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1 Introduction

This user manual provides information using the GRL-PCIE5-CEM-RXA test automation solution to
set up and test an electrical receiver (Rx) device to meet PCI Express Card Electromechanical
(CEM) 5.0 compliance for 32 GT/s as per PCI Express (PCI-SIG) Standards.

The main body of this documentation first describes how to configure the GRL-PCIE5-CEM-RXA
test software to calibrate the stressed eye at the receiver of the device under test (DUT) in the PCle
Gen 5.0 system. This includes calibration to be performed at both the physical Test Point 3 (TP3)
and the Long Channel at TP2. The GRL software will automate calibration without channel effect
at TP3 before measuring the eye opening due to trace length. It also enables running the SigTest
and Seasim post processing analysis application to ensure signal quality compliance. The final
calibrated eye diagram uses both the SigTest and Seasim software to achieve the final stressed
eye calibration.

After completing calibration, the GRL-PCIE5-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-PCIE5-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 CEM 5.0 Rx electrical compliance. 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.

GRL-PCIE5-CEM-RXA User Guide and MOI Rev7.5
© Granite River Labs 2022 Version 7.5, Aug 2022. Updated 08.25.2022 Page 11 of 123


http://www.graniteriverlabs.com/

') GRI‘ g?niteriverlabs.com
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

TABLE 1. EQUIPMENT REQUIREMENTS — SYSTEMS AND ACCESSORIES

System & Accessory Qty. Description/Key Spec Requirement
High Performance Real-time Oscilloscope 1 | 250 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 Generator [

e MU195040A 21G/32G bit/s Sl Error
Detector

e MU195050A Noise Generator

PCI-SIG Compliance Base Board (CBB) 1 | Foradd-in cards

or

PCI-SIG Compliance Load Board (CLB) For host system boards

ISI Source Generator 1 | CompliantVariable ISI channel

Pick-off Tee 2 | Forconnecting scope to CLB/CBB Tx lanes to

perform link equalization tests

Terminator 1 | J1632A Coaxial Terminator, for termination of
unused MU195020A/MU196020A Aux Out
connector during link equalization testing

V(m) - K(f) Adapter 2 | 34VKF50A Coaxial Adapter, only required if using a
PAM4 Pulse Pattern Generator

PCle5 Re-Driver J1890A ¥ PCle5 Re-Driver Set with AH54192A ¢
56Gbaud Differential Linear Amplifier
or

MACOM Technology Solutions Re-Driver [

For Return Path optimization in the System Tx/Rx
Link Equalization Test

GRL-PCIE5-CEM-RXA User Guide and MOI Rev7.5
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System & Accessory Qty. Description/Key Spec Requirement

Computer (laptop or desktop) 1 | Windows 7+ 0S
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.
[ MU181000B Option 02 is required for testing the System Board DUT.
[9 The GRL-PCIE5-CEM-RXA software supports PAM4 PPG in NRZ mode.

[l The J1890A and AH54192A are packaged separately. Check the contents of both boxes. The AH54192A is
supplied as a set with dedicated power supply AH54192A-01. See Appendix B for more details.

[ See Appendix C for more details.

TABLE 2. EQUIPMENT REQUIREMENTS — CABLES

Cable @ Qty.
SMA-to-SMA cable 4
SMA coaxial cables 1 pair
Phase matched K-K coaxial cables 3 pairs
J1746A K-K cable set (to connect between MU195020A and MU195050A) 1
J1627A GND connection cable 1
BNC-to-SMA cable 1

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

GRL-PCIE5-CEM-RXA User Guide and MOI Rev7.5
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2.2 Software Requirements

TABLE 3. SOFTWARE REQUIREMENTS

Software

Description/Source

GRL-PCIE5-CEM-RXA

Granite River Labs PCl Express Card Electromechanical 5.0 (32 GT/s)
Automated Receiver Calibration and Compliance Test Solution -
www.graniteriverlabs.com

VISA (Virtual Instrument
Software Architecture)
API Software

VISA Software is required to be installed on the controller PC running
GRL-PCIE5-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 5 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

Seasim Seasim tool for post-process analysis of the captured waveform (Eye
Opening simulation software) - www.pcisig.com
GRL-PCIE5-CEM-RXA User Guide and MOI Rev7.5
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3 Setting Up GRL-PCIE5-CEM-RXA Automation Software

This section provides the procedures to start up and pre-configure the GRL-PCIE5-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.

3.1 Download GRL-PCIE5-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-PCIE5-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 PCIECEMGen5_AN_PatternFilesInstallationxxxxxxxxxSetup.exe - Run this on the
Anritsu MP1900A BERT Signal Quality Analyzer to install the pattern setup files.

e PCIECEMGen5_AN_RxTestApplicationxxxxxxxxxSetup.exe - Run this on the PC or on
the oscilloscope to install the application.

e PCIECEMGen5_AN_RxTestScopeSetupFilesInstallationxxxxxxxxxSetup.exe - Run this
on the oscilloscope to install the scope setup files.

3.2 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.

G
Q Get Help

€ Google Chrome

OJ

. Google Drive

Bl

B s

GRL| GRL - Automated Test Solutions

@é: Uninstall
5 M« O H

FIGURE 1. SELECT AND LAUNCH GRL FRAMEWORK

C &

GRL-PCIE5-CEM-RXA User Guide and MOI Rev7.5
© Granite River Labs 2022 Version 7.5, Aug 2022. Updated 08.25.2022 Page 15 of 123


http://www.graniteriverlabs.com/

o GRI‘ g?niteriverla bs.com

From the Application>Rx Test Solution drop-down menu, select ‘Anritsu PCle CEM 5.0 Rx Test’
to start the PCle CEM 5.0 Rx Test Application. If the selection is grayed out, it means that your
license has expired.

® GRL - Automated Test Solution

Application | Options  License  Windows Help

Framework Test Solution 3

R Test Solution » | Anritsu PCle CEM 5.0 R Test

FIGURE 2. START PCIE CEM 5.0 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 License n

Granite River Labs

Framewaork License Details

Installed Products:
Anritsu PCle CEM 5.0 Rx Test - Permane ~

Huost 1D (For enguiries or license request please send this infarmation):
QqEx0EbSTAGYNJHSMZTIP UpODrk TEKNwze 1r2sCx LY IKAe+p A

k Tdcslo TVlorb Ze6E+E Skt 7/ Nhmg++AAEImiXC TuMc) 5y 3cVnBJ Dbr Copy to
4qGgAFZ 7 TaBAgAnRz 2vte TCRCrBIYiyWabw TKRRub85UC+AT4s Clipboard
QMIWBaDSuoalGYGmITakl0 v

For license enquiries send the Host IDto  support @Granite Riverl abs com

Activation Key Received:

Activation License File Received: | Browse Activate

Cloze

FIGURE 4. CHECK LICENSE FOR INSTALLED APPLICATIONS
b) Activate a License:

e Ifyou have an Activation Key, enter it in the field provided and select “Activate”.
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e If you 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 5.0 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::1192.168.0.14::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 5.0 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 “GPIBS8::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.

GRL-PCIE5-CEM-RXA User Guide and MOI Rev7.5
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Name 0 Address Type Vendar Lib

Scope |Scu:u|:ue ||TCPIPD::Iocthnst::i|| |Osci|lnscnpe | Agilert ~ || | AgilentScope  ~ =
MXT0000A | [gERT || [TcPiPo:192.1620. | [BERT | [Anitsu ~ || | Anitsu19008Ber =
MXT83000A | [anntsulink Sec| | [TCPIP0:192.168.0.] | [AnntsulinkSed|| |Amitsu || |Genericvisa =

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.

3.3 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.

3.3.1 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 | Comments
DUT Model Number: |pCle CEM 5.0 Rx Device 1|
DUT Serial Number: |DDE'DDE'D1 |
FIGURE 6. SESSION INFO PAGE
GRL-PCIE5-CEM-RXA User Guide and MOI Rev7.5
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4 Calibrating Using GRL-PCIE5-CEM-RXA Software

The GRL-PCIE5-CEM-RXA test solution supports automated Rx calibration using the SigTest and
Seasim signal quality and stress tolerance analysis application for PCle Gen 5 system boards and
add-in cards. To perform calibration, the GRL-PCIE5-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 5.0 electrical specification will basically be performed at two physical
test points: TP3 and TP2 (for the Long Channel). Test Point 3 (TP3) is a physical test point for
calibration without the effect of a channel. 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.

Test Board Add Behavioral
o Replica Rx PGCKHQE.
P3 P TP2 RxEq, and CDR

= [ ] . u Channel
e @[ @@ ® e
Generator [i{ -}}3] @7 %] 'i.,z'\| ‘F@ @]—E ;eesse
]

Calibration 1o,
Combiner Channel #1 P4 T

[‘?:g,"—'-\,%| E!:rrn_leal-cnult
& Y anne
S tor T T : O™ —
Generator [g’_ ﬁ] 0] @ ® >
Nt p .y =
— 1= @H—+® || [ eH—= L BER
Calibration 3 1P — 2% DUT
Channel #2 [@]—"

Refclk

A-DB268
Figure 8-22 Rx Testboard Topology for 16.0 and 32.0 GTys

FIGURE 7. RX CALIBRATION DIAGRAM FROM PHY TEST SPECIFICATION

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. Post processing analysis of the signal is performed at the TP2P test
point using the Seasim or SigTest application to simulate the stressed eye opening after applying
Rx Behavioral package, Rx CTLE and DFE (if required). When calibration is completed, the GRL
software will generate a test report detailing all results obtained from the calibration.
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4.1 SetUp Automated Rx Calibration for TP3

Once pre-configuration has been completed from previous section, continue with the following
calibration setup at TP3 (output of the BERT generator) using a GRL automation control enabled

oscilloscope and Anritsu MP1900A BERT.

Anritsu MP1S00A BERT

MU181000A/B

Oscilloscope

graniteriverlabs.com

MU181500B
BB Y JBPHF

l, ——t =

MU195/6020A s
R A i, B

MU195050A e

FIGURE 8. RECOMMENDED SETUP FOR TP3 RX CALIBRATION

OO O0O
OO0

[
[ ]

L 1

1. Using a SMA-SMA short cable, connect the MU181000A/B clock output to the MU181500B Ext

clock input.

2. Using a SMA-SMA short cable, connect the MU1815008B jittered clock output to the

MU195020A/MU196020A Ext clock input.

3. Using coaxial cables, connect the MU195020A/MU196020A data outputs to the MU195050A

data inputs.

4. Using phase matched K-K coaxial cables, connect the MU195050A data outputs to Channels 1

and 3 on the oscilloscope.

4.1.1 TP3 Calibration Setup with Tektronix ATI Based Oscilloscope

If the Tektronix ATl based oscilloscope is being used, proceed with the following TP3 calibration

setup.
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Anritsu MP1900A BERT

MULB1000A/B - ]
- - O — e

Tektronix ATl Oscilloscope

B R T G G e S
‘ L I Rl . Lol = P e £

MLIE15008 = S
JFole 5 JBROF D

-. —— —— -
g T
< —

MUL95/60204 s : -
. L= Gyd o6

BALLLOSOS0M o e — g - —
Bl eV U QU G 0.0

SleLele;
OO0

=U

1

CH1 CHZ

& dB Attenuator

FIGURE 9. RECOMMENDED SETUP FOR TP3 RX CALIBRATION USING TEKTRONIX ATl SCOPE

Note: Make sure that the “Tektronix Scope Type” is set to Dual ATl in the Configurations page (see

Section 4.6).

1. Follow back the same connections from step 1 to 3 in Section 4.1 above.

2. Then using phase matched K-K coaxial cables, connect the MU195050A data outputs to
Channels 1 and 2 on the Tektronix ATl based oscilloscope through 6 dB attenuators.
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4.2 SetUp Automated Rx Calibration for TP2

The next step is to calibrate the TP3-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 5 System Board or Add-In Card test fixtures. These calibration setups should also
comply with insertion loss limits of 34 to 37 dB.

4.2.1 Connect Equipment for System Board Calibration

Anritsu MP1900A BERT

MU181000A/8 = )
— {_ — = we BT Oscilloscope
MU1215000 OOOO
W, B WL =
K o R OOOO
MU195/6020A MSaieal ey
[ L:.J"‘ Ly VU U9 | |
MU195050A s |
|
CLB Rx ——
Nominal
4.9-7.9dB 1 ft cables
Variable 1SI

Nominal .
1 ft cables 13048 | Variable ISI

FIGURE 10. RECOMMENDED SETUP FOR TP2 LONG CHANNEL Rx CALIBRATION (PCIE GEN 5 SYSTEM BOARD)

1. Using back the same BERT connections from the TP3 calibration, disconnect the MU195050A
data outputs from the oscilloscope channels.

2. Connect the MU195050A data outputs to Variable ISI (Nominal 4.9 - 7.9 dB).

3. Using 1 ft cables, connect between both the Variable ISI (Nominal 4.9 - 7.9 dB) and the CLB Rx
Lane.

4. Using 1 ft cables, connect between both the CBB Tx Lane and Variable ISI (Nominal 13.0 dB).
5. Connect the Variable ISI (Nominal 13.0 dB) to Channels 1 and 3 on the oscilloscope.
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4.2.1.1 System Board Calibration Setup with Tektronix ATl Based Oscilloscope

If the Tektronix ATl based oscilloscope is being used, proceed with the following system board
calibration setup.

Anritsu MP1S00A BERT

MU181000A/B = ) =

| — = (o g

MU181500B E— \ H OOO0O
P & P - s
O 00 L7 O = - OO0
- - — 1

Tektronix ATl Oscilloscope

MU195/6020A 2 -ﬁ-.‘:q- | |

=)
I | L 1
Nominal KCH1 2
4.9.79dB 1 ft cables
Variable ISl

6 dB attenuator

Nominal .
1 ft cables 13048 | Variable ISI

FIGURE 11. RECOMMENDED SETUP FOR TP2 LONG CHANNEL RX CALIBRATION (PCIE GEN 5 SYSTEM BOARD)
USING TEKTRONIX ATI SCOPE

Note: Make sure that the “Tektronix Scope Type” is set to Dual ATl in the Configurations page (see
Section 4.6).

1. Follow back the same connections from step 1to 4 in Section 4.2.1 above.

2. Then connect the Variable ISI (Nominal 13.0 dB) to Channels 1 and 2 on the Tektronix ATI
based oscilloscope through 6 dB attenuators.
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4.2.2 Connect Equipment for Add-In Card Calibration

Anritsu MP1S00A BERT

Mu181(£0Ajf I~ 2 © Oscilloscope

MU1815008 Jppes OOO0
B

l : OOOO0O

MU195/6020A |,
e R

L]
[ ]

MU195050A s

-

_kf.'],_; &% :"--'._ s o™
|
1 ft cables
Variable Nominal
S| 19.75-22.75 dB Nominal
CLB Tx 20
Variable ISI
1ft cables

FIGURE 12. RECOMMENDED SETUP FOR TP2 LONG CHANNEL RX CALIBRATION (PCIE GEN 5 ADD-IN CARD)
Using back the same BERT connections from the TP3 calibration, disconnect the MU195050A
data outputs from the oscilloscope channels.

Connect the MU195050A data outputs to Variable ISI (Nominal 19.75 - 22.75 dB).

Using 1 ft cables, connect between both the Variable ISI (Nominal 19.75 - 22.75 dB) and the
CBB Rx Lane.

Using 1 ft cables, connect between both the CLB Tx Lane and Variable ISI (Nominal 2.5 dB).

Connect the Variable ISI (Nominal 2.5 dB) to Channels 1 and 3 on the oscilloscope.
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4.2.2.1 Add-In Card Calibration Setup with Tektronix ATl Based Oscilloscope

If the Tektronix ATl based oscilloscope is being used, proceed with the following add-in card
calibration setup.

Anritsu MP1900A BERT

MU181000A/B = o) \,

Tektronix ATI Oscilloscope

H 0000
A ccco
Meld 1
IS
[ ]

| | I
1 ft cables E CH1 CH2

— = = BT

- - o " — G
© Y= ¢
T A e 'Y =

MU1815008B

o

MU195/6020A [T = o
N U= YL 8 .

