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This user manual provides information  using the GRL- PXE5 CEM-RXA test automation
solution to setup 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 howto configure the GRL-PXE5
CEM-RXAtest software to calibrat e the stressed eye at the receiver of the device under

test (DUT) in the PCle Gen 5.0 system . This includes calibrati on to be performed at both
the physical Test Point 3 (TP3) and the Long Channel at TP2. The GRL Platform Solutions
software will automate calibration without channel effect at TP 3 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- PXE5 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 a n optional SJ margin search test for the DUT .

The GRL- PXE5 CEM-RXA software performs  test automation accordingto PCI-SIG-

approved Methods of Implementation (MOI @y with high performance real  -time

oscilloscopes and Anritsu BERT using existing PCI -SIG Compliance Base Boards (CBB OyA -hH
and Compliance Load Boards (CLB ®). The GRL Platform Solutions  software is run from

the computer or oscilloscope to provide automation control  totestth e DUT for PCle CEM
5.0 Rx electrical compliance. = When combined with a satisfactory level of interoperabili ty
testing, these tests provide a reasonable level of confidence that the DUTQywill 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 (MOl &) as technical reference

daMGKKRAAGHF APpHBAdEZNNPBHZ INB° %q bbbbbbb a p fpomb B
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Note: Equipment requirements may vary according to the

lab setup and DUT board. Below

are the recommended list s of equipment for the typical test setup

TABLE 1 EQUIPMENT REQUIREMENTS IASYSTEMS AND ACCESSORIES

System & Accessory Qty. Description/Key Spec Requirement

High Performance Real -time 1 1 y B0 GHz bandwidth @

Oscilloscope f Scope measurement software, e.g.

Keysight InfiniiSim for Keysight scope or
Tektronix DPOJET for Tektronix scope

Anritsu MP1900A BERT 1 MP1900A Signal Quality Analyzer, with following
modules:

1 MU181000A/B 12.5 GHz Synthesizer @

1 MU181500B Jitter Modulation Source

1 MU195020A 21G/32G bit/s SI Pulse Pattern
Generator , or
MU196020A 64.2G bit/s or 64.2G baud
PAM4 Pulse Pattern Generator [

1  MU195040A 21G/32G bit/s S| Error
Detector , or
MU196040B 58.2G bit/s or 58.2G baud
PAM4 Error Detector

1 MU196060A 32G baud NRZ/PAM4 Re -
Driver

1 MU195050A Noise Generator

PCI- SIG Compliance Base Board (CBB) 1 For add -in cards

or

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

ISI Source Generator 1 | Compliant Variable ISI channel

Power Splitter (K241C) 2 For connecting scope to CLB/CBB Tx lane s to

or perform link equalization test s

Pick- off Tee (J1510A)

Terminator 1 | J1632A Coaxial Terminator, for terminati on 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

Reference Clock Buffer 1 Z2029A PCle Reference Clock Buffer for add-in
cards

External Refclk Source 1 Required for System and Add  -In Card DUT
testing in the SRIS (independent Refclk) mode
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System & Accessory Qty. Description/Key Spec Requirement
PCle5 Re- Driver 1 | J1890A M PCle5 Re- Driver Set with AH54192A @
56Gbaud Differential Linear Amplifier
or

GO0430A PCle5 Re - Driver Set ®

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

Computer /PC (laptop or desktop) 1 For automation control
Minimum requirements:
1 Windows 10+ OS
9 Intel Core i5 processor
I 120GB SSD storage
1 16GB RAM
1 Gigabit Ethernet
Recommended requirements:
1 Windows 10+ OS
Intel Core i7+ processor
200GB SSD storage
32GB RAM
Gigabit Ethernet

= —a —a -8

[al Oscilloscope with scope bandwidth as specified in vendor specific MOIk.
(bl MU181000B Option 02 is required for testing the System Board DUT.
[©l The GRL- PXE5 CEM- RXA software supports PAM4 PPG in NRZ mode.

@ 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.

(el See Appendix C for more details.

TABLE 2. EQUIPMENT REQUIREMENTS IACABLES

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

J1917A coaxial semi -rigid cable (to connect between MU196060A clock output 1

and MU196040B clock input)

J1932A coaxial skew matched cable pair 0.8m, V connector (to connect between 1

MU196060A data outputs and MU196040B data inputs)

J1627A GND connection cable 1

BNC-to - SMA cable 1
@ Based on the standard test configuration. May require more or less cables depending on the DUT type.
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TABLE 3. SOFTWARE REQUIREMENTS

Software Description/Source

GRL- PXE5 CEM- RXA GRL Platform Solutions  PCI Express Card Electromechanical 5.0 (32
GT/s) Automated Receiver Calibration and Compliance Test Solution
M www.grlps.com

VISA Software is required to be installed on the controller PC running
GRL- PXE5 CEM- RXA software. GRL Platform Solutions  software
framework has been tested to work with all three versions of VISA

VISA (Virtual Instrument available on the Market:
Software Architecture) 1. NI- VISA: http://www.ni.com/download/ni -visa- 17.0/6646/en/
API Software

2. Keysight 10 Libraries:  www.keysight.com _ (Search on IO Libraries)

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

MX183000A Anritsu High - Speed Serial Data Test Software A 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 A
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) A www.pcisig.com

daMGKKRAAGHF APpHBAdEZNNPBHZ INB° %q bbbbbbb a p b B
K#a! daal pPb5 ADDEISOBIED@HNHRY ° ~0 Py AST_PDHS D~ azphl PR ¢


http://www.grlps.com/
http://www.grlps.com/
http://www.ni.com/download/ni-visa-17.0/6646/en/
http://www.keysight.com/
http://www.tek.com/
http://www.intel.com/content/www/us/en/design/technology/high-speed-io/tools.html
http://www.intel.com/content/www/us/en/design/technology/high-speed-io/tools.html
file:///C:/Users/Yaep%20Chin%20Hun/Downloads/www.pcisig.com

@Jmm 5 6665666666656666665666665666 6665665865566 66!

This section provides the procedures to start up and pre - configur e the GRL- PXE5 CEM-
RXA automation software  before running tests . It also help s users familiarize themselves

with the basic operation of the software .

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

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

Download and install the GRL Platform Solutions software as follows

1. Ifthe GRL Platform Solutions  software is to be installed on a PC (where it is referred
yNBZADVI N3y HN a#pA(Birdual ytunipni Soitware RiEfifecture) on to the
PC where GRL- PXE5 CEM-RXA s to be used (see Sectio n 2.2).

Download the software ZIP file package fromthe GRL Platform Solutions support site

3. The ZIP file contains:

1 PCIECEMGen5_AN_PatternFilesinstallationxxxxxxxxxSetup.exe A Run this on the
Anritsu  MP1900A BERT Signal Quality Analyzer to install the pattern setup files.

1 PCIECEMGen5_ AN_RxTestApplication xxxxxxxxxSetup .exe KARun this onthe PC or
on the oscillo scope to install the application

1 PCIECEMGen5_AN_RxTestScopeSetupFilesinstallationxxxxxxxxxSetup.exe KA Run
this on the oscilloscope  to install the scope setup files

1. Once the software is installed, o pen the GRL folder from the Windows Start menu.
Click on GRL IAAutomated Test Solutions within the GRL folder to launch the GRL
Platform Solutions software framework.

Get Help
Google Chrome
Google Drive V.

GRL 2

GRL  GRL - Automated Test Solutions

0
4

FIGURE 1 SELECT AND LAUNCH GRL PLATFORM SOLUTIONS FRAMEWORK
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2. From the Application A Rx Test Solution drop -down menu, select Vv 3 HnjyAZBa: qpb:
5mM T B & 5 Barspar theOy PCle CEM 5.0 Rx Test Application . If the selection is grayed
out, it means that your license has expired.

® GRL - Automated Test Selution

Application | Options  License  Windows  Help

Framework Test Solution 3

| RxTest Solution » | Anritsu PCle CEM 5.0 Rx Test

FIGURE 2. START PCIE CEM 5.0 RX TEST APPLICATION
3. Toenable license, goto License A License Info.

Application  Options | License | Windows  Help

License Info

FIGURE 3. SEE LICENSE DETAILS
a) Check the license status for the installed application

® - o x
‘ o GRL License Manager
Device License Summary

Please contact GRL to purchase/activate license(s)

App Name License Type Day Left

Anritsu PCle CEM 5.0 Rx Test RELE) 12 days

Host ID

QqEx06bSTAFSXVwWU/f3IMSBvfie5/yROJ6cf+unHHYLKWZpK7Z6B 1yHyKOXMoqzYYj/xDIf3g+tUePgnolc) 24+ UerC4fZRGCkIGYAT55HHNVXEMhFN3wag/bq ;
KJfZxmLcUJiE2pZCdPGRTMh T+ uxhe2S9Hed850/4B6fhFyMqo8jQPhjahSZyMjeVFumtrA4TtGMiOHijAzp/YrxDWRLs 2AbKSICELIBQMLECkepNbhsKdP1Ky/r
RUwmpg7z/6VM2N+w,/TkenmWwOK5bqEarjgra8VsdolltawbpRWko JjtWvEFYmgsYKrSI2nTFRUGZ goejZMixs)4pU72100gevK 1bdVILOhTK1idGAYIOrgiHhcZa ¥

License Key

COPYRIGHT 2025 GRANITE RIVER LABS INC. ALL RIGHTS RESERVED.
FIGURE 4. CHECK LICENSE FOR INSTALLED APPLICATIONS
b) Activate a License:
1 If you have an Activation Key, enter it inthe License Key field provided and
select Activate . The installed application is ready for use upon successful
activation.
1 If you do not have an Activation Key, close the above window  to use a demo
version of the application over afree 1 2-day trial period.
dapaGKKRMGHAPpHBAdEZNNPBHZ 3NH° %q bbbbbbb a p fpoamd B
K#4a, ®ael Pb5 AWMDE IBMBHED@®BANRY ° ~0 ¢y AST_RPHS D azphlPpE o


http://www.grlps.com/

= 55 56666556666556666656666655666655665 HEMBHEREE655|

Note: Once the 12 -day trial period ends, you will need to request an Activation Key to
continue using the application on the same computer by contacting support@grlps.com

Select the Equipment Setup icon IE] onthe PCle CEM 5.0 Rx Test Application menu.

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

H

f 9Kadoom:hBAygqamoopwWCMPOPYMTIMPTOOUTNPOOEY: aKaVHNHBVp ¢
f MX183000A0 Hv@g: aqamMOoOO0OpPWCMPOPYMTMPTOOUTIMNMOOEY: aKgVhHI

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

6. 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 Platform Solutions  automation software.

7. On the Equipment Setup page of the PCle CEM 5.0 Rx Test Application , type in the
address of each connected instrument into the YAddress Ofield.

(Note: If the GRL Platform Solutions  software is installed on the Tektronix Scope,

ensure the Scope is connected via GPIB and type in the GPIB network address, for
Gd3luwvacgidedSdaq9, 00" 0V0g2égal 020

If the GRL Platform Solutions  software is installed on the PC to control the Scope,

yot pbn3byLPpbHel Nt pbgabzZNNHPAAHBS NHBPpesz2Qt &pbve: agan
omit the Port number from the address.

(Note: If the GRL Platform Solutions  software is installed on the Keysight Scope, and if
there is error in connection, type in the Scope IP address as
Sg:aqa oo 707, 0" 0" 00, " Vvvéew: mKgl 02
8. Thenselect y LJp v &njp LIy 3 a4 p orehcE gognBicid instrument
gL Hvenply 3n3pVEgyy N % )obhssitdeeofiwae Figspctessiul b

established connection with each instrument.

MName D Address Type Vendor Lib
Scope |Scope | |TCPIPD::Iocthost::i|| |Oscilloscope | Agilent ~ || | AgilentScope v
MX1S00004 | [geRT ||[TcPiPo-1s21680] | [BERT | [Amitsu ||| Anrtsu19008er

MX183000A

|Anritsulink Sec| | | TCPIP0:192.168.0.] | [AnritsulinkSec|| |Amitsu || |GenericVISA  ~

FIGURE 5. CONNECT INSTRUMENTS WITH GRL PLATFORM SOLUTIONS SOFTWARE

Note: Additional information for connecting supported vendor oscilloscope s (Keysight and
Tektronix) to the PCis provided in the Appendix of this document.
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Once all equipment is successfully connected from the previous section , proceed to set
up the preliminary  settings before going to the advanced measurement setup.

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

1 The fields under DUT Info and Test Info are defined by the user.

1 The Software Info field is automatically populated by the software

DUT Info Test Info Software Info

DUT Marfacturer: |GRL | Comments

DUT Model Number:  [PCle CEM 5.0 Rx Device 1 |

DUT Serial Number: |DDDDDE'D1 |

FIGURE 6. SESSION INFO PAGE
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The GRL- PXE5 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 board s and add -in cards. To perform calibration ,the GRL-PXE5 CEM-RXA
software is run from the PC or oscilloscope to enable automation control for each step of

calibrati on and signal quality test sequence

Calibration for the  PCle CEM 5.0 electrical s pecification will basically be performed at two
physical test points: TP 3 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
TP1 Replica Rx Pacl‘(age,
TP3 P TP2 Rx Eq, and CDR

—< | e ] ) H Channel
IR CHCHCIING m— | N —c -
e OO G| N — ) S —) N

) L i, -

Calibration
Combiner Channel #1 P4 s

[ Tt | E!-:rrn]aal-:oult
% E ) anne
signal W= || =) . .—|
Gen%rator [{ %J 0] @] O] >
Mg ! =

— | [= OH—+@ || [@H—3

Calibration 3 TPE Rx DUT
Channel #2 OF———

Refclk

BER

A-0826B
Figure 8-22 Rx Testboard Topology for 16.0 and 32.0 GT/s

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 -incard . The board willbe connected between the BERT noise

generator output  and the oscilloscope which will validate the test pattern of the signal
and measure f or 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 Platform Solutions

software will generate a test report detailing all results obtained from the  calibration .
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Once pre - configuration has been completed from previous section, continue
following calibration setup at TP 3 (output of
oscillos cope and Anritsu

Solutions automation control enabled

Anritsu MP1900A BERT

MU181000A/B e

—— — —— - - (o Koy

B e B B EEE

with the

the BERT generator) using a GRL Platform

MP1900A BERT.

