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INTRODUCTION TO SDA-PCIE-G2

The New LeCroy PCI Express Development Software for the SDA 6000A, SDA 6020 and SDA 11000 serial data
analyzers is designed with two major objectives in mind:

e First and foremost, SDA-PCIE-G2 provides the necessary tools to develop PCI Express-compliant
devices in a systematic, step-by-step fashion, in accordance with the latest standards and specification
documents published by PCI-SIG.

e Quick and easy access to all the compliance test requirements from the base and add-in card
specifications, and summarized in the Signal Quality Test (“Sigtest”) electrical test tool. LeCroy uses the
Intel-certified DLL and integrates the tool into the X-Stream processing software, thus enabling in-process
measurement and reporting of PCI Express critical parameters.

The standard features of the SDA also provide a broad tool set for advanced debugging of these interfaces,
including jitter, eye pattern, and bit error rate.

The New LeCroy PCI Express Development Software (SDA-PCIE-G2) supersedes the LeCroy PCI Express
Compliance software (SDA-PCIE). Existing SDA-PCIE users can upgrade to SDA-PCIE-G2 as an option to the
SDA 6000A, SDA 6020 and SDA 11000 Serial Data Analyzers by installing version 4.1.1.3 or later of X-Stream
DSO firmware.

Required equipment
e SDA 6000A, SDA 6020 or SDA 11000
e PCI Express Compliance & Development software option (LeCroy SDA-PCIE-G2)
¢ 2 matched-length SMA cables for single-ended tests
o 2 differential probes (D600-type for SDA 6000A or SDA 6020, D11000PS-type for SDA 11000)
e 1 SMAT connector
e 1 BNC-to-SMA adapter
e 1 compliance test fixture (CLB or CBB as appropriate for testing a system or add-in card)

e A Host computer, though not required, is highly recommended to execute X-Replay, the Compliance &
Development Software Engine.

Additionally, SDA-PCIE-G2 takes advantage of LeCroy'’s full line of PCI Express Protocol tools in order to force
the DUT to enter or abandon a particular State for the purpose of making amplitude or timing measurements.
These tools are used for SDA-PCIE-G2 implementation. LeCroy recommends the use of the following tools:

o0 PE Tracer (PCI Express Protocol Analyzer)
o PE Trainer (PCI Express Protocol Exerciser)
0 PE Host Emulator (PCl Express System Board with x8 slot)

For an example featuring the above protocol tools, refer to Appendix A section of this manual. Specific
instructions on how to use LeCroy’s protocol tools can be found at www.lecroy.com

PCI Express Compliance Test Fixtures

The PCI Express standard describes a set of two fixtures that are used to connect to the signal under test. The
fixtures are known as the compliance load board (CLB) and the compliance base board (CBB). The CLB is used
to test system boards, and the CBB is used for testing add-in cards. Both the compliance load board and
compliance base board are available through the PCI special interest group (PCI-SIG) at www.pci-sig.org

Using SMA type cables, both fixtures allow for the attachment of the positive and negative lines of the differential
signals directly to separate channels on the instrument. The 50 ohm impedance on each oscilloscope channel
provides the proper loading for compliance testing. All PCI Express add-in cards and system boards must transmit
a standard compliance pattern when loaded with 50 ohms to ground on each line, at the same time that no signal
is being received. The fixtures are designed to apply the compliance test load to the ports of the device under test.
The CBB also has a socket for a standard ATX power supply and a 100 MHz system clock that is used by add-in
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cards plugged into the fixture. Please note that effective May 2005, a CBB compliant with Version 1.1 of PCI
Express Base Specification is also available from PCI-SIG. See Figure 3.

BOGGGE
ﬂﬁﬂﬁlﬁ%&

Figure 1. Compliance base board (CBB) provides sockets for 1 lane and 16 lane add-in cards. The SMA jacks allow
access to the D" and D signals from the connectors. The ATX power supply connection is at the bottom edge of the
board and the clock is just above the single lane socket.
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Figure 2. The compliance load board (CLB) connected to a motherboard. This fixture provides probing access for 1,
4, 8, and 16 lane connectors. This figure shows the 1 lane section being used. The SMA cables connect the D" and D
signals to the oscilloscope channels.
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e - .t i 3 Py s e et

Figure 3. New Compliance base board (CBB) for version 1.1 provides a clean reference clock and clock noise
injection capabilities.
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SOFTWARE INSTALLATION AND SYSTEM CONFIGURATION

What Is X-Replay?

The new PCI Express Software application incorporates X-Replay, a unique application framework. X-Replay is a
MS Windows-based application that contains all the commands and instructions necessary to configure, acquire,
display, and report measurement results. For instance, X-Replay environment enables you to:

e Create or change test criteria in order to make context-sensitive parametric measurements.

e Export all test results as XML for import into a database program such as Microsoft Access for further
manipulation.

e Generate reports from within X-Replay showing the latest test results. Reports are html, i.e., meant to be
viewed with Microsoft Internet Explorer.

File  ‘verical Timeosse Trggsr Oesplay Cursors  Me = Lajlibes  Halp

HIES [ 58 =

—':~\ - —

¢

C:\Program Files\Le CroylinstantReplay\Phy Tests Checkbst, IRT « X Beplay
Fiis Secuerce Fesultlog Report Opoors Deices
3R] wio|ale] »|
= 782 PCl-Exprass Phy Tess e Z5GL Tranamiie [ata and Modderen Faie

2 &8 Batch Infa | Pie ansssien unces oo m comphance palier mods
— - r P En Mg | grmmited wanesions mith bigh soeed ceclioscops, To socuslel lest the
1 28 iy o SoVEE Infa Iricsmem 550 mactlalionn rite e rropisrumemant fhoukd b geriormed e it bact 3003 L
ED padiy Wl Tests 3 Comspedm dila tate fom meborm dats Compats S5 modiaion i bom sevelom
s = Gereral Tasts _—

L =l Test 1.1 Ok Acouracy [t st b ook e wethin 2 5 Gi's + 30ppma53000pm. Ths dete sefe does scoount by
Femcls  Hardios G5C dctafed vasabons. Frame = 250075 G4, Finin = 24575 Bb's

v I Srgle-Erded Seng 2 0095 0 by = Paringli L8 = 300 ppen, agxcest frciney bl
12 Differenibal SetLp 2 GBETT Gibe's = Marminal LB 1 S000 o (99 B udgest | 00 ppm Rovwest gy lind
|S5E meechdadicn sate awaid e silbirs 3023 H2

LC D404

1723815
= Cifferantial Satup
o = COmiman SEmp
FEIPHY 2122
50 PHY 2 183
=) Test 1.3; 55C Rave Tracking
7 [ Mol Chesck: Operation
7 10 Srgle-Brded Sanp =gar
0 Differontal Setup _r_l“.L:-n_-
[ Common Seup = iendPans
FEIPHY 3,184 = GpbTimeout
# [ ) Trarmmitter Tests F Watoe )
7 Receiver Test <new SEp>
v 2 Systam Board Tests
v il Add-In Card Tests
# [ SIREFOLK Tests (FClel 1 orly)

PCI-Express iy Tests\TestsGeoneral Tests\Test 1,2 S5C Tx Pararms), SOA11000 on 172.28,15 .7 Timeout 100 s

c@e " [iam ~Twis. [Tem rlgen =1 e

The PCI Express Compliance software resides in X-Stream DSO software in the scope, and it is activated through
the use of an alphanumeric code matched to the scope’s serial number. This code is unique to each scope serial
number and is activated when ordering SDA-PCIE-G2 software.

While the software key enables the scope to perform the measurements, X-Replay contains the PCI Express
script, the test results database and the report generation engine. For ultimate flexibility, X-Replay can be
executed from a host computer at a location different from the scope, provided that there is a Windows-
compatible network connection.
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Option Key Installation

When ordered as an option to a new instrument, no installation is necessary. Installation is required, however,
when the option is ordered after the oscilloscope is purchased. An option key will be issued at the time the option
is purchased.

To enter the option key code,
1. Touch Utilities in the menu bar, then Utilities Setup... in the drop-down menu.
2. Select the Options tab from the Utilities dialog.

3. Inthe Options dialog, touch the Add Key button and enter the option key in the dialog box using the on-
screen keyboard.

Filg  Werical Timebase Trigoer Display Cursors  Measure  Math J i Utiiies Help

Wirtual Keyboard

Erter Option Eap il aingy ik o Cancel 0K

Tab —>
Caps Lock ; i 4 : . Enter
Shift

Cirl Al

Figure 4. Entering the option key code for the SDA-PCIE-G2 software option

CD-ROM Installation

When ordered as an upgrade to an existing SDA-PCIE option, an Application Software CD-ROM is supplied
containing X-Replay and other software installation files. Follow the specific instructions in the Installer
application. The installation process will prompt you, as required, for specific location of data files and test results,
reports, scripts, etc.

