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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 DOCU-
MENT IS PROVIDED "AS IS," AND IS SUB-
JECT 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 MER-
CHANTABILITY AND FITNESS FOR A PAR-

TICULAR PURPOSE. KEYSIGHT SHALL NOT
BE LIABLE FOR ERRORS OR FOR INCIDEN-
TAL OR CONSEQUENTIAL DAMAGES IN
CONNECTION WITH THE FURNISHING,
USE, OR PERFORMANCE OF THIS DOCU-
MENT OR ANY INFORMATION CONTAINED
HEREIN. SHOULD KEYSIGHT AND THE
USER HAVE A SEPARATE WRITTEN AGREE-
MENT WITH WARRANTY TERMS COVER-
ING 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 pro-
cedure, 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 proceed beyond a CAUTION
notice until the indicated conditions
are fully understood and met.

AWARNING notice denotes a hazard.
It calls attention to an operating pro-
cedure, 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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1 Introduction

Overview of this guide

This guide provides a detailed description of the N5991 PCle Link Training
Suite.
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Introduction

Document History

First Edition (December, 2019):
The first edition of this guide describes the functionality of the software
version 1.0
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1 Introduction

Overview

The Keysight PCle Link Training Suite (N5991) is a flexible tool for
trouble-shooting and debugging. It controls the pattern sequencer of a
Keysight J-BERT (M8040A or M8020A) to bring the device under test into
the loopback mode. Enabling the loopback mode is usually a prerequisite
for receiver compliance testing. The PCle LTS complements the full Test
Automation Software, which provides automated physical layer
compliance tests and device characterization. The software runs on a
standard Windows PC and controls the hardware test resources through
appropriate interfaces such as a LAN (Local Area Network).
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Software Installation
and Update

Software Update / 10

Software Installation / 11

The Keysight PCle Link Training Suite (N5991) runs on the PC that controls
the J-BERT. If is already installed on the PC and is not to be updated,
proceed to the next chapter.



2 Software Installation and Update

Software Update

If you want to upgrade a previous version of the PCle Link Training Suite,
uninstall it first from the PC and then continue with the software
installation.
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Software Installation

Software Installation and Update 2

Prior to installing N5991, if not yet installed, the following software has to
be installed, items 1 through 3, in the order given below:

1. Microsoft Windows XP or higher
2. Keysight VISA 10 Library
3. Microsoft.NET Framework

Perform the following steps:

Execute the installer file “PCleLinkTrainingSuitelnstaller” (see Figure 1)

The second and third page of the installer wizard will show the software
license agreement (see Figure 2 and Figure 3).

Read it carefully and select | accept the terms of the License Agreement
option
Click Next to continue

Choose Components window is displayed; PCle N5991 Link Training Suite is
already selected.

Click Next to continue
App checks for required softwares; again click Next to continue
The install location window is displayed as shown in Figure 6.

Click Browse... to select the destination folder, in which the software
will be installed.

Click Install

Keysight N5991 PCI Express Link Training Suite User Guide 1



Software Installation and Update

‘_@ PCle M3991 Link Training Suite 1.00 Setup — 4

Welcome to PCle N5991 Link
Training Suite 1.00 Setup

Setup will guide you through the installation of PCIe M5991
Link Training Suite 1.00.

It is recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboat your
computer.

Click Next to continue,

Figure 1 Installer Wizard
4! PCle N5991 Link Training Suite 1.00 Setup — >
KEYSIGHT End-User License Agreement
TECHMOLDGIES
n Please review the license terms before installing PCIe M5991 Link
«» BitiEye Training Suite 1.00.

Press Page Down to see the rest of the agreement.

KEYSIGHT SOFTWARE END-USER =
LICENSE AGREEMENT

ATTENTION: THE SOFTWARE 1S SUBJECT TO THE END-USER LICENSE
AGREEMENT (“EULA"™) SET FORTH BELOW.

TO INSTALL OR USE THE SOFTWARE, YOU MUST FIRST AGREE TO THIS «

If you accept the terms of the agreement, select the first option below. You must accept the
agreement to install PCIe M5391 Link Training Suite 1.00. Click Mext to continue.

(®) I accept the terms of the License Agreement
()1 do not accept the terms of the License Agreement

Figure 2 Installer License Agreement Window
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Software Installation and Update

3481 PCle N3991 Link Training Suite 1.00 Setup — x
EEELSOIS?_II'!T Additional License Agreement For Generated Fles
T Please review the license terms before installing PCIe M5291 Link
<> BiliEye Training Suite 1.00.

Press Page Down to see the rest of the agreement.

ADDITIONAL LICENSE AGREEMENT FOR GENERATED
FILES

Term and Termination. Upon expiration or termination of the seftware license,
sou are not allowed to use any of the files generated by the seftware.

If you accept the terms of the agreement, select the first option below. You must accept the
agreement to install PCIe M5991 Link Training Suite 1.00. Click Mext to continue.

(®) I accept the terms of the License Agreement
()1 do not accept the terms of the License Agreement

= ==

Figure 3 Installer Additional License Agreement Window

_‘@ PCle N53391 Link Training Suite 1.00 Setup w X

KEYSIGHT Cheoose Compeonents

TECHNOLDGIES
= o Choose which features of PCIe N5991 Link Training Suite 1,00
«.» BitifEye you want to install.

