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This user manual provides information  using the GRL-PXE4- CEM-RXA test automation
solution to setup and test an electrical receiver (Rx) device to meet PCI Express Card
Electromechanical (CEM) 4.0 compliance (for 16 GT/s and 8 GT/s) as per PCI Express (PCI -
SIG) Standards .

The main body of this documentation first describes howto configure the GRL- PXE4-
CEM- RXA test software to calibrat e the stressed eye at the receiver of the device under

test (DUT)in the PCle Gen 4.0 or Gen 3.0 system . This includes calibrati on to be
performed at both the physical Test Point1 (TP1) and the Long Channel at TP2. The GRL
Platform Solutions  software will automate calibration without channel effect at TP1
before measuring the eye opening due to trace length . It also enables running the SigTest
post processing analysis  application to ensure signal quality compliance.

After completing calibration, the GRL - PXE4- 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- PXE4- 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 /uhH
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 Gen

3 & 4 CEM Rx electrical compliance  (including PCle U.2 & M.2 calibration/testing  for 8

GT/s). When combined with a satisfactory level of interoperabili ty testing, these tests

provide a reasonable level of confidence that the DUTGywill function properly in most

PCle environments.

Note: For manual test methodology , referto Appendix of this documentation or PCI- SIG for
approved Method of Implementation (MOl  X) as technical reference
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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 ASYSTEMS AND ACCESSORIES

System & Accessory Qty. Description/Key Spec Requirement
High Performance Real -time 1 |y 25 GHz bandwidth ™
Oscilloscope @
Anritsu MP1900A BERT 1 MP1900A Signal Quality Analyzer, with
following modules:
f MU181000A/B 12.5 GHz Synthesizer !°!
1 MU181500B Jitter Modulation Source
1 MU195020A 21G/32G bhit/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 Sl 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
[Optional for PCle Gen 3 CEM (8 GT/s) ‘]
PCI-SIG U.2 (SFF-8639) or M.2 Key -M 1 For PCle Gen 3 add-in cards
Compliance Base Board (CBB)
or
Compliance Load Board (CLB)
ISI Source Generator 1 Compliant Variable ISI channel
Power Divider 2 Anritsu K240C 2 -Way Resistive Power Divider,
for connecting s cope to CLB Tx lanes to
perform link equalization tests
External Refclk Source 1 Required for System and Add -In Card DUT
testing in the SRIS (independent Refclk) mode
Terminator 2 Anritsu J1632A Coaxial Terminator, for

termination of the unused
MU195020A/MU196020A Aux Out connector
and the CLB during link equalization testing
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System & Accessory Qty. Description/Key Spec Requirement
Power Supply 1 ATX Power Supply, for DUT power
V(m) b K(f) Adapter 2 34VKF50A Coaxial Adapter, only required if

using a PAM4 Pulse Pattern Generator

Computer /PC (laptop or desktop) 1 For automation control
Minimum requirements:
1 Windows 10+ OS
1 Intel Core i5 processor
1 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

= =4 =4 =4

lal Oscilloscope with scope  software requirements | QP QA T SEBEN S dE VP U Far SxabpB,aviieE EBEE S d° %q J C
using the Keysight Scope, scope software such as Keysight InfiniiSim / EZ -JIT / Serial Data Analysis / Serial

Data Equalization that are required for testing and signal processing must be pre-installed on the Scope.

Similarly, the Tektronix Scope shall be used with DPOJET (Jitter and Eye Analysis Tools) software for making

measurements.

bl Oscilloscope with scope bandwidth as specified in vendor specific MOIE.
el MU181000B Option 02 is required for testing the System Board DUT.
@ The GRL- PXE4- CEM- RXA software supports PAM4 PPG in NRZ mode .

TABLE 2. EQUIPMENT REQUIREMENTS KACABLES

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

SMA-to - SMA cables 4

BNC cables 2

J1627A GND connection cable 1

LAN cable 1
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@ Based on the standard test configuration. May require more or less cables depending on the DUT type.

TABLE 3. SOFTWARE REQUIREMENTS

Software Description/Source

GRL- PXE4- CEM- RXAM GRL Platform Solutions  PCI Express Card Electromechanical 4.0 (16
GT/s & 8 GT/s) Automated Receiver Calibration and Compliance Test
Solution KA www.grlps.com

VISA Software is required to be installed on the controller PC running
GRL- PXE4- CEM- RXA software. GRL Platform Solutions Oy ANS y b 2
framework has been tested to work with all three versions of VISA

VISA (Virtual Instrument available on the Market:

igflt"sviztewgrrghitec‘“re) 1. NI-VISA: http:/www.ni.com/download/ni - visa- 17.0/6646/en/

2. Keysight IO Libraries:  www.keysight.com _ (Search on 1O Libraries)
3. Tektronix TekV ISA: www.tek.com (Downloads > Software >
TekVisa)

MX183000A Anritsu High - Speed Serial Data Test Software K For loopback BER
testing of the PCle Gen  3/4 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

@ PCle3- CEM and PCle4- CEM will need to be installedto  testat both 16 GT/s and 8 GT/s data rates. If the

GRL- PXE4- RXA test solution is purchased, the user will need to install the GRL - PXE4- BASE- RXA and GRL- PXH-
CEM- RXA solution s included in the package to perform testing for PCle4 -BASE and PCle4-CEM at 16 GT/s and 8
GTls.
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The following table s ummarizes the differences in calibration and DUT compliance testing
configuration between PCle Gen 3 (8.0 GT/s)and Gen 4 (16.0 GT/s) CEM Rx systems based
on the latest Compliance Test Specifications (CTS) requirements

325pliudgdidel PUiQP®: g& ®F GEULD Pg QExprassl Archiledn8e) PHANUTBSE A£/AE U b
Specification Rev 4.0, Nov 8, 2018J ¢ U i AQeccalibréation and test  methodology  will be

different between PCle Gen 3and  Gen 4; please refer to the CTS for detailed
requirements. )

TABLE 4. PCIE GEN 3/4 CTS REQUIREMENTS IACALIBRATION AND TESTING DIFFERENCES

CEM CTS PCle Gen 3 PCle Gen 4

Configuration (8.0 GT/s) (16 GT/s)

RJ Source ~1.5 ps RMS ~1.0 ps RMS

Setting (RJ is applied over the (RJ is applied over the frequency range
frequency range defined in the defined in the PCI Express 4.0 Base
PCI Express 3.0 Base Specification section 8.3.6)
Specification section 4.3.4.4.1)

Pre- 1 1.6 million Ul Oyf1.6 x 10° x 1 2.0 million Ul Oy2.0 x 10° x 62.5ps =

Wave'fqr_m pgumnt AbybBgmmmi pgumMTmé Arb

Acquisition 1 Usethe Gen3Rx 1 Usethe Gen 4 RJ calibration

and SigTest calibration template ~ (SeeNote (PCIE_4_0_RX_CAL\

Analysis [ below) PCIE_4 16GB_CEM_Rj_Sj_CAL.dat)

template

RJ Cal Limits 1.5 +.2/-0 ps RMS 1.0 +.1/-0 ps RMS

100 MHz SJ 0.1 Ul (12.5 ps) 0.1 Ul (6.25 ps)

Setting 1 SJ magnitude = 0.0 ps

1 2.1 GHz DM Amplitude= 0.0 mV

SJ Cal Limits 12.5 +1/-0 ps 6.25 +0.5/ -0 ps

CLB/CBB 3.0 4.0

revision

Measured T x | P7 P5, P6

Equalization

(PO to P9 must be measured for both the System Board and  Add-in Card Rx Link Equalization

Test @ 16 GT/s.)

Measured 35+ - .2dB ForP5:1.9+/- .1dB

Preshoot For P6: 2.5+ - .1dB

Measured 6.0+ - .2dB 0.0+ - .1dB

De-emphasis
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CEM CTS PCle Gen 3 PCle Gen 4
Configuration (8.0 GT/s) (16 GT/s)
Measured DM | Average peak to peak _| RMS amplitude over 2.0 million ¥ q OyA
Amplitude amplitude over 1.6 Qnje&&@njN 3§ data (2.0 x 10° x 62.5 ps = 125.0 us).

of data (1.6 x 10° x 125.0 ps =
200.0 & A Adjustto 14 -16 mV
range.