Oscilloscope

MU181500B

= = ) s

M e

l, et i s S—

MU195/6020A [ ==es
. et Mo

MUL95050A sl S —
Bl eV O 00 D 0.0

-8
[ ]

O

OEOROIS;
R © o oo

D

CH1

FIGURE 8. RECOMMENDED SETUP FOR TP3 RX CALIBRATION

1. Using a SMA-SMA short cable, connect the MU181000A

MU181500B Ext clock input.

L |
CH3

/B clock output to the

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

MU195020A /MU196020A Ext clock input.

3. Using coaxial cable s, connectthe MU195020A/MU196020A data output s to the

MU195050A data input s.

4. Using phase matched K -K coaxial cable s, connectthe MU195050A data output s to

Channels 1 and 3 on the oscilloscope

If the Tektronix ATI based oscilloscope is being used

calibration setup

, proceed with the following TP3
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Anritsu MP1900A BERT

MU1E1000/5 Tektronix ATI Oscilloscope
Wlﬂiﬁﬂi & SLeLele;
l_,,_,.._... i ol C:)':_-::'C-_:'D
MU195/60208
N el bt I:I
BALLSS0E0A. ey e | onm— l:]
Bl v U el G0 OO -
| |
CH1 CH2
6 dB Attenuator

FIGURE 9. RECOMMENDED SETUP FOR TP3 RX CALIBRATION USING TEKTRONIXATI SCOPE
Note: Make sure thatthe S g PP A5UE€ 3 ¢0é S5 4 (i Bual AH (nlthe EdfiyQdtighd P 5 ¢
page (see Section 4.6).
1. Follow back the same connections from step 1 to 3 in Section 4.1 above.

2. Thenusing phase matched K -K coaxial cables , connectthe MU195050A data output s
to Channels 1 and 2 onthe Tektronix ATl based oscilloscope through 6 dB attenuators
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The next step is to calibrate the TP 3-TP2 Channel (output of the Long Channel ) with the
following calibration setup s using a GRL Platform Solutions  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.

Anritsu MP1S00A BERT

MU181000A/B = o .
A/ s L Oscilloscope

MU1815008 s OO OO
oo & o8 2 OF
e ; [

MU195/6020A8 " === a A e
.—l_“-a.-"""-"-'---- N Oy \_l
MU195050A seyp o | |
Wl e G o0 GO

I

| I
CH1 CH3
Nominal
49-7.9dB

CLB
CLB Rx

Variable ISl (including 1 ft \
MMPX-MMPX cables) I:

Variable 1Sl
(including2ft _
MMPX-MMPX .

cables)

CBBTx CBB

;/,

Nominal 1.5 dB, 3 ft, MMPX-2.92 cables

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

1. Using back the same BERT connections from the TP 3 calibration, disconnect the
MU195050A data outputs from the oscilloscope channels.

2. Connect the MU195050A data outputs to the Variable ISI board (Nominal 4.9 IA7.9 dB
trace ).

3. Connectthe VariableISI board (Nominal 4.9 A7.9dB trace, including 1 ft MMPX-MMPX
cables) to the CLB Rx Lane.

4. Connect the CBB Tx Lane tothe Variable ISI board (Nominal 13.0 dB CBB ISI Target
trace, including 2 ft MMPX -MMPX cable s).
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5. Using Nominal 1.5 dB, 3 ft, MMPX-2.92 cable s, connectthe Variable ISI board (Nominal
13.0 dB CBB ISI Target trace ) to Channels 1 and 3 on the oscilloscope

4.2.1.1 System Board Calibration Setup with Tektronix ATl Based Oscilloscope

If the Tektronix ATI based oscilloscope is being used, proceed with the following system
board calibration setup.
Anritsu MP1900A BERT
MUlSl?EOA{? - . g;.-. e Tektronix ATl Oscilloscope
MU1815008 |syssesa e == OO0
SOOI = =
l e o e OOO0O
_—al) e G0 S &5 |
MU195050A e — |
By C R0 QD OO .
—
Nominal
4.9-7.9dB >
: CLB . 6 dB Attenuators
CLB Rx
Variable ISI {including 1 ft N
MMPX-MMPX cables) |:
Variable 1Sl
(including2ft i
MMPX-MMPX ™ CBB Tx ces
cables) ~
\ /'/‘,
Nominal 1.5 dB, 3 .ft, MMPX-2.92 cables

FIGURE 11 RECOMMENDED SETUP FOR TP2 LONG CHANNEL RX CALIBRATION (PCIE GEN 5 SYSTEM

BOARD) USING TEKTRONIXATI SCOPE

25DE0UP° I PIGQoAIdpal popai ¢S o i ®PUBTLIE BetGorSiguiatiibdss 3 401 ®E O

page (see Section 4.6).

1. Follow back the same connections from step 1 to
Then using Nominal 1.5dB, 3 ft, MMPX -

2.
(Nominal 13.0 dB CBB ISI Target trace)
oscilloscope through 6 dB attenuators

4 in Section 4.2.1 above.

2.92 cable s, connect the Variable ISI board
to Channels 1 and 2 on the Tektronix ATI based
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Anritsu MP1900A BERT

MU181000A/8B £ ¢

- {- S o Oscilloscope
| EOEFOEOEICE Y. 3. 3% 4
e oJoYeole

OO \E; OHOF .
| =~ T eJeJele
MU195/6020A e
N =¥ Sl = "'_'.‘.‘:\ Si- U... 9'. 9 g |_,
MU195050A - i I

0 G A00 QD OO

| I

Nominal
19.75-22.75dB

g Nominal 1.5 dB, 2.92-MMPX cabl
Variable ISI (including ommra 3 ! eanine
MMPX-MMPX cables)

cLB
CLB Tx
Varrirél:r)rrlre ISI (including 1 ft

CBB Rx

BB MMPX-MMPX cables)

FIGURE 12 RECOMMENDED SETUP FOR TP2 LONG CHANNEL Rx CALIBRATION (PCIE GEN 5 ADD- IN

CARD)

1. Using back the same BERT connections from the TP 3 calibration, disconnect the
MU195050A data outputs from the oscilloscope channels.

2. Connect the MU195050A data outputs to Variable ISI board (Nominal 19.75 A22.75 dB
trace) .

3. Connectthe Variable ISI board (Nominal 19.75 22.75 dB trace, including MMPX - MMPX
cable s) to the CBB Rx Lane.

4. Connectthe CLB TxLane tothe Variable ISl board (Nominal 2.5dB CLB ISI Target
trace , including 1 ft MMPX - MMPX cables).

5. Using Nominal 1.5 dB 2.92 - MMPX cables, connect the Variable ISI board (Nominal 2.5
dB CLB ISI Target trace ) 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 ATI based oscilloscope is being used, proceed with the following add-in
card calibration setup.

Anritsu MP1900A BERT

MUlSl(EOA{? T L - Tektronix ATI Oscilloscope
MU181—SOOB == OO0
-‘g:h—o..l ‘E‘. O O OO
MU195/6020A:] -
- U=l |_]
MU195050A s |

S0 G

I

Nominal
19.75-22.75dB .

Variable ISI (including
MMPX-MMPX cables)

= 6 dB Attenuators

Nominal 1.5 dB, 2.92-MMPX cables
CLB e
I: CLB Tx
——
CBB Rx Variablé ISI (including 1 ft

CBB E . E MMPX-MMPX cables)

FIGURE 13 RECOMMENDED SETUP FOR TP2 LONG CHANNEL RX CALIBRATION (PCIE GEN 5 ADD- IN

CARD) USING TEKTRONIXATI SCcOPE
25pHO®° I PUidQoAGdpPAl podpdi ¢S g i ®RaETLIE BetCGoSiguiatiodss 3 A 01 ®EQ
page (see Section 4.6).

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

2. Then using Nominal 1.5 dB 2.92 - MMPX cables , connect the Variable ISI board (Nominal
2.5dB CLB ISI Target trace ) to Channels 1 and 2 on the Tektronix ATI based
oscilloscope through 6 dB attenuators
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.u.-‘-.-.
Select from the PCle CEM 5.0 Rx Test Application menu to access the  Conditions
page to set the conditions for calibration and testing. The GRL Platform Solutions
software will perform calibration and testing for selected defined SJ frequencies.

Recommended procedure:

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

1 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.

@r'_é'g:}('—l‘ + B

SJ Freguency

5J (3%khz)
5J (1Mhz)
5J (10Mhz)
5J (100Mhz)

FIGURE 14. SELECT TEST CONDITION

After setting up the physical equipment, select @l fromthe 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 15. SET UP CALIBRATION REQUIREMENTS

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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After selecting the
the screen to select

device to be calibrated
the available PCle CEM 5.0 based receiver

, access the Select Tests page on the left of

calibration to be

performed . Selectthe check box (s) of the desired Rx calibration .

=4 PCle Gen5.0 Rx Calibrations and Tests
E!BG Calibrations

=@ € TP3 Calibrations

----- 8 < Initial Preset 4 Calibration

----- B ¢ Launch Amplitude Calibration

----- B ¢ De-Emphasis Calibration

----- B ¢ Pre-shoot Calibration

- € Preset Calibration

----- B ¢ Preset PO Calibration

----- 8 ¢ Preset P1 Calibration

----- 8 ¢ Preset P2 Calibration

----- 8 ¢ Preset P3 Calibration

----- 8 ¢ Preset P4 Calibration

----- B ¢ Preset P5 Calibration

----- B ¢ Preset PG Calibration

----- B ¢ Preset P7 Calibration

----- B ¢ Preset P8 Calibration

----- 8 ¢ Preset P9 Calibration

----- 8 ¢ Preset P10 Calibration

----- B ¢ RjCalibration

----- B ¢ sj Calibration

=N . £ Long Channel Calibration

----- B ¢ DM Calibration

----- B ¢ cM Calibration

BBO Sigtest

.. B¢ Preset EQ Optimization

------ B ¢ DM Optimization

------ HO Final Eye Calibration

FIGURE 17. SELECT RX CALIBRATION

Under V e3& 2z &njhuH zselegt Adiprate for  initial Tx equalization preset,  BERT de-
emphasis and pre -shoot ( which form a linear curve fit), launch amplitude, preset s PO-P10
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 S J frequency ).

The GRL Platform Solutions
initiated.

software will automatically run the selected calibration when
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E|B 4> TP3 Calibrations

----- B < Initial Preset 4 Calibration
----- B ¢ Launch Amplitude Calibration
----- a4 De-Emphasis Calibration
----- B ¢ Pre-shoot Calibration
=@ 9 Preset Calibration

----- B ¢ Preset PO Calibration
----- 8 ¢ Preset P1 Calibration
----- B ¢ Preset P2 Calibration
----- B ¢ Preset P3 Calibration
----- B ¢ Preset P4 Calibration
----- 8 ¢ Preset P5 Calibration
----- B ¢ Preset P6 Calibration
----- B ¢ Preset P7 Calibration
----- B ¢ Preset P2 Calibration
----- 8 ¢ Preset P9 Calibration
----- B ¢ Preset P10 Calibration
----- B ¢ RjCalibration

----- B ¢ s Calibration

FIGURE 18. SELECT TP3 CALIBRATION

Note: The Preset Calibration selection may not be enabled by default. To enable this
selection , set the PO-P10 Preset Calibration B € 0 2 STad) 5pdd3) ©pndgirdtions page.
See Section 4.6, Configure Calibration Parameters  for more details.

BDO PCle Gen5.0 Rx Calibrations and Tests
| E|[:]0 Calibrations

-4 TP3 Calibrations

""" [J4 Initial Preset4 Calibration .. Eye Calibration SigTest Version: 5.1.04 I

TS T VR . - Set Default
S5J/RJ Calibration SigTest Version: 51.04

----- [J4 Launch Amplitude Calibratic

----- [J € De-Emphasis Calibration Scope Bandwidth(Ghz): 50
----- (] 4 Pre-shoot Calibration .. Tektronix Seope Type: ST
=R Preset Calibration
..... 4 Preset PD Calibration .. Channel Skew For Tektronix AT| Setupps): 0
""" Q@ Preset P1 Calibration . Dual ATl channel Plus De-Embedding File: T W
----- [J € Preset P2 Calibration -—
..... 4 Preset P2 Calibration .. Dual ATl Channel Minus De-Embedding File: TP1ChannelDeEmb:

Preset Calibration Method: AC Method

----- [J4 Preset P4 Calibration il =
----- [J 4 Preset PS5 Calibration <

----- [J € Preset P6 Calibration
----- [J € Preset P7 Calibration

L[

PO-P10 Preset Calibration:

Tue

Autoscale on each iteration:

----- [ Preset P8 Calibration True
----- [J € Preset P9 Calibration .. Fast Autoscale: e -
| & ()4 Preset P10 Calibration
- o P4 Calibration Spec Limit: 09ex<11

----- |_|4> Rj Calibration
..... [« sjCalibration
9[:]0 Long Channel Calibration

Long Channel Calibration

..[J4 DM Calibration TP2 Scope Bandwidth (Ghz): 13
: Custom Final 151 Trace: False
| « »
FIGURE 19. ENABLE PRESET CALIBRATION SELECTION
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Under V! N3p H: LIZ 33 p &Fpelectdonj kafibiaje fpNdgféyential 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

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

EIHC’ Long Channel Calibration

@@ CM Calibration

Elﬂ{) Sigtest
B4 Preset EQ Optimization
H{) DM Optimization

H‘O‘ Final Eye Calibration

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

ElﬂO Leng Channel Calibraticon

o B ¢ CM Calibration
BHG Seasim

FIGURE 21 SELECT LONG CHANNEL TP2 CALIBRATION (WITH SEASIM)

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 SK3 0 @
I 2€F /Al P €5 pPadaméte). S&eSection 4.6 for more details.