Check the components you want to install and unchedk the components you don't want to
install, Click Mext to continue,

Description

Position your mouse
over a component o
see ks description,

Select components to install: M5991 L

Space required: 57.7 MB

Figure 4 Choose Components Window

Keysight N5991 PCI Express Link Training Suite User Guide
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ﬁ PCle N53391 Link Training Suite 1.00 SetupRequired Additional ... — *
KEYSIGHT Cheoose Compeonents
TECHNOLDGIES
ok Choose which features of PCIe N5991 Link Training Suite 1.00
«» BitifEye you want to install,
All required software seems to be installed.
Microsoft Office Excel: installed
Keysight IO Libraries Suite; installed Install
Microsoft .Net Framework 4.7, 1: installed Install
< Back - Cancel
Figure 5 Required Software Check Window
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Software Installation and Update 2

%) PCle N5891 Link Training Suite 1.00 Setup - b
KEYSIGHT Choose Install Location
TECHNOLOGIES
i Choose the folder in which to install PCIe M5591 Link Training
«-» BilifEye Suite 1.00.

Setup will install PCIe M5991 Link Training Suite 1.00 in the following folder. To install in a
different folder, dick Browse and select another folder. Click Install to start the installation.

Destination Folder

Browse...

Space required: 57.7 MB
Space available: 156.2 GB

= e

Figure 6 Installer Location Window

After installation, the PCle Link Training Suite icon will be available on your
desktop (see Figure 7).

*

PCle Link
Training Suite
(M5991)

Figure 7 PCle Link Training Suite Icon
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3 Test Instrument Setup

MB8040A BERT Setup / 18
MB8020A J-BERT Setup / 20

Prior to using the PCle Link Training Suite software for connecting
instruments, it is recommended that you set up the test instruments and
establish the required connections.

Connect the instruments to the controller PC by LAN

Establish all required cable connections between the instruments and
the DUT (device under test)

Switch on the PC and instruments

Start Keysight “IO (Input Output) VISA (Virtual Instrument Software
Architecture) Connection Expert” and check the connections for the
instruments

Set the correct IP addresses of the instruments

There are two possible configurations:

KEYSIGHT

TECHNOLOGIES



3 Test Instrument Setup

M8040A BERT Setup

The M8040A setup requires the following modules and instruments:
M8045A Data Generator Module
M8057B Remote Head

AWG Module (used as interference source). This can be a M8195A,
M8196A, or a M8054A)

M8046 Error Detector Module

Blacking Capacitor
{771 Blocking Capacitor (Optional)
@ 500 Termimation

RefClk

Figure 8 Connection diagram for M8040A

A Netlo230B Power Switch can be used to power cycle the DUT
automatically.

Mount the optional Blocking Capacitors to the TRIG OUT and TRIG
OUT BAR of the M8040A

18 Keysight N5991 PCI Express Link Training Suite User Guide



Test Instrument Setup 3

Connect these optional blocking capacitors or the TRIG OUT BAR of
the M8040A to the test fixture reference clock input

Mount the N9398C blocking capacitors to the DATA OUT and DATA
OUT BAR of M8040A.

Connect Clk Output of output channel to Clk Input of M8046A

Connect the Link Output of output channel to Link Input of M8046A
using the M8041-61601 cable

Connect the N9398C blocking capacitors to Rx+ and Rx- of the test
fixture

Connect Tx+ and Tx- of the test fixture to M8040A Data Inputs
Connect Channel IN1 of the Power Switch to the Power Supply
Terminate all connectors as indicated

Keysight N5991 PCI Express Link Training Suite User Guide 19
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Test Instrument Setup

M8020A J-BERT Setup

For 2.5, 5.0, 8.0 and 16GT/s, the M8020A J-BERT setup requires:
M8041A Module with one channel generator and error detector

The J-BERT internally generates the de-emphasis and all the necessary
distortions (interference) without any further instruments.

A Netlo230B Power Switch can be used to power cycle the DUT
automatically.

The M8020A also supports 32GT/s. For this case, the following modules
are required:
M8041A Module with two channel generator and error detector
M8062A Multiplexer Module

AWG Module (used as interference source). This can be a M8195A,
M8196A or a M8054A)

Blocking Capacitor

=7 Blocking Capacitor (Optional)
@® 500 Termination

RefClk

20

Figure 9 Connection diagram for M8020A
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Test Instrument Setup 3

Mount the optional Blocking Capacitors to the TRIG OUT and TRIG
OUT BAR of the M8020A

Connect these optional blocking capacitors or the TRIG OUT BAR of
the M8020A to the test fixture reference clock input pins

Connect the M8041A to the M8062A as described after pressing the
32G BERT Configuration Button left to the Parameters bar in the
M8070 Software Interface

Mount the N9398C blocking capacitors to the DATA OUT and DATA
OUT BAR of M8020A

Connect the N9398C blocking capacitors 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
Terminate all connectors as indicated

Keysight N5991 PCI Express Link Training Suite User Guide 21



3 Test Instrument Setup
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5 Using the Software

Connecting to the Instruments

After the PCle Link Training Suite has started, the software is in
“offline” mode. This means that the user input has no effect until
the software is connected to the instruments. Click Connect (see
Figure 10) to open the Connection dialog. In the Connection dialog,
enter all parameters that are necessary to establish connections to
the Signal Generator and complementary instruments.

