Online Help

Tektron/ix

PCI Express Serial Data Compliance and Analysis
Application

PHP022411

Adapted for the RT-Eye Online Help (Version 1.1.0 in June, 2004)

www.tektronix.com



Copyright © Tektronix, Inc. All rights reserved. Licensed software products are owned by
Tektronix or its suppliers and are protected by United States copyright laws and international
treaty provisions.

Use, duplication or disclosure by the Government is subject to restrictions as set forth in
subparagraph (c)(1)(ii) of the Rights in Technical Data and Computer Software clause at

DFARS 252.227-7013, or subparagraphs (c)(1) and (2) of the Commercial Computer Software -
Restricted Rights clause at FAR 52.227-19, as applicable.

Tektronix products are covered by U.S. and foreign patents, issued and pending. Information in
this documentation supercedes that in all previously published material. Specifications and price
change privileges reserved.

Tektronix, Inc. P.O. Box 500, Beaverton, OR 97077

TEKTRONIX, TEK, and RT-Eye are registered trademarks of Tektronix, Inc.

PCI Express Serial Data Compliance and Analysis Online Help, OLH0224, Version 1.1.0



PCIZ>

EXPRESS™

PCI Express Measurement Guide
Methods Of Implementation (MOI)

Using Tektronix Real Time Oscilloscopes and
RT-Eye" PCE Compliance Module

Electrical Physical Layer Testing for PCIl Express Base Specification
Version 1.0a

Since the specification is under development, you may need to access the
www.tektronix.com/serial _data web site to down load a newer version of
this document.






Methods of Implementation

Table of Contents

1. Introduction to the RT-Eye PCI Express Compliance Module

2. PCI Express Compliance Measurements

2.1.Differential Transmitter (Tx) Output Specifications

2.2. Differential Transmitter (Tx) Compliance Eye Diagrams

2.3. System and Add-In Card (Tx) Compliance Test Limits and
Eye Diagrams

2.4. Differential Receiver (Rx) Input Specifications

2.5. Receiver Compliance Eye Diagrams

3. Preparing to Take Measurements

3.1. Required Equipment

3.2. Probing Options for Transmitter Testing

3.2.1. SMA Connection

3.2.2. ECB pad connection

3.3. Proper Installation of RT-Eye Software (Test Point Preferences)

3.4. Initial Oscilloscope Setup

3.5. Running the RT-Eye Software

3.6. Clock Recovery and Analysis Windows

4. PCI Express Driver (Tx) Compliance Testing

4.1. Probing the link for Tx compliance

4.2. Tx Compliance Test Load

4.3. Running a Tx Compliance Test

4.3.1. Limits at Add-In Card and System Test Points

4.3.2. Tx Unit Interval Measurement MOI

4.3.3. Tx Differential Pk-Pk Output Voltage MOI

4.3.4. Tx De-Emphasized Differential Output Voltage (Ratio) MOI

4.3.5. Minimum Tx Eye Width MOI

4.3.6. Tx Median-to-Max Jitter MOI

4.3.7. Tx Output Rise/Fall Time MOI

4.3.8. Tx AC Common Mode Output Voltage MOI

4.3.9. Tx Delta DC Common Mode Voltage MOI

4.3.10. Tx Waveform Eye Diagram Mask Test MOI

5. PCI Express Receiver (Rx) Compliance Testing

5.1. Probing the Link for Rx Compliance

5.2. Running a Complete Rx Compliance Test

5.2.1. Rx Unit Interval Measurement MOI

5.2.2. Rx Differential Pk-Pk Input Voltage MOI

5.2.3. Minimum Rx Eye Width MOI

5.2.4. Rx Median-to-Max Jitter MOI

5.2.5. Rx AC Common Mode Input Voltage MOI

5.2.6. Rx Waveform Eye Diagram Mask Test MOI

6. Giving a Device an ID

7. Creating a Compliance Report

8. Further Analysis Techniques

8.1. Ensuring Compliance Over “Any 250 Consecutive Uls”

8.2. Measuring Jitter @ BER

8.3. Additional Analysis Plots

8.4. Customizing the Compliance Test

PCI Express Compliance Measurements

DN b ek

R I I I QNN EAWWNNDNNDN



Methods of Implementation

ii PCI Express Compliance Measurements



Methods of Implementation

1. Introduction to the RT-Eye PCI Express Compliance Module’

This document provides the procedures for making PCI Express compliance measurements with Tektronix
TDS6000B Series, TDS7704B, and TDS6604 real time oscilloscopes (6 GHz models and above). The PCI Express
Compliance Module (Opt. PCE) is an optional software plug-in to the RT-Eye Serial Data Compliance and
Analysis application (Opt. RTE). The PCI Express Compliance module provides amplitude, timing, and jitter
measurements described in Section 4.3 of Version 1.0a of the PCI Express Base Specification. Test procedures for
System and Add-In card test points defined in the PCI Express Electrical Mechanical Specification Version 1.0a
are also provided (RT-Eye Version 1.2 required).

All references to the Base Specification are to Version 1.0a of the PCI Express Base Specification. All references
to the Electromechanical Specifications are to Version 1.0a of the Electromechaniccal specification.

In the subsequent sections, step-by-step procedures are described to help you perform PCI Express measurements.
Each measurement is described as a Method of Implementation (MOI). For further reference, consult the
Compliance checklists offered to PCI-SIG members at www.pcisig.com.

2. PCI Express Compliance Measurements

Electrical Specifications for PCI Express are provided in Section 4.3 of the Base Specification. The following
2.x.x measurements are available in the PCI Express Compliance Module.

2.1. Differential Transmitter (Tx) Output Specifications

See the Base Specification for additional notes and a test definition.

Table 1 — From Chapter 4, Table 4-5 of the Base Specification

Parameter Symbol Min Nom Max
Unit Interval ul 399.88 ps 400ps 400.12 ps
Differential Pk-Pk Output Voltage Ve i 080V 12V
- p-p

De-Emphasized Differential Output Voltage -3.0dB -3.5dB -4.0dB

VTX—DE—RATI()

(Ratio)

Minimum TX Eye Width i 70Ul

Maximum time between the jitter median and /P A5 U
maximum deviation from the median. - oA

D+/D- TX Qutput Rise/Fall Time T mise» Tovras 0.125U1

RMS AC Pk Common Mode Output Voltage 20 mV

VTX—(,‘M—ACp

! Disclaimer: The tests provided in the PCI Express compliance module (which are described in this document) do not
guarantee PCI Express compliance. The test results should be considered “Pre-Compliance” tests until such a time that the
PCI-SIG compliance working group endorses the MOlIs for PCI Express Integrator List qualification.

PCI Express Compliance Measurements 1
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Absolute Delta of DC Common Mode Voltage oV 25mV

V. . .
TX -CM—-DC—-LINE-DELTA
between D+ and D-

2.2. Differential Transmitter (Tx) Compliance Eye

S

Diagrams

ee Section 4.3.3.1 of the Base Specification for eye diagram definition. .