Typical (Recommended) Configuration

SDA-PCIE-G2 software can be executed from the scope PC or from a Host PC. By default, a new scope will
come equipped with X-Replay installed in the scope. LeCroy recommends that you run SDA-PCIE-G2 in a scope
equipped with Dual Monitor Display capability (option DMD-1), such that the waveform and measurements are
displayed on the scope LCD display, whereas the X-Replay application and test results are displayed on a second
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monitor. By default, the scope appears as a local host (IP address is 127.0.0.1) when X-Replay is running in the
scope computer. To verify its correct operation, the following steps must be taken once the scope is turned on:

1. Minimize the X-Stream DSO window.
2. Run X-Replay.

3. Select Scope Manager. The scope selector window should display the scope attached (in this case, an
SDA 11000)

4. Press the Test button. A message box will indicate that the test is OK. X-Replay is now ready for use.
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=
[=-%# ] Tests ~
T : b
ﬁl w7 General Tests
4+ =l owfel] Test 1.1: Clock Accuracy
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Ji i
_i_\-.‘:]_ Device ! Status_l Bus ] Address J Soft Rey ! SN ] Ok I
6] BESDATION0  Alive Net 127.001 0.0.0 [build 73064) LCRYD404M 11056
":g Cancel |

Add ] Remowve ' Enable ' Test Properties Usge Selected 5
QST e o L S LL=1 1 PP ML= I =L ) T EpIaT o Trdel A
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Remote (Networked) Configuration

4,

Of course, it is also possible to run SDA-PCIE-G2 by installing X-Replay in a host PC, controlling the
scope through a Windows Network / LAN Connection. This may allow you to run other instruments or
applications from the host PC, for example setting up and configuring the LeCroy PE Protocol and Host
Emulator instruments. The scope must already be configured and an IP address (fixed or network-
assigned) must already be established.

Follow these example steps to set up the scope using X-Replay over a LAN:

In the scope, verify in the Utilities & Remote dialog that the scope has an IP address, control is set to
TCP/IP as shown below:

Remote Hardcopy L DrateTime Options

Remate Cantro

Make sure that the host PC is connected to the same LAN as the scope. If unsure, contact your system
administrator.

Run X-Replay in the host PC and select the Devices menu, then Scope Selector. The screen will show
no devices enabled at this time. Click the Add button:

Scope Selector

Device | Statuz | Buz | Address | Soft Rey | S/ ok

Cancel

Enable ‘ Test | Properties ‘ |Jze Selected

Select Network as the connection method:

Add Device

X

How iz the scope connected to the PC?

GFIB GPIE [IEEE 488] connection
m’ CP/AP connection
—

10
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5. Enter the IP address from step #1

Network Device Address

Enter netwark address of device. If the device uses a static address then enter
the IP address directly, i.e. 169.12.4.1. If the device has a DMS name then
enter that directly, i.e. mydesktopcomputer

|1?2.28.15.2E|

Mote that static IP addresses should not be used to identify devices that use
DHCP to define their address. DHCP can cause a device to change it's
address at any time.

Older LeCroy D50 [LCxxex, WaveRunner, WavePro require static P
addreszes. ®Stream based DS0s MWavekd aster] can use either static [P
address or DHCF.

Mote: Remote control of a networked scope uzes TCP port 1861, Engure
that thiz port is open on any firewall: between the PC and the DSO.

oK | Cancel |

6. Click OK. The Scope Selector window displays the correct information about the scope connected to the

LAN. In our example, an SDA 11000 is connected, as shown below:

Scope Selector

Device | Statuz | Bus | Address | Soft Rey | S/N
BR50A11000  Alive et 172281525 000 [b.. LCRYD404M11056

Cancel

Add ‘ Remaowve ‘ Test Properties Uze Selected

PCIE-G2-OM-E Rev A
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INTRODUCTION TO PCI-EXPRESS

PCI Express is a serial version of the commonly used PCI bus designed for PC’s and servers. This serial interface
adds scalability through the use of multiple lanes, and flexibility through such features as switching. PCI Express
is a multi-lane interface that operates at a signaling rate of 2.5 Gb/s on each lane. The differential signal contains
both normal and inverted signal lines designated D* and D", and the signaling voltages are nominally 800 mV
peak-to-peak.

PCI Express is designed to operate on standard PC motherboards using low-cost PCl-type sockets. This implies
several things about the signal characteristics. First, spread spectrum clocking must be supported to control
emissions in desktop applications. Second, because standard PC motherboards must be used, the signal is pre-
emphasized to control inter-symbol interference. Finally, many implementations of serial data receivers employ an
“over sampling” mode that takes many samples per bit to find the data transitions rather than using a recovered
clock for this purpose.

PCI Express Device Development Process

With the introduction of PCI Express Gen2 in Spring 2005, High Speed PCI Express has arrived. As a result, PCI
Express standards are quickly evolving to allow existing Gen 1 (2.5 Gb/sec) designs to interact with the new,
demanding 5 Gb/sec requirements. New requirements for PCI Express Genl are now identified in the new PCIE
Version 1.1 specification, effective April 2005. PCI-SIG encourages new and experienced electrical interface
designers to undertake new designs using a “Predictable Path to Design Compliance.”

Workshops
‘ - ~~/PASS
| FAIL
Test Tools —
And Procedures Clear Test Output
C&l Test Specs Test HIW & SIW ’D”_apzﬂ o Test
/ Interpret _—"" Validates irectly to Tes
. *Checklists Test Criteria Spec
Checklists -Assertions -Compliance
Describes Define sInteroperability
Design Criteria Test Criteria

*Test Definitions

Predictable Path To Design Compliance

PCI Express Device Development Process and Compliance Tests

The PCI Express Compliance test requirements are derived from the test specification document, which is
interpreted from the design checklist. The design checklist is a set of requirements that must all be met during the
design phase of a PCI Express-compliant device. An example of a few requirements from the design checklist is
shown below:
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PHY.2.6#1 | Training sequence ordered-sets are never scrambled but | yes
always 8b/10b encoded. no___

PHY .3.1#25 | The receiver terminations must remain enabled in Electrical yes
Idle. no
PHY.3.2#5 | The Beacon signal must contain minimum width pulses >= 2 ns.
no

Figure 5. Example requirements from the PCI Express design checklist

The test specification / Electrical Design Considerations contains a list of Assertions that are derived from the
checklist. For example, the symbol rate must be 2.5 Gb/s +/-300 ppm. Each assertion has a specific
measurement that is used to verify it, the Test Number. While there are many tests in the specification, only the
signal quality test is performed for Compliance.

The new LeCroy PCI Express software supports the measurement of PCI Express signals in two modes of
operation:

e Compliance Test Mode, or signal quality test, based on Intel's sigtest dynamically linked library (dll)
and used for test and evaluation at PCI-SIG sponsored electrical test workshops. These tests are
covered in the Electrical Design Considerations document under Tests 1.4 and 1.5, and can be
accessed by manual control on the DSO or by selecting the corresponding tests under X-Replay.

e Checklist Test Mode, or Designers Checklist Mode. In this case, the X-Replay script provides
capabilities to run all the test steps required or some group of tests, as many times as specified, and
in accordance with the form factor (Add-In card, System card) supported by the device under
development. For example, a developer may only be interested in the Tx performance of the chipset,
then only the Transmitter Tests are selected for verification.
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PCI EXPRESS MEASUREMENT THEORY

Eye Pattern and Jitter Measurements

PCI Express signal quality tests are performed using eye pattern analysis. The eye pattern allows measurement
of voltage and jitter. The measurement methodology that has been adopted for eye patterns in this standard is
designed to accommodate the requirements of over-sampling detectors and spread spectrum clocking. The
method relies on the acquisition of consecutive unit intervals of the data stream sampled at a minimum rate of
20 GSIs.

Version 1.0a Measurements

The average symbol period is measured over 3500 unit intervals (Ul). This value is then used to create an eye
pattern over a segment of 250 unit intervals in the center of the 3500 Ul window. The eye pattern is generated by
dividing the 250 Ul segment into equal-length segments set by the measured average symbol period. The 250 Ul
segment is chosen to encompass the range in which over-sampling detectors are affected by jitter. The 3500 Ul
window is chosen to provide the most accurate symbol period measurement while being minimally affected by any
spread spectrum clock that may be on the signal.

overlay 250Ul in center to create eye pattern

S T e W I

)

average Ul

measure average bit rate over 3500 Ul

Figure 6. Compliance eye pattern creation (version 1.0a). The eye pattern is created by dividing the center 250 Ul of
the waveform into segments that are the width of the average Ul measured over 3500 unit intervals.

The eye pattern is produced by dividing the 250 Ul segment into segments that are 1 nominal Ul long. The
nominal Ul for a given 250 Ul segment is measured by finding the median value over a 3500 Ul segment whose
center 250 Ul contain the measurement window. The 1 Ul segments are overlain by lining up the median Ul
boundaries. The median Ul was chosen in the standard rather than the average because the median value is
more accurate in the presence of low-frequency jitter, such as that caused by spread spectrum clocking.