<> PCle Link Training Suite - *
File  Instruments Options Help
PCle Physical Parameters Timing Signal Impairments
Revision: DUT Type: Data Rate: 32 GBit/s

Reference Clock: 100 MHz i
50 | |Add-In Card ~ Analyzer Clock- custom COR off Jitter/S5C...
Datarate:
320G v Timing Setup... off Interferences...
Equalization Presst: P4 (DE=0.0 dB, PS=0.0 dB) Preset... Rdioualeiss
Ch : Te ati
anned ‘emination Equal Taps | Ampl
Data ~ | |50 Cinto GND ~
De-Emph.:  Preshoot:
High/Low Level i :
Loopback Pattem O tig wbeve PH A5 ]
Link Training Pattem ® Ampltude/Offset » i
Diff. Ampl.: (800 mV
Edit Training Parameters Modfied Compliance Pattem =
et -
Training Mode: ov Boost is 0 dB
= ~|  |p4(DE-0.0dB. PS-0.0dE)
Lane 0 ~

Bit Emor Ratio Measurement
Encoded DUT Preset Request:

Accum
P4 (DE=0.0dB, P5=00dB) -~
Bits: Emors
Clock Tolerance Compensation
SKP Ordered Set Insertion: Sequencer BERT Control

Mone (Common Clic) e

Analyzer Auto Align

Apply and Save... Load and Apply... Close

Figure 10 Main window (Instruments disconnected)
In the Instrument Connection Dialog window (see Figure 11), configure
the test instrument setup:
JBERT
Select the BERT configuration as either:
J-BERT M8040A
J-BERT M8020A

24 Keysight N5991 PCI Express Link Training Suite User Guide




Using the Software 5

Enter the address of the selected J-BERT

Configuration
If you have a remote-controllable power switch, select the Power
Switch check-box and enter its address. The default address format
is "IP;Username;Password". You must also select a channel number.

<o |nstrument Connection =
BERT ME0404 Configuration
J-BERT M2040A ~ Power Switch
MNetloZ230B e
Channel: 1 =

MB040A Address:
TCPIPD:127.0.0.1:instD::INSTR |

Calibration Fles Directorny

Browse: ... Uncalibrated

Connect Clgse
- The default parameters may differ from
your setup. Please check all connection

settings in this dialog before connecting.

Connection Info...

Figure 11 Instrument Connection Dialog

If you want to use calibration data from the Keysight N56991 automated
test solution, select the calibration data folder in the Calibration_Files

Directory box.
Once the configuration settings are done, click the Connect button. If the

connections are successful, the Initialize Instruments button will be enabled
(see Figure 12). Click the Initialize Instruments button to reset and initialize

the instruments.

Keysight N5991 PCI Express Link Training Suite User Guide 25
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If you don't want to reset the instruments, click the Close button. However,
clicking the Initialize Instruments button is recommended in order to set the
instruments to a well-known state.

<= |nstrument Connection =
J-BERT MB020A
Metlo230B
1 =
TCPIPD::127.0.0.1: hislip0::INSTR
Disconnect Clgse
Instruments are connected. Click
"Intialize Instruments™ to start.
Connection Infa... Initialize Instruments
Figure 12 Instrument Connection Dialog (Instruments Connected)

You can use instruments connected via Ethernet, USB, or GPIB. The
instruments must already be configured in the Keysight 10 Expert in order
to be able to control them remotely using the PCI Express Link Training
Suite. Please refer to the Keysight 10 Libraries Suite Quick Start Guide
when connecting the instruments to your PC the first time. As soon as
this is done, you can find out the VISA address of an instrument by
selecting it in the instruments list in the Keysight 10 Expert. Note that
socket connections are not supported.

Keysight N5991 PCI Express Link Training Suite User Guide




Using the Software

Main User Interface

After the successful connection to the instruments, the main window is

5

displayed as given in Figure 13. This window is split into two major parts:

The left part of the window displays PCle specific parameters:
PCle spec version and DUT type
The training sequence and loopback pattern
PCle specific presets

The right part of the window displays common J-BERT parameters:
Data rate and clock generation
Voltage levels
De-emphasis
Jitter injection and interference
Bit error rate measurement
BERT control

Keysight N5991 PCI Express Link Training Suite User Guide
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Using the Software

Basics

<> PCle Link Training Suite
File  Instruments  Options

PCle Physical Parameters
Revision: DUT Type:

50 | |Addn Card ~

Datarate

206G -~

Equalization Preset: P4 (DE=D.04dB, PS=0.0 dB) Preset

Timing

Data Rate: 32 GBit/s
Reference Clock: 100 MHz
Analyzer Clock: custom CDR

Timing Setup

Voltage Levels

Signal Impaiments

Help

off Jitter/SSC..

off Interferences...

Channel Termination Equal. Taps  Anpl
Data ~ | |50 Qinto GND ~
De-Emph.:  Preshoot:
Loopback Pattem @ el e hrl -
Link Training Pattem ® Ampitude/Offset » v
Edit Training Parameters. Modfied Compliance Pattem rrfns |Gl
ot -
Toums
Training Mode Apply Levels v Boost is 0 dB
Fxed ~] P4 {DE-0.0¢B, PS-0.0d8)
Cmel) e Bit Emor Ratio Measurement
Encoded DUT Preset Request: B Reset BER
P4 (DE=0.0dB. PS=0.0dB) ~ Measurement
Bits: Errors:
Clock Tolerance Compensation
SKP Ordered Set Insertion: Sequencer BERT Control
Nene (Common Clk) ~ Insert Bit Emor
Manual Trigger Analyzer Auto Align
Apply Apply and Save... Load and Apply... Close
Figure 13 PCle LTS Main Window

The basic operation of the PCle Link Training Suite would be as follows:
Select a PCle revision.

Select a loopback pattern.
Apply the settings to the instruments and train the DUT into loopback.

Now you can adjust the instrument settings to debug the DUT, e.g. reduce
the differential amplitude until bit errors are observed or deviate the data
rate to test the DUT's margins.

Keysight N5991 PCI Express Link Training Suite User Guide




Demo Mode

Applying

Using the Software 5

One of the main features of the PCle Link Training Suite is to modify the
training sequence and the loopback pattern. You can let the PCle Link
Training Suite generate those automatically, or you can fine-tune the
sequence and patterns using a simple macro language.

