER Measurement
Relax Time

Channel Specific
Pre Shoot
De Emphasis
Lane Specific
Link Training Lane Number

For more details, refer to Table 4, “Common Parameters for Receiver
groups”.
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8G Rx Coefficient Matrix Scan

Purpose and Method

This procedure measures the BER with the combination of coefficients C+1
(Pre-cursor) and C-1 (Post-cursor) to create a co-efficient matrix with the
BER results. At each step, the BER value is measured for different values of
C+1 coefficient while the C-1 coefficient value is kept constant. The result
values are mapped on to a 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 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 color, the entry values are valid and they can be used for
testing. As the color reaches to red they are invalid for testing.

If the parameter Allow user to enter optimum equalization for remaining
tests is set to True, a window appears to let the user select the values of
pre-shoot and de-emphasis from the result graph. These selected values
are used as the initial values of pre-shoot and de-emphasis for the EQ
Pre-Shoot De-Emphasis Scan.

Connection Setup for EQ Coefficient Matrix Scan

Connectson Setup for EQ Coefficent Mateix Scan - 0o X

Blochng Capsttor
Blocking Capacitor {Optsonal)
@ 500 Temination

- Mount the N3394C blocking capaciors 1o DATA OUT and DATA OUT BAR of MB0Z0A
- Connect the o R+ and R- of

- Connect Tor and Tx- of the et Exture to MS0204 Data Inputs

- Connect Channel IN1 of he Pomer Switch 1o the Power Supoly

- Terminate all conneciorns as indicated.

Figure 75 Connection Setup using JBERT_M8020A with Common Clock Architecture
and no external ref clock- Without Channel or Internal ISI
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Connection Setup for Stressed Voltage Test - [u] *
Blociung Capactor
Blocking Capacitcr (Optional)
@ 500 Termination
i !. 1
1
1
/
i
7
7
7
A '
i
i/
i’
!
i DATS “mDAT&OLITﬂHaIW
NE3GEC blocking SHORT CAL CHANNEL DATA IN and SHORT CAL CHANNEL DATA Inverted IN of N45154 PCI
EXPRESS!IIC&HMM
of N49154 PCI EXPRESS to Rx+ and Rx-
Ce»ueth-w?: MMWFM»MWDNIM
Channel IN1 of the Power Switch 1o the Power Supply
Tm all connectors as indicated.
v
Figure 76 Connection Setup using JBERT_M8020A with Common Clock Architecture

and no external ref clock -Short channel (with ISI Channel N4915A)
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Connection Setup for Stressed Veltage Test

Biseking Capactor
Bocking Cagactss (Optoral)
@ 500 Terminason

Connect the MB020A TRIG OUT and TRIG OUT BAR 1o 