& Anritsu PCle CEM 5.0 Rx Test - O X

Application  Options  License  Windows  Help

2[4 Long Channel Calibration
.)€ DM Calibration o PCle Gen5.0 Rx Calibrations and Tests a Set Default

()€ CM Calibration

E|---|__|(> agtest
4 Preset EQ Optimization

Calibrations

. SigTest Silent Mode: True ~

(4 DM Optimization
i..[_] 4 Final Eye Calibration
[—]--l__l 4 Tx Link EQ Tests

=-[J € Tx Initial Link EQ Tests
(€ TxInitial Link EQ

= :_l ¢ TxEQ Response Time Tests (Prese
i i Precatn TeENR Timn.

| Eye Calibration Method: T "l

. DM Measurement:

. 5J/RJ Calibration SigTest Version: 51.04

Eye Calibration SigTest Version: 51.04

FIGURE 22. ENABLE SIGTEST OR SEASIM CALIBRATION SELECTION
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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 yLIpHBVEpyYDHApLZzZZeaey OoyhhuZy vy N

=y PCle Gen5.0 Rx Calibrations and Tests - Set Default

L—_} Calibrations
.. SigTest Silent Mode: "

True

. Bye Calibration Method: SigTest i
. DM Measurement: RMS to Vpp »

. 5J/RJ Calibration SigTest Version: 51.04

. Eye Calibration SigTest Version: 5104

. Scope Bandwidth(Ghz): 50 v
. Tektronix Scope Type: Dual ATI e

. Channel Skew For Tektronix AT Setupips): 0

. Dual ATl channel Plus De-Embedding File: TPiChannelDeEmbedSingPlus

. Dual ATl Channel Minus De-Embedding File: TP1ChannelDeEmbedSingMinus

. Preset Calibration Method: AC Method v

. PO-P10 Preset Calibration: True v

. Autoscale on each iteration: = —

. Fast Autoscale: True -

FIGURE 23. CALIBRATION PARAMETERS CONFIGURATION PAGE
TABLE 4. CALIBRATION PARAMETERS DESCRIPTION

Parameter Description

SigTest Silent Mode epaepl yBVYeHZPpOYHY NHBPp 32z huaep HHEZ3 3 ndinng y
calibration .

Eye Calibration Select either the SigTest or Seasim application to be used for

Method 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 If t he SigTest method is selected to be applied during calibration
SigTest Version 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 If t he SigTest method is selected to be applied during eye
SigTest Version calibration , enter the Version number of the SigTest to be used.
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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 orthe  Tektronix'’ owned Dual
Asynchronous Time Interleaving (  Dual ATI) based Scope.

Channel Skew For
Tektronix ATI Setup

(ps)

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

Dual ATI Channel Plus
/ Minus De -

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

Embedding File channel .
Preset Calibration epapl ybyLPBHYV : B° py LINNYUBEH fonpreset © p ¥
Method calibration.

PO- P10 Preset
Calibration

Vez@ApOypbnAbCZACk @@ By LpHEEBHMBED 3 2

Calibration selection  (see Section 4.5.1).

Autoscale on Each
Iteration

Ve HZpOYHNAHDCZACZZz @ea hy LI Hl ZzApmbep &p |
every iteration or repetition of measurements.

Fast Autoscale

Ve HZpOWHNABZACZZ @eoa hyLIPpHl ZApMmBep &p |
autoscaling for measurements.

P4 Calibration Spec
Limit

Select the scaling factor or normalization factor (x) limit range so
that the measured eye at P4 matches the eye height/width
during calibration.

TP2 Scope Bandwidth
(GHz)

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

Custom Final ISI Trace

epaepl yBVeHZPpOYHbYNBPp3Zhuepbpp3pHZYN3
ISI calibration.

Apply Embedding

epapl yHVveHEZP OyHy Nib¢ad arfsystBny Holfrd5DUR fur

calibration.

Add- In Card / System
Embed File

Specify the file name for the embedded add
board.

-in card or system

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.

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

Se&p | ¥ b ‘toastBRpabHgige connection for test setup on the
Oscilloscope. Note: This setting is only applicable for the Keysight
Scope.
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ISI Scan Range Select the scan range during ISI calibration.

Eye Width & Eye Enter the limits for maximum and minimum eye calibration

Height Min / Max values .

Limit

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 WrueOyhH y N p pDfZOptamfzation SJ to continue scan ning
until all SJ range s are included. The GRL- PXE5 CEM-RXA
software will then  select the DM with Eye Height closest to 0.015

V.

If the SigTest method is selected:

Maximum Thread Set the maximum process threads to generate for checking the

Spawn 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 Enter the number of measurements to acquire when running

SigTest N Acquisition SigTest for the Eye calibration.

DM Maximum / Enter the maximum and minimum limits for DM .

Minimum Limit

DM Optimization SJ Select the SJ scanrange  or amplitude for DM optimization

Sweep / Amplitude calibration.

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

Target DM optimization calibration

DM Fine Tune & p @pTrug Gyl finBltgne DM in smaller step s 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 epaepl yBVoHZpOHYNHPp 3zhuaephl za&ntuHzZy nj
Cal On First Pass performed upon the first successful calibration run.
Intrinsic Noise Set the intrinsic noiseljitter (if required) to be used in the Seasim
calculation.
PW RJ & PW DDJ Enter the pulse width random jitter or deterministic jitter.
dapaGKLWKH G ApHBAZnNPpBZ3NB° %q bbbbbbb a p fpuamb b
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For debugging purposes ONLY, the default calibration target value s can be changed for

the RJ, SJ, DM and CM calibration . To do this, select Q 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 -selectthe Wse Default Value Ogheckbox. 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  §j Calibration DM Calibration  CM Calibration

Initial Cal 0.16

Target Value: 0.5 ps{iRMS)
Mir Limit: 0.5 ps{RMS)
Max Limit: 0.55 ps(RMS)
PID Control 0.1

FIGURE 24. CALIBRATION TARGET OVERWRITE PAGE

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

Select E] from the menu to access the Run Tests page. The GRL- PXE5 CEM- RXA
software automatically runs the selected calibration when initiated.

Before running the  calibration , select the option to:

1 Skip Testif ResultExists ®BHgqbt HHp AZ &y A b sakbiatdm tekish, thejsSuf@varg
will skip those calibration .

1 Replaceif Result Exists ®Bqbt HHp AZ &y AP calbratm tekis, theSuf@varg
will replace those calibration with new results.
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Run Option
(® Skip Test f Result Exists
Fun Tests
() Replace I Result Exists
FIGURE 25. 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 TP 3
calibration .
L]
MU1810004/B = — =
[ RO SEEEY
Musluwi e oYeYels’
E OO0
BULSS050A s rm |:
Bl SEU S 20070 O -O¢ oo o o
1 1
CH1 CH3
W
Instruction:
Please Connect Setup as shown in above diagram.
0K Cancel
FIGURE 26. EXAMPLE CONNECTION POP- UP DIAGRAM FOR RX TP3 CALIBRATION
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The GRL- PXE5 CEM-RXAtest 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 Gy
Rx compliance t esting includes Tx presettest, initial T x equalization test, Tx link
equalization response test, and Rx link equalization test performedat 32.0 GT/s. T he GRL
Platform Solutions  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 initiat e loopback on the DUT and then measuring the Bit Error Ratio (BER) using
the calibration stressed signals. The RXx 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 Platform Solutions  software will generate a test
report detailing all results obtained from the testruns .

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 preset s before being tested for
Tx equalization .

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

The test setup should be based on the following:

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

1 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

Apply 50-ohm terminations on all Tx lanes other than the Tx lane under test

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, s et the CBB compliance toggle to initially place the DUT in
the 32 GT/s teststate and capture the following:

1 2.0 million unit intervals of data ( 2.0 x10° x 3125 ps= 62.5& A

Save the captured waveform for the initial preset value, using acompliance pattern of 64
ones and 64 zeros . Then, repeat the test forall 11 presetsat 32.0 GT/s.

Finally, read the saved waveform files and c alculate the presetvalues 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 .
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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 corre ctTx
equalization preset as required during the initial stage of testing

The test setup should be based on the following:

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

Connectt he Rx lane under testonthe C BB to the BERT signal source .

Connectt he 100 M Hz reference clock output from the BERT to the clock input on
the CBB.

1 Connect the Tx lane under test on the C BB main board to the input of the BERT
error detector

1 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 negotiat ion 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 ¢ apture the
following:

9 2.0 million unit intervals of data ( 2.0 x10°x 3125ps= 625¢& A

Save the captured waveform for preset P0O. Then, repeat the test with presets from PO to
P9 at 32.0 GT/s.

Finally, read the saved waveform files and ¢ alculate the preset values using the SigTest
Transmitter Preset Test option. The test is considered as successful if all preset values
are within their allowable limitrange as specified for 32.0 GT/s .

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 respond to commands to adjust the transmitter equalization values during
link training for  DUT loopback .

The test setup should be based on the following:

1 Attach the calibration revision 5.0 (for 32.0 GT/s) CLB to the system board DUT
with no power applied.
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Connectt he Rx lane under test on the CLB to the BERT signal source .

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

T Make sure thatthe 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 negotiat ion to
32.0 GT/s. Send a command from the BERT to the DUT to setthe  Tx equalization to the
following:

1 presetO( preshootto 0.0 dB and de -emphasisto -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 ¢ apture the
following:

9 2.0 million unit intervals of data (2.0 x 10 6x3125ps= 62.0 H& A

Save the captured waveform for preset 0 . Then, r epeat the test with preset s from Plto
P9.

Finally, read the saved waveform files and ¢ alculate the preset values using the SigTest
Transmitter Preset Test option. The test is considered as successful if all preset values
are within their allowable limitrange as specified for 32.0 GT/s aswellas 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

The test setup should be based on the following:

1 Attach the add-incard DUT to the calibration revision 5.0 (for 32.0 GT/s) CBB with
no power applied.
1 Connectt he Rx lane undertestonthe C BB to the BERT signal source .

1 Connectt he 100 M Hz reference clock output from the BERT to the clock input on
the CBB.

9 Connect the Tx lane under test on the C BB main board to the input of the BERT
error detector

1 Make sure thatthe 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 negotiat ion 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 setthe  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 th at preset.

Set the BERT error detector to place the DUT in the loopback state and c apture the

following:
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1 2.0 million unit intervals of data ( 2.0 x10°x 3125ps= 625¢& A

Save the captured waveform for preset 0 . Then, r epeat the test with preset s from P1lto
P9.

Finally, read the saved waveform files and c alculate the preset values using the SigTest
Transmitter Preset Test option. The test is considered as successful if a Il preset values
are within their allowable limitrange as specified for 32.0 GT/saswellas 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

The PCle Gen 5 system board or add-incard 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 .

The test setup should be based on the following:

9 Attach the calibration revision 5.0 (for 32.0 GT/s) CLB to the system board DUT
with no power applied.

1 Connectt he Rx lane under test on the CLB to the signal source

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

9 Connectt he CLB 100 M Hz clock output from the system board DUT tothe BERT
synthesizer (that has passed PCle 5.0 base specification PLL compliance or
equivalent for the respective data rate)

1 Make sure thatthe  Tx/Rx lanes other than the lane under test are unterminated.

Adjust the Tx equalization (EQ) of the BERT to align with the initial T x EQ presetat 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 t ransmitted 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) .

The test setup should be based on the following:

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

9 Connectt he Rx lane under test on the C BB to the signal source
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M Connect the Tx lane under test on the C BB main board to the input of the BERT
error detector

9 Connect the 100 MHz reference clock output from the BERT to the clock input on
the CBB.

i Make sure thatthe 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) .

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 .

Init[i)al Statéa gr

irected by

Data Link Layer _\
e

Detect

.
- A

FIGURE 27. 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
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Polling
Entry

:

— Polling.Active Polling.Compliance

Polling.Configuration

C ,

FIGURE 28. 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 P AD have
been received and 16 TS2 have been transmitted after 1 TS2 has been received.

4. Starts peed 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 t wo consecutive TS1 at
the requested speed with Loopback bit asserted.
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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 Sl Error Detector or MU196040B PAM4 Error Detector) , PCle Gen 5 System
Board or Add -In Card DUT , Re-Driver, and oscilloscope to be used

The following link EQ test setup usesa 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.

Anritsu MP1900A BERT
MU181000A/8
/ - Oscilloscope
MU1815008. | , ool ole]
G
' = ejeojele;
1
U195/6020AF
oz - — D
MU195050A sy
[ 5 -
SEELE) s o O O O |AUX|N
[ I
CHT CH3
100 MHz
REF CLK
Power Output
Splitter/ = D
Pick-off \\
Tee D Tx-
- - iy MU196060A —u-
- = . puT GND connection
cable (J1627A) 1
SYSTEM L

IMU195040A/ i3y o me o gp—

MU1960408 W | & el & .00 =

MuaS i MG AT~ =

FIGURE 29. 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 orC
for detalils.

1. Using back the same BERT connections from the Long Channel system board
calibration, remove all Variable ISI channels and connectthe RefClk of the CLB to the
100 MHz Ref Input on the MU181000A/B with a BNC cable

2. Using a SMA cable, connect a MU195020A /MU196020A Aux Out connectorto  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 the Power Splitter IN (or the pick - off
tee IN) port .
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Using phase matched cables
Power Splitter OUT (or the pick

, connect Channels 1 and 3 on the oscilloscope

to the
- off tee PICK OFF) port  s.

Using coaxial cables, connect the other OUT port

s of the Power Splitter

s (or the pick -

off tee OUT) to the

MU196060A Re- Driver data inputs.

6. Connect the MU196060A Re-Driver data outputs
using a PAM4 Error Detector)

7. Connect the MU196060A Re- Driver clock output
using a PAM4 Error Detector) Ext Clock in.

to the MU195040A (or MU196040B if

data inputs for loopback error detection.

to th e MU195040A (or MU196040B if

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

5.5.1.1 Independent Refclk Mode

The following link EQ test setup is similar to the above but uses an external Refclk

source for testing in the IR Refclk mode.

Using back the same
the 100 MHz Ref Input on the MU181000A/B.
which mimics an external Refclk source in this mode.

setup from Figure 29, remove the

| N33p1 yniN3BENRGEIkH 5 :

The BERT will use its own internal Refclk

MU181000A/8

l fen e a* a Yima Yeema T

MU1815008

O 8 S 2

MU195/6020AF",
- sl

MUL95050A g g
o O NA0.

Power
Splitter/ < ~
Pick-off
Tee

SYSTEM

IMU1950404A/ iF
MU196040B W
- —

4 ok .