Two terms you might encounter from time to time are "sequence" and
"pattern". A pattern is a stream of bits that is sent out by the BERT. In
order to be more flexible, the entire bit stream is divided into multiple
patterns, which are then processed by a sequencer. The sequencer can
loop patterns and step from one pattern to anaother. In this way, it is
possible to generate very long data streams with only short patterns,
which fit perfectly into the instrument's limited memory.

Since the PCle Link Training Suite is mainly intended for debugging and
troubleshooting, the parameters are not constrained to the compliance
values. Therefore, you must take care not to increase critical parameters
beyond the ratings of the DUT. Note also that the parameters you apply
should be calibrated with the corresponding instrument; however they
are typically not calibrated with regard to your specific setup!

When you close the connection dialog without connecting to the
instruments, you enter the Demo Mode.

The Demo Mode is intended for demonstration purposes, where no actual
hardware is available. Most functions will be available, but no instruments
will be affected.

When changing any parameter in the user interface, you will have to apply
those changes to the instruments by clicking the Apply button in the
bottom left corner of the main window. This applies all parameters at once.
Pressing [F6] on the keyboard has the same effect, as using the menu
command Apply under the Instruments menu.

Many group boxes and windows have a dedicated "Apply" button, which
only applies the parameters contained in that group or window.

Keysight N5991 PCI Express Link Training Suite User Guide 29
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There is also the menu command “Apply Pattern Only" to apply just the
pattern while all other parameters remain unmodified. You can find this
command under the Instruments menu. You can also press [Shift+F6] on
your keyboard, or click the main Apply button while holding the shift-key.

Track bars (or sliders) are a special case. For example, there is a track bar
in the Voltage Levels group box. When you move a track bar, the affected
parameter is immediately applied to the hardware.

PCle Physical Parameters

The corresponding controls are shown in Figure T4.

To test a PCle DUT, you must define the PCle specification revision, data
rate and a DUT type. These parameters affect the available settings and
the way calibration data is handled. For PCle ASIC tests, you will also have
to select the calibration channel.

PCle Physical Parameters
Revision: DUT Type:

50 | End Point ASIC w

Datarate:
320G -

Equalization Preset: P4 (DE=0.0dB, P5=0.0 dB)} Preset...

Figure 14 PCle Physical Parameter Settings

When you change one of these settings, your instruments will
automatically be re-configured.

The current preset is also shown. The Preset... button allows a preset to be
selected from a list. The selected preset is applied to the de-emphasis
parameters on the right side of the main window, and to the encoded
preset hint in the "Loopback Pattern" box. When the de-emphasis levels
on the right side of the main window are changed, the corresponding
preset is shown in the Physical Parameters panel.
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Using the Software

Link Training Pattern

The link training sequence is supposed to train the DUT into loopback. By
default, it is generated automatically. However, you have the option to
parameterize the sequence to adjust it to the DUT's needs.

Link Training Pattem

Edit Training Parameters...

Training Mode:

Fixed e

Lane O ~

Encoded DUT Preset Request:
P4 (DE=00dB, P5=0.0dB) ~

Figure 15 Link Training Pattern

There are two training modes: Fixed and Interactive.

In Fixed mode the training pattern is defined by several blocks, following
the standard sequence described in the CTS.

In Interactive mode the training sequence consists of three blocks: "Link
Down", a wait block, and "Link Up". The loopback training is managed by
the J-BERT internally. It can run the link equalization phase to optimize the
performance of the communication.

Edit Training Parameters in Fixed Mode

If you click Edit Training Parameters... (Figure 15) and Fixed mode is selected,
you can adjust the number of packets transmitted for every stage of the
link training (Figure 16).

The "Initial delay" is a sequence of zeros transmitted before the link
training. By default, you will have to start the link training by exiting this
block via the "Manual Trigger" button (main window). However, you can
specify a time span instead.

The "Add EIEOS" check-box allows some EIEOS (Exit From Electrical Idle
Ordered Sets) to be inserted before the loopback pattern starts. This is not
required by the CTS, but might be helpful for some DUTs. Every 32nd TS1
ordered set will be replaced by an EIEOS. This number is fixed in order to
match the J-BERT's pattern granularity.
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Using the Software

All other parameters reflect the standard sequence described in the CTS.
Note that "Min. initial TS1 count" and "Min TS1 count before Loopback"
are only arbitrary numbers. The actual number of transmitted ordered sets
might be slightly different in order to match the J-BERT pattern
granularity.

There are two presets, which can be selected using the "Preset..." button.
Trying both can be helpful for debugging. The "Optimized Parameters" is
used as default, since it works with most DUTs. The "CTS Parameters"
represent the link training procedure recommended by the CTS. However,
this link training procedure might not work with every DUT.

Sequence to Loopback Mede

LTEZEM state: Diata: Initial delay for DUT ref-clock sync): &
1s Until Manual Trigger
Min. intial TS count for symbol lock):

r—y/ Polling Active to Polling Config ordered set:
—— .| | T52 v

Polling Active " Poling.Active to Polling.Corfig ordered set count:

]

“ PulingConfig

P
i

' Loophack Entry Loopback Entry to Loopback Active TS1 count:

i

- Lonphack Active = Loopback Entry to Loopback Active EIOS count:

ldle time during speed change:

speedchange

)

ms
Min. T51 court before Loopback:

h Add addtional EIEOS

Preset... Cancel

I
-

Figure 16 Sequence for Fixed Loopback Mode
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Using the Software 5

Edit Training Parameters in Interactive Mode

In interactive mode, you also can adjust some link training parameters
(Figure 14) by clicking on "Edit Training Parameters..." (Figure 17).

The "Generation", "DUT Type" and "Lane Number" must be selected in the
main window in "PCle Physical Parameters" and "Encoding Lane Number"
respectively.

