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1 Introduction

This user manual provides information using the GRL-PCIE4-CEM-RXA test automation solution to
set up and test an electrical receiver (Rx) device to meet PCl Express Card Electromechanical
(CEM) 4.0 compliance (for 16 GT/s and 8 GT/s) as per PCI Express (PCI-SIG) Standards.

The main body of this documentation first describes how to configure the GRL-PCIE4-CEM-RXA
test software to calibrate the stressed eye at the receiver of the device under test (DUT) in the PCle
Gen 4.0 or Gen 3.0 system. This includes calibration to be performed at both the physical Test
Point 1 (TP1) and the Long Channel at TP2. The GRL software will automate calibration without
channel effect at TP1 before measuring the eye opening due to trace length. It also enables
running the SigTest post processing analysis application to ensure signal quality compliance.

After completing calibration, the GRL-PCIE4-CEM-RXA software will automate compliance testing
for the receiver using Bit Error Ratio (BER) as a metric. The receiver path is tested with worst case
eye to ensure a BER of less than 1E-12 can be achieved. The software also provides an optional SJ
margin search test for the DUT.

The GRL-PCIE4-CEM-RXA software performs test automation according to PCI-SIG-approved
Methods of Implementation (MOI’s) with high performance real-time oscilloscopes and Anritsu
BERT using existing PCI-SIG Compliance Base Boards (CBB’s) and Compliance Load Boards
(CLB’s). The GRL software is run from the computer or oscilloscope to provide automation control
to test the DUT for PCle Gen 3 & 4 CEM Rx electrical compliance (including PCle U.2 & M.2
calibration/testing for 8 GT/s). When combined with a satisfactory level of interoperability testing,
these tests provide a reasonable level of confidence that the DUT’s will function properly in most
PCle environments.

Note: For manual test methodology, refer to Appendix of this documentation or PCI-SIG for approved
Method of Implementation (MOI’s) as technical reference.
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2 Resource Requirements

Note: Equipment requirements may vary according to the lab setup and DUT board. Below are the
recommended lists of equipment for the typical test setup.

2.1 Equipment Requirements

graniteriverlabs.com

TABLE 1. EQUIPMENT REQUIREMENTS — SYSTEMS AND ACCESSORIES

System & Accessory Qty. Description/Key Spec Requirement
High Performance Real-time Oscilloscope® 1 | =225 GHz bandwidth™®
Anritsu MP1900A BERT 1 | MP1900A Signal Quality Analyzer, with following
modules:
e MU181000A/B 12.5 GHz Synthesizer
e MU181500B Jitter Modulation Source
e MU195020A 21G/32G bit/s Sl Pulse Pattern
Generator, or
MU196020A 64.2G bit/s or 64.2G baud
PAM4 Pulse Pattern Generatorld!
e MU195040A 21G/32G bit/s Sl Error
Detector
e MU195050A Noise Generator
PCI-SIG Compliance Base Board (CBB) 1 For add-in cards
or
PCI-SIG Compliance Load Board (CLB) For host system boards
[Optional for PCle Gen 3 CEM (8 GT/s):]
PCI-SIG U.2 (SFF-8639) or M.2 Key-M 1 | ForPCle Gen 3 add-in cards
Compliance Base Board (CBB)
or
Compliance Load Board (CLB)
ISI Source Generator 1 | CompliantVariable ISI channel
Power Divider 2 | Anritsu K240C 2-Way Resistive Power Divider, for
connecting scope to CLB Tx lanes to perform link
equalization tests
Terminator 2 | Anritsu J1632A Coaxial Terminator, for
termination of the unused
MU195020A/MU196020A Aux Out connector and
the CLB during link equalization testing
Power Supply 1 | ATX Power Supply, for DUT power
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System & Accessory Qty. Description/Key Spec Requirement
V(m) - K(f) Adapter 2 | 34VKF50A Coaxial Adapter, only required if using a
PAM4 Pulse Pattern Generator
Computer (laptop or desktop) 1 | Windows 7+ OS (For automation control)

[l Oscilloscope with scope software requirements as specified in vendor specific MOI’s. For example, when
using the Keysight Scope, scope software such as Keysight InfiniiSim / EZ-JIT / Serial Data Analysis / Serial
Data Equalization that are required for testing and signal processing must be pre-installed on the Scope.
Similarly, the Tektronix Scope shall be used with DPOJET (Jitter and Eye Analysis Tools) software for making

measurements.

T 0scilloscope with scope bandwidth as specified in vendor specific MOI’s.

[I mu1810008B Option 02 is required for testing the System Board DUT.
[l The GRL-PCIE4-CEM-RXA software supports PAM4 PPG in NRZ mode.

TABLE 2. EQUIPMENT REQUIREMENTS — CABLES

Cable® Qty.
1-meter SMA coaxial cables 6 pairs
SMA-to-SMP adapters (included with CLB/CBB test fixture kits) 2 pairs
1-ft SMP-to-SMP cables (included with CLB/CBB test fixture kits) 2 pairs
Phase-matched K-K coaxial cables 1 pair
SMA-to-SMA cables 4
BNC cables
J1627A GND connection cable 1
LAN cable 1

lel Based on the standard test configuration. May require more or less cables depending on the DUT type.

2.2 Software Requirements

TABLE 3. SOFTWARE REQUIREMENTS

Software

Description/Source

GRL-PCIE4-CEM-RXAE! Granite River Labs PCl Express Card Electromechanical 4.0 (16 GT/s &8
GT/s) Automated Receiver Calibration and Compliance Test Solution -
www.graniteriverlabs.com/download-center
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Software

Description/Source

VISA (Virtual Instrument
Software Architecture) API
Software

VISA Software is required to be installed on the controller PC running GRL-
PCIE4-CEM-RXA software. GRL’s software framework has been tested to
work with all three versions of VISA available on the Market:

1. NI-VISA: http://www.ni.com/download/ni-visa-17.0/6646/en/
2. Keysight 10 Libraries: www.keysight.com (Search on IO Libraries)

3. Tektronix TekVISA: www.tek.com (Downloads > Software > TekVisa)

MX183000A

Anritsu High-Speed Serial Data Test Software - For loopback BER testing of
the PCle Gen % CEM DUT receiver. This software is located in the MP1900A
BERT.

SigTest Application

Standard Post Processing Analysis Software -

www.intel.com/content/www/us/en/design/technology/high-speed-
io/tools.html

lal pCle3-CEM and PCle4-CEM will need to be installed to test at both 16 GT/s and 8 GT/s data rates. If the GRL-
PCIE4-RXA test solution is purchased, the user will need to install the GRL-PCIE4-BASE-RXA and GRL-PCIE4-
CEM-RXA solutions included in the package to perform testing for PCle4-BASE and PCle4-CEM at 16 GT/s and 8

GT/s.
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3 PCle Gen 3 &4 CEM Rx CTS Calibration and Testing

The following table summarizes the differences in calibration and DUT compliance testing
configuration between PCle Gen 3 (8.0 GT/s) and Gen 4 (16.0 GT/s) CEM Rx systems based on the
latest Compliance Test Specifications (CTS) requirements.

(Note: The latest CTS being used here is referring to the ‘PCl Express Architecture PHY Test
Specification Rev 4.0, Nov 8, 2018’ version. The calibration and test methodology will be different
between PCle Gen 3 and Gen 4; please refer to the CTS for detailed requirements.)

TABLE 4. PCIE GEN 34 CTS REQUIREMENTS — CALIBRATION AND TESTING DIFFERENCES

CEM CTS
Configuration

PCle Gen 3
(8.0 GT/s)

PCle Gen 4
(16 GT/s)

RJ Source
Setting

~1.5 ps RMS

(RJ is applied over the frequency range
defined in the PCl Express 3.0 Base
Specification section 4.3.4.4.1)

~1.0 ps RMS

(RJ is applied over the frequency range
defined in the PCl Express 4.0 Base
Specification section 8.3.6)

Pre-waveform
Acquisition and
SigTest Analysis

e 1.6 millionUl's (1.6 x 10°x 125.0ps =
200.0ps)

e Usethe Gen 3 Rx calibration
template (SeeNote (1] below)

2.0 million UI’s (2.0 x 106 x 62.5ps =
125.0us)

Use the Gen 4 RJ calibration
(PCIE_4_0_RX_CAL\

PCIE_4_16GB_CEM_R]j_Sj_CAL.dat)
template

Equalization

RJ Cal Limits 1.5+.2/-0 ps RMS 1.0 +.1/-0 ps RMS
100 MHz SJ 0.1 Ul (12.5 ps) 0.1 Ul (6.25 ps)
Setting e SJmagnitude=0.0 ps
e 2.1GHz DM Amplitude=0.0 mV
SJ Cal Limits 12.5+1/-0 ps 6.25+0.5/-0 ps
CLB/CBB 3.0 4.0
revision
Measured Tx P7 P5, P6

(PO to P9 must be measured for both the System Board and Add-in Card Rx Link Equalization Test @ 16 GT/s.)

emphasis

Measured 3.5+/-.2dB ForP5:1.9+/-.1dB
Preshoot For P6:2.5+/-.1dB
Measured De- 6.0+/-.2dB 0.0+/-.1dB
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CEM CTS
Configuration

PCle Gen 3
(8.0 GT/s)

PCle Gen 4
(16 GT/s)

Measured DM
Amplitude

Average peak to peak amplitude over

1.6 million UI’'s of data (1.6 x 10°x 125.0

ps =200.0 ps). Adjust to 14-16 mV
range.

RMS amplitude over 2.0 million UI’s of data
(2.0x10°x 62.5 ps =125.0 ps). Adjust to 14
+0/-2 mV diff-amp range.

Measured CM
Amplitude

RMS amplitude over 2.0 million Ul’s of data
(2.0x 10°x 62.5 ps = 125.0 us). Adjust to 150
+0/-2 mV diff-amp range.

Note: CM amplitude should be turned off
when calibrating for stressed eye, but
turned on when testing for Rx link
equalization.

Final Waveform
Acquisition

1.6 million UI’s

2.0 million UI’s (for P5 and P6)

Final SigTest
Ana lySiS (See Note [2]

below)

Rx CTLE setting fixed to 7 with the
template for Gen 3 Rx calibration
template (Seeiete [Lbelow)including
embedding the remaining portion of
the channel

Use Rx calibration template files
(PCle_4_16G_Rx_CAL_CTLE_8p5dB.dat to
PCle_4_16G_Rx_CAL_CTLE_10p5dB.dat).
The CTLE range of 8.5 db to 10.5dBin 0.25
dB step sizes is run for every P5 and P6
waveform.

Measured Eye
Height

46 mV +0/-5 mV

15 mV +1.5/-1.5 mV

Measured Eye
Width

41.25+0/-2 ps

18.75 +0.5/-0.5 ps, with:
e SJ:5tol0psppatTP1
e DM-I: 10 to 25 mVpp at TP2

Differential Voltage Swing: 720 to 800
mVpp at TP1

(8 GHz for only DM-I)

Eye Height/Eye RJ and DM-| SJ, DM-1, Amplitude, and ISI

Width

Adjustment

Scope >13 GHz =25 GHz max (with min 80 GS/s sample
Bandwidth rate)

Insertion Loss

Fixed ISI Channel (max 22 dB at 4 GHz)

(See Note [3] below)

Variable ISI Channel including reference
package (27, 28, and 30 dB at 8 GHz)

Add-in-Card reference package loss: 3 dB
System reference package loss: 5 dB

Note [1]: For PCle Gen 3 U.2 and M.2 CEM calibration, refer to Section 6.3.2, 6.3.3, 6.3.5 and 6.3.6 for the SigTest templates

to be used.
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Note [2]: If a Clock Recovery error occurs while running SigTest, it could be due to no signal or bad signal integrity. The
user is advised to check the setup connection and ensure the correct signal is present on the oscilloscope.

Note [3]: PCle Gen 3 M.2 CEM system board calibration uses 3.5 dB ISl, while PCle Gen 3 M.2 CEM add-in card calibration
uses 13 dB ISI.
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4 GRL-PCIE4-CEM-RXA Automation Software Process Flow

This section summarizes the flow of installation, calibration and compliance testing procedure
using the GRL-PCIE4-CEM-RXA automation software.

1. Download & Install GRL-PCIE4-CEM-RXA software (see Section 5.1)

|

2. Pre-configure GRL-PCIE4-CEM-RXA software (see Sections 5.2 & 5.3)

}

3. Set Up Hardware Connections for TP1 Calibration (see Section 6.2)

3a. Set Measurement Conditions (see Section 6.4) €=

== 3b. Set Calibration Requirements (see Section 6.5)

L

y

4. Set Up Hardware Connections for TP2 Calibration (see Section 6.3)

|

5. Select TP1 & TP2 Calibration (see Section 6.6)

5a. Set Calibration Parameters (see Section 6.7) 4—l—> 5b. Set Calibration Targets (see Section 6.8)

6. Run TP1 & TP2 Calibration (see Section 6.9)

Once calibration has completed successfully:

6a. Set Measurement Conditions (see Section 6.4) 4—l—> 6b. Set Test Requirements (see Section 7.7)

7. Set Up Hardware Connections for DUT TxRx Link Equalization Test (see Section 7.5)

|

8. Set Up Hardware Connections for DUT Rx Compliance Test (see Section 7.6)

|

9. Select Rx Tests (see Section 7.8)

9a. Set Test Parameters (see Section 7.9)

pra—

== 9b. Set Loopback BER Test (see Section 7.10)

v

10. Run Rx Tests

(see Section 7.11)

"

11. Generate Reports (see Section 8)

12. Save/Load Sessions (see Section 9)
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5 Setting Up GRL-PCIE4-CEM-RXA Software

This section provides the procedures to start up and pre-configure the GRL-PCIE4-CEM-RXA
automation software before running tests. It also helps users familiarize themselves with the basic

operation of the software.

Note: The GRL software installer will automatically create shortcuts in the Desktop and Start Menu
when installing the software.

To start using the GRL software, follow the procedures in the following sections.

5.1 Download GRL-PCIE4-CEM-RXA Software
Download and install the GRL software as follows:

1. Ifthe GRL software is to be installed on a PC (where it is referred to as ‘controller PC’), install
VISA (Virtual Instrument Software Architecture) on to the PC where GRL-PCIE4-CEM-RXA is to
be used (see Section 2.2).

2. Download the software ZIP file package from the Granite River Labs support site.

3. The ZIP file contains:

e PCIECEMGen4_AN_PatternFilesInstallationxxxxxxxxxSetup.exe - Run this on the
Anritsu MP1900A BERT Signal Quality Analyzer to install the pattern setup files.

e PCIECEMGen4_AN_RxTestApplicationxxxxxxxxxSetup.exe - Run this on the PC or on
the oscilloscope to install the application.

e PCIECEMGen4_AN_RxTestScopeSetupFilesInstallationxxxxxxxxxSetup.exe - Run this
on the oscilloscope to install the scope setup files.

5.2 Launch and Set Up Software

1. Once the software is installed, open the GRL folder from the Windows Start menu. Click on
GRL - Automated Test Solutions within the GRL folder to launch the GRL software

framework.
Get Help
Google Chrome
Google Drive
GRL
GRL - Automated Test Solutions
GRL-PCIE4-CEM-RXA User Guide and MOI Rev8.1
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FIGURE 1. SELECT AND LAUNCH GRL FRAMEWORK

From the Application>Rx Test Solution drop-down menu, select ‘Anritsu PCle CEM 4.0 Rx Test’
to start the PCle CEM 4.0 Rx Test Application. If the selection is grayed out, it means that your
license has expired.

m GRL - Automated Test Solution
Application

Options  License  Windows  Help

Framework Test Solution »

Rx Test Solution v | Anritsu PCle CEM 4.0 Ry Test

FIGURE 2. START PCIE CEM 4.0 RX TEST APPLICATION

To enable license, go to License—>License Details.

Application  Options | License | Windows  Help

FIGURE 3. SEE LICENSE DETAILS

a) Check the license status for the installed application.

GRL Framework Licensze n

Granite River Labs

Framework License Details

Installed Products:

su PClz CEM 4.0 Rix Test - Demol Expires in 98 days ~

Host 1D (For enquiries or license request please send this information):

QqEx06b STAGYNIMSMZIIPUpO Drlk TEKNwze Ir2sCxLYIKAs+p A
k Tdcslo 1Viorb Ze GE+ESy Kt 7/Mhmg++AAEDG 5 YaxpvC Tikbw 3p 2y Y1A Copy to
+2RmZaZaugldllocamghBLb LFAXUcXxoBODkmZanBhYEUorVgo Clipboard
T/A5ZTDvocLlzl4ZGyE3IvodGEn 3G08zHZ Lyh+FeZup SOMi+ ]

For license enquiries send the Host IDto  support @Granite RiverLabs.com

Activation Key Received:

Activation License File Received: | Browse Activate

Close

FIGURE 4. CHECK LICENSE FOR INSTALLED APPLICATIONS

b) Activate a License:
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e If you have an Activation Key, enter it in the field provided and select “Activate”.

e Ifyou do not have an Activation Key, select “Close” to use a demo version of the software
over a free 10-day trial period.

Note: Once the 10-day trial period ends, you will need to request an Activation Key to continue using
the software on the same computer or oscilloscope. The demo software is also limited in its
capability, in that it will only calibrate the maximum frequency for each data rate. Thus, the demo
version cannot be used to fully calibrate and test a device. For Demo and Beta Customer License
Keys, please request an Activation Key by contacting support@graniteriverlabs.com.

4.
5.

Select the Equipment Setup icon on the PCle CEM 4.0 Rx Test Application menu.

Connect the Anritsu MP1900A BERT via LAN to the GRL automation control enabled Scope or
PC. The BERT and MX183000A software can be connected using connection string formats
similar to the following examples:

e BERT: “TCPIP0::192.168.0.14::5001::SOCKET” or “192.168.0.14:5001”
e MX183000A: “TCPIP0::192.168.0.14::5000::SOCKET” or “192.168.0.14:5000”

Note the IP addresses listed above are only examples and should be changed according to the
actual network connection being used.

On the Scope or controller PC, obtain the network addresses for all the connected instruments
from the device settings. Note these addresses as they will be used to connect the instruments
to the GRL automation software.

On the Equipment Setup page of the GRL PCle CEM 4.0 Rx Test Application, type in the address
of each connected instrument into the ‘Address’ field.

(Note: If the GRL software is installed on the Tektronix Scope, ensure the Scope is connected via
GPIB and type in the GPIB network address, for example “GPIB8::1::INSTR”.)

If the GRL software is installed on the PC to control the Scope, type in the Scope IP address, for
example “TCPIP0::192.168.0.110::inst0::INSTR”. Note to omit the Port number from the
address.

(Note: If the GRL software is installed on the Keysight Scope, and if there is error in connection,
type in the Scope IP address as “TCPIP0::192.168.0.4::5025::SOCKET”.)

Then select the “lightning” button (|4 ) for each connected instrument.

The “lightning” button should turn green (| %) once the software has successfully established
connection with each instrument.
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Mame D Address Type

Scope

|5cope | |TCPIPD::Incth|:|st::| |Oscilloscope |

MX190000A |BEHT

|||TcPIPO:152.168.0.| | [BERT

MX133000A

|AnritsuLink Sec|| [TCPIP0:192.168.0.| | |AnritsuLink Sec|

Vendor

Agilent

Aritsu

Anritsu

Lib

AgilertScope |‘r

Aniitsu1300Ber | || %

GenericVISA ||| 4

FIGURE 5. CONNECT INSTRUMENTS WITH GRL SOFTWARE

Note: Additional information for connecting supported vendor oscilloscopes (Keysight and Tektronix)

to the PC is provided in the Appendix of this document.

5.3 Pre-Configure Software Before Calibration/Testing

Once all equipment is successfully connected from the previous section, proceed to set up the
preliminary settings before going to the advanced measurement setup.

5.3.1 Enter Test Session Information

Select@ from the menu to access the Session Info page. Enter the information as required for
the test session that is currently being run. The information provided will be included in the test
report generated by the software once tests are completed.

e Thefields under DUT Info and Test Info are defined by the user.

e The Software Info field is automatically populated by the software.