Anritsu MP1900A BERT

Oscilloscope

EH

OO0
OO OO

ED

A

SEEEY

OOOO

[
CH1

|AUX IN

CH3

GND connection
cable (J1627A)

FIGURE 30. RECOMMENDED SETUP FOR DUT TXRX LINK EQ TESTING (PCIE GEN 5 SYSTEM BOARD)

IN THE IR REFCLK MODE
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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 O for the following test setup.

Anritsu MP1900A BERT

MU181000A/B

l PR SR Y .

Oscilloscope
MU181500B
GO Ly = oYoYole)
| o /A ccco
MU195/6020AF . == — d
el ]
MU195050A s s . |:
a0 DAk
[ R &0 O O Lum
] I 1 T 1
CH1 CH3
11— Power Splitter/Pick-off Tee
PCle Reference I
Clock Buffer

a

2

5

o

2

o

. ~d&o  on s | MU1960GOA '_'—

| GND connection
J?. cable (J1627A)

T cee

»

MU1960408 o | & Lol & .00 o
MU19 ] g.9.g .

Wt

IMU195040A/ i —— - ?‘.1-

FIGURE 31 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 IS| channels

2. Using coaxial cables, connectthe MU18500B sub-rate clock output stothe RefClk+/-
of the C BB through the Z2029A PCle reference clock buffer

3. Using a SMA cable, connect a MU195020A /MU196020A Aux Out connectorto  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
Power Splitter OUT  (or the pick - off tee PICK OFF) port s.

5. Using coaxial cables, connect the CBB Tx Lane to the Power Splitter IN (or the pick - off
tee IN) port s.

6. Using coaxial cables, connect the other OUT port s of the Power Splitter s (or the pick -

off tee OUT) tothe  MU196060A Re- Driver data inputs.
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7. Connect the MU196060A Re-Driver data outputs tothe MU195040A (or MU196040B if
using a PAM4 Error Detector)  data inputs for loopback error detection.

8. Connect the MU196060A Re-Driver clock output toth e MU195040A (or MU196040B if
using a PAM4 Error Detector) Ext Clock in.

9. Using the J1627A GND connection cable, connect the C BB to ground.

5.5.2.1 Independent Refclk Mode

The following link EQ test setup is similar to the above but uses an external Refclk
source for testing in the IR Refclk mode.

Using back the same setup from Figure 31, remove the connections ofthe MU181500B
sub-rate clock output stothe RefClk+/- ofthe C BB. The user can choose to connect an
external Refclk source to the Ref Clk +/- of the C BB or use the Board Ref clk source from
the CBB.

Anritsu MP1900A BERT

MU181000A/8 =
l ,_ ,-- ,_' - . .._ Oscilloscope
MUIBJS‘[.]'O.B"“::‘-. _;_'___‘.:_‘ —_—

O L I . o000
- _— 0000

MU195/6020A 8"
_— A

L i

MU195050A meipes

_ =R

© O O O jaun
] T

CH1 CH3
Power Splitter/Pick-off Tee
b
a
2
5
o
)
(-3
Ref Clk == e

GND connection
‘J_. cable (J1627A)

CBB

IMU195040A/ S e L —
MU196040B W | da Sl v} r oY
| — L —

10
IC

FIGURE 32. RECOMMENDED SETUP FOR DUT TXRX LINK EQ TESTING (PCIE GEN 5 ADD- IN CARD) IN
THE IR REFCLK MODE
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After link EQ testing has successfully completed from previous section , proceed with
testing for DUT Rx compliance  with the following setup

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.

Anritsu MP1900A BERT

MU181000A/8 = ©

MU1815008

o
| |

*MU195/6020A
—-— s

MU195050A s
20 G

REF CLK i
Nominal

1.5dB

Nominal cables
4.9-7.9dB -

CLB Rx

Variable ISI (including 1 ft
MMPX-MMPX cables) a8

] DUT — = AL 1ORORAA
| GND connection l & MU196060A %
‘J'. cable (J1627A) - a & A TF

SYSTEM

MU195040A/ 5], == &=
MU196040B w | &4 S04

i
IC ‘
zf‘ii

U
o

FIGURE 33. RECOMMENDED SETUP FOR DUT Rx COMPLIANCE TESTING (PCIE GEN 5 SYSTEM BOARD)

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 orC
for detalils.

1. Using the 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 board (Nominal 4.9 IA7.9dB
trace ).

Connectthe Variable ISI board (including 1 ft MMPX -MMPX cables) tothe CLB Rx Lane.

Using nominal 1.5 dB cables , connectthe CLB Tx Lane to the MU196060A Re- Driver
data inputs.

5. Connect the MU196060A Re-Driver data outputs tothe MU195040A (or MU196040B if
using a PAM4 Error Detector)  data inputs for loopback error detection.
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6. Connect the MU196060A Re- Driver clock output
using a PAM4 Error Detector)  Ext Clock in.

5.6.1.1 Independent Refclk Mode

to the MU195040A (or MU196040B if

The following Rx compliance test setup is similar to the above but uses an external

Refclk source for testing in the IR Refclk mode.

Using back the same
the 100 MHz Ref Input on the MU181000A/B.
which mimics an external Refclk source in this mode.

setup from Figure 33,removethe | N33pl ¥y nfjN3HNRECk b :
The BERT will use its own internal Refclk

Anritsu MP1900A BERT
MU181000A/B

MU181500B
»O'.O’ .C’ SOV
—— ——r -~ A
| o 0
MU195/6020A B
- U
MU195050A

0 O D200 ©

Nominal

4.9-7.9dB
CLBRx ~

Variable ISI (including 1ft
MMPX-MMPX cables) CLETX
DUT

1 GND connection )

H. cable (11627A)

SYSTEM

MU195040A/ & - =
MU1960408 G.0.0

s - —

———
L)

TS
A
X XY

—— -
l g -
. .
T

Nominal
1.5dB
cables

MU196060A =

-

FIGURE 34. RECOMMENDED SETUP FOR DUT RX COMPLIANCE TESTING (PCIE GEN 5 SYSTEM BOARD)

IN THE IR REFCLK MODE
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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 O for the following test setup.

Anritsu MP1900A BERT

MU181000A/B
MU1815008 e
l‘g‘.o‘ G e

' MU195/6020A sl
R 1 Jonll

MU195050A | sts

[ R | |

Nominal
19.75 - 22.75 dB

DUT

.\ Variable ISl (including
" MMPX-MMPX cables)

PCle Reference
Clock Buffer

REF
CLK

1 GND connection ‘
1) coble (16274) ol
l =R SR MUT96060A
3 \ .
s = L2

Nominal 1.5 dB
cables

IMU195040A/ {57 Tae e o S—
MU196040B o | & LAl U .00 -9
A _.__:l o \HQ AR A 2.

p4e ul-ppy

CBB Tx

FIGURE 35. RECOMMENDED SETUP FOR DUT RX COMPLIANCE TESTING (PCIE GEN 5 ADD- IN CARD)
1. Using the 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 board (Nominal 19.75 A22.75 dB
trace ).
Connect the Variable ISI board (including MMPX - MMPX cables) tothe CBB Rx Lane .
Using nominal 1.5 dB cables , connectthe CBB Tx Lane to the MU196060A Re- Driver
data inputs.

5. Connect the MU196060A Re-Driver data outputs tothe MU195040A (or MU196040B if
using a PAM4 Error Detector)  data inputs for loopback error detection.

6. Connect the MU196060A Re-Driver clock output tothe MU195040A (or MU196040B if
using a PAM4 Error Detector)  Ext Clock in.
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5.6.2.1 Independent Refclk Mode

The following Rx compliance test setup  is similar to the above but uses an external
Refclk source for testing in the IR Refclk mode.

Using back the same setup from Figure 35, remove the connections ofthe MU181500B
sub-rate clock output stothe RefClk+/- ofthe C BB. The user can choose to connect an
external Refclk source to the Ref Clk +/- of the C BB or use the Board Ref clk source from
the CBB.

Anritsu MP1900A BERT

MU181000A/B

—-— — — - -

MU1815008
- - &
: \.2‘52 ‘s: OO

| o o

MU195/6020A% .
i e

-
MUL9S0S0A sl -
0 G200 O

Nominal
19.75-22.75d8
L\ Variable ISI (including
" MMPX-MMPX cables)
_ puT

r

Q.

&

5

cBBTx ||

4

; REF /
Ref Clk LK CBB Rx

| GND connection /
[._L cable (J1627A) -

' =R R MUI06060A
|~} _ » -

Nominal 1.5 dB

cables
IMU195040A/ — i ———
MU1960408 .,l.‘. ol v.o.o tg-_

FIGURE 36. RECOMMENDED SETUP FOR DUT RX COMPLIANCE TESTING (PCIE GEN 5 ADD- IN CARD)
IN THE IR REFCLK MODE
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After setting up the physical equipment, select ad from the PCle CEM 5.0 Rx Test
Application menu to access the Setup Configuration page

Setup  Debug Tool  Sigtest Tool

Device Type: System Board w

FIGURE 37. SET UP TEST REQUIREMENTS

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

Setup  Debug Tool Sigtest Toal

Device Type: stem Board ‘v

Add In Card
System Board

FIGURE 38. SELECT DUT TYPE

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 . Selectthe 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.

=~ D 4> PCle Gen5.0 Rx Calibrations and Tests

l e Callbratlons

CRvLY T
[ € T Inttial Link EQ Tests
[ 4> Tx EQ Response Time Tests (Presst)
i IwiE Tx EQ Response Time Tests (Cursor)
B =e

. € F{x Cnmpliance Test

|4 5 Margin Search Test

FIGURE 39. SELECT RX TESTS

dafa GKWKR GH ApHBA ZnNp Bz 3NB° %q bbbbbbb a p fpoamh B
K#a! daal pPb5 ADDEISOBIED@HNHRY ° ~0 Py AST_PDHS D~ az pip@iy o ¢


http://www.grlps.com/

@Jmm 5 6665666666656666665666665666 6665665865566 66!

Select the Vg9 B! nigAAKARy and s H: NOt &njz 3| fepaschaidy & the\DRJT
for compliance with the PCle CEM 5.0 Rx specifications. The GRL Platform Solutions
software will automatically run the link equalization test sequence when initiated. Note
the 1Tx Initial Link EQ Jtest is only available when Add  -in Card is selected as the DUT in the
Setup Configuration page.

EWVE o T Link EQ Tests

=[] € T Initial Link EQ Tests

=[] 4> Tx EQ Response Time Tests (Presst)
----- [«] € Preset 0 - Tx EQ Response Time Presst
----- [«] 4> Preset 1- Tx EQ Response Time Presst
----- [«] € Preset 2 - Tx EQ Response Time Presst
----- [«] 4> Preset 3 - Tx EQ Response Time Presst
----- [«] € Preset 4 - Tx EQ Response Time Presst
----- [«] € Preset 5 - Tx EQ Response Time Presst
----- [«] 4> Preset 6 - Tx EQ Response Time Presst
----- [«] 4> Preset 7 - Tx EQ Response Time Presst
----- [«]14€> Preset 8 - Tx EQ Response Time Preset
----- [«] 4> Preset - Tx EQ Response Time Presst
----- [/] € T Link EQ Preset
=[] € Tx EQ Response Time Tests (Cursor)
----- [«] €+ Preset 0 - Tx EQ Response Time Cursor
----- [«] € Preset 1- Tx EQ Response Time Cursor
----- > Preset 2 - Tx EQ Response Time Cursor
----- [«] € Preset 3 - Tx EQ Response Time Cursor
----- 4> Preset 4 - Tx EQ Response Time Cursor
----- [«14€> Preset 5 - Tx EQ Response Time Cursor
----- [«] €+ Preset 6 - Tx EQ Response Time Cursor
----- [«] €+ Preset 7 - Tx EQ Response Time Cursor
----- [«]14€> Preset & - Tx EQ Response Time Cursor
----- [«] € Preset - Tx EQ Response Time Cursor
----- 14 Tx Link EQ Cursor
=21 €

- > Rx Compliance Test

FIGURE40. SELECT DUT TX LINK EQ AND RX COMPLIANCE TESTS

epepl ybveéabh® ZHpn3HepzH bptidha pidsyidybonpdids & (581 & MdihQsBaic
for jitter tolerance . The GRL Platform Solutions  software will automatically run the
selected test when initiated.

FIGURE 41. SELECT SJ MARGIN SEARCH TEST
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After selecting the desired tests, select from the menuto access the Configurations
page. Set the required parameters for testing as described below.

gNHPHpYZH3pHz e®ht ZzHzZOpypHABYNBYLIPpnNHHONPpSLZZeyhHhnzaeCpAHB

o Ti Link EQ Tests - Set Defaut

.. Tx Response Offline Mode: False w

.. CTLE Setting: Auto "
.. Capture Response Time Waveform Only; False "
. Tum Off Auto Seale:

False -

.. Verical Range(V): 12

.. Use Custom Tx EQ Response Preset Hints: False v

.. Tx EQ Response Preset Hints (PO-PS): 4447777447

.. Tx EQ Response Test Criteria: Hlectrical -

... Fitter Poirts: 20
.. Skip F Waveform Exist: »

False

.. Tx LEQ Response Setting: Default >

.. DC Preset SigTest Version: 4052

.. Check waveform vertical before Autoscale: True >

.. Skip Inttialize on next preset : True i

..... Resposne Time Trigger Level (UXR Only, mV): 50

FIGURE 42. TEST PARAMETERS CONFIGURATION PAGE
TABLE 5. TEST PARAMETERS DESCRIPTION

Parameter

Description

Tx Response Offline
Mode

epepl yBVeHZPpOHYNBp32ZhuepbHEZ33n3phH
tests in offine mode  using appropriate offline PCle compliant
waveforms .

CTLE Setting

Selectthe CTLE method or gain setting index to be used when
decoding PCI e compliant waveform s to verify Tx equalization
change during link equalization response tests

Capture Response Time
Waveform Only

epapl ybVveHCZ pcayiignd pvpvéfariv septg for time
response verification only when running Tx link equalization
response tests

Turn Off Auto Scale

€ peapl y b VdsaE@byrsgaing during
response tests.