2.3. System and Add-In Card (Tx) Compliance Test

Limits and Eye Diagrams

Refer to Section 4 of the Electromechanical Specification for specifications and test definitions.

2.4. Differential Receiver (Rx) Input Specifications

See the Base Specification for additional notes and test definitions.

Table 2 - From Chapter 4, Table 4-6 of the Base Specification
Parameter Symbol Min Nom Max

Unit Interval ul 399.88 ps 400 ps 400.12 ps

Differential Input Pk-Pk Voltage Vs i 0175V 12V
- p-p

Minimum Receiver Eye Width T vy 04Ul

Maximum time between the jitter median T o By EMEDIAN 10 MAXITTER 0.3 Ul

and maximum deviation from the - o

median.

AC Peak Common Mode Input Voltage | 150 mV
—CM—-ACp

2.5. Receiver Compliance Eye Diagrams

See Section 4.3.4 of the Base Specification for additional notes and test definitions.

3. Preparing to Take Measurements

3.1. Required Equipment

The following equipment is required to take the measurements in this document.

TDS6804B, TDS6604B, TDS6604, or TDS7704B (6 GHz models and above) with the RT-Eye software (Opt.
RTE) and PCI Express Compliance Module (PCE) installed.

e  Probes — probing configuration is MOI specific. Refer to each MOI for proper probe configuration.
e  Test fixture breakout from transmitter to differential SMA connectors. A Compliance Base Board (CBB) used

for Add-In Card compliance tests and a Compliance Load Board (CLB) used for System compliance tests are
available through the PCI-SIG.

PCI Express Compliance Measurements
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3.2. Probing Options for Transmitter Testing

The first step is to probe the link. Use one of the next four methods to connect probes to the link.

Table 3 — Probing Configurations for a PCI Express Link

Probing Configurations Captured Waveforms Typical System Specifications
Break n - | ¢ TDSSSURz.l TDSESU;B TDS??U;E’ TDSSSU!LI_E**
i annels | Differential | Common ise ise ise ise
Probe SLT:f' Used | Mode | Mode g?;‘; Time ﬁ?d’}fl Time ﬁ?drﬂ Time &?dﬁ Time
(20-20) (20-80) (20-80) (20-80)
SMA A | 2xTCA-SMA Y 2 Pseudo AC 6GHz | 53ps | 6GHz | 53ps | 7GHz | 43ps | 8GHz | 35ps
Connection | B | 1 x PT380SMA | Y 1 True Mo 6GHz | 53ps | 6GHz | 53ps | 7GHz | 43ps | 8GHz | 35ps
ECB C 2 x P7260 YN 2 Pseudo | AC/DC | 6GHz | 53ps | BGHz | 53ps | TGHz | 43ps | 8GHz | 34ps
Pad 2 x PT7380 YN 2 Pseudo | AC/DC | 6GHz | 53ps | 6GHz | 53ps | TGHz | 43ps | 8GHz | 345ps
Connection | D 1x P7380 YN 1 True Mo 6GHz | 53ps | 6GHz | 53ps | 7TGHz | 43ps | 8GHz | 35ps

*0&5/ limits psewdo-diff spplication fo risetimes =75ps (20-80)
=Systemn Specifications with DSP Enhancement Enabled

3.2.1. SMA Connection

A. Two TCA-SMA inputs using SMA cables (Ch1l)
and (Ch3).

The differential signal is created by the RT-Eye software D

from the math waveform Ch1-Ch3. The Common mode TR
AC measurement is also available in this configuration Conmectors .
from the common mode waveform (Ch1+Ch3)/2. This Cannector Terminstion
probing technique requires breaking the link and - ‘ pp——
terminating into the 50 {)/side termination into the Serdes o
oscilloscope. While in this mode, the PCI Express o}
SerDes will transmit the compliance test pattern ECB T Test
designed to maximize data dependent jitter. Ch-Ch
deskew is required using this technique because two
channels are used. This configuration does not Probe Configuration A
compensate for cable loss in the SMA cables. The

measurement reference plane is at the input of the TCA- SMA Psuedo-differential
SMA connectors on the oscilloscope. Any cable loss

should be measured and entered into the vertical

attenuation menu for accurate measurements at the SMA

cable attachment point.

ShA
Adapters
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B. One P7380SMA differential active probe

(Chl).

The differential signal is measured across the D
termination resistors inside the P7380SMA probe. o

This probing technique requires breaking the link. P7380SMA [Vppr = CH 1

While in this mode, the PCI Express SerDes will
transmit the compliance test pattern designed to
maximize data dependent jitter. Matched cables
are provided with the P7380 probe to avoid
introducing de-skew into the system. Only one

Test
Connector fixture

Oscillosocpe
ground connection

R . Phase-matched e
channel of the oscilloscope is used. The SMA cables

P7380SMA provides a calibrated system at the
Test Fixture attachment point, eliminating the need ) )
for compensating for cable loss associated with the Probe Configuration B

probe configuration A.
SMA Input Differential Probe

3.2.2. ECB pad connection

C. Two P7380 or P7260 active probes (Chl) and
(Ch3).

The differential signal is created by the RT-Eye
software from the math waveform Ch1-Ch3. The
Common mode AC measurement is also available in

Termination inside device

this configuration from the common mode waveform Freee - D
(Ch1+Ch3)/2. This probing technique can be used for T
either a live link that is transmitting data, or a link VDIFF=[CH 1 - CH 3]

terminated into a “dummy load.” In both cases, the
single ended signals should be probed as close as
possible to the termination resistors on both sides with

the shortest ground connection possible. Ch-Ch Probe Configuration C
deskew is required using this technique because two

channels are used. Two Single Ended Active Probes
D. One P7380 Differential probe (Chl). ECB cemmene ECB

The differential signal is measured directly across the
termination resistors. This probing technique can be
used for either a live link that is transmitting data, or a
link terminated into a “dummy load.” In both cases,
the signals should be probed as close as possible to
the termination resistors. A single channel of the
oscilloscope is used, so de-skew is not necessary.

P73xux I:l CH1 CHZ2
oo

VYDIFF=CH 1

Probe Configuration D

One Differential Active Probe

4 PCI Express Compliance Measurements
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3.3. Proper Installation of RT-Eye Software (Test Point
Preferences)

Versions 1.1 and below of RT-Eye use the transmitter specifications in section 4.3 of the Base Specification to
define the waveform mask and test limits for the “Driver” test point in the PCI Express compliance module. This
test point is defined at the transmitter pins (Figure 4). Version 1.2 provides a selection when installing the RT-Eye
software to choose which test point is to be defined as the Driver. Selections are Transmitter Pins Compliance Test
point, Add-In Card Compliance Test Point, and System Board Compliance Test Point. During installation, select
the appropriate test point for your application. To download the latest version of RT-Eye Serial Data and
Compliance software goto www.tektronix.com and click on the Software and Drivers link.