MU195050A e s
Bl (Y (200 G

Variable Nominal
I| 19.75-22.75 dB —
CLB Tx 2.5dB
Variable ISI 6 dB attenuator

1 ft cables

FIGURE 13. RECOMMENDED SETUP FOR TP2 LONG CHANNEL Rx CALIBRATION (PCIE GEN 5 ADD-IN CARD) USING
TEKTRONIX ATI SCOPE

Note: Make sure that the “Tektronix Scope Type” is set to Dual ATl in the Configurations page (see
Section 4.6).

1. Follow back the same connections from step 1to 4 in Section 4.2.2 above.

2. Then connect the Variable ISI (Nominal 2.5 dB) to Channels 1 and 2 on the Tektronix ATl based
oscilloscope through 6 dB attenuators.

4.3 Set Measurement Conditions

a.n.J_.-.
Select from the GRL PCle CEM 5.0 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.
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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.

5J Frequency

Sd (33khz)
S (1Mhz)
SJd (10Mhz)
SJ (100Mhz)

FIGURE 14. SELECT TEST CONDITION

4.4 SetUp Calibration Requirements

B
After setting up the physical equipment, select from the GRL PCle CEM 5.0 Rx Test Application
menu to access the Setup Configuration page.

Setup  Debug Tool  Sigtest Tool

Device Type: System Board b

FIGURE 15. SET UP CALIBRATION REQUIREMENTS

4.4.1 SetupTab

Select to use a compliant PCle System Board or Add-In Card as the calibration device.

Setup Debug Tool Sigtest Tool

Device Type: stem Board ‘v

Add In Card
System Board

FIGURE 16. SELECT DEVICE FOR CALIBRATION
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4.5 Select PCle CEM 5.0 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 5.0 based receiver calibration to be performed. Select the check
box(s) of the desired Rx calibration.

=[] 4 PCle Gen5.0 Rx Calibrations and Tests &3
= |:|(> Calibrations

=t |:| 4> TPA Calibrations

. [(]4> Preset 4 Calibration

----- [J4 Launch Amplitude Calibration

----- [J 4 De-Emphasis Calibration

----- [J4 Preshoot Calibration

----- [J4 Rj Calibration

. [ 5 Calibration

= -] 4 Long Channel Calibration

----- 14 DM Calibration

----- 4 CM Calibration

—-[_] 4 Sigtest
|:| 4> Preset EQ Optimization
D 4> DM Optimization
i ] 4 Final Eye Calibration

FIGURE 17. SELECT RX CALIBRATION
4.5.1 Select to Perform TP3 Calibration

Under ‘TP3 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 5 frequencies as per PCle CEM 5.0 Rx specs and forms a linear curve fit for
each SJ frequency).

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

= |:|(> Calibrations

=3 l<>

/14> Preset 4 Calibration

14 Launch Amplitude Calibration
714> De-Emphasis Calibration
714 Pre-shoot Calibration

149 Rj Calibration

..[A 4 §j Calibration

FIGURE 18. SELECT TP3 CALIBRATION
4,5.2 Select to Perform Long Channel TP2 Calibration

Under ‘Long Channel Calibration’, select to calibrate for differential mode (DM), common mode
(CM), and SigTest or Seasim eye calibration parameters to achieve calibrated eye height and width
to produce a final stressed eye diagram.

Note that the list for SigTest eye calibration (for preset equalization (EQ) optimization, DM
optimization, and final eye calibration) or Seasim eye calibration (for preset EQ optimization and
final eye calibration) can be toggled using the Configurations page “Eye Calibration Method”
parameter. See Section 4.6 for more details.
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The GRL software will automatically run the selected calibration when initiated.

E LA | ong Channel Calibration

il € DM Calibration

L[4 CM Calibration

-4 Sigtest

ir[] € Preset EQ Optimization
‘[ 4 DM Optimization
iw[#] € Final Eye Calibration

FIGURE 19. SELECT LONG CHANNEL TP2 CALIBRATION (WITH SIGTEST)

EI L "4 | ong Channel Calibration

i € DM Calibration

-f] € CM Calibration

-] € Seasim
i[9 Preset EQ Optimization {Seasim)
L.[Z/] € Final Eye Calibration (Seasim)

FIGURE 20. SELECT LONG CHANNEL TP2 CALIBRATION (WITH SEASIM)

4.6 Configure Calibration Parameters

graniteriverlabs.com

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.
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o- PCle Gen5.0 Rx Calibrations and Tests -~ Set Defaul
D Calibrations

SigTest Silent Mode: True v

Eye Calibration Method: SigTest )

DM Measurement: RMS to Vipp w

SJ/RJ Calibration SigTest Version: 5.1.02

Eye Calibration SigTest Version: 5.1.02

Scope BandwidthiGhz): 50 r

Tektronix Scope Type: Dual ATI v

Channel Skew For Tektronix AT| Setupips): 0

Dual ATl channel Plus De-Embedding File: TP1ChannelDeEmbedSingPlus

Dual ATl Channel Minus De-Embedding File: TP1Channel DeEmbedSingMinus

Preset Calibration Method: AC Method -

= Long Channel Calibration
TP2 Scope Bandwidth (Ghz): 13 v
Custom Final 151 Trace: False ~
Apply Embedding: True -
Add In Card Embed File: NRC_reference_package_PCIES
System Embed File: RC_reference_package_PCIES
Minimum Preset For Eye Calibration: PE e
Maximum Preset For Eye Calibration: Pg -
Preset To Exclude: P7
CTLE Scan Start EQ Gain{dB): g v
CTLE Scan End EQ Gain(dB): 15 r
lUse Real Edge: True e
ISl Scan Range: 37 v
Eye Width Min Limit (ps): 2.875
Eye Width Max Limit (ps): 9.875
Eye Height Min Limit (V): 00135
Eye Height Max Limit [V} 0.0165
Number Cf LII: 2000000 h
FIGURE 21. CALIBRATION PARAMETERS CONFIGURATION PAGE
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TABLE 4. CALIBRATION PARAMETERS DESCRIPTION

Parameter

Description

SigTest Silent Mode

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

Eye Calibration Method

Select either the SigTest or Seasim application to be used for final stressed
eye calibration and post processing signal quality testing. Make sure that the
SigTest or Seasim application is already installed in the test controller system.

Note this SigTest or Seasim selection will cause the calibration list to change
accordingly.

DM Measurement

Select the unit for measuring differential mode (DM).

SJ/RJ Calibration SigTest
Version

If the SigTest method is selected to be applied during calibration of SJ or RJ,
enter the Version number of the SigTest to be used. Make sure that the SigTest
application is already installed in the test controller system.

Eye Calibration SigTest If the SigTest method is selected to be applied during eye calibration, enter

Version the Version number of the SigTest to be used. Make sure that the SigTest
application is already installed in the test controller system.

Scope Bandwidth (GHz) Select the appropriate bandwidth of the Scope being used for measurements.

Tektronix Scope Type If the Tektronix Scope is to be used for measurements, select either the

Single-shot based Scope or the Tektronix' owned Dual Asynchronous Time
Interleaving (Dual ATI) based Scope.

Channel Skew For
Tektronix ATI Setup (ps)

If the Tektronix ATl based Scope is to be used for measurements, enter the
channel skew or timing to perform alignment of the Scope channels.

Dual ATl Channel Plus /
Minus De-Embedding File

If the Tektronix ATl based Scope is to be used for measurements, specify the
file name for de-embedding on the respective Scope channel.

Preset Calibration
Method

Select the “AC Method” or “DC Method” to be used for preset calibration.

TP2 Scope Bandwidth
(GHz)

Select the bandwidth of the Scope to be used for TP2 measurements.

Custom Final ISI Trace

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

Apply Embedding

Select ‘True’ to embed the add-in card or system board DUT for calibration.

Add-In Card [ System
Embed File

Specify the file name for the embedded add-in card or system board.

Minimum & Maximum
Preset for Eye
Calibration

Select the range of presets to be applied for stressed eye calibration.

Preset to Exclude

Specify the preset that is not used for calibration.
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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.

Use Real Edge

Select ‘True’ to use Real Edge connection for test setup on the Oscilloscope.
Note: This setting is only applicable for the Keysight Scope.

ISI Scan Range

Select the scan range during ISl calibration.

Eye Width & Eye Height
Min [/ Max Limit

Enter the limits for maximum and minimum eye calibration values.

Number Of Ul

Enter the number of unit interval (Ul) samples to acquire during calibration.

Final Eye Convergence

Select either a Strict or Loose method to be applied in the calculation for the
final calibrated eye.

Brute Force Method

Select ‘True’ to enable DM Optimization SJ to continue scanning until all SJ
ranges are included. The GRL-PCIE5-CEM-RXA software will then select the DM
with Eye Height closest to 0.015 V.

If the SigTest method is selected:

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.

SigTest N Acquisition

Enter the number of measurements to acquire when running SigTest over the
Long Channel TP2 calibration.

Eye Width/Height SigTest
N Acquisition

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

DM Maximum [ Minimum
Limit

Enter the maximum and minimum limits for DM.

DM Optimization SJ
Sweep [ Amplitude

Select the SJ scan range or amplitude for DM optimization calibration.

DM Optimization Target

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

DM Fine Tune

Select ‘True’ to fine tune DM in smaller steps to find the lowest DM value
possible with Eye Height and Eye Width still in range.

If the Seasim method is selected:

Seasim Template

Enter the Seasim template file to be used.

Final Eye Amplitude Cal
On First Pass

Select ‘True’ to enable calibration for final eye amplitude to be performed
upon the first successful calibration run.

Intrinsic Noise

Set the intrinsic noise/jitter (if required) to be used in the Seasim calculation.

PWRJ & PWDDJ

Enter the pulse width random jitter or deterministic jitter.
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4.7 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@ 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.

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 5 Calibration DM Calibration  CM Calibration

Initial Cal 0.16

Target Value: 05 ps{RMS)
Mir Limit: 05 ps(RMS)
Max Limit: 0.55 ps(RMS)
PID Control 0.1

FIGURE 22. CALIBRATION TARGET OVERWRITE PAGE

4.8 Run Automation 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-PCIE5-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.
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Run Option

(® Skip Test f Result Exists
() Replace If Result Exists

Fun Tests

FIGURE 23. RUN TESTS PAGE

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. Below shows an example of
the connection diagram pop-up for the system board Rx TP3 calibration.

MULB1000A/B s

MU1815008

e

MU1550204 SIS

e o

fliian
BULESDE0A. s
‘ LY U_:" (ALl Ul

Instruction:

o O

SRELeL®]
OO0

=l

Please Connect Setup as shown in above diagram.

oK

Cancel

FIGURE 24. EXAMPLE CONNECTION POP-UP DIAGRAM FOR RX TP3 CALIBRATION
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5 Testing Using GRL-PCIE5-CEM-RXA Software

The GRL-PCIE5-CEM-RXA test solution supports automated Rx compliance testing as well as
optional SJ margin search testing for PCle Gen 5 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 32.0 GT/s. 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.

5.1 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 5 add-in card DUT will be tested for Tx preset compliance as defined by the PHY Test
Specification at 32.0 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.

5.1.1 Add-In Card Tx Preset Test at 32.0 GT/s

The test setup should be based on the following:

e Attach the add-in card DUT to the calibration revision 5.0 (for 32.0 GT/s) CBB with no
power applied.

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

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. Make sure that the CBB is
supplying SSC enabled clock (-0.5% down-spread) for this test.

Once the CBB is powered on, set the CBB compliance toggle to initially place the DUT in the 32
GT/s test state and capture the following:

e 2.0 million unitintervals of data (2.0 x 10 x 31.25 ps = 62.5 ps)

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 32.0 GT/s.
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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 32.0 GT/s.

5.2 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 5 add-in card DUT will be tested for initial Tx equalization as defined by the PHY Test

Specification at 32.0 GT/s. This will ensure the DUT is able to use the correct Tx equalization preset
as required during the initial stage of testing.
5.2.1 Add-In Card Initial Tx Equalization Test at 32.0 GT/s

The test setup should be based on the following:

e Attach the add-in card DUT to the calibration revision 5.0 (for 32.0 GT/s) CBB with no
power applied.

e Connect the Rx lane under test on the CBB 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. Make sure that
the CBB is supplying SSC enabled clock (-0.5% down-spread) for this test.

Once the CBB is powered on, the DUT should start link training and negotiation to 32.0 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 32.0 GT/s.

Set the BERT error detector to place the DUT in the loopback state and capture the following:
e 2.0 million unitintervals of data (2.0 x 10°x 31.25 ps = 62.5 us)

Save the captured waveform for preset PO. Then, repeat the test with presets from P0 to P9 at 32.0
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 32.0 GT/s.

5.3 Overview of DUT Tx Link Equalization Response Test

The PCle Gen 5 system board or add-in card DUT will be tested for Tx link equalization response as
defined by the PHY Test Specification at 32.0 GT/s. This will ensure the DUT can accurately
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respond to commands to adjust the transmitter equalization values during link training for DUT
loopback.

5.3.1 System Board Tx Link Equalization Response Test at 32.0 GT/s

The test setup should be based on the following:

e Attach the calibration revision 5.0 (for 32.0 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 Make sure that the Tx/Rx lanes other than the lane under test are unterminated.
Note the setup will not include any Variable ISI channel.

Once the system board DUT is powered on, it should start link training and negotiation to 32.0
GT/s. Send a command from the BERT to the DUT to set the Tx equalization to the following:

e preset 0 (preshoot to 0.0 dB and de-emphasis to -6.0 dB)

Ensure that this Tx equalization transition is able to complete within a 1 microsecond response
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 2.0 million unitintervals of data (2.0 x 106 x 31.25 ps = 62.5 ps)
Save the captured waveform for preset 0. Then, repeat the test with presets from P1 to P9.

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 32.0 GT/s as well as able to complete withina 1
microsecond response timeframe.

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

5.3.2 Add-In Card Tx Link Equalization Response Test at 32.0 GT/s

The test setup should be based on the following:

e Attach the add-in card DUT to the calibration revision 5.0 (for 32.0 GT/s) CBB with no
power applied.

e Connect the Rx lane under test on the CBB 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.
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e Make sure that the Tx/Rx lanes other than the lane under test are unterminated.
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 32.0 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 0. Ensure that this Tx equalization transition is
able to complete within a 1 microsecond response 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 2.0 million unit intervals of data (2.0 x 10° x 31.25 ps = 62.5 us)
Save the captured waveform for preset 0. Then, repeat the test with presets from P1 to P9.

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 32.0 GT/s as well as able to complete within a 1
microsecond response timeframe.

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

5.4 Overview of DUT Rx Link Equalization Test

The PCle Gen 5 system board or add-in card DUT will be tested for Rx link equalization as defined
by the PHY Test Specification at 32.0 GT/s. This will ensure the DUT can successfully send
commands to adjust the transmitter equalization of its link partner as required.

5.4.1 System Board Rx Link Equalization Test at 32.0 GT/s

The test setup should be based on the following:

e Attach the calibration revision 5.0 (for 32.0 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.

e Connectthe CLB 100 MHz clock output from the system board DUT to the BERT
synthesizer (that has passed PCle 5.0 base specification PLL compliance or equivalent for
the respective data rate).

e Make sure that the Tx/Rx lanes other than the lane under test are unterminated.

Adjust the Tx equalization (EQ) of the BERT to align with the initial Tx EQ preset at 32.0 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 at 32.0 GT/s, which should eventually place the DUT in the loopback state. The
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transmitted pattern to be used for the Bit Error Rate (BER) measurement is the MCP modified
compliance pattern.

The test is considered as successful if detected no more than one error in 4E12 bits transmitted
(125 seconds).

5.4.2 Add-In Card Rx Link Equalization Test at 32.0 GT/s
The test setup should be based on the following:

e Attach the add-in card DUT to the calibration revision 5.0 (for 32.0 GT/s) CBB with no
power applied.

e Connect the Rx lane under test on the CBB 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 Connect the 100 MHz reference clock output from the BERT to the clock input on the CBB.
e Make sure that the Tx/Rx lanes other than the lane under test are unterminated.