Tx link equalization

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.
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Use Custom Tx EQ
Response Preset Hints

Select Vv g H ¢ peOgblg dstom preset hints to be used when
running Tx link equalization  response tests.

Tx EQ Response Preset
Hints (PO - P9)

qs BV e HZP Oy njA B A pusd CustdmN p EQ-RePESeLIp B V/
Preset Hints Oyh & njp @NH BAt pl njs ahy L HI Ay N
0 to Preset 9.

Tx EQ Response Test
Criteria

Select to enable the  Tx link equalization  response negotiation
yN5NI | ZHBN3BHPp Ny LJlejy Lp BV Kap | yHnJI
N3HhuNYy LIBY LIp BV Ka&p !l yHnjl z&phz3NHaHNy

Filter Points

Set the number of points that need to be captured.

Skip If Waveform Exist

épeapl ybpveHap OygigkedudiZatph B response tests if
there are existing waveforms.

Tx LEQ Response Setting

Select the Tx link equalization
cursor or default method.

response to use the preset,

DC Preset SigTest

Enter the SigTest version used for processing the DC voltage

Version levels of presets.

Check Waveform Ve HZpOYHNAHPZACZz @ea hy LI Hl ZzApmbe p &p
Vertical Before vertical scale for the highest and lowest points of the

Autoscale waveform before performing autoscale.

Skip Initialize on Next
Preset

Ve HZpOWHNABZACZZ ®@ea Hy LIp B z Adkipping dn &p
the link initialization and training process at subsequent
presets.

Response Time Trigger
Level (UXR Only, mV)

If using the Keysight UXR oscilloscope, set the response time
trigger level (in mV) to determine when the scope begins to
acquire a waveform.

Clock Architecture

Select the Refclk mode for DUT testing: CC mode (common
reference clock), SRIS mode ( separate reference clock with
independent SSC ) or SNRS mode (separate reference clock
without SSC).

Enable SSC

€ p&pl y b Vendbl By Ipdstrum Clock (SSC)
capabilities for receiver testing (if supported by the DUT)

SSC Deviation

g BV e HZp OybnjA b A pErfble $ICN0VHS il Gefl i IHIA B 4

Deviation values for SSC

Auto DUT Reset

Select which controller device connected with the GRL
Platform Solutions 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.

damGKwKRM GH APpHBAZNNPpHZzZ INH° %q
K@#a) ®aal pbB5 ANd & SShBOED® B @ ™
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Link Training Wait Time
(s)

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

Link Training CTLE Gain
Enable

epapl yHBVoHZCpOWHYNHp3ZzZhuepphyLPH: ! K
detector.

Link Training CTLE Gain
Value

qs BV g HZp 0yH njA B A plaap TranmgNGT LEFGEIQ Enpblap By
field, setthe value of the CTLE gain.

Log Link Training

epepl ybVeHZP o5y NBp 3z huepbh@Nppn3ph

BER Automation

epaepl ybva: apbl nf3ABeHZn3n3poypy NHH
Anritsu PCle Link Sequencer software loopback method, or o
Apeaepl ybve z23¢C72&0HbyNDHDHZ3H9KADHZCZY NQ

Prompt Before Link EQ
Training

epepl yBVeHZPOHYNBPp3zZhuepbHzbt ANQL Y
running Rx link equalization tests.

Ignore Failed Link
Training

epepl yBVeHZPpOHY NBNp3NHPpBHYpPAYABYL
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

epepl ypvapl NopHaOypj HpI NOQOPp 3Np Nmh
as the link training method for placing the DUT in the loopback
state.

Default Link Training
Seqguence

é p &pYesOf &nable the default sequence for link training to
be used.

Retrain When SJ
Frequency Changed

& papl vy bV o+ehd IDyeirpiNg Beuence when there is a
change in the SJ frequency.

Margin Search Live Plot

epepl yBVOHCZPpOYHYNBPpI3ZzZhaephbzphpHZt L
the margin test is performed to indicate progress of the test
results.

Apply CM

epepl yBVGPAODHYNBN3YpPPHZYPBYLPBHI N
specific test.

PPG Start Preset

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

dapGK KRN GH ApHBAZnNPBHZ INB° %q bbbbbbb
Ke@a! cazl pPBS ANd & IBBasEp@BdEd  ~0 ¢y 4 S T_PBS D~
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DUT Initial Preset

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

PPG Final Preset

Selectthe preset co-efficient tobe used after link training is
successful for the final BER test. If VAutoOyb nfA B Apazp | y P
negotiated preset will be applied during the final BER test.

DUT Final Preset

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

Auto Search (Apply to If using the MU196040B PAM4 Error Detector, select to

PAM4 ED only)

automatically or manually run the Auto Search function or skip
the process (default).

To set up the GRL Platform Solutions software to automate loopback testing for error

*
detection , go to the Equipment Setup page and typein the VISA address that
Anritsu M X183000A High- Speed Serial Data Test  Software.

connectsto the

Name D Address Type Vendor Lib
Scope |Scope | |TCPIPD::Iocthosl::i|| |Oscilloscope | Agilent v || |AglertScope v || 4 | |H
MXTS0000A | fgERT || [TcPipo:192.168.0.] | [BERT || [Anrtsu ]| |Anritsut9008e: ~|| £ | [m=

MX183000A |ﬁnritsuIJnkSec|l]TCPIPD::15-2.‘IES.D.D [ArrtsulinkSec|| [Antsu || | Genericvisa ~|| 4] | [=

FIGURE 43. CONNECT EQUIPMENT FOR LOOPBACKBER TEST

On the Configurations page, select the BER Automation test method asVva: qp B! nj3Ap
@ H z nj 3mgpabléythe Anritsu PCle Link Sequencer software loopback mode. Additional
configurations can also be made through this page.

daMGKKRAAGHF APpHBAdEZNNPBHZ INB° %q bbbbbbb a p b B
K#a! daal pPb5 ADDEISOBIED@HNHRY ° ~0 Py AST_PDHS D~ azphd pR ¢


http://www.grlps.com/

@Jmm 5 6665666666656666665666665666 6665665865566 66!

D Fix Tests
.. Enable 55C: T ”
.. 55C Deviation 5000 -
.. Auto DUT Reset: Nong -
.. Power Reset Off Timelg) 3
.. Power Cycle Off Timels): 3
.. Post Reset WaitTime(s): 2
Link Training Wait Timels): 5
.. Link Training CTLE Gain Enable: False o
.. Link Training CTLE Gain Value 0
... Log Link Training: False ”
( PCle Link Training v] ]
T Frompl Gcfore Lk EQ ramng: - .

FIGURE 44. SELECT BER LOOPBACK TEST METHOD

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

Select E] from the menu to access the Run Tests page. The GRL- PXE5 CEM- RXA
software automatically runs the selected tests when initiated.

Before runni ng the tests, select the option to

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

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

Run Option
(®) Skip Test If Result Exists
Run Tests
() Replace If Result Exists
FIGURE 45. RUN TESTS PAGE

Selectthe Run Tests button to start running the selected tests. T he connection diagram
for the test being run  will initially appear to allow the userto 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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MU1815008
] S

e
*IMU195020A
-_— s
MU195050A st

L

Variabl
GND connection AN —

27a) BT V

L !

| MU195040A &7 = we - = —
- ) & °g B T v
Instruction:

Please connect setup as shown in diagram.

1

OK Cancel

FIGURE 46 . EXAMPLE CONNECTION POP- UP DIAGRAM FOR RX COMPLIANCE TEST
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When all calibration and test runs have completed from the previous section , the GRL-

PXES5- CEM- RXA software will automatically display the results on the Report page.
Select from 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 Result Limits Value

1 De-Emphasis Calibration B TruelFalse True (] Delete

2 Pre-shoot Calibration BEEE TruelFalse True

3 Launch Amplitude Calibration B True/False True @)l Delete Al

4 Rj Calibration BEEE True/False True

5 Sj Calibration B TruelFalse True

6 DM Calibration BEEE TruelFalse True Plot Calibration Data

7 Preset EQ Optimization B TrueFalse True

FIGURE 47. TEST REPORT PAGE

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.

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 48. 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 Preset 4 Calibration N/A N/A Pass
2 Launch Amplitude Calibration N/A N/A Pass
3 De-Emphasis Calibration IN/A N/A Pass
4 Ere-shoot Calibration N/A N/A Pass
5 Rj Calibration N/A N/A Pass
6 Sj Calibration N/A N/A Pass SJ_33khz
7 Sj Calibration N/A N/A Pass SJ_1Mhz
] Sj Calibration N/A NIA Pass SJ_10Mhz
9 Sj Calibration N/A N/IA Pass SJ_100Mhz
10 DM Calibration N/A N/A Pass
11 CM Calibration N/A N/A Pass
12 Preset EQ Opfimization 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

Wrwuunw [SJ_100Mnz |
Resull [ PASS(1) |
n2s5piovoeqLOEpPATPUE3T va20dl F5U0GO0PPATDPLGUT OAEDPSS 21 dLI3ZP
errors detected along with the pass/fail status.

FIGURE 49. TEST SUMMARY TABLE EXAMPLE

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

14. Final Eye Calibration
PassiFail Stats : Pass
EH Limits i 13.50mV == EH ==16.50 mV P EW Plat
EW Limits : 8B88ps<==EW<==988ps g . ENPOt n2mM « EWPlat
Cal Parameter 1 : EH e
EH Settings : 6620000 0174
EH Measured Value 1 153657 m
Cal Parameter 2 : EW B 18 b o7
EW Settings 1 128.0000m ? :E

T o 90193
EW Measured Value © 93951
Final DM Value 1 280392 mv -

0144 82676
Final DM Settings :  550000E+001 mV
SigTest Version 0135 7516
540 2 634 02 128 154
Test completed time : 31 May 2021 19:25:06 PM Setiing Setting
FIGURE50. TEST RESULTS EXAMPLE
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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
Ne Test Name Result Limits Value 5J Frequency

o=

FIGURE51 DELETE TEST RESULTS
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The usage model for  the GRL-PXES CEM-RXA software is that thet est results are created
and maintained asa Vv | ngoppA A ripNh$ Ogpplication. This allows  the user to quit the
application and return later to continue where the user left off.

Save and Load Sessions are usedto  save a test sessionthat the user maywanttorecall
later. Theuser | Z 3BV ADbnNjy | LIOYb hupy b p p 3 b NaywdapdHd afipgihem whemjN 3 A B tuoa |
needed.

I 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 \Bave Session Qy

I Toload atest session backintothe application ,including the saved test parameter
settings, select Options A \toad Session Qy

I To create a new test session and return the application back to the default
configuration, select Options A Wew Session Qy

Application | Options | License  Windows  Help
Save App Property

Load App Property

Mew Session :
Result Save Session {

No Load Session

Result Limits

FIGURE 52. SAVE/L OAD/C REATE TEST SESSIONS
Thetest | N3snjpZHzZynN3hz3NHBAPpAANNSHHpAZ&y AéiensiprB,AZop NHN;j:
which is a compressed zip - style file, containing a variety of information.
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This section describes how to manually perform PCle CEM 5.0 Rx calibration and DUT o
compliance testing hZ ApNBN3BH 3HnNyACOABHpPI NQOPINPNBYPAY Bt HNI |
BERT.
The following steps give a general overview for testing the PCle CEM 5.0 receiver.
i) Calibrate for the following components:
1 Channel Loss measurement with a vector network analyzer (VNA)

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

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

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

Note: Existing PCl -6 qd ®: 5v&a2€l VST ®! 51 & g:ﬁnﬁpuﬁécé_)lgaae: Bpa@dd Q2
2:99J0Q2d0€22dF U ¢¢ (far Sydtbnd) Hopt lagdieviseE A P & Bspertively .

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

Calibration is initially 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 MP1900 A 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) 34-37 1@
SigTest CTLE Gain (dB) 9-151®
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- 1 (mV) 27

CM-1 (mVpp) 170.0

[ The insertion loss measures in between 34 to 37 dB for all configurations using different
variable ISI pairs that provide the correct amount of insertion loss being measured.

bl 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 show s the calibration target s 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-1 (mVpp) 10 (at TP2)

CM-1 (mVpp) 150

EH (mV) 13.5t016.5
EW (ps) 8.87510 9.875

Calibration for the  PCle CEM 5.0 electrical s pecification will basically be performed at two
physical test points: TP 3 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.

a p fpoamd B
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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

Rx Package,

TP1 i
- | _TP3 | Seplea 12 RxEq, and COR
. @ @ B——F | B e
S p B ] — S irESSE
ceneraor (@ | ) (@] | @ @ || BH—® Eye
Calibration
Combiner Channel #1 TP4 RS
] Breakout
Signal @ \ﬁ] Channel
Generator =25 | | 7 I @]
® ® .
L eH—H+H® BER
Calibration
Channel #2 e @F———{Rxput
Refclk
A-DB266
Figure 8-22 Rx Testboard Topology for 16.0 and 32.0 GTs
FIGURE 53. PHY TEST SPECIFICATION RX CALIBRATION DIAGRAM FOR PCIE GEN 5
The following connection diagram shows t he 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
4-Port (includipg MMPX-MMPX cables)
(Differential) VNA l' - ]
ot e —— CBB Variable ISI
o o S {Nominal 19.75 ]
< = = t022.75dB (including 1 ft MMPX-MMPX cables)

® = .‘ia : ? = trace)

CLB Tx

[Include 4.2 dB P
package loss in Lane 0 e CLB Variable ISI
full channel I - @< (Nominal 2.5 dB

calculation] trace)

CBB Rx
Lane 0

1 m cables

FIGURE 54. 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 inthe intended 34 to 37 dB pad -to-pad loss range .
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1. Connect between both the CBB Rx Lane 0 and CBB Variable ISI board (Nominal 19.75
to 22.75 dB trace , including MMPX - MMPX cable s) and between both the CLB Tx Lane O
and the CLB Variable ISI  board (Nominal 2.5 dB trace , including1 ft MMPX-MMPX
cables).