PCI Express - Driver Test Point Patch
The RT-Eye Pl Express Madule [PCE] requires that vou select which test point pou wauld
like ta define as the Driver Compliance Test point.
O Transmitter Ping Compliance Test Point
(*)isdd-n Card Compliance Test Poink
() System Board Compliance Test Paint
O Ignore This Step
[ < Back " Hest > ] [ Cancel ]

Figure 1 — Choosing Driver Compliance Test Point at Installation

3.4. Initial Oscilloscope Setup

After connecting the DUT following the proper probing configuration for the test, press the DEFAULT setup
button and then the AUTOSET button to display the serial data bit stream.

PCI Express Compliance Measurements 5
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3.5. Running the RT-Eye Software

1. Goto File > Run Application > RT-Eye Serial Compliance and Analysis.

File  Edit  Vertical Harizifcg Display ~ Cursors  Measure  Masks  Math  Utilities  Help

\|||‘ 1‘ ‘1 “"
ML
i
||||\

l‘L\L'\'

11.‘ L \
J,..pl ‘|‘||||I\ |“ |I ||I |"N,,\
AL |'| |||

Fei ||H|||
A |\w | |"'r~* IIIHw ||
i v

S

File Modules Measurements Plots Results Log  Utiities  Help

Probe Type I - Serial Analysis

Start Stop
Eye Width! Unit Differertial De- Jitter - ﬂ
Eye Heigrt B interval voltage [ Erphasis [l @ EBER T RIS
fi=e Bit Rat aIn TIE Jith : -
Time 1t REE s mplitude e
Fall Low
Time Amplitude

ﬁenu: Meas->Select Hint: Select Measurements and go to Meas->Configure

Figure 2 — Default menu of the RT-Eye software.

Figure 2 shows the oscilloscope display. The default mode of the software is the Serial Analysis module (Opt.
RTE). This software is intended for generalized Serial Data analysis on 8B/10B encoded copper links.

2. Select the PCI Express Compliance Module from the Modules pull down list.

File | Modules Measurements Results Utilities Help FOURT-Eye™ B X
InfiniBand PCl Express
- Test =

- Device Start Stop
Sena\ Analysis

: EX N
7 IE AC CM
= et vollage =y =
inti Clear Results

Rise De- Dirferential DO

Time Emphasis Woltage

Fall Unit Differential

Time Interval Average

Menu: Meas->Select Hint: Select Measurements and go to Meas-»Configure

Figure 3 — Choosing PCI Express Compliance Module.

Note: If PCI Express does not appear in the list, the PCI Express Compliance Module (Opt. PCE) has not been
installed.

The rest of this MOI document details use of the PCI Express Compliance Module to perform electrical
compliance measurements.

Online Help is available under the Help Menu for the RT-Eye software when using the Serial Analysis Module.
For information not contained in this document, refer to this online help or its printable format.
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3.6. Clock Recovery and Analysis Windows

The following methodology is used to define the dataset for all PCI Express compliance measurements. This
explanation is provided once to avoid duplication in the rest of the document.

e The “SmartGating” feature of the RT-Eye application is used to setup a software clock recovery window and an
analysis window. This feature is available (and configurable) outside the PCI Express Compliance Module in
the Measurements> Configure> Gating menu of the Serial Analysis Module.

e The clock recovery window is 3500 consecutive Unit Intervals and the Mean of the Uls is used as the reference
clock. The first 3500 Uls in the acquisition are used.

e An analysis window is established to be 250 bits centered in the 3500 UI clock recovery window. The mask is
placed based on the median of the 250 bit analysis window.

e This is the method used in the PCI Express Compliance Module as defined by the Base Specification. Other
techniques for clock recovery such as Golden PLL and Custom PLL are available in the Serial Analysis Module
under the jitter definition panel. Total Jitter at 10™'? measurements can also be made in the Serial Analysis
Module. Refer to Section 8.2 of this document for an example.

4. PCI Express Driver (Tx) Compliance Testing

This section provides the Methods of Implementation (MOIs) for Transmitter tests using a Tektronix real-time
oscilloscope, probes, and the RT-Eye compliance software.

4.1. Probing the link for Tx compliance
Use probing configuration B from Section 3.2. Connect the positive leg of the differential signal to the ‘+’> SMA
connector and the negative leg of the differential signal to the ‘— ‘SMA connector on the P7380SMA differential

probing system.

Alternatively, with the same probing configuration, connect Chl and Ch3 to the inputs of an oscilloscope that has
20 GS/s sample rate available on two channels (TDS6604 or TDS6000B Series).

Since the link is broken and terminated into a 50 Q load, the Compliance Pattern defined in section 4.2.8 (Base
Specification) will be transmitted.

4.2. Tx Compliance Test Load

The compliance test load for driver compliance is shown in Figure 4-25 (Base Specification)

PCI Express Compliance Measurements 7
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Figute 4-25: Compliance Test/Measurement Load

Figure 4 — Driver Compliance Test Load.

4.3. Running a Tx Compliance Test

There are three possible test points for the Tx Compliance Test; Transmitter Pins Compliance Test Point, Add-In
Card Compliance Test Point, and System Board Compliance Test Point. The test point that will be defined by the
Driver Test in the PCI Express Compliance Module is defined at installation of Version 1.2 of the RT-Eye
software. Version 1.1 and below only support the Transmitter Pins Compliance point. Refer to section 3.2 for more
on installing the proper test point.

The MOI for each of the Driver tests is documented in the following sections. All driver measurements can be
selected and run simultaneously with the same acquisition. To perform a compliance test of all transmitter
measurements:

1. Inthe Measurement Select menu (Figure 5), choose Single Ended (probe configurations A & C defined in
Section 3) or Differential (Probe configurations B & D defined in Section 3) as the Probe Type depending on
your probe configuration.

2. Select the Configure button to access the Configuration menus and set up Signal Source. Return the
Measurement Select menu by pressing Select.

3. Select Driver from the Test pull-down list.

File Modules Measurements Results Utilities Help VO RT- E X

Probe Type &l jed Driver ¥

Eye width/ TIE AL CM
Eye Height Jitter Woltage

Device

Description Clear Results

Differential
Time Emphasis Voltage Edit
Description
Time Interval AVErane o )
Canfigure Autoset Single Run

Menu: Meas->Select Hint: Select Measurements and go to Meas->Configure

Figure 5 — Measurements Select menu setup.

4. Select the desired measurements.

5. Select the Autoset button in the RT-Eye Measurement Select menu. This will automatically setup the
oscilloscopes vertical, horizontal, and measurement reference levels for the compliance test

8 PCI Express Compliance Measurements
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6. Select the Start button.

Figure 6 shows the result of a Driver Compliance test on a signal that passes the driver tests at all three Tx
compliance test points.