Set the BERT to initially transmit with preset P5. (Note 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, which should eventually place the DUT in the loopback state. The transmitted pattern to be
used for the Bit Error Rate (BER) measurement is the MCP modified compliance pattern.

The test is considered as successful if detected no more than one error in 4E12 bits transmitted
(125 seconds).

5.4.3 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.

lm[LmI State or
Directed by
Data Link Layer \‘

Detect

Polling
\ Configuration )

-

Disabled

Hot Reset

 /
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- 777‘7
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FIGURE 25. MAIN STATE DIAGRAM FOR LINK TRAINING AND STATUS STATE MACHINE (FROM PHY TEST
SPECIFICATION)

Below is a loopback training sequence example from PHY Test Specification:
Polling
Entry

:

—] Polling.Active Polling.Compliance

Polling.Configuration

| N

77 Exitto \ 7~ Exitto N
\_ Detect / \ Configuration /

\\»;

L J

FIGURE 26. POLLING SUBSTATE MACHINE (FROM PHY TEST SPECIFICATION)

1. Enable the DUT to enter the Polling.Active state by sending TS1 with PAD (K23.7).

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.
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5.5 Set Up Automated DUT TxRx Link Equalization Test

Once calibration has been completed from Section 4, continue with the following setup to
perform initial 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 5 System Board or Add-In Card DUT, PCle5 Re-Driver, and oscilloscope to be
used.

5.5.1 Connect Equipment for System Board TxRx Link EQ Testing

The following link EQ test setup uses a PCI-SIG compliance load board (CLB) test fixture for the
PCle Gen 5 System Board DUT.

Note: Use logical Lane 0 for the following test setup.

MU181000A/B

l Tmm A Thimmm &

MU181500B

RSN T
| © o oo
.|

" MU195/6020A
p—— =
MUL95050A me ; I |
B 29 G090 C e oo QO
. LA -} |5

ALY

GMND connection
cable (J1627A)

|
<

PCle5 Re-Driver

| MU195040A 5T ases
M pev] & TT

FIGURE 27. RECOMMENDED SETUP FOR DUT TXRX LINK EQ TESTING (PCIE GEN 5 SYSTEM BOARD)

Note: Before starting the System Board TxRx Link EQ Test, make sure to perform optimization of the
Return Path (DUT Tx to BERT error detector). Refer to Appendix B or C for details.

1. Using back the same BERT connections from the Long Channel system board calibration,
remove all Variable ISl channels and connect the Ref Clk of the CLB to the 100 MHz Ref Input on
the MU181000A/B with a BNC cable.
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2. Usinga 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).

3. Using coaxial cables, connect the CLB Tx Lane to any of the pick-off tee input ports.

Using phase matched cables, connect Channels 1 and 3 on the oscilloscope to the pick-off tee
tapped input ports.

5. Using coaxial cables, connect the pick-off tee outputs to the PCle5 Re-Driver and then to the
MU195040A data inputs for loopback error detection.

6. Usingthe J1627A GND connection cable, connect the CLB to ground.

5.5.2 Connect Equipment for Add-In Card TxRx Link EQ Testing

The following link EQ test setup uses a PCI-SIG compliance base board (CBB) test fixture for the
PCle Gen 5 Add-In Card DUT.

Note: Use logical Lane 0 for the following test setup.

MU181000A/B

- —— ——— - BY

~ - ~ ~. e
l ] X ‘-“
Tt T 8 wmt Ywent Vs -

MU1815008B

- =

*IMU195/6020A [ el

MU195050A 5

|

Ref Clk

GND connection I

, | cable (J1627A)
L

' MU195040A = ————
- L N

FIGURE 28. RECOMMENDED SETUP FOR DUT TXRx LINK EQ TESTING (PCIE GEN 5 ADD-IN CARD)

1. Using back the same BERT connections from the Long Channel add-in card calibration,
remove all Variable ISI channels.
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2. Using coaxial cables, connect the MU181500B sub-rate clock outputs to the Ref Clk+/- of the
CBB.

3. Using a 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).

4. Using phase matched cables, connect Channels 1 and 3 on the oscilloscope to the pick-off tee
input ports.

5. Using coaxial cables, connect the CBB Tx Lane to the pick-off tee tapped input ports.

6. Using coaxial cables, connect the pick-off tee outputs to the MU195040A data inputs for
loopback error detection.

7. Usingthe J1627A GND connection cable, connect the CBB to ground.

5.6 SetUp Automated DUT Rx Compliance Test

After link EQ testing has successfully completed from previous section, proceed with testing for
DUT Rx compliance with the following setup.

5.6.1 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 5 System Board DUT.

Note: Use logical Lane 0 for the following test setup.
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FIGURE 29. RECOMMENDED SETUP FOR DUT Rx COMPLIANCE TESTING (PCIE GEN 5 SYSTEM BOARD)

i€

Note: Before starting the System Board Rx Compliance Test, make sure to perform optimization of
the Return Path (DUT Tx to BERT error detector). Refer to Appendix B or C for details.

1. Usingthe same setup from the system board link EQ test, remove all oscilloscope connections
along with the pick-off tees.

2. Connect the MU195050A data outputs to Variable ISI (Nominal 4.9 - 7.9 dB).

3. Using1 ft cables, connect between both the Variable ISI and CLB Rx Lane.

4. Using coaxial cables, connect the CLB Tx Lane to the PCle5 Re-Driver and then to the
MU195040A data inputs for loopback error detection.

5.6.2 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 5 Add-In Card DUT.

Note: Use logical Lane 0 for the following test setup.
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FIGURE 30. RECOMMENDED SETUP FOR DUT RX COMPLIANCE TESTING (PCIE GEN 5 ADD-IN CARD)

1. Usingthe same setup from the add-in card link EQ test, remove all oscilloscope connections
along with the pick-off tees.

2. Connect the MU195050A data outputs to Variable ISI (Nominal 19.75 - 22.75 dB).
3. Connect the Variable ISI to the CBB Rx Lane with the 1 ft cables.

4. Using coaxial cables, connect the CBB Tx Lane directly to the MU195040A data inputs for
loopback error detection.
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5.7 Set Up Test Requirements

()
After setting up the physical equipment, select from the GRL PCle CEM 5.0 Rx Test Application
menu to access the Setup Configuration page.

Setup  Debug Tool Sigtest Tool

Device Type: System Board e

FIGURE 31. SET UP TEST REQUIREMENTS

5.7.1 SetupTab
Select to use a compliant PCle System Board or Add-In Card as the DUT.

Setup  Debug Tool Sigtest Tool

Device Type: stem Board ‘v

Add In Card
System Board

FIGURE 32. SELECT DUT TYPE

5.8 Select PCle CEM 5.0 Rx Tests

After selecting the DUT type, access the Select Tests page on the left of the screen to select the
available PCle CEM 5.0 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.

= |4 PCle Gen5.0 Rx Calibrations and Tests
ID L Callhratlnns

¢

(> T Initial Link EQ Tests

14 Tx EQ Response Time Tests (Presst)

e Tx EQ Response Time Tests (Cursor)

1o

.O Rx Compliance Test

0 5j Mangin Search Test

FIGURE 33. 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 5.0 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.
ERvLY T

E| .{} Tx Initial Link EQ Tests
i A€ Tx Intial Link EQ
L—_l [#]4> Tx EQ Response Time Tests (Preset)

=14 Preset 0-
[ Preset 1-
[ ¢ Preset 2
[ € Preset 3
[ € Preset 4
[ € Preset 5
[ € Preset 6
[ € Preset 7
[ € Preset &
[ Presst 9-

[ 4 Preset 0-
[ 4 Preset 1-
] € Preset 2
14 Preset 3
[ 4 Preset 4

] € Preset 6
14 Preset 7
[ 4 Preset 8
] 4 Preset 9 -

DIO-

Tx EQ Response Time Preset
Tx EQ Response Time Preset

- Tx EQ Response Time Freset
- Tx EQ Response Time Preset
- Tx EQ Response Time Preset
- T EJ Response Time Preset
- Tx EQ Response Time Freset
- Tx EQ Response Time Preset
- T E3 Response Time Preset

Tx EQ Response Time Preset

- [] € T Link EQ Presst
=R .{) Tx EQ Response Time Tests (Cursar)

Tx EQ Response Time Cursor
Tx EQ Response Time Cursor

- Tx EQ Response Time Cursor
- Tx EQ Response Time Cursor
- Tx EQ Response Time Cursor
(} Preset 5 -
- Tx EQ Response Time Cursor
- T EQ Response Time Cursor
- Tx EQ Response Time Cursor

Tx EQ Response Time Cursor

Tx EQ Response Time Cursor

[ 4€ T Link EQ Cursor

------ i[] 4€» Rx Compliance Test

FIGURE 34. SELECT DUT Tx LINK EQ AND RX COMPLIANCE TESTS

5.8.2 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.

v RN Sj Margin Search Test

FIGURE 35. SELECT SJ MARGIN SEARCH TEST
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5.9 Configure Test Parameters

After selecting the desired tests, select from the
the required parameters for testing as described bel

To return all parameters to their default values, sele
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menu to access the Configurations page. Set
ow.

ct the ‘Set Default’ button.

& T Link EQ Tests - et Defaul
Tx Response Offline Mode: False
CTLE Setting: At "
Capture Response Time Waveform Only: False
Tum Off Auto Scale: Falee
Wertical Range(V): 12
IUse Custom Tx EQ Response Preset Hints: Falee
Tx EQ Response Preset Hints (PO-P3): AAATTTTAAT
Tx EQ Response Test Criteria: Blectrical
Fitter Points: 20
,,,,, Skip f Waveform Exist: Falee
O Rx Tests
Enable S5C: True V
S5C Deviation: 1000 iy
Auto DUT Reset: Nane -
Power Reset Off Time(s): 1
Power Cycle Off Time(s): 3
Post Reset Wait Time(s): 2
Link: Training Wait Time(s): 5
Link Training CTLE Gain: 3
Log Link Training: False w
BER Automation: PCle Link Training e
FIGURE 36. TEST PARAMETERS CONFIGURATION PAGE
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TABLE 5. 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 (V) 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.

Tx EQ Response Test Select to enable the Tx link equalization response negotiation to occurin

Criteria either the ‘Electrical’ level only or simultaneously in both the ‘Electrical
and Protocol’ level.

Filter Points Set the number of points that need to be captured.

Skip If Waveform Exist

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

Enable SSC

Select ‘True’ to enable Spread Spectrum Clock (SSC) capabilities for
receiver testing (if supported by the DUT).

SSC Deviation

If ‘True’ is selected from the ‘Enable SSC’ field, select the Deviation values
for SSC.

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.

Power Reset Off Time (s)

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 (s)

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 (s)

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

Link Training Wait Time (s)

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

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.

Compliance BER
Measurement Time (s)

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 (s)

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.

Default Link Training
Sequence

Select ‘Yes’ to enable the default sequence for link training to be used.

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.
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DUT Final Preset Select the preset co-efficient for the DUT to be applied during the final BER

test.

5.10 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 D Address Type
Scope |Scn|:ue | |TCPIPD::Incthnst::i|| |Osci|lnscnpe | Agilent
MATS0000A | [geRT | [tcripo-1321880] | [BERT
MXTE3000A | [ArvsuLink Sed] |(TCPIPD-192.168.0]) | [ArvtsubinkSed]| | Anrtsu

Lib

AgilertScope

L

Anritsu1900Ber -

GenericVISA

R

o | |
< ||
< | =

FIGURE 37. 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.

o- R Tests
Auto DUT Reset:

Power Reset Cff Timel(s): |3

Power Cycle Off Time(s): |3

Post Reset Wait Time(s): | 2

Link: Training Wait Time(s): |5

Link Training CTLE Gain: 3

Log Link Training: Fal=e

PCle Link Training

Prompt Before Link EQ Training: Tz

FIGURE 38. SELECT BER LOOPBACK TEST METHOD
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5.11 Run Automation Tests

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

SelectE] from the menu to access the Run Tests page. The GRL-PCIE5-CEM-RXA software
automatically runs the selected tests when initiated.

Before running the tests, select the option to:

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

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

Run Option

(®) Skip Test f Result Exists

Run Tests
(") Replace f Result Exists

FIGURE 39. 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. Below shows an example of the connection
diagram pop-up for the system board DUT Rx compliance test.
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Connection Diagram — O X

MU181000A/8

GND connection
cable (J1627A)
ok

Instruction:
Please connect setup as shown in diagram.

OK Cancel

FIGURE 40. EXAMPLE CONNECTION PoP-UP DIAGRAM FOR Rx COMPLIANCE TEST

GRL-PCIE5-CEM-RXA User Guide and MOI Rev7.5
© Granite River Labs 2022 Version 7.5, Aug 2022. Updated 08.25.2022 Page 52 of 123


http://www.graniteriverlabs.com/

U —

graniteriverlabs.com

6 Interpreting GRL-PCIE5-CEM-RXA Test Report

When all calibration and test runs have completed from the previous section, the GRL-PCIE5-CEM-
RXA software will automatically display the results on the Report page.

Selectfrom 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 Test Name Reszult Limit= Value
1 De-Emphasis Calibration =S TrueFalse True o Delete
2 Pre-shoot Calibration BEEE True/False True
3 Launch Amplitude Calibration  [IEEEEE True/False True © )| Delete Al
4 Rj Calibration BEEE TruelFalse True
5 §j Calibration B True/False True
[ DM Calibration BEEE TruelFalse True Plot Calibration Data
7 Preset EQ Optimization =S TruefFalse True

FIGURE 41. TEST REPORT PAGE
6.1 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.

6.1.1 Test Session Information

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

Anritsu PCle CEM 5.0 Rx Test Report
DUT Information
DUT Manufacturer : GRL
DUT Model Number :  PCle CEM 5.0 Rx Device 1
DUT Serial Number : 00000001
DUT Comments
Test Information
Test Lab : GRL
Test Operator : David
Test Date : 24 Sept 2021
Software Version
Software Revision 1048

FIGURE 42. 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 5.0 Rx Test Report

No TestName Limits Value Results SJ Frequency
1 N/A N/A Pass
2 Launch Ampiitude Calibration N/A N/A Pass
3 De-Emphasis Calibration N/A N/A Pass
4 Pre-shoot Calibration N/A N/A Pass
5 Rj Calibration N/A N/A Pass
6 Si Calibration N/A N/A Pass SJ_33khz
7 Si Calibration N/A N/A Pass SJ_1Mhz
8 Si Calibration N/A N/A Pass SJ_10Mhz
9 SI Calibration N/A N/A Pass SJ_100Mhz
10 DM Calibration N/A N/A Pass
11 CM Calibration N/A N/A Pass
12 Presef EQ Optimization N/A N/A Pass
13 DM Optimization N/A N/A Pass
14 Final Eye Calibration N/A N/A Pass
Rx Compliance Test
Frequency | 8J_100Mhz
Resull | PASS(1)

*Note: In the example above, the number “(1)” next to “PASS” indicates the number of errors

detected along with the pass/fail status.

FIGURE 43. TEST SUMMARY TABLE EXAMPLE

6.1.3 Test Results

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

14. Final Eye Calibration
Pass/Fail Stats

EH Limits

EW Limits

Cal Parameter 1

EH Settings

EH Measured Value
Cal Parameter 2
EW Settings

EW Measured Value
Final DM Value
Final DM Settings

SigTest Version

Test completed time

: Pass

i 1350 mV <=EH <= 16.50mV
: BB8ps<==EW-==088ps

: EH

:  662.0000

: 153657 m

: EW

: 128.0000m

93951

1 280392 mV

:  5.50000E+001 mV

i 31 May 2021 19:25:06 PM

EH Plot

662

Setling

Measured

11.2741

10,5226

EW Plat

+ EWPlot

128
Setting

FIGURE 44. TEST RESULTS EXAMPLE
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6.2 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

(o] Delete
& ||| Delete Al

Mo TestName Result Limits Value 5J Frequency

@)

FIGURE 45. DELETE TEST RESULTS

7 Saving and Loading GRL-PCIE5-CEM-RXA Test Sessions

The usage model for the GRL-PCIE5-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 To save 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 = ‘New Session’.