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

Variable ISl (including 1 ft MMPX-MMPX cables)

1 m cables V4
4-Port / CLB Rx
(Differential) VNA l - Lane 0

Variable ISI (including 2 ft MMPX-MMPX cables)

CLB Variable ISI
= i (Nominal 4.9 to
2 [ 7.9 dB trace)

.
[ =
-

.
.
.
i

CBB Variable ISI
(Neminal 13.0 dB

trace)
[Include 8.5 dB

package loss in
full channel
calculation]

1 m cables

FIGURE 55. CONNECTION DIAGRAM FOR CHANNEL L0OSS 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 inthe intended 34 to 37 dB pad -to-pad loss range .

1. Connect between both the CLB Rx Lane 0 and the CLB Variable ISI board (Nominal 4.9
to 7.9 dB trace , including 1 ft MMPX -MMPX cables ).

2. Connect between both the CBB Tx Lane 0 and the CBB Variable ISI board (Nominal
13.0 dB trace , including 2 ft MMPX -MMPX cables).

3. Using 1 m cables, connect between both the VNA Ports 1 & 3 and the CLB Variable ISI
and between both the CBB Variable I1SI and the VNA Ports 2 & 4.
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The following connection diagram shows t he calibration setup  for amplitude, preset, SJ,
and RJ at TP 3 without any channel effect. The MP1900A BERT is directly connected to a

digital oscilloscope supporting Hhunmbhd!l ybhz3INbnNyLHZzZ3NByhpcwhdeé wApA

MP1900A BERT
MUlSl?EJ—DA{? - j;:__: ) Digital Oscilloscope
| PRCREACatac .3 X%
MU1815008 OXOESI®]
ey -
s T = [\ |ESISISIS
MU195/6020A =5 B ‘
- I_"_-t-;u _. _\I. ll-- .‘ - l- - Aux - \—‘
MU195050A mey s | rar—
Wl S0 O R0 09 0o O O QO
| I—
CH1 CH3

FIGURE 56. 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 cable s, connectthe MU195020A/MU196020A data output s to the
MU195050A data input s.

4. Using coaxial cables , connectthe MU195050A data output s to the digital Scope
channels .

5. Using a SMA cable, connectthe  MU195020A/MU196020A Aux output to the digital
Scope for pattern sync triggering.

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

1. ¥3PpyLP HO9KABOYAH t t asejécttyenjMI20808A Stpdarg Beff  application
for Sl (if using SI - PPG) or Standard Bert application for SI and PAM4 (if using PAM4 -
PPG).

L
i .
| W

Expert St

o
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2. Inthedrop -NNb3H° p3ZHBHAp&pl YyHVg3nynjzenypoypyNHBAYyZHYBHZA

File Open

File Save
' E Pattern !Errort
1 Screen Copy
!
Combination Setting
| v Gating
|@ Module Grouping »
'
}
| [ Pacem

Global Delay Calibration Lenan
!

— 1
[ inwiaize ]
! —
Delav ©

Adjust the Amplitude with
configuration.

a) BERT Settings:
1 General Output: ON

Scope marker s to 800 mVpp(diff)  using the following

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

1 Selectthe Patterntab - Test Pattern: U sing Preset 4, with 64 ones followed by
64 zeros followed by 128 bits of a 1010 clock pattern at 32.0 GT/s

9 Select the Miscl tab - Aux Output: Pattern Sync

Tyl I Em
mgoes) O @RI Addition |

[7]1 21G/32G SIPPG Dat31|v c: OFF
e i e o e
EI Output |@ Emphasis |B Pattern |Error Addition | Miscl | Misc2

181
Emulator “

0 O
Pl Fal - — z- M- . —
[ foeell- ot

[ Recal | swre || el |

Menu
-

Channel

File Operation

Standard/Preset 8 ‘PC\eS |v‘ - |De—Emphasi5 ‘vl - |Preset4 |v‘

Amplitude \ 0.600 | Vpp

_ Qutput Manitor

Pre dBBE
St Simulated Pulse [Vpp]
Cursor3 | 0.000 ‘ e

Cursor2 | 0.000 ‘

Cursorl | 0.000 ‘

Va Vb Ve Vd Ve Vf Vg Vh Vi Vj

Cursor3 | 0.000 ‘

Cursor4 | 0.000

a p b B
azppum ok @
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b) Scope Settings:
1 Averaging: 256 points
i Horizontal Scale: 100 ns/div
 Bandwidth:5 0 GHz
1 Sampling Rate: 128 GS/s

631 mv

473 mV

e

-315 mV

-473 mV
-631 mv

-8.00 ns -6.80 ns -5.60 ns . i 4,00 ns f1

|'°|1.2c| ns/ |-2.00000ns |@ T ) |

Adjust the Pre and Post Cursorl of P resets0to 9 with Scope marker s using the following
configuration.

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

1 Selectthe Patterntab - Test Pattern: U sing Preset 4, with 64 ones followed by
64 zeros followed by 128 bits of a 1010 clock pattern at 32.0 GT/s

1 Select the Miscl tab - Aux Output: Pattern Sync

daMGKKRAAGHF APpHBAdEZNNPBHZ INB° %q bbbbbbb a p fpomb B
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Tl [ e
Menu - CToeE) Cutput @RI Addition

p

[7]1 21G/32G S| PPG c: OFF

Output |@ Emphasis |B Pattern | Error Addition | Miscl | Misc2
Manual 0 Channel 0 I1S1 0
Setting “ Emulator “ ﬂ
3] .10

4l
e 1] 2 17 27 3l .10

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

Cursor2 0.000

Cursorl 1.000
Post

Cursorl -1.000

Cursor? 0.000 Va Vb Ve Vd Ve Vf Vg Vh Vi Vj

Cursor3 0.000

Cursord 0.000

b) Scope Settings:
1 Averaging: 256 points
9 Horizontal Scale: 1 ns/div
9 Bandwidth: 5 0 GHz
1 Sampling Rate: y128 GS/s

SEDW BN

De- emphasis = 20log 1o(Vb/Va)
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Preshoot = 20log 1o(Vc/VD)

UL L
| 1 A “—ﬂyw ﬁa{
thjﬁj_‘gk;ﬂJﬂtme

De-emphasis = 20log4q Vb/Va
Preshoot = 20log4q Vc/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:
1 General Output: ON

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

1 Selectthe Patterntab - Test Pattern: 128b130b_CP_LO_Gen5_ PO
1 Selectthe Miscl tab - Aux Output: Pattern Sync
b) Scope Settings:
1 Averaging: OFF
1 Horizontal Scale: 10 ps/div
9 Bandwidth: 50 GHz
1 €é2Qt @nj3pbédzypobypguwhbde wA
c) SigTest Settings:
1T epepl ybepl LIBOpNp o bz ADHV
T épapl ypdp3pHzZYNN3HzABvLITIV
1 épapl y b oPrésst FestAG BingleRun V
T : @njl Apv: N3s nHQV
1 Browse to the saved waveform file:

o vAPLHeznpsNHOVENABYLPHaHpApPYBETIHbzops NHOMB
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o Test Waveform is the new waveform saved to measure Preshoot/De -

Emphasis
1T ¢épepl yHhop OiNeLIWEHZzABYV
f Run Test
4 PCle Gen 5 Single Preset Test - O >
Ref Waveform Pos/Diff CA\GRL\GRLSinkTestProjects\PCIECEMGen5_AN
Ref Waveform Neg: Browse
Test Waveform Pos/Diff: CAGRL\GRLSinkTestProjects\PCIECEMGenS5_AN
Test Waveform Meg Browse
Test Type: Full Swing i
<-- Back to Test Selection | [tz Format | Differential w Options
Sample Interval |5 ps Template: | No_CTLE =
Voltage Resolution |MN/4 PV
Test
#of Ul 1598563
% PCleGen 5 Preset Test AC SingleRun Results - o X
(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: __Adlm 1er697 || rssese | 002279 | [Coud] [Coud| [ pass | @
dafaGKw KA GH ApHBd ZniNp B2z 3NB° %q bbbbbbb a p fpomh B
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Table 81 Tx Preset Ratios and Corresponding Coefficient Values
Preset # Preshoot (dB) De-emphasis (dB) .1 Cil Va/Vd Vb/vd Ve/Wd
P4 0.0 0.0 0.000 0.000 1.000 1.000 1.000
P1 0.0 -3.5+1dB 0.000 -0.167 1.000 0.6638 0.668
Po 0.0 -6.0+£1.5dB 0.000 -0.250 1.000 0.500 0.500
P3 35+1dB 0.0 -0.166 0.000 0.668 0.668 1.000
P8 35+1dB -3.5+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
P5 1.9+1dB 0.0 -0.100 0.000 0.800 0.800 1.000
Pé6 25+1dB 0.0 -0.125 0.000 0.750 0.750 1.000
Preset # Preshoot (dB) De-emphasis (dB) c1 €+l Va/\vd Vb/Vd Vevd
P3 0.0 -25+1dB 0.000 -0.125 1.000 0.750 0.750
P2 0.0 -44+15dB 0.000 -0.200 1.000 0.600 0.600
P10 0.0 Note 2. 0.000 Note 2. 1.000 Mote 2. Note 2.
Notes:
1. Reduced swing signaling must implement presets P4, P1, P9, P5, PG, and P3. Full swing signaling must implement all the
above presets.
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
reduced swing.

Capture three waveforms for both TJ  (Base) and TJ (Jittered ) and analyze SJ using SigTest.
Set up the following parameters.

a) BERT Settings:
1 General Output: ON

1 Select SI -PPG and Emphasis tab - Emphasis Function: OFF

1 Selectthe Patterntab - Test Pattern: 128b130b_CP_LO Gen5 PO

1 Select Jitter Modulation Source - SJ1: ON

1 SJ1 Frequency and Amplitude: 100 MHz, 0.000 Ulpp , Measure Total Jitter as
TJ(Base)

I SJ1 Frequency and Amplitude: 100 MHz, 0.100 Ulpp  , Measure Total Jitter as
TJ(Jittered)
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(4] tter Modulation Source

s> (N ssc Wil suo WGl 0 W
10 K2 33000 Hz 0.000 Up-p| 0.168 Uip-p
" oo0oupp  Oppm | ‘

Clock Source Clock to PPG
— |ulioRL:Slot ML 810006 [R——
| 8 000 000 ki " 16.000 000 Gbitss

Ref Clock

' 8000 000 kb2
AUX Input Clock Sub-rate Clock
2/80

Ol —— ' 1100 000 ki

Frequency 100 000 000 | Hz
Ampitude 0.100 | Ulp-p

§.250) ps pp

b) Scope Settings:
1 Averaging: OFF
1 Horizontal Scale: 10 ps/div
9 Bandwidth: 5 0 GHz
1 Sampling Rate: H128 GS/s
c) SigTest Settings:
T épepl ybhepl LBOpENMPabhzAHV
1T épepl ypdp3pHzZYynNN3BzABvL3INV
T epapl yhoepAypHzABvaG: z &V
T : @njl Apv: N3s njfHOV
91 Browse to the saved waveform file
T épepl yhbopOQt ®z2ypHzABvasiecl: zaVv
1

Run Test
% SigTest Phoenix — O pod
Technology: | PCle w
Generation: | 5.0 w
Test: | R¥Cal w
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i PCle 5.0 RX Calibration - O x
Positive/Differential Waveform: | C:AGRL\Rx Test Solution\Applications\PCIECEM
MNegative Waveform: Browse
Data Format: | Differential “
Options Load and Verify Data
<-- Back to Test Selection

Sample Interval: |£.25 ps Template: | Rj_SJ Cal -
Voltage Resolution: |M/A Yy CTLE Gain (dB):
#of Ul: 2000000 CTLE Optimization Min Gain (dB):

CTLE Optimization Max Gain {dB):

Test
CTLE Optimization Gain Step (dB):

d) SigTest Results:
1 & p Z Ndfalrditter (P -P)Oyb o 2z &€ p

i PCle 5.0 RX Calibration Results - O *

(PASS) Rj 5J Calibration Results

Rj SJ Calibration Results Overall Result: PASS

Waveform Name PCIECEMSjCalibration_Gen O Template Name Ri_S)_Cal O

TX Preset g O Lane 0 O

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

Random Jitter (RMS) 0.77901 ps O
daM G KR G ApHBA ZnNpBHZ 3NB° Y%q bbbbbbb a p famb B
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9 Calculate SJ by subtracting the  average value of the three TJ(Jittered) and
TJ(Base) waveforms .