Adjust to 14 +0/ -2 mV diff -amp range.

Measured CM | ® RMS amplitude over 2.0 million y q OJA
Amplitude data (2.0 x 10° x 62.5 ps =125.0 pus).
Adjustto 1 50 +0/-2 mV diff -amp
range.
Note: CM amplitude should be turned
off when calibrating for stressed eye,
but turned on when testing for Rx link
equalization.
Final pPMPBHOnae®EnNfN3HY qgOyA|c MTTHOnjee@niN3Hy gOyAHj & N
Waveform
Acquisition
Final SigTest Rx CTLE setting fixed to 7 with Use Rx calibration template files
Analysis (See the template for Gen 3 Rx (PCle_4_16G_Rx_CAL_CTLE_®5dB.dat

Note [2] below)

calibration template ~ (SeeNote [1

below) including embedding the
remaining portion of the
channel

to

PCle_4_16G_Rx_CAL_CTLE_ 10p5dB.dat).
The CTLE range of 8.5 dbto 10.5 dBin
0.25 dB step sizes s run for every P5
and P6 waveform.

Measured 46 mV +0/ -5 mV 15mV +1.5/-1.5 mV

Eye Height

Measured 41.25 +0/ -2 ps 18.75 +0.5/- 0.5 ps, with:

Eye Width  SJ5tol0pspp atTP1
T DM-1:10to 25 mV pp at TP2
Differential Voltage Swing: 720 to 800
mVpp at TP1

Eye RJ and DM -1 SJ, DM-1, Amplitude, and ISI

Height/E ye

Width

Adjustment

Scope > 13 GHz H 25 GHz max (with min 80 GS/s

Bandwidth sample rate )

(8 GHz for only DM -1)
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CEM CTS PCle Gen 3 PCle Gen 4

Configuration (8.0 GT/s) (16 GT/s)

Insertion Fixed ISI Channel (max 22 dB Variable ISI Channel including

Loss at 4 GHz) (SeeNote [3]below) reference package (27, 28, and 30 dB
at8 GHz)
Add- in- Card reference package loss: 3
dB
System reference package loss: 5 dB

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

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

Note [3]: PCle Gen 3 M.2 CEM system board calibration uses 3.5 dB ISI, while PCle Gen 3 M.2 CEM
add - in card calibration uses 13 dB ISI.
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This section summarizes the flow of installation , calibration and compliance test ing
procedure using the GRL-PXE4- CEM-RXA automation software.

| 1. Download & Install GRL- PXE4- CEM- RXA software (see Section |

|

| 2. Pre-configure GRL- PXE4- CEM- RXA software (see Sections 5.2 & |

v

3. Set Up Hardware Connections for TP1 Calibration (see Section
6.2)
3a. Set Measurement Conditions (S€8 | gt 3b. Set Calibration Requirements  (see
Section 6.4) Section 6.5)
A 4
4. Set Up Hardware Connections for TP2 Calibration (see Section
6.3)

A 4

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

5a. Set Calibration Parameters (see

_ 5b. Set Calibration Targets (see
Section 6.7)

Section 6.8)

v

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

Once calibration has completed
successfully:

6a. Set Measurement Conditions (see —— 6b. Set Test Requirements (see
Section 6.4) ! Section 7.7)
7. Set Up Hardware Connections for DUT TxRx Link Equalization Test (see
Section 7.5)

A 4
| 8. Set Up Hardware Connections for DUT Rx Compliance Test

(see Section 7.6) |

) 4

| 9. Select Rx Tests (see Section 7.8) |

9a. Set Test Parameters (see

| 9b. Set Loopback BER Test (see

Section 7.9) Section 7.10)
) 4
| 10. Run Rx Tests (see Section 7.1} |
- 12. L i i
| 11. Generate Reports (see Section 8) [+ > Save/L.oad Sesgl)ons (see Section
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This section provides the procedures to start up and pre - configur e the GRL- PXE4- 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
YyNBZABVI N3y HN a&#EBA(FrRual Detunteni Joitware dififecture) on to the
PC where GRL - PXE4- CEM-RXAis 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 PCIECEMGen4_AN_PatternFilesinstallationxxxxxxxxxSetup.exe ARun this on the
Anritsu  MP1900A BERT Signal Quality Analyzer to install the pattern setup files.

1 PCIECEMGen4_AN_RxTestApplication xxxxxxxxxSetup .exe MARun this onthe PC or
on the oscillo scope to install the application

1 PCIECEMGen4_AN_RxTestScopeSetupFilesinstallationxxxxxxxxxSetup.exe ARun
this on the oscilloscope  to install the scope setup files

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

Get Help

Google Chrome

Google Drive

GRL %3

GRL = GRL - Automated Test Solutions
@i: Uninstall
5 o ®Mm ) 9 H

FIGURE 1L 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: qpBH: |
T M1t D a s Bpstprtdhe OyPCle CEM 4.0 Rx Test Application . If the selection is grayed
out, it means that your license has expired.

m GRL - Automated Test Solution

Application | Options  License  Windows  Help

Framework Test Seluticn »

Rx Test Solution v || Anritsu PCle CEM 4.0 Rx Test

FIGURE 2. START PCIE CEM 4.0 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 4.0 Rx Test DEMO 12 days 5
Detail
Host ID

- r

QqEx06bSTAFSxVWU/f3IMSBvfie5/yROJ6Cff+ unHHYLKWZpK7Z6B 1yHyKOXMogzYYj/xDIf3q+ tUePgno0c) 24 + UerC4fZRGCkI6YAT55HHNVXEMhFN3wag/bg
KIfZxmLcUJiE2pZCdPgRTMh 1 +uxhe259He9850/4B6thFyMq98jQPhjahSZyMjeVFumtrA4 TtGMIOHIjAzp/YrxDWRLs2AbKS5ICELfIBQMLBCkepNbhsKdP 1Kv/r
RUwmpg7z/6VM2N+w/TkenvWwOKSbqEorjqrAgVsdol tawbpRWka jtWv6FYmgsYKrSI2nTFRUGZ goejZMixs14pU72100gevK1bdVILOhTK1idGAYIOrgiHhcZa ¥

License Key
|
FIGURE 4. CHECK LICENSE FOR INSTALLED APPLICATIONS
b) Activate a License:
1 If you have an Activation Key, enter it in the 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 a free 12 - day trial period.
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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 @ onthe PCle CEM 4.0 Rx Test Application menu.

Connectthe 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 format s similar to the following example S:

»

f BERT:w: agamoopwCMpOYMTIMPpTOOULTNPOooéY¥: aKaVHNHBVp
f MX183000A:v @: AaqaATMOOPWCMPOPPYMTMPTOOUTNTNTNOOEY: s KgVHNH

Note the IP address es 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 4.0 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
d3lwvac2gidedsSdagq9) 00" 0V0g2éga

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

yeot pbn3pyLPBHElI Nt pHgabzNNHPAAHBS NHBEPpoZzQt ®pbHve: agar
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 70", 0" 0" 00, T 0v0eée¥: mKgl i@

8. Thenselect y LIp v &njp LIy 3 (] 7 b )\oheadhiconieded instrument
oL Hv@np Ly 3n3pVBEhEyy N % Aditede sgiwarer Bab sutespighb
established connection with  each instrument.