DUT Info Test Info Software Info

DUT Manufacturer:  |GRL

DUT Model Number:  [PCle CEM 4.0 Rx Device 1

DUT Serial Number: |DDDDDDDDD1

Comments

FIGURE 6. SESSION INFO PAGE
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6 Calibrating Using GRL-PCIE4-CEM-RXA Software

The GRL-PCIE4-CEM-RXA test solution supports automated Rx calibration using the SigTest signal
quality and stress tolerance analysis application for PCle Gen 3 and Gen 4 system boards and add-
in cards. To perform calibration, the GRL-PCIE4-CEM-RXA software is run from the PC or
oscilloscope to enable automation control for each step of calibration and signal quality test
sequence.

Calibration for the PCle CEM 4.0 electrical specification will basically be performed at two physical
test points: TP1 and TP2 (for the Long Channel). Test Point 1 (TP1) is a physical test point for
calibration without the effect of a channel. For PCle Gen 4 system, an adjustable CEM connector
will be used along with the calibration channel for testing the receiver. This will need to adjust the
eye amplitude to specification values when measuring eye height/eye width. TP2 is a physical test
point that will affect the eye opening due to trace length.

Fixed TX EQ
l’ | [ I
8 GT/s PRES L [\ calibration | 1 Replica | i
Combine | | Test Equipment
Generator - Channel | | Channe L
Fi A %
i i I & | s |
' | | 1
TF1 TR2
) TP4 TPS
A i
Post Processing Scripts:
j 5§ Diff =] Hxpkg model
Source Louno CErler el terference Behanioml CTLE/DFE (B185]
Bchavional CIDR
/’ f’ . .
EM Adjust lTPZP
EH/EW at 107" BER
Figure 8-32: Layout for Calibrating the Stressed Jitter Eve at 3.0 GT /s

FIGURE 7. CTS Rx CALIBRATION DIAGRAM FOR PCIE GEN 3

Fixed TX EQ
l Calibration Channel
| EH or EW Adjust 7 |
16 GT/s PRES Combiner Replica Test Equipment
Generator Channel
7 | A ! ) I | F" cem cannector |
TP1 TP2
L
Post Processing Scripts:
] 5 Biff €M Ruphg madel
Source Source imarference || irterference Behwvon| CTLE/OFE
Behavioral CDR
Small EW small EH 1
Adjust Adjust TP2P
15 mV/ .3 Ul at E-12 BER
Figure 8-33 shows the process for calibrating the stressed jtter eye at 16.0 GT/s.

FIGURE 8. CTS Rx CALIBRATION DIAGRAM FOR PCIE GEN 4
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For the Long Channel TP2 calibration, a PCI-SIG compliance load board (CLB) test fixture will be
used for the host system board or a PCI-SIG compliance base board (CBB) test fixture for the add-
in card. The board will be connected between the BERT noise generator output and the
oscilloscope which will validate the test pattern of the signal and measure for stress tolerance to
final stressed eye compliance. When calibration is completed, the GRL software will generate a
test report detailing all results obtained from the calibration.

6.1 Connection Setup for MP1900A BERT Generator Set

Figure 9 shows the connection setup between each module of the Anritsu MP1900A BERT
Generator Set. Note that the cable models used in this setup are examples and can be replaced with
their equivalent.

MUlBlDDDA/B G e @ — @
®® G) @ @ @ 3 0@' G’@ @G’@ @9@&@0 4
MU1815008B 0.3m - J1624A
V. T ]
e0P60° 0P OPOP ew:.m @me@(__ ),, i
LS N Y. Y 2oy ik, [EERDY. ) -
® e0%0°® [
0.3m -J1624A
MU195050A Coaxial cables - J1551A (3ft)

| O ‘ﬁ .

FIGURE 9. CONNECTION SETUP FOR MP1900A BERT GENERATOR SET MODULES

Connection Steps:

1. Usingthe J1624A SMA-SMA (0.3m) cable, connect the Clock Output of the MU181000A/B
Synthesizer to the Ext Clock Input of the MU181500B Jitter Modulator.

2. Usingthe J1624A SMA-SMA (0.3m) cable, connect the Jittered Clock Output of the MU181500B
Jitter Modulator to the Ext Clock Input of the MU195020A/MU196020A Pulse Pattern
Generator.
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3. Usingthe J1551A coaxial cables (3ft), connect the MU195020A/MU196020A Data Outputs to the
MU195050A Data Inputs.

6.2 Set Up Automated Rx Calibration for TP1

Once pre-configuration has been completed from previous section, continue with the following
calibration setup at TP1 (output of the BERT generator) using a GRL automation control enabled
oscilloscope and Anritsu MP1900A BERT.

Anritsu

MP1900 BERT Noise Output
‘. | .

Real-Time Oscilloscope

Phase-matched K-K coaxial cables

FIGURE 10. RECOMMENDED SETUP FOR TP1 RX CALIBRATION
Connection Steps:
1. Setupthe MP1900A BERT connections as described in Section 6.1.

2. Connect the MU195050A noise outputs to the relevant oscilloscope channels using phase-
matched K-K coaxial cables.
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6.3 Set Up Automated Rx Calibration for TP2

The next step is to calibrate the TP1-TP2 Channel (output of the Long Channel) with the following
calibration setups using a GRL automation control enabled oscilloscope, Anritsu MP1900A BERT,
and PCle Gen 4 System Board or Add-In Card test fixtures. These calibration setups should also
comply with insertion loss limits of 27 to 30 dB.

6.3.1 Connect Equipment for System Board Calibration

The following calibration setup uses a PCI-SIG compliance load board (CLB) test fixture as the PCle
Gen 4 System Board.

Note: Make sure the CLB is turned ON when connected for all calibrations.

Real-Time Oscilloscope CBB

SMA-to-SMP adapters

y . Included in Test Fixture Kits
1-meter SMA coaxial I—

cables

Noise output il

1-ft SMP-to-SMP cables
Included in Test Fixture Kits

Anritsu
MP1900 BERT

FIGURE 11. RECOMMENDED SETUP FOR TP2 LONG CHANNEL Rx CALIBRATION (PCIE GEN 4 SYSTEM BOARD)
1. Using back the same BERT connections from the TP1 calibration, disconnect the MU195050A
noise outputs from the oscilloscope channels.

2. Using 1-meter SMA coaxial cables, connect the MU195050A noise outputs to SMA-to-SMP
adapters. (Note: The SMA-to-SMP adapters should be included along with the test fixture kits.)

3. Connect the SMA-to-SMP adapters to 2.0-5.0 dB Variable ISI.

Using 1-ft SMP-to-SMP cables, connect both the 2.0-5.0 dB Variable ISI and the CLB Rx Lane.
(Note: The SMP-to-SMP cables should be included along with the test fixture kits.)

Insert the CLB into the designated slot on the CBB.
Connect the CBB Tx Lane using 1-ft SMP-to-SMP cables to the 10.3 dB Fixed ISI.

Connect the 10.3 dB Fixed ISI through the SMA-to-SMP adapters using 1-meter SMA coaxial
cables to the oscilloscope channels.

Note: A total loss of 27-30 dB is expected (see Section 6.7.1) from the above setup consisting of:
e Total 22-25 dB physical loss or Nominal 23 dB physical loss (excluding oscilloscope)
e 5dBpackage loss (post processing via oscilloscope)
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6.3.2 Connect Equipment for PCIE Gen 3 CEM U.2 System Board Calibration (8 GT/s)

The following calibration setup uses a PCle U.2 (SFF-8639) compliance load board (CLB) test
fixture as the PCle Gen 3 System Board.

Note: Make sure the CLB is turned ON when connected for all calibrations.

Anritsu MP1900A BERT

MU181000A/B = ) -
gl o e
l O S, 0O e 0, 0, 2, ii . il
MU1815008 : Oscilloscope
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MU195050A sy — e - ]‘ l
Bl eV C k00 U 0.0 . o o o T
— v — — e T

4

| I
CHY CH3
CLB N

1-meter SMA coaxial cables
Rx U2
connector
k/ Tx

temeter SMA coadal cables g b BB BT BB

00000

FIGURE 12. RECOMMENDED SETUP FOR U.2 TP2 LONG CHANNEL RX CALIBRATION (PCIE GEN 3 SYSTEM BOARD)

1. Using back the same BERT connections from the TP1 calibration, disconnect the MU195050A
noise outputs from the oscilloscope channels.

2. Using 1-meter SMA coaxial cables, connect the MU195050A noise outputs to the U.2 CLB Rx
Lane.

3. Insertthe U.2 CLB into the U.2 connector slot on the U.2 CBB.
4. Connectthe U.2 CBB Tx Lane using 1-meter SMA coaxial cables to the oscilloscope channels.
Note: The PCIE Gen 3 CEM U.2 system board calibration uses the same procedure as the PCle Gen 3

CEM system board calibration, except for the following change in SigTest templates when
performing SigTest signal quality test analysis:

e For Amplitude, Preset, SJ and RJ calibration: Use the “U.2_8GB_Rx_Sj_CAL” SigTest
template file.

e For DM & CM Amplitude and Eye Height/Eye Width calibration: Use the
“U.2_8GB_Device_Rx_CAL” SigTest template file.
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6.3.3 Connect Equipment for PCIE Gen 3 CEM M.2 System Board Calibration (8 GT/s)

The following calibration setup uses a PCle M.2 compliance load board (CLB) test fixture as the
PCle Gen 3 System Board.

Note: Make sure the CLB is turned ON when connected for all calibrations.

Anritsu MP1S00A BERT

MU181000A/B v / S
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e, - - o=
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MU1815008

—_———————
——

P -
S LY OO
——— — w—

Oscilloscope

MU195/6020A | = e = e = TR OOOO
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FIGURE 13. RECOMMENDED SETUP FOR M.2 TP2 LONG CHANNEL RX CALIBRATION (PCIE GEN 3 SYSTEM BOARD)

1. Using back the same BERT connections from the TP1 calibration, disconnect the MU195050A
noise outputs from the oscilloscope channels.

2. Using 1-meter SMA coaxial cables, connect the MU195050A noise outputs to SMA-to-SMP
adapters. (Note: The SMA-to-SMP adapters should be included along with the test fixture kits.)

3. Connect the SMA-to-SMP adapters to 3.5 dB ISI.

4. Using 1-ft SMP-to-SMP cables, connect both the 3.5 dB ISl and the M.2 CLB Rx Lane. (Note: The
SMP-to-SMP cables should be included along with the test fixture kits.)

5. Insertthe M.2 CLB into the M.2 connector slot on the M.2 CBB.
6. Connectthe M.2 CBB Tx Lane using 1-meter SMA coaxial cables to the oscilloscope channels.
Note: The PCIE Gen 3 CEM M.2 system board calibration uses the same procedure as the PCle Gen 3

CEM system board calibration, except for the following change in SigTest templates when
performing SigTest signal quality test analysis:

e For Amplitude, Preset, SJ and RJ calibration: Use the “M_2_8Gb_Rx_Sj_CAL” SigTest
template file.
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e for DM & CM Amplitude and Eye Height/Eye Width calibration: Use the
“M_2_8Gb_Rx_SYS_CAL” SigTest template file.
6.3.4 Connect Equipment for Add-In Card Calibration

The following calibration setup uses a PCI-SIG compliance base board (CBB) test fixture as the
PCle Gen 4 Add-In Card.

Anritsu MP1900
‘BERT Noise output : “Jr) Sy e

SMA-to-SMP adapters
Included in Test Fixture Kits

1-meter SMA coaxial
cables

\.

Real-Time
Oscilloscope

2.0 dB (Fixed)
(Pair 0)

1-ft SMP-to-SMP cables
Included in Test Fixture Kits

FIGURE 14. RECOMMENDED SETUP FOR TP2 LONG CHANNEL RX CALIBRATION (PCIE GEN 4 ADD-IN CARD)
1. Using back the same BERT connections from the TP1 calibration, disconnect the MU195050A
noise outputs from the oscilloscope channels.

2. Using 1-meter SMA coaxial cables, connect the MU195050A noise outputs to SMA-to-SMP
adapters. (Note: The SMA-to-SMP adapters should be included along with the test fixture kits.)

3. Connect the SMA-to-SMP adapters to 14.3-17.3 dB Variable ISI.

4. Using 1-ft SMP-to-SMP cables, connect both the 14.3-17.3 dB Variable ISl and the CBB Rx Lane.
(Note: The SMP-to-SMP cables should be included along with the test fixture kits.)

5. Insert the CLB into the designated slot on the CBB.
6. Connect the CLB Tx Lane using 1-ft SMP-to-SMP cables to the 2.0 dB Fixed ISI.

7. Connectthe 2.0 dB Fixed ISl through the SMA-to-SMP adapters using 1-meter SMA coaxial
cables to the oscilloscope channels.

Note: A total loss of 27-30 dB is expected (see Section 6.7.1) from the above setup consisting of:
e Total 24-27 dB physical loss or Nominal 25 dB physical loss (excluding oscilloscope)

e 3 dBpackage loss (post processing via oscilloscope)
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6.3.5 Connect Equipment for PCIE Gen 3 CEM U.2 Add-In Card Calibration (8 GT/s)

The following calibration setup uses a PCle U.2 (SFF-8639) compliance base board (CBB) test
fixture as the PCle Gen 3 Add-In Card.

graniteriverlabs.com
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FIGURE 15. RECOMMENDED SETUP FOR U.2 TP2 LONG CHANNEL RXx CALIBRATION (PCIE GEN 3 ADD-IN CARD)
Using back the same BERT connections from the TP1 calibration, disconnect the MU195050A
noise outputs from the oscilloscope channels.

Using 1-meter SMA coaxial cables, connect the MU195050A noise outputs to the U.2 CBB Rx
Lane.

Insert the U.2 CLB into the U.2 connector slot on the U.2 CBB.

Connect the U.2 CLB Tx Lane using 1-meter SMA coaxial cables to the oscilloscope channels.

Note: The PCIE Gen 3 CEM U.2 add-in card calibration uses the same procedure as the PCle Gen 3
CEM add-in card calibration, except for the following change in SigTest templates when performing
SigTest signal quality test analysis:

e For Amplitude, Preset, SJ and RJ calibration: Use the “U.2_8GB_Rx_Sj_CAL” SigTest
template file.

e for DM & CM Amplitude and Eye Height/Eye Width calibration: Use the
“U.2_8GB_Host_Rx_CAL” SigTest template file.
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6.3.6 Connect Equipment for PCIE Gen 3 CEM M.2 Add-In Card Calibration (8 GT/s)

The following calibration setup uses a PCle M.2 compliance base board (CBB) test fixture as the
PCle Gen 3 Add-In Card.
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FIGURE 16. RECOMMENDED SETUP FOR M.2 TP2 LONG CHANNEL RX CALIBRATION (PCIE GEN 3 ADD-IN CARD)
1. Using back the same BERT connections from the TP1 calibration, disconnect the MU195050A
noise outputs from the oscilloscope channels.

2. Using 1-meter SMA coaxial cables, connect the MU195050A noise outputs to SMA-to-SMP
adapters. (Note: The SMA-to-SMP adapters should be included along with the test fixture kits.)

3. Connect the SMA-to-SMP adapters to 13 dB ISI.

Using 1-ft SMP-to-SMP cables, connect both the 13 dB ISl and the M.2 CBB Rx Lane. (Note: The
SMP-to-SMP cables should be included along with the test fixture kits.)

Insert the M.2 CLB into the M.2 connector slot on the M.2 CBB.
Connect the M.2 CLB Tx Lane using 1-meter SMA coaxial cables to the oscilloscope channels.

Note: The PCIE Gen 3 CEM M.2 add-in card calibration uses the same procedure as the PCle Gen 3
CEM add-in card calibration, except for the following change in SigTest templates when performing
SigTest signal quality test analysis:

e For Amplitude, Preset, SJ and RJ calibration: Use the “M_2_8Gb_Rx_Sj_CAL” SigTest
template file.

e for DM & CM Amplitude and Eye Height/Eye Width calibration: Use the
“M_2_8Gb_Rx_CARD_CAL” SigTest template file.

GRL-PCIE4-CEM-RXA User Guide and MOI Rev8.1
© Granite River Labs 2022 Version 8.1, Aug 2022. Updated 08.31.2022 Page 30 of 119


http://www.graniteriverlabs.com/

0 GRI‘ g?niteriverla bs.com

6.4 Set Measurement Conditions

Select from the GRL PCle CEM 4.0 Rx Test Application menu to access the Conditions page to
set the conditions for calibration and testing. The GRL software will perform calibration and
testing for selected defined SJ frequencies.

Recommended procedure:

e Step 1: When calibrating, select all conditions that may be used for testing, and perform
the calibration.

e Step 2: Once calibration is completed and ready for testing, re-select the necessary test
conditions. For example, if required to test for a single SJ frequency, then select only the
required SJ frequency for testing.

SJ Frequency

5J (3%khz)
SJ (TMhz)
SJ (10Mhz)
SJ (100Mhz)

FIGURE 17. SELECT TEST CONDITION

6.5 Set Up Calibration Requirements

After setting up the physical equipment, select from the GRL PCle CEM 4.0 Rx Test Application
menu to access the Setup Configuration page.

Setup  Debug Tool  Sigtest Tool

Device Type: System Board e

FIGURE 18. SET UP CALIBRATION REQUIREMENTS
6.5.1 Setup Tab

Select to use a compliant PCle System Board or Add-In Card as the calibration device.
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FIGURE 19. SELECT DEVICE FOR CALIBRATION

The GRL PCle CEM 3.0 Rx Test Application supports the PCle U.2 (SFF-8639) and M.2 platforms for

PCle Gen 3 (8 GT/s) CEM Rx add-in card and system board calibration and testing.

graniteriverlabs.com

Select to use a compliant PCle U.2 or M.2 test fixture for the system board or add-in card.
Otherwise, select CEM if not using the U.2 or M.2 interface.

Setup

Debug Tool

Device Type:

Interface Type:

|Add In Card |

02 E
CEM

FIGURE 20. SELECT PCIE INTERFACE TYPE FOR CALIBRATION

6.6 Select PCle CEM 4.0 Rx Calibration

After selecting the device to be calibrated, access the Select Tests page on the left of the screen to
select the available PCle CEM 4.0 based receiver calibration to be performed. Select the check
box(s) of the desired Rx calibration.

EI l(>
-

BD 4> PCle Gend.0 Rx Calibrations and Tests
= .(} Calibrations
EI .(} TP1 Calibrations

[] € Preset 4 Calibration

. 4 Launch Amplitude Calibration
- [#] € De-Emphasis Calibration

4> Preshoot Calibration
[ € Rj Calibration

[ € 5j Calibration

Long Channel Calibration
> DM Calibration
7] € CM Calibration

4 Final 15! Calibration
> DM Optimization

4> Final Eye Calibration
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FIGURE 21. SELECT RX CALIBRATION

6.6.1 Selectto Perform TP1 Calibration

Under ‘TP1 Calibrations’, select to calibrate for initial Tx equalization preset, BERT de-emphasis
and pre-shoot (which form a linear curve fit), launch amplitude, random jitter (RJ), and sinusoidal
jitter (SJ) (for PCle Gen 34 frequencies as per PCle CEM 4.0 Rx specs and forms a linear curve fit for
each SJ frequency).

The GRL software will automatically run the selected calibration when initiated.

- |:|(> Calibrations

=TS

Jf] € Preset 4 Calibration

- Launch Amplitude Calibration
[ € De-Emphasis Calibration
J] € Pre-shoot Calibration

; C> Rj Calibration

0 5j Calibration

FIGURE 22. SELECT TP1 CALIBRATION

6.6.2 Select to Perform Long Channel TP2 Calibration

Under ‘Long Channel Calibration’, select to calibrate for differential mode (DM), common mode
(CM), final intersymbol interference (ISI), DM optimization, and final eye by default to achieve
calibrated eye height and width to produce a final stressed eye diagram. Note that running DM
Optimization will produce results that mention ‘Final Eye Reached’ in the GRL test report which
shows ‘True’ if the specified final stressed eye is met or ‘False’ if the final stressed eye does not fall
within specifications.

The GRL software will automatically run the selected calibration when initiated.