9 Adjust SJ until SJ = 3.125ps.

8.1.9 RJ Calibration

Capture the waveform on the Scope and analyze R J using SigTest. Set up the following
parameters.

a) BERT Settings:
1 General Output: ON
Select SI - PPG and Emphasis tab - Emphasis Function: OFF
Select the Patterntab - Test Pattern: Toggle 1bit
Select Jitter Modulation Source - RJ: ON

1
1
1
1 RJHPF and Amplitude: 10 MHz, 0.228 Ulpp

4] Jitter Modulation Source

100 000 000 He 10 Hz 33000 Hz 0.000 Uip-p
| 0100Wpp  0.000 Upp 0ppm | | |
Clock Source Clock to PPG
J— Unitl:Slot2:MULE1000 32G PPG
8 000 000 | 16.000 000 Ghit/s
Ref Clock
w————
| 8000000 ke
ALX 1 Clock
nput Cloc . Sub-rate Clock
| T
[N .
Filter  Lkser L
HPF | 10M HFF . 4 F | OFF v
Amplitude 0.228 | Upp 14.250| ps pp
RMS Convert |E-12 v 0.016 205 Erms 1.012 812 ps rms I

b) Scope Settings:

1 Averaging: OFF

1 Horizontal Scale: 10 ps/div

1 Bandwidth:5 0 GHz

f SamplingRate: yHhpc YyHdé wA
c) SigTest Settings:

T ép&pl ybhep! LBOp@MPpe bz AHV

dapGKU KA GHF ApHBAdEZNNPpBHZ ZNB° %q bbbbbbb a p b B
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T épapl yhdp3pHZYyNN3EHzZABvLITV
T épepl yhbopAyHzABvaAG: z &V
T : @njl Abv: N3 nfHQV
9 Browse to the saved waveform file
T épapl yhop Ot @zypHzABvaeal3éecs: zaVy
 Run Test
% SigTest Phoenix — O >
Technology: | PCle =
Generation: | 5 0 v
Test: | R¥Cal -
» PCle 5.0 RX Calibration — O *

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

MNegative Waveform: Browse

Data Format: | Differential =
Options Load and Verify Data
<-- Back to Test Selection
Sample Interval: | 6.25 ps Template: | Rj_SJ_Cal *
Violtage Resolution: | MN/A Y CTLE Gain (dB):
# of Ul: | 2000000 CTLE Optimization Min Gain (dB):

CTLE Optimization Max Gain (dB):
Test

CTLE Optimization Gain Step (dB):

d) SigTest Results:
1 & p z Nemdod Jitter (RMS)Oyalue
1 Adjust RJ until RJ = 0.5 ps (RMS)
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i+ PCle 5.0 RX Calibration Results — O 4

(PASS) Rj S) Calibration Results

Rj SJ Calibration Results Overall Result: PASS

Waveform Name PCIECEMSjCalibration_Gen O Temp|ate Mame Ri_SJ_Cal O

TX Preset 0 O Lane 0 O

Mean Ul 3125 ps O Total Jitter (P-P) 9ps O

Random Jitter (RMS) 077901 ps O
daM G KR G ApHBA ZnNpBHZ 3NB° Y%q bbbbbbb a p famb B
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The following connection diagrams show t he calibration setups at TP2 for DM amplitude
(DM-1), CM amplitude (CM -1) 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
M“mo‘l‘”"f . Tektronix ATl Oscilloscope
MUlSlS_UOB— OOO0
e &
B o elefele)
MU195/6020A7 , 7= % T & O g
o E— =
MU195050A sy et e—
R v O 0T T 00 b | O @ O
Nominal CHI —— Y cH2
4.9-7.9d8 T
- 6 dB Attenuators
Variable ISl (including 1 ft
MMPX-MMPX cables)
Variable ISI
(including2ft
MMPX-MMPX CBB Tx CBB
cables) -
Nominal 13.0dB
Nominal 1.5 dB, 3 ft, MMPX-2.92 cables

FIGURE 57. CONNECTION DIAGRAM FOR PCIE GEN 5 DM- I, CM-1 AND EH/EW TP2 CALIBRATION
(FOR SYSTEM BOARD)

Anritsu MP1900A BERT

= .
U181000A/8 Oscilloscope

QO OO
ojejele

=L

MU195/6020AJ R o
-_ sl

MU195050A sl

- B

Nominal
19.75-22.75dB

Variable IS (including Nomm/al/l.S dB, 2.92-MMPX cables

MMPX-MMPX cables)
_CLB

CLB Tx

Nominal 2.5 dB

CBB Rx Variable ISI (including 1 ft

CBB MMPX-MMPX cables)

FIGURE 58. CONNECTION DIAGRAM FOR PCIE GEN 5 DM- |, CM- | AND EH/EW TP2 CALIBRATION
(FOR ADD- IN CARD)
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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 cable s, connectthe MU195020A/MU196020A data output s to the

MU195050A data input s.

4. For System Board calibration:

a) Using coaxial cables , connect the MU195050A data outputs to the Variable 1SI
board (Nominal 4.9 IA7.9 dB trace ) of the CLB .

b) Connect between both the CLB Rx Lane 0 and CLB Variable ISI (including 11t
MMPX- MMPX cables ) and between both the CBB Tx Lane 0 and the CBB Variable ISI
(Nominal 13.0 dB trace, including 2 ft MMPX - MMPX cables ).

5. For Add - In Card calibration:

a) Using coaxial cables , connect the MU195050A data outputs to the Variable ISI
board (Nominal 19.75 IA22.75 dB trace ) of the CBB .

b) Connect between both the CBB Rx Lane 0 and CBB Variable ISI board ( including
MMPX- MMPX cables ) and between both the CLB Tx Lane 0 and the CLB Variable ISI
board (Nominal 2.5 dB trace, including 1 ft MMPX -MMPX cables).

[Note: DM -1 and CM -1 should be calibrated with no reference package embedding applied.]
6. Connectthe CLB Variable ISI board (for add -in card) to the digital Scope channels

using Nominal 1.5 dB, 2.92 - MMPX cables .

7. Connect the CBB Variable ISI board (for system board) to the digital Scope channels

using Nominal 1.5 dB, 3 ft, MMPX -2.92 cables .

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

a) BERT Settings:

91 Loss Channel

9 General Output: ON

1 Select SI -PPG and Emphasis tab

1 PPG Data Output: OFF

1 Select Noise Generator - DM: ON

9 Differential mode noise ~ Amplitude and Frequency: 1 0 mVpp and 2.1 GHz
déﬁéGKAUK‘MGE’A_bHbd¢ﬂJND5_i3N5°1/20| ) bbbbbbb é?ﬁmvrrbb
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Data Input 1 = Data Output 1
Tata Input 1 Ex w ata Quiput 1
e =y
External Input | |
External Input
v
150 mvpp
120 MHz
Wi i.i
0.200 m\rms
Data Input 2 | Data Cutput 2
bata Input 2 P Gata Output 2
e L UL U _
Presets Manual v
litude Freguency
10| mvpp 2.100 GHz

b) Scope Settings:
1 Averaging: OFF
1 Horizontal Scale: 5 ns/div
1 Bandwidth: 8 GHz

8.1.12 CM-I Calibration Adjustment

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

a) BERT Settings:
1 Loss Channel
1 General Output: ON
1 Select SI - PPG and Emphasis tab

dapGKU KA GHF ApHBAdEZNNPpBHZ ZNB° %q bbbbbbb a p b B
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A SR

1 PPG Data Output: OFF
1 Select Noise Generator - CM: ON
1 Common mode noise  Amplitude and Frequency: 1 50 mVpp and 120 MHz

[B] Moise Generator

@
Data Input 1 7 Data Output 1

Data Input 1 Ext ﬁ Data Output 1

External Input ‘ |
External Input

on

36 mvVpp

—e
‘ 2.100 GHz
o

0.200 m\vrms

Data Input 2 ‘ g Data Output 2
Data Input 2 -~ Data Output 2
& g
Presets ‘Manual |v|
Amplitude Frequency Band
‘ 150 | mvpp | 120 M2 [low  |v|

b) Scope Settings:
1 Averaging: OFF
1 Horizontal Scale: 12.5 ps/div
9 Bandwidth: 8 GHz
Measure RMS on (CH1+CH3)/2 and ¢ alculate Vpp = RMS/0.707 .
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The following Eye Height/Eye Width calibration procedure applies for PCle Gen 5:

Set ISI Trace to 3 7 dB (physical loss of 2 5.5 to28.5dB 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:
1 Eye Width: 8.875to 9.875 ps
1 Eye Height: 13.5 to 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:
1 General Output: ON
1 Select SI -PPG and Emphasis tab - Emphasis Function: ON
1 Selectthe Patterntab - Test Pattern: 128b130b_CP_LO _Gen5_ PO
1 Set all Jitter, Noise, and Amplitude values.
1 Save seven waveforms and read in SigTest.
1

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

0 Measure all the seven waveforms for all CTLEOyfanging from -5.0to -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):

A The waveform is considered an outlier if the Eye Width is < 1.0 ps or
deviates from the median by 2.0 ps.

A The waveform is considered an outlier if the Eye Height is < 1.0 mV or
deviates from the median by 5.0 mV.

o0 Determine which CTLE and Preset combination provides the largest Eye Area
(Eye Width * Eye Height) and record these values

1 Using the Optimized Preset and CTLE, save at least 10 waveforms and obtain
the average value.

1 Adjust the Eye Height/Eye Width to target specification values by scanning
through :
0 SJ:1to 5 pspp
o DM:5to 30 mVatTP2
0 VSwing:720mVto 80 0 mV (To be a djusted only if unable to achieve target
values with SJ/DM combination)

1 Ifthe target values cannot be achieved, reduce ISI by 0.5 dB and repeat the o 5
Aypt ABSHNOBVADPYPHONIPHYLIPBEYt ynOnypNBaHPAPYBHZ3
total I1SI loss is 34 dB.

b) Scope Settings:
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Averaging: OFF

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

Sampling Rate: H128 GS/s

c) SigTest Settings:

T
1
1
T

1T épapl yHep! LIBONpabzABY
T éepepl yHdp3pHZYyNN3BZABvU 3TV
T eépapl yhopAyBHzABvaG: zaVvy
T : enjl Apv: N3s njHQV
1 Browse to the saved waveform file
T épapl yhopQt ®2ypHzABvKap3: zeaVv
1 Set CTLE Gain, for example: -5
1 Run Test
;' PCle 5.0 RX Calibration - O X

Positive/Differential Waveform:  CAGRL\Ex Test Solutiom\Applications\PCIECEM Browse

Negative Waveform:

Data Format: | Differential ©
Options Load and Verify Data
<— Back to Test Selection
Sample Interval: 6.25 ps Template: | Eye_Cal -
Valtage Resclution:  R/& ny CTLE Gain (dB): -5|
Eof Ul 2000000 CTLE Optimization Min Gain (dB):

CTLE Optimization Max Gain (dB):
Test

CTLE Optimization Gain Step (dB):

d) SigTest Results:
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
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i PCle 5.0 RX Calibration Results - O x

(PASS) Eye Calibration Results

Eye Calibration Results Overall Result: PASS

Waveform Name TempWaveform3.bin O Template Name Eye_Cal O

TX Preset 0 O Lane 0 O

Mean Ul 3124987 ps O CTLE Gain S0 O

Target BER 1E12 O EW @ BER 9.28766 ps O

Eye Height @ BER 1473516 mv O

For final eye ¢ alibration , adjust Voltage Swing, SJ, and DM Amplitude until the target E ye
Width and Eye Height are achieved and then s ave at least 10 waveforms .

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 test ing (for both the system

board and add -in card). Thisis to ensure thatthe DUT willbe ableto apply the correct Tx
EQ preset as required along the test

To perform the initial TX EQ & Tx link EQ response test s, 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 oscillo scope for waveform s to be capture dand

analyze d for target EQ values.

Note: Refer to Section s 5.2 and 5.3 for more details on test setup requirements for the
DUT.

The following connection diagram show s the physical setup to perform i nitial Tx EQ / Tx
link EQ response test for the PCle Gen 5 add-in card DUT. Th is setup is using the
MP1900A BERT that includes the MU195040A Sl Error Detector or MU196040B PAM4 Error
Detector module and a compliant CBB test fixture for the DUT.
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Note : Use logical Lane 0 for the following test setup.

Anritsu MP1900A BERT

MU181000A/B

l x Oscilloscope
MUlBlSE(;B.—“ —

GO & gy = oYelele!
| o I\ |
MU195/6020A7 , = —-= \

L IREEEHER ]

MU195050A s
0 O 2B

@ (&) O o JAUXIN
1 |

[ |
CH1 CHY

_—— Power Splitter/Pick-off Tee

01

PCle Reference

Clock Buffer I but

Z2029A

Ppied ul-ppy

| GND connection
L| cable (J1627A)

BB

IMU195040A/ iF ——— - Ep——
MU196040B Wi | Sitl) & .00 B
— o4 G A A =

FIGURE 59. CONNECTION DIAGRAM FOR PCIE GEN 5 ADD- IN CARD DUT INITIAL TX EQ/ TX LINK EQ
RESPONSE TEST

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.

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

Using coaxial cables, connect the MU181500B sub -rate clock outputs (100 MHz
reference clock) to the REF CLK INJ of the CBB through the Z2029A PCle reference

6. Using a SMA cable, connect a MU195020A /MU196020A Aux Out connectorto  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
Power Splitter OUT  (or the pick - off tee PICK OFF) port s.

8. Using coaxial cables, connect the CBB Tx Lane 0 to the Power Splitter IN (or the pick -
off tee IN) port s.

9. Using coaxial cables, connect the other OUT port s of the Power Splitter s (or the pick -
off tee OUT) tothe  MU196060A Re- Driver data inputs.
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10. Connect the MU196060A Re-Driver data outputs tothe MU195040A (or MU196040B if
using a PAM4 Error Detector)  data inputs for loopback error detection.

11. Connect the MU196060A Re- Driver clock output toth e MU195040A (or MU196040B if
using a PAM4 Error Detector) Ext Clock in.

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

The following connection diagram show s 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 SI Error Detector or MU196040B PAM4 Error Detector
module and a compliant C LB test fixture for the DUT.

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

Anritsu MP1900A BERT

MU181000A/B .
g /:_ Oscilloscope

MU181500B

lolojele]
OO OO

__[=m
& O|O O IAU):.N

CH1 CH3

i s iy~

MU195/6020A |5

(=4

MU195050A e
0 GgNaC

|

100 MHz
REF CLK
Output

Power

splitter/ ~~{ ]
\\

Pick-off

Tee ‘\D

GND connection

cable (J1627A) i
SYSTEM L

IMU195040A/ i —_—— | EE—
MU1960408 W | & Lol < .00 U
i A A 4

FIGURE 60. 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.
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Using coaxial cables , connect the MU195050A data outputs to Rx Lane 0 of the C LB.

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

6. Using a SMA cable, connect a MU195020A /MU196020A Aux Out connectorto  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 the Power Splitter IN (or the pick -
off tee IN) port s.

8. Using phase matched cables , connect Channels 1 and 3 on the oscilloscope to the
Power Splitter OUT  (or the pick - off tee PICK OFF) port s.

9. Using coaxial cables, connect the other OUT port s of the Power Splitter s (or the pick -

off tee OUT) to the MU196060A Re-Driver data inputs.

10. Connect the MU196060A Re-Driver data outputs tothe MU195040A (or MU196040B if
using a PAM4 Error Detector)  data inputs for loopback error detection.

11. Connect the MU196060A Re-Driver clock output toth e MU195040A (or MU196040B if
using a PAM4 Error Detector) Ext Clock in.

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

Prior to starting this test, take note of the following:

A 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 .

A 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 .

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

A 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 s  oftware is used with the MX190000A
test application on the MP1900A BERT to perform the i nitial Tx EQ test. The oscilloscope
will also be used to capture waveform s for post processing analysis .