MName D Address Type Vendor Lib
Scope |5cope | |TCPIPD::Incth|:|st::| |05cilloscope | Agilert ~ || | AgilertScope =
WXT30000A | [BeRT | [TcPiPD:192.168.0. | [BERT | lAnrtsu || | Anritsu19008er ~ =
MXT83000A | [anstsulinkSec|| [TCPIPD:192.168.0.] | [AnntsulinkSed]| |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 PC is 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. Entert he information as
required for the test session that is currently being run. The information  provided will be
included in the test report generated by the software once tests are completed

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

i The Software Info field is automatically populated by the software

DUT Info Test Info Software Info

DUT Manufacturer: [GRL | Comments

DUT Model Number:  |PCle CEM 4.0 Fix Device 1 |

DUT Serial Number: |D|}E'D|}DD|}D1 |

FIGURE 6. SESSION INFO PAGE
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The GRL- PXE4- CEM-RXA test solution supports automated Rx calibration using the
SigTest signal quality and stress tolerance analysis application for PCle Gen 3and Gen 4
system board s and add -in cards. To perform calibration ,the GRL-PXE4- 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 4.0 electrical s pecification will  basically be performed at two
physical test points: TP1 and TP2  (for the Long Channel) . Test Point 1(TP1)is a physical
test point for calibration without the effect of a channel. For PCle Gen 4 system,a n
adjustable CEM connector  will be used along with the calibration channel for testing the
receiver . This willneed to  adjust the eye amplitude to specification values when

measuring eye height/eye width. TP2 is a physical test point that will affect the eye

opening due to trace length.

Fixed TX EQ
l’ | . I I
8 GT/s PRES er I |calibration | [ Replica | i
Generator Combine | | P | Test Equipment
|| _‘_Il._r-' Channel I,IJ_L,I._J Channe :’_L
i i & | I |
' | | 1
TP1 TR2
) TP4 TPS
A A
Post Processing Scripts:
] 5 Diff M Rrpkg model

Souroe Louroe cerference el e Bohavioral CTLE/DFE (B/16G)
Behiavioral CDR

EM Adjust iTPZP

EH/EW at 10°™ BER

Figure 8-32: Layout for Calibrating the Stressed Jitter Eve at 3.0 GT /s

FIGURE 7. CTS RX CALIBRATION DIAGRAM FOR PCIE GEN 3

Fixed TX EQ
l Calibration Channel
| EHor EW Adjust 7 |
15 GT/s PRBS Combiner Repiica Test Equipment
Generator Channel
) A Y - CEM Connector |
TP1 TP2
L
Post Processing Scripts:
Rl 5 biff cM Rupkg model
Source Source Interference || Interference Behmdoral CTLEfDFE
Behavioral CDR
Small EW Small EH |
Adjust Adjust TP2P
15 mVv /.3 Ul at E-12 BER
Figure 8-33 shows the process for calibrating the stressed ptter eye at 16.0 GT/s.

FIGURE 8. CTS RXx CALIBRATION DIAGRAM FOR PCIE GEN 4
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For the Long Channel TP2 calibration, a PCI- SIG compliance load board ( CLB) test fixture
will be used for the host system board or a PCI- SIG compliance base board ( CBB) test
fixture for the add -in card . The board will be connected between the BERT noise
generator output  and the oscilloscope which will validate the test pattern of the signal

and measure f or stress tolerance to final stressed eye compliance. When calibration is
completed, the GRL Platform Solutions  software will generate a test report detailing all
results obtained from the  calibration .

Figure 9 shows the connection setup between each module of the Anritsu MP1 900A BERT
Generator Set. Note that the cable models used in this setup are examples and can be
replaced with their equivalent.

MU181000A/B T =

e@ @e@ @9@ @0

0.3m - J1624A
¥~ T T T ]

— e IR st m— Exb Gl It

41 gl b WM‘_[

0.3m - J1624A

Coaxial cables - J1551A (3ft)

FIGURE 9. CONNECTION SETUP FOR MP1900A BERT GENERATOR SET MODULES
Connection Steps:

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

2. Using the J1624A SMA-SMA (0.3m) cable, connect the Jittered Clock Output of the
MU181500B Jitter Modulator  to the Ext Clock Input of the MU195020A /MU196020A
Pulse Pattern Generator.

3. Using the J1551A coaxial cable s (3ft) , connect the MU195020A/MU196020A Data

Output s to the MU195050A Data Input s.
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6.2 Set Up Automated Rx Calibration for TP1

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

Anritsu
MP1900 BERT Noise Output

Real-Time Oscilloscope

Phase-matched K-K coaxial cables

FIGURE 10. RECOMMENDED SETUP FOR TP1RX CALIBRATION
Connection Steps:
1. Setupthe MP1900A BERT connections as  described in Section 6.1

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

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

6.3.1 Connect Equipment for System Board Calibration

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

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

Real-Time Oscilloscope CBB

SMA-to-SMP adapters

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

cables

]
K
|

-

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

Anritsu
MP1900 BERT

FIGURE 11 RECOMMENDED SETUP FOR TP2 LONG CHANNEL Rx CALIBRATION (PCIE GEN 4 SYSTEM
BOARD)

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

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

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

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

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

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

Note: Atotal loss of 27-30 dB is expected (see Section 6.7.1) from the above setup
consisting of:

1 Total 22 - 25 dB physical loss or Nominal 23 dB physical loss (excluding oscilloscope)

o
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1 5 dB package loss (post processing via oscilloscope)

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

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

Anritsu MP1300A BERT

e -
MUlSlDHEOﬁ{? - ) ol Q -
l TomEm il chem A w mA  ssm A '..-;‘_’ »DIHE ‘:‘E’:. -':S:; :—::-'5 f&_ . "
MU1815008 - Oscilloscope
P F o .

OO0

/| o co

MU195050A s p— e —‘
- omre ‘ : i_i_."'.";":. 0 O 0 {00 . O 2 O

| I L1
CLB N

CH1 CH3
1-meter SMA coaxial cables
Rx U2
connector
k/ T«

temeter SMA coaialcables g L I BB

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

MU195/6020A [
i

00000

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

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

Insertthe U.2 CLB intothe U.2 connector slotonthe U.2 CBB.

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

Note: The PCIE Gen 3 CEM U.2 system board calibration uses the same procedure as the
PCle Gen 3 CEM system board calibration, except for the following change in SigTest
templates when performing SigTest signal quality test  analysis :
1 For vASEPHSTOPAAIQUPODEC DI LSUDESCB Rk 8jSTALEl dPeeEsBLAINING PO
template file.

1 For DM & CM Amplitude and Eye Height/Eye Width calibration: Use the
3J.2 8GB Device Rx CALI de EbgldOQpopiduwvacl piobe2ido
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The following calibration setup uses a PCle M.2 compliance load board ( CLB) test fixture
as the PCle Gen 3 System Board.

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

Anritsu MP1S00A BERT

MU181000A/B

- — w———

.
l T A s B s T e

MU1815008 X
arana Oscilloscope

OOOCO
OO0

MU195/6020A [T
. Cesus ¥

MU195050A =g .
B LV ek |
- R——— O O © O
1-ft SMP-to-SMP cables -1 | I—
IS1 Board /\ CH1 S
M.2
CLB connector
Rx Z x 1-meter SMA coaxial cables

meter SVA coaxial cables [y o

FIGURE 13 RECOMMENDED SETUP FOR M.2 TP2 LONG CHANNEL RX CALIBRATION (PCIE GEN 3
SYSTEM BOARD)

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

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

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

4. Using 1-ft SMP -to- SMP cables , connect boththe 3.5dB ISI andthe M.2 CLB Rx Lane.
(Note: The SM P-to-SMP cables should be included along with the test fixture kits )
5. Insertthe M.2 CLB into the M.2 connector slot on the M.2 CBB.

6. Connectthe M.2 CBB Tx Lane using 1-meter SMA coaxial cables to the oscilloscope
channels.

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

1 For CA2EPBHSTOPAAIQUIPODES O UESM A BEHSRXSECAMEI PES VO DY O
SigTest template file.

i For DM & CM Amplitude and Eye Height/Eye Width calibration: Use the
M 2 8Gb Rx SYS CALI de€bgliQpopiuwvacl piedbeShU
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6.3.4 Connect Equipment for Add-In Card Calibration

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

F6HhHHEHEHHHEHHHEHHHEEHHHEHEHHEHHHEEHHHEEHHEHHBHH bBIHE HHHHHD

Anritsu MP1900
‘BERT Noise output . - (e Cc8B

SMA-to-SMP adapters
Included in Test Fixture Kits

1-meter SMA coaxial
cables

\.