. L "3 | ong Channel Calibration

i [ € DM Calibration
A€ CM Calibration
il € Flnal 15| Calibration
> DM Optimization
L[] € Final Eye Calibration

FIGURE 23. SELECT LONG CHANNEL TP2 CALIBRATION

Note: The Preset EQ Optimization calibration option is not enabled by default. To enable this
option, set the Preset Scan On ISl Calibration field to “False” on the Configurations page. See
Section 6.7, Configure Calibration Parameters below for more details.
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FIGURE 24. ENABLE PRESET EQ OPTIMIZATION CALIBRATION OPTION

6.7 Configure Calibration Parameters

After selecting the desired calibration, select from the menu to access the Configurations
page. Set the required parameters for calibration as described below.

To return all parameters to their default values, select the ‘Set Default’ button.

GRL-PCIE4-CEM-RXA User Guide and MOI Rev8.1
© Granite River Labs 2022 Version 8.1, Aug 2022. Updated 08.31.2022 Page 34 of 119


http://www.graniteriverlabs.com/

° GRI‘ g?niteriverla bs.com

= PCle Gen4.0 Rx Calibrations and Tests - Set Default
|_—_| Calibrations
SigTest Version: 4052
SigTest Silert Mode: Fdl=ze >
DM Measurement: RMS to Vipp "
- TP1 Calibrations
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o- Long Channel Calibration
Sigtest N Acquisttion: 7
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Apply Embedding: T >
Add In Card Embed File: |ref|:ukg_end|:uoirrt_3db_thn.| |
System Embed File: |refpkg_mutcomple:<_5dh_thru | .

FIGURE 25. CALIBRATION PARAMETERS CONFIGURATION PAGE

TABLE 5. CALIBRATION PARAMETERS DESCRIPTION

Parameter Description

SigTest Version Enter the Version number of the SigTest signal quality test to be run during
calibration to ensure waveform compliance. Make sure that the SigTest
application is already installed in the test controller system.

SigTest Silent Mode Select ‘True’ to enable running the SigTest in silent mode during calibration.

DM Measurement Select the unit for measuring differential mode (DM).

SJ Calibration Method Select ‘SigTest’ to apply the SigTest method for calibration of all SJ
frequencies; or

Select ‘System Defined’ to use the Vendor-specific method (Tektronix DPOJET
or Keysight EZ-JIT Plus software) for low SJ frequency calibration and the
SigTest method for high SJ frequency calibration.

SigTest N Acquisition Enter the number of measurements to acquire when running SigTest over the
Long Channel TP2 calibration.
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Eye Width/Height SigTest
N Acquisition

Enter the number of measurements to acquire when running SigTest for the
Eye calibration.

Parallel SigTest Run

Select ‘True’ to enable running the SigTest in parallel mode with the Long
Channel TP2 calibration.

Maximum Thread Spawn

Set the maximum process threads to generate for checking the Rx device
functionality during Long Channel TP2 calibration.

Custom Final ISl Trace

Select ‘True’ to enable generating custom ISl trace for the final ISl calibration.

Apply Embedding

Select ‘True’ to embed the add-in card or system board DUT reference
package for calibration. See Section 6.7.2 for more information.

Add-In Card/System
Embed File

Specify the file name for the embedded add-in card or system board DUT
reference package. See Section 6.7.2 for more information.

CTLE Scan Start & End EQ
Gain (dB)

Select the optimized CTLE Equalization Gain setting index to be used based
on the CTLE model to measure the Eye area.

DM Optimization SJ
Sweep (Ul)

Select the SJ scan range to be applied during DM optimization calibration.

Force Use Custom DM

Select ‘True’ to force custom DM values to be applied during DM optimization
calibration.

DM Optimization Array
(mv)

If ‘Force Use Custom DM’ is set to ‘True’, specify the array of DM values in mV
to be applied during DM optimization calibration.

Preset Scan On ISl
Calibration

Select ‘True’ to enable rescan of presets to be performed for each ISI trace
that has been changed. Or, select ‘False’ to enable the ‘Preset EQ
Optimization’ calibration option in the calibration/test list (see Figure 24).

CTLE Scan For ISI
Calibration

Select ‘On’ to enable CTLE optimization scan to be applied during ISI
calibration.

ISI Start & End Trace (dB)

Select the optimized ISl trace setting index range for ISl calibration.

DM Optimization Target

Select the Eye Width or Eye Height to prioritize as a target during DM
optimization calibration.

6.7.1 Total Channel Loss and Physical Channel Loss

As defined by the PCIE standard requirements, if a waveform post processing tool is used for Rx
stressed eye calibration, the tool should comply with the following:

e The test channel which is the long Rx calibration channel with the Root reference package
applied in post-processing should give a total loss of 28.0 dB. This means that the physical
channel loss is 23.0 dB or 25.0 dB depending on the DUT setup.

For example, for the add-in card setup, the total loss of 28.0 dB will consist of a nominal 25 dB
physical channel loss and an embedded 3 dB package loss. The nominal 25 dB physical channel
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loss excludes the oscilloscope input whereas the 3 dB package loss or embedding loss comes from
post processing via the oscilloscope input.

For the system board setup, the total loss of 28.0 dB will consist of a nominal 23 dB physical
channel loss and an embedded 5 dB package loss. Similarly, the nominal 23 dB physical channel
loss excludes the oscilloscope input whereas the 5 dB package loss or embedding loss comes from
post processing via the oscilloscope input.

6.7.2 Apply DUT Reference Package Embedding for Calibration

Note: This section has been referenced from the Anritsu Release Note M3T-1QAMP1900A0406
“Anritsu_GRL_PCle4CEM_ReleaseNote_E_03.pdf”.

To embed the add-in card or system board DUT reference package for calibration, ensure that the
oscilloscope being used supports the Embed function. Hence, select True for the ‘Apply
Embedding’ parameter on the Configurations page.

. Apply Embedding: Tz o
. Add In Card Embed File: |refpkg_endpuirrt_3clb_thru |
System Embed File: |refpkg_routcurnplex_5dh_thru |

FIGURE 26. SET UP DUT REFERENCE PACKAGE EMBEDDING FOR CALIBRATION
Embedding is applied on the scope as follows:

e 3dBfortheadd-incard DUT

e 5dBforthe system board DUT

The DUT reference package embedding files should be named in the ‘Add In Card Embed File’ or
‘System Embed File’ parameter respectively. Default embedding files are included with the GRL
scope setup files installer
(PCIECEMGen4_AN_RxTestScopeSetupFilesinstallationxxxxxxxxxSetup.exe) and are to be installed
on the scope. Make sure that the default embedding files are available if using different
embedding files. On the Keysight scope, the embedding files must be present in the
“C:\GRL\Agilent\Setup\Anritsu PCle CEM 4.0 Rx Test\TransferFunction” directory in the TF4
format. On the Tektronix scope, the embedding files must be present in the
“C:\TekApplications\DPOJET\Setups\Anritsu PCle CEM 4.0 Rx Test\Sparam” directory in the FLT
format.

The user can disable DUT reference package embedding by selecting False for the ‘Apply
Embedding’ parameter on the Configurations page. In this case, the scope will not apply reference
package embedding. This is useful if the user chooses to use a replica trace instead of reference
package embedding.

The following diagram shows the difference of connection between Embedding and No
Embedding Channel Loss during Rx stressed eye calibration for the PCle Gen 4 Add-In Card:
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If EH / EW calibration is failed, reduce the Pair number,

Figure 6.2-1 Connection Diagram for Add-in Card (Non-root) Calibration

The following diagram shows the difference of connection between Embedding and No
Embedding Channel Loss during Rx stressed eye calibration for the PCle Gen 4 System Board:
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System Board (Root)

Embedding Channel Loss No Embedding Channel Loss
TotallL = 27 to 30 dB TotallL=27to30dB

MP1900A MP1900A

PCle 4.0 ISI Variable
Pair0-6

PCle 4.01SI Variable
Pair0—-6

CLB4.0Rx Lane O CLB 4.0Rx Lane O

CBB4.0Tx Lane O CBB4.0Tx Lane O

PCle 4.01SI Variable PCle 4.0 ISI Variable

Pair 16 Pair 16 + Replica Trace

AN I NN NN NN EEEN NI EENEE NN AN E "

Scope Scope

(Embedding Channel Loss, +5dB) (No Embedding Channel Loss)

When operating with “No Embedding”, the physical IL (Insertion Loss) must be added on here.

If EH / EW calibration is failed, reduce the Pair number.

Figure 6.2-2 Connection Diagram for System (Root) Calibration

6.8 Configure Calibration Target Values
For debugging purposes ONLY, the default calibration target values can be changed for the RJ, SJ,
DM and CM calibration. To do this, select|ﬂ| from the menu to access the Calibration page.

By default, the calibration target values are those defined in the specification. To change the
values, un-select the Use Default Value checkbox. In case the default values are required again,
just select the checkbox to allow all existing values to be reset to default.
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Note: The PID Control setting is used to adjust the step width for steps calculation if the target
measurement cannot be met with the current step. To adjust, use a lower PID Control value to
reduce the subsequent step or increase the control value to make the subsequent step bigger.

Use Default Value

Rj Calibration  §j Calibration DM Calibration  CM Calibration

Initial Cal 0.16

Target Value: 1 psiRMS)
Mir Limit: 1.0 ps(RMS)
Max Lirnit: 11 ps(RMS)
PID Contral 0.1

FIGURE 27. CALIBRATION TARGET OVERWRITE PAGE

6.9 RunAutomation Calibration

Once calibration have been selected and set up from the previous sections, the calibration are
now ready to be run.

SelectE] from the menu to access the Run Tests page. The GRL-PCIE4-CEM-RXA software
automatically runs the selected calibration when initiated.

Before running the calibration, select the option to:

o Skip Test if Result Exists - If results from previous calibration exist, the software will skip
those calibration.

o Replace if Result Exists - If results from previous calibration exist, the software will
replace those calibration with new results.

Run Option

(® Skip Test F Result Exists

Run Tests
(") Replace f Result Exists

FIGURE 28. RUN TESTS PAGE
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Select the Run Tests button to start running the selected calibration. The connection diagram for
the calibration being run will initially appear to allow the user to make sure that the calibration
environment has been properly set up before calibration can proceed.
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7 Testing Using GRL-PCIE4-CEM-RXA Software

The GRL-PCIE4-CEM-RXA test solution supports automated Rx compliance testing as well as
optional SJ margin search testing for PCle Gen 3 and 4 system board and add-in card DUT’s. Rx
compliance testing includes Tx preset test, initial Tx equalization test, Tx link equalization
response test, and Rx link equalization test performed at 8.0 GT/s and 16.0 GT/s respectively. The
GRL software will initially run through link training with the DUT to prepare it for Loopback mode.
Once the DUT is ready for next transition state, the software will start to initiate loopback on the
DUT and then measuring the Bit Error Ratio (BER) using the calibration stressed signals. The Rx
path is tested with worst case eye to ensure a BER of less than 1E-12 can be achieved.

When testing is completed, the GRL software will generate a test report detailing all results
obtained from the test runs.

7.1 Overview of DUT Tx Preset Test
Note: This only applies for the add-in card DUT and is not required for the system board DUT.

The PCle Gen % add-in card DUT will be tested for Tx preset compliance as defined by the CTS at
8.0 GT/s or 16.0 GT/s. This will first ensure the DUT is able to generate the correct Tx equalization
values for each of the total 11 presets before being tested for Tx equalization.

Note: This test requires the DUT to be in the polling.compliance state. No Variable ISI channel will be
used in the setup.

7.1.1 Add-In Card Tx Preset Test at 8.0 GT/s or 16.0 GT/s

The test setup should be based on the following:

e Attach the add-in card DUT to the calibration revision 3.0 (for 8.0 GT/s) or 4.0 (for 16.0
GT/s) CBB with no power applied.

e Connect the compliance toggle outputs (SMP connectors J5 and J85) on the CBB main
board to the Rx lane 0 (SMP connectors J18 and J2) on the CBB riser board.

e Apply 50-ohm terminations on all Tx lanes other than the Tx lane under test.
e Connect the Tx lane under test to the input of the oscilloscope.

Once the CBB is powered on, set the CBB compliance toggle to initially place the DUT in the 8.0
GT/s or 16 GT/s test state and capture the following:

e 1.6 million unitintervals of data (1.6 x 106 x 125.0 ps = 200.0 us) for 8.0 GT/s, or
e 2.0 million unitintervals of data (2.0 x 10 x 62.5 ps = 125.0 us) for 16.0 GT/s.

Save the captured waveform for the initial preset value, using a compliance pattern of 64 ones
and 64 zeros. Then, repeat the test for all 11 presets at 8.0 GT/s or 16.0 GT/s respectively.
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Finally, read the saved waveform files and calculate the preset values using the SigTest
Transmitter Preset Test option. The test is considered as successful if all preset values are within
their allowable limit range as specified for 8.0 GT/s or 16.0 GT/s respectively.

7.2 Overview of DUT Initial Tx Equalization Test

Note: This only applies for the add-in card DUT and is not required for the system board DUT.

The PCle Gen % add-in card DUT will be tested for initial Tx equalization as defined by the CTS at
8.0 GT/s or 16.0 GT/s. This will ensure the DUT is able to use the correct Tx equalization preset as
required during the initial stage of testing.

7.2.1 Add-In Card Initial Tx Equalization Test at 8.0 GT/s or 16.0 GT/s

The test setup should be based on the following:

e Attach the add-in card DUT to the calibration revision 3.0 (for 8.0 GT/s) or 4.0 (for 16.0
GT/s) CBB with no power applied.

e Connect the Rx lane under test on the CBB riser board to the BERT signal source.
e Connect the 100 MHz reference clock output from the BERT to the clock input on the CBB.

e Connect the Tx lane under test on the CBB main board to the input of the BERT error
detector.

e Keep additional Tx lanes other than the Tx lane under test unterminated.

Once the CBB is powered on, the DUT should start link training and negotiation to 8.0 GT/s or 16.0
GT/s while requesting PO as the initial preset for the DUT. Note that Tx equalization adjustments
will not be required in phase 3. Ensure that the Tx equalization preset for the DUT is maintained
when changing to 8 GT/s or 16.0 GT/s.

Set the BERT error detector to place the DUT in the loopback state and capture the following:
e 1.6 million unitintervals of data (1.6 x 10° x 125.0 ps = 200.0 us) for 8.0 GT/s, or
e 2.0 million unitintervals of data (2.0 x 106 x 62.5 ps = 125.0 us) for 16.0 GT/s.

Save the captured waveform for preset PO. Then, repeat the test with presets from P0 to P9 at 8.0
GT/s or 16.0 GT/s respectively.

Finally, read the saved waveform files and calculate the preset values using the SigTest
Transmitter Preset Test option. The test is considered as successful if all preset values are within
their allowable limit range as specified for 8.0 GT/s or 16.0 GT/s respectively.
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7.3 Overview of DUT Tx Link Equalization Response Test

The PCle Gen % system board or add-in card DUT will be tested for Tx link equalization response
as defined by the CTS at 8.0 GT/s or 16.0 GT/s. This will ensure the DUT can accurately respond to
commands to adjust the transmitter equalization values during link training for DUT loopback.
7.3.1 System Board Tx Link Equalization Response Test at 8.0 GT/s or 16.0 GT/s

The test setup should be based on the following:

e Attach the calibration revision 3.0 (for 8.0 GT/s) or 4.0 (for 16.0 GT/s) CLB to the system
board DUT with no power applied.

e Connect the Rx lane under test on the CLB to the BERT signal source.

e Connect the Tx lane under test on the CLB to the input of the BERT error detector.

e If necessary depending on the DUT, add 50-ohm terminations to additional Tx lanes.
Note the setup will not include any Variable ISl channel.

Once the system board DUT is powered on, it should start link training and negotiation to 8.0 GT/s
or 16.0 GT/s. Send a command from the BERT to the DUT to set the Tx equalization to the
following:

e preset4 (both preshoot and de-emphasis to 0.0 dB) for 8.0 GT/s, or
e preset 0 (preshoot to 0.0 dB and de-emphasis to -6.0 dB) for 16.0 GT/s.

Ensure that this Tx equalization transition is able to complete within a 1 microsecond timeframe.
Record the cursors reported by the DUT for that preset.

Set the BERT error detector to place the DUT in the loopback state and capture the following:
e 1.6 million unitintervals of data (1.6 x 10° x 125.0 ps = 200.0 us) for 8.0 GT/s, or
e 2.0 million unitintervals of data (2.0 x 10°x 62.5 ps = 125.0 us) for 16.0 GT/s.

Save the captured waveform for preset 4 at 8.0 GT/s or preset 0 at 16.0 GT/s. Then, repeat the test
with presets from PO to P9 at 8.0 GT/s or P1 to P9 at 16.0 GT/s.

Finally, read the saved waveform files and calculate the preset values using the SigTest
Transmitter Preset Test option. The test is considered as successful if all preset values are within
their allowable limit range as specified for 8.0 GT/s or 16.0 GT/s respectively.

The test should also be repeated with each request for the DUT Tx equalization using the cursors
reported by the DUT for that preset.

7.3.2 Add-In Card Tx Link Equalization Response Test at 8.0 GT/s or 16.0 GT/s

The test setup should be based on the following:
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e Attach the add-in card DUT to the calibration revision 3.0 (for 8.0 GT/s) or 4.0 (for 16.0
GT/s) CBB with no power applied.

e Connect the Rx lane under test on the CBB riser board to the BERT signal source.
e Connect the 100 MHz reference clock output from the BERT to the clock input on the CBB.

e Connect the Tx lane under test on the CBB main board to the input of the BERT error
detector.

e If necessary depending on the DUT, add 50-ohm terminations to additional Tx lanes.
Note the setup will not include any Variable ISI channel.

Once the CBB is powered on, the DUT should start link training and negotiation to 8.0 GT/s or 16.0
GT/s. (Note: An initial preset other than the following presets should be used.) Send a command
from the BERT to the DUT to set the Tx equalization to preset 4 (for 8.0 GT/s) or preset 0 (for 16.0
GT/s). Ensure that this Tx equalization transition is able to complete within a 1 microsecond
timeframe. Record the cursors reported by the DUT for that preset.

Set the BERT error detector to place the DUT in the loopback state and capture the following:
e 1.6 million unitintervals of data (1.6 x 10° x 125.0 ps = 200.0 us) for 8.0 GT/s, or
e 2.0 million unitintervals of data (2.0 x 106 x 62.5 ps = 125.0 ps) for 16.0 GT/s.

Save the captured waveform for preset 4 at 8.0 GT/s or preset 0 at 16.0 GT/s. Then, repeat the test
with presets from PO to P9 at 8.0 GT/s or P1 to P9 at 16.0 GT/s.

Finally, read the saved waveform files and calculate the preset values using the SigTest
Transmitter Preset Test option. The test is considered as successful if all preset values are within
their allowable limit range as specified for 8.0 GT/s or 16.0 GT/s respectively.

The test should also be repeated with each request for the DUT Tx equalization using the cursors
reported by the DUT for that preset.
7.4 Overview of DUT Rx Link Equalization Test

The PCle Gen % system board or add-in card DUT will be tested for Rx link equalization as defined
by the CTS at 8.0 GT/s or 16.0 GT/s. This will ensure the DUT can successfully send commands to
adjust the transmitter equalization of its link partner as required.

7.4.1 System Board Rx Link Equalization Test at 8.0 GT/s or 16.0 GT/s

The test setup should be based on the following:

e Attach the calibration revision 3.0 (for 8.0 GT/s) or 4.0 (for 16.0 GT/s) CLB to the system
board DUT with no power applied.

e Connect the Rx lane under test on the CLB to the signal source.

e Connect the Tx lane under test on the CLB to the input of the BERT error detector.
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e Connect the CLB 100 MHz clock output from the system board DUT to the BERT
synthesizer (that has passed PCle 3.0 or 4.0 base specification PLL compliance or
equivalent for the respective data rate).

e If necessary depending on the DUT, add 50-ohm terminations to additional Tx lanes.

Adjust the Tx equalization (EQ) of the BERT error detector to align with the initial Tx EQ preset at
8.0 GT/s or 16.0 GT/s requested by the system board DUT.

Once the system board DUT is powered on, it should start link training and equalization sequence
by the BERT error detector at 8.0 GT/s or 16.0 GT/s, which should eventually place the DUT in the
loopback state.

The test is considered as successful if detected no more than one error in 10*? bits transmitted.