Application | Options | License  Windows  Help
Save App Property
Load App Property

MNew Session ;
Result Save Session
Load Session

Mo

Result Limits

FIGURE 46. 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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8 Appendix A: Method of Implementation (MOI) for Manual
PCle CEM 5.0 Receiver Measurements

This section describes how to manually perform PCle CEM 5.0 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 5.0 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.

8.1 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 5 based Rx calibration.

TABLE 6. CALIBRATION SETTINGS

Component Setting PCle Gen 5
Variable ISI Board Insertion Loss (dB) 34371
SigTest CTLE Gain (dB) 9-15 I
MP1900A BERT Tx Emphasis Preset P5, P6, P8, P9
Amplitude (mV) 550
(800 mVpp-diff at output of Noise Module)
RJ (mUlpp) 180
SJ @100 MHz (Ulpp) 0.1
DM-I (mV) 27
CM-I (mVpp) 170.0

[e] The insertion loss measures in between 34 to 37 dB for all configurations using different variable IS/ pairs

that provide the correct amount of insertion loss being measured.

bI'The CTLE range from 9 dB to 15 dB in 1 dB step sizes is run for every waveform. (Note that this is a subset of
allowed CTLE range. This subset is used to reduce calibration time.)

The following table shows the calibration targets to achieve:

TABLE 7. CALIBRATION TARGETS

Setting PCle Gen 5
Amplitude (mV) 800

RJ (psrms) 0.5

SJ @100 MHz (mUlpp) 100 (at TP3)
DM-I (mVpp) 10 (at TP2)
CM-I (mVpp) 150

EH (mV) 13.5t0 16.5
EW (ps) 8.875t09.875

8.1.2 Calibration Process

Calibration for the PCle CEM 5.0 electrical specification will basically be performed at two physical
test points: TP3 and TP2 (for the Long Channel). Test Point 3 (TP3) is a physical test point for
calibration without the effect of a channel. 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
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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 CBB test fixture will be used as the host
system board or PCI-SIG CLB 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.

Test Board Add Behavioral
. Rep”Cﬁ Rx F‘ackaQE.

- | TP3 | Channel TP2 Rx Eq, and CDR
ottern @ |® @ \[@—E@T T@]—:—@ P2
cenerator @11 1) (@] | F-——@ || BH——©®) Eye

Calibration  1ps || Tp5

Combiner Channel #1
u Breakout
Signal @' @ Channel
Generator <1 17 @
@||® e
H—+®) BER
Calibration
Channel #2 PG @F———{Rxbut

Refclk

A-05268
Figure 8-22 Rx Testboard Topology for 16.0 and 32.0 GT/s

FIGURE 47. PHY TEST SPECIFICATION RX CALIBRATION DIAGRAM FOR PCIE GEN 5

8.1.3 Channel Loss Calibration

The following connection diagram shows the channel loss calibration setup for PCle Gen 5 using a
4-port (differential) vector network analyzer (VNA) and a compliant CLB/CBB test fixture for the
add-in card and system board.

1 m cables CLB Tx
4-Port Lane 0
(Differential) VNA l’
= —— . —]
'-'.}I kst o ((:::n‘::.r::t;: ;SSI ‘ 1ftcables | CLB Variable 1SI
e Tt = : 1 ft cables —] ;
i = t022.75 dB (Nominal 2.5 dB

o ) § 1
@ = p = ? . trace) f ‘ / trace)
— —
[include 4.2 dB

package loss in CBB Rx Lane 0
full channel
calculation]
1 m cables
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FIGURE 48. CONNECTION DIAGRAM FOR CHANNEL LOSS CALIBRATION (ADD-IN CARD)

Note: For the Add-In Card CEM Rx calibration, a 9.5 dB add-in card budget and 19.75 to 22.75 dB
system budget shall be used in the intended 34 to 37 dB pad-to-pad loss range.

1. Using 1 ft cables, connect between both the CBB Rx Lane 0 and CBB Variable ISI (Nominal
19.75t0 22.75 dB trace) and between both the CLB Tx Lane 0 and the CLB Variable ISI (Nominal
2.5 dB trace).

2. Using 1 m cables, connect between both the VNA Ports 1 & 3 and the CBB Variable ISl and
between both the CLB Variable ISI and the VNA Ports 2 & 4.

1 m cables
4-Port 1 CLB Rx
(Differential) VNA Lane 0
‘-'.E E.'-' ; CLB Variable 151 1 ft cables CBB Variable 151
i 3 oo R l.'-‘___ = (Nominal49to |, ‘ (Nominal 13.0 dB
P i @ - 7.9 dB trace) = trace)

[include 8.5 dB </ 7

‘”}Z’;‘E;L"j: S CBBTxlane0 | |
2 ft cables
calculation]

1 ft cables

FIGURE 49. CONNECTION DIAGRAM FOR CHANNEL LOSS CALIBRATION (SYSTEM BOARD)

Note: For the System Board CEM Rx calibration, a 26.5 dB system budget and 7.5 to 10.5 dB add-in
card budget shall be used in the intended 34 to 37 dB pad-to-pad loss range.

1. Using 1 ft cables, connect between both the CLB Rx Lane 0 and CLB Variable ISI (Nominal 4.9 to
7.9 dB trace).

2. Using 2 ft cables, connect between both the CBB Tx Lane 0 and the CBB Variable ISI (Nominal
13.0 dB trace).

3. Using 1 m cables, connect between both the VNA Ports 1 & 3 and the CLB Variable ISl and
between both the CBB Variable ISl and the VNA Ports 2 & 4.
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The following connection diagram shows the calibration setup for amplitude, preset, SJ, and RJ at
TP3 without any channel effect. The MP1900A BERT is directly connected to a digital oscilloscope
supporting = 50 GHz bandwidth and = 128 GS/s sampling rate.

MP1900A BERT

MUlSlGHE]—OA{'? - 5 '2__\_ =) G
MU181500B === -
B> B R Ty E

l. eetllizendl,

MU195/6020A [ 5
SN Ueant Ml

Digital Oscilloscope

MU195050A s — -
[ R 2400 QD -0
PR i

=

_-

O OO0
O OO0

[ ]
[ ]

o o O O
| — —
CH1 CH3

FIGURE 50. CONNECTION DIAGRAM FOR AMPLITUDE, PRESET, SJ AND RJ CALIBRATION

1. Using a SMA-SMA short cable, connect the MU181000A/B clock output to the MU181500B Ext

clock input.

2. Using a SMA-SMA short cable, connect the MU181500B jittered clock output to the

MU195020A/MU196020A Ext clock input.

3. Using coaxial cables, connect the MU195020A/MU196020A data outputs to the MU195050A

data inputs.

4. Using coaxial cables, connect the MU195050A data outputs to the digital Scope channels.
5. Using a SMA cable, connect the MU195020A/MU196020A Aux output to the digital Scope for

pattern sync triggering.

8.1.5 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 for SI (if
using SI-PPG) or Standard Bert application for Sl and PAM4 (if using PAM4-PPG).
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2. Inthe drop-down Menu, select ‘Initialize’ to start using the application.

File Open

File Sawe

Pattern |Error/

. Screen Copy

0]

Combination Setting = Gating

© Module Grouping »

Multi Channei Calibration

Global Delay Calibration Lenan

n————

Delav “

8.1.6 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, Manual Setting pane-
Standard/Preset: PCle5, De-Emphasis, Preset 4

e Select the Pattern tab- Test Pattern: Using Preset 4, with 64 ones followed by 64 zeros
followed by 128 bits of a 1010 clock pattern at 32.0 GT/s

e Select the Misc1 tab- Aux Output: Pattern Sync
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T
S gy, L B
[oM 135} NI Addition

r

[7] 21G/32G SI PPG c: OFF

B Output Emphasis | @ Pattern | Error Addition | Miscl | Misc2

L On O
al .10 : 1{ zi 3i 10

Manual Channel
Setting Emulator

1 z

—

File Operation Recall Store Initialize
Standard/Preset @ |PCle5 ¥ | - |De-Emphasis ¥ | - [Presetd v
Amplitude 0.600 | Vpp

Output Monitor

Pre dB @
Simulated Pulse [Vppl

Cursor3 0.000 Vpp

Cursor2 0.000 Va | 0.600]
Cursorl 0.000 Vb | 0.579]

0.5
Post |

Ly r
Cursorl 0.000 | 0.574]

[ 0.574]

Cursor? 0.000 Va Vb Ve Vd Ve VF Vg Vh Vi Vj
Cursor3 0.000
Cursord 0.000

Cursors 0.000

b) Scope Settings:
e Averaging: 256 points
e Horizontal Scale: 100 ns/div
e Bandwidth: 50 GHz
e Sampling Rate: 128 GS/s
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|9\\ D|

631 mV

473 mvV

315 mVv

E
iy

-315 mvV

-473 mvV
-631 mv
-8.00 ns -6.80 ns -5.60 ns -440 ns -3.20 ns -2.00 ns -800 ps L s 2. s 4.00 ns f1

|°|1 20 ns/ || -2.00000 ns

8.1.7 Preset Calibration Adjustment

Adjust the Pre and Post Cursorl of Presets 0 to 9 with Scope markers using the following
configuration.

Preset 4 Calibration:
a) BERT Settings:
e General Output: ON
e Select SI-PPG and Emphasis tab- Emphasis Function: ON

e Select the Pattern tab- Test Pattern: Using Preset 4, with 64 ones followed by 64 zeros
followed by 128 bits of a 1010 clock pattern at 32.0 GT/s

e Select the Miscl tab- Aux Output: Pattern Sync
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Jrlnli " e
Menu - (CToEE Cutput @RI Addition

p

[71 21G/32G Sl PPG c: OFF

Output |@ Emphasiz |B Pattern | Error Addition | Miscl | Misc2

Manual 0 Channel 0 1S Of

Setting “ Emulator “ ﬂ
3] 10 1 2 3] -0

1 2

File Operation Recall Store Initialize
Standard/Preset @ |PCle5 ¥ | - |De-Emphasis ¥ | - |Presetd v
Amplitude 0.600 | Vpp

Output Monitor
Pre dE@
Simulated Pulse [Vppl
Cursor3 0.000 EE——————————————————————

Cursor2 0.000

Cursorl 1.000

Post

[ 0.461]

Cursorl -1.000

|LO-46L] V2 vt ve v ve vivg vh vi vi
Cursor2 0.000 - av¥byevdYevtyg¥h ¥yl

[ 0.460
Cursor3 0.000 —

[ 0.460]

Cursord 0.000

b) Scope Settings:
e Averaging: 256 points
e Horizontal Scale: 1 ns/div
e Bandwidth: 50 GHz
e Sampling Rate: 2128 GS/s
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De-emphasis = 20log:0(Vb/Va)
Preshoot = 20log:,(Vc/Vb)

el ~ o ™ A~

1 *\r/ \j{ 4 _ﬂ) | L
_y ]‘ Va Vb =Vc V\/d l(
T
0

De-emphasis = 20log4q Vb/Va
Preshoot = 20log4q Ve/Vb
Boost = 20log4q Vd/Vb
A-0813

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

Other Presets Calibration (De-Emphasis and Preshoot):
a) BERT Settings:
e General Output: ON

e Select SI-PPG and Emphasis tab- Emphasis Function: OFF, Manual Setting pane-
Standard/Preset: PCle5, De-Emphasis, Preset 4

e Select the Pattern tab- Test Pattern: 128b130b_CP_L0O_Gen5_PO0
e Select the Miscl tab- Aux Output: Pattern Sync
b) Scope Settings:
e Averaging: OFF
e Horizontal Scale: 10 ps/div
e Bandwidth: 50 GHz
e Sampling Rate: 2128 GS/s
c) SigTest Settings:
e Select Technology as ‘PCle’
e Select Generation as “5_0"

e Select Test as “Preset_TestAC_SingleRun”
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e Click “Confirm”
e Browse to the saved waveform file:
o “Ref Waveform” is the Preset 4 waveform.
o Test Waveform is the new waveform saved to measure Preshoot/De-Emphasis

e Select Template as “No_CTLE”

e RunTest
PCle Gen 3 Single Preset Test — O >
Ref Waveform Pos/Dif CAGRL\GRLSinkTestProjects\PCIECEMGenS_AN
Ref Waveform Meg: Browse
Test Wavefarm Pos/Diff: CAGRINGRLSinkTestProjects\PCIECEMGen5_AN
Test Waveform Meg Browse

Test Type: Full Swing =
<-—- Back to Test Selection | [patz Format: | Differential - Options
Sample Interval 5 ps Template: | Mo_CTLE =
Woltage Resolution  MN/A RV
Test
# of Ul | 1598563
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% PCleGen 5 Preset Test AC SingleRun Results

(PASS) Preset Test AC SingleRun

Preset Test AC SingleRun

Overall Result: PASS

Preset Waveform Boost Preshoot (dB) De-emphasis (d8) Lane | |Preset|  Pass/Fail O
POS: Al 187697 |f 185856 -0.02279 Could| [Could| | PasS | @
Table 8-1 Tx Preset Ratios and Corresponding Coefficient Values
Preset # Preshoot (dB) De-emphasis (dB) c.1 Cil Va/vd Vbyvd Ve/vd
P4 0.0 0.0 0.000 0.000 1.000 1.000 1.000
P1 0.0 -35+1dB 0.000 -0.167 1.000 0.668 0.668
Po 0.0 -6.0+15dB 0.000 -0.250 1.000 0.500 0.500
Ps 35+1dB 0.0 -0.166 0.000 0.668 0.668 1.000
Ps 35+1dB -35+1dB -0.125 -0.125 0.750 0.500 0.750
P7 35+1dB -6.0+£1.5dB -0.100 -0.200 0.800 0.400 0.600
Ps 19+1dB 0.0 -0.100 0.000 0.800 0.800 1.000
Pe 25+1dB 0.0 -0.125 0.000 0.750 0.750 1.000
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above presets.

reduced swing.

Preset # Preshoot (dB) De-emphasis (dB) [ €+l Va/vd Vb/vd Ve/vd
P3 0.0 -2.5+1dB 0.000 -0.125 1.000 0.750 0.750
P2 0.0 44+15dE 0.000 -0.200 1.000 0.600 0.600
P10 0.0 Note 2. 0.000 Note 2. 1.000 Note 2. Note 2.
Notes:

1. Reduced swing signaling must implement presets P4, P1, P9, P5, P6, and P3. Full swing signaling must implement all the

2. P10 boost limits are not fixed, since its de-emphasis level is a function of the LF level that the Tx advertises during training.
P10 is used for testing the boost limit of Transmitter at full swing. P1 is used for testing the boost limit of Transmitter at

8.1.8 SJ Calibration

Capture three waveforms for both TJ(Base) and TJ(Jittered) 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_L0O_Gen5_P0

e Select Jitter Modulation Source- SJ1: ON

e SJ1Frequency and Amplitude: 100 MHz, 0.000 Ulpp, Measure Total Jitter as TJ(Base)

e SJ1Frequency and Amplitude: 100 MHz, 0.100 Ulpp, Measure Total Jitter as TJ(Jittered)

[4) Jxter Modulation Source

o QN ssc WGl = \alll ~ G

33000 Hz  0.000 Uip-p  0.168 Uip-p

Frequency
Ampltude

0.000Upp  Oppm |

Clock Source Clock to PPG
——» | Unit]:Slot2:MU1810008 s 320, 0PG—
8 000 000 ki 16.000 000 Gbit/s —

Ref Clock
—T
000 000 Kiz
AUX In {
A fopd frocy Sub-rate Clock
o Aro
E T W—
100 000 000

-

0.100 | Uip-p

6.250 ps pp
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b) Scope Settings:

Averaging: OFF

Horizontal Scale: 10 ps/div
Bandwidth: 50 GHz
Sampling Rate: 2128 GS/s

c) SigTest Settings:

Select Technology as ‘PCle’
Select Generation as “5_0”
Select Test as “RXCal”

Click “Confirm”

Browse to the saved waveform file

Select Template as “Rj_SJ_Cal”
Run Test

Genera

i SigTest Phoenix

- O b4
Technology: | PCle v
tion: | 50 w
Test: | RX(Cal w

graniteriverlabs.com

i PCle 5.0 RX Calibration

MNegative Waveform:

Data Format: | Differential =

Positive/Differential Waveform: | CA\GRL\Rx Test Solution\Applications\PCIECEM

<-- Back to Test Selection

Options

Load and Verify Data

Sample Interval: | 6.25 ps
Vaoltage Resolution: | N/A p
#of Ul: | 2000000
Test

Template:

Rj_S)_Cal .