Real-Time
Oscilloscope

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

FIGURE 14. RECOMMENDED SETUP FOR TP2 LONG CHANNEL RX CALIBRATION (PCIE GEN 4 ADD- IN
CARD)

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

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

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

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

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

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

Note: Atotal loss of 27-30 dB is expected (see Section 6.7.1) from the above setup
consisting of:

i Total 24 -27 dB physical loss or Nominal 2 5 dB physical loss (excluding oscilloscope)

1 3 dB package loss (post processing via oscilloscope)
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The following calibration setup uses a PCle U.2 (SFF-8639) compliance base board ( CBB)
test fixture as the PCle Gen 3 Add -In Card.
Anritsu MP1900A BERT
i ol
MUlSl?EﬂA{? - el ) =
l T e A m A mem i '.--;‘_F :T:;.IH:- ._:S;_ -:S::— E:; i‘ii |.
MU1815008 - Oscil
‘..-Lf.‘_.:('f; :_E.:‘ : scilloscope
MU195/6020A O
-_— o o oo
MUL95050A, mey e — ] ‘
- 0 W 200 D 0.0
' e - oo o oo
B 1
CH CH3
CLB
.2 u| 1-meter SMA coaxial cables
connector g T«
Rx m]

1-meter SMA coaxial cables

ooon Ny

CEB

FIGURE 15. RECOMMENDED SETUP FOR U.2 TP2 LONG CHANNEL RXx CALIBRATION (PCIE GEN 3 ADD-

IN CARD)

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

2. Using 1- meter SMA coaxial cables, connect

CBB Rx Lane.

Insertthe U.2 CLB into the U.2 connector

the MU195050A noise outputs to the U.2

slotonthe U.2 CBB.

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

channels.

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

1 For
template file.

VAREPSSTOPAAIOQUPODEC DI UEUEIGCE Rk SjSTALEN dPEEESHLAI PON

i For DM & CM Amplitude and Eye Height/Eye Width calibration: Use the
9J.2 8GB Host Rx CALI ®eEbgliQpopiduwacl piobe2io
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The following calibration setup uses a

as the PCle Gen 3 Add

-In Card .

PCle M.2 compliance base board (

CBB) test fixture

Anritsu MP1900A BERT

—_——— T e
l QT T R e— Y '..-;‘_F :DIHE l:'!::'.'; ::.E'-.". '*Ci_ = . .
MU1815008 = o _
B 80 oFor Oscilloscope
| o o T
MU155/6020A -, E:—;n; —_—m— = “CI CJ‘“ = O
N Ueeys YN U0 U.0UTY /' \|i=lelele
\____1
MU195050A o i =
B o O 00 C0 ]
] o
1-ft SMP-to-SMP cables - < s i~ .
CH1 CH3
/\ .2
et CLB 1-meter SMA coaxial cables
ISl Board
CEBE

1-meter SMA coaxial cables

FIGURE 16. RECOMMENDED SETUP FOR M.2 TP2 LONG CHANNEL RXx CALIBRATION (PCIE GEN 3
ADD- IN CARD)

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

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

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

Using 1- ft SMP -to- SMP cables , connect both the 13 dB ISI and the M.2 CBB Rx Lane .
(Note: The SM P-to- SMP cables should be included along with the test fixture kits )
Insert the M.2 CLB into the M.2 connector slot on the M.2 CBB.

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

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

1 For vA2EPBHSTOPAAIQUIPODEE O USM A BEHSRXSECAMEI PES VO DY O
SigTest template file.
1 For DM & CM Amplitude and Eye Height/Eye Width calibration: Use the

9V 2 8Gb Rx CARD CALI dé EhgiOpopivacl pidBE2DD
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Select from the PCle CEM 4.0 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.

SJ Frequency

5J (33%khz)
5J (1Mhz)
5J (10Mhz)
5J (100Mhz)

FIGURE 17. SELECT TEST CONDITION

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

Setup  Debug Tool  Sigtest Tool

FIGURE 18. 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: |System Board |v
Add In Card
System Board
FIGURE 19. SELECT DEVICE FOR CALIBRATION
dapaGKa KM GH ApHBd ZnjNp Hz 3NB° %q bBbbbbbb a p fpowmb B
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The GRL Platform Solutions PCle CEM 3.0 Rx Test Application supports the PCle U.2 (SFF-
8639) and M.2 platforms for PCle Gen 3 (8 GT/s) CEM Rx add -in card and system board
calibration and testing.

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

Setup | Debug Tool

Device Type: |f-‘«:|d In Card e |
Inteface Type: .2 |v
CEM

FIGURE 20. SELECT PCIE INTERFACE TYPE FOR CALIBRATION

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

=-[ 14 PCle Gend.0 Rx Calibrations and Tests A
[ 4 Calibrations

5[4 TP1 Calibrations

- 4> Preset 4 Calibration

-] 4 Launch Amplitude Calibration

-] 4> De-Emphasis Calibration

-[Z] € Pre-shoot Calibration

-] 4 Rij Calibration

- 4 5 Calibration

5-Z] € Long Channel Calibration

----- 4 DM Calibration

..... 4> CM Calibration

----- 14 Final 151 Calibration

..... 4> DM Optimization

----- ] 4> Final Eye Calibration

FIGURE 21 SELECT RX CALIBRATION

Under V g a p : z &njseldd tyonghligrdtedlor  initial Tx equalization preset, ~ BERT de-
emphasis and pre -shoot ( which form a linear curve fit), launch amplitude, random jitter

(RJ), and sinusoidal jitter (SJ) (for PCle Gen ¥ frequencies as per PCle CEM 4.0 Rx specs
and forms a linear curve fit for each S J frequency ).

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

dafaGKie KA GH ApHBA ZnNp B2z 3INDB° %q bbbbbbb a p fpowb B
Kod@! daal pb35 Awd e 3D3pabphEdGIdQSIBHMHBD * ~0 ¢y AST_PHS D~ azphd Pk ¢


http://www.grlps.com/

= 55 5566655566665565666556666555566655666585 SHOHED

== |:| > Calibrations

e I ¢

[ 4> Preset 4 Calibration

4 Launch Amplitude Calibration
4> De-Emphasis Calibration

4> Pre-shoot Calibration

4> Rj Calibration

0 5j Calibration

FIGURE 22. SELECT TP1CALIBRATION

Under V! N3p H: LIz 33 p &Fpelectdonj kafibiage fpNdgféential mode (DM), common
mode (CM), final intersymbol interference (ISI), DM optimization, and final eye by default
to achieve calibrated eye height and width to produce a final stressed eye diagram . Note

parpoeA&sLLEVD GA° OBAPEUVEAl PESVOIER2PAASE6STOAIQH2D QO
GRL Platform Solutions  test report which  shows | ¢ £6 1 J ¢€EB®PDITPQATSEBETS PBE
met 5 £0T ¢l 200 J PEBEPPATPEEVI 2POP ATOQOQUIE P TIPESTOOPUSP OB

The GRL Platform Solutions
initiated.

software will automatically run the selected calibration when

2- . L | ong Channel Calibration

14> DM Calibration

[+ € CM Calibration
A€ Final 151 Calibration
-] @ DM Optimization
4> Final Eye Calibration

FIGURE 23. SELECT LONG CHANNEL TP2 CALIBRATION

Note: The Preset EQ Optimization calibration option
this option, set the Preset Scan On ISI Calibration
page. See Section 6.7, Configure Calibration Parameters

is not enabled by default. To enable
BEU 2SS ®P Som e Canfigdrdtians
below for more details.

a---I:_IO PCle Gen4.0 Rx Calibrations and Tests
=B |0 Calibrations
B [J4 TP1 Calibrations