7.4.2 Add-In Card Rx Link Equalization Test at 8.0 GT/s or 16.0 GT/s
The test setup should be based on the following:

e Attach the add-in card DUT to the calibration revision 3.0 (for 8.0 GT/s) or 4.0 (for 16.0
GT/s) CBB with no power applied.

e Connect the Rx lane under test on the CBB riser board to the signal source.

e Connect the Tx lane under test on the CBB main board to the input of the BERT error
detector.

e If necessary depending on the DUT, add 50-ohm terminations to additional Tx lanes.

Set the BERT error detector to initially transmit with preset P7 at 8.0 GT/s or 16.0 GT/s. (Note for
16.0 GT/s, this is required only if the DUT does not request any preset to be transmitted by the BERT.)

Once the CBB is powered on, the DUT should start link training and equalization sequence by the
BERT error detector at 8.0 GT/s or 16.0 GT/s, which should eventually place the DUT in the
loopback state.

The test is considered as successful if detected no more than one error in 10*? bits transmitted. For
8.0 GT/s, repeat the test by setting the BERT error detector to initially transmit with preset P8.

7.4.3 Link Training

During link training process, the DUT basically goes through multiple states via the status state
machine (SSM) method to enter Loopback mode as shown below.
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FIGURE 29. MAIN STATE DIAGRAM FOR LINK TRAINING AND STATUS STATE MACHINE (FROM CTS)

Below is a loopback training sequence example from CTS:
Polling
Entry

:

——] Polling.Active

Polling.Compliance

Polling.Configuration

R, & I
/ Exit to / Exit to :
) aniguratiy

\ Detect

( )

FIGURE 30. POLLING SUBSTATE MACHINE (FROM CTS)

1. Enable the DUT to enter the Polling.Active state by sending TS1 with PAD (K23.7).
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2. The DUT will go into the Polling.Configuration state after sending more than 1024 TS1 and 8
consecutive TS1 or TS2 with Pad or Loopback bit asserted have been received.

3. The DUT will next enter the Configuration state after 8 consecutive TS2 with PAD have been
received and 16 TS2 have been transmitted after 1 TS2 has been received.

4. Start speed negotiation by sending TS1 at 2.5 GT/s advertising the supported speeds.
Electrical idle for more than 1 ms allows the product to adjust to the requested speed unless
the requested speed is 2.5 GT/s.

5. The DUT will finally switch to the Loopback mode after having two consecutive TS1 at the
requested speed with Loopback bit asserted.

7.5 Set Up Automated DUT Tx Link Equalization Test

Once calibration has been completed from Section 6, continue with the following setup to
perform initial Tx link equalization (EQ) tests to prepare the DUT for the final stage of Rx
compliance testing. The setup requires the Anritsu MP1900A BERT (including the MU195040A SI
Error Detector), PCle Gen % System Board or Add-In Card DUT, and oscilloscope to be used.

7.5.1 Connect Equipment for System Board Tx Link EQ Testing

The following Tx link EQ test setup uses a PCI-SIG compliance load board (CLB) test fixture for the
PCle Gen 3% System Board DUT.

Anritsu MP1900 BERT

BNC cable
MU1810008 100 MHz ATX Power Supply
Ref Clock In

Sl Error Detector Data Input
Power Divider

i R Noise output
MU195/6020A P Ea

Aux Out

LAN cable 1-meter SMA coaxial

cables /

Real-Time Oscilloscope

SMA-to-SMP adapters
Included in Test Fixture Kits

FIGURE 31. RECOMMENDED SETUP FOR DUT Tx LINK EQ TESTING (PCIE GEN 34 SYSTEM BOARD)

1. Connect an ATX power supply to the DUT.
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2. Using 1-meter SMA coaxial cables, connect the MU195050A noise outputs to SMA-to-SMP
adapters. (Note: The SMA-to-SMP adapters should be included along with the test fixture kits.)

3. Connect the SMA-to-SMP adapters to the CLB Rx Lane.

4. Connect the Tx Lane on the back of the CLB to the power divider input ports through another
set of SMA-to-SMP adapters.

5. Using a BNC cable, connect a CLB Ref Clock Out connector to the MU181000B 100 MHz Ref
Clock In.

6. Terminate the other unused CLB Ref Clock Out connector using the J1632A coaxial terminator.

7. Using 1-meter SMA coaxial cables, connect the power divider outputs to the MU195040A data
inputs for loopback error detection.

8. Using 1-meter SMA coaxial cables, connect the oscilloscope channels to the power divider
tapped input ports.

9. Using a SMA-to-SMA cable, connect a MU195020A/MU196020A Aux Out connector to an Aux
input on the oscilloscope. Note the other unused MU195020A/MU196020A Aux Out connector
must be terminated with the J1632A coaxial terminator due to differential signal output (not
shown in above setup).

10. Connect a LAN cable between the MP1900A BERT and the oscilloscope.

7.5.2 Connect Equipment for Add-In Card Tx Link EQ Testing

The following Tx link EQ test setup uses a PCI-SIG compliance base board (CBB) test fixture for the
PCle Gen % Add-In Card DUT.

Anritsu MP1900 BERT

MU1815008 Sub-rate BNC cables -
Clock Out \ ATX Power Supply

T SI Error Detector Data Input

=]

I Noise output Power Divider
LAMN cable T-meter SMA coaxial
cables

MU195/6020A
Aux Out

(o]
- =
AUX In =< a3
25
- — o
R;I-Time Oscillosco_pe
SMA-to-SMP adapters
Included in Test Fixture Kits
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FIGURE 32. RECOMMENDED SETUP FORDUT Tx LINK EQ TESTING (PCIE GEN %4 ADD-IN CARD)

Connect an ATX power supply to the CBB with DUT inserted.

Using 1-meter SMA coaxial cables, connect the MU195050A noise outputs to SMA-to-SMP
adapters. (Note: The SMA-to-SMP adapters should be included along with the test fixture kits.)
Connect the SMA-to-SMP adapters to the CBB Rx Lane.

Connect the CBB Tx Lane to the power divider input ports through another set of SMA-to-SMP
adapters.

Using BNC cables, connect the MU181500B sub-rate clock outputs to the CBB 100 MHz Ref
Clock In connectors.

Using 1-meter SMA coaxial cables, connect the power divider outputs to the MU195040A data
inputs for loopback error detection.

Using 1-meter SMA coaxial cables, connect the oscilloscope channels to the power divider
tapped input ports.

Using a SMA-to-SMA cable, connect a MU195020A/MU196020A Aux Out connector to an Aux
input on the oscilloscope. Note the other unused MU195020A/MU196020A Aux Out connector
must be terminated with the J1632A coaxial terminator due to differential signal output (not
shown in above setup).

Connect a LAN cable between the MP1900A BERT and the oscilloscope.

7.6 Set Up Automated DUT Rx Compliance Test

After Tx link EQ testing has successfully completed from previous section, proceed with testing for
DUT Rx compliance (Rx link equalization / jitter tolerance) with the following setup.

7.6.1 Connect Equipment for System Board Rx Compliance Testing

The following Rx compliance test setup uses a PCI-SIG compliance load board (CLB) test fixture for
the PCle Gen 4 System Board DUT.
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ATX Power Supply

Anritsu MP1900 BERT BNC cable

MU181000B 100 MHZ ™ e —
Ref Input !//~~'/

1-meter SMA coaxial —

&% . Sl Error Detector Data Input bl ™

i Noise
MU195/6020A output
AUX {uut

Tx Lane0 on the
| back side

J
][ LAN cable

ﬁUX In iﬁ ~

Real-Time Oscilloscope
1-ft SMP-to-SMP cables

Included in Test Fixture Kits

FIGURE 33. RECOMMENDED SETUP FOR DUT RXx COMPLIANCE TESTING (PCIE GEN 4 SYSTEM BOARD)

1. Usingthe same setup from the system board Tx link EQ test, remove the power divider and its
connection from the oscilloscope.

2. Connect the MU195050A noise outputs to 2.0-5.0 dB Variable ISI through the SMA-to-SMP
adapters.

3. Using 1-ft SMP-to-SMP cables, connect the 2.0-5.0 dB Variable ISI with the CLB Rx Lane.

4. Connect the Tx Lane on the back of the CLB directly to the MU195040A data inputs for
loopback error detection.

7.6.2 Connect Equipment for PCIE Gen 3 CEM M.2 (8 GT/s) System Board Rx Compliance
Testing

The following Rx compliance test setup uses a PCle M.2 compliance load board (CLB) test fixture
for the PCle Gen 3 System Board DUT.
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Anritsu MP1900A BERT
MU181000A/B

l ) 1
M e R s

MU1815008B

MU195/6020A
BREEE

MU1S5050A _23.

'

ISI Board

GND connection
I"L cable (J1627A)

1-meter SMA L/

coaxial cables

ATX Power
Supply

1-meter SMA coaxial cables

1 MU195040A -
-— )i O

FIGURE 34. RECOMMENDED SETUP FOR DUT M.2 Rx COMPLIANCE TESTING (PCIE GEN 3 SYSTEM BOARD)

1. Connect an ATX power supply to the DUT.

2. Using 1-meter SMA coaxial cables, connect the MU195050A noise outputs to 3.5 dB ISl through
SMA-to-SMP adapters. (Note: The SMA-to-SMP adapters should be included along with the test
fixture kits.)

3. Using 1-ft SMP-to-SMP cables, connect the 3.5 dB ISI to the M.2 CLB Rx Lane.

4. Connect the Tx Lane of the M.2 CLB to the MU195040A data inputs for loopback error detection
using 1-meter SMA coaxial cables.

5. Insert the M.2 CLB into the M.2 connector slot on the M.2 test fixture of the DUT.

6. Usinga BNC cable, connect a M.2 CLB Ref Clock Out connector to the MU181000B 100 MHz Ref
Clock In.

7. Usingthe J1627A GND connection cable, connect the M.2 CLB to ground.

7.6.3 Connect Equipment for Add-In Card Rx Compliance Testing

The following Rx compliance test setup uses a PCI-SIG compliance base board (CBB) test fixture
for the PCle Gen 4 Add-In Card DUT.
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Anritsu MP1900 BERT BNC cables

MU1815008B Sub-rate
Clock Out

1-meter SMA coaxial cables
Sl Error Detector Data Input

SOrn ™
Ref

100 MHz

e Clock In
Noise s

1) -

wiahcnnna

MU195/6020A output

AW\ !
o - ‘
a

- o

LAN cable

paas
Opupe O

Real-Time Oscilloscope

1-ft SMP-to-SMP cables
Included in Test Fixture Kits

FIGURE 35. RECOMMENDED SETUP FOR DUT Rx COMPLIANCE TESTING (PCIE GEN 4 ADD-IN CARD)

1. Usingthe same setup from the add-in card Tx link EQ test, remove the power divider and its
connection from the oscilloscope.

2. Connect the MU195050A noise outputs to 14.3-17.3 dB Variable ISI through the SMA-to-SMP
adapters.

3. Using 1-ft SMP-to-SMP cables, connect the 14.3-17.3 dB Variable ISI with the CBB Rx Lane.
4. Connect the CBB Tx Lane directly to the MU195040A data inputs for loopback error detection.

7.6.4 Connect Equipment for PCIE Gen 3 CEM M.2 (8 GT/s) Add-In Card Rx Compliance
Testing

The following Rx compliance test setup uses a PCle M.2 compliance base board (CBB) test fixture
for the PCle Gen 3 Add-In Card DUT.
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Anritsu MP1900A BERT

MU181000A/B == 2. 2
- — u TSR

l --A —-:A —A -..A /-..IU % gl g;'l gﬂ ; ‘l-

MU1815008 = . 5

;0“&‘1‘* 0‘;

'"MU195/6020A
- s s

MU195050A s

-

»
-
-
=

ISI Board
1-meter SMA
coaxial cables

M.2 connector

1-ft SMP-to-SMP cables X - I X Power
: I
| GND connection Supply
L'?L cable (J1627A) CBB
I MU195040A i | == - o _\ .
R U I""' —.‘ : v §.0.C 0. 1-meter SMA coaxial cables

FIGURE 36. RECOMMENDED SETUP FOR DUT M.2 Rx COMPLIANCE TESTING (PCIE GEN 3 ADD-IN CARD)

1. Onthe MU181500B, connect the jittered clock output to the Aux input using a SMA-SMA short
cable.

2. Connect an ATX power supply to the M.2 CBB with DUT inserted into the M.2 connector slot.

3. Using 1-meter SMA coaxial cables, connect the MU195050A noise outputs to 13 dB ISl through
SMA-to-SMP adapters. (Note: The SMA-to-SMP adapters should be included along with the test
fixture kits.)

4. Using 1-ft SMP-to-SMP cables, connect the 13 dB ISI to the M.2 CBB Rx Lane.

5. Connect the Tx Lane of the M.2 CBB to the MU195040A data inputs for loopback error
detection using 1-meter SMA coaxial cables.

6. Using BNC cables, connect the MU181500B sub-rate clock outputs to the M.2 CBB 100 MHz Ref
Clock In connectors.

7. Usingthe J1627A GND connection cable, connect the M.2 CBB to ground.
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7.7 Set Up Test Requirements

'ﬁl‘
After setting up the physical equipment, select from the GRL PCle CEM 4.0 Rx Test Application
menu to access the Setup Configuration page.

Setup  Debug Tool  Sigtest Tool

Device Type: System Board b

FIGURE 37. SET UP TEST REQUIREMENTS

7.7.1 Setup Tab
Select to use a compliant PCle System Board or Add-In Card as the DUT.

Setup  Debug Tool  Sigtest Tool

Device Type: |v

Add In Card

FIGURE 38. SELECT DUT TYPE

7.8 Select PCle CEM 4.0 Rx Tests

After selecting the DUT type, access the Select Tests page on the left of the screen to select the
available PCle CEM 4.0 Rx tests to be run. Select the check box(s) for the required Rx tests.

Note: When running tests for the first time or changing anything in the setup, it is suggested to
perform calibration first. If calibration is not completed, attempting to run the Rx tests will throw

errors.

EI|:| 4> PCle Gend.0 Rx Calibrations and Tests
- O¢ Callbratu:uns

oY L 20 7o)

i)-[] € Tx Inttial Link EQ Tests

4 Tx EQ Response Time Tests (Preset)
[ € Tw EQ Response Time Tests (Cursor)
5 e

-] 4€ Rx Compliance Test

. Z] € S Margin Search Test

FIGURE 39. SELECT RX TESTS
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Select the ‘Tx Link EQ Tests’ group and ‘Rx Compliance Test’ to prepare and test the DUT for
compliance with the PCle CEM 4.0 Rx specifications. The GRL software will automatically run the
link equalization test sequence when initiated. Note the ‘Tx Initial Link EQ’ test is only available
when Add-in Card is selected as the DUT in the Setup Configuration page (see Figure 38).

-] @ T Link EQ Tests
-l T Initial Link

] 4> Preset 0-
----- [ 4> Preset 1-
----- 4 Presst 2-
----- [ Presst 3-
----- 4 Preset 4-
----- [ 4> Preset 5-
----- [] 4 Presst 6-
----- 14> Preset 7-
----- [ 4 Preset 8-
----- 4 Preset §-

----- [ 4> Presst 0-
----- ] 4 Presst1-
----- [ 4> Preset 2-
----- [ 4> Preset 3-
----- 14 Preset 4-
----- []4> Presst 5-
----- [ 4 Preset 6-
----- [ 4 Presst 7-
----- [] 4 Presst 8-
----- [~ 4> Preset 9-
=-f € R Tests

EQ Tests

[ € Tx Initial Link EQ
=-[#] 4 Tw EQ Response Time Tests (Presst)
----- 14 Tx Link EQ Preset

Tx EQ Response Time Preset
Tx EQ Response Time Preset
Tx EQ Response Time Preset
Tx BEQ Response Time Preset
Tx ECQ Response Time Preset
Tx EQ Response Time Preset
Tx EQ Response Time Preset
Tx EQ Response Time Preset
Tx EQ Response Time Preset
Tx EQ Response Time Preset

=14 Tx EQ Response Time Tests {Cursor)
----- [ Tx Link EQ Cursor

Tx EQ Response Time Cursaor
Tx EQ Response Time Cursor
Tx EQ Response Time Cursar
Tx EQ Response Time Cursaor
Tx EQ Response Time Cursor
Tx BEQ Response Time Cursar
Tx ECQ Response Time Cursor
Tx EQ Response Time Cursaor
Tx EQ Response Time Cursor
Tx EQ Response Time Cursar

4> Rx Compliance Test

FIGURE 40. SELECT DUT Tx LINK EQ AND RX COMPLIANCE TESTS

7.8.2 Select to Run SJ Margin Search Test

Select ‘Sj Margin Search Test’ to perform an optional test to conduct a SJ margin search for jitter

tolerance. The GRL software will automatically run the selected test when initiated.

MR Sj Margin Search Test

FIGURE 41. SELECT SJ MARGIN SEARCH TEST

GRL-PCIE4-CEM-RXA User Guide and MOI

© Granite River Labs 2022

Version 8.1, Aug 2022. Updated 08.31.2022

Rev8.1
Page 56 of 119


http://www.graniteriverlabs.com/

o GRI‘ g?niteriverla bs.com

7.9 Configure Test Parameters

After selecting the desired tests, select from the menu to access the Configurations page. Set
the required parameters for testing as described below.

To return all parameters to their default values, select the ‘Set Default’ button.

o Te Link EQ Tests = Set Defaut

Tx Response Offline Mode: False i

CTLE Setting: 10

Capture Responze Time Waveform Only: False w

Tum Off Auto Scale: False ¥

Vertical Ranga(V): 05

Use Custom Tx EQ Response Preset Hints:

Tx EQ Response Preset Hints (PO-P9): 4447777447

Skip if Waveform Exist: False p

o Rx Tests

Auto DUT Reset: None »

Auto Reset Field: C:ATemp'\DUTReset exe

Power Reset Off Time(s): 3

Power Cycle Off Time(s): 1

Post Reset Wait Time(s): 2

Link Training Wait Timei{s): 0

Link Training CTLE Gain: 3

Log Link Training: False -

BER Automation: PCle Link Training w

Prompt Before Link EQ Training: True ¥

lgnore Failed Link Training: False —
Skip Link Training Initiglization Sequence: Yas

Compliance BER Measurement Time(s): 63

Maximum Compliance Emor: 1

Margin Test Measurement Time(z): ]

Margin Test Max Steps: 10

Margin Test Step Size(): 10

Maximum Margin Test Emor: 1

Loopback Mode: Recovery -

Retrain When 5 Frequency Changed: False -

Margin Search LivePlot: Tnie ~

FIGURE 42. TEST PARAMETERS CONFIGURATION PAGE

GRL-PCIE4-CEM-RXA User Guide and MOI Rev8.1
© Granite River Labs 2022 Version 8.1, Aug 2022. Updated 08.31.2022 Page 57 of 119


http://www.graniteriverlabs.com/

@GR

graniteriverlabs.com

TABLE 6. TEST PARAMETERS DESCRIPTION

Parameter

Description

Tx Response Offline Mode

Select ‘True’ to enable running Tx link equalization response tests in offline
mode using appropriate offline PCle compliant waveforms.

CTLE Setting

Select the CTLE method or gain setting index to be used when decoding
PCle compliant waveforms to verify Tx equalization change during link
equalization response tests.

Capture Response Time
Waveform Only

Select ‘True’ to enable capturing waveform data for time response
verification only when running Tx link equalization response tests.

Turn Off Auto Scale

Select ‘True’ to disable auto scaling during Tx link equalization response
tests.

Vertical Range

Set the vertical range of the Scope to easily detect a change to the voltage
level when running Tx link equalization response tests.

Use Custom Tx EQ Response
Preset Hints

Select ‘True’ to enable custom preset hints to be used when running Tx
link equalization response tests.

Tx EQ Response Preset
Hints (P0-P9)

If ‘True’ is selected from the ‘Use Custom Tx EQ Response Preset Hints’
field, specify the custom preset hints for Preset 0 to Preset 9.

Skip If Waveform Exist

Select ‘True’ to skip the Tx link equalization response tests if there are
existing waveforms.

Auto DUT Reset

Select which controller device connected with the GRL software to be used
to perform auto reset for the DUT as required during test runs.

Auto Reset Field

If auto DUT reset is enabled, specify the directory of the auto DUT reset file
to be used.

Power Reset Off Time

Set the duration in seconds to reset the power for the system under test
when internal power reset mechanism is used.