J RT-Eye Plot Summary =10 x| |

e BEEIE BF S

PClExpress
Start Stop
Clear Results

Detail=

Time Units

Unit Interwal ¥

enu: Resulis-->Sum... |Hint: You can see the Summary of the results.

Figure 6a — Result of a successful Compliance Test at the Transmitter Pins

-Eye Plot Summary _lo|x ||

EECEEEEE

PCI Express

Start Stop

514.00mv Details

Time Units

Menu: Results-->Summary Hint: You can see the Summary of the resuits.

Figure 6b — Result of a successful Compliance Test at the Add-In Card Transmitter Compliance
Test Point.

PCI Express Compliance Measurements 9



Methods of Implementation

10

= ==l R El e

_|EI|><||

PCIExpress |
Start Stop

Clear Results

P

Time Units Mode

Single Run ¥

i e |
Menu: Results-->Summary You can see the Summary of the results.

Figure 6¢c — Result of a successful Compliance Test at the System Board Transmitter Compliance
Test Point.

4.3.1. Limits at Add-In Card and System Test Points

All the measurement algorithms and limits defined below are designed for the Transmitter Compliance test limits
defined in the Base Specification (results in Figure 6a). The measurement algorithms also apply to the Add-In
Card and System Board test points. However, the measurement limits and mask geometries are different for the
Add-In and System Board test points and are defined in the Electro-Mechanical Specification (Results in Figure 6b
and Figure 6¢).

4.3.2. Tx Unit Interval Measurement MOI

Test Definition Notes from the Specification:

- UI (Unit Interval) is specified to be +/-300 ppm
- UI does not account for SSC dictated variations

e Ul is defined in Table 4-5 (Base Specification).

- UI Characteristics are Maximum UI =400.12 ps and Minimum UI = 399.88ps

e Test Procedure: Follow the procedure in Section 4.3 of this MOI document, ensuring that Unit Interval is
selected in the Measurement > Select menu

e PASS Conditions (all compliance test points): 399.88ps < UI <400.12ps
e  Measurement Algorithm:

This measurement is made over the Analysis Window of 250 consecutive bits defined in Section 3.4 (Base
Specification).

PCI Express Compliance Measurements
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The Unit Interval measurement calculates the cycle duration of the recovered clock.
Ul(n) =ty cix(n+1) =ty o (n)
Ul ., = Mean(UI(n))

Where:

Lo o .
R-CLK ig a recovered clock edge

n is the index to Ul in the waveform

4.3.3. Tx Differential Pk-Pk Output Voltage MOI

Test Definition Notes from the Specification:
- VTX—DIFFp—p =2x| VTX—D+ - VTX—D— |

- Specified at the measurement point into a timing and voltage compliance test load as shown in Figure 4-
25 (Base Specification) and measured over any 250 consecutive TX Uls. Also refer to the Transmitter
compliance eye diagram shown in Figure 4-24 (Base Specification).

v
IX=DIFFp=r (Differential Output Pk-Pk Voltage) is defined in Table 4-5 (Base Specification). Differential Pk-

Pk Voltage Characteristics are Maximum = 1.2 V and Minimum = 0.80 V. This measurement is solved by 2
measurements. One is Differential Peak Voltage measurement the other one is Eye Height: Transition Bits
measurement. Select Differential Voltage and Eye Width/Eye Height, you will get total 5 measurements: Eye
Height, Eye Height: Transition Bits, Eye Height: Non-Trans Bits, Eye Width and Differential Peak Voltage.

Test Procedure: Follow the procedure in Section 4.3 (Base Specification), ensuring that Differential Voltage
and Eye Width/Eye Height are selected in the Measurements Select menu.

Pass Condition:

Transmitter Pins Compliance Test Point:

V.
Transition Bit: EX=Dirtp=r <12 V and 0.800 V < Eye Height

v
Non-Transition Bit: EX=DiITp=r <12 V and 0.505 V < Eye Height

Add-In Card Compliance Test Point:

v
Transition Bit: EX=DiITp=r <12V and 0.514 V < Eye Height

PCI Express Compliance Measurements 1
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v
Non-Transition Bit: EX=DiIfp=r <12 V and 0.360 V < Eye Height

System Board Compliance Test Point:

%

Transition Bit: EX=DiITp=r <12V and 0.274 V < Eye Height
o : Vix-pirrp- :

Non-Transition Bit: PP < 1.2 Vand 0.253 V <Eye Height

Measurement Algorithm:

Those measurements are made over the Analysis Window of 250 consecutive bits defined in Section 3.4
(Base Specification).

Differential Peak Voltage Measurement. The Differential Peak Voltage measurement returns two times the
larger of the Min or Max statistic of the differential voltage waveform.

Viowr—px =2 % Max(Max(v ;... (1)); Min(v . (1))
Where:

1 is the index of all waveform values

Vi s the Differential voltage signal

Eye Height Measurement. The measured minimum vertical eye opening at the Ul center as shown in the plot
of the eye diagram. There are three types of Eye Height values.

Eye Height:
Veve-umonr = Veve-nr-vv = Vere-ro-wax
Where:

V

EYE-HI-MIN " ig the minimum of the High voltage at mid UI

V

EYE-LO-MAX ig the maximum of the Low voltage at mid UI
Eye Height — Transition:

VEYE—HEIGHT—TRAN = VEYE—H]—TRAN—MIN - VEYE—L()—TRAN—MAX

12 PCI Express Compliance Measurements
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Where:

v,

EYE-HI-TRAN -MIN 5 the minimum of the High transition bit eye voltage at mid Ul

e

EYE-LO-TRAN-MAX ig the maximum of the Low transition bit eye voltage at mid UI
Eye Height — Non-Transition:
Veve-mpaur-vmay = Veve—m-virav-sv = Vevg-ro-ximav-sax

Where:

v,

EYE-HI=NTRAN-MIN s the minimum of the High non-transition bit eye voltage at mid UI

V

EYE-LO=-NTRAN-MAX jq the maximum of the Low non-transition bit eye voltage at mid Ul

4.3.4. Tx De-Emphasized Differential Output Voltage (Ratio) MOI

e Test Definition Notes from the Specification:

- This is the ratio of the V. DIEFp—p of the second and following bits after a transition divided by the

Vi pirrp—p Of the first bit after a transition.

- Specified at the measurement point into a timing and voltage compliance test load as shown in Figure 4-25
(Base Specification) in the serial data standard and measured over any 250 consecutive TX Uls. Also refer to
the Transmitter compliance eye diagram shown in Figure 4-24 (Base Specification).

o Vi pp_ramo (De-Emphasized Differential Output Voltage (Ratio)) is defined in Table 4-5 (Base

Specification).

e Limits (only specified at transmitter pins compliance test point): Maximum = -3.0 dB and Minimum = -
4.0 dB, and the Pass Condition is -4.0 dB < Vi piry0 <-3.0 dB

e Test Procedure: Follow the procedure in Section 4.3 (Base Specification), ensuring that De-Empbhasis is
selected in the Measurements Select menu.

e  Measurement Algorithm:

This measurement is made over the Analysis Window of 250 consecutive bits defined in Section 3.4 (Base
Specification).