. System Embed File: refpkg_rootcomplex_5db_thru

----- [J 4 Preset4 Calibration

-4 Launch Amplitude Calibratio
[ 4> De-Emphasis Calibration
-4 Pre-shoot Calibration
-4 RjCalibration

O sjcalibration

--_|(> Long Channel Calibration

----- O¢ om Callbratlon

. CTLE Scan Start EQ Gain(dB):

. CTLE Scan End EQ Gain{dB):

. Force Use Custom DM:

. DM Optimization Aray{mV):

| Preset Scan On 15| Calibration:

. DM Optimization SJ Sweep (Ul):

8.5
105

0.1,008.0.12,0.14,0.16
False

0.015, 0.020, 0.025

False

== I | L. CILEScan ForlSI Calibration: o
. ISl Start Trace (dB): 10
FIGURE 24 . ENABLE PRESET EQ OPTIMIZATION CALIBRATION OPTION
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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 yLIpHBVEPYDHApSLZZeaey OyphuZy y N
o PCle Gen4.0 Rx Calibrations and Tests - Set Default
L_J Calibrations
. SigTest Version: 4052
. SigTest Silent Mode: False -
. DM Measuremert: RMS to Vop -
& TP Calibrations
. 5J Calbration Method: SigTest o
- Long Channel Calibration
. Sigtest N Acquisition: 7
. Eye Width/Height Sigtest N Acquisttion: 20
. Parellel SigTest Run: True >
. Maximum Thread Spawn: 4
.. Custom Final S| Trace: False =
. Apply Embedding: Tre o
. Add In Card Embed File: refipka_endpaint_3db,_thru
. System Embed File: refika_roctcomplex_5db_thru .

FIGURE 25. CALIBRATION PARAMETERS CONFIGURATION PAGE
TABLE 5. CALIBRATION PARAMETERS DESCRIPTION

Parameter Description

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

SigTest Silent Mode éepaepl yHBVYeoHZpOYWHYNBHPp 32 tuep HhHEZ3 3 ndonng vy
calibration .
DM Measurement Select the unit for measuring differential mode (DM).

SJ Calibration Method épaepl ypvenpopAyoypHyNHztt &abhyLPpHeénjp
SJ frequencies; or

é p &pIystemibefined Oto use the Vendor - specific method
(Tektronix DPOJET or Keysight EZ - JIT Plus software) for low SJ
frequency calibration and the SigTest  method for h igh SJ
frequency calibration

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

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

Parallel SigTest Run

epepl yBVeHZPOHYNBPp3ZhePBHEZ33n3pbHY
the Long Channel TP2 calibration.

Maximum Thread
Spawn

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

Custom Final ISI Trace

epaepl ybVeHZPpOBYNBPp3IZuepbphb3hHZYN3J
ISI calibration.

Apply Embedding

epepl yHVeHEZP Oypy Nib¢ad brfsysteny HalrdSDURN N
reference package for calibration. See Section 6.7.2 for more
information.

Add- In Card/System
Embed File

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

CTLE Scan Start & End

Select the optimized CTLE Equalization Gain setting index to be

EQ Gain (dB) used based on the CTLE model to measure the Eye area.
DM Optimization SJ Select the SJ scan range to be applied during DM optimization
Sweep (UI) calibration.

Force Use Custom DM

& peapl y b ViereeZdusdghmy DWVHvalues to be applied during DM
optimization calibration.

DM Optimization
Array (mV)

qBVcNHI pBYAPHABARY NODHNB Dw H Gfagyaf BOM;

values in mV to be applied during DM optimization calibration.

Preset Scan On ISI
Calibration

& papl y BoendBbl€ pré®can of preset s to be performed  for
each IS| trace that has been changed.%HH BAp &pl Yy HVc 2
y LIPigset EQ Optimization Ogalibration option  in the
calibration/test list (see Figure 24).

CTLE Scan For ISI
Calibration

& p @pOnPyh ¥nblofe  CTLE optimization scan
ISI calibration.

to be applied during

ISI| Start & End Trace
(dB)

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

DM Optimization
Target

Select the Eye Width or Eye Height
DM optimization calibration

to prioritize as a target during
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As defined by the PCIE standard requirements, i f a waveform post processing tool is used
for Rx stressed eye calibration , the tool should comply with the following:

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

For example, for the add -incard setup, the total loss of 28.0 dB will consist of a nominal

25 dB physical channel loss and an embedded 3 dB package loss. The nominal 25 dB

physical channel loss  excludes the oscilloscope input whereast he 3 dB package loss or
embedding loss comes from post processing via the oscilloscope input.

For the system board setup, the total loss of 28.0 dB will consist of a nominal 23 dB

physical channel loss and an embedded 5 dB package loss. Similarly , the nominal 23 dB
physical channel loss excludes the oscilloscope input whereas the 5 dB package loss or
embedding loss comes from post processing via the oscilloscope input.

Note This sectlon has been referenced from the Anritsu Release Note M3T -
a °a’ | T T S UVAEPOECdAEAl Ca:ql” r Kecatnelnl Qu2spiacK

To embed the add-in card or system board DUT  reference package for calibration, ensure
that the oscilloscope being used supports the Embed function . Hence, se lect True for the

Vvt t &a b K Q rparjiiéter3 gndlye Configurations page.

. Apply Embedding:

True v

. Add In Card Embed File: |refpkg_end|:unirrt_3db_thn.| |

System Embed File: |ref|:ukg_rou:¢u:nm|:ule:-:_5dh_thru |

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

1 3dB forthe add -in card DUT

1 5dB for the system board DUT

eLPBAYy e BHPSPHDP3I pBt 21 AZppBHp Qhup NNN]
cna@pOyhNHHVE s Ay p OHBKQPp NBHC njeep Oypt z HzZ
with the GRL Platform Solutions  scope setup files installer
(PCIECEMGeNn4_AN_RxTestScopeSetupFilesinstallationxxxxxxxxxSetup.exe ) and are to be

installed on the scope. Make sure that the default embedding files are available if using

different embedding files. On the Keysight scope, the embedding file s must be presentin

y LIpCB @RL\ Agilent \ Setup \ Anritsu PCle CEM 4.0 Rx Test \TransferFunction VB NnjHpin ¥y NHa
the TF4 format. On the Tektronix scope, the e mbedding file s mustbe presentin the

vC:\ TekApplications \DPOJET\ Setups \Anritsu PCle CEM 4.0 Rx Test \SparamV B N njH pin §y NHa
the FLT format.

'O"l_
<|

O‘Z
'O"O'I

The user can disable DUT reference package embedding by selecting False % N H@y LpBV tt &
KQNPNNN3pOyHt ZzHZQpy p HHNZBH Y LixHs:case $tngpsCodezwillmad ppybt z p p
reference package embedding. This is useful if the user chooses to use a replica trace

instead of reference package embedding.
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The following diagram show s the difference of connection between Embedding and No

Embedding Channel Loss
Card:

during Rx stressed eye calibration for the

PCle Gen 4 Add-In

Add-In Card (Non-root)

Embedding ChannellLoss
TotallL =27 to 30 dB

MP1S00A

PCle 4.0 1Sl Variable
Pair 25-31

CBB4.0RxLane O

CLB 4.0Tx Lane O

PCle 4.0 1Sl Variable
Pair O

=

:
.
n
L]
-

Scope

(Embedding Channel Loss, +3dB)

No EmbeddingChannel Loss
TotalIL=27 to 30 dB

MP1900A

PCle 4.0 IS| Variable
Pair 25 - 31

CBB4.0RxLane O

CLB 4.0Tx Lane O

PCle 4.0 ISl Variable
Pair 0 + Replica Trace

Scope
(No Embedding Channel Loss)

EEEEE NI EEEE NI NN NN E NN IS EEE NI NN NI NN EEEE NI EEE N NI NN NI EEEE N EEEEE NN N IEEEE NN EEN N ENEEEEEEE,

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

When operating with "No Embedding”, the ph;'sical IL (Insertion Loss) must be added on here.