Power Cycle Off Time

Set the duration in seconds to cycle the power for the system under test
when internal power cycle mechanism is used.

Post Reset Wait Time

Set the delay/buffer in seconds after power is reset for the system under
test.

Link Training Wait Time

Set the delay/buffer in seconds before initiation of each link training step.

Link Training CTLE Gain

Select the CTLE gain for the BERT error detector.

Log Link Training

Select ‘True’ to enable logging for the link training steps.

BER Automation

Select ‘PCle Link Training’ to run BER automation tests using Anritsu PCle
Link Sequencer software loopback method, or select ‘Manual’ to run BER
automation tests manually.
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Prompt Before Link EQ
Training

Select ‘True’ to enable a prompt to come up prior to start running Rx link
equalization tests.

Ignore Failed Link Training

Select ‘True’ to ignore tests that have failed when running the PCle
loopback link training sequence.

Skip Link Training
Initialization Sequence

Select ‘Yes’ to skip the initial loopback link training sequence.

Compliance BER
Measurement Time

Set the duration in seconds to complete the Rx compliance testing to
measure Bit Error Ratio (BER).

Maximum Compliance Error

Set the maximum error count for error checking during Rx compliance test
runs.

Margin Test Measurement
Time

Set the duration in seconds to complete the Rx SJ margin search testing.

Margin Test Max Steps

Set the maximum number of steps for stepping through margins during
the SJ margin search test.

Margin Test Step Size

Set the step size in percentage for stepping through margins during the SJ
margin search test.

Maximum Margin Test Error

Set the maximum error count for error checking during the SJ margin
search test.

Loopback Mode

Select ‘Recovery’ (recommended) or ‘Configuration’ to be used as the link
training method for placing the DUT in the loopback state.

Retrain When SJ Frequency
Changed

Select ‘True’ to re-send link training sequence when there is a change in
the SJ frequency.

Margin Search Live Plot

Select ‘True’ to enable a graphical margin plot that updates as the margin
test is performed to indicate progress of the test results.

Apply CM

Select ‘Yes’ to integrate the common mode component in a specific test.

PPG Start Preset

Select the preset co-efficient to be used at the start of link training.

DUT Initial Preset

Select the initial preset co-efficient for the DUT to be applied during Rx
compliance test runs.

PPG Final Preset

Select the preset co-efficient to be used after link training is successful for
the final BER test. If ‘Auto’ is selected, a negotiated preset will be applied
during the final BER test.

DUT Final Preset

Select the preset co-efficient for the DUT to be applied during the final BER
test.
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7.10 Enable Loopback BER Test

To set up the GRL software to automate loopback testing for error detection, go to the Equipment
Setup page and type in the VISA address that connects to the Anritsu MX183000A High-Speed

Serial Data Test Software.

MName ] Address Type Vendar Lib

Scope |Sc0pe ||TCPIPD::IUcth03t::i|| |Osci|luscope | Agilert || | AglentScope || % =
MXIZ00004  IgerT ||[TcriPo-1921680 | | [BERT | [Anitsu | | Arritsu1900Be ~ | 4 | [H
MXTE3000A | [nrtsulinksed]((TCPIPD- 1921630 |) | [AnntsulinkSed]| [ Antsu || [Genedcvisa ~|| 4] | [m

FIGURE 43. CONNECT EQUIPMENT FOR LOOPBACK BER TEST

On the Configurations page, select the BER Automation test method as ‘PCle Link Training’ to
enable the Anritsu PCle Link Sequencer software loopback mode. Additional configurations can
also be made through this page.
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o- R Tests
Auto DUT Reset:

Power Reset Off Timel(s): |3 |

Power Cycle Off Timels): |3 |

Post Reset Wait Time(s): |2 |

Link Training Wait Timels): |5 |

Link Training CTLE Gain: 3

Log Link Training: False >

PCle Link Training w

Prompt Before Link EQ Training: T >

lgnore Failed Link Training: Tz "

Skip Link Training Inttiglization Sequence: Yes

Compliance BER Measuremert Timeis): |53

Maximum Compliance Emor: |-| |

Margin Test Measurement Time(s): |53 |

Margin Test Max Steps: |1D |

FIGURE 44. SELECT BER LOOPBACK TEST METHOD

7.11 Run Automation Tests

Once tests have been selected and set up from the previous sections, the tests are now ready to

be run.

Select E] from the menu to access the Run Tests page. The GRL-PCIE4-CEM-RXA software

automatically runs the selected tests when initiated.

Before running the tests, select the option to:

e Skip Test if Result Exists - If results from previous tests exist, the software will skip those

tests.

¢ Replace if Result Exists - If results from previous tests exist, the software will replace

those tests with new results.
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Run Option

(® Skip Test f Result Exists

Run Tests
(") Replace F Result Exists

FIGURE 45. RUN TESTS PAGE

Select the Run Tests button to start running the selected tests. The connection diagram for the
test being run will initially appear to allow the user to make sure that the test environment has
been properly set up before testing can proceed.
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8 Interpreting GRL-PCIE4-CEM-RXA Test Report

When all calibration and test runs have completed from the previous section, the GRL-PCIE4-CEM-
RXA software will automatically display the results on the Report page.

SelectEfrom the menu to access the Report page for a quick view of all results.

If some of the results are not desired, they can be individually deleted by selecting the Delete
button.

For detailed test report, select the Generate report button to generate a PDF report. To have the
calibration data plotted in the report, select the Plot Calibration Data checkbox.

Result
(Generate report
No TestName Result Limuts Value
1 De-Emphasis Calibration B TruelFalse True [ Delete
2 Pre-shoot Calibration B TruelFalse True
3 Launch Amplitude Calibration B TruelFalse True Q)] Delete Al
4 Rj Calibration R True/False True
5 Sj Calibration S TruclFalse True
6 DM Calibration B TruelFalse True Plot Calibration Data
7 Preset EQ Optimization B TruelFalse True

FIGURE 46. TEST REPORT PAGE

8.1 Understand Test Report Information

This section gives a general overview of the test report to help users familiarize themselves with
the format. Select the Generate report button to generate the test report.

8.1.1 Test Session Information

This portion displays the information previously entered on the Session Info page.

Anritsu PCle CEM 4.0 Rx Test Report

DUT Information

DUT Manufacturer : GRL

DUT Model Number :  PCle CEM 4.0 Rx Device 1
DUT Serial Number : 0000000001

DUT Comments

Test Information

Test Lab : Labi

Test Operator :  David

Test Date : Jan 01,2018

Software Version
Software Revision : 0046

FIGURE 47. TEST SESSION INFORMATION EXAMPLE
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This table provides an overall view of all the calibration and tests performed along with their

conditions and results.

Anritsu PCle CEM 4.0 Rx Test Report
No TestName Limits Value Results
1 De-Emphasis Calibration True/False True Pass
2 Pre-shoot Calibration True/False True Pass
3 Launch Amplitude Calibration True/False True Pass
4 R Calibration True/False True Pass
5 Sj Calibration True/False True Pass
6 DM Calibration True/False True Pass
7 Preset EQ Optimizafion True/False True Pass
8 FElnal ISI Calibration True/False True Pass
9 DM Optimization True/False True Pass
10 Final Eye Calibration True/False True Pass
1 Rx Compliance Test True/False True Pass
12 Sf Margin Search Test True/False True Pass

FIGURE 48. TEST SUMMARY TABLE EXAMPLE

8.1.3 Test Results

This portion displays the results in detail along with supporting data points and screenshots for
each calibration/test run.

10. Final Eye Calibration
Pass/Fail Stats

Test Limits

Result

Optimized DM Setting
EH Settings

EW Settings

EH Measured Value
EW Measured Value

Test completed time

Final Eye Diagram
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FIGURE 49. TEST RESULTS EXAMPLE
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8.2 Delete Test Results

To individually delete any unwanted calibration/test results, select the corresponding result row
and Delete button.

To entirely remove all existing calibration/test results, select the Delete All button.

Result

Generate report

[ ] Delete
& ||| Delete Al

Mo TestName Result Limits Value 5J Frequency

@jejc)

FIGURE 50. DELETE TEST RESULTS
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9 Saving and Loading GRL-PCIE4-CEM-RXA Test Sessions

The usage model for the GRL-PCIE4-CEM-RXA software is that the test results are created and
maintained as a ‘Live Session’ in the application. This allows the user to quit the application and
return later to continue where the user left off.

Save and Load Sessions are used to save a test session that the user may want to recall later. The
user can ‘switch’ between different sessions by saving and loading them when needed.

e Tosave a test session, with all of the test parameter information, test results, and any
waveforms, select the Options drop-down menu and then select ‘Save Session’.

e To load a test session back into the application, including the saved test parameter settings,
select Options = ‘Load Session’.

e To create a new test session and return the application back to the default configuration,
select Options 2 ‘New Session’.

Application | Options | License  Windows  Help
Save App Property
Load App Property
Mew Session E
Result [ Save Session ]l

No Load Session

Result Limits

FIGURE 51. SAVE/LOAD/CREATE TEST SESSIONS

The test configuration and session results are saved in a file with the ‘.ses’ extension, which is a
compressed zip-style file, containing a variety of information.
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10 Appendix A: Method of Implementation (MOI) for Manual
PCle CEM 4.0 Receiver Measurements

This section describes how to manually perform PCle CEM 4.0 Rx calibration and DUT compliance
testing based on Anritsu’s recommended test procedure using the MP1900A BERT.

The following steps give a general overview for testing the PCle CEM 4.0 receiver.
i) Calibrate for the following components:
e Channel Loss measurement with a vector network analyzer (VNA)

e Eye Amplitude, Preset, SJ and RJ measurements with MP1900A BERT and high-
performance real-time oscilloscope

e DM Amplitude and Eye Height/Eye Width measurements with MP1900A BERT and high-
performance real-time oscilloscope

ii) Perform link training sequence for BER loopback testing:
e Enable DUT loopback mode for error detection with MP1900A BERT
e Troubleshoot in the case of link training failure
iii) Test for DUT Rx compliance to target specifications:
e BER compliance checking for <1E-12 with stressed eye
e SJmarginal testing (optional)

Note: Existing PCI-SIG Compliance Load Boards (CLB’s) and Compliance Base Boards (CBB’s) will be
used as test fixtures for system host and device DUT’s respectively.

10.1 Perform Calibration

This section describes how to calibrate for the stressed test signal before testing the receiver for
compliance.

Calibration isinitially performed for Channel Loss, followed by Eye Amplitude and Presets, RJ and
SJ, and DM-SI. The final step is to determine the Eye Width (EW) and Eye Height (EH).

The main equipment required for calibration consists of the MP1900A BERT, high performance
real-time oscilloscope, and vector network analyzer. The SigTest application will also be used to
ensure signal quality compliance.
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Configure the following settings to be applied for PCle Gen 3 and Gen 4 based Rx calibration.

Note: In addition to these settings, you will need to load a pre-defined preset file for the MP1900A
Pulse Pattern Generator. Please refer to Anritsu for this preset file.

TABLE 7. CALIBRATION SETTINGS

Component Setting PCle Gen 3 PCle Gen 4
Variable ISI Board Insertion Loss (dB) 28 30*

CBB Pair No. - No. 31*

CLB Pair No. - No. 0*
SigTest CTLE Gain (dB) - 8.5t010.5
MP1900A BERT Tx Emphasis Preset P7 P5, P6

Amplitude (mV) 550 550

(800 mVpp-diff at output of (800 mVpp-diff at output of
Noise Module) Noise Module)

RJ (mUlpp) 240 224

SJ @100 MHz (Uipp) 0.1 0.1

DM-I (mV) 59 27

CM-I (mVpp) - 190.0

BUJ (pspp) 10.0 -

* Using the Serial 10 add-in card full channel configuration for 30dB channel. Note the insertion loss measures
in between 27, 28, and 30 dB for all configurations using different variable ISI pairs that provide the correct
amount of insertion loss being measured.

The following results have been obtained from calibration using the above configuration setup
and measured with the oscilloscope and SigTest application.

TABLE 8. CALIBRATION RESULTS

Setting PCle Gen 3 PCle Gen 4
Amplitude (mV) 792.3790 780.8660

RJ (psrms) 3.25 1.0321

SJ @100 MHz (mUlpp) 83.6735 88.8416

DM-I (mVpp) 40 13.9740

CM-I (mVpp) - 150.2

EH (mV) 44,9907 15.7582

(Target range: 41 to 46 mV) (Target range: 13.5 to 16.5 mV)
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Setting PCle Gen 3 PCle Gen 4
EW (ps) 40.3372 18.6501
(Target range: 39.25 to 41.25 ps) (Target range: 18.25 to 19.25 ps)

10.1.2 Calibration Process

Calibration for the PCle CEM 4.0 electrical specification will basically be performed at two physical
test points: TP1 and TP2 (for the Long Channel). Test Point 1 (TP1) is a physical test point for
calibration without the effect of a channel. For PCle Gen 4, an adjustable CEM connector will be
used along with the calibration channel for testing the receiver. This will need to adjust the eye
amplitude to specification values when measuring eye height/eye width. TP2 is a physical test
point that will affect the eye opening due to trace length.

For the Long Channel TP2 calibration, an existing PCI-SIG CLB test fixture will be used as the host
system board or PCI-SIG CBB test fixture for the add-in card device. The board will be connected
between the BERT noise generator output and the oscilloscope which will validate the test
pattern of the signal and measure for stress tolerance to final stressed eye compliance.

Fixed TX EQ
l | I I
8 GT/s PRES . I\ calibration | ' Replica | ;
Combine | | | Test Equipment
Generator | Channel | | Channe L1
! A LY
) ) P & | || a
1 1
TP1 - TP2
) T4 TPS
A 7

Post Processing Scripts:
Rj 5 DiFf Ch Rxpkg model
Source Lource pirfereri terle e Behaviaral CTLE/DFE (BF16G]

Behaviaral DR

EM Adjuss lTPlP

EH/EW at 107" BER

Figure §-32: Layout for Calibrating the Stressed Jitter Eye at 3.0 GI /s

FIGURE 52. CTS Rx CALIBRATION DIAGRAM FOR PCIE GEN 3
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Fixed TXEQ
Calibration Channe|
| EHor EW Adjust T |
16 GT/s PRES . Replica .
Generator Combiner Channel Test Equipment
A ! A T b CEM Connector |
TP1 TP2
L i
Post Processing Scripts:
L 5 Diff M i plg madel
Source Source Interference Interference Bshmiors| CTLE/DFE
Behavioral CDR
Small EW small EH ]
Adjust Adjust TP2P
15 mV/ 3 Ul at E-12 BER
[Figure 8-33 shows the process for calibrating the stressed jitter eye at 16.0 GT/s.

FIGURE 53. CTS Rx CALIBRATION DIAGRAM FOR PCIE GEN 4

10.1.3 Channel Loss Calibration (for PCle Gen 4)

The following connection diagram shows the channel loss calibration setup for PCle Gen 4 using a
4-port (differential) vector network analyzer (VNA) and a compliant CLB/CBB test fixture. Note this
setup refers to the parameters given in Section 10.1.1, Calibration Settings.

1-meter SMA coaxial cables

4-Port
(Differential) VNA 2
SMA-to-SMP adapters
(Included in Test Fixture Kits)

=
o3

o.o.:

1-ft SMP-to-SMP cables
(Included in Test Fixture Kits)

FIGURE 54. CONNECTION DIAGRAM FOR CHANNEL LOSS CALIBRATION

1. Using 1-meter SMA coaxial cables, connect the VNA outputs to SMA-to-SMP adapters. (Note:
The SMA-to-SMP adapters should be included along with the test fixture kits.)

2. Connect the SMA-to-SMP adapters to ISI Pair (28 dB) [physical IS loss of 23 dB for the system
board or 25 dB for the add-in card].
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3. Using 1-ft SMP-to-SMP cables, connect the ISI Pair (28 dB) with the CBB Rx Lane. (Note: The
SMP-to-SMP cables should be included along with the test fixture kits.)

4. Insertthe CLB into the designated slot on the CBB.
5. Connect the CLB Tx Lane using 1-ft SMP-to-SMP cables to ISI Pair 0.
6. Connect the ISI Pair 0 through the SMA-to-SMP adapters using 1-meter SMA coaxial cables to

the oscilloscope channels.

An example of PCle Gen 4 CLB/CBB test fixture connections for device Rx channel loss calibration
is as shown below (extracted from the PCl Express Architecture PHY Test Specification Revision 4.0).

W 8 3.5mm Cabies (no yeliow of red) are pant of the
reference plane {calbration performed with cables)

Reference plane -
Cables with yeliow
and Ao sleeves wo
part of the charmel.
Blue cables leaving
the image at the
bottomn left are
before the reference
plane. Adaptors are
required between
the cables bt this IL

/

-
- 2
L
.

5 ;::' e
©
7 4

.
5 ‘.".'.’

Calibrate the Insertion Loss to within the limits of 27 to ~30 dB as shown in the following graph
example.
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10.1.4 Amplitude, Preset, SJ and RJ Calibration Setup

The following connection diagram shows the calibration setup for amplitude, preset, SJ, and RJ at
TP1 without any channel effect. The MP1900A BERT is directly connected to a digital oscilloscope
supporting >25 GHz bandwidth and >80 GS/s sampling rate.
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Anritsu MP1900 BERT Noise Output

MU195/6020A
AUX UUL

LAN cable

~\

Phase-matched K-K
coaxial cables

Real-Time Oscilloscope

FIGURE 55. CONNECTION DIAGRAM FOR AMPLITUDE, PRESET, SJ AND RJ CALIBRATION
1. Setupthe MP1900A BERT connections as described in Section 6.1.

2. Connect the MU195050A noise outputs to the relevant oscilloscope channels using phase-
matched K-K coaxial cables.

3. Using a SMA-to-SMA cable, connect a MU195020A/MU196020A Aux Out connector to an Aux
input on the oscilloscope for pattern sync triggering. Note the other unused
MU195020A/MU196020A Aux Out connector must be terminated with the J1632A coaxial
terminator due to differential signal output (not shown in above setup).

4. Connecta LAN cable between the MP1900A BERT and the oscilloscope.
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10.1.5 Anritsu Standard BERT Device Test Application (MX190000A) Startup

To adjust the calibration parameters when measuring on the Scope, use the MX190000A Standard
test application on the MP1900A BERT.