The De-Emphasis measurement calculates the ration of any non-transition eye voltage (2", 3", etc. eye
voltage succeeding an edge) to its nearest preceding transition eye voltage (1* eye voltage succeeding an
edge). In Figure 7, it is the ratio of the black voltages over the blue voltages. The results are given in dB.

PCI Express Compliance Measurements 13
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voltage Recovered edge times

A PN

I »Tim e

Figure 7 — DeEmphasis Measurement

DEEM (m) = dB( VEvE— Hi - NTRAN (m)]
or

Veve s —rran (1)

DEEM (m) = dg[ VEYE-LO-NTRAN (m)]

Viye—ro-mray ()

Where:
Vg -Hi-1RAN is the High voltage at mid UI following a positive transition
VEYE-10-TRAN is the Low voltage at mid UI following a negative transition
VEYE - HI - NTRAN is the High voltage at mid UI following a positive transition bit

EYE-LO-NTRAN ig the Low voltage at mid Ul following a negative transition bit
m is the index for all non-transition Uls
n is the index for the nearest transition Ul preceding the Ul specified by m

4.3.5. Minimum Tx Eye Width MOI

e Test Definition Notes from the Specification:

- The maximum Transmitter jitter can be derived as 77y iy = 1= Lpy_pye = -3UI

14 PCI Express Compliance Measurements
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- Specified at the measurement point into a timing and voltage compliance test load as shown in Figure 4-25
(Base Specification) and measured over any 250 consecutive TX Uls. Also refer to the Transmitter
compliance eye diagram shown in Figure 4-24 (Base Specification).

-A Ty =.7T0UI provides for a total sum of deterministic and random jitter budget of
Ty yirrinesax = -30UI for the Transmitter collected over any 250 consecutive TX Uls. The

L ivie - MEDIAN oy —rrrir SPeEcification 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 collected over any 250
consecutive TX Uls.

Note: 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 approximately equal as opposed to the averaged time value.

e Ty py: (Minimum TX Eye Width) is defined in Table 4-5 (Base Specification).
e Limits:

Transmitter Pins Compliance Test Point: 0.70UI (280ps) < Ty _syp

Add-In Card Compliance Test Point: 0.5925U1 (237ps) < Ty _pyp:

System Board Compliance Test Point: 0.4575 (183ps) UL < Ty,

e Test Procedure: Follow the procedure in Section 4.3 (Base Specification), ensuring that Eye Width/Eye Height
is selected in the Measurements Select menu.

e  Measurement Algorithm:

This measurement is made over the Analysis Window of 250 consecutive bits defined in Section 3.4 (Base
Specification).

The measured minimum horizontal eye opening at the zero reference level as shown in the eye diagram.
Typyp iy = ULy = TIE . _py
Where:

Ul ,, is the average Ul

TIE,, ,, isthe Peak-Peak TIE

4.3.6. Tx Median-to-Max Jitter MOI

e Test Definition Notes from the Specification:

PCI Express Compliance Measurements 15
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- Jitter is defined as the measurement variation of the crossing points (V) , = 07" in relation to the

recovered TX UL A recovered TX Ul is calculated over 3500 consecutive unit intervals of sample data. Jitter
is measured using all edges of the 250 consecutive Ul in the center of the 3500 UT used to calculate the TX Ul

- Specified at the measurement point into a timing and voltage compliance test load as shown in Figure 4-25
(Base Specification) and measured over any 250 consecutive TX Uls. Also refer to the Transmitter
compliance eye diagram shown in Figure 4-24 (Base Specification).

-A Ty = .70UI provides for a total sum of deterministic and random jitter budget of
Ty yirriresax = -30UI for the Transmitter collected over any 250 consecutive TX Uls. The

T I —EYE—MEDIAN —to-MAx —srrer 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 collected over any 250
consecutive TX Uls.

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 approximately equal as opposed to the averaged time value.

o Do pvininian —omaxrrer (Maximum time between the jitter median and maximum deviation from the
median.) is defined in Table 4-5 (Base Specification).

e Limits:
Transmitter Pins Compliance Test Point: 0.15 UL (60pS) > T’y pymviniay —to- MAXITTER
Add-In Card Compliance Test Point: 0.20375UI (81.5pS) < T _pyivinian —o MAXITTER
System Board Compliance Test Point: 0.27125U1 (108.5ps) UL < Ty ionans o siaxirrir

Test Procedure: Follow the procedure in Section 4.3 of this MOI document, ensuring that TIE Jitter is selected
in the Measurements Select menu.

e  Measurement Algorithm:

This measurement is made over the Analysis Window of 250 consecutive bits defined in Section 3.4 (Base
Specification).

The measured time difference between a data edge and a recovered clock edge.
tie(n) =ty_pup (n) =1, (1)
Where:

Lpar is the original data edge
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Tp-par is the recovered data edge (for example, the recovered clock edge corresponding to the Ul

boundary of Lpar
n is the index of all edges in the waveform

Recover Clock Method: Const Clk: Under development.

4.3.7. Tx Output Rise/Fall Time MOI

e Test Definition Notes from the Specification:

- Specified at the measurement point into a timing and voltage compliance test load as shown in Figure 4-25
(Base Specification) and measured over any 250 consecutive TX Uls. Also refer to the Transmitter
compliance (Base Specification).

- Measured between 20-80% at Transmitter package pins into a test load as shown in Figure 4-25 for both
Vix_pe andVpy

o T wisps Try_pa; (D+/D-TX Output Rise/Fall Time) is defined in Table 4-5 (Base Specification).

e Limits (specified at transmitter pins compliance point only): Minimum = 0.125 UI and the Pass Condition is
0.125 UL (50ps) < Ty sz » Lrv—rars

e Test Procedure: Follow the procedure in Section 4.3 of this MOI document, ensuring that Rise Time and Fall
Time are selected in the Measurements Select menu.

Note: Rise/Fall time D+ and D- measurements show up when Single Ended probe type is used. Rise Time
measurements show up when Differential probe type is used. Error in Rise/Fall time measurements includes
limitations of the system.

e  Measurement Algorithm:

This measurement is made over the Analysis Window of 250 consecutive bits defined in Section 3.4 (Base
Specification).

Rise/Fall time is limited to only rising or falling edges of consecutive transitions for transmitter
measurements. Rise/Fall Time is taken independently on each single ended waveform sources when you use
two single ended probes as the signal source. Differential signal Rise/Fall Time show up when you select
Differential probe type.