CTLE Gain (dB):

CTLE Optimization Min Gain (dB):

CTLE Optimization Max Gain (dB):

CTLE Optimization Gain Step (dB):
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d) SigTest Results:
e Read ‘Total Jitter (P-P)’ value

i PCle 5.0 RX Calibration Results - O X
(PASS) Rj 5J Calibration Results
Rj SJ Calibration Results Overall Result: PASS
Waveform Name POECENSiColioration Gen| () Template Name RLS1_Cal O

TX Preset 0 O Lane 0 o

Mean Ul 31.25ps O Total Jitter (P-P} 9ps Q

Random Jitter (RMS) 0.77901 ps O

e Calculate SJ by subtracting the average value of the three TJ(Jittered) and TJ(Base)
waveforms.

e Adjust SJuntil SJ=3.125ps.

8.1.9 RJ Calibration

Capture the waveform 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
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Select Jitter Modulation Source- RJ: ON
RJ HPF and Amplitude: 10 MHz, 0.228 Ulpp

4] Jitter Modulation Source

so1 (el s> el ssc W
100 000 000 ke 10H 33000 Kz 0.000 Up-p
 0100Upp | 0000URp | Oppm | | |
Clock Source Clock to PPG
—— Unitl:Slot2:MUL81000 32G PPG
| 3 000 000 | 16.000 000 Gbis —————
Ref Clock
T EE—
! 8000000k
AUX Inpust Clock o Sub-rate Clock
180"
N —
Filter | User L
HPF | 10M HFF - F | OFF k4
Amplitude 0.228 | Uipp 14.250| ps pp
RMS Convert E-12 v

0.016 m'_Erms 1.012 812/ ps rms I

b) Scope Settings:

Averaging: OFF

Horizontal Scale: 10 ps/div
Bandwidth: 50 GHz
Sampling Rate: =2 128 GS/s

c) SigTest Settings:

Select Technology as ‘PCle’

Select Generation as “5_0”

Select Test as “RXCal”

Click “Confirm”

Browse to the saved waveform file
Select Template as “Rj_SJ_Cal”
Run Test

graniteriverlabs.com
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4 SigTest Phoenix — O *
Technology: | PCle w
Generation: | 5.0 w

Test: | R¥Cal w

% PCle 5.0 RX Calibration — O *

Positive/Differential Waveform: |CAGRL\Rx Test Selutiom\Applications\PCIECEM Browse

Megative Waveform: Browse
Data Format: | Differential N
Options Load and Venify Data
<-- Back to Test Selection

Sample Interval: | £6.25 ps Template: | Rj_S)_Cal -
Valtage Resolution: | MN/A iy CTLE Gain (dE):
# of Ul: | 2000000 CTLE Optimization Min Gain (dB):

CTLE Optimization Max Gain (dB):
Test

CTLE Optimization Gain Step (dB):

d) SigTest Results:
e Read ‘Random Jitter (RMS)’ value
e Adjust RJ until RJ=0.5 ps (RMS)
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% PCle 5.0 RX Calibration Results

(PASS) Rj SJ Calibration Results

Rj SJ Calibration Results

Waveform Name

TX Preset 0

Mean Ul 3125 ps

Random lJitter (RMS) 0.77901 ps

PCIECEMSjCalibration_Gen O

O

O

O

Overall Result: PASS

Template Mame Rj_SJ_Cal O
Lane 0 O
Total Jitter (P-P) 9ps O
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8.1.10 DM & CM Amplitude and Eye Height/Eye Width Calibration Setup
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The following connection diagrams show the calibration setups at TP2 for DM amplitude (DM-I),
CM amplitude (CM-I) and Eye Height (EH)/Eye Width (EW) for PCle Gen 5. The CLB/CBB test fixture
is connected in between the MP1900A BERT and a digital oscilloscope.

Anritsu MP1900A BERT

MU181000A/B =
oy S Lo - o=
MUlSlSOOB =
_u~ u— \(_-‘ SO ‘tl‘r

M 5 OA
U19 02 j c—

MUA95050A! sz
.‘ & - Af."'_...‘
CLB Rx
Vafi;ile e Lane 0
i 49-7.9dB

1 ft cables

1 ft cables

Oscilloscope

QOO0
O OO0

L]
]

Nominal 13.0 dB

(BB Variable ISI

FIGURE 51. CONNECTION DIAGRAM FOR PCIE GEN 5 DM-I, CM-1 AND EH/EW TP2 CALIBRATION (FOR SYSTEM

BOARD)

Anritsu MP1S00A BERT

MU181000A/B

— o — -

MU181500B
OEe €5

=
l iy
o~ a
) -
o .

MU195020H :]
=

MU195050A 4

U G 200 T 0o
= — —
Nominal 1 ft cables
CBB 19.75 -
Variable 22.75 dB
151 CLB Tx
Lane O
1 ft cables

- =
l W iy ¥
T £ s A e o & R

Oscilloscope

OO0
o000

[ ]
[ ]

Nominal 2.5 dB

CLB Variable IS
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FIGURE 52. CONNECTION DIAGRAM FOR PCIE GEN 5 DM-1, CM-I AND EH/EW TP2 CALIBRATION (FOR ADD-IN
CARD)

1. Using a SMA-SMA short cable, connect the MU181000A/B clock output to the MU181500B Ext
clock input.

2. Using a SMA-SMA short cable, connect the MU181500B jittered clock output to the
MU195020A/MU196020A Ext clock input.

3. Using coaxial cables, connect the MU195020A/MU196020A data outputs to the MU195050A
data inputs.

4. For System Board calibration:

a) Using coaxial cables, connect the MU195050A data outputs to the Variable ISI (Nominal 4.9
- 7.9 dB) of the CLB.

b) Using 1 ft cables, connect between both the CLB Rx Lane 0 and CLB Variable ISl and
between both the CBB Tx Lane 0 and the CBB Variable ISI (Nominal 13.0 dB).

5. For Add-In Card calibration:

a) Using coaxial cables, connect the MU195050A data outputs to the Variable ISI (Nominal
19.75 - 22.75 dB) of the CBB.

b) Using 1 ft cables, connect between both the CBB Rx Lane 0 and CBB Variable ISl and
between both the CLB Tx Lane 0 and the CLB Variable ISI (Nominal 2.5 dB).

[Note: DM-I and CM-I should be calibrated with no reference package embedding applied.]

6. Connectthe CLB Variable ISI (for add-in card) or the CBB Variable ISI (for system board) to the
digital Scope channels.

8.1.11 DM-I Calibration Adjustment

Adjust the DM Amplitude using the Scope RMS function with the following configuration. Compute
Voirr = (RMS * 2)/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- DM: ON

¢ Differential mode noise Amplitude and Frequency: 10 mVpp and 2.1 GHz
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b) Scope Settings:
e Averaging: OFF
e Horizontal Scale: 5 ns/div

e Bandwidth: 8 GHz

8.1.12 CM-I Calibration Adjustment

10.0 mv

7.50 mV

5.00 mv

graniteriverlabs.com

Adjust the CM Amplitude using the Scope RMS function with the following configuration. Compute

Vpp = RMS/0.707.
a) BERT Settings:

e Loss Channel
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e General Output: ON
e Select SI-PPG and Emphasis tab
e PPG Data Output: OFF

e Select Noise Generator- CM: ON

grani

e Common mode noise Amplitude and Frequency: 150 mVpp and 120 MHz

[8] Moise Generator

teriverlabs.com

®

Data Input 1
Data Input 1
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External Input
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Data Qutput 2
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&

Presets ‘Manual ‘v‘

Amplitude Frequency Band

" 150\‘ mVpp | 120 | M |‘Low |v|

b) Scope Settings:
e Averaging: OFF
e Horizontal Scale: 12.5 us/div
e Bandwidth: 8 GHz
Measure RMS on (CH1+CH3)/2 and calculate Vpp = RMS/0.707.
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8.1.13 EH/EW Calibration Adjustment

The following Eye Height/Eye Width calibration procedure applies for PCle Gen 5:

Set ISI Trace to 37 dB (physical loss of 25.5 to 28.5 dB for the System Board and 29.8 to 32.8 dB for
the Add-In Card).

The goal is to calibrate final eye to achieve the following targets:

e Eye Width: 8.875t09.875 ps

e EyeHeight: 13.5t0 16.5 mV

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_LO_Gen5_P0
Set all Jitter, Noise, and Amplitude values.

Save seven waveforms and read in SigTest.

Determine the Optimized Preset and CTLE as follows:
o Start Preset 5 on BERT and capture seven waveforms.

o Measure all the seven waveforms for all CTLE’s ranging from -5.0 to -15 dB using
SigTest and repeat measurements for P5, P6, P8 and P9. 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 2.0 ps.

» The waveform is considered an outlier if the Eye Height is < 1.0 mV or
deviates from the median by 5.0 mV.
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o Determine which CTLE and Preset combination provides the largest Eye Area (Eye

Width * Eye Height) and record these values.

Using the Optimized Preset and CTLE, save at least 10 waveforms and obtain the

average value.

Adjust the Eye Height/Eye Width to target specification values by scanning through:

o SJ:1to5pspp
o DM:5to30mVatTP2

o VSwing: 720 mV to 800 mV (To be adjusted only if unable to achieve target values

with SJ/DM combination)

If the target values cannot be achieved, reduce ISI by 0.5 dB and repeat the steps from
“Determine the Optimized Preset and CTLE as follows:...” until the total ISI loss is 34

dB.

b) Scope Settings:

Averaging: OFF

Horizontal Scale: 6.25 ps/div (2M Ul)
Bandwidth: 33 GHz

Sampling Rate: 2128 GS/s

c) SigTest Settings:

Select Technology as ‘PCle’

Select Generation as “5_0”

Select Test as “RXCal”

Click “Confirm”

Browse to the saved waveform file
Select Template as “Eye_Cal”

Set CTLE Gain, for example: -5

Run Test
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i PCle 5.0 R¥ Calibration

Megative Waveform:

Data Format: | Differential

<-- Back to Test Selection

Sample Interval: 6.25
Voltage Resolution:  M/4

£of Uk 2000000

Test

a

X

Positive/Differential Waveform: CAGRL\Rx Test Solution\Applications\PCIECEM Browse

BrowWse

Cptions Load and Verify Data

Fs
Iy

Ternplate: . Eye_Cal

CTLE Gain (dB): |-3

CTLE Optimization Min Gain (dB):
CTLE Qptimization Max Gain (dB):

CTLE Optimization Gain Step (dB):

d) SigTest Results:

graniteriverlabs.com

The Eye Height @BER and Eye Width @BER must fall within the following target values:

Target Minimum Eye Width: 9.375 +0.5/-0.5 ps

Target Extrapolated Eye Height: 15 +1.5/-1.5 mV

% PCle 5.0 RX Calibration Results
(PASS) Eye Calibration Results
Eye Calibration Results

Waveform Name TempWaveform3.bin
TX Preset 0
Mean Ul 31.24987 ps
Target BER 1E-12
Eye Height @ BER 1473516 mV

Overall Result:

Template Name

Lane

CTLE Gain

EW @ BER

Eye_Cal

-10dB

928766 ps

PASS
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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 at least 10 waveforms.

8.2 Perform Initial Tx Equalization & Tx Link Equalization Response Tests

This section describes how to set up the DUT to perform initial Tx equalization (EQ) testing (for the
add-in card only) 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 5.2 and 5.3 for more details on test setup requirements for the DUT.

8.2.1 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 5 add-in card DUT. This setup is using the MP1900A BERT that
includes the MU195040A Sl Error Detector module and a compliant CBB test fixture for the DUT.

Note: Use logical Lane 0 for the following test setup.

MU181000A/B = ) o]

— —_ — - T

l - : ”L—

MU181500B
JOFEE o
|

"'MU155/6020A |,
_ ="

S ESESTe]
[ \|Reksiele
—

_ [En

B

MUL95050A/ s

R seo OO0 © OO O,
- - —— =
IAU){
Ref Clk m m
| GND connection BUT
[l cable (11627A) /
I+ CBETx ' CBBRx

e
——,

1 IMU195040A {5 -
-

FIGURE 53. CONNECTION DIAGRAM FOR PCIE GEN 5 ADD-IN CARD DUT INITIAL TX EQ / TX LINK EQ RESPONSE
TEST

e
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1. Using a SMA-SMA short cable, connect the MU181000A/B clock output to the MU181500B Ext
clock input.

2. Using a SMA-SMA short cable, connect the MU181500B jittered clock output to the
MU195020A/MU196020A Ext clock input.

3. Using coaxial cables, connect the MU195020A/MU196020A data outputs to the MU195050A
data inputs.

4. Using coaxial cables, connect the MU195050A data outputs to Rx Lane 0 of the CBB.

5. Using coaxial cables, connect the MU181500B sub-rate clock outputs (100 MHz reference
clock) to the REF CLK INJ of the CBB.

6. Usinga 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).

7. Using phase matched cables, connect Channels 1 and 3 on the oscilloscope to the pick-off tee
input ports.

8. Using coaxial cables, connect the CBB Tx Lane 0 to the pick-off tee tapped input ports.

9. Using coaxial cables, connect the pick-off tee outputs to the MU195040A data inputs for
loopback error detection.

10. Using the J1627A GND connection cable, connect the CBB to ground.

8.2.2 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 5 system board DUT. This setup is using the MP1900A BERT that includes the
MU195040A Sl Error Detector module and a compliant CLB test fixture for the DUT.

Note: Use logical Lane 0 for the following test setup.
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FIGURE 54. CONNECTION DIAGRAM FOR PCIE GEN 5 SYSTEM BOARD DUT Tx LINK EQ RESPONSE TEST

Note: Before starting the System Board DUT Tx Link EQ Response Test, make sure to perform
optimization of the Return Path (DUT Tx to BERT error detector). Refer to Appendix B or C for details.

1. Using a SMA-SMA short cable, connect the MU181000A/B clock output to the MU181500B Ext
clock input.

2. Using a SMA-SMA short cable, connect the MU181500B jittered clock output to the
MU195020A/MU196020A Ext clock input.

3. Using coaxial cables, connect the MU195020A/MU196020A data outputs to the MU195050A
data inputs.

4. Using coaxial cables, connect the MU195050A data outputs to Rx Lane 0 of the CLB.

5. Using a BNC cable, connect the CLB 100 MHz clock output from the system board DUT to the
100 MHz reference clock input on the MU181000A/B.

6. Usinga 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).

7. Using coaxial cables, connect the CLB Tx Lane 0 to any of the pick-off tee input ports.
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8. Using phase matched cables, connect Channels 1 and 3 on the oscilloscope to the pick-off tee
tapped input ports.

9. Using coaxial cables, connect the pick-off tee outputs to the PCle5 Re-Driver and then to the
MU195040A data inputs for loopback error detection.

10. Using the J1627A GND connection cable, connect the CLB to ground.

8.2.3 Initial Tx EQ Startup and Testing
Prior to starting this test, take note of the following:

= This test uses AC fit methodology defined in the PCle CEM 5.0 Specification for preset testing
at 32 GT/s. Testing at lower data rates uses Vb based methodology defined in respective PCle
Base Specifications.

= To account for measurement noise, a tolerance of +1.0 dB is used for measured preshoot and
de-emphasis that are defined as 0.0 dB in the PCI Express Base Specification.