The "Link Number" is the number of the link encoded in the TS1/TS2
Training Ordered Sets.

For "Link EQ" there are three options:

Bypass: In that case no equalization training is done and the
equalization preset selected from the "PCle Physical Parameters" is
used for the whole link training and later in loopback mode.

Preset Only: Only presets PO to P9 can be requested from the DUT
during the equalization training.

Full: Any combination of pre-shoot and de-emphasis can be requested
by the DUT during the equalization training,

The Speed Change Control specifies whether the speed change to Gen3
(i.e. 8 Gbps), Gen4 (i.e. 16 Gbps) or Gen5 (i.e. 32 Gbps) will be initiated by
DUT or BERT during link training. It is only used when the BERT operates
as a downstream device. If not specified DUT will initiate the speed change
and will also request BERT for the same. It is only used for the DUT type as
System Board.

The "Generator Start Preset" is the start preset for the link training at
J-BERT output. It must be selected at the main window: "equalization
preset" in "PCle Physical Parameters".
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Gen3 Presets Gend Presets Gen5 Presets

Generator Start Preset
DUT R Preset Hint
DUT T Inttial Preset

DUT Tx Target Preset

P4 (DE=0.0dB, PS= ~
Reserved ~
PO (DE=6.0dB, PS: ~

P4 (DE=D.0dB, PS= ~

Use cursors

Interactive Link Training

Generation PCle5

DUT Type End Point ASIC
Lane Number Lane 0

Link Number Link 0

Link EQ Mode Full

Speed Change Cortrol  Bert

Figure 17 Interactive Link Training

The "DUT Rx Preset Hint" is the preset value that the J-BERT sends to the
DUT as a Hint for the Rx Equalization value.

The "DUT Tx Initial Preset" is the preset which the DUT should use at the

start of the equalization training.

The "DUT Target Preset" is the preset which the DUT should use to send
out data after the Link Training. If the "Use cursor" option is unchecked,
the target preset has to be selected at "Encoded DUT Preset Request” in
the main window. If "Use cursors" is checked, the target preset it defined
with the Pre-Cursor, Main-Cursor and Post-Cursor as shown in Figure 18.
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Generation PCle5

DUT Type End Point ASIC

Lane Number Lane 0

Link Number Link 0 ~
Link EGQ Mode Full a

Gen3 Presets  Gend Presets  Gen5 Presets
Speed Change Control | Bert

Generator Start Preset Selection User Defined ~
Target Cursors (Generator Start Preset P4 (DE=0.0dB, PS=
PreCursor | 0 | | DUT T niial Preset PO (DE=6.0dB, PS: +
Main Cursor | 0 | | DUT T Target Preset P4 (DE=0.0 4B, PS-
Post-Cursor lII — Use cursors

Figure 18 Target Cursors

The option "Encoded Lane Number" option (in the main window) allows
you to define the lane number that is encoded in the training Pattern. The
default value is "Lane 0". When you want to run link training on another
physical port of the DUT, just connect that port to the J-BERT; the lane
number can remain "Lane 0". However, some DUTs require the lane
number to be set to the corresponding physical port number.

The option "Encoded DUT Preset Request" allows you to define the
equalization preset that is requested for the DUT.

The option "Use Gen3 EIEOS" is available for Gen4. When a gen4 DUT is
implemented against PCle4 spec revision 0.5 it needs gen3 EIEQS for
16GT/s and this option should be selected. If it is implemented against
PCle4 spec revision 0.7 or higher it needs Gen4 EIEQS for 16GT/s.

The pattern that is continuously transmitted in loopback mode can be
defined in the "Loopback Pattern" box, as shown in Figure 19. You can
select between the PCle Compliance Pattern, the PCle Modified
Compliance Pattern, and a custom pattern file.
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Loopback Pattem

Modfied Compliance Pattem

Figure 19 Loopback Patter Settings

In the simplest case, a custom pattern file can be a text-file containing
only hexadecimal data.

The binary data represented by the custom pattern file must have a 512
bit granularity for M8040A and 80 bit for M8020A, otherwise the pattern
cannot be loaded into the generator's pattern memory. The syntax of the
selected file is automatically verified before the file can be used. For
details about the syntax and the possibilities of custom pattern files,
please refer to the "PCI Express Link Training Suite Language Guide".

When the Compliance Pattern is used, the generator's equalization preset
hint is also encoded in the pattern. The encoded value can be manually
changed.

Clock Tolerance Compensation

In this group box you can select how SKP ordered sets are inserted into the
training and loopback pattern. By default, no extra SKP ordered sets are
generated (except at points where the PCI Express specification explicitly
requires them, e.g. in the Gen 3 modified compliance pattern).
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Clock Tolerance Compensation
SKP Ordered Set Ingertion:
MNone (Common Clic) o

Figure 20 Clock Tolerance Compensation Settings

When the DUT has its own reference clock, and no SSC is used ("SRNS",
Separate Reference Clocks with No SSC), SKP ordered sets must be
inserted at an interval defined in the PCI Express specification. When the
DUT has its own reference clock, and SSC is used on both the generator
and the DUT side ("SRIS", Separate Reference Clocks with Independent
SSC), SKP ordered sets must be inserted at even shorter intervals.

Changing the "SKP Ordered Set Insertion" option (Figure 20) defines how
often SKP ordered sets are inserted. Note that the gap between two SKP
ordered sets might be shorter than required by the specification, in order
to fit the pattern into the J-BERT's pattern memory.

Note that when a custom loopback pattern is used, there are no SKP
ordered sets inserted into the custom pattern.