Rise Time. The Rise Time measurement is the time difference between when the V., reference level is
crossed and the Vzzr; reference level is crossed on the rising edge of the waveform.

lase (M) = 1y (D) = 1,5, ()
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Where:

! pqi 1s a Rise Time measurement
. isasetof £, forrising edges only
l,,, isasetof f,, forrising edges only

i and j are indexes for nearest adjacent pairs of #,,, and 7, .
n is a the index of rising edges in the waveform

Rise Time for v, (f) is as follows:

o rise M) =1y, 0. D) —1p,10.())
and for v, (1)

tp pari(n) = tp 10-() — tp_ur ()

Fall Time. The Fall Time measurement is the time difference between when the Vygppyreference level is
crossed and the Vg reference level is crossed on the falling edge of the waveform.

trar(n) = tro (i) — tar(j)

Where:

traLL is a Fall Time measurement

tur is set of 7, for falling edge only

tro- is set of #;, for falling edge only

iand; are indexes for nearest adjacent pairs of 1, and fy; .
n is the index to falling edges in the waveform

Fall Time for v (¢) is as follows:

tpiparL(m) = tpipo-(1) — torm()
and for vy (t)

tp-rar(n) = to_o-(i) — to_ur-(j)
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4.3.8. Tx AC Common Mode Output Voltage MOI

e Test Definition Notes from the Specification:
VTX—(,‘M—A(,’p =RMS(Vix ps +Vix o 152 =V vt pe Wix—cv—ne = DC(avg)Of Vix ps +Vix p |2

- Specified at the measurement point into a timing and voltage compliance test load as shown in Figure 4-25
(Base Specification) and measured over any 250 consecutive TX Uls. Also refer to the Transmitter
compliance eye diagram shown in Figure 4-24 (Base Specification).

V.. . ,
. [X=CM=ACp (RMS AC Pk Common Mode Output Voltage) is defined in Table 4-5 (Base Specification).

e Limits (specified at transmitter pins compliance point only): Maximum =20 mV and the Pass Condition is

20 mV > VTX—CM—A(Tp

e Test Procedure: Follow the procedure in Section 4.3 in this MOI document, ensuring that AC CM Voltage is
selected in the Measurements Select menu. Note: Only available when Single Ended probe type is selected.

e  Measurement Algorithm:
This measurement is made over the Analysis Window of 250 consecutive bits defined in Section 3.4

(Base Specification).

AC CM RMS Voltage. The AC Common Mode RMS Voltage measurement calculates the RMS statistic of
the Common Mode voltage waveform with the DC Value removed.

Voaco—rus—cv (D) = RMS(v 4._,, (7))
Where:

i is the index of all waveform values
Vic—rus—cn 1S the RMS of the AC Common Mode voltage signal

V o_p 1s the AC Common Mode voltage signal

4.3.9. Tx Delta DC Common Mode Voltage MOI

e Test Definition Notes from the Specification:

|Vex—ore-pe-pe = Vix—em-pe-p- 1£25mMV . Vixers pe_pe = DC(avg)Of Vie_pe bVix-em-pe-p- = DC(avg)OflVTX—D— |

- Specified at the measurement point into a timing and voltage compliance test load as shown in Figure 4-25
(Base Specification) and measured over any 250 consecutive TX Uls. Also refer to the Transmitter
compliance eye diagram shown in Figure 4-24 (Base Specification).
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o Vi cvrpe—rmp—piira (Absolute Delta of DC Common Mode Voltage between D+ and D-) Is defined in Table
4-5 (Base Specification).

e Limits (specified at transmitter pins compliance point only): Maximum = 25 mV and the Pass Condition is

25 mV > VTX—(M—D('—L]NE—DELTA

e Test Procedure: Follow the procedure in Section 4.3 of this MOI document, ensuring that Differential Average
is selected in the Measurement > Select menu.

e  Measurement Algorithm:

This measurement is made over the Analysis Window of 250 consecutive bits defined in Section 3.4
(Base Specification).

The Differential Average measurement returns the Mean of the differential voltage waveform.

Vi —ac = Mean(v . (7))
Where:

1 is the index of all waveform values

Vi s the Differential voltage signal

4.3.10. Tx Waveform Eye Diagram Mask Test MOI

e Test Definition Notes from the Specification:

- The TX eye diagram in Figure 4-24 (Base Specification) is specified using the passive compliance/test
measurement load in place of any real PCI Express interconnect + RX component.

- There are two eye diagrams that must be met for the Transmitter. Both eye diagrams must be aligned in time
using the jitter median to locate the center of the eye diagram. The different eye diagrams will differ in voltage
depending whether it is a transition bit or a de-emphasized bit. The exact reduced voltage level of the de-
emphasized bit will always be relative to the transition bit.

- The eye diagram must be valid for any 250 consecutive Uls.

- A recovered TX Ul is calculated over 3500 consecutive unit intervals of sample data. The eye diagram is
created using all edges of the 250 consecutive Ul in the center of the 3500 UI used for calculating the TX UI.

20 PCI Express Compliance Measurements



Methods of Implementation

Transmitter Pins Mask Geometries from the Base Specification:

PCI EXPRESS BASE SPECIFICATION, REV. 1.0a

- \'\‘
o “‘\‘

Vgpier = 0 my - . VgpiFr = 0 my
(D+ D= Crossing Folnt) " *., (D+D- Croesing Foint)
[Transition Bl
- Ve OFFpp-ln =800 mY .

[De-emphasized BIt]
568 MV (3 dB) >= VIDiFFp i >= 505 MV (4 dB)

N
; S 07 U= U1 = 08 Ulidrcramat saex) 3=}

£ [Transition Bit)
" VTR RN = 8O0 MY

Figure 4-24: Minimum Transmitter Timing and Yoltage Qutput Compliance Specifications

AR

Add-In Card and System Board Mask Geometries from the Card Electromechanical Specification:

VlXA

Table 4-6: Add-in Card Transmitter Path Compliance Eve Requirements

Parameter Value Notes Ty Vixa_d

Vi == 514 mV All Links are assumed active while generating
this eye diagram. Transition and non-

W == 36 \" b P L . N

Vixa_d < transition bits must be distinguished in order

Thxa >= 237 ps to measure compliance against the de-

emphasized voltage level (Vixs d).

OWH4758A

Figure 4-8: Add-in Card Transmitter Path Compliance Eye Diagram

Table 4-8: System Board Transmitter Path Compliance Eve Requirements

Parameter Value Notes T
txg

Vixg == 274 mV All Links are assumed active while generating
this eye diagram. Transition and non-

A >= K vV

Vixs d s transition bits must be distinguished in order

Tixs == 183 ps to measure compliance against the de-

emphasized voltage level (Ttxg_d).

20335

Figure 4-10: System Board Transmitter Path Composite Compliance Eye Diagram

Figure 8 —-Minimum Transmitter Timing and Voltage Output Compliance Specifications.
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5. PCI Express Receiver (Rx) Compliance Testing

This section provides the Methods of Implementation (MOIs) for Receiver tests using a Tektronix real-time
oscilloscope, probes, and the RT-Eye compliance software solution.