* Due to measurement sensitivity having more impact on higher boost preset, a tolerance of
+1.5 dB is used for P10 preshoot.

= The designs are expected to not support any preshoot or de-emphasis on presets that define
0.0 dB for preshoot or de-emphasis. The allowed tolerance is to account for measurement
noise only.

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: 6.25 ps/div (2M Ul)
e Max Bandwidth: 33 GHz
e Sampling Rate: =128 GS/s
e Trigger:0V, Channel 1
2. SetPreset 0 on the BERT.
3. Onthe BERT’s Applications screen, select the MX183000A Utility application.
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4. Inthe MX183000A - Selector pop-up, select ‘PCle Link Training’ and then ‘Start’.

[ MXIB30004 - Selector et

File Setup Lioerse Help

1 i
I PCle Link Training E]

Start

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

< No.d
PP 1.3 00000 =500 =0CKET -

Mot
TOFPD::150. 168 3. L D0=5001 : SOCET -

RNo
TOFPDE: 192, 1682, L0500 50 ET .

SEanch SLam

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 (PO). Then select “Apply”.

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

o)

LEQTest [ | Setting
Rx LEQ

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 the PCle Gen5 Preset Test as shown in the following example.

i SigTest Phoenix — O X

Technalagy: | PCle v

Generation: | 50 v

Test: | Preset TestAC i

13. Browse to select the directory of the saved waveform file to be tested and select “No_CTLE” at
the Template drop-down field. Then select the “Test” button at the bottom to start the test
run. All preset numbers must turn green once the test completes to indicate a Pass.

i PCle Gen 5 Preset Compliance Test — O X
Waveform Directory: CAGRL\GRLSinkTestProjects\PCIECEMGenS_AN
Test Type: Full Swing -

<-- Back to Test Selection Data Format: | Differential w Options

Sample Interval: ps Template: No_CTLE vl
Waoltage Resalution: Yy

Test
#of Ul
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% PCle Gen 5 Preset Test AC Results
(FAIL) Preset Test AC
Preset Test AC Overall Result: FAIL
Preset Waveform Boost Preshoot (dB) De-emphasis (dB) Lane Preset Pass/Fail O
PQO: o ﬁmAdd In . . 6.04508 -0.13764 -6.1129 Cou.\d Could PASS .
PO1: L wmAdd In . R 3.0919 0.27605 -2.89317 Cou.\d Could PASS .
PO2: o VAdd In . R 4.26091 0.24637 -4.10653 Could | |Could PASS .
P03: o ﬁmAdd In . . 26903 046712 -2.33089 CDul\d CDuFd PASS .
PO4: o ﬁ,ﬁdd In . . 0 0 0 Cou.\d Could PASS .
PO5: L wmAdd In . R 1.8855 202523 0.17679 Cou.\d Could PASS .
PO6: L -._Add In . R 247479 255823 01122 Could | |Could PASS .
PQ7: o ﬁmAdd In . . 812908 3.5816 -6.18892 Coul\d CDUFd PASS .
PO8: o ﬁ,ﬁdd In . . 5.84334 3.53885 -3.26714 Cou.\d Could PASS .
PQ9: L -)_Add In . R 3.14463 348958 0.52068 Could | |Could PASS .
PO10Q: L -._Add In . R 314465 348958 0.52068 Could | |Could FAIL .

8.2.4 TxLink EQ Time Response (with Presets/Cursors) Startup and Testing
Prior to starting this test, take note of the following:

= This test uses AC fit methodology defined in the PCle CEM 5.0 Specification for preset testing
at 32 GT/s. Testing at lower data rates uses Vb based methodology defined in respective PCle
Base Specifications.

* Toaccount for measurement noise, a tolerance of £1.0 dB is used for measured preshoot and
de-emphasis that are defined as 0.0 dB in the PCI Express Base Specification.

* Due to measurement sensitivity having more impact on higher boost preset, a tolerance of
+1.5dB is used for P10 preshoot.

= The designs are expected to not support any preshoot or de-emphasis on presets that define
0.0 dB for preshoot or de-emphasis. The allowed tolerance is to account for measurement
noise only.

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: 6.25 ps/div (2M Ul)
e Max Bandwidth: 33 GHz
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e Sampling Rate: =128 GS/s
e Trigger:-350 mV, Anritsu AUX channel

2. SetPreset 0 on the BERT.
3. Onthe BERT’s Applications screen, select the MX183000A Utility application.

Dadc LML ML
Tast ann L
_ I_-
AT B! ExpirT ST
— —
i ] BI0004 Pl Conprpy

4. Inthe MX183000A - Selector pop-up, select ‘PCle Link Training’ and then ‘Start’.

[ M1B30004 - Ssiacter ﬂ!
File Sefup Lioerse Help
Agpli I
PCle Link Trainimg Z]

Stan

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

< No.d
PP 1.3 00000 =500 =0CKET -

Nod
TOFPD::150. 168 3. L D0=5001 : SOCET -

4.

RNo
TOFPDE: 192, 1682, L0500 50 ET .

SEanch SLam

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:
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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

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

Cursor.

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

Rx LEQ | Initial TX LEQ Tx LEQ Response

Lane: 0/8
Test Pantern: CP (Compliance Pattern)

PPG Starting Preset
7 v

e
o .

Loopback Through: Recovery
o Edon

8. Inthe MX183000A - PCle Link Training window, select ‘Link Start’ in the Link Training tab.
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LEQTest [ Setting
Rx LEQ

9. Onthe 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”.

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

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

13. 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”.

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.

PCle Preset Decoder *x
#£dd In Card_LnD0_TXResponse_P00_d_acqD00trc CAGRL\GRLSinkTestProjects\PCIECEMGe..,  — ] et
Status
Decoder.
Waveform:  Add In Card_Ln00_TXResponse_P00_d_acqllltrc 206
Decoded Transttion Time: §5.667156e-07s Show
_ oo
Blectrial Transttion Time:  §6.551750e-07s z;' 2.00
: —0.02
—0.04
Time relative to tigger (s) Type Preset Prec o
5.098656e-07 TS 7 5 2 1 ] 1 2
5.179875%-07 751 7 5 fretus)
5.260500e-07 i 7 ] 3 10
534231307 TS 7 5 3 10
5.423500e-07 TS 7 5 3 10
5.504715e-07 T3 7 ] 33 10
5.585965¢-07 TS 7 5 33 10
5.667156e-07 TS51 0 0 36 12
5.748344e-07 T3 0 0 36 12
5829554207 TS 0 0 36 12
5.910813e-07 Ts1 a 0 36 12
5.992031e-07 T3 0 0 36 12
6.073215-07 TS a 0 36 12
6.154438=-07 Ts1 a 0 36 12
F 73RRRR=-NT T51 1] n k' 17 "
£ >
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8.3 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 5.5 to set up the DUT for link equalization testing to verify initially that the
DUT is ready for link training and loopback.
8.3.1 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 5 add-in card DUT. This setup is using the MP1900A BERT that includes
the MU195040A Sl Error Detector module and a compliant CBB test fixture for the DUT.

Note: Use logical Lane 0 for the following test setup.

- —
MU181000A/8 L e W) ®
MU1815008B e
GG T g
| 4 -
* MU1S5/6020A - — e -
PRy /l__.. i '\- y YU U
MU1S5050A =
20 Qod)s
Nominal 1 ft cables
19.75-22.75dB
Variable ISI
REF
GND connection CLK 1 ouT
cable (J1627A) / J
= CBBTx / CBBRx
' ' MU195040A i= e
-_— s S
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FIGURE 55. CONNECTION DIAGRAM FOR PCIE GEN 5 ADD-IN CARD DUT LOOPBACK TEST

Using a SMA-SMA short cable, connect the MU181000A/B clock output to the MU181500B Ext
clock input.

Using a SMA-SMA short cable, connect the MU181500B jittered clock output to the
MU195020A/MU196020A Ext clock input.

Using coaxial cables, connect the MU195020A/MU196020A data outputs to the MU195050A
data inputs.

Using coaxial cables, connect the MU195050A data outputs to the Variable ISI (Nominal 19.75 -
22.75dB).

Using 1 ft cables, connect between both the CBB Rx Lane 0 and Variable ISI.

Using coaxial cables, connect the MU181500B sub-rate clock outputs (100 MHz reference
clock) to the REF CLK INJ of the CBB.

Using coaxial cables, connect the CBB Tx Lane 0 to the MU195040A data inputs for loopback
error detection.

Using the J1627A GND connection cable, connect the CBB to ground.

8.3.2 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 5 system board DUT. This setup is using the MP1900A BERT that includes
the MU195040A S| Error Detector module and a compliant CLB test fixture for the DUT.

Note: Use logical Lane 0 for the following test setup.
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FIGURE 56. CONNECTION DIAGRAM FOR PCIE GEN 5 SYSTEM BOARD DUT LOOPBACK TEST

Note: Before starting the System Board DUT Loopback Test, make sure to perform optimization of
the Return Path (DUT Tx to BERT error detector). Refer to Appendix B or C for details.

1. Using a SMA-SMA short cable, connect the MU181000A/B clock output to the MU181500B Ext
clock input.

2. Using a SMA-SMA short cable, connect the MU181500B jittered clock output to the
MU195020A/MU196020A Ext clock input.

3. Using coaxial cables, connect the MU195020A/MU196020A data outputs to the MU195050A
data inputs.

4. Using coaxial cables, connect the MU195050A data outputs to the Variable ISI (Nominal 4.9 -
7.9dB).
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Using 1 ft cables, connect between both the CLB Rx Lane 0 and Variable ISI.
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Using a BNC cable, connect the CLB 100 MHz clock output from the system board DUT to the

100 MHz reference clock input on the MU181000A/B.

7. Using coaxial cables, connect the CLB Tx Lane 0 to the PCle5 Re-Driver and then to the

MU195040A data inputs for loopback error detection.

8. Usingthe J1627A GND connection cable, connect the CLB to ground.

8.3.3 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.

Dawice L .
st % ann

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

FE] MX1B30004 - Selacter i
Fig Safup Leoerae  Help
Appli |
PCle Link Training Z]

-

4. Inthe next window, select the network address of the MX190000A BERT application followed

by ‘Connect’ to link up with the MX190000A.

+ Mol
TP 137000, =500 =S0CKET =

Mo.d

TOPPD: 192, L 6B 2. L DS S 0CET »

No.3
TOFPD: 152, 168 L 00500 =50 RET -

SEaich San
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5. Inthe MX183000A - PCle Link Training window, select the Link Training tab. Select ‘Recovery
Full EQ’ under the Loopback Method drop-down field. The Recovery mode is a recommended
setting for the DUT loopback state.

V4] MX183000A - PCle Link Training 0 . R Y ]
File  Setup Help Operate MP1900A

| Equipment Setup‘ Link Training ‘Run Test | Graph | Report | Electrical Idie
Specification DuUT
l50|:320 GTfS] "l [Root Complex [S\f-gtem] v] |:| More resLits Link Start
g Use Preset —
Linkup Speed LEQ Test [7] sening
PPG Final Preset —
Rx LEC
HEE Received Transmitted PPG Final Cursor
Pre-Cursor  Cursor  Post-Cursor
SKP Count [ I [] configure
BFER A 5 - +
Symbal Err e BER Measurement
Full Swing, Low Frequen —
Current RD Err =— £ a ¥
Link, Lane Number R et LTSSM Log
Symbol Lock —
Request Eq ===
Loophack Method
SR R FUilE
128b130b Received Transmitted ecoveryEQ [ ecovery Full £Q 4 v]
e PCle 3 PCle 4 PCle 5
punt Fizszl — p— - | TestPattern
T51/T52 Symbol14-15 DC Balance [Root) -
Phasel s eeeees eemees Compliance -
Sync Header Err — Phasel . R . [MCP vl
TS1 05 Parity Err — Phase3 — — S
S—— —

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

7. Inthe MX183000A - PCle Link Training window, select ‘Link Start’ in the Link Training tab.
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[ Link Start ]
Matrix Scan

LEQ Test Setting
Rx LEQ

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

If ‘Detect.Quiet’ is shown instead, it means link training has failed.

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

LEQ Test Setting
Rx LECk

Configure

(Cusvies )

If the link training is successful, the log will show the DUT enter a Loopback Active state.

If the link training has failed, the log will show Detect and Polling states.

8.3.4 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 Pressthe 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 32 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 ISl channel and connect data signals to the DUT directly.
e Pressthe Power Reset button on the CBB or reboot the DUT.
e Ensure the PPG Output setting is ON.
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e Change to other Preset values, for example:
o PS5, P6, P8 and P9 are recommended for PCle Gen 5.
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.

8.4 Perform DUT Rx Compliance Testing

This section describes how to test the DUT to meet PCle CEM 5.0 Rx electrical compliance specs.
The Rx path is tested with worst case stressed eye to ensure a BER of no more than 1 error in 4E12
bits transmitted 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.

3. Run the test for 125 seconds for the PCle Gen 5 DUT with maximum of one error at a single
preset.

8.4.1 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.

2. When completed, select the Graph tab to view a data plot from the measurement results.
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9 Appendix B: Return Path Optimization Using Anritsu
J1890A PCle5 Re-Driver Set

It is important to optimize the Return Path (DUT Tx to BERT Error Detector) when testing for
Receiver Link Equalization with PCle Gen5 (32 GT/s), as described below.

9.1 Requirements for Using an External Driver (J1890A)

When testing the System Board, connect the J1890A PCle5 Re-Driver Set between the DUT Tx and
BERT Error Detector. Refer to Section 9.3 for information on how to set up the J1890A PCle5 Re-
Driver Set.

Note: While it is not necessary to use a Re-Driver for the Add-In Card Rx Link EQ Test, the same
method of optimizing the Return Path should apply when testing the System Board or Add-In Card.

9.2 Return Path Optimization Procedure
Follow the steps below to optimize the Return Path.

1. Connect the equipment as shown in the System TxRx Link EQ Test setups in Section 5.5.1 &
5.6.1 or Section 8.2.2 & 8.3.2 respectively.
2. Startthe MX183000A, set the ‘Specification’ to ‘Gen5’, and then turn off all stresses as follows:

e SJ
e RJ
e DMI
e CMI
] MX183000A - PCle Link Training X
File Setup Help Operate MP1900A
Equi S Link Training Run Te Graph R Electrical Idle
quipment Setup g RunTest Grapl eport
Specification DUT %
5.0{32.0 GT/s) ~ | )| Root Complex (System) [iisre Fesiis Link Start
LTSSM State —| |Recsived Matrix Scan liz=
inkup Spee LEQ Test Seming 1000000001 Hz
FFG Final Preset Frequency =
RxLEQ —
8b10b Receive Transmitzed PPG Final Cursor Amplitude = Vie-p
Pre-Cursor  Cursor  Post-Cursor g
—— |
....... e
Symbal Err sz [
Full Swing, Low Frequency
Current RD Err L S12 Mode 12 via MU1B1000 -
Link, Lane Number o
Loopback Methed Amplitude 0.000[2] Uip-p
DB penes  Tamsmmes  |CUNVER Ao & ba e
PCle 3 PCled PCle5
SKP Count [ — |enaseo Test Pattern w0l
TS1/T52 Symbol 14-15 DC Balance [T i ~
& [ ‘ o —] — Camlbarze PRES PRES7 -
Mce N Bitrate 12.500000[2 ] Gbit/s
Sync Header Er Fhase2 =
TS105 Parity Emr Ehasss Timeout Amplitud 00002 Ulp-p
Block Lock N 0.00 | os o0
Option
EIEOS Counter

3. Select the ‘LEQ Test Setting’ checkbox in the MX183000A Main Window and set the following:

i) Set‘PPG Starting Preset’ to ‘P5’
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ii) Set ‘DUT Initial Preset (Preset Hint Tx)’ to ‘P9’

iii) Set ‘DUT Target Preset (Change Preset)’ to ‘P9’

iv) Click on ‘Apply’

v) From the ‘Option’ button, set ‘CTLE Gain’ to ‘0.0 dB’ on the ‘PPG / ED’ tab.