Figure 6.2-1 Connection Diagram for Add-in Card (Non-root) Calibration
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The following diagram shows the difference of connection between Embedding and No
Embedding Channel Loss during Rx stressed eye calibration for the PCle Gen 4 System
Board:

System Board (Root)
Embedding Channel Loss No Embedding Channel Loss
TotallL = 27 to 30 dB TotallL=27to30dB

MP1900A MP1900A

PCle 4.01SI Variable
Pair0—6

PCle 4.0 ISl Variable
Pair0-6

CLB4.0Rx Lane O CLB 4.0Rx Lane O

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

PCle 4.0 1Sl Variable PCle 4.0 ISI Variable :
Pair 16 Pair 16 + Replica Trace :
-

Scope Scope

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

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

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

Figure 6.2-2 Connection Diagram for System (Root) Calibration
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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 [Ql from the menu to access the
Calibration page.

By default, the calibration target values are those defined in the specification. To change
the values, un - select the Use Default Value checkbox. In case the default values are
required again, just select the checkbox to allow all existing values to be reset to default.

Note: The PID Control setting is used to adjust the step width for steps calculation if the

target measurement cannot be met with the current step. To adjust, use a lower PID

Control value to reduce the subsequent step or increase the control value to make the
subsequent step bigger.

Use Default Value

Ri Calibration  5j Calibration DM Calibration  CM Calibration

Initial Cal 0.16

Target Yalue: 1 ps{RMS)
Min Limit: 1.0 ps(RMS)
Max Limit: 11 ps(RMS)
PID Control 0.1

FIGURE 27. CALIBRATION TARGET OVERWRITE PAGE
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Once calibration 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- PXE4- CEM- RXA
software automatically runs the selected calibration when initiated.

Before running the calibration, select the option to:

f Skip Testif Result Exists ®bHqtbHhHpAZ&ey Ahs HNOBt HponfNZABI z &njluH?Z
will skip those calibration.

f Replaceif ResultExists ®BHgqs HhHpACZ&y A HNOBt Hpo nfNZABI z &njruHZ y
will replace those calibration with new results.

Run Option

(@ Skip Test F Result Exists

Run Tests
() Replace i Result Exists

FIGURE 28. RUN TESTS PAGE

Selectthe Run Tests button to start running the selected calibration . The connection
diagram for the calibration being run will initially appear to allow the user to make sure
that the calibration environment has been properly set up before calibration can proceed.
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The GRL- PXE4- CEM-RXA test solution  supports automated Rx compliance testing as well
as optional SJ margin search testing for PCle Gen 3 and 4 system board and add -in card
DUTQy Rx compliance t esting includes Tx presettest, initial T x equalization test, Tx link
equalization response test, and Rx link equalization test performed at 8.0 GT/s and 16.0
GT/s respectively. 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 Rx path is
tested with worst case eye to ensure a BER of less than 1E -12 can be achieved.

When testing is completed, the GRL 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 3/4 add-incard DUT will be tested for Tx preset compliance as defined by
the CTS at 8.0 GT/s or 16.0 GT/s. This will first ensure the DUT is able to generate the
correct Tx equalization values for each of the total 11 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 3.0 (for 8.0 GT/s) or 4.0 (for
16.0 GT/s) CBB with no power applied.

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

1 Apply 50-ohm terminations onall Tx lanes other than the Tx lane under test
1 Connect the Tx lane undertest tothe input of the  oscilloscope .

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

f 1.6 million unitintervals of data (1.6 x10 ®s BhpcuMTht Ay bhecmnnvmnbhE Ambhs NH
1 2.0 million unit intervals of data ( 2.0 x10% x 62.5 ps =1 25m 1t § §0A16.0 GT/s.

Save the captured waveform for the initial preset value, using a compliance pattern of 64
ones and 64 zeros . Then, repeat thetest forall 11 presets at 8.0 GT/s or 16.0 GT/s
respectively.

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 limit range as specified for 8.0 GT/s or 16.0 GT/s respectively
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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 3/4 add-incard DUT will be tested for initial T x equalization as defined by
the CTS at 8.0 GT/s or 16.0 GT/s. This will ensure the DUT is able to use thecorre ctTx
equalization preset asrequired 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 3.0 (for 8.0 GT/s) or 4.0 (for
16.0 GT/s) CBB with no power applied.

Connectt he Rx lane undertestonthe C BB riser board 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 testonthe 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

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

Set the BERT error detector to place the DUT in the loopback state and ¢ apture the
following:

f 1.6 million unit intervals of data (1.6 x10 ®s Hhpcu MTIHt A B ofBO BTisw ToH & A bh
T 2.0 million unit intervals of data (2.0 x 10° x 62.5 ps = 1 25m Tt ) §01A16.0 GT/s.

Save the captured waveform for preset P0O. Then, repeat the test with presets from PO to
P9 at 8.0 GT/s or 16.0 GT/s respectively.

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 limit range as specified for 8.0 GT/s or 16.0 GT/s respectively

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

The test setup should be based on the following:

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

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

Note the setup will not include any Variable ISI channel.

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

1 preset4 ( both preshootand de -emphasisto 0.0dB) for 8.0 GT/s, or
1 presetO( preshootto 0.0 dB and de -emphasisto -6.0 dB) for 16.0 GT/s.

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

Set the BERT error detector to place the DUT in the loopback state and ¢ apture the
following:

f 1.6 million unitintervals of data (1.6 x10 °®sHhpcumMnht Ay hennmnBhE Ambhs NH
{1 2.0 million unit intervals of data (2.0 x 10 o hecMUBt ABKk BpcumMTHhE Amhs NHB

Save the captured waveform for preset 4 at 8.0 GT/s orpreset0at16.0 GT/s . Then,
repeat the test with preset s from POto P9 at8.0GT/s or P1to P9 at 16.0 GT/s .

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 limit range as specified for 8.0 GT/s or 16.0 GT/s respectively

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

The test setup should be based on the following:

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

Connectt he Rx lane under test onthe C BB riser board 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 testonthe C BB main board to the input of the BERT
error detector

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

Note the setup will not include any Variable ISI channel.

Once the CBB is powered on, the DUT should start link training and negotiat ion to 8.0
GT/s or 16.0 GT/s . (Note: An initial preset other than the following presets  should be used.)
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Send a command from  the BERT to the DUT to setthe  Tx equalization to preset4 (for 8.0
GT/s) or preset 0 (for 16.0 GT/s) . Ensure that this Tx equalization transition is able to

complete within a 1 microsecond timeframe. Record the cursors reported by the DUT for
that preset.

Set the BERT error detector to place the DUT in the loopback state and ¢ apture the
following:

f 1.6 million unit intervals of data (1.6 x10 °®sHhpcumnht Ay hemnnvumnpHhE Ambhs NH
1 2.0 million unit intervals of data ( 2.0 x 10° x62.5 ps =1 25m 1t B ¥01A16.0 GT/s.

Save the captured waveform for preset 4 at 8.0 GT/s or presetOat 16.0 GT/s. Then,
repeat the test with preset s from POto P9 at8.0GT/s or P1toP9at 16.0 GT/s.

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 limit range as specified for 8.0 GT/s or 16.0 GT/s respectively

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

The PCle Gen 3/4 system board or add-incard DUT will be tested for Rx link equalization
as defined by the CTS at 8.0 GT/s or 16.0 GT/s. This will ensure the DUT can successfully
send commands to  adjust the transmitter equalization of its link partner as required

The test setup should be based on the following:

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

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

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

1 Connectt he CLB 100 M Hz clock output from the system board DUT tothe BERT
synthesizer (that has passed PCle 3.0 or 4.0 base specification PLL compliance or
equivalent for the respective datarate ).

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

Adjust the Tx equalization (EQ) of the BERT error detector  to align with theinitial T x EQ
presetat 8 .0 GT/s or 16.0 GT/s requested by the system board DUT.