Version 1.1 Measurements

The revised version of the specification places a premium on the acquisition record size requirements: 1 million
Ul, which translates to 8 Mpts acquisition record size when running at 20 GS/s. The reference clock is assumed to
have been cleaned, i.e., contributes zero jitter:

“The TTX-EYE-MEDIAN-to-MAX-JITTER specification ensures a jitter distribution in which the median and the
maximum deviation from the median is less than half of the total TX jitter budget using the clock recovery function
specified in Section 4.3.3.2 of the PCI Express Base Specification. It should be noted that the median is not the
same as the mean. The jitter median describes the point in time where the number of jitter points on either side is
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approximately equal, as opposed to the averaged time value. This parameter is measured with the equivalent of a
zero-jitter reference clock. The TTX-EYE measurement is to be met at the target bit error rate. The TTX-EYE-
MEDIAN-to-MAX-JITTER is to be met using the compliance pattern at a sample size of 1,000,000 UL.” The new
clock recovery applies a first order high-pass filter with a -3 dB cutoff frequency of 1.5 MHz, rolling off at

-20 dB/decade.

In addition, the new clock recovery function will apply to devices (for example, Add-in cards) that rely on
a clean clock. For System board designers, however, the burden of proving that the reference clock is a
clean clock is a NEW requirement for PCIE Version 1.1 compliant designs.
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PREPARING TO MAKE PCI EXPRESS MEASUREMENTS

Channel Deskew (SMA Cables)

PCI Express signals are properly probed using two separate channels on the oscilloscope connected to the
appropriate SMA jacks on the test fixture. The highest measurement accuracy is achieved when the timing skew
between the two channels is calibrated. This is performed using the “Deskew” control on one of the two channels
to which the differential signal is connected, as follows:

1. Attach the calibrator signal to both input channels using a T connector to rout the calibrator signal on the
SDA front panel through the same cables that will be connected to the fixture.

lil-n---ll ~—~ 5

v 7

Figure 7. Deskew cable setup. The calibrator signal is connected to the cables using a T connector or resistive
divider. The calibrator peak voltage should be set to the same value as the nominal voltage of D" and D.

2. Set interpolation of both channels to Sin(x)/x, using the Interpolation control in the Vertical Adjust
dialog for each channel.

3. Check the Invert checkbox on one channel.

C1 Vertical Adjust Close
) Pre-Pro ing
Offset : Bandwidth : .
0 mv Full ) p Averaging
i ' ' 1 sweep
‘ Zero P

Offset | Interpul.ﬂtmn :

o
ol

= |—&— ‘ ‘ ‘ am [Ee Probe Atten. Invert
| Measure | Zoom | Math | Stére  |[Find'Stale |NestGnd | Label |ProbeCal. - _ _

Figure 8. Deskew control in channel menu. Adjust this value to achieve minimum skew.
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4. Create a Difference math waveform by selecting Math in the menu bar, then Math Setup... in the drop-
down menu. Touch the “Operatorl” field and select Difference from the Select Math Operator menu.
Enter the channels to which your signal is connected in the Sourcel and Source? fields. The math
function is thus defined as the difference between the 2 channels probing the D* and D" signals.

Selbec Malh Opser ator

Math

Trace On

' Source P—
- S

Frepanay
B

c2 Difference ——

single  dual

Source? S || nemues
. oitd . '
b Rl

graph web edit |  Actions for trace F1

e | B2 - W

Measure St'Ei"re Label Next

Figure 9. Math setup

5. While viewing the math trace, adjust the Deskew control in one of the channels until the math trace is as
flat as possible.

[Note: With the Deskew control highlighted, you can use the front panel adjust knob to make the adjustment.

The best accuracy is achieved by setting the level of the calibrator signal to match the expected levels of the

signal under test, and with the calibrator set to its maximum frequency (5 MHz). The calibrator settings can be
found in Utilities > Aux Output.

PCIE-G2-OM-E Rev A
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Differential Probe Calibration

The PCI Express signal can be applied to a single channel of the SDA using a differential probe, or directly to two
channels using one of the test fixtures described above. In either case, the signal level should be maximized on
the instrument to achieve the best overall accuracy. The signal level is set in the Vertical Adjust dialog, or by
using the front panel knobs. The best peaking can be achieved by checking the Variable Gain checkbox, which
allows finer gain steps in the control knobs.

With the introduction of the 40 GS/s, 2 channel, 11 GHz BW (20 GS/s, 4 channel , 6 GHz) scope with Digital
Bandwidth Interleaving (DBI), high-speed PCI Express Gen 2 measurements can now be accomplished.
Additionally, the use of two D11000 probes enables the measurement of inter-lane skew on the DBI-enabled
channels.

fath

Timebase 000 psfirgger @

| Probe Atten.
\Probe Cal. =1

. Label

Figure 10. Signals properly adjusted for best accuracy. The signal levels should be adjusted in the “Vertical Adjust”
dialog so that at least 6 vertical divisions are filled.
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For SDA 6000A

The horizontal scale should be set to a fixed sampling rate of 20 GS/s. This requires that Auto or 2 channels be
selected in the Active Channels control in the Horizontal (Timebase) dialog. The record length should be set to
a minimum of 8 MS using the Time/Division control or the front panel horizontal scale knob. Longer records give
more accurate results but also take more time to compute.

Horizontal

Figure 11. Horizontal and memory setup menus properly configured for testing PCI Express signals. The maximum
(20 GS/s) sampling rate must be used. The SDA6020 model does not have the “Active Channels” control since all
channels sample at 20 GS/s.

The signal under test is selected from the Data Source menu in the Serial Data Analysis main dialog. The
source can be any channel, memory, or math trace. If a differential probe is being used to couple the signal to the
instrument, the channel to which the probe is attached should be entered into the Data Source control. When
probing with 2 channels of the instrument attached to a compliance test fixture, a math trace should be defined as
the difference between the channel connected to the D* and the channel connected to the D' lines on the fixture.
The channels should be deskewed as described above.

It is also possible to perform measurements on waveform files stored in memory. either on the system hard disk or
in non-volatile memory. Subtract the memory traces if they are stored as separate (+ and -) waveforms, as
described above, or enter the memory into the Data Source control directly.

Sarial Data An

Duata, Clock ( a Signal Charactanstics

FCle
Measurament

Scope
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COMPLIANCE TEST MODE

This section describes how to execute the “PCle Compliance” test built into the SDA, from the SDA's user
interface. Information about using X-Replay to automatically run tests is in the section titled “Checklist Test”,
below.

To select the compliance test mode, from Serial Data Analysis menu select “PCle Compliance” for Signal Type.
The following menu appears:

Serial Data Y St v Complisnce Jiter
Drata

Data Source
F1 |

Performing a Compliance Test — PCle Signal Quality

Compliance testing is defined by the PCI-SIG (PCI Special Interest Group) as consisting of a pair of eye pattern
template tests and a set of jitter measurements derived from the eye pattern zero crossings. Compliance testing
also includes measurement of the bit (data) rate, bit period (or Ul), and voltage levels. Select the Signal Quality
tab; the following dialog is now displayed:

Serial Data y i uality Compliane

A compliance measurement is started when the Signal Quality Test On checkbox is checked. The compliance
test will start and messages indicating the start and completion of the test will be displayed on the bottom left
edge of the instrument display. Two eye patterns are displayed in the upper half of the display when the test is
complete. The one on the left shows the waveform for transition sections of the trace, while the one on the right
shows the non-transition eyes (see the figure below).
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First, the form factor (Desktop or Mobile) button is chosen:

File  “erical Tim e Trigger Dis iE A Utilities  Help

A Fy
[PCleEye PCleEyehT [Timebase 0.0ps

Figure 12. Add-In Card Test

The Standard control allows you to select PCI-Express v1.0a, PCI-Express v1.1, or PCI Express v2.0

(SDA 11000 only) as the signal under test. The Abort After Failures control will terminate the acquisition after the
number of mask violations specified in this field. Whenever Add-In card Masks are selected, the Clean Clock
checkbox is checked by default. For Tx or Rx package pin tests, however, selection of a clean clock is optional.
Finally, for System Board tests the clean reference clock is not permitted. The PCI Express application running
under X-Replay contains extensive reference clock test routines to characterize the existence of a clean clock.

The Advanced Setup checkbox allows the individual adjustment of jitter and clock recovery window settings used
in the creation of eye diagrams. These are different depending on the revision level of the PCI Express
specification selected. For example, for PCI Express v1.1 add-in card, the following values are used:

Figure 13. PCI Express Add-In Card Mask Settings (Tested with a Clean Clock)

The “Compliance Jitter” and “Compliance Eye” tabs display tables of jitter, timing, and voltage measurements.
Each measurement has a checkbox to its left indicating pass or fail. A green check in this box indicates that the
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corresponding parameter meets the compliance specification. A failure is indicated by a blank box adjacent to the
parameter.

Complignce Eye

Mon Transition Eye

The eye patterns and test results can also be exported to HTML using the Create Report button.

It is important to note that Compliance Testing, as defined by PCI-SIG, is a small subset of the electrical checklist
considerations document. The X-Replay script (and report) covers many more tests.