1. Configure the oscilloscope as follows:
1 Averaging: OFF
1 Horizontal Scale: 6.25 ps/div (2M Ul)
i Max Bandwidth: 33 GHz
1 é2Qt @nj3pbhédzypobybpquwhHdewA
9 Trigger: 0 V, Channel 1
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2. Set Preset 0 on the BERT
yByLP B G

3. 3pyLIPHIKAGOYAH

tt a@njl zynN3ABAI B SppliGaticn &p |

Darvice — ==
- @ @R
MK D BI0004 SR DAY
4. Inthe MX183000A W Selectorpop -t HBAp&pl yHVa: apbi nj3ABeHZ n3nj3p Oy
E MXE3000A - Selectar g
Apgh |
PCle Link Tradning :]

5. Inthe next window, select the network address of the MX190000A BERT application A
N33pl yOoyby NH&n3AHZt BbnyLIBYyLPBH° Gpwmnm;

t N@e&eNbpNHhua hV:
# HNo.d
EP&:I!J-M-I 500 1S00KET J

Mot
TOFPDE: 1592, LeE 2. LO0eS001 : 50CET

o
TOPPDE:1590. L6E 2. L D0ES000 5 00ET

Swarch Stan

6. Inthe MX183000A I PCle Link Training window, select the Link Training tab Select the
veépyyn3ipVhl LPp | AB fkhe Smehb.y LIp B Hnjp LIy

7. Whenthe LEQ Test pane appears, selectthe Initial Tx LEQ tab. Set the VAV 8Hq3njynjz &b

aHPpAPYBj aHPAPYBI nN3PHeepEHANBEDIHEY Ay B 2o VM

Press the Power Reset button on the CBB test fixture to reset the DUT.
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9. Inthe MX183000A M PCle Link Trainingwindow H BAp &pl yHVv! njSABéyzHYy Oyhn3H
tab.

(Conesen )

LEQTest  [] Setting
Rx LEC:

10. On the Scope, c apture the Preset 0 waveform s and save to afile labeled as either
S §8dqLO: I £A3C!' U ° Cp Gal QA& Bov Qéddad :: INGBEWDESPDX ~ |
represents the Preset Number) orSé30pPiuvd9sSl A5Cop Gail QA5 Uorittea C3S CI
system board ). For example if usingaadd -in card DUT, the Preset 0 waveform should
be saved asS $8 dqUL®: I ESC! U ° Co G4l Q& 510uSHg@ aystenthdadd Sa° =~ = |
DUT, the Preset 0 waveform should be saved as SézQpliuwo
951 ESCop GaliQasLOICa CSCI Sa |
11. Repeat steps 1 to 9 to capture all waveform s 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 >
Technalogy: | PCle w
Generation: | 50 v

Test: | Preset_TestAC vl

13. Browse to s elect the directory of the saved  waveform file to be tested and select
v2 N3: g! KVHzy by LD hdapnGieldehgnfsdiept H Nhie v o p Agttoh at the
bottom to start the test run . All preset numbers must turn green once the test
completes to indicate a Pass

% PCle Gen 5 Preset Compliance Test - O >
Waveform Directory: CAGRL\GRLSinkTestProjects\PCIECEMGenS_AN
Test Type: Full Swing -
<-- Back to Test Selecticn Data Format: | Differ=ntial - Options
Sample Interval: ps Template: [No CTLE |
Valtage Resalution: pv
Test
#of Ul
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i 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/Fall O
POO: L hmfidd In . ) 6.04508 -0.13764 -6.1129 CDLI.|d Could PASS .
PO1: L hmAdd In . ) 3.0919 0.27605 -2.89317 CDu.Id Could PASS .
PO2: L VAdd In . ) 4.26091 0.24637 -4.10653 Could | |Could PASS .
PO3: o ﬁmfidd In . . 2.6903 046712 -2.33089 CDulId CDuFd PASS .
PO4: L hmAdd In . ) 0 0 0 CDu.Id Could PASS .
PO5: o HmAdd In . ) 1.8855 202523 017679 CDu.Id Could PASS .
PO&: L ‘._Add In . ) 247479 255823 0.1122 Could | |Could PASS .
POT7: o ﬁmfldd In . . 812908 3.5816 -6.18892 CDulId Ccu!d PASS .
PO&: o HmAdd In . . 5.84334 353885 -3.26714 CDu.Id Could PASS .
PQ%9: L “_Add In . ) 3.14463 348958 0.52068 Could | |Could PASS .
PO10: L ‘.—Add In . ) 3.14465 348958 0.52068 Could Could FAIL .

Prior to starting this test, take note of the following:

A 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 .

A 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 .

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

A 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 s oftware 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:

1 Averaging: OFF

9 Horizontal Scale: 6.25 ps/div (2M Ul)
1 Max Bandwidth: 33 GHz
1

€20t ®@nj3pbhazypohybpcPhbdeéwA
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9 Trigger: -350 mV, Anritsu AUX channel
2. Set Preset 0 on the BERT.

3. 3hYyLIPHOKAGOYADH tt a@nl ZzynN3ZAHAI Biiyp Foplicalidnaep | vy By LI H° G|

4. Inthe MX183000A HSelectorpop -Zt HHAp &pl yHVa: qpb! nNf3ABe HZ nj3nj3p Oy
[ MXIB3000 - Selacter ﬂi
Fil Sefup LiCerss Help
Al | f
PCle Link Tradnimg :]
Start
4. Inthe next window, select the network address of the MX190000A BERT application A
t Ne@e&eNbpNHhhuahV: N33pl yoyby NHh&n3AHZt Bbnjy LBy LIp H° Gp wmm:
* Mol
EM::I!J-M 1=5001=40CKET J
Mot
TOFP:152. 168 1. 1 00=5000 : 50 RET
Mo
TOFP::152. 168 1. 1 00=5001 : 50 RET
Siaih SLan
5. Inthe MX183000A M PCle Link Training window, select the Link Training tab. Select the 3
vepyyn3pVhl LIp! ABRUNas HAN3BHY LIp HBHNjp LIy BN BY LIp HBAI Hpp 3 m
6. When the LEQ Test pane appears, select the Tx LEQ Response y Zzhimb é PybyLpBVAY @

ag(l)bAIby bji aHPp APy B nB@PHandthe/ GANE & B p Ap p@BHzage Rrés@yV b
to

B52250EUB®SAysdqUEPET 2da Al QD d3a Al
21 oS5u0fF EVI PESVODPES APPAEQDPOPTAD

< e

Preset # to be Tested

DUT Initial Preset
(Preset Hint Tx)

DUT Target Preset
(Change Preset)

PO P4 PO

P1 P4 P1
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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! nfj3ApKapy N btesing forA fry Regpapseha Hp Ap y B N H B vestidgfok NFXV B njs B
Response Cursor.

Rx LEQ | Inigial TXLEQ | Tx LEQ Response

Loopback Through: Recovery
- o

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

PPG Starting Preset
7 -

-
e

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

8. Inthe MX183000A M PCle Link Trainingwindow H BHAp &p |l yHV! nfjZApéyzZHYy Oypn3H
tab.

G

LEQTest  [] Setting
Rx LEQ

9. On the Scope, capture the Preset 0 waveforms and save to a file labeled as either
S §8§0oqULUO: I ASC] U " CgGalQa GoUtﬁbCadnélinCé@cﬁ\rmdéréPi)X‘ o
represents the Preset Number) or SezQpPliud9sSl ASCog GaliQas Ufgih€ea CSCI

system board). For example if using a add -in card DUT, the Preset O waveform should ;
besavedas S 38 dqULU®: I ASC! U ' Cog GA&al QA4.3f UsDpgietsgstem oar€ I Sa° ° ° |
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DUT, the Preset O waveform should be savedas ~ Sé&3 QDU uw ®
95 ASCgGalQasuQica €c€sclrsa " |

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 Platform Solutions  software, go to the Setup Configuration page and
select the Debug Tool tab. Select  eitherthe veohapAt NSApHaHpApYVHENHBV o ¢
Cursor Vbutton depending on which is being tested . In the Select Waveforms pop  -up
window, s elect all the waveforms that were previously captured and click vOKV

14. In the PCle Preset Decoder screen, verify that the Electrical transition time is showing
<1 usto pass the test . Note: The Decoded transition time serves as an informative
value only and is not required for compliance.

PCle Preset Decoder x
Add In Card_Ln00_TXResponse_P00_d_acq000trc CAGRL\GRLSinkTestProjects\PCIECEMGe...  — O *

Status

Decoder:

Waveform:  Add In Card_LnD0_T*Response_P00_d_acq000trc

Decoded Transition Time: §5.667156e-07s Show Q04

_ ooz

Electrial Transition Time: §6.591750e-07s ;n @00
Type

Time relative to tigger (s) Preset Prec

5.098656e-07 T51 7 5

5.179875e-07 Ts1 7 5

5.260500=07 T51 7 5 3 10

5.342313e-07 T51 7 5 13 10

5.423500e07 Ts1 7 5 13 10

550471907 T51 7 5 33 10

5.58596%-07 T51 7 5 13 10

5.667156e-07 T51 0 1] 36 12

5748344207 T51 0 o 36 12

5.829594e-07 T51 0 0 36 12

551081307 Ts1 0 o 36 12

555203107 Ts1 0 1] 36 12

6.073219e-07 T51 0 0 36 12

615443807 T51 0 o 36 12

R 73RRAR=NT7 TS1 n n k' 12 A
< >

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 sen t 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: Referto 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
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The following connection diagram show s 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 SI Error Detector or MU196040B PAMA4 Error Detector
module and a compliant CBB test fixture for the DUT.

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

Anritsu MP1900A BERT

MU181000A/B

- R .
MU1815008

|
*IMU195/6020A =
-_ sesn YR
MU195050A s

| R

O PG

Nominal
19.75 - 22.75 dB

+.\_ Variable ISl (including |
© MMPX-MMPX cables)

o
c
S

PCle Reference
Clock Buffer

CBB Tx

pieD UI-pPPY

| GND connection
L| cable (11627A)

l = S50 MU196060A. ==
& ¢ '

Nominal 1.5 dB
cables

IMU195040A/ {57 e s o Sp—
MU196040B | & el o .00 A
L Son S A A 2%

FIGURE 61. CONNECTION DIAGRAM FOR PCIE GEN 5 ADD- IN CARD DUT LOOPBACK TEST

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 cable s, connectthe MU195020A/MU196020A data output s to the
MU195050A data input s.

4. Using coaxial cables , connectthe MU195050A data output s to the Variable ISI board
(Nominal 19.75 A22.75 dB trace ).

5. Connect between both the CBB Rx Lane 0 and Variable 1Sl board ( including MMPX -
MMPX cables) .

6. Using coaxial cables, connectthe MU18500B sub-rate clock output s (100 MHz
reference clock) to the REF CLK INJ of the C BB through the Z2029A PCle reference
clock buffer

7. Using nominal 1.5 dB cables, connect the CBB Tx Lane 0 to the MU196060A Re - Driver

data inputs.
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8. Connect the MU196060A Re - Driver data outputs to the MU195040A (or MU196040B if
using a PAM4 Error Detector) data inputs for loopback error detection.

9. Connect the MU196060A Re-Driver clock output tothe MU195040A (or MU196040B if
using a PAM4 Error Detector)  Ext Clock in.

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

The following connection diagram show s the physical setup to enable loopback to

perform link training for the PCle Gen 5 system board DUT. Th is setup is using the
MP1900A BERT that includes the MU195040A SI Error Detector or MU196040B PAM4 Error
Detector module and a compliant CLB test fixture for the DUT.

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

Anritsu MP1900A BERT

MU181000A/8 = &

- - — - -

| @90 nN0e-: PSS |
---.-..~-.-JL..-..-.‘..-. T = = =

MU1815008B Eu

-
JOPOF
' — s

''MU195/6020A
- s

MU195050A s i

o U§0:00 C0 O.6

- "= —_ —

REF CLK

Nominal
1.5dB

Nominal cables
4.9-7.9dB —

CLB Rx

Variable 1SI (including 1ft
MMPX-MMPX cables) B

DUT — - - - ALITORDRNA T
| GND connection l L MU196060A =
|+ cable (J16274) P s a ek

SYSTEM

——

MU195040A/ (7], === = - p—
MU196040B | & K58/ U000 U

FIGURE 62. 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 orC
for detalils.

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.
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8.

9.

Using coaxial cable s, connectthe MU195020A/MU196020A data output s to the
MU195050A data input s.

Using coaxial cables , connectthe MU195050A data output s to the Variable ISI board
(Nominal 4.9 IA7.9 dB trace).

Connect between boththe C LB Rx Lane 0 and Variable ISI  board (including 1 ft MMPX-
MMPX cables ).

Using a BNC cable, ¢ onnect the CLB 100 MHz clock output from the system board DUT

to the 100 MHz reference clock input on the MU181000A/B.

Using nominal 1.5 dB cables, connectthe C LB Tx Lane Oto the MU196060A Re - Driver
data inputs.

Connect the MU196060A Re - Driver data outputs to the MU195040A (or MU196040B if
using a PAM4 Error Detector) data inputs for loopback error detection.

Connect the MU196060A Re- Driver clock output tothe MU195040A (or MU196040B if
using a PAM4 Error Detector)  Ext Clock in.

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

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

1. Enable all calibrated stresses on the BERT.
2. 35pyLIPHOKEAGOYADH tt @njl zynN3IABHAI Utifip Fpplidaliqnep | y By LIp H° G|
LRility
3. Inthe MX183000A A Selectorpop -Zt H BAp &pl YyHVa: qpBH! nf3AHBeHZ nj3nj3p Oy
[ MXUBB000A - Selectes g{
File Sefup Licerss Help
Al | f
PCle Lind Traanimg E]
Sart
4. In the next window, select the network address of the MX190000A BERT application
t Nee@&NbpNBHBhabhV: N33pl yoyby NH&n3AHZt Bbnjy LBy LIPp H° Gp wnm:
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# Mol
TOPPG: 12 7.0.0.1=5001S0CKET e

Mot

TOFPD: 150 168 3. 1 D500 - 50CRET

ol
TOPPO:192. 168 2. 1 D050 50CRET

Search Stan

5. Inthe MX183000A K PCle Link Training window, select the Link Training tab. ~  Select 3
vapl NbnpHoabhc €e®ebhKaOyhZ3Np HB y-diwh field. NheRécbvAnprope/is INNH N H N
a recommended setting for the DUT loopback state.

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