1. Onthe BERT’s Applications screen, select the MX190000A Standard Bert application.

2. Inthe drop-down Menu, select ‘Initialize’ to start using the application.

File Open
O
File Sawe
Pattern lErrorl
. Screen Copy
Combination Setting
v Gating
©® Module Grouping >
Multi Channei Cahbration
/ Patern
Global Delay Calibration Lenah
— 1
l Initialze I
' —
Delav hid

10.1.6 Amplitude Calibration Adjustment
Adjust the Amplitude with Scope markers to 800 mVpp(diff) using the following configuration.
a) BERT Settings:
e General Output: ON
e Select SI-PPG and Emphasis tab- Emphasis Function: OFF
e Select the Pattern tab- Test Pattern: 64zeros_64ones_128bit10
e Select the Miscl tab- Aux Output: Pattern Sync
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e +__ Er Addbon
Menu _ S ouput 11— Gniom

(71 216/32G SI PPG m c: OFF

B Output ,m Emphasis §2 Pattern ErrorAddmoniPre-Code Miscl Mrsczi

Preset |
T =7 e e r T \ |
File Operation [ Recall } [ Store “ | Initialze
Standard @ PCled v Praset7 v
Output |

Emphasis Function De-Emphasis v
Amplitude 0.570 Vpp
i

Output Monitor
Pre e e

Cursor3 0.000

Simulated Pulse
Cursor2 0.000
Cursorl 3.500

Post

b) Scope Settings:
e Averaging: 16 points
e Horizontal Scale: 100 ns/div
e Bandwidth: 25 GHz
e Sampling Rate: 80 GS/s

LHEB.B.B.EEBBBEBEBEB.BBEEBEEEEBAEEEEEEEEE

E TR 00 R 0000 8 00 0 5,

Peak amplitude measurement on Scope
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10.1.7 Preset Calibration Adjustment
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Adjust the Pre and Post Cursorl of Presets 0 to 9 with Scope markers using the following

configuration.

a) BERT Settings:

e General Output: ON

e Select SI-PPG and Emphasis tab- Emphasis Function: ON
e Select the Pattern tab- Test Pattern: 64zeros_64ones_128bit10

e Select the Misc1 tab- Aux Output: Pattern Sync

b) Scope Settings:

Cursorl -5.000

B Output |@ Emphasis |E! Fattern IErmrnddltmn Pre-tudeMscz

Preset

Fili Oparation Racall Store Initiakze

Standard @ E’ 84 - Preset? 3
Output

Emphasis Fun-:!l:m De-Emphasis -

Amglitude 0.570 | Vpp

Output Manitor
Pre de@

Simulated Pulse [Vppl

Cursar3 0.000
Cursarz 0.000
Cursarl 3.500

Post

Cursor2 0,000 ) - VeV VeV Vet g VY] |

e Averaging: 16 points

e Horizontal Scale: 1 ns/div

e Bandwidth: 25 GHz

e Sampling Rate: 80 GS/s

SEDW |EI MDY

GRL-PCIE4-CEM-RXA User Guide and MOI

© Granite River Labs 2022

Version 8.1, Aug 2022. Updated 08.31.2022

Rev8.1
Page 76 of 119


http://www.graniteriverlabs.com/

De-emphasis = 20logl0(Vb/Va)

Preshoot =20log10(Vc/Vb)

graniteriverlabs.com

De-emphasis = 20 log,pVb/MVa
Preshoot = 20logygVeNVb
Boost = 20log,, Vd/Vb

Figure 8-5: Definition of Tx Voltage Levels and Equalization Ratios

Table 8-1. Tx Preset Ratios and Corresponding Coefficient Values
Presho De-
Prese ot emphas
t# (dB) is (dB) c-1 c+1 Vaivd| Vbivd| Velvd
P4 0.0 0.0 0.000 0.000 1.000 1.000 1.000
P1 0.0 -35+1dB 0.000 0167 1.000 0.668 0.668
PO 0.0 -60x15dB 0.000 -0.250 1.000 0.500 0.500
=]} 35x1dB 0.0 -0.168 0.000 0.668 0668 1.000
=} 35x1dB 315+1dB -0.125 -0.125 0.750 0.500 0.750
P7 35x1dB -60x15dB -0.100 -0.200 0.&500 0.400 0.600
PS5 9%1dB 0.0 -0.100 0.000 0.500 0.500 1.000
=T 25x1dB 0.0 -0.125 0.000 0.750 0.750 1.000
P3 0.0 25+1dB 0.000 -0.125 1.000 0.750 0.750
P2 0.0 -44£15dB 0.000 -0.200 1.000 0.600 0.600
P10 0.0 Mot 2 0.000 Mote 2. 1.000 Mote 2. Mote 2.
Hotes:
1. Reduced swing signaling must implement presets #4, #1, #3, #5, #5, and #3. Full swing signaling must
implement all the above presets.
2. P10 boost imits are not fixed, since its de-emphasis level is a function of the LF level that the Tx advertises
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10.1.8 SJ Calibration
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Capture five waveforms for each condition on the Scope and analyze SJ using SigTest. Set up the

following parameters.
a) BERT Settings:
e General Output: ON
e Select SI-PPG and Emphasis tab- Emphasis Function: OFF
e Select the Pattern tab- Test Pattern: 128b130b_CP_LO_Gen4_P0
e Select Jitter Modulation Source- SJ1: ON
e SJ1Frequency and Amplitude: 100 MHz, 0.000 Uipp (as reference)
e SJ1Frequency and Amplitude: 100 MHz, 0.100 Uipp

[4) tter Modulation Source
33000 Hz  0.000 Uip-p|  0.168 Uip-p
o - | 1
Clock Source Clock to PPG
> Unitl:Siot2:MU1810008 . 326G PPG—
8 000 000 ki 16.000 000 Gbitss —
Ref Clock
——— 1 Y
8 000 000 ki
AUX Input Clock
i lepel frec Sub-rate Clock
o ABO
[ — W—
Frequency 100 000 000 H2
Amplitude 0.100 | Ulp-p
6.250) ps pp

b) Scope Settings:
e Averaging: OFF
e Horizontal Scale: 10 ps/div
e Bandwidth: 25 GHz
e Sampling Rate: 80 GS/s
c) SigTest Settings:
e SelectaDataFile
e Select ‘Load and Verify Data File’
e Select Technology as ‘PCIE_4_0_RX_CAL’

GRL-PCIE4-CEM-RXA User Guide and MOI
© Granite River Labs 2022 Version 8.1, Aug 2022. Updated 08.31.2022

Rev8.1
Page 78 of 119


http://www.graniteriverlabs.com/

. G-{L graniteriverlabs.com

e Select Template File as ‘PCIE_4_16GB_CEM_R]j_Sj_CAL’

e Select ‘Test’

| PCIE_4_16G8_CEN _Rj_Si _CAL |
| jiz.500 ¥

d) SigTest Results:
e Read ‘Max Peak to Peak Jitter (ps)’ value

Jittered value: 12.97 pspp (at 0.110 Uipp)
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e Calculate SJ by subtracting the Jittered and Base values- 12.97 - 6.69 = 6.28 pspp

(Note: Use the average value for 5 times.)

10.1.9 RJ Calibration

Capture five waveforms for each condition on the Scope and analyze RJ using SigTest. Set up the
following parameters.

a) BERT Settings:
e General Output: ON
e Select SI-PPG and Emphasis tab- Emphasis Function: OFF
e Select the Pattern tab- Test Pattern: Toggle_1bit
e Select Jitter Modulation Source- RJ: ON
e RJHPFand Amplitude: 10 MHz, 0.228 Uipp

4] litter Modulation Source

100 000 000 He 10Hz  33000H 0000 I.lp-pl

I oaocoupp/| o.000upp | 0ppm | |
Clock Source Clock ta PPG
J—— Unitl:Slot2:MU181000 326G F'F’GI
' 8 000 000 | 16.000 000 Gbitrs
Ref Clock
| T ——
8000000 KR
ALK Clock
aput i . Sub-rate Clock
| T —
[N B
Filter | User k4

HPF |10M HPF L F | OFF -
Amplitude 0.228 | ULipp 14.250| ps pp

RMS Convert |E-12 v 0.016 205 Ens 1.012 812 psrrml

b) Scope Settings:
e Averaging: OFF
e Horizontal Scale: 10 pys/div
e Bandwidth: 25 GHz
e Sampling Rate: 80 GS/s
c) SigTest Settings:

e Select a Data File
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e Select ‘Load and Verify Data File’
e Select Technology as ‘PCIE_4_0_RX_CAL’
e Select Template File as ‘PCIE_4_16GB_CEM_R]j_Sj_CAL’

e Select ‘Test’

[ st st b o |

d) SigTest Results:
e Read ‘Rj (RMS)’ value

RJ value: 1.00 ps rms (at 0.208 Uipp)

(Note: Use the average value for 5 times.)
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10.1.10 DM & CM Amplitude and Eye Height/Eye Width Calibration Setup

The following connection diagram shows the calibration setup at TP2 for DM amplitude (DM-I), CM
amplitude (CM-1) and Eye Height (EH)/Eye Width (EW) for PCle Gen 4. The CLB/CBB test fixture is
connected in between the MP1900A BERT and a digital oscilloscope supporting >25 GHz
bandwidth and >80 GS/s sampling rate.

Anritsu MP1900
FERT Noise output " . = (BB

=
L

SMA-to-SMP adapters
Included in Test Fixture Kits

1-meter SMA coaxial
cables

N
Real-Time
Oscilloscope

1-ft SMP-to-SMP cables
Included in Test Fixture Kits

vvvvv

FIGURE 56. CONNECTION DIAGRAM FOR PCIE GEN 4 DM-I, CM-1 AND EH/EW TP2 CALIBRATION
1. Using 1-meter SMA coaxial cables, connect the MU195050A noise outputs to SMA-to-SMP
adapters. (Note: The SMA-to-SMP adapters should be included along with the test fixture kits.)

2. Connect the SMA-to-SMP adapters to ISI Pair (28 dB) [physical IS loss of 23 dB for the system
board or 25 dB for the add-in card].

3. Using 1-ft SMP-to-SMP cables, connect the ISI Pair (28 dB) with the CBB Rx Lane. (Note: The
SMP-to-SMP cables should be included along with the test fixture kits.)

[Note: DM-I and CM-I should be calibrated with no reference package embedding applied.]
4. Insertthe CLB into the designated slot on the CBB.
5. Connect the CLB Tx Lane using 1-ft SMP-to-SMP cables to ISI Pair 0.
6. Connect the ISI Pair 0 through the SMA-to-SMP adapters using 1-meter SMA coaxial cables to
the oscilloscope channels.
10.1.11 DM-I Calibration Adjustment

Adjust the DM Amplitude using the Scope RMS function with the following configuration. Compute
Vpifr = (RMS * 2)/0.707.

a) BERT Settings:
e Loss Channel

e General Output: ON
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e Select SI-PPG and Emphasis tab

e PPG Data Output: OFF

e Select Noise Generator- DM: ON

graniteriverlabs.com

e Differential mode noise Amplitude and Frequency: 14 mVpp and 2.1 GHz

{+) )

Data Input 1 “= Data Output 1

Data Imput 1 Data Qutput 1

Exfernal Input

External Input

0.200 mVrms

Data Input 2 5 Data Output 2

[Diata Input 2 (,L‘ Biata Output 2 |
Py ’

Presets |Manual -
litude Freguency
14| mvpp 2.100 GHz

b) Scope Settings:
e Averaging: OFF
e Horizontal Scale: 5 ns/div
e Bandwidth: 25 GHz
e Sampling Rate: 80 GS/s
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5.00 mV

2.50 mV

0.0V

-2.50 mvV

-5.00 mV

-7.50 mv

-10.0 mv

10.1.12 CM-I Calibration Adjustment

Adjust the CM Amplitude using the Scope RMS function with the following configuration. Compute
Vit = RMS/0.707.

a) BERT Settings:
e Loss Channel
e General Output: ON
e Select SI-PPG and Emphasis tab
e PPG Data Output: OFF
e Select Noise Generator- CM: ON

e Common mode noise Amplitude and Frequency: 150 mVpp and 120 MHz
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[8] Noise Generator

@ -
Data Input 1 N Data Qutput 1
Data Input 1 Data Cutput 1

External Input
External Input

=
)
=]
=
2
7

Data Input 2

Data Data Cutput 2
Data Input 2 4

N Data Output 2
S

(D)

Presets |Manua| |v|
J

Amplitude Freguency Band

|’ 194‘| mvpp | 120| Mz "Low ‘v|

b) Scope Settings:
e Averaging: OFF
e Horizontal Scale: 12.5 ps/div
e Bandwidth: 25 GHz
e Sampling Rate: 80 GS/s
Measure RMS on (CH1+CH3)/2 and calculate Vpp = RMS/0.707.
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10.1.13 EH/EW Calibration Adjustment
10.1.13.1 PCle Gen 3 Calibration

The following Eye Height/Eye Width calibration procedure applies for PCle Gen 3:

Capture seven waveforms for each condition on the Scope and analyze Eye Height/Eye Width
using SigTest. Set up the following parameters.

a) BERT Settings:

General Output: ON

Select SI-PPG and Emphasis tab- Emphasis Function: ON

Select the Pattern tab- Test Pattern: 128b130b_CP_L0_Gen3_P0
Set all Jitter, Noise, and Amplitude values.

Set BUJ values as follows:

o BUJ:0.080 Ul (10.0 pspp)

o 2.0Gbit/s

o PRBS31

o 200 MHz LPF

Note: Since the PPG has very small intrinsic Jitter, some BUJ must be added for PCle 3.0

testing. The BUJ does not require separate calibration, as its effect is incorporated during
final eye calibration.

Save seven waveforms and read in SigTest.

Adjust the Eye Height/Eye Width to target specification values using RJ and DM-I:
o RJ:1.5+.2/-0 ps RMS
o DM:14tolémVatTP2
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b) Scope Settings:

e Averaging: OFF
e Horizontal Scale: 12.5 ps/div (2M Ul)
e Bandwidth: 25 GHz
c) SigTest Settings:
e SelectaDataFile
e Select ‘Load and Verify Data File’
e Select Technology as ‘PCIE_3_0_RX_CAL’
e Select Template File as ‘PCle_3_8G_Rx_CAL_CTLE_x.xdB’

e Select ‘Test’

¥ Filesr
JE T e A O R A

d) SigTest Results:
Note that the SigTest Full Test Result always shows ‘Fail!” which can be ignored.
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Target Eye Width: 41.25 +0/-2 ps
Target Eye Height: 46 mV +0/-5 mV
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10.1.13.2 PCle Gen 4 Calibration

The following Eye Height/Eye Width calibration procedure applies for PCle Gen 4:

Set the ISl Trace to 30 dB ISI Trace (physical loss of 25 dB for the system board and 27 dB for the
add-in card).

Capture seven waveforms for each condition on the Scope and analyze Eye Height/Eye Width
using SigTest. Set up the following parameters.

a) BERT Settings:

General Output: ON

Select SI-PPG and Emphasis tab- Emphasis Function: ON

Select the Pattern tab- Test Pattern: 128b130b_CP_L0_Gen4_PO
Set all Jitter, Noise, and Amplitude values.

Save seven waveforms and read in SigTest.

Determine the Optimized ISI Trace, Preset and CTLE as follows:
o SetPreset 5 on BERT and capture seven waveforms.

o Measure all the seven waveforms for all CTLE’s ranging from 8.5 db to 10.5dB in
0.25 dB steps using SigTest. For each CTLE and Preset combination, calculate
EW/EH through averaging after filtering the outliers (see below):

» The waveform is considered an outlier if the Eye Width is < 1.0 ps or deviates
from the median by 5.0 ps.

» The waveform is considered an outlier if the Eye Height is <1.0 mV or
deviates from the median by 8.0 mV.

o Repeat above steps using Preset 6. Determine which CTLE and Preset combination
provides the largest Eye Area (Eye Width * Eye Height) and record these values.

If the Eye Width/Eye Height is below the calibration target value, reduce the ISl trace by
0.5 dB and repeat the Preset and CTLE optimization steps until the Eye Width/Eye
Height is above the calibration target value.

o Save more than seven waveforms and obtain the average value.

Adjust the Eye Height/Eye Width to target specification values using SJ, DM-1, and Eye
Amplitude:

o SJ:5to0 10 pspp

o DM:10to25mVatTP2

o Differential Voltage Swing: 720 to 800 mVpp at TP1

o Apply 20 EH/EW averaging

b) Scope Settings:
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e Averaging: OFF
e Horizontal Scale: 12.5 ps/div (2M Ul)
e Bandwidth: 25 GHz
c) SigTest Settings:
e SelectaDataFile
e Select ‘Load and Verify Data File’
e Select Technology as ‘PCIE_4_0_RX_CAL’
e Select Template File as ‘PCle_4_16G_Rx_CAL_CTLE_x.xdB’

e Select ‘Test’

d) SigTest Results:
Note that the SigTest Full Test Result always shows ‘Fail!’ which can be ignored.
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Target Minimum Eye Width: 18.75 +0.5/-0.5 ps
Target Extrapolated Eye Height: 15 +1.5/-1.5 mV
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For final eye calibration, adjust Voltage Swing, SJ, and DM Amplitude until the target Eye Width
and Eye Height are achieved and then save 20 waveforms.
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10.2 Perform Initial Tx Equalization & Tx Link Equalization Response Tests

This section describes how to set up the DUT to perform initial Tx equalization (EQ) and Tx link EQ
response testing (for both the system board and add-in card). This is to ensure that the DUT will
be able to apply the correct Tx EQ preset as required along the test.

To perform the initial Tx EQ & Tx link EQ response tests, the DUT attached to a test fixture will
basically receive data signals from a stress signal generator which is also connected to reference
clock with the DUT fixture. After data is processed, the signals will be separated to flow through
two different directions- one part of the signal will be sent back through the test fixture to the
stress signal generator for error detection while the other part will be sent to the oscilloscope for
waveforms to be captured and analyzed for target EQ values.

Note: Refer to Sections 7.2 and 7.3 for more details on test setup requirements for the DUT.

10.2.1 Equipment Setup for Add-in Card DUT Initial Tx EQ / Tx Link EQ Response Test

The following connection diagram shows the physical setup to perform initial Tx EQ / Tx link EQ
response test for the PCle Gen % add-in card DUT. The setup is using the MP1900A BERT that
includes the MU195040A Sl Error Detector module and a compliant CBB test fixture for the DUT.

Anritsu MP1900 BERT
BNC cables

MU1815008 Sub-rate _—
Clock Out \ ATX Power Supply

Sl Error Detector Data Input

Noise output Power Divider

MU195/6020A

Aux Out

LAN cable 1-meter SMA coaxial
cables /

Real-Time Oscilloscope

SMA-to-SMP adapters
Included in Test Fixture Kits

FIGURE 57. CONNECTION DIAGRAM FOR PCIE GEN % ADD-IN CARD DUT INITIAL TX EQ / TX LINK EQ RESPONSE
TEST

1. Connect an ATX power supply to the CBB with DUT inserted.

2. Using 1-meter SMA coaxial cables, connect the MU195050A noise outputs to SMA-to-SMP
adapters. (Note: The SMA-to-SMP adapters should be included along with the test fixture kits.)

3. Connect the SMA-to-SMP adapters to the CBB Rx Lane.
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9.

Connect the CBB Tx Lane to the power divider input ports through another set of SMA-to-SMP
adapters.

Using BNC cables, connect the MU181500B sub-rate clock outputs to the CBB 100 MHz Ref
Clock In connectors.

Using 1-meter SMA coaxial cables, connect the power divider outputs to the MU195040A data
inputs for loopback error detection.

Using 1-meter SMA coaxial cables, connect the oscilloscope channels to the power divider
tapped input ports.

Using a SMA-to-SMA cable, connect a MU195020A/MU196020A Aux Out connector to an Aux
input on the oscilloscope. Note the other unused MU195020A/MU196020A Aux Out connector
must be terminated with the J1632A coaxial terminator due to differential signal output (not
shown in above setup).

Connect a LAN cable between the MP1900A BERT and the oscilloscope.

10.2.2 Equipment Setup for System Board DUT Tx Link EQ Response Test

The following connection diagram shows the physical setup to perform Tx link EQ response test
for the PCle Gen 3% system board DUT. The setup is using the MP1900A BERT that includes the
MU195040A Sl Error Detector module and a compliant CLB test fixture for the DUT.

Anritsu MP1900 BERT

BNC cable
MU181000B 100 MHz ATX Power Supply
Ref Clock In

51 Error Detector Data Input

Power Divider

MNoise output
- jm EI ' DUT
MU195/6020A r

Aux Out
LAN cable 1-meter SMA coaxial

cables - ——
) Tx Lane0 on the

- back side

Real-Time Oscilloscope

SMA-to-SMP adapters
Included in Test Fixture Kits

FIGURE 58. CONNECTION DIAGRAM FOR PCIE GEN % SYSTEM BOARD DUT Tx LINK EQ RESPONSE TEST

1. Connect an ATX power supply to the DUT.

2. Using 1-meter SMA coaxial cables, connect the MU195050A noise outputs to SMA-to-SMP
adapters. (Note: The SMA-to-SMP adapters should be included along with the test fixture kits.)

3. Connect the SMA-to-SMP adapters to the CLB Rx Lane.
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4. Connect the Tx Lane on the back of the CLB to the power divider input ports through another
set of SMA-to-SMP adapters.

5. Using a BNC cable, connect a CLB Ref Clock Out connector to the MU181000B 100 MHz Ref
Clock In.

6. Terminate the other unused CLB Ref Clock Out connector using the J1632A coaxial terminator.

7. Using 1-meter SMA coaxial cables, connect the power divider outputs to the MU195040A data
inputs for loopback error detection.

8. Using 1-meter SMA coaxial cables, connect the oscilloscope channels to the power divider
tapped input ports.

9. Using a SMA-to-SMA cable, connect a MU195020A/MU196020A Aux Out connector to an Aux
input on the oscilloscope. Note the other unused MU195020A/MU196020A Aux Out connector
must be terminated with the J1632A coaxial terminator due to differential signal output (not
shown in above setup).