Parameter List — Transmitter Compliance Tests (measured at the Tx package pins)

Test Assertion Parameter

Test 1.5 PHY.3.2#1 MaskViolationsTXNonTransition
Test 1.5 PHY.3.2#1 VixMaxNonTransition

Test 1.5 PHY.3.2#1 VixMinNonTransition

Test 1.5 PHY.3.2#14  VitxMobileMax

Test 1.5 PHY.3.2#14  VitxMobileMax

Test 1.5 PHY.3.2#14  VitxMobileMin

Test 1.5 PHY.3.2#14  VitxMobileMin

Test 1.5 PHY.3.2#14  MaskViolationsTXMobile
Test 1.5 PHY.3.2#14  MaskViolationsTXMobile
Test 1.5 PHY.3.2#14  MaskViolationsTXMobile
Test 1.5 PHY.3.2#2 Vix-diffp-p

Test 1.5 PHY.3.2#2 VixMaxTransition

Test 1.5 PHY.3.2#2 VixMinTransition

Test 1.5 PHY.3.2#2 MaskViolationsTXTransition
Test 1.5 PHY.3.3#1 MaskViolationsTXTotal

Test 1.5 PHY.3.3#2 MaxUl
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Test 1.5 PHY.3.3#2 AvgUl

Test 1.5 PHY.3.3#2 MinUI

Test 1.5 PHY.3.3#4 TtxEyeMedianToMaxJitter
Test 1.4 PHY.3.3#4 TtxEyeMedianToMaxJitter
Test 1.4 PHY.3.3#4 TtxEyeMedianToMaxJitter
Test1.4 PHY.3.3#9 TtxEye

Parameter List — Add-In Card Compliance Tests (measured at the connector)

Test Assertion Parameter

Test 1.5 EM.4#19 VixaMax

Test 1.5 EM.4#19 MaskViolationsAddInNonTransition
Test 1.5 EM.4#19 Vixa_dMin

Test 1.5 EM.4#19 VixaMin

Test 1.5 EM.4#19 Vixa_dMax

Test 1.5 EM.4#19 MaskViolationsAddInTransition
Test 1.5 EM.4#19 JixaMedianToMaxJitter

Test 1.5 EM.4#19 Ttxa

Parameter List — System Board Compliance Tests (measured at the connector)

Test Assertion Parameter

Test 1.5 EM.4#20 VixsMax

Test 1.5 EM.4#20 VixsMin

Test 1.5 EM.4#20 MaskViolationsSysTransition
Test 1.5 EM.4#20 Ttxs

Test 1.5 EM.4#20 JtxsMedianToMaxJitter

Test 1.5 EM.4#20 Vixs_dMax

Test 1.5 EM.4#20 Vixs_dMin

Test 1.5 EM.4#20 MaskViolationsSysNonTransition

Performing a PCI Express Simple Measurement

A second button is provided in the interface that accesses a set of additional measurements that are part of the
PCI Express Base specification but not strictly required in Compliance mode. These measurements are selected
by clicking or touching the PCle Measurement button in the SDA main menu. The PCI Express Measurement
mode contains a dialog with a measurement selection control. Some measurements such as common mode
voltage require separate connections for the D* and D signals; two controls for the input sources are provided for
these measurements. Measurements are performed by selecting the input sources and selecting the desired
measurement from the control.

Note: Only measurements that require separate connections for the D* and D’ signals use the channels selected in the PCle measurements
menu. All other measurements use the waveform selected in the “Data Source" control in the SDA main menu.
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File “ertical Jisplay  Cursors  Measure  Math  An Ltilities  Help

Fy

Measure

e
Pass/Fail

(Q1&02&Q3)= True
Timehase 0.00 ps

Figure 14. PCI Express voltage measurements. Note the measurements displayed in parameters P1 and P2 use the
signals in sources D" and D" (M1 and M2 in this case). The de-emphasis measurement (P3) uses the difference
waveform between the D" and D (defined here in math function F2) and selected in the “Data Source” control in the
SDA menu.
Voltage measurements

1. Select the input sources for the measurements. Enter the channels connected to the D* and D signals in
the appropriate controls.

2. Select Voltage in the “Measurement” control.
3. The voltage measurements will appear below the grid area on the instrument as follows:

Note: The value of the differential peak-to-peak output voltage (P2) is tested against the required value at the transmitter device package pins.
The measured value at the CBB or CLB will be lower and could indicate a failure in Q2. The compliance requirements are set by the eye
patterns.
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Parameter Number Measurement Explanation
P1 Transmitter DC common mode | The average value of the
voltage waveform formed by adding

the D" and D" signals (Vcevpce =
mean((D" + D)/2))

P2 Differential peak to peak Measured as the p-p value of
output voltage 2*| D" - D]
P3 Transmitter de-emphasis ratio | The log of the ratio of the p-p

voltage for a transition bit to
the p-p voltage of a non-
transition bit computed as
20*10g10(Vi/ Vi)

Timing measurements

1. Select the input sources for the measurements. Enter the channels connected to the D* and D signals in
the appropriate controls.

2. Select Timing in the “Measurement” control.
3. The timing measurements will appear below the grid area on the instrument as follows:

Note: The value of the differential peak-to-peak output voltage (P2) is tested against the required value at the transmitter device package pins.
The measured value at the CBB or CLB will be lower and could indicate a failure in Q2. The compliance requirements are set by the eye
patterns.

Parameter Number Measurement Explanation

P1 Tx Rise Time D* Transition time, from 20% to
80% for all rising edges in the
acquisition, as a fraction of a
Ul (1 Ul= 400 ps for Gen 1)

P2 Tx Fall Time D* Transition time, from 80% to
20% for all falling edges in the
acquisition, as a fraction of a
Ul (1 Ul= 400 ps for Gen 1)

P3 Tx Rise Time D Transition time, from 20% to
80% for all rising edges in the
acquisition, as a fraction of a
Ul (1 Ul= 400 ps for Gen 1)

P4 Tx Fall Time D Transition time, from 80% to
20% for all falling edges in the
acquisition, as a fraction of a
Ul (1 Ul= 400 ps for Gen 1)

SSC measurements

1. Select the input sources for the measurements. Enter the channels connected to the source and
destination signals in the appropriate controls. They are two directions on same lane. Signals can be input
using several probing arrangements:

a) two single ended probes - seeing half of each signal, or
b) two diff probes (for SDA 6000A, these probes should be in channels 2 and 3),

c) 4 single-ended SMA probes - the sources are two math functions that subtract the input pairs
(SDA 6020)

2. Select “SSC” in the [Measurement] control.
3. The SSC measurements will appear below the grid area on the instrument as follows:
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Parameter Number Measurement Explanation

P1 SSC Min Ratio of minimum to max
transfer rate. Pass if > 2.49G
Ul

P2 SSC Max Ratio of minimum to max
transfer rate. Pass if < 2.5G Ul

P3 SSC Frequency Signal 1 Frequency of SSC Track, must
be between 30 and 33 kHz

P4 SSC Min Ratio of minimum to max
transfer rate. Pass if > 2.49G
Ul

P5 SSC Max Ratio of minimum to max

transfer rate. Pass if < 2.5G Ul

P6 SSC Frequency Signal 2 Frequency of SSC Track, must
be between 30 and 33 kHz
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CHECKLIST TEST MODE OF OPERATION

All the tests covered by this Manual refer to the PHY Electrical Test Considerations Rev 1.0, dated April 26, 2004.
This section covers use of X-Replay and the supplied “Phy Tests Checklist.irt” script to perform tests described in
the PHY Electrical Test Considerations, and to generate a report from X-Replay using the supplied stylesheet
“XReplayPCIE_Report.xslt”
X-Replay allows you how to test PCI Express functionality in several ways:

e Select, repeat, and skip tests as required to demonstrate or develop different PHY functions.

e Establish Test Limits for each of the versions of the PCI Express specification, and modify create or delete
entire test limit sets.

e Generate Test Reports based on the tests actually run.
e Query the database for test results from prior test sessions or experiment runs.

The X-Replay application display is divided into several windows (clockwise, from upper left hand):
e Test Sequence Window
e Test Description Window
e Commands Window
e Activity Log Window
e Session Window

Use of Configuration Variables in Test Sequences

Configuration Variables allow you to define system inputs such as signal sources, probe types, specification
parameter set to be used for testing, form factors, and other global conditions. These variables can be set prior to
the start of testing, or changed in between test runs.

g— ProbeType: Single-Ended
- [ single-Ended Setup
@~ THREFCLKp:
[ THREFCLKn: C2 Scope channel to use for transmitter's D+ for lane under best
[ REREFCLKp: C3
[@~ RA¥REFCLKN: C4 C2 =]
v -|_"| Setup Scope
- W] Differential Setup
[ TRREFCLK: C1
@ REREFCLK: C2

Select an entry in the list

Right-clicking on any variable allows you to reset the variable to its default setting or to change the value to be
used for subsequent tests.
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25 C:\Program Files\LeCroy\XReplay\Phy Tests Checklist. IRT - X-Replay