4] WX182000A - PCle Link Training x
File Setup Help Operate MP1300A
. X
Equipment Setup Link Training Run Test Graph Report Electrical die ; ]
Specification DuT SKP Link EQ | PPG/ED Trigger
5.0{32.0 GT/s) ~| | Root Complex (System) ~ [ More results Link Start ED
n on for 2.5 GT/s |P1:-35,00 ~ CTLE Gain [dB]  PCle5 v 0.0/2
[T5SM State | —| |received Matrix Scan
e —————————— I -
inkup Speed _ 4 tive State
PPG Final Preset
LeaTes et
[ configure
RxLEQ  Initial TXLEQ Tx LEQRespog BER Measure .
Rx Precoding | oFf v
Full'§
Loopback Through: Recovery
Link, Lane Numbsp LTSSM Log
Link EQ:  Preset Saved Cursor.
Request E
Lane: 0/8 Loopback Method
Test Partern: MCP (Modified Compliance Pattern) RvawEﬂ Recovery Full EQ ~
PCle3 PCie 4 PCleS
PPG Starting Preset: Phased ‘ Test Pattern
P5 v (== Compliance -
Phasel =] == =
DUT Initial Preset (Preset Hint Tx):
nitial Preset (Preset Hint Tx) S P o
Pg v
Phase3 o e e o
DUT Target Preset (Change Preset): TR Close
-

4. Execute ‘Link Start’ of MX183000A.

Link Start

5. Establish Loopback.

LTSSM State | =

Linkup Speed I—

i) Ifthe ‘Linkup Speed’ is not ’32.0 Gbps’ and the ‘LTSSM State’ is not
‘Loopback.Active.Lead’, reduce the CTLE setting of step 3 v) by 3 dB, re-execute Link
Training, and confirm whether Loopback is established through the LTSSM State
displayed.

ii) If Loopback cannot be established even if CTLE is set to -12 dB, set the Preset setting of
steps 3 ii) / 3iii) to ‘P8’, set CTLE to ‘0 dB’, and check the Loopback status according to
step 5i).

iii) If Loopback cannot be established even with Preset P8, redo step 5 ii) with P7, P6, ... PO.

iv) Check the Preset and CTLE settings for which Loopback was established in steps 5 i) to
5iii).

v) If Loopback cannot be established up to step 5 iv), remove ISI from the measurement
system and execute steps 5i) to 5iv).

Note: If Loopback cannot be established by the procedure up to this point, the measurement
environment may be incorrect (cable connection error, etc.) or it may be a DUT problem, so review
the measurement environment again.
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6. BER optimization:
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Perform Link Training with Preset and CTLE settings specified in step 5 to measure BER.

i) Adjust CTLE to locate the setting that gives the best BER.
ii) Execute ‘CDR Tune’.

CTLE Gain [dB] Preset Auto > BER Measurement
PCle 5.0
PCle5 ~ -6.0% DM ||
e on Frequency 2102
EC Threshold 15 e Amplitude 2002

Current BER 2.0000E-01

Gl Single Delay PClel 012
Catinailine 1253 [s] PCle2 02
Switch To peles o=
Manual BER Test U PCled 0%
Total BER 1.0000E-06 PCles 0%
Total Error Count 100000 L[ Reser

Total Bits 1.0000E+11

Option CDRTune § Reset
PPG (Data 2, Aggre=2%

Syncloss M Clock Loss Ml oot o=

[Tuned]

mul
v

iii) Execute ‘Auto Search’:

e Click on the ‘Operate MP1900A’ button to switch to the MP1900A User Interface.

e C(Clickon

e [Execute

Operate MP19004

the ‘Auto Search’ button.

oy Auto
—@‘ll Search

‘Auto Search’ using the following settings:

o Mode: Fine(NRZ)
o Item: Threshold&Phase
o CTLE Auto Adjust:ON

Auto Search

Advanced orr i
@

Mode  [RnetnRz) v
' CTLE Auto Adjust » Start S Close
Item |hresholdspnase v | on m m

Slot6-1 ED 2mv 2mv 200 mUl 16.00 ps 6.2dB

Slot6-2 ED OFF | — e e e e
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7. Error Detector (ED) setup for Return Path optimization:

In the procedure up to step 6, ED setting parameters for optimizing the Return Path are
determined. Each parameter is as follows:

e Preset setting confirmed in step 5:
o DUT Initial Preset (Preset Hint Tx)
o DUT Target Preset (Change Preset)

DUT Initial Preset {Preset Hint Tx):
PO w

DUT Target Preset ({Change Preset):
PO L

e CTLE and Phase settings confirmed in step 6.

Data ¥Data Clock Clock
ONIOFF threshold Threshold  Delay(mU)  Delay (ps) (dB)

200 mul

Slots-1 ED 16.00 ps

By applying the above settings to the following parameters of MX183000A, optimization of Return
Path is completed.

X
PCle 5.0 | masam[am Auto M BER Measurement -
PCles ~|  edE om A S

Frequency 210[7] cHz
EC Threshold 1% E 8=k, (1) \ Amplitude 20[%] mvp-p
Pass/Fail 1MX182000A - PCle Link Training X

File Setup Help Operate MP1S00A
CVC!E . Equipment Setup Link Training Run Test Graph Report | Electrical ldle \ Flel 2
S Specification puT ple2 2665 mut
Switch To 5.0{32.0 GT/s) ~ | Root Complex (System) [iiore resiits) Link Start PCle3 23412 mul
PClea 266[=] mul Clock Delay

Manual BER Tes B
mssMswte| —| [Received

Total BER Use Preset PCles 200[2] mul|
uinkup spee [
PPG Final Preset
Total Error Coun Reset
LEQ Test |RxLEQ Appl PPG Final Cursor
Total Bits PRl Pre-Cursor  Cursor  Post-Cursor Configure
Current BER R LEQ  Initial TCLEQ T LEQ Response — T BER Measurement CDRTune |~ Reset | [Tuned]
Full Swing, Low Frequeney | ——]|[ —] ta 2, Aggressor)
Syncloss W Loopback Through: Recovery =
Link, Lane Number El El LTSSM Log of2| mul
Link EQ; | Preset ~ | | saved Cursor. v
Lane: 0/8 Loopback Method

Test Pattern: MCP (Medified Compliance Pattern) | RecovervEQ Config No EQ. v

PCiE 3 PCled PCle s

m

PPG Starting Preset Phase0 Test Pattern
(Root)

p7 ~ Compli v
Phasel
McP ~

DUT Initial Preset (Pre: i .
" Preset setting E o
imeou

DUT Target Preset Change Preset): I
P ~

Option
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9.3 J1890A PCle5 Re-Driver Set Setup & Configuration

9.3.1 Configuration of Re-Driver

No. Model Name Qty. Appearance/Label
J1890A [@; PCle5 Re-Driver Set —

1 41VA-3 Fixed Attenuator 2 Labelled 41VA-3

2 J18T7A Passive Low Frequency Equalizer 3.5 dB 2 Labelled 1877A

3 J1645A Passive Equalizer 3 dB (V-connector) 2 Labelled REQ-M05-F0.0-
28.0-S3.0-V-ITI-R

4 34VKF50A Precision Adapter 4 Labelled 34VKF50A

5 J1820A Electrical Length Specified Coaxial Cable 2 0.4-m Cable

(0.4 m, K-connector)

6 AH54192A 12 56 Gbaud Differential Linear Amplifier 1 Labelled AH54192A

Supplied as a set with
dedicated power supply
AH54192A-01

[e] The J1890A and AH54192A are packaged separately. Check the contents of both boxes.

9.3.2 Connections

Refer to the following picture for the appearance of each part and displayed labels.

4 6 1 2 3 4 5

From DUT To ED
—_— e
[— ‘\\»'«}{5-1192»'«-01
= Power Supply
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9.3.3 Setting of Power Supply AH54192A-01
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The following table lists the power supply specifications of AH54192A-01.

There are three types of supply voltages. Set each voltage with the following typ. settings:

e Vcc: Core voltage of AH54192A

e V. Gain setting of output signal

e Vgr: Output current adjustment

The electrical characteristics of the AH54192A are guaranteed.

Power Supplies

Items Conditions Units - 2RecTcatons
min. typ. max.
Var +4.2 +4.4
Supply Voltage Vee v +3
Vamp +3
lgr (x2) 160 180
Supply Current lec mA 65 75
lamp 10 20
Power Consumption W 0.9
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9.3.4 Voltage Setup Steps of AH54192A-01

Voltage monitor ~ Current monitor Voltage selector

LS A54192A-01 o sy 1o wistsson

Vccadjustment knob Ver adjustment knob Vamp adjustment knob

1. Remove the dedicated DC power cable with the AH54192A.

2. While checking the voltage monitor, switch between Vcc/Vamp/Ver with the voltage selector and
adjust each to the typ. value.

3. Turn off the power and connect the dedicated DC power cable to the AH54192A.
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10 Appendix C: Return Path Optimization Using MACOM
Technology Solutions Re-Driver

It is important to optimize the Return Path (DUT Tx to BERT Error Detector) when testing for
Receiver Link Equalization with PCle Gen5 (32 GT/s), as described below.

10.1 Requirements for Using an External Driver (MACOM)

When testing the System Board, connect a MACOM Re-Driver between the DUT Tx and BERT Error
Detector. Refer to Section 10.3 for information on how to set up the MACOM Re-Driver.

Note: While it is not necessary to use a Re-Driver for the Add-In Card Rx Link EQ Test, the same
method of optimizing the Return Path should apply when testing the System Board or Add-In Card.

10.2 Return Path Optimization Procedure
Follow the steps below to optimize the Return Path.

1. Connect the equipment as shown in the System TxRx Link EQ Test setups in Section 5.5.1 &
5.6.1 or Section 8.2.2 & 8.3.2 respectively.
2. Start the MX183000A, set the ‘Specification’ to ‘Gen5’, and then turn off all stresses as follows:

e SJ

e RJ
e DMI
e CMI
4] WX182000A - PCle Link Training X
File Setup Help Operate MP1300A
Equi S Link Trainin h Electrical dle
quipment Setup g RunTest Graph Report
Specification DUT %
. Link Start
5.0{32.0 GT/s) ~ | )| Root Complex (System) [iNiore resuits
LT55M State —| [Received Matrix Scan itter
inkup Spee LEQ Test seming 100000000/~ Hz
PPG Final Preset Frequency 2
eeeeeee E
8b10b Received Transmited FPG Final Curser Amplitude 0-112{7 Uip-p
Pre-Cursor Cursor Post-Cursor % -
symbol Err CEIREETE=E sz [
Full Swing, Low Frequency
Current RD Err -- Eenl $12 Mode SI2via MUIB1000 -
Link, Lane Number [ —I — og
Ernalice Frequency 0[] He
Loopback Method Amplitude 0.000[2] Ulp-p
R E Config No E ~
D o emewm B FEE [ amlees
PCie 3 PCle FCle 5
sotmm rase | etk wD
TS1/TS2 Symbol14-15 DC Balance (] Compliance A
‘ Phasel — — B PRES PREST v
— — Mce it Bitrate 12.500000[= ] Gbit/s
Sync Header Err Fime =
75105 Parity e Phase3 — — Timeout Amplitude 0.000[Z] uip-p
0.00 | os oo
Block Lock =
Option
EIEOS Counter

3. Select the ‘LEQ Test Setting’ checkbox in the MX183000A Main Window and set the following:

i) Set‘PPG Starting Preset’ to ‘P5’
ii) Set‘DUT Initial Preset (Preset Hint Tx)’ to ‘P9’
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iii) Set ‘DUT Target Preset (Change Preset)’ to ‘P9’
iv) Click on ‘Apply’
v) From the ‘Option’ button, set ‘CTLE Gain’ to ‘0.0 dB’ on the ‘PPG / ED’ tab.

4] MX182000A - PCle Link Training X
File Setup Help Operate MP1900A
. X
Equipment Setup Link Training Run Test Graph Report Electrica ldle ) ;
Specification BT SKP LinkEQ |PPG/ED] Trigger
5.0(32.06T/s)  ~| RootComplex (System) ~ [ more resuits Link Start )
. on for 2.5 GT/s |P1:-3.5,00 CTLE Gain [dB] |PCles v 0.0/
TSSM State | —| |receiven Matrix Scan
inkup Spee LEQTest  [] Setting  ea/State
PPG Final Preset —A
eeeeeee —
LEQ Test |RxLEQ Appl PPG Final Cursor
., re-Cursor  Cursor 34 or [ configure
RXLEQ  Initial TXLEQ Tx LEQ Respop€e BER Measure i
Rx Precoding | OFF v
Full Swing,
Loopback Through: Recavery
Link, Lane Numbg LTSSM Log
Link EQ: | Preset Saved Cursor...
RequestEg
Lane: 0/8 Loopback Method
Test Panern: MCP (Modified Compliance Pattern) Ryvewm Recovery Full EQ v
PCle

PFG Starting Preset:

. 3 PCle s PCle 5 R
LE ¥ (=) Compliance ~
Phasel e - —

DUT Initial Preset [Preset Hint Tx):
d ) Phase2 =1 =] = M

Pa v
Phase3 | | — Timeout

DUT Target Preset (Change Preset): Close
= =

4. Before executing ‘Link Start’ of the MX183000A, turn the Re-Driver ON and set equalization
parameters to ‘EQ_POQ’ first, as shown in Section 10.4.

5. Execute ‘Link Start’ of the MX183000A.

Link Start

6. Establish Loopback.

LTSSM State | =

Linkup Speed I—

i) Ifthe ‘Linkup Speed’ is not ’32.0 Gbps’ and the ‘LTSSM State’ is not
‘Loopback.Active.Lead’, increase the EQ preset of the Re-Driver (as such: EQ_P0 >
EQ_P4-> ... > EQ_P20) by four steps and re-execute Link Training. Confirm every time
whether Loopback is established through the LTSSM State displayed.

ii) If Loopback cannot be established even if EQ is set to ‘EQ_P20’, set the Preset setting of
step 3 i) / 3iii) to ‘P8’, set EQ to ‘EQ_P0’, and check the Loopback status according to
step 6 i) again.

iii) If Loopback cannot be established even with Preset 8, redo step 6 ii) with P7, P6, ... PO.

iv) Check the Preset and EQ settings for which Loopback was established in steps 6 i) to 6
iii).

v) If Loopback cannot be established up to step 6 iv), remove ISl from the measurement
system and execute steps 6 i) to 6 iv).
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Note: If Loopback cannot be established by the procedure up to this point, the measurement

environment may be incorrect (cable connection error, etc.) or it may be a DUT problem, so review
the measurement environment again.

7. BER optimization:

Perform Link Training with Preset and EQ settings specified in step 6 to measure BER.

i) Optimize EQ to find the setting that gives the best BER.
ii) Setthe EQ confirmed in step 6.
iii) Execute ‘Auto Search’:

e Click onthe ‘Operate MP1900A’ button to switch to the MP1900A User Interface.

Operate MP19004

e Click on the ‘Auto Search’ button.