5.1. Probing the Link for Rx Compliance

Use probing configuration (D) to probe the link differentially at a point close to the pins of the receiver device.
Alternatively, use probing configuration (C) using the Chl and Ch3 inputs of an oscilloscope that has 20 GS/s
sample rate available on two channels (TDS6604 and TDS6000B Series only).

5.2. Running a Complete Rx Compliance Test

The MOIs for each Rx test is documented in the following sections. All Rx measurements can be selected and run
simultaneously with the same acquisition. To perform a compliance test of all receiver measurements:

1. Select Measurements> Select.

2. Select Differential or Single Ended as the Probe Type depending on your probe configuration.
3. Select Receiver from the Test pull-down list.

4. Select all or required measurements.

5. Select the Configure button to access the Configuration menus and set up Signal Source.

6. Select the Start button.

Figure 9 shows the result of a Receiver Compliance test on a signal that passes all receiver tests.

1ol xI|
AMe mEEE BT

-200 -100

Modules Measurements  Results  Ukilities  Help

PCl EH]TESS I

Start Stop

: o] s ]

I_I|;||t Inte 4 Clear Results
Jitter
Diff

enu: Resulis-->Sum... |Hint: You can see the Summary of the results.

Figure 9 — Result of successful Receiver Compliance Test
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5.2.1. Rx Unit Interval Measurement MOI

Refer to section 4.4.1 of this MOI document. The MOI for the measurement of UI at the receiver is identical to
measuring it at the transmitter, with the exception of the test point.

5.2.2. Rx Differential Pk-Pk Input Voltage MOI

e Test Definition Notes from the Specification
- VRX—DIFFp—p = 2% VRX—D+ - VRX—D— |

- Specified at the measurement point and measured over any 250 consecutive Uls. The test load in Figure 4-25
(Base Specification) should be used as the RX device when taking measurements. Also refer to the Receiver
compliance eye diagram shown in Figure 4-26 (Base Specification). If the clocks to the RX and TX are not
derived from the same reference clock, the TX Ul recovered from 3500 consecutive UI must be used as a
reference for the eye diagram.

v
. RY=DIFtp=p (Differential Input Pk-Pk Voltage) is defined in Table 4-6 (Base Specification). Differential Pk-Pk

Voltage Characteristics.(Maximum = 1.2 V and Minimum = 0.175 V). This measurement is solved by 2
measurements. One is Differential Peak Voltage the other one is Eye Height measurement.

e Test Procedure: Follow the procedure in Section 5.3 of this MOI document, ensuring that Differential Voltage

is selected in the Measurement > Select menu.

V
e PASS Condition: =~ ¥ ~P#=r <12 v and .175 V < Eye Height

e  Measurement Algorithm:

Refer to section 4.4.2 of this MOI document for Differential Voltage measurement and Eye Height
measurement algorithms.

Note: For receiver testing, Eye Height is measured on all Uls. There are no Eye Height: Transition Bits
measurement and Eye Height: Non-Trans Bits measurement. Minimum Rx Eye Width MOI

5.2.3. Minimum Rx Eye Width MOI

e Test Definition Notes from the Base Specification:

- The maximum interconnect media and Transmitter jitter that can be tolerated by the Receiver can be derived

as Ty vy =1 = Tpypyy =-0UI .

- Specified at the measurement point and measured over any 250 consecutive Uls. The test load in Figure 4-25
(Base Specification) should be used as the RX device when taking measurements. Also refer to the Receiver
compliance eye diagram shown in Figure 4-26 (Base Specification). If the clocks to the RX and TX are not
derived from the same reference clock, the TX Ul recovered from 3500 consecutive Ul must be used as a
reference for the eye diagram.

-A Ty pyy =-40UI provides for a total sum of 0.60 UI deterministic and random jitter budget for the

Transmitter and interconnect collected any 250 consecutive Uls. The 7' ,0n \pr 00
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specification ensures a jitter distribution in which the median and the maximum deviation from the median is
less than half of the total .6 UI jitter budget collected over any 250 consecutive TX Uls.

Note: 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 approximately equal as opposed to the averaged time value. If the clocks to the
RX and TX are not derived from the same reference clock, the TX Ul recovered from 3500 consecutive Ul
must be used as the reference for the eye diagram

Ty _py; (Minimum RX Eye Width) is defined in Table 4-6 of Version 1.0a of the Base Specification.

Limits: Minimum = 0.40 Ul and the Pass Condition is 0.40UL < T, .

Test Procedure: Follow the procedure in Section 5.3, ensuring that Eye Width/Eye Height is selected in the
Measurements Select menu.

Measurement Algorithm:

Refer to section 4.4.4 of this MOI document for Eye Width measurement algorithm.

5.2.4. Rx Median-to-Max Jitter MOI

Test Definition Notes from the Specification:

- Jitter is defined as the measurement variation of the crossing points (¥, , = 0F") in relation to a

recovered RX UI. A recovered RX Ul is calculated over 3500 consecutive unit intervals of sample data. Jitter
is measured using all edges of the 250 consecutive Ul in the center of the 3500 UT used for calculating the RX
Ul

- Specified at the measurement point and measured over any 250 consecutive Uls. The test load in Figure 4-25
(Base Specification) should be used as the RX device when taking measurements. Also refer to the Receiver
compliance eye diagram shown in Figure 4-26 (Base Specification). If the clocks to the RX and TX are not
derived from the same reference clock, the TX Ul recovered from 3500 consecutive UI must be used as a
reference for the eye diagram

-A Ty =-40UI provides for a total sum of 0.60 Ul deterministic and random jitter budget for the

Transmitter and interconnect collected any 250 consecutive UIs. The Tpy oy 0 ienian —to-Max —iiiTiR

specification ensures a jitter distribution in which the median and the maximum deviation from the median is
less than half of the total .6 UI jitter budget collected over any 250 consecutive TX Uls. 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 approximately equal as opposed to the averaged time value. If the clocks to the
RX and TX are not derived from the same reference clock, the TX Ul recovered from 3500 consecutive Ul
must be used as the reference for the eye diagram.

T v _ivinainian —o-maxrree (Maximum time between the jitter median and maximum deviation from the
median.) is defined in Table 4-6 (Base Specification)..

Limits: Maximum = 0.30 UI and the Pass Condition is 0.3UL > Ty vin mpian —to MAXITTER

Test Procedure: Follow the procedure in Section 5.3 in this MOI document, ensuring that TIE Jitter is selected
in the Measurements Select menu.
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e  Measurement Algorithm:

Refer to section 4.4.5 of this MOI document for RX Median-to-Max Jitter measurement algorithm.