][=] %

File Edit Sequence Resultlog Report Options Devices Yiew Help
(8| 2] r|@l=] ¥
g— T CZ | [Mobile Graphics topologies that are designed in accordance with the Mobile Graphics Low Power Aiddendum must meet the following requirements:
g, Ry €3 - Reduce the m\nin'!um T output d\lfgrantia! voltage by half while keeping the maximum Tx output differential vnlh_aga_lhe_same
- - R educing the minimum T output differential voltage also reduces the warst case interconnect loss by a hall, which implies shorter topology lengths.
[VIE] Setup Scape - Transmitter de-emphasis must be disabled.
v Common Setup - Satisfy the Transmitter Compliance Eve Diagram specified in Figure 2-1 of the PCI Express Mobile Graphics Low Power Addendum +1.0
W [0 PHY.3. 184
=-[w|Q Transmitter Tesks
= [ Tests 1.4 and 1.5: Compliance Operation | argn [ argt [ argz [ rg3 | Comment
g— ProbeType: Single-Ended M5 SendvbsGuery  app,SDA,PCIEComp,MasktiolationsTotal 1] LIMIT Mask¥iolation... 0 PHY.3.2#14; Total number of mask
g’ Standard: 1.0a 3 5endvbsQuery  app.SDA,PCIEComp.MaskyiolationsMonTransition 0 LIMIT Mask¥iolation... 0 PHY.3.2#14: Mumber of mask viala
@ FormFactor: Desktop M5 SendvbsQuery  app.SDA,PCIEComp.MaskyiolationsTransition 1] LIMIT Maskviolation.., 0 PHY.3.2#14: Mumber of mask viala
B CleanClock: No 5/ SendvbsGuery  app.SDA, PCIEComp. MintolageMonTransition 0 LIMIT ¥txMobileMin+— 0 PHY,3.2#14: Minimum voltage in tF
=[] single-Ended Setup 5| SendvbsQuery  app.SDA.PCIECamnp. MinYolkage Transition o LIMIT ¥txMobileMin 0 PHY.3.2#14: Minimum volkage in tF
TxDp: €2 M5 SendvbsGuery  app,SDA,PCIEComp.Max¥olkageMonTransition 1] LIMIT ¥txMobileMax 0 PHY.3.2#14: Maximum voltage in
g"TXD”: 3 3 5endvbsQuery  app.SDA,PCIEComp.MaxVolkageTransition o LIMIT ¥txMobileMax 0 PHY.3.2#14: Maximum voltage in b
|7|_.'| Sefup Seope M SendvbsQuery  app.SDA,PCIEComp.MinBottomMarginionTran,,, 0 ignore o] PHY.3.2#14: Minimum bottom marg
= ’UD Differential Setup 3 SendvbsQuery  app.SDA.PCIEComp. MinBottomMarginTransition a ignore o] PHY.3.2#14: Minimum bottom marg
‘TX: cz M5 SendvbsQuery  app.SDA.PCIECamp.MinTopMarginNonTransition 0 ignore o PHY.3.2#14: Minimurm Eap margin ir
[VIE] Setup Scape M5 SendvbsGQuery  app.SDA,PCIEComp.MinTopMarginTransition a ignore o] PHY.3.2#14: Minimum kop margin ir
[w (] Common Setup <new step>
= [0 Test 1.4: Data Rate (no 5500
[V PHY.3.3#2
= [wI(Z] Test 1.5: Signal Qualicy
VIO PHY.3.2#1
[V PHY.3.2#2
V3 PHY.3.2#14
[V PHY.3.3#1
W PHY.3.384
VIO PHY.3.3#9
=[P Test 1.6: DC Common Mode
B teop: 2
B teomi 3 ol P >
Operakor Mame | DUT Set Time: Temp... | | Timestamp Command Explanation Mode| Oplions | # ‘ R.l
PCI-Express Phy Tests\Transmitter TestsiTests 1.4 and 1.5; Compliancel\Test 1.5 Signal QualityiPHY.3.2#14}  Mode: Runtime on 127.0.0.1 Timeout  10s

Menu Structure

File

Open Test File (Test Database). The file extension is *.irt

Make Read Only disables the writing of test results to a session log. Make Writable reverses the action.

X-Replay

-

Database is read-only, logging of test resulks will be disabled
Either use the “WC3-=Make Writable' menu option, or check the
database aut af the version conkrol syskem
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Edit
Performs the find function to locate specific measurements or actions in the program sequence.
Find = CtrlI-F Mext = F3
Find What: |
Clear
Hiztomny
Fane to Search:
£ Groups + Steps »
v v Operation [+
v v Zng0 [+
I v g1
v W Arg 2
v Comment Find Mext =F3
[ BuglD
_ L | N
Sequence

Execute program items starting at the designated point. The menu bar displays the available choices:

| _;I| Open

aﬁ| Searches Attached Devices — performs a scope search

| & | Single Step [F10] — executes one instruction at a time

| b Play Selected Group and Children [F5] — executes all the checked items in

the selected group

|(}:;| Play selected group Continuously — executes all checked items in the
selected group until Stop

| Stop stops execution — (active when Play has been pressed)

Result Log
Options Devices View Cle_a_r Log — removes all the previously recorded
activity
| Clear Log
Hide known bugs .| Export to File (ASCII) — creates a comma-
Hide known bugs passing test separated-values set of activity records
Export To File (ASCIT) = | Export to File (ASCII) Standard — creates a text
Export To Flle {ASCII) Standard file phy tests checklist.logdump.txt
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Report

Creates a report with one of three formats (html, pdf or rtf) based on the specified report template Style Sheet
(*.xsl or *.xslt). For Style Sheet, select the supplied “XReplayPCIE_Report.xslt”. The ... button to the right of the
text entry field can be used to browse and find that file. On an SDA, it should be found in D:\Applications\PCIE.

= o

X-Replay - reports generator

{* Create HTML " Create PDF " Create RTF

Oukput file narme:
|E:'\P‘ru:ugram FilezhLeCroywh+<ReplavhF eports xR eplayF eport. ktm

Shile sheet:
|E:'\F"rn:|gram FilezhLeCravh<ReplanhStyleSheets\GenencT emplate.wsl

Create | Canedl

Options

Select the Limits option to allow the configuration of individual parameters pass/fail criteria, or edit, rename and
save complete parameter sets.

Create Set — You can create a new, named set of limits . Initially, the new set is the same as the set selected
when you press Create Set.

Edit Limit — Using Edit Limit allows limits to be changed to meet specific pass/falil criteria.

Import/Export Limits — Allows you to transfer entire parameter sets to csv-formatted (MS Excel) files.

Devices

Scope Manager — Displays the devices connected to the host computer. There are two supported modes of
attaching a device: GPIB or LAN.

Scope Selector @
Device | Statug | Buz J Address ] Soft Rev | 5/ ok

B5wMa300 Alive Met 127.0.01 0433 .. WwM000007

Cancel

Add I Flemnve‘ Enahle J Properties J lze Selected‘

Interactive Dialog — Supports sending and receiving single line commands to the device(s) on the list.
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View

Interactive Remote Control

~Mode
Command =
- + ASCI
]*u:ln? Send " HE%

Rezponse Timeout |14 LJ Buffer Size ]3192

LR E R R E EEERERR B
g
™
=
=

Device

Rerote | Local | Device CIealJ Closze ‘ ber |0 bentl g
Enter WH Debugger] I

Enables/Disables Toolbar and Status bars

Help
Help Topics
Running PCI Express Tests
1. Verify proper signal input and observe all deskew and calibration procedures.
2. Run X-Replay application.
3. Open the PHY Tests Checklist database.
4. Select the test(s) group(s) to be executed.
5. Set up Configuration Variables as required for the selected tests.
6. Press Play and follow script prompt(s) as required

PCIE-G2-OM-E Rev A
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= [ =3 PCI-Express Phy Tests!
Q-‘ Description:
=W General Tests
= W/ [C Test 1.1: Clack Accuracy
g" PrabeType: Single-Ended
—-[v[3 sSingle-Ended Setup
B~ THREFCLEp:
B~ THEREFCLER: C2
B~ RREFCLER: C3
B~ RREFCLER: C4
[ -|_"| Setup Scope
- [0 Differential Setup
B~ THREFCLE: C1
B~ rxpEFCLE: C2
[ -|_"| Setup Scope
W [ Common Setup
W [ PHY.3.1#1
= W/ [C Test 1.2 S5C Tx Params
g" PrabeType: Single-Ended
—-[v[3 sSingle-Ended Setup
B~ Tipp: C2
B~ TsDn: C3
[ -|_"| Setup Scope
—-[¥[0 Differential Source
B mce
IFF_"l DifFerential Setup
W [ Common Setup
W [ PHY.3.1#2
W [ PHY.3.1#3
= [/ [L Test 1.3: 55C Rate Tracking
g" PraobeType: Differential

Export to * XML file — Database Access

X-Replay allows you to export the entire test session(s) to XML file for subsequent access by database programs
such as Microsoft Access. Most database programs have built-in XML import data capability. Please note that test
sessions appear at the lower left portion of the X-Replay window.

In order to create an XML record of the session data, right-click the desired test session and select Dump Log
into XML.