Error Detector

By default, the J-BERT error detector compares all bits from the DUT with
the loopback pattern. With the option "Filter SKP OS", SKP ordered sets
can be excluded from bit comparison.
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Loopback Pattem
Link Training Pattem

Edit Training Parameters... Modfied Compliance Pattem

Training Mode:

interactive Y| P4(DE=00dB, PS=0.0d8)

Lane 0

Encoded DUT Preset Request:
P4(DE=00dB, P5=0.0dB) -~

Link Training Results

Final Preset Training Log
Clock Tolerance Compensation
SKP Ordered Set Insertion:
Mane (Comman Cli) w

Figure 21 Error Detector Settings

This option (Figure 21) is usually required when the DUT uses its own
reference clock.

Link Training Result

This section contains the result of the Interactive training mode
(Figure 22).

Link Training Results
Final Preget Training Log

Figure 22 Link Training Suite Settings

If you click on the "Final Preset" button a dialog (Figure 23) shows the final
pre-shoot, de-emphasis and preset after the training.
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Final Preset n

Pre-Shoot 0 dB

De-Emphasis 1 dB

Preset P4
Update Close

Figure 23 Final Preset dialog

Clicking on the "Training Log" button opens a window that presents a
detailed log of the whole training process (Figure 24).
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<> |nteractive Link Training Log - O x
File
Link Training Logging for M1.DataOut 1 &t 23.12.2014 10:14.27 A
State Execution Time
Detect Active 1,04864 ms
Polling.Active 1055472 ms
Polling.Configuration 1.36us
Configuration. Linkwidth. Start 2624us
Configuration. Linkwidth.Accept 04 ns
Configuration. Lanenum Wait 2704 us
Configuration. Lanenum Accept HMdns
Configuration Complste 36us
Corfiguration. Idle 240ns
Lo Z24ns
Recovery RewvrLock 3488us
Recovery. RowrCig 2464 us
Recovery. Spead 2416 us
Recovery. RovrLock 448ns
Recovery. Equalization. Phase 1 1571952 ms
Recovery Equalization. Phase2 12170848 ms
Recovery Equalization. Phase3 2352 us
Recovery. RovrLock 2368 us
Recovery. RowrCig 640ns
Recovery.lde 112ns
Loopback . Entry 3136us
Loopback Active -
Accept PresetNumber PreCursor DataCursor PostCursor
Tue P4 - - -
True F5 - -
True - 2 20 2
True - 1 21 2
True - 2 20 2
True - 1 21 2
Tue - 2 20 2
True - 1 A 2
Tnie - 2 b1 2 ¥

Figure 24 Training Log dialog

Power Switch

If the Power Switch is selected in the "Instrument Connection" dialog, this
section will be visible in the main windows (Figure 25). Here you can turn
the power off and on. This can be used to power-cycle the DUT
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Power Switch

Off On

Figure 25 Power Switch Settings

Timing
Click on the "Timing Setup" button (Figure 26) to open the Timing Setup
window as shown in Figure 27.

Timing

Data Rate: 16 GBit/s
Reference Clock: 100 MHz
Analyzer Clock: custom CODR

Timing Setup...

Figure 26 Timing Settings

Here you can define the data rate and add some deviation to it. The
reference clock can also be modified, but keep in mind that the valid range
and granularity is restricted by the J-BERT hardware.
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=== Timing Setup =

Generator Clock Output

Diata Rate: Deviation:
[16 GBit/s | [0ppm |

Ref Clock Out: Actual Ref Clock:
(100 MHz | [100 MHz |
Clock Source:

Intemal Clock o

Anahyzer Clock Source
() BExtemal Clock (®) Clock Data Recovery

Custom CDR Settings
Loop Bandwidth: Peaking:

[20 MHz | [0dB
Expected Transition Density:
ER |

[] 55C Tracking

]

Analyrer Equalization
e Apply

Close

Figure 27 Timing Setup dialog

By default, the generator uses an internal clock source, or an external
clock multiplier (N4880A) for system board tests. Note that the N4880A
must be connected to the J-BERT and configured in order to be used.

You can configure the analyzer's clock to external clock or internal CDR. If
internal CDR is selected, parameters such as Loop Bandwidth, Peaking,
and Expected Transition Density can be modified
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Jitter/SSC

Click "Jitter/SSC..." (see Figure 28) to open the Jitter Setup window
(Figure 29).

Signal Impaiments

off Jitter/55C...

off Interferences. ..

Figure 28 Signal Impairment settings
The dialog allows different types of jitter to be defined when the hardware
jitter sources are available:

Spread Spectrum Clocking

Sinusoidal Clock Jitter

Periodic Jitter

Compliance Spectral RJ
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<> Jitter Setup X

Spread Spectrum Clocking

[] Enable Downspread _
0% A3 kHz

Clock/Delay-Line Jitter

[] Enable ul Sinusoidal _
oul 1kHz

Periodic Jitter

[ Enable i Sinusoidal [ Aol |
oul 1kHz

Random Jitterjp-p)

[] Enable Ul _
224 mUl 100 MHz

Quick Adjust

Beset Close

Figure 29 Jitter Setup dialog

Note that the composition of available jitter sources is different for every
spec version and DUT type (which is selected in the main window in the
"PCle Physical Parameters" box).

Note that when any slider is moved, the corresponding parameter will be
written to the hardware immediately. Otherwise, you will have to click the
"Apply" button. When you change any parameter, e.?g. enter a new value
into a text-box, the corresponding "Apply" button is highlighted. This
means that you have to click "Apply" in order to activate your changes.
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If you use calibration data, the compliance jitter values will use calibrated
levels. However, jitter parameters that are not covered by the specification
will not be calibrated.