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

The test is considered as successful if detected no more than one error in 10  *2 bits
transmitted.
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The test setup should be based on the following:

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

Connectt he Rx lane under test onthe C BB riser board to the signal source

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

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

Set the BERT error detector  to initially transmit  with preset P7 at8 .0 GT/s or 16.0 GT/s .
(Note for 16.0 GT/s, this is required only if the DUT does not request any preset to be
transmitted by the BERT )

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

The test is considered as successful if detected no more than one error in 10 2 bits
transmitted. For 8.0 GT/s, repeat the test by setting the BERT error detector to initially
transmit  with preset P8

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 Sttatgtn))r
Data leﬁ}g ﬁaye¥ x_ .
'
| Detect
).
Polling
Configuration )
<« :
N
a0 '\ N
\ vL1‘ ) D /

FIGURE 29. MAIN STATE DIAGRAM FOR LINK TRAINING AND STATUS STATE MACHINE (FROM CTS)
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Below is a loopback training sequence example from CTS

Polling
Entry

¢

——] Polling.Active Polling.Compliance

Polling.Configuration

Y l

7 OoBxitto N/ Exitto O\
‘\ Detect _ /’ \Conﬁguratiory

-

( J

FIGURE 30. POLLING SUBSTATE MACHINE (FROM CTS)
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 6, continue with the following setup

to performinitial ~ Tx link equalization (EQ) tests  to prepare the DUT for the final stage of
Rx compliance testing. The setup requires the Anritsu MP1900A BERT (including the
MU195040A SI Error Detector or MU196040B PAM4 Error Detector ), PCle Gen 3/4 System
Board or Add -In Card DUT , PCle Gen4 Re-Driver and oscilloscope to be used

The following Tx link EQ test setup usesa PCI-SIG compliance load board ( CLB) test
fixture for the PCle Gen  3/4 System Board DUT.

Anritsu MP1900A BERT

MU].SID-EDN_B - ~ et Oscilloscope
| RN IERNRCE -
Mu1815008 = loXelele
-“2.“21 "E-n OOOO
MU155/60204 e
-_— rl 4 G0 T & L]
MUASS050A! s
| TS © S QO jamm

— 1 | | L ]

T THT

‘/‘/’ -
1-meter SMA / ATX Power Supply

Coaxial Cables ™. .

™ 100 MHz

Y REF CLK 1-meter SMA

// Coaxial Cables
/- DUT

BNC Cable I
y Terminator
f pa sy

SMA-SMP
Adspters
{Included in Test
Fixture Kits)

SMA-EMP
Adapters
(Included in Test
Fixture Kits)

IMU1950408/ i TTEETEE | —
MU1960408 .,|:. Chal) .00 L
- — - Sl g Sy

FIGURE 31 RECOMMENDED SETUP FORDUT TX LINK EQ TESTING (PCIE GEN 3/4 SYSTEM BOARD)
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1. Connect an ATX power supply to the DUT.

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

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

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

5. Using a BNC cable, c onnect a CLB Ref Clock Out connector tothe MU181000 A/B 100
MHz Ref Clock In.

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

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

8. Using 1- meter SMA coaxial cables , connectthe power divider outputs to the
MU196060A Re- Driver data inputs .

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

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

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

12. Connect a LAN cable between the MP1900 A BERT and the oscilloscope.

7.5.1.1 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  setup from Figure 31, removethe | N33p1 ynNfNSHNREGCkIp H: | 9 OyA
Out to the 100 MHz Ref Clk Input on the MU181000A /B. The BERT will use its own internal
Refclk which mimics an external Refclk source in this mode.
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FIGURE 32. RECOMMENDED SETUP FOR DUT TX LINK EQ TESTING (PCIE GEN 3/4 SYSTEM BOARD)

IN THE IR REFCLK MODE
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7.5.2 Connect Equipment for Add-In Card Tx Link EQ Testing

The following Tx link EQ test setup uses a PCI- SIG compliance base board ( CBB) test
fixture for the PCle Gen  3/4 Add-In Card DUT.

Anritsu MP1900A BERT
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.~/ Coaxial Cables
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Power /-~ SMA-SMP
Divider Adapters
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W e s T
A
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{MU1950404/ § —— =
MU1960408B l& (. OO0 =
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FIGURE 33. RECOMMENDED SETUP FOR DUT TX LINK EQ TESTING (PCIE GEN 3/4 ADD- IN CARD)

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

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

3. Connect the SMA-to-SMP adapters to the C BB Rx Lane.

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

5. Using BNC cables, ¢ onnect the MU18B00B sub-rate clock output stothe C BB 100 MHz
Ref Clock In connectors through the Z2029A PCle reference clock buffer

6. Using 1- meter SMA coaxial cables , connect the oscilloscope channels to the power
divider tapped input ports.
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7. Using 1- meter SMA coaxial cables , connectthe power divider outputsto the
MU196060A Re-Driver data inputs.

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

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

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

11. Connect a LAN cable between the MP1900 A BERT and the oscilloscope.

7.5.2.1 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 33, remove the connections ofthe MU18500B
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

Oscilloscope

MU1815008
G & S

MU195/6020Af . 2% 5%
- T

MU195050A pagy . e —
Y U000 B0 e P |

BNC Cables |
— ATX Power Supply

1-meter SMA _ Ref Clk

Coaxial Cables ™
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FIGURE 34. RECOMMENDED SETUP FOR DUT TX LINK EQ TESTING (PCIE GEN 3/4 ADD-IN CARD) IN
THE IR REFCLK MODE
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7.6 Set Up Automated DUT Rx Compliance Test

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

7.6.1 Connect Equipment for System Board Rx Compliance Testing

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

Anritsu MP1900A BERT

MU181000A/8 Oscilloscope

uuuuu

MU1815008 —
.‘o—.& &Y Sy L
o i) i
MU195/6020A , =
P el O R
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FIGURE 35. RECOMMENDED SETUP FOR DUT RX COMPLIANCE TESTING (PCIE GEN 4 SYSTEM BOARD)

I

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

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

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

4. Using 1- meter SMA coaxial cables , connectthe Tx Lane on the back of the CLB to the
MU196060A Re- Driver data inputs.
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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 toth e MU195040A (or MU196040B if
using a PAM4 Error Detector) Ext Clock in.

7.6.1.1 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, removethe | N33p1 ynfNSHNREGCKkI H: | 9 Oy
the 100 MHz Ref Input on the MU181000A/B. The BERT will use its own internal Refclk

which mimics an external Refclk source in this mode.
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FIGURE 36. RECOMMENDED SETUP FOR DUT RX COMPLIANCE TESTING (PCIE GEN 4 SYSTEM BOARD)
IN THE IR REFCLK MODE
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7.6.2 Connect Equipment for PCIE Gen 3 CEM M.2 (8 GT/s) System Board Rx
Compliance Testing

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

Anritsu MP1900A BERT
MU181000A/B

- —

l 2 I
M s e 2

MU1815008B

IMU195/6020A f
—-— s
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coaxial cables u

I GND connection
[J_ cable (J1627A) System DUT

ATX Power
Supply

) MU195040A {57 o wa
- les)d Bl

1-meter SMA coaxial cables

FIGURE 37. RECOMMENDED SETUP FOR DUT M.2 RX COMPLIANCE TESTING (PCIE GEN 3 SYSTEM
BOARD)

1. Connect an ATX power supply to the DUT.

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

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

Connectthe Tx Lane ofthe M.2 CLB tothe MU195040A data inputs for loopback error
detection using 1- meter SMA coaxial cables

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

6. Using a BNC cable, ¢ onnect a M.2 CLB Ref Cl ock Out connector tothe MU181000 A/B
100 MHz Ref Clock In.

7. Using the J1627A GND connection cable, connect the M.2 CLB to ground.
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7.6.2.1 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 37, removethe | N33p|1 ynfjN3HNsS BRefpH° M¢ H:
Clk Out to the 100 MHz Ref CIk Input on the MU181000A/B. The BERT will use its own
internal Refclk which mimics an external Refclk source in this mode.
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FIGURE 38. RECOMMENDED SETUP FOR DUT M.2 RX COMPLIANCE TESTING (PCIE GEN 3 SYSTEM
BOARD) IN THE IR REFCLK MODE
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7.6.3 Connect Equipment for Add-In Card Rx Compliance Testing