32

PCIE-G2-OM-E Rev A



X-STREAM

23f C:\Program Files\LeCroy\PCle\Phy Tests Checklist.IRT - X-Replay
File Edit Sequence Resulklog Report Options Devices Wiew Help
S1L AN CIEN NG|
[W/[C Common Setup ~
=W Test 1.4 DataRate (no 55C)
w3 PHY.3.342
=W (C] Test 1.5: Signal Qualicy
w3 PHY.3.2#1
[0 PHv.3.2#2 Operation firgd [ arg1 [ arge
[V PHv.3.2#14 By sendybsCom..,  Set PET = CreateObject({"CATC.PETracer”, "{CATCHosEH)
V0 PHY.3.31 84 5endvbsCom,.. et = PET.StopGeneration()
[0 PHY.3.384 T wait s
/0 PHY.3.3#9 B8 SendvbsCom,..  IdleScript = "C:\Program Files\CATCWPETracer ScripksiLs ..,
-1 [ Test 1.6: DC Common Mode #885endvbsCom,..  ret = PET.StarkGeneration IdieScript, 0, 0
& TeDp:C2 T wait =
o TDn: C3 Ml SendvbsQuery  PET, Getlinkstatus(D) Lo
b 2 Setup Seope <new step
v (] PHY.3.1#12
[ (0 PHY.3. 1426
- [ & Test 1.7: Elactrical 1dle
44" ProbeType: Single-Ended
44" Usefnalyzer: Yes
- W& Single-Ended Setup
£ THDp: 2
2 THDn C3
v ﬁ Setup Scope
=11 Differential Setup
3 T2
[v ™7 Setup Scope
- W/&#A Analyzer Hostname
47 CATCHost: localhost
- [W/&# Bring up the Link (LO)
[V 3 PCIe Analyzer v <
Opetator Mame | DUT | Set | Time Temp... | Timeskamp | Command Explanation Model | Options
ToFVG wideocard PClel.1 08:3,.. 25.0° Create Report ! ?2005}’10}'0... EndSc.oPa Total Steps Executed : 0 UUT time: ...
i 2005/1040... TestFinished
Durnp Log inko <ML B .
ok EOSO.. STt POk et Do 4.
Ready Mode: Runtime SDARD00A on 172.25.14.209

Figure 15. Saving test results to *xml format

TEST SEQUENCE REFERENCE
General Information (Batch/Device Info)
Purpose: Space provided in X-Replay window to enter Device-specific Information (alphanumeric)
Available Entries:
Enter first Lane-ID
Enter second LanelD
PCI Express Tests

GENERAL TESTS

Clock Accuracy - Test 1.1
Assertion: PHY.3.1#1
Purpose: Test Bit Rate Clock Accuracy
Description:

1. Measure the bit rate clock source for the transmitter, using a frequency counter or equivalent.
If spread spectrum (SSC) is used, a modulation domain analyzer is recommended for
complete spread spectrum characterization of the 100 MHz reference clock.

2. Measure the bit rate clock source for the receiver using a frequency counter or equivalent. If
SSC is used, a modulation domain analyzer is recommended for complete spread spectrum
characterization of the 100 MHz reference clock.
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3. \Verify that the bit rate clocks for the transmitter and receiver of each link are within 600 ppm
of each other at all times in both SSC and non-SSC modes. One possible method is to use a
real-time oscilloscope to capture outputs from both clocks simultaneously and use post-
processing software to calculate and compare the frequency of each clock at any given time
in the sample.

SSC Tx Params: Test 1.2
Assertions: PHY.3.1#2, PHY.3.1#3
Purpose: Test SSC Transmitter Data and Modulation Rate
Method:

1. Place transmitter under test in compliance pattern mode.

2. Measure transmitted waveform with high-speed oscilloscope. To accurately test the minimum
SSC modulation rate, the measurement should be performed for at least 30.3 ps.

3. Compute data rate from waveform data. Compute SSC modulation rate from waveform data.
SSC Rate Tracking: Test 1.3

Assertion: PHY.3.1#4
Purpose: Test SSC Transmitter Data Rate Tracking
1. Place one end of a PCI Express Link in loopback mode.

2. During data transfer, measure the transmitter data rates on the upstream and corresponding
downstream paths simultaneously.

3. Verify that the two communicating ports do not exceed 600 ppm.

[Note: This test can be performed during normal data transfers.

TRANSMITTER TESTS

Tests 1.4 and 1.5: Compliance
Assertions: PHY.3.3#2, PHY.3.2#1, PHY.3.2#2, PHY.3.2#14, PHY.3.3#1, PHY.3.3#4, PHY.3.3#9
Purpose: Non-SSC Transmitter Data Rate (Test 1.4)

The PCI-Express Base Specification, Rev 1.1 requires that jitter measurements be met with a sample size
of 1 million Ul. This test uses a 50 ps (125k Ul) acquisition; therefore, for compliance this test should be
run 8 times.

1. Attach the Compliance Test Load on all the transmitter data lines for the DUT.

2. Place the transmitter in compliance pattern mode.

3. Measure the transmitted waveform with a high-speed oscilloscope.

4. Generate an eye pattern diagram from the data.

5. Compare with PCI Express transmit eye pattern specified for the probing location.

6. Compute the time between the jitter median and the maximum deviation from the median.

[Note: Mobile Graphics that are designed in accordance with the Mobile Graphics Low Power Addendum must have de-emphasis disabled. |
Test 1.6: DC Common Mode

Assertions: PHY.3.1#12, PHY.3.1#26

Purpose: Measure TX DC Common Mode Voltage

Method:

34 PCIE-G2-OM-E Rev A



X-STREAM

1. Using the math functions of an oscilloscope or using post processing software, measure the TX
DC common mode voltage for all states.

2. Measure the absolute delta of DC common mode voltage between D* and D-.

Note: Vew = [VD™ + VD')/2 (As defined in the PCI-Express Base Specification, Sec. 4.3.2)

Note: Getting a device to transition from LO to Electrical Idle requires the use of Protocol-Specific tools. LeCroy implements its protocol level
using the PE Tracer/Trainer Exerciser and Analyzer. For tests that require the device to remain in electrical idle, the L1 Power Management
script is used. See Appendix A for an example of this setup.

Test 1.7: Electrical Idle
Assertions: PHY.3.1#23, PHY.3.1#24, PHY.3.1#27
Purpose: Tx Transition from LO to Electrical Idle to LO
Method:
1. Set up the oscilloscope to trigger when the transmitter transitions to electrical idle.
2. Force the DUT transmitter to issue the Electrical Idle ordered-set and transition to Electrical Idle.

3. Verify that the DUT sends a K28.5 (COM) followed by three K28.3 (IDL) before entering Electrical
Idle.

4. Verify the transmitter is in a valid Electrical Idle state within 20 Ul of the last symbol of the
Electrical Idle ordered-set.

5. Rerun the above steps while forcing the DUT to transition from LO to Electrical Idle to LO again
using implementation-specific hardware or software methods.

6. Verify the transmitter remains in Electrical Idle for a minimum of 50 UI.

Note: Getting a device to transition from LO to Electrical Idle and back to LO requires the use of protocol-specific tools. LeCroy implements its
protocol level using the PE Tracer/Trainer Exerciser and Analyzer. For tests that require the device to return to LO, the LO Electrical Idle script
is used. See Appendix A for an example of this setup.

Test 1.8: RX Detect Voltage
Assertion: PHY.3.1#14
Purpose: RX Detect - Maximum Voltage Change

Method: Measure the maximum change in voltage during receiver detection.

Note: Getting a device to transition from LO to Electrical Idle requires the use of protocol-specific tools. LeCroy implements its protocol level
using the PE Tracer/Trainer Exerciser and Analyzer. See Appendix A for an example of this setup.

Test 1.9: RX Detect Hi-Z
Assertion: PHY.3.1#17
Purpose: RX Detection - High Receiver Impedance
Method:

1. Place 200 kohms (Zrx-com-high-imp-dc Min) to ground in parallel with 3 nF on the transmitter
data lines.

2. Verify that the associated TXs of the DUT do not enter CMM.
Test 1.10: RX Detect Low-Z
Assertion: PHY.3.1#18
Purpose: RX Detection - Low Receiver Impedance
Method:

1. Place 40 ohms (Zrx-com-dc Min) in series with 75 nF (Ctx Min) to ground on the transmitter data
lines.
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2. Verify that the associated TXs of the DUT enter CMM.
Test 1.11: Lane Skew
Assertion: PHY.3.3#8
Purpose: Lane-to-Lane Output Skew
Method:
1. Place all lanes of the device under test in compliance pattern mode.

2. Measure the bit-to-bit skew between all Lanes of the same Link. Ensure the measurement is
made on equivalent data state transitions.

Test 1.12: Rise/Fall
Assertion: PHY.3.3#3
Purpose: TX Output Rise/Fall Time
Method:
1. Connect 50 ohm loads to ground to the package pins of the silicon under test.
2. Place the silicon under test in polling compliance mode.

3. Measure the timing and voltage parameters within 0.2 inches of the package pins.

[Note: For more accurate results this measurement should be made using an SDA 11000.
Test 1.15: Idle Voltage
Assertion: PHY.3.3#6
Purpose: TX Electrical Idle Voltage
Method:
1. Set up the oscilloscope to trigger when the transmitter transitions to electrical idle.

2. Force the DUT transmitter to issue the Electrical Idle ordered set and transition to Electrical Idle.

3. Verify that the DUT sends a K28.5 (COM) followed by three K28.3 (IDL) before entering Electrical
Idle.

4. Verify that the transmitter is in a valid Electrical Idle state within 20 Ul of the last symbol of the
Electrical Idle ordered-set.