Note that some jitter/SSC parameters will reset the sequencer when
modified. This means that the current sequencer state is left and the link
training is restarted. With the default settings, this means you will have to
click the "Manual Trigger" button again to start link training. The PCle Link
Training Suite tries to minimize the sequencer resets as much as possible,
but it is recommended that you keep an eye on the sequencer state when
changing jitter or SSC parameters.

Interferences

Click the "Interferences..." button (Figure 28) to open the interferences
window (Figure 30). You can modify the common-mode and
differential-mode sinusoidal interferences.

<= Sinuscidal Interferences Setup =

Common Mode
[] Enabled 10mVy

100 MHz

Differential Mode
[] Enabled 10 mV

2.1GHz

Beset Close

Figure 30 Interferences Setup dialog

If no AWG connected, common-mode interference is generated with the
J-BERT J20 module. Using the J20 is less accurate and cannot be
combined with differential-mode interference. Be sure to have the
AWG/J20 connected properly.

If you use calibration data, the compliance interference values will use
calibrated levels.
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Voltage Levels

DeEmphasis

You can set the voltage levels for every output independently. Note that
when any slider is moved, the corresponding parameter will be written to
the hardware immediately. Otherwise, you will have to click the "Apply
Levels" button. Note that the "Apply Levels" button also applies the
de-emphasis levels (if available).

Voltage Levels
Channel: Temination: Equal. Taps  Ampl.
Data ~ | | 100 Q differential ~ ~
De-Emph.:  Preshoot:
() High/Low Level Diff. Ampl.; =
(® Amplitude/Offset 1V
Diff. Ampl.:  |828 mV »
o -
| Oupus | 0dB || 0dB |
J"lpphf Levels oV Boost is 0 dB
Figure 31 Voltage Levels and De-Emphasis Settings

You can also use the "Apply" button in the lower left corner of the window
to apply all parameters at once. Alternatively, you can click the "Apply"
command under the "Instruments" menu, or press F6 on your keyboard.

Clicking on the "Outputs" button will turn on/off the J-BERT outputs. If the
button is in green color means that the outputs of the J-BERT are turn on
and if is in red color means that the outputs are turn off.
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You can control the de-emphasis and preshoot levels as shown in
Figure 31.

The tabs let you select between three different views:
de-emphasis and pre-shoot in dB
FIR tap coefficients
emphasized and de-emphasized voltage levels

Note that when any slider is moved, the corresponding parameter will be
written to the hardware immediately. Otherwise, you will have to click the
"Apply" or "Apply Levels" button

Bit Error Rate Measurement

You can click the "Start BER Measurement" (Figure 32) in the right part of
the window to automatically poll the J-BERT's bit and error counters. By
default, the displayed BER (Bit Error Rate) is calculated from the total
number of bits and total number of errors. You can click the button on the
left side of the BER display to toggle to the current BER, which is the
calculated BER of the last error counter reading. Note that neither of these
number is necessarily always equal to the BER displayed in the J-BERT,
since the measurement intervals might be different.

Bit Ermor Ratio Measurement
Accum.: Reset BER
Measurement
Bits: Ermars:
Figure 32 Bit Error Ratio Measurement Settings

You can click "Reset BER Measurement" to reset the bit and error
counters.

The BER can be used to determine whether link training was successful or
not. A very high BER and increasing error count could indicate that no link
training was performed, because the error counter is always programmed
to only compare the loopback pattern.
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Sequencer
The group box in Figure 33 shows the sequencer control.
Sequencer
Manual Trigger
Figure 33 Sequencer Settings
When the "Poll Sequence State" option in the "Options" menu is enabled,
the current state of the sequencer is shown.
When the sequence contains a loop with a manual break condition, that
loop can be ended with the "Manual Trigger" button.
BERT Control

Figure 34 shows the BERT control. Here you can control the sequencer,
the pattern generator, and the analyzer.

BERT Contral
Insert Bit Emor

Analyzer Auto Align

Figure 34 BERT Control Settings

The "Insert Bit Error" causes the J-BERT to insert a single bit error into the
data stream. This can be useful to verify that the DUT is in loopback; when
the DUT is not in loopback, inserting bit errors does not affect the bit error
and BER counters.
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You can use the "Auto Align" button to force the analyzer to auto-align to
the incoming data. This is usually necessary after the pattern generator
was restarted, e.g. when a new pattern was downloaded.

Saving and Loading Settings

Expert Mode

You can store the current settings using the "Apply and Save..." button in
the main window, or via the main menu. Note that before the settings are
saved, they are applied to the hardware. Only if applying succeeds can the
settings be saved. This guarantees that only those settings that are in a
consistent state can be saved.

The settings can be restored at any time using the "Load and Apply..."
button. The restored settings are then immediately applied to the
hardware.

In the "Options" menu, you can enable "Expert Mode". This mode is
recommended for advanced users and offers some more parameters to
modify. The main advantage of the Expert Mode is the possibility of editing
the link training sequence and pattern using a special script.

Exporting the Scripts

Once you have found a link training sequence suitable for the DUT, you
may want to export that sequence, either for later use or to the automated
test solution software.

To export the current script, click "File", then "Export Script". This saves
the currently used script for the training sequence to a file, regardless of
whether you defined it via parameters or by editing the PCle generic script.
Please refer to the next section for details of the scripts.
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Script Editing

50

The main advantage of the Expert Mode is the ability to edit the link
training sequence and pattern using a script. This allows you to define
virtually any kind of pattern, whereas the methods mentioned earlier in this
document only allow those patterns to be generated that are in sync with
the PCle link training methodology.

In order to be able to edit the script, Expert Mode must be enabled, and
the script must be defined as the source of the pattern. By default, the
pattern that is downloaded to the J-BERT is defined via parameters, such
as the ones contained in the "Link Training Pattern" box. However, in
Expert Mode the group box "Pattern/Sequence Script" becomes available
(Figure 35).