10. Connect a LAN cable between the MP1900A BERT and the oscilloscope.

10.2.3 Initial Tx EQ Startup and Testing

The Anritsu MX183000A High-Speed Serial Data test software is used with the MX190000A test
application on the MP1900A BERT to perform the initial Tx EQ test. The oscilloscope will also be
used to capture waveforms for post processing analysis.

1. Configure the oscilloscope as follows:
e Averaging: OFF
e Horizontal Scale: 12.5 ps/div (2M Ul)
e Bandwidth: 25 GHz
e Trigger:0V, Channel 1
2. SetPreset 0 onthe BERT.
3. Onthe BERT’s Applications screen, select the MX183000A Utility application.

Dovice
Test

B8
B

Rty

4. Inthe MX183000A - Selector pop-up, select ‘PCle Link Training’ and then ‘Start’.
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5. Inthe next window, select the network address of the MX190000A BERT application followed
by ‘Connect’ to link up with the MX190000A.

¢ Mol
TCPPE: L T 000 =500 1500 RE T

J

Mol
TORFPD: 150 168 . bSO S0 RET

Mo 3
TOFPG:: 190, 168 3. 1 00=5001 - SOCEET

SEanch Sian

6. Inthe MX183000A - PCle Link Training window, select the Link Training tab. Select the
“Setting” check box on the right of the screen.

7. When the LEQ Test pane appears, select the Initial Tx LEQ tab. Set the “DUT Initial Preset
(Preset Hint Tx)” to Preset 0 (P0). Then select “Apply” at the top right of the LEQ Test pane.
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S|

File  Setup Help

‘ Equipment Setup| Link Training ‘Run Testl Graph | Report ‘

Operate MP19004A

Electrical Idle

Link Start

Linkup Speed

LEC) Test TxLEQ Response

| eply |

I Rx LEQ | Initial TXLEQ | Tx LEQ Response

l Loopback Through: Recovery
Link EQ: Skip
Lane: 0/8

Test Pattern: CP ([Compliance Pattern)

I PPG Starting Preset:

|

DUT Initial Preset (Preset Hint Tk):

PPG Final Preset

PPG Final Cursor

Specification DUT
4.0(16.0GT/s)  ~| |Endpoint (AIC) 7] 1 More resuis
LTSSM State —— |Received
Use Preset I

LEQ Test Setting
Tx LEQ RESPOMEE

[[] configure

Pre-Cursor  Cursor  Post-Cursor
BER Measurement

Full Swing, Low Frequency — —— LTSSM Log
Link, Lane Number = | =

Loopback through

[Recovery ']

Plie3 PCie4 Test Pattern

Phasel (Root) = = _

[Compllance v]
Phasel — —
Phase2 = = 67 i
Phase3 = =
ALL Timeout

I

Option

|

8. Pressthe Power Reset button on the CBB test fixture to reset the DUT.

9. Inthe MX183000A - PCle Link Training window, select ‘Link Start’ in the Link Training tab.
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10. On the Scope, capture the Preset 0 waveforms and save to a file labeled as either “Add In
Card_Ln00_TXResponse_P0X_d_acq000” (for the add-in card where POX represents the Preset
Number) or “System Board_TXResponse_P0_d_acq000” (for the system board). For example if
using a add-in card DUT, the Preset 0 waveform should be saved as “Add In
Card_Ln00_TXResponse_P00_d_acq000”. If using a system board DUT, the Preset 0 waveform
should be saved as “System Board_TXResponse_P0_d_acq000”.

11. Repeat steps 1 to 9 to capture all waveforms for all Presets (up to Preset 9). All waveforms

must be saved to same file directory.

12. Launch SigTest and select “PCle Gen3 Presets” or “PCle Gen4 Presets” under the Select Preset

Test drop down.

I8 signal Test4.0.38

WGRLYGRLSink TestProjects \PCIECEMGend AN RxTest'\AppDi;

fi5=) Fil=* | [=e] I Browse

ClocleRle |

Clock RN |

Select Preset Test W

Load and Verify Data File '

v Select Presat Test

=ziirialdo PCle Gen3 Presets
[ PCIE_4_0_RX_CAL I~4 20p Settind [ RCle Gend Presets
NEmplEte e USB 3.1 Tx EQ
[ PCle_4_16G_Rx_CAL CTLE_3p25B I~
Sample Interval  [10.000 = L=

[imeratlnT:
[riezriz=lE e Fil=

—

Worzt Non

Trensition Eyes

Wor=t

Trenzition Eyes

Bitter

Hisiogram

(DR
Adzpt

13. Browse to select the directory of the saved waveform file to be tested and then select the
“Test” button on the top right to start the test run. All preset numbers must turn green once
the test completes to indicate a Pass as shown below.
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Data T | Differential Select | All Files in Fold -
a Type v| erantial iles in Folder | ' | Test | ‘ Display Packet Data | ‘ Reset |
Data File |PCIECEMGen4_AN_HxTest\App Diata - 1-Nowve-201 E\Waveforrn\'I'XIN'rtiaH Browse -
= . ]
Uizl Fll g || N sowe- Interval = 5250 [ps Ful Swing | Ext ]
\bﬁl\f}l Pr&d'm{dll}l De—Elml'nuis(dll}ICPPr&netI CP Lane IFie
52.78 0.00 0.00 7 0 ‘ppData - 1-Move-2018Waveform \TXIMitial*Add In Card_Ln00_P04_d_zcq000 wim
60.94 0.00 -3.55 7 ] ‘ppData - 1-MNove-2018"Waveform \ TXINitial*Add In Card_Ln00_P01_d_zacq000 wim
m 56.46 |0.00 -6.02 7 0 ‘ppData - 1-Nove-2018\Waveform \TXINitial"Add In Card_Ln00_P00_d_acq000.wfm
5.66 3.59 0.00 7 0 [lppData - 1-Move-2018"Waveform T XINitial"Add In Card_Ln00_P09_d_acq000 wim
m 94.61 372 -3.65 7 0 ‘ppData - 1-Move-2018"Waveform \TXIMitial"4dd In Card_Ln00_P02_d_acq000 wim
m 66.72 3.07 -5.70 7 0 ‘ppData - 1-Move-2018"Waveform \TXIMitial*4dd In Card_Ln00_P07_d_acq000 wim
m 21.32 174 0.00 7 0 ‘ppData - 1-Move-2018"Waveform \TXIMitial*Add In Card_Ln00_P05_d_acq000 wim
196.40 245 0.00 7 0 ‘ppData - 1-Move-2018"Waveform \TXIMitial*Add In Card_Ln00_P0&_d_acq000 wim
.74 0.00 -2.38 7 0 ‘ppData - 1-Move-2018"Waveform  TXIMitial*Add In Card_Ln00_P02_d_acq000 wim
7.3 0.00 -4.38 7 0 ‘ppData - 1-Move-2018Waveform \TXIMitial*Add In Card_Ln00_P02_d_zcq000 wim
Status |Computation complete, 10 waveforms processed. | 1

10.2.4 Tx Link EQ Time Response (with Presets/Cursors) Startup and Testing

The Anritsu MX183000A High-Speed Serial Data test software is used with the MX190000A test
application on the MP1900A BERT to perform the Tx link EQ time response test with presets or
cursors. The oscilloscope will also be used to capture waveforms for post processing analysis.

1. Configure the oscilloscope as follows:
e Averaging: OFF
e Horizontal Scale: 12.5 ps/div (2M UI)
e Bandwidth: 25 GHz
e Trigger:-350 mV, AUX channel
2. SetPreset 0 onthe BERT.
3. Onthe BERT’s Applications screen, select the MX183000A Utility application.

D LML M.

Test el rirty
_ |._.
Lol ExfT BT
——
o
S Conprnd

4. Inthe MX183000A - Selector pop-up, select ‘PCle Link Training’ and then ‘Start’.
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4. Inthe next window, select the network address of the MX190000A BERT application followed
by ‘Connect’ to link up with the MX190000A.

+ Mol
TP 1370000 =500 1 -S0CKET -~

Nod

TOPPDE: 192, 168 2. L D05 000 5 0CET

Ro.d
TOPPDE: 190, 168 2. 1 00500 - 50CET

Search Stam

5. Inthe MX183000A - PCle Link Training window, select the Link Training tab. Select the
“Setting” check box on the right of the screen.

6. When the LEQ Test pane appears, select the Tx LEQ Response tab. Set the “DUT Initial Preset
(Preset Hint Tx)” to Preset 4 (P4) and the “DUT Target Preset (Change Preset)” to PO.

Note: Use the following “DUT Initial Preset (Preset Hint Tx)” and “DUT Target Preset (Change
Preset)” combinations for this step:

Preset # to be Tested DUT Initial Preset DUT Target Preset
(Preset Hint Tx) (Change Preset)

PO P4 PO

P1 P4 P1

P2 P4 P2

P3 P7 P3

P4 P7 P4

P5 P7 P5

P6 P7 P6

P7 P4 P7

P8 P4 P8

P9 P7 P9
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Set Link EQ to “Preset” if testing for Tx Response Preset or “Cursor” if testing for Tx Response

Cursor.

M¥1830004 - PCle Link Training

S

File  Setup Help

Equipment Setup | Link Training |Run Testhraph |Report |

Electrical Idle

Operate MP1300A

Linkup Speed

LEQ Test TxLEQ Response

Loopback Through: Recovery

I | RxLEQ | Initial TXLEG | TxLEQ Response

4

Link EQ: IE[!?.-.‘;

’ Saved Cursor... ]

| |
Lane: 0/8

PPG Starting Preset:

' o P

DUT Target Press

Test Pattern: CP (Compliance Pattern)

Specification DUT
4.0(16.0GT/s) | |Endpoint (AlC) 2] B Moreresuns
LTSSM State ——— |Received
Use Preset —

PPG Final Preset

Link Start

LEQ Test Sening
Tx LEQ Response

PPG Final Cursor [] Configure
Pre-Cursor  Cursor  Post-Cursor
BER Measurement
Full Swing, Low Frequency S [} — LT5SM Log
Link, Lane Number = | =
Loopback through
’Recovery 'I
PCi=3 PCi=2 Test Pattern
Phasel [Root) e — .
lComleance 'I
Phasel S —
Phase — —
Phase3 e =
——

QOption

8. Inthe MX183000A - PCle Link Training window, select ‘Link Start’ in the Link Training tab.
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On the Scope, capture the Preset 0 waveforms and save to a file labeled as either “Add In
Card_Ln00_TXResponse_P0X_d_acq000” (for the add-in card where POX represents the Preset
Number) or “System Board_TXResponse_P0_d_acq000” (for the system board). For example if
using a add-in card DUT, the Preset 0 waveform should be saved as “Add In
Card_Ln00_TXResponse_P00_d_acq000”. If using a system board DUT, the Preset 0 waveform
should be saved as “System Board_TXResponse_P0_d_acq000”.

Repeat steps 1 to 8 for each Preset change.
Repeat steps 1 to 9 for each Cursor change.

Perform post processing analysis for each waveform to locate the transition time between the
preset/cursor change.

On the GRL software, go to the Setup Configuration page and select the Debug Tool tab. Select
either the “Tx Response Preset” or “Tx Response Cursor” button depending on which is being
tested. In the Select Waveforms pop-up window, select all the waveforms that were previously
captured and click “OK”.

\

Setup Configuration o @I
Add Page 0‘
<| Setup DebugToal Sigtest Tool ES
Select Waveforms - o ®
Tx Response Preset C\GRLYGRLSink TestProjects\PCIECEMGend_AN_Fx Test'App Data'\Waveform ' TXRespor

~
Tx Response Cursor o Flename

4
>
m
o
=
@
i)
<
8
E]
b
n
g
T T =TT T

Include Panel

08 d
¥l Add In Card Ln00 TXResponse P09 d 5cg000;rc he

< >

Browse Waveform 0K Cancel

14.

In the PCle Preset Decoder screen, verify that the Electrical transition time is showing <1 ps to
pass the test. Note: The Decoded transition time serves as an informative value only and is not
required for compliance.
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PCle Preset Decoder - x|
Add In Card_Ln00_TXResponse_P00_d_acq000trc C:\GRL\GRLSinkTestProjects\PCIECEMGe...  — O X
Status
Decoder.
Waveform:  Add In Card_Ln00_TXResponse_P00_d_acq000trc 006

Decoded Transition Time: 5.667156e-07s Show 004

Blectrial Transttion Time: [§6.591750e-07s

Voltage(V)
o
Q
-]

Time relative to trigger (s) Type Preset Prec %08
5.098656e-07 TS1 7 5 -2 -1 0 1 2
5.179875¢-07 TS1 7 5 Smeive)
5.260500e-07 TS1 7 5 33 10
5.342313e-07 TS1 7 5 33 10
5.423500e-07 TS1 7 5 3 10
5.50471%-07 TS1 7 5 33 10
5.58596%-07 TS1 7 5 33 10
5.667156e-07 TS1 0 0 36 12
5.748344e-07 TS1 0 0 36 12
5.829594e-07 TS1 0 0 36 12
5.910813e-07 TS1 0 0 36 12
5.992031e-07 TS1 0 0 36 12
6.07321%e-07 TS1 0 0 36 12
6.154438e-07 TS1 0 0 36 12
6 235R88e-N7 TS1 n n 36 12 ¥
< >

10.3 Perform Rx Link EQ Test

This section describes how to set up the DUT for loopback testing to measure the Bit Error Rate
(BER) using the link equalization test method.

To perform link training loopback tests, the DUT attached to a test fixture will basically receive
data signals from a stress signal generator which is also connected to reference clock with the
DUT fixture. After data is processed, the signals will be sent back through the test fixture to the
stress signal generator for error detection. To enable this loopback mode, the error detector on
the stress signal generator will run link training procedure on the DUT. When the DUT enters
loopback state, the error detector will proceed to measure BER of the loopback signals.

Note: Refer to Section 7.5 to set up the DUT for link equalization testing to verify initially that
the DUT is ready for link training and loopback.
10.3.1 Equipment Setup for Add-in Card DUT Loopback Test

The following connection diagram shows the physical setup to enable loopback to perform link
training for the PCle Gen 4 add-in card DUT. The setup is using the MP1900A BERT that includes
the MU195040A Sl Error Detector module and a compliant CBB test fixture for the DUT.
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Anritsu MP1900 BERT BNC cables
MU1815008 Sub-rate //”ﬂ_—_“\‘\
Clock Out —~—

1-meter SMA coaxial cables

Sl Error Detector Data Input

? P = : 100 MHz Ref -

B e _— KT~ e ! ClockIn b -

F SRR Noise S e 3 e -
MU195/6020A output [ERTEN . ~ T — : o s e ;

LAN cable

paas
Opupe O

Real-Time Oscilloscope

1-ft SMP-to-SMP cables
Included in Test Fixture Kits

FIGURE 59. CONNECTION DIAGRAM FOR PCIE GEN 4 ADD-IN CARD DUT LOOPBACK TEST

1. Usingthe same setup from the add-in card Tx link EQ test (Section 10.2.1), remove the power
divider and its connection from the oscilloscope.
2. Connect the MU195050A noise outputs to 14.3-17.3 dB Variable ISI through the SMA-to-SMP

adapters.
3. Using 1-ft SMP-to-SMP cables, connect the 14.3-17.3 dB Variable ISI with the CBB Rx Lane.

4. Connect the CBB Tx Lane directly to the MU195040A data inputs for loopback error detection.

10.3.2 Equipment Setup for System Board DUT Loopback Test

The following connection diagram shows the physical setup to enable loopback to perform link
training for the PCle Gen 4 system board DUT. The setup is using the MP1900A BERT that includes
the MU195040A Sl Error Detector module and a compliant CLB test fixture for the DUT.
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FIGURE 60. CONNECTION DIAGRAM FOR PCIE GEN 4 SySTEM BOARD DUT LOOPBACK TEST

1. Usingthe same setup from the system board Tx link EQ test (Section 10.3.2), remove the
power divider and its connection from the oscilloscope.
2. Connect the MU195050A noise outputs to 2.0-5.0 dB Variable ISI through the SMA-to-SMP

adapters.

3. Using 1-ft SMP-to-SMP cables, connect the 2.0-5.0 dB Variable ISI with the CLB Rx Lane.
4. Connect the Tx Lane on the back of the CLB directly to the MU195040A data inputs for

loopback error detection.

10.3.3 Link Training Initialization and Testing

The Anritsu MX183000A High-Speed Serial Data test software is used with the MX190000A test
application on the MP1900A BERT to perform link training.

1. Enable all calibrated stresses on the BERT.

2. Onthe BERT’s Applications screen, select the MX183000A Utility application.

D
Tt

LRIy

LML L
R T, T,
I—I l—l
LAF oLl EXfaT BT

i

3. Inthe MX183000A - Selector pop-up, select ‘PCle Link Training’ and then ‘Start’.
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M BEO00A - Selechor #

File Sefup |Lioerse Help

4. Inthe next window, select the network address of the MX190000A BERT application followed
by ‘Connect’ to link up with the MX190000A.

< Nol
TOMME: L0000, 1=5001=50CKET -

Mot

TOFIPD: 150, LBE T 1005000 =50 EET -

Mo
TOFIPD: 153, L6E T 100500 =50 EET r

Search Sianm

5. Inthe MX183000A - PCle Link Training window, select the Link Training tab. Select ‘Recovery’
under the Loopback through field. The Recovery mode is a recommended setting for the DUT
loopback state.

File Setup beelp AAust R |

Equipmani 5’“#“ Test | Graph | R Engctrical ldle

Specification _ bur

40{16.0 GT/s) =| | Eredpint | Retult Mot ok St
ISyt 000 heiewed

[ WE

LirusSpeed 00— Tafepser 00000 sssesa !-:::.:kﬂm:mqm
131500 CE 1 ] Trans femed LTS5 LH
e v T T —
DfBpipscE = =000 s e
L - !Wk "H'I}U‘h
e — Recowerny -
Eaech Lk 0 assssa Tast Patterm

6. Pressthe Power Reset button on the CBB test fixture to reset the DUT.
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7. Inthe MX183000A - PCle Link Training window, select ‘Link Start’ in the Link Training tab.

Link Start

...... \'."-'l-'\-'hlu'r
BIL= Wy syre gt

LTS5 Log

Locpback through
R cvry =
Test Pattern

Compliance bl

8. Ifthe LTSSM (Link Training and Status State Machine) State shows ‘Loopback.Active.Master’, it
means link training is successful.