5. Verify that the Electrical Idle differential peak output voltage is no greater than 20 mV.

Note: For a symmetric differential swing, Voirr, = max(|Vo- - Vo.|) as defined in the PCI-Express Base Specification, Sec. 4.3.2

Note: Getting a device to transition from LO to Electrical Idle requires the use of protocol-specific tools. LeCroy implements its protocol level
using the PE Tracer/Trainer Exerciser and Analyzer. For tests that require the device to remain in electrical idle, the L Power Management
script is used. See Appendix A for an example of this setup.

Test 1.16: Idle Transition
Assertion: PHY.3.1#19
Purpose: TX Transitions from Electrical Idle
Method:

1. Set up the oscilloscope to trigger when the transmitter transitions from electrical idle to sending
differential data.

2. Force the DUT transmitter to leave Electrical Idle.
3. Verify that the DUT meets all TX differential signal specifications within 20 UI.
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Note: Getting a device to transition from LO to Electrical Idle requires the use of protocol-specific tools. LeCroy implements its protocol level
using the PE Tracer/Trainer Exerciser and Analyzer. For tests that require the device to remain in electrical idle, the L1 Power Management
script is used. See Appendix A for an example of this setup.

Note: Mobile Graphics that are designed in accordance with the Mobile Graphics Low Power Addendum must meet the transmitter eye
requirements of the addendum.

Test 1.17: RX Detect Sequence
Assertions: PHY.3.1#30, PHY.3.1#31, PHY.3.1#32, PHY.3.1#33

Purpose: Receiver Detection Sequence

Method:
1.
2.

Set up the oscilloscope to trigger on the Receiver Detection sequence.

Verify that the transmitter starts at a stable voltage between VDD and GND prior to performing the
common-mode shift.

If the common-mode voltage is equal to VDD, the shift must be towards GND.
If the common-mode voltage is equal to GND the shift must be towards VDD.

If the common-mode voltage is between VDD and GND the shift must be in the opposite direction
the voltage moved to get to this initial common-mode voltage.

Test 1.18: Beacon or Wake#

IMPORTANT NOTE: This Test is not supported.
Test 1.19: Electrical Idle Exit

Assertion: PHY.3.3#7

Purpose: Electrical Idle Exit Detection

Method:
1.
2.
3.

Place the DUT into Electrical Idle.
Set up the oscilloscope to trigger when the transmitter leaves electrical idle.

Using a data generator or other type of signal source, verify that the DUT exits Electrical Idle
when a signal larger than 65 mVg,p is detected at the DUT receiver.

Using a data generator or other type of signal source verify that the DUT does not exit Electrical
Idle when a signal less than or equal to 65 mV g i present at the DUT receiver.

Note: Getting a device to transition from LO to Electrical Idle requires the use of protocol-specific tools. LeCroy implements its protocol level
using the PE Tracer/Trainer Exerciser and Analyzer. For tests that require the device to remain in electrical idle the L1 Power Management
script is used. See Appendix A for an example of this setup.

Test 1.29: Beacon Propagation

IMPORTANT NOTE: This Test is not supported.
Test 1.30: Wakeup Propagation

IMPORTANT NOTE: This Test is not supported.

Receiver Tests

Test 1.14: DC Common Mode
Assertion: PHY.3.1#11
Purpose: RX DC Common Mode Voltage
Method:
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1. Using a DVM, measure the DC voltage with respect to ground of RX D* (PERpX) and D" (PERNX)
for all lanes. Ensure the ground referenced is near the component silicon ground.

[Note: This test requires additional hardware (not supplied).

Test 1.20: DC Impedance
Assertion: PHY.3.1#10
Purpose: Receiver DC Differential Mode Impedance
Method:
1. Connect the DUT to the Compliance Test Load.
2. Apply power to the DUT.
3. Measure the DC differential mode impedance of each RX using a DVM.
Test 1.21: Receiver Sensitivity
IMPORTANT NOTE: This Test is not supported.
Test 1.22: Unexpected Idle
IMPORTANT NOTE: This Test is not supported.
Test 1.23: Skew
IMPORTANT NOTE: This Test is not supported.

SYSTEM BOARD TESTS
Test 1.5: Signal Quality (Compliance)
Assertions: EM.4#14, EM.4#16, EM.4#20
Purpose: Signal Quality
Method:
1. Attach the Compliance Test Load on all the transmitter data lines for the DUT.
2. Place the transmitter in the compliance pattern mode.
3. Measure the transmitted waveform with a high-speed oscilloscope.
4. Generate an eye pattern diagram from the data.
5. Compare with the PCI Express transmit eye pattern specified for the probing location.

6. Compute the time between the jitter median and the maximum deviation from the median.

Note: PCI-Express Card Electromechanical Specification, Rev 1.1, requires that the jitter measurements be met with a sample size of 10
million Ul.

Test 1.21: Receiver Sensitivity
IMPORTANT NOTE: This Test is not supported.
Assertion: EM.4#22
Purpose: Receiver Sensitivity

Test 1.24: Vyx Power (wake)
Assertion: EM.4#4
Purpose: Wake Enabled Platform Vayx Power
Method:

1. Measure the +3.3 Vux Voltage with no load attached for each PCI Express connector.
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2. Attach a 375 mA resistive load to the +3.3 Vayx rail for each PCI Express connector that is
wakeup enabled.

3. Verify that the +3.3 Vyx rail voltage meets specification requirements for each connector under
loaded conditions.

[Note: This test requires additional hardware (not supplied).

Test 1.25: Vux Power (non-wake)
Assertion: EM.4#5
Purpose: Non-Wake Enabled Platform V,yx Power
Method:
1. Measure the +3.3 Vux Voltage with no load attached for each PCI Express connector.
2. Attach a 20 mA resistive load to the +3.3 Vpyx rail for each PCI Express connector.

3. Verify that the +3.3 Vux rail voltage meets specification requirements under fully loaded
conditions.

|Note: This test requires additional hardware (not supplied).

Test 1.26: Platform Power
Assertion: EM.4#7
Purpose: Platform Power
Method:
1. Measure the voltage of all the power rails with no load attached for each PCI Express connector.
2. Fully load each power rail for all PCI Express connectors.

3. Verify that the voltage rails voltage meets specification requirements under fully loaded
conditions.

Note: This test requires additional hardware (not supplied).

Note: System boards designed in accordance with the 75W Power ECN must meet the additional power requirements.

Test 1.5: Signal Quality (Compliance)

Assertions: EM.4#13, EM.4#15, EM.4#19

Purpose: Signal Quality

Method:

Attach the Compliance Test Load on all of the transmitter data lines for the DUT.
Place the transmitter in compliance pattern mode.

Measure the transmitted waveform with a high-speed oscilloscope.

Generate an eye pattern diagram from the data.

o > w N PE

Compare with the PCI Express transmit eye pattern specified for the probing location.

6. Compute the time between the jitter median and the maximum deviation from the median.

Note: PCI-Express Card Electromechanical Specification, Rev 1.1, requires the jitter measurements be met with a sample size of 10 million
Ul.

Test 1.21: Receiver Sensitivity
Assertion: EM.4#21

Purpose: Receiver Sensitivity
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IMPORTANT NOTE: This Test is not supported
Test 1.27: Link Training
Assertion: EM.2#27
Purpose: Initial Active Link Training
Method:
1. Setup an oscilloscope to trigger on the end of PERST#.

2. Measure the time from the end of PERST# to the initial active Link Training state (exit electrical
idle).

Note: Getting a device to exit Electrical Idle state requires the use of protocol-specific tools. LeCroy implements its protocol level exercises
using the PE Tracer/Trainer Exerciser & Analyzer. See Appendix A for an example of this setup.

Test 1.28: Down-Shifting
Assertion: EM.6#4
Purpose: Down-Shifting x8 to x4
Method:

1. Connect the DUT to the x8 connector on the test platform. This x8 connector should have only the
first 4 lanes routed.

2. Apply power to the platform.
3. Verify that the x8 add-in card is operating as a x4 card.
Test 1.31: Add-In Power
Assertion: EM.4#23
Purpose: Add-in Card Power
Method:

1. Plug the DUT into the compliance base board (CBB) which ideally terminates each transmitter
lane.

2. Apply power to the CBB.

3. Measure the current drawn by the DUT for each power rail.

REFCLK Tests (PClel.1 only)

These tests refer to Table 2-1 "REFCLK DC Specifications and AC Timing Requirements" in section 2.1.3 of the
PCI-Express Card Electromechanical Specification, Rev 1.1.

Changes from Version 1.0a
e Base Specification Changes:
New clock recovery function for measuring eye diagrams
o CEM Specification Changes:
Reference clock specification and sample sizes Base Board measurement with unfiltered reference clock

Single-Ended Tests
Input Voltage

Description:
REFCLK+ and REFCLK- must both be within the limits Vyax and Vyn, such that:
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Vuax = Absolute Max input voltage
=+1.15V

Vuin = Absolute Min input voltage
=-0.3V

Where Vyax is the maximum instantaneous voltage including overshoot, and Vy,y is defined as the
minimum instantaneous voltage including undershoot. See Figure 2-4 of the PCI-Express CEM 1.1
Specification (reproduced below).

Crossing Voltage

Description: Vcross Absolute

Crossing point voltage +250 to +550 mV

Measured at crossing point where the instantaneous voltage value of the rising edge of REFCLK+ equals
the falling edge of REFCLK-.