«<» PCle Link Training Suite - X
File Instruments Options Help
PCle Physical Parameters Timing Signal Impaiments
Revision: DUT Type: Data Rate: 16 GBit/s

_ Reference Clock: 100 MHz
40 | |EndPoint ASIC v Aralyzer Clock- custom CDR off Jtter/SS5C..
Datarate
160G ~ Timing Setup... off Interferences. .
Equalization Preset: P4 (DE=0.0dB, PS=0.0dB) Preset.. Vokage Levels
Channel Temination
Equal. T Ampl
Pattem/Sequence Script Data v| 1000 dfferential v as L
(®) Generate From Parameters De-Emph Preshoat
View Scrt.. () Use Custom Seript O High/Low Level Diff. Ampl -
® Amplitude/Cffset 1V
»
Diff. Ampl.: 828 mV/
Edt Training Parameters.. Modified Compliance Pattem z
O -
o

Training Mode: Apply Levels ov Boostis 0 dB

[E P4 (DE-0.0¢B. PS-0048)

Ll e Bit Emor Ratio Measurement

Encoded DUT Preset Request. Link Training Resuits FEm Mﬂesd BER
P4 (DE=0.0dB, PS=00dB) v SELE

Final Preset Training Log

Bits: Ermors:
Clock Tolerance Compensation
SKF Ordered Set Insertion: Sequencer BERT Control
None {Common Clk} ~ Insert Bit Emor
[ Use Gen3 EIEOS Manual Trigger Analyzer Auta Align
Apply Apply and Save Load and Apply. Close

Figure 35 Expert Mode
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When the radio button "Generate From Parameters" is checked, the
pattern will be automatically generated, that is, in the same way as in
non-Expert Mode. When the radio button "Use Custom Script" is checked
(see Figure 36), a custom script will be used. The parameters for the
automatically generated script are disabled then and have no influence.

Pattem/Sequence Script
- () Generate From Parameters
LTI (® Use Custom Script

[scripted]
Interactive lscripted]
[scripted]

Link Training Results
[scripted]

Final Preset Training Log

[zcripted]

Figure 36 Expert Mode with Custom Script

To edit the script, click the "Edit Script" button. The script editor, as shown
in Figure 37, will pop up. In the script editor, you can edit the sequence
and pattern, with a unified syntax. It allows you to define the data using
terms common to PCle. For example, to generate a TS1 ordered set with
the loopback flag set, you can use the macro "TS1(Loopback)". You can
also use the menu to convert pattern data between different
representations (binary, hexadecimal, 8b/10Db).

Clicking the "Process PCle Macros" button starts a script translation,
where all PCle specific macros and symbol names are converted into their
binary, 8b/10b, or 128b/130b representation.
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Limitations

When the automatically generated script is used, the "Edit Script" button
will change to "View Script". In that case, the script can only be changed
by modifying the parameters in the main window

< PCle Script Editor ad X

File Edit Convert Help
|Data:rate5: 16G; A
Blocks:

link down: ILT(Down, Detectitate);

initial pause: Padldle(); // initial pause with zeros

link up: ILT (Up, TargetState);

loopback eieos: EIEOQS (Lane=0, UseGen3Eieos=false), D5({0x00slg) @1;
loopback prbs: D3(0x00s1€) @1;

loopback skip: SEP(), D5(0x00sl€), DS5(0x00slé) @1;

Events:
LinkTrainingDone: Level (LinkTrainingTargetState, high);

Generatorsequence:
00. link down, trigger;
10. initial pause, manual;

M 1ink on tricmars

Process PCle Macros Cancel

Line 1 Column1

Figure 37 Script Editor

When editing the script, the resulting pattern must meet the J-BERT"'s
granularity requirements (512 bits for M8040A J-BERT and 80 bits for
M8020A J-BERT).
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If the pattern you want to define does not fit this granularity, you could, for
example, repeat the pattern until the granularity requirement is met (using
the {} operator), or place a Pad0() macro somewhere to fill the pattern with
zeros.

For more details, please refer to the "PCI Express Link Training Suite
Language Guide".
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Startup Fails

56

The anti-virus software Sophos Endpoint Security might mistakenly
classify the PCle Link Training Suite as a virus and prevent it from
executing. Starting the Link Training Suite then leads to an error message
such as

"Windows cannot access the specified device, path, or file". In this case,
please check whether the anti-virus software has blocked the executable
file of the PCle Link Training Suite and add it to the exceptions if
necessary. Note that you will probably have to repeat this procedure for
some of the DLLs.
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Slow Response

If you encounter a slow response of the PCle Link Training Suite user
interface, this might be a result of a poor remote connection. Probably the
delay over Ethernet is too high.

In most cases, it helps if you disable the BER polling and the sequencer
status polling. The BER polling can be disabled by simply clicking the
"Stop" button in the "Bit Error Rate Measurement" group. The sequencer
state polling can be disabled by un-checking the "Poll Sequence Status"
item in the "Options" menu.
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Troubleshooting

If link training fails, you might want to check the following points:

Did you click Apply after connecting and adjusting all your parameters?
Note that just connecting doesn't automatically download the pattern
and settings!

Is the injected jitter too high? Try reducing or disabling the injected
jitter in the "Jitter/SSC" dialog.

Are the timing, the voltage levels, and the de-emphasis correct?

Is the selected link training sequence suitable for your DUT? Probably
using a tweaked sequence will help your DUT to get into loopback. Try
the "Preset..." button in the "Sequence to Loopback Mode" dialog. This
dialog opens when you click "Edit Parameters..." in the "PCle Training
Parameters" group of the main window.
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