5.2.5. Rx AC Common Mode Input Voltage MOI

e Test Definition Notes from Specification.
- Vex—orr—ac =\Vax_ps ¥Vaxo_ 152 =Vex_orr_pcO Vex _onr—pe = DC(avg)Of Wix-pe T Vixp |52
- Specified at the measurement point and measured over any 250 consecutive Uls. The test load in Figure 4-25
(Base Specification) should be used as the RX device when taking measurements. Also refer to the Receiver
compliance eye diagram shown in Figure 4-26 (Base Specification). If the clocks to the RX and TX are not
derived from the same reference clock, the TX Ul recovered from 3500 consecutive UI must be used as a

reference for the eye diagram.

Vo —cs—ace
. RY-CM=ACp (AC Peak Common Mode Input Voltage) is defined in Table 4-5 (Base Specification).

| S
e Limits: Maximum = 150mV and the Pass Condition is 150mV > = ®¥-CM-4Cp

e Test Procedure: Follow the procedure in Section 5.3, ensuring that AC CM Voltage is selected in the
Measurement > Select menu. Note: Only available when Single Ended probe type is selected.

e Measurement Algorithms:

This measurement is made over the Analysis Window of 250 consecutive bits defined in Section 3.4 (Base
Specification).

AC CM Pk Voltage Measurement. The AC Common Mode Pk Voltage measurement returns the large of the
Min or Max statistic of the Common Mode voltage waveform with the DC Value removed.

Voaeopk—cn () = Max(Max(v ., (1), Min(v 4., (i)
Where:

i is index of all waveform values

V ,c_px—cu 18 the Peak of the AC Common Mode voltage signal

V ,c_u 1s the AC Common Mode voltage signal

5.2.6. Rx Waveform Eye Diagram Mask Test MOI

e  Test Definition Notes from the Specification:

- The RX eye diagram in Figure 4-26 (Base Specification) is specified using the passive compliance/test
measurement load (see Figure 4-25, Base Specification) in place of any real PCI Express RX component.
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Note: In general, the minimum Receiver eye diagram measured with the compliance/test measurement load
(see Figure 4-25, Base Specification) will be larger than the minimum Receiver eye diagram measured over a
range of systems at the input Receiver of any real PCI Express component. The degraded eye diagram at the
input Receiver is due to traces internal to the package as well as silicon parasitic characteristics which cause
the real PCI Express component to vary in impedance from the compliance/test measurement load. The input
Receiver eye diagram is implementation specific and is not specified. RX component designer should provide
additional margin to adequately compensate for the degraded minimum Receiver eye diagram (shown in
Figure 4-26, Base Specification) expected at the input Receiver based on some adequate combination of
system simulations and the Return Loss measured looking into the RX package and silicon.

- The RX eye diagram must be aligned in time using the jitter median to locate the center of the eye diagram.
- The eye diagram must be valid for any 250 consecutive Uls

- A recovered RX Ul is calculated over 3500 consecutive unit intervals of sample data. The eye diagram is
created using all edges of the 250 consecutive Ul in the center of the 3500 UI used for calculating the RX UI.

Test Procedure: Follow the procedure in Section 5.3 of this MOI document, ensuring that Eye Width /Eye
Height is selected in the Measurements Select menu

Measurement Algorithm:
This measurement is made over the Analysis Window of 250 consecutive bits defined in Section 3.4

(Base Specification).

The acquisition points are compared to the mask geometry (defined in Figure 4.24, Base Specification) and
mask collisions are reported as Mask Hits in the Measurement Results Area.

If Mask Hits > 0, then a Failure is indicated in the Measurement Results Table.

6. Giving a Device an ID

The PCI Express Compliance Module provides a graphical user interface (See Figure 3) for entering a Device ID
and Description. Data entered here will appear on the compliance report and is recommended for device tracking.

Creating a Compliance Report

To create a compliance report, select Utilities > Reports. The Report Generator utility can create a complete
report of the compliance test.

Further Analysis Techniques

This section documents some of the useful features in the RT-Eye Serial Analysis Module that design and
validation engineers can use to ensure compliance to the specification.
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8.1. Ensuring Compliance Over “Any 250 Consecutive
Uls”

The specification states that measurements are to pass the compliance statements over any 250 consecutive Uls.
This implies an infinite population of measurement results. To insure compliance to the specification, it is

recommended that a very large statistical population of measurements is collected. This is done by changing the
sequence Mode from Single Run to Free Run. Figure 10 shows a measurement population of 3Million Uls for
Unit Interval measurement., where 250 is from the current acquisition, and 3 Million is accumulated over a long

period of time.

J RT-Eye Plot Summary =10l x| |

S8 BEEE| B F &

PCI Express
Start Stop
| = |

Clear Results

ﬁenu:ResuIts->DetaiIs Hint: You can see the detailed results here

Figure 10 — Result from a population of 3 million Uls.
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8.2. Measuring Jitter @ BER

When terminated into a test load, a PCI Express SerDes will automatically transmit the Compliance pattern
specified in section 4.2.8 (Base Specification). This compliance pattern is 640bit repeating pattern. The RT-Eye
Serial Analysis module provides a method for measuring Total Jitter at a specified Bit Error Ratio (BER). This
method is “The Spectrum Approach to Jitter Measurement” and is documented in the MJSQ (Methodologies in
Jitter and Signal Quality) engineering reference document available at www.t11.org. The RT-Eye software
provides separation of Random and Deterministic jitter components. These measurements go beyond the
compliance specification, but are useful in Transceiver design. Refer to the RT-Eye Online Help documentation
for algorithms on these measurements.

} RT-Eye Plot Summary _[ofx I|

FHEs BEIE BR S

Serial Analysis
Start Stop
Clear Results

1

Time Units Mode

Free Run ~

Menu: Results-->Summary nt: You can see the Summary of the resul

Figure 11 — Result of Jitter @ BER test.

8.3. Additional Analysis Plots

Available plots in the PCI Express Compliance module are Transmitter and Receiver Eye masks. Using the Serial
Analysis module additional plots can be created for validation and debug. Figure 12 shows a Plot Summary view
of an Eye Diagram, Jitter TIE Histogram, Jitter TIE Trend, and Jitter TIE Spectrum. A plot details view can also
be used to zoom and make cursor measurements on each plot. Refer to the RT-Eye Online Help documentation for
user information on using Plot Summary and Plot Details windows.
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.} RT-Eye Plot Summary ;IEIZI |

B AEEER B F 4

Figure 12 — Result of Jitter a jitter test displayed as different types of plots.

8.4. Customizing the Compliance Test

The Limits and Masks in the PCI Express Compliance Module are “hard coded” to reflect measurement limits in
Version 1.0a of the Base Specification and Version 1.0a of the Card Electromechanical Specification. Sometimes
it is desirable to create customized (or user) masks and limits files. In the Serial Analysis Module, the RT-Eye
software provides the flexibility to modify waveform masks and adjust Pass/Fail limits. Refer to the RT-Eye
Online Help documentation for information on creating a customized compliance test.
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