—@‘ll Search

e Execute ‘Auto Search’ using the following settings:
o Mode: Fine(NRZ)
o Item: Threshold&Phase
o CTLE Auto Adjust: OFF

Auto Search

Advanced CFF ?
[HOLD ]

Mode |'Fine(NRz} |V|

L N e Auto Adjy » Start | Stop | | Close |
ltem |Thresho|d&Phase |v| — OFF m o

L J et ALL set ALL

Slots-2ED | OFF |

iv) After Auto Search is completed, check BER.

v) Increase the EQ preset of the Re-Driver by one or two steps and re-check the BER.
Repeat this procedure until the best BER is determined. If an error-free condition is
achieved in multiple EQ presets, use the central EQ preset as the optimum setting.

vi) Execute Auto Search in step 7 iii) again.

vij) Execute CDR Tune. (This step is Optional)
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x
CTLE Gain [dB] Preset Auto v BER Measurement =
PCle 5.0 § o L) .
PCles MEE
o 0 s Frequency 2108 6Hz
EC Threshold 1= o Amplitude 2= mvpp
Cycle Single Delay PClel 0| mut
Gating Time 322 [s] PCie2 O mul
of=]| mui
Switch To o e Pl =
Manual BER Test — PCled < |
Total BER —] PCies < |
Total Error Count —] L[ e
Total Bits —]
PPG (Data 2, Azzre e
Sync Loss M Clock Loss M B oi=] mui
v

8. Error Detector (ED) setup for Return Path optimization:

In the procedure up to step 7, EQ setting of the Re-Driver and ED setting parameters for
optimizing the Return Path are determined. Each parameter is as follows:

e Preset setting confirmed in step 6:
o DUT Initial Preset (Preset Hint Tx)
o DUT Target Preset (Change Preset)

DUT Initial Preset (Preset Hint Tx):
Pg S

DUT Target Preset (Change Preset):
] o

e Threshold, Phase, and EQ settings confirmed in step 7.

ON/OFF Data Data Clock Clock
Threshold Threshald Delay (mi) Delay (ps)

Slots-1 ED 16.00 ps

Device Settings oTP Channel Control Monitors Memory Map Log

| Chan 0 | Chan 1 | Chan 2 | Chan 3 |
ch1_eq_hf: 40 28h
CH1 EF Bias Control: 2 =
chi_eq_If: 3.0dB @2GHz = eq_hg_cal_en (All Channels)
O pd_ch_1
chl_bias_ctrl: Bias current of 2X or 1.36 mA Y| [Jenlosch
los_thr_ch_1: LOS threshold of 72 mVppd v mask_eq_los_ch1
[] maskalarm_ch_1
chi1_leq_ib_ptat_ef_cal: EF calibration current of 8X/ 8 or 339 uA b
chl_cal_din: Offset calibration voltage = 0.2 mV s

By applying the above settings to the following parameters of MX183000A, optimization of Return
Path is completed.
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x
CTLE Gain [dB] Preset Auto BER =
PCle 5.0 tee1 o L

PCies v boz = ~

Frequency 2101 GHz

= P7:-6.0,3.5
EC Threshold 1f2 . ] e
Pass/Fail MX183000A - PCle Link Training
E—————— Ffile Setwp Help Operate MP1900A

Cycle . . PClel 230[=] mui

L Equipment Setup Llink Training RunTest Graph Report < =
Gating Time ccrea ~6e =] mut

Specification DUT e -

- 50(3206T/s)  ~ |Root Complex (System) ~|  [iiiere esuiia il i pie3 2342 mul K
Switch To ¢ Cloc Delay
Manual BER Test i PCled 26613 mul

LTSSM State Received s SEEID
Use Preset PCles 20012 mUl
PPG Final P
Tl (rimerr Gt inal Preset B L[ Reser
. LEQTest [0 | PPG Final Cursor
Total Bits Apply Pre-Cursor  Cursor  Post-Cursor Configure
Current BER RXLEQ Initial TXLEQ T« LEQResponse BER Measurement CDRTune = Reset
Full Swing, Low Frequency E E' ta 2, Aggressor)
Sync Loss Loopback Through: Recovery —
Link, Lane Number ElEl LTSSM Log 02| mu
Link EQ: | Praset ~ Saved Cursor v
Lane: 0/8 Loopback Method
Test Pattern: MCP (Modified Compliance Pattern) RecoveryEQ Config No EQ ~
PCle 3 PCle s PCle s
PPG Starting Preset: Phased Test Pattern
= - (Root) Comli -
Phasel | —] ==
DUT Initial Preset (Preset Hint Tx): o | fres -
[ v
Timeout
DUT Target Preset (Change Preset): .
b . Preset setting -
Option
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10.3 MACOM Re-Driver Setup & Configuration

10.3.1 Configuration of Re-Driver

graniteriverlabs.com

Model Name Qty. Remarks
UO099A PCle5 Re-Driver 1 Graphical User Interface (GUI) software and USB
cable are included

K220B Precision Adapter DC to 40 GHz, 50 Q, 2 For cascade connection between Channel 1 (Chl) Tx
K(m)-K(m) and Channel 2 (Ch2) Rx

J1728A Electrical Length Specified Coaxial 2 J1728A or equivalent
Cable (0.4 m, K Connector)

J1627A GND Connection Cable 1 For GND connection between U0099A and MP1900A

N/A DC Power Supply 1 Single power supply is required (+3.3V, 0.3 A)

N/A Power Supply Cable 1 1 pair for +3.3Vand GND

10.3.2 Connection Diagram

Refer to the following figure for connecting each part of the Re-Driver. After completing all
connections, turn the DC power ON to +3.3 V. Unused channels (Ch0 and Ch3) do not need to be
terminated.

From DUT

(Differential)

From DUT
(Differential)

Re-driver

Power Supply

J1728A
or equivalent

USB Cable

USB Control
PC or MP1900A

J1627A GND Cable
to MP1900A

To ED
(Differential)

ToED
(Differential)
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10.3.3 Operation Guide
The following procedure will prepare the Re-Driver for operation.
1. Install the GUI software to a Host PC or the MP1900A.

2. Verify jumpers are present in the positions listed in the following table:

graniteriverlabs.com

EVM Jumper Settings
Board Jumper Setting Description
Main Board (Green) JP1 ON 3.3Vto AvCC
JP1,JP2, JP8, JP3, JP4 1-2, 0N Micro-controller programming setup
Controller (Blue)
JP6 OFF Do not use.

3. Using Carlisle connector cables, connect the inputs/outputs.

4. Connect a mini-USB cable to the Host PC or MP1900A and power up the Re-Driver with an

external +3.3 VDC power supply to the banana jacks J1 and J8.

5. Once the necessary hardware connections for the Re-Driver are in place, launch the User
Control software by going to ‘Start’ > ‘All Programs’ > ‘MACOM Technology Solutions’.

6. Once the software is running, click on the ‘Connect’ button. The device will be identified in the

upper right corner.

7. Reset the device by clicking on the right button - ‘Reset with No OTP Download’.

8. The ‘Channel Control’ tab helps you control the settings for each of the four channels
individually. The high frequency boost can be controlled using the slide bar or by inputting a
decimal between 1 to 127. Channel control also allows control over the settings like, low
frequency boost, bias control, and disabling the channel. All four channels can be configured

differently, by selecting the individual channel tab.

B loadFile M saveState © StarfMacro @ Edit Script ‘ Direct Write
Chan0  |' cChan1  [I Chan2 |7 Chan3 |
@ [} hiegnt : : : 40 - 28h I :
\/2\: CH1 EF Bias Con trol | 2 I
G/ QU RETEEE AR LS
@: I chi_eqIf: . 1 : 3.0dB @2GHz ~i 1¥] eq_hg_cal_en (All Channels) Ij
h g [ .
ittt
ch1_bias_ctrk: Bias current of 2X or 1.36 mA L u en_los ch.1
[ losthrehor L .. ... .LOSthreshold of 72 rn\."ppd ....... vl {—‘ mask eq losehl

ch1_leq_ib_ptat_gf_cal: EF calibration current of 8X/8 or 3_59 uhd

ch1_cal_din: . Offset calibration voltage = 0.2 mV

""" O ‘High Frequency EQ Boost- S
@ Bias Control :
® Low Frequency EQ -> Always set 3.0 dB

Cunnerttd To: MAEQ-39904B1

COM1/ FCOx30 .
| Reset with OTPO Downlead
| Reset with OTP1 Download
| Reset with OTP1/0 Downlead
I | Reset with No OTP Download
D los0 | ) los_stk.0
Rl . 6 los stk 1
Dlos2 . ) los_sth 2
D los_3 ) los._ stl: 3
| ® Cleaa Sticky Alarns
(V] Aute
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10.4 EQ Setting Optimization

Refer to the following preset table for optimizing EQ setting.

graniteriverlabs.com

EQPreset | Chl1_EQ_HF | Ch1_EQ_Bias | Ch1_EQ_LF[dB] | Ch2_EQ HF | Ch2_EQ_Bias | Ch2_EQ_LF [dB]
EQ_PO 28 2 3.0 TF 3.0
EQ_P1 20 2 3.0 TF 3 3.0
EQ_P2 18 2 3.0 TF 3 3.0
EQ_P3 10 1 3.0 TF 3 3.0
EQ_P4 8 1 3.0 TF 3 3.0
EQ_P5 1 1 3.0 TF 3 3.0
EQ_P6 1 1 3.0 78 3 3.0
EQ_P7 1 1 3.0 70 3 3.0
EQ_P8 1 1 3.0 68 3 3.0
EQ_P9 1 1 3.0 60 3 3.0
EQ_P10 1 1 3.0 58 3 3.0
EQ P11 1 1 3.0 50 2 3.0
EQ_P12 1 1 3.0 48 2 3.0
EQ_P13 1 1 3.0 40 2 3.0
EQ_P14 1 1 3.0 38 2 3.0
EQ_P15 1 1 3.0 30 2 3.0
EQ_P16 1 1 3.0 28 2 3.0
EQ_P17 1 1 3.0 20 2 3.0
EQ_P18 1 1 3.0 18 2 3.0
EQ_P19 1 1 3.0 10 1 3.0
EQ_P20 1 1 3.0 1 1 3.0
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11 Appendix D: 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.

B
1. Select from the GRL PCle CEM 5.0 Rx Test Application menu to access the Setup
Configuration page.

Setup  Debug Tool  Sigtest Tool

Device Type: System Board e

FIGURE 57. SETUP CONFIGURATION PAGE

2. Selectthe SigTest Tool tab.

Setup  Debug Tool Sigtest Tool

Sigtest Template: |C:'—-.Program Files (x86)"SigTest 4.0.48%emplates\PCIE_5_0_R Browse

Sigtest Phoenix Template: 5dB_CTLE W

Fun SigTest

FIGURE 58. PERFORM SIGTEST DEBUGGING

3. Select the Rx Calibration template file from the ‘SigTest Phoenix Template’ drop-down menu.
The SigTest Phoenix with the selected Rx Calibration template file will be used to analyze the
captured waveforms.

4. 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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Overall Eye Width: [0
Cwerall Eye Height: m
Pass/Fail: m

50 _Lane0_Gen5_P00_d_bin

Details
SoTest
Waveform:

Results

Measured EW:  [nong)
Measured EH:  [none)

Signal Eye Diagram

Target EWW: 8.88ps <=EW «=988ps
Target EH:  13.50mY <=EH «= 1650 mV

FIGURE 59. RUNNING OFFLINE SIGTEST VERIFICATION

graniteriverlabs.com

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

Overall Eye Width:
Overall Eve Height: REEReri
Pass/Fail:

50 _Lane0_Gen5_P00_d_bin

Details

SigTest: Completed
Waveform:

Results

Measured EW:  6.3020ps
Measured EH:  34.7532mV

Target EW: 888 ps <= EW «=988 p=
Target EH:  13.50mV <=EH <= 1650 mY

FIGURE 60. VIEWING SIGTEST ANALYSIS RESULTS
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12 Appendix E: 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.

B
1. Select from the GRL PCle CEM 5.0 Rx Test Application menu to access the Setup
Configuration page.

Setup  Debug Tool  Sigtest Tool

Device Type: System Board e

FIGURE 61. SETUP CONFIGURATION PAGE

2. Select the Debug Tool tab.

Setup Debug Tool Sigtest Tool

Tx Response Preset

Tx Response Cursor

FIGURE 62. 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.
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Select Waveforms — O *
No. Filename
| Browse Waveform | QK Cancel

FIGURE 63. INITIATE TX LINK EQ TIME RESPONSE PRESET/CURSOR TEST

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.

Add In Card_LnD0_T*Response_P00_d_acq000 kin

Status

Decoder:

Waveform:  Add In Card_Ln00_TXResponse_P00_d_acq 000 bin

Decoded Transtion Time:  {none)

Electrial Transition Time:  {none)

Time relative to tigger () Type Preset Precursor Coefficient Cursor Coefficient Postcursor coefficiert  Data

FIGURE 64. RUNNING TX LINK EQ TIME RESPONSE PRESET/CURSOR TEST

5. Once testis 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.
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PCle Preset Decoder bod

Add In Card_Ln00_TXResponse_P00_d_acq000bin

Status

Decoder:

Waveform:  Add In Card_Ln00_T*Response_P00_d_acq000 bin

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

Time relative to trigger (s} Type Preset Precursor Coefficient Cursor Coefficient Postcursor coefficient
1.052281e-07 TS1 4 0 63 1]
1.183500e-07 TS1 4 0 63 o
1.264625e-07 TS1 4 0 63 1]
1.34521%e-07 TS1 4 0 63 1]
1.427250e-07 TS1 4 0 63 o
1.508500e-07 TS1 4 0 63 1]
1.589656e-07 TS1 4 0 63 1]
1.67081307 TS1 0 0 47 16
1.751625e-07 TS1 0 0 47 16
1.833313e07 TS1 0 0 47 16
1.91471%-07 TS1 0 0 47 16
1.955506=-07 TS1 0 0 47 16
2.07596%-07 TS1 0 0 47 16
2.158375e07 Ts1 0 0 47 16
2.239594=07 TS1 0 0 47 16
231971907 TS1 0 0 47 16
240221907 TS1 0 0 47 16

£

Data (3

0102553001630
0102553001630
0102553001630
30102553001630
0102553001630
0102553001630
3010255300 1630
3010255300131 0
3010255300110
3102553001310
3010255300110
3010255300110
3102553001310
3010255300131 0
3010255300110
3102553001310

010255300110
>

FIGURE 65. VIEWING TX LINK EQ TIME RESPONSE PRESET/CURSOR TEST RESULTS

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.
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o) CAGRL\Rx Test Solution\Applications\PCIECEMGend_AMN_RxTest\AppData'\Report\Result\Decoded\Add In ...  — O *

0.1 1

0.0 1

Voltage(V)

—=0.2

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

FIGURE 66. 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 is not required for
compliance.
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13 Appendix F: 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 O icon to launch the Keysight Connection Expert.
4. Click Rescan.

Keysight Connection Expert

Instruments PXI/AX1e Chassis Manual Configuration Se

G Rescan Filter Instruments: Clear

Unknown Instrument D

TCPIPO::localhost: :instD:: INSTR

D5SAV334A, KEYSIGHT TECHNOLOGIES

L = =

USBO0: :0x2A8D: :0x902C: :MYS5170106::0: : INSTR _
Click to view instrument details

FIGURE 67. 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 =i

Instruments PXI/AXIe Chassis Manual Configuration Settings

€9 Rescan  Filter Instruments: Clear

Unknown Instrument Details for KEYSIGHT TECHNOLOGIES DSAV334A
TCPIPO: :localhost: :inst0::INSTR

Manufacturer: KEYSIGHT TECHNOLOGIES View Instrument Information Online
DSAV334A, KEYSIGHT TECHNOLOGIES Model: DSAV334A

Serial Number: MY55170106
USB0::0x2A80::0x902C::MYS5170106::0::INSTR

irmware Version: 05.50.0010
Chick to view nstrument details

PCSERNO, Agilent

o Connection Strings
TCPIPO: :WINDOWS-13983-2.local: :hislipd:: INSTR i
VISA Addresses
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 | Ces 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

TF5 02:36:10 Instruments are already discovered and configured | E.]
T4 02:36:10 User interface session started

FIGURE 68. 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 5.0 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 G: 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

Jj Notepad
Tek

| Tek |
TekScope
Documents

-_‘_- Windows Explorer
i Pictures

Pr=)

Tek_Local_Admin

Internet Explorer

Music

E Launch DisplayPort AUX Control
Games

H TeamViewer 10 —
Computer

USB 3.0 Receiver Testing Control Panel
Control Pane

"::gf" Paint Devices and Printers
u CLE1000 Default Programs

‘ OpenChoice Instrument Manager ‘ Help and Support

» Al Programs

FIGURE 69. 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.
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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 5.0 Rx Test Application, type in the Scope
address into the ‘Address’ field. If the GRL PCle CEM 5.0 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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