Vcross Absolute refers to the total variation from the lowest crossing point to the highest, regardless of
which edge is crossing. Refers to all crossing points for this measurement. See Figure 2-4.

REFCLK-

VcRoss max =550 mV

Veross min =250 mV

REFCLK+

Figure 2-4. (from PCI Express CEM 1.1 specification)

Vcross perta = Variation of Vcross over all rising clock edges +140 mV

Measured at crossing point where the instantaneous voltage value of the rising edge of REFCLK+ equals
the falling edge of REFCLK-.

Defined as the total variation of all crossing voltages of Rising REFCLK+ and Falling REFCLK-. This is
the maximum allowed variance in Vcross for any particular system. See Figure 2-5.

REFCLK-

Veross peLTa = 140 mV >

REFCLK+

Figure 2-5. (from PCI Express CEM 1.1 specification)

Rise Fall Matching
Description: Rise-Fall Matching
Rising edge rate (REFCLK+) to falling edge rate (REFCLK-) matching, max 20 %
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Matching applies to rising edge rate for REFCLK+ and falling edge rate for REFCLK-. It is measured
using a £75 mV window centered on the median cross point where REFCLK+ rising meets REFCLK-
falling. The median cross point is used to calculate the voltage thresholds the oscilloscope is to use for
the edge rate calculations. The Rise Edge Rate of REFCLK+ should be compared to the Fall Edge Rate
of REFCLK-, the maximum allowed difference should not exceed 20% of the slowest edge rate. See
Figure 2-6 of the PCI-Express CEM 1.1 Specificiation.

TralL Trise

oy

REFCLK- REFCLK-

Vcross MEDIAN +75 MV
Veross MEDIAN ™~
VeRoss MEDIAN *F5 MV =mmmm )R mm oo e e

VcRoSS MEDIAN

REFCLE+ REFCLE+

Figure 2-6. (from PCI Express CEM 1.1 specification)

Differential Tests

Edge Rate
Description: Rise Edge Rate
Limits:
min = 0.6 GV/s
max = 4.0 GV/s

Description: Fall Edge Rate

Limits:
min = 0.6 GV/s
max = 4.0 GV/s

Test Condition: Measured from -150 mV to +150 mV on the differential waveform (derived from REFCLK+
minus REFCLK-). The signal must be monotonic through the measurement region for rise and fall time.
The 300 mV measurement window is centered on the differential zero crossing. See Figure 2-8 of the
PCI-Express CEM Specification, Rev 1.1.

Rise Edge Rate Fall Edge Rate
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Figure 2-8. (from PCIl Express CEM 1.1 specification)
Differential Voltage

Description:
V\y = Differential Input High Voltage
min = +150 mV
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V. = Differential Input Low Voltage

max = -150 mV
Ringback
Description:
Vgre = Ring-back Voltage Margin
min = -100,

max = +100 mV
TstaeLe = Time before Vgg is allowed

max = 500 ps

Note: TstagLE is the time the differential clock must maintain a minimum £150 mV differential voltage after rising/falling edges before it is
allowed to droop back into the Vrb 100 mV differential range. See Figure 2-9 of the PCI-Express CEM Specification, Rev 1.1.

TsTaBLE

Vo =100 my e e
AB OOV ———m o

A U R DU

V”_ =-AB0mY - T T s T e e e T T T Y

REFCLE+
minus

Figure 2-9. (from PCI Express CEM 1.1 specification)

Period
Description:
Treriop ave = Average Clock Period Accuracy
Limits:
min=-300 ppm
max = +2800 ppm

Note: PPM refers to parts per million and is a DC absolute period accuracy specification. 1 PPM is 1/1,000,000th of 100.000000 MHz exactly
or 100 Hz. For 300 ppm, then, we have an error budget of 100 Hz/ppm * 300 ppm = 30 kHz. The period is to be measured with a frequency
counter with measurement window set to 100 ms or greater. The £300 ppm applies to systems that do not use Spread Spectrum, or that use
common clock source. For systems employing Spread Spectrum there is an additional 2500 ppm nominal shift in maximum period resulting
from the 0.5% down-spread, resulting in a maximum average period specification of +2800 ppm

Treriop ass = Absolute Period (including Jitter and Spread Spectrum)
min = 9.847ns
max = 10.203 ns

Note: Defined as the absolute minimum or maximum instantaneous period. This includes cycle-to-cycle jitter, relative PPM tolerance, and
spread spectrum modulation. See Figure 2-7 of the PCI-Express CEM Specification, Rev 1.1.
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REFCLK+

Clock Period (Differential)

Positive Duty
Cycle (Differantial)

Megative Duty
Cycle (Differantial)

0.0V -------------

minus

Figure 2-7. (from PCIl Express CEM 1.1 specification)

Duty Cycle: min: 40%, max: 60%

SSC

Clock Period Accuracy min = -300 ppm, max = +2800 ppm
No SSC

Clock Period Accuracy min = -300 ppm, max = +300 ppm
8§88

44

PCIE-G2-OM-E Rev A



X-STREAM

APPENDIX A — PROTOCOL ANALYZER AND PCI EXPRESS ELECTRICAL TESTS:

Use of Generation Files

LeCroy implements two generation files (files with extension *.peg in the PE Tracer/Trainer) to exercise the state
of the DUT:

LOs Electrical Idle peg , which forces the device under test to transition from LO to Electrical Idle and back
to LO is used to implement Test 1.7

L1 Power Management peg, which transitions the device under test to Electrical Idle, is used to
implement Tests 1.6, 1.15, 1.16 and 1.19

Block Diagram —System Configuration

PE Tracer/Trainer

PE Tracer

Port 1
B
Host
— \ Emulator _
© P
/ ——\ CH1

CH2

PE Trainerx cHa

CH4

Rx

ETHERNET/LAN

USB Hu |
Host Computer

Step sequence for Test 1.7

1.

a kN

In the PE Tracer menu, Load Traffic Generation file (LOs Electrical idle.peg).
Bring up (Connect) link to initialize DUT in LO state.

Transition DUT from LO to Electrical Idle (resume generation) and back to LO.
Scope triggers in last K28.5,28.3,K28.3,K28.3 (trigger on pattern).

Test Passes if no exit from Electrical Idle for at least 50 Ul (20 ns.).
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Test Steps using X-Replay
1. Inthe PE Tracer menu, Load Traffic Generation file LOs Electrical idle.peg:

Laok jre | (3 Seripts ] e B

) 5eripks 4,31 buid 152

Iy 5hared

) WFScripts

§!LDS electrical ide.peg
§_|L1 Power Management.peg
g!lonpback.peg

—
Files of type: |.&IIF'ETracerFiles[“.pem;“.pex;“.peg] ﬂ Cancel

2. Bring up link to initialize DUT in LO state.

Bring up the link (L0O) with scrambling disabled
and Connect Differential Probe

FalL Abort Test

3. InThe PE Tracer Menu, bring up the link. The screen should indicate Link State = LO.

o
7i [ templacte=TLF
g {
=1 Name = "CRA"
10 PEN = Incr
11 TLPType = CEfgRAOD
iz Length = 1
13 -}
14
15 Config=General
16 5 {
17 DizablelcrambleTx = Ye=s
15 DisablelescranmbleRx = Yesz
19 TseExtRefClock = Yes
z0 TrainerReset = Yes
21
2z B}
14| 4| v m[4LOs electrical idle.peg
PE Trainer ML SM:330 Link State InitFC State
EnE L é; == T (] Complete

4. Start Generation. The Host emulator will transition the device from LO to electrical idle and back to LO.

Force the DUT transmitter to transition from L0 to
Electrical ldle and back to L0 again.

FalL Abort Test
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5. In The PE Tracer menu, Resume Traffic Generation. The DUT will transition from LO to Tx elec_idle state,

as shown:

The scope will trigger on the signal and acquire the End of the Electrical Idle Ordered Set

= 0x10). Then =

2 * Then iterate through the list at the Addr
3 * Btructure (Capsbility ID

4 * offset 0x10 in the structure
g b

3

7 E template=TLF

g i

=] MName = "CRA™

io PEN = Incr

11 TLFType = CLgRdD

1z Length = 1

138 &}

14

15 Config=General

16: B 4

17 DizablelcrambhleTx

is IizablelescrambleRx Tes
19 UseExtRefClock = Tes

20 TrainerReset = Tez

=21

zzi -}

W] 4] ¥ v L0s electrical idle.peg

PE Trairer ML SM:330 Link. State

B LD 8L S |Tloside

Ready

Trigger D

InitFC State
Complete

imehase

PCIE-G2-OM-E Rev A

47



PCIE-G2 Software Option

6. To bring the DUT back to LO, just Start Generation to make the Host Emulator transition to LO, as shown:

14

15 Config=General

16 {

17 DisableScrambleTx = Tes

15 DisablelescrambleRx = Tes

19 UseExtRefClock = Tes

20 TrainerReset = Yes

21

22 ¥
W] 4] »| [ L0s electrical idle.peg
PETrainer ML SM:330 Link. State IritFC State
A O 5 La Camplete
Ready

7. Test complete.

K

Generating C:\Program Files\CATCAWPE Tracer\Scripts\L0z electrical idle.peg

[ = of program procedure (Packet 9)

§88
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