Equipment Setup | Link Training |Run Test I Grapl
Specification DUT
4.0(16.0 GT/s) Endpoint

rLTSSM State Loopback.Active.Master I

Linkup Speed 16.0 Gbps

8b10b Received Transmitted

SKPCount = =00 seeeee-

SymbolEr

If ‘Detect.Quiet’ is shown instead, it means that link training has failed.
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} Equipment SetupJ Link Training | Run Test I Gra
Specification DUT
4.0(16.0 GT/s) - Endpoint
LTSSM State Detect.Quiet I
Linkup Speed 2.5 Gbps
8b10b Received Transmitted
SKP Count 0 0
Symbol Err 0

9. Select ‘LTSSM Log’ to generate a log of the link training results.

Link Start ]

BER Measurement

_______ [ | Configure
' BER Measurement

[ urssmiog ]

If the link training is successful, the log will show the DUT enter a Loopback Active state in the
following example:

Time [ns] ATime [ns] State  Speed[GT/s] Detect
1244122144 1936 RECOVERY_IDLE 80
1244124080 24 Lo 8.0
1244124104 2512 RECOVERY_RCVR_LOCK 80
1244126616 2504 RECOVERY_RCVR_CFG_EQTS2 80
1244129120 8518400 RECOVERY_SPEED 80
1252647520 481800 RECOVERY_SPEED 16.0
1253129120 8 RECOVERY_RCVR_LOCK 160
1253129128 §35382 RECOVERY_EQUALIZATION_PHASE1 16.0
1253684480 8002296 RECOVERY_EQUALIZATION_PHASE2 16.0
1259666776 23009232 RECOVERY_EQUALIZATION_PHASE2 16.0
1282676008 1995976 RECOVERY_EQUALIZATION_PHASE3 16.0
1284675984 2000000 RECOVERY_EQUALIZATION_PHASE3 16.0
1286675984 2000000 RECOVERY_EQUALIZATION_PHASE3 160
1288675984 24 RECOVERY_EQUALIZATION_PHASE3 16.0
1288676008 1504 RECOVERY_RCVR_LOCK 16.0
1288677512 552 RECOVERY_RCVR_CFG_TS2 16.0
1288678064 1536 LOOPBACK_ENTRY_MASTER_TS1 16.0
1288679600 — LOOPBACK_ACTIVE_MASTER 160 |

If the link training has failed, the log will show Detect and Polling states in the following
example:
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Time [ns] &Time [... State Speed[GTf5] Detect Pre
o o IMITIAL 16.0
17280 17280 f DETECT_QUNTE ) 16.0
12017380 12000000 DETECT_ACTIVE 16.0
12017296 16 | POLLING_ACTIVE_TS1 16.0
26017396 24000000 IMITLAL 16.0
017312 16 DETECT _QUITE 16.0
43017312 12000000 DETECT_ACTIVE 16.0
43017323 16 | FOLLING_ACTIVE_T31 16.0
F20173:8 24000000 IMITIAL 16.0
T2017344 16 DETECT_OUITE 16.0
£40173494 12000000 DETECT ACTIVE 16.0
24017360 16 | POLLING_ACTIVE_TS1 15.0
102017360 24000000 IMITIAL 16.0
102017378 15 DETECT_QUITE 16.0
12001737 12000000 DETECT_ACTIVE 16.0
120017382 16 | POLLING_ACTIVE_TS1 16.0
144017392 249000000 INITIAL 1.0
144017408 16 DETECT_QUNTE 16.0

10.3.4 Link Training Failure Troubleshooting

If the link training has been unsuccessful, perform troubleshooting for any of the following cases
that may have been encountered during testing.

a) The LTSSM state for link training is repeated at 2.5 GT/s:
e Check that the instruments and fixtures have been properly connected.
e Ensure sufficient power supply to the DUT.
e Press the Power Reset button on the CBB or reboot the DUT.
e Connect the MU195050A noise generator data outputs directly to the MU195040A SI
error detector data inputs, and try to run link training by selecting ‘Configuration’
under the Loopback through field in the Link Training tab.

b) The DUT enters the 8 or 16 GT/s LTSSM state, but the Loopback Active state is not shown.

e Setall Jitter and Noise to OFF on the BERT.
e Remove the ISI channel and connect data signals to the DUT directly.
e Press the Power Reset button on the CBB or reboot the DUT.
e Ensure the PPG Output setting is ON.
e Change to other Preset values, for example:
o PT7isrecommended to be used for PCle Gen 3.
o P5, P6, P8 and P9 are recommended for PCle Gen 4.
e Ensure the correct EIEOS pattern revision of the DUT is being used.

If link training still fails, restart both the MX190000A and MX183000A applications.
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10.4 Perform DUT Rx Compliance Testing

This section describes how to test the DUT to meet PCle CEM 4.0 Rx electrical compliance specs.
The Rx path is tested with worst case stressed eye to ensure a BER of less than 1E-12 can be
achieved. An optional jitter tolerance test is also described here.

The Rx compliance test can be performed once the DUT has passed the link training loopback
tests (as described in the previous section).

1. Enable all calibrated stresses on the BERT.

2. Inthe same link training window from the previous test, the LTSSM State will show
‘Loopback.Active.Master’ to indicate link training has been successful. From there, select ‘BER
Measurement’ to start the error detection process for the DUT.

Equipment Setupl Link Training lRun Test | Graph | Report Qutputsing Test Pamem
Specification DUT |
P — Erndnming Unlink
4.0(16.0 GT/s) Endpoint PC|e 4,0 Preset
- Test case Setting
| TSSM State Loopback Active. Master EC Threshold Rx LEQ
Linkup Speed 16.0 Gbps .
Pass/Fail PASS 7
Eb10b Received Transmitted ||
Symbol Err _—
A [ issMiog |
Current RD Emr = Gating Time —_——
e ——
Symbal Lock e bpback through
Switch To " - covery
Manual BER Test
HERELE Received Transmitted t Pattern
SKP Count 47702 Cecl Total BER mpliance '|
DCBalance 0 Ul  Total Error Count - [ ]
MCP -
SnchieadenEr 2 Total Bits 1.0080E12
Parity Err i) Ti
Curr g imeout |
BT Aligned Current BER 0.0000E-09
Sync Loss [] Clock Loss [ Option J

3. Runthe test for 63 seconds (for the PCle Gen 4 DUT) or 125 seconds (for the PCle Gen 3 DUT)
with maximum of one error at a single preset.

10.4.1 Jitter Tolerance Testing (Optional)

The DUT can be additionally tested for jitter tolerance after it has passed Rx compliance testing.
The optional jitter tolerance test is basically carried out to search for SJ margins and measure the
BER.

1. Continuing from the same Rx compliance test window, select the Run Test tab. Select ‘Run
Test’ to start running measurements for jitter tolerance.
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Equipment Setup | Link T“'“I'J Runi Te:.l:}a.—.ph | Report Cmntputong Test Pattem

[ Chesk Al ] Measurement Comaleted, DII-I".
Uncheek All

Mo.  Jitter Freq. [Hz) Mask [UI] Upper Limit [LN]  Lower Limit [UI1] Meas. [UI]  Meas. ludge Esti

41 100,000, D00 0,100 0,200 0.200 0,160 PSS
2 10,000,000 0.100 0.200 0.100 0.200 PASS
3 1,000,000 1.000 2.000 1.000 1.600 PASS
¥4 30,000 1.000 2.000 1.000 2.000 PAES
4 m L}
littar Freg.[Hz] 01 | add | [ save I Open = e [
Wask [LN] 1.000 = ) i
- - [ Delete |  Title PCle_CC Clock Setection

Upper Limit [UI] 2.000 - - [nmmm F—
Lower Limit [UI] 1.000 - [ All Clear.|

Upper Ratia zoo0lt Measurement Sequence

Lowmer Ratho 1000 e | |From higher Freq. side 'J 0% Satiings

2. When completed, select the Graph tab to view a data plot from the measurement results.

' Equipment Setup | Link Training | Run Testf Graph [Jreport | Quipurtig Test Parern
Display ¥ — BER for JTOL Estimation | 1.0>- €= 15
—— Tester Limit @ Estimated ErorPoimt @  Data ‘
Lewr Limit — Mask Upper Lirms
10" ¥ ;
10 ¥ 1 il N ]
—_— 1 1 1
g: 10 .lr.... -
=] 3 -
ﬁ 10 + =] . 1
1ﬂ'| - -+ d . .
102 & ]
107 F : i i : . | |
10’ 10° 10 10* 10° 10 107 108
Jitter Frequency [Hz] Anritsu
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11 Appendix B: SigTest Tool Tab

The SigTest Tool allows the user to manually perform SigTest verification tests for the DUT using
appropriate offline PCle compliant SigTest template and waveform files. This function is used for

debugging purposes.

-
1. Select =4 from the GRL PCle CEM 4.0 Rx Test Application menu to access the Setup
Configuration page.

Setup  Debug Tool Sigtest Tool

Device Type: System Board w

FIGURE 61. SETUP CONFIGURATION PAGE

2. Selectthe SigTest Tool tab.

Setup Debug Tool Sigtest Tool

Sigtest Template: C:\Program Files (<86)\SigTest 4.0. 38 templates\PCIE_4_0_R

Browse

Run SigTest

FIGURE 62. PERFORM SIGTEST DEBUGGING

3. Select the ‘Browse’ button to go to the specific SigTest template file directory and select the
template file to be used. Then select the ‘Run SigTest’ button to perform SigTest using a
selected saved offline waveform file. When selected, the GRL software will automatically run
the SigTest for the waveform as shown in below example.
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Cwerall Eye Width: :|
Cwerall Eye Height: :|

Target EW:
Target EH:

18.25ps «<=EW «=19.25ps
13.50mV <= EH «=16.50mV

Pass/Fail:

none) |

Add In Card_LnD0_T¥Respanse_P03_d_acg 000 hin

Details

SqTes:
Waveform:

Results

Measured EW:  [none)

Measured EH:  Inone)

Signal Eye Diagram

graniteriverlabs.com

FIGURE 63. RUNNING OFFLINE SIGTEST VERIFICATION

4. Once testis completed, the results will be displayed like in the following example.

Overall Eye Width:  [jER AN
Overall Eye Height:

Target EW:
Tanget EH:

18.25ps <= EW <=15.25ps
13.50mVY <= EH <= 16.50mV

Pass/Fail:
TempWaveform.bin
Details

SoTest

Waveform:  CAGRL\WGRLSInk TestProjects\PCIECEMGend_AN_RxTest\AppData Waveform' TempWaveform 1 bin

Results
Measured EVW:  11.5216ps
Measured EH:  0.0000mY

Signal Eye Diagram

(Cther Parameters

TempWaveform2 bin

92 40 4p o1 o2 o3 o o o oF o o b b a2
Ut irdervs

Parameter Value =
Max Peak+o-Peak Jitter 65.4009507683
Mean Recovered Ul 62 5000000000
Ti@E-12 509784337457
Dj_dd 153392041361
Rj (RMS) 224386445576
Miri Eye Width 11.5215662503
Camnla | nnatinn 20 nonnAnANAN e

FIGURE 64. VIEWING SIGTEST ANALYSIS RESULTS
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12 Appendix C: Debug Tool Tab

The Debug Tool allows the user to manually perform Tx link equalization time response tests with
presets and cursors for the DUT using appropriate offline PCle compliant waveforms. This

function is used for debugging purposes.

cat
1. Select =4 from the GRL PCle CEM 4.0 Rx Test Application menu to access the Setup
Configuration page.

Setup  Debug Tool  Sigtest Tool

Device Type: System Board R

FIGURE 65. SETUP CONFIGURATION PAGE

2. Select the Debug Tool tab.

Setup Debug Tool Sigtest Toal

Tx Response Preset

Tx Response Cursor

FIGURE 66. PERFORM TX LINK EQ TIME RESPONSE OFFLINE TESTS DEBUGGING

3. Selectthe ‘Tx Response Preset’ or ‘Tx Response Cursor’ button to initiate the respective Tx link
EQ time response test. The Select Waveforms pop-up will appear as below.

Select Waveforms — O *

Mo. Filename

FIGURE 67. INITIATE TX LINK EQ TIME RESPONSE PRESET/CURSOR TEST
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4. Select the ‘Browse Waveform’ button to go to the specific offline waveform file directory and

select the waveform file to be used. When selected, the GRL software will automatically run
the Tx link EQ time response preset/cursor test for the waveform as shown in below example.

PCle Preset Decoder X

Add In Card_Ln00_TXResponse_P00_d_acql00 bin

Status
Decoder:
Waveform:  Add In Card_Ln00_TXResponse_P00_d_acq000 bin

Decoded Transition Time:  {none)

Blectral Transttion Time:  {none)

Time relative to tigger (s} Type Preset Precursor Coefficient Cursor Coefficient Postcursor coefficient  Data

FIGURE 68. RUNNING TX LINK EQ TIME RESPONSE PRESET/CURSOR TEST

Once test is completed, the results will be displayed like in the following example. A detailed
list of the entire requested equalization change can be viewed at the bottom of the window.
To quickly determine at which point the Tx equalization change starts to happen in the DUT,
select the ‘Show’ button which will display the row highlighted in yellow.

PCle Preset Decoder >

Add In Card_Ln00_TXResponse_P00_d_acq000.bin

Status

Decoder:

Waveform:  Add In Card_LnD0_TXResponse_P00_d_acq000 bin

Decoded Transition Time:  1.670813e-07s Show Image
Electrial Transttion Time:  1.165313e-07s Show Image

Time relative to trigger () Type Preset Precursor Coefficient Cursor Coefficient Postcursor coefficient  Data 0
1.092281e-07 TS1 4 0 63 ] 0102553001630
1.183500e-07 TS1 4 0 63 0 0102553001630
1.264625e-07 TS1 4 0 63 ] 0102553001630
1.34521%e-07 TS1 4 0 63 ] 0102553001630
1.427250e-07 TS1 4 0 63 0 0102553001630
1.508500e-07 TS1 4 0 63 ] 0102553001630
1.589656e-07 TS1 4 0 63 ] 0102553001630
1.670813-07 TS1 0 0 47 16 30102553001310
1.751625e-07 TS1 0 0 47 16 3010255300110
1.83331307 TS1 0 ] 47 16 010255300110
1.91471%e-07 TS1 0 0 47 16 0102553001310
1.955506e-07 TS1 0 0 47 16 3010255300110
2.07596%-07 TS1 0 ] 47 16 010255300110
2.158375e07 TS1 0 0 47 16 0102553001310
2.239554e-07 TS1 0 0 47 16 3010255300110
231971907 TS1 0 ] 47 16 010255300110
240221307 TS1 0 0 47 16 010255300110

£ >

FIGURE 69. VIEWING TX LINK EQ TIME RESPONSE PRESET/CURSOR TEST RESULTS
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6. For further analysis of the test results, respective traces for the decoded and electrical
transition times can be viewed by selecting the ‘Show Image’ button for each category. An
example is shown below.

gl CGRLVRx Test Solution\Applications\PCIECEMGend_AN_RxTest\AppData\Report\Result\DecadediAdd In ...  — O >

0.2 4
0.1 4
=
7]
o
3  0.04
2
—0.1 A
—=0.2 A

-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00
time(us)

FIGURE 70. VIEWING TX LINK EQ TIME RESPONSE PRESET/CURSOR TEST TRACE FOR TRANSITION TIME

Note: The Decoded transition time serves as an informative value only and not required for
compliance.
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13 Appendix D: Connecting Keysight Oscilloscope to PC

If using a Keysight oscilloscope, refer to the following procedure on how to connect the Scope to
be used with a PC. The Keysight Scope can be connected to the PC through GPIB, USB, or LAN.

1. Download the latest version of the Keysight 10 Libraries Suite software from the Keysight
website and install on the PC.

2. When installed successfully, the 10 icon () will appear in the taskbar notification area of the
PC.

3. Selectthe 10 icon to launch the Keysight Connection Expert.
4. Click Rescan.

Keysight Connection Expert

Instruments PXI/AXIe Chassis Manual Configuration 5S¢

0 Rescan Filter Instruments: Clear

Unknown Instrument D

TCPIPO::localhost: :instD:: INSTR

DSAV334A, KEYSIGHT TECHNOLOGIES

L = =

USBO: :0x2ABD: :0x902C: :MY55170106::0: :INSTR
Click to view instrument details

FIGURE 71. KEYSIGHT CONNECTION EXPERT

5. Refresh the system. The Keysight Scope is shown on the left pane and the VISA address is
shown on the right pane.
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Keysight Connection Expert { AN R
Instruments PXI/AXIe Chassis Manual Configuration Settings
0 Rescan Filter Instruments: Clear
Unknown Instrument Details for KEYSIGHT TECHNOLOGIES DSAV334A
TCPIPO: locathost::inst0:: INSTR
Manufacturer: KEYSIGHT TECHNOLOGIES View Instrument Information Online
DSAV334A, KEYSIGHT TECHNOLOGIES Model: DSAV334A
Serial Number: MY55170106

USBO0::0x2A80::0x902C::MYS5170106::0:: INSTR

irmwart rsion: 05.50.0010
Chick to view mstrument details S

PCSERNO, Agilent

o Connection Strings
TCPIPO:: WINDOWS-13983-2.local: :hislip0:: INSTR
VISA Addresses
i » y Send Commands To This Instrument
o USB0::0x2A8D::0x902C::MY55170106::0::INSTR Start 10 Monitor
Add or Change Aliases

v SICL Addresses

v  Messages: 5 | Chs Remote 10 Server OFf  32-Bit Keysight VISA is Primary  17.1.19313.5

T4 02:48:37 Removed connection TCPIPO:: WINDOWS-6LSIQFE: :inst0:: INSTR from agilent,infinéium,js33635236

T4 02:48:37 Updated connection TCPIPO::localhost::inst0::INSTR

T4 02:47:31 Rescan requested

T 02:36:10 Instruments are already discovered and configured | a
T4 02:36:10 User interface session started

FIGURE 72. OscILLOSCOPE’S VISA ADDRESS

6. When connecting the Keysight Scope to the PC through GPIB/USB, type in the VISA address
into the ‘Address’ field on the Equipment Setup page of the GRL PCle CEM 4.0 Rx Test
Application. If connected via LAN, type in the Scope IP address, for example
“TCPIP0::192.168.0.110::inst0::INSTR”. Note to omit the Port number from the address.

If there is error in connection, type in the Scope IP address as
“TCPIP0::192.168.0.4::5025::SOCKET”.
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14 Appendix E: Connecting Tektronix Oscilloscope to PC

If using a Tektronix DPOJET Series oscilloscope, refer to the following procedure on how to
connect the Scope to be used with a PC. The Tektronix Scope can be connected to the PC through

GPIB, USB, or LAN.

1. Download the latest version of the Tektronix TekVISA software from the Tektronix website and

install on the PC.

2. When installed successfully, open the OpenChoice Instrument Manager application.

GRL - Automated Test Solutions

d’] Notepad
Tek

| Tek |
TekScope

Tek_Local_Admin

Documents

-_‘_- Windows Explorer ]
i Pictures

"-'/':‘ Internet Explorer 3
Music

E Launch DisplayPort AUX Control
Games

E TeamViewer 10 _
Computer

USB 3.0 Receiver Testing Control Panel
Control Pane

-'::Z') Paint g Devices and Printers

u CLE1000 Default Programs

‘ OpenChoice Instrument Manager ‘ Help and Support

» Al Programs

L] NEEEEL

| |55:r:r" programs and files

FIGURE 73. OPENCHOICE INSTRUMENT MANAGER IN START MENU

3. The left “Instruments” panel on the OpenChoice Instrument Manager will display all
connected instruments. The functional buttons below the “Instruments” panel - “Instrument
List Update”, “Search Criteria”, “Instrument Identify” and “Properties” can be used to detect
the Scope in case it does not initially appear under “Instruments”.

a) “Instrument List Update”: Select to refresh the instrument list and locate new instruments
connected to the PC.

b) “Search Criteria”: Select to configure the instrument search function.

c) “Instrument Identify”: Select to use a supported programming language to send a query to
identify the selected instrument.

d) “Properties”: Select to display and view the selected instrument properties.

GRL-PCIE4-CEM-RXA User Guide and MOI

© Granite River Labs 2022

Version 8.1, Aug 2022. Updated 08.31.2022

Rev8.1
Page 118 0f 119


http://www.graniteriverlabs.com/

‘ GRI‘ g?niteriverla bs.com

DpenChoiceInstrumentManager EI =]

File Edit Help

Instruments Applications and Utilities

I3 GPIBS:-1::INSTR DOpenChoice Call Monitar
Bockel| TCPIP:-192.168.0.39::23::SOCKET OpenChoice Talker Liste. ..
[TEE]USB:-0x0699--0x0345-C022203- INSTR

1| m

Last Updated: 5/10/2015 8:25 PM

Instrument List Instrument
Update Identify...

Start Applicatio_ﬂ or Utility

Search Criteria.. Properties.

Tektronix

FIGURE 74. OPENCHOICE INSTRUMENT MANAGER MENU

If connecting the Tektronix Scope to the PC via USB, select the “Search Criteria” function to
ensure that USB connection is enabled, and then select the “Instrument List Update” function.
When the Scope appears on the “Instruments” panel, select it and then go to the “Instrument
Identify” function. This will display the model and serial number of the Scope once detected.
Select the “Properties” function to view the Scope address.

If connecting the Tektronix Scope to the PC via LAN, the Scope IP address must be pre-
determined beforehand. Then select the “Search Criteria” function to ensure that LAN
connection is enabled and type in the Scope IP address. When the Scope shows up in the list,
select it followed by “Search”. The Scope should then appear on the “Instruments” panel.
Select it and access the “Instrument Identify” function to view the Scope model and serial
number as well as the “Properties” function to view the Scope address.

On the Equipment Setup page of the GRL PCle CEM 4.0 Rx Test Application, type in the Scope
address into the ‘Address’ field. If the GRL PCle CEM 4.0 Rx Test Application is installed on the
Tektronix Scope, ensure the Scope is connected via GPIB and type in the GPIB network
address, for example “GPIB8::1::INSTR”. If the GRL software is installed on the PC to control
the Scope, type in the Scope IP address, for example “TCPIP0::192.168.0.110::inst0::INSTR”.
Note to omit the Port number from the address.

END_OF_DOCUMENT
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