The following Rx compliance test setup uses a PCI- SIG compliance base board ( CBB) test

fixture for the PCle Gen 4 Add -In Card DUT.
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FIGURE 39. RECOMMENDED SETUP FOR DUT RX COMPLIANCE TESTING (PC'E GEN 4 ADD-IN CARD)

1. Using the same setup from the add -incard Tx link EQ test,
and its connection from the oscilloscope.

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

3. Using 1-ft SMP-to-SMP cables, connect the
Lane.

remove the power divider

14.3-17.3 dB Variable ISI with the CBB Rx

4. Using 1- meter SMA coaxial cables
Driver datainputs .

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

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

, connectthe CBB Tx Lane tothe MU196060A Re-
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7.6.3.1 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 39, 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.
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FIGURE 40. RECOMMENDED SETUP FOR DUT RX COMPLIANCE TESTING (PCIE GEN 4 ADD- IN CARD)
IN THE IR REFCLK MODE
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7.6.4 Connect Equipment for PCIE Gen 3 CEM M.2 (8 GT/s) Add-In Card Rx Compliance
Testing

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

Anritsu MP1S00A BERT
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FIGURE 41. RECOMMENDED SETUP FOR DUT M.2 RX COMPLIANCE TESTING (PCIE GEN 3 ADD- IN
CARD)

e
IS

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

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

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

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

Connect the Tx Lane ofthe M.2 C BB tothe MU195040A data inputs for loopback error
detection using 1- meter SMA coaxial cables

6. Using BNC cables, ¢ onnect the MU185K00B sub-rate clock output stothe M.2 CBB 100
MHz Ref Clock In connectors .
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7. Using the J1627A GND connection cable, connect the M.2 CBB to ground.

7.6.4.1 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 41, remove the connections ofthe MU18500B
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
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FIGURE 42. RECOMMENDED SETUP FOR DUT M.2 RX COMPLIANCE TESTING (PCIE GEN 3 ADD- IN
CARD) IN THE IR REFCLK MODE

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

Setup  Debug Tool  Sigtest Tool

Device Type: System Board e

FIGURE 43. SET UP TEST REQUIREMENTS
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Select to use a compliant PCle System Board or Add -In Card as the DUT .

Setup  Debug Tool  Sigtest Toal

Device Type: |v

FIGURE 44 . 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 4.0 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.

=[] 4 PCle Gend.D Rx Calibrations and Tests

&[4 Calibrations
s e
@€ T Initial Link EQ Tests
. @-f#] € Tx EQ Response Time Tests (Preset)
[-[] € Tx EQ Response Time Tests (Cursar)
5

i-[/] € Rx Compliance Test

[ € 5 Margin Search Test

FIGURE 45. SELECT RX TESTS

Select the Vg9 B! nigAAKARy and @ s H: NOt &njz 3| epaschaidy & he\DRIT
for compliance with the PCle CEM 4.0 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 (see Figure 44).
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----- B ¢ Preset2-TxEQ Response Time Cursor
----- B ¢ Preset3-TxEQ Response Time Cursor
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I':'Iu 4 RxTests

@€ RxCompliance Test

FIGURE46. SELECT DUT TX LINK EQ AND RX COMPLIANCE TESTS

épepl ypveab° zHpn3bHepzHbopdtitha prdsytdybopdidsa (S8 » aigihCsBatcl
for jitter tolerance . The GRL Platform Solutions  software will automatically run the
selected test when initiated.

WYY si Margin Search Test

FIGURE47. SELECT SJ MARGIN SEARCH TEST

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

oNHPHPpYyZH3Hz &bt ZzHzZOpypHABYNBYLIPpNHHNpLZZeyhonzaeZpAHB
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& Tic Link EQ Tests

.. Tx Response Offline Mode: False

CTLE Setting: Auto
.. Capture Response Time Waveform Only:

.. Tum Off Auto Scale: False

.. Vertical Range(V): 05

- Set Default

False ~

.. Use Custom Tx EQ Response Preset Hints:
.. Tx EQ Response Preset Hints (PO-P3):
.. Skipif Waveform Exist:

False

.. Tx LEQ Response Setting: Defautt

False ~

= Rx Tests

.. Auto DUT Reset:

.. Auto Reset Field:

.. Power Reset Off Time(s):
.. Power Cycle Off Time(s):
.. Post Reset Wait Time(s):

.. Link Training Wait Time(s):

..... Response Time Trigger Level UXR only (mV): 50

C:ATemp\DUTReset.exe

3

3

2

0 -

FIGURE 48. TEST PARAMETERS CONFIGURATION PAGE

TABLE 6. TEST PARAMETERS DESCRIPTION

Parameter

Description

Tx Response Offline
Mode

epapl yBVeHZPpOHYNBp32zZhuepbHEZ33n3phH
tests in offine mode  using appropriate offline PCle compliant
waveforms .

CTLE Setting

Select the 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

épeaepl ybHVveHCZpcayiigny Avavéfariu aatg for time
response verification only when running Tx link equalization
response tests

Turn Off Auto Scale

& papl y b VdsdE@@yrsgahnb during
response tests.

Tx link equalization

Vertical Range

Set the vertical range of the Scope
to the voltage level when running
tests.

to easily detect a change
Tx link equalization  response

Use Custom Tx EQ
Response Preset Hints

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

Tx EQ Response Preset
Hints (PO - P9)

ab BV g FEZp OybnjAB A puseCusidmN G EQFRIDESELIp b V
Preset Hints Oyb % njp &@8NH BAt pl njsa by LIPBHI CZAY N
0 to Preset 9.
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Skip If Waveform Exist épeaepl ybHVvoHCp hygigkedudiZatph B sesdpnbe tests if
there are existing waveforms.

Tx LEQ Response Setting Select to use eitherthe  preset, cursor, saved cursor or default
setting for the Tx link equalization response  test.

Response Time Trigger If using a Keysight Infiniium UXR - Series oscilloscope, s et the
Level UXR only value for the response time trigger level

[Note: This setting is only applicable for the  Keysight Infiniium
UXR Series oscilloscopes. ]

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.

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

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

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

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

Link Training Wait Time Set the delay/buffer in seconds before initiation of each link
training step.

Link Training CTLE Gain Select the CTLE gain for the BERT error detector.

Log Link Training epapl yBVBHZpOHYNBHp3ZzZhuephaNppn3ph

BER Automation éepaplybva: qpbb! nfj3ApeHZn3n3poypy NHH
Anritsu PCle Link Sequencer software loopback method, or .
Ap&pl ypVv°z23¢€z2&00H0yNHBHZ3H9KAHZZY NQ

Prompt Before Link EQ epapl yBVBHZpOHYNHp3zhuephzht HNOt ¥
Training running Rx link equalization tests.

Ignore Failed Link épeaepl yBVoHZpOWHYNHNp3SNHPpHYPAYABY L
Training PCle loopback link training sequence.

Skip Link Training éepaepl yhbvapAOYHY NHBAANt By LIp Hnj3njy njz &
Initialization Sequence

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

Maximum Compliance Set the maximum error count for error checking during Rx

Error compliance test runs.

Margin Test Set the duration in seconds to complete the Rx SJ margin
Measurement Time search testing.

Margin Test Max Steps Set the maximum number of steps for stepping through

margins during the SJ margin search test.
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Margin Test Step Size Set the step size  in percentage for stepping through margins
during the SJ margin search test.
Maximum Margin Test Set the maximum error count for error checking during the SJ
Error margin search test.
Loopback Mode epapl ypvapl NonpHaOypj Hpl NOOp 3 Np NmH
as the link training method for placing the DUT in the loopback
state.
Retrain When SJ épeapl ybh Vo IDypiNdg Beguence when there is a
Frequency Changed change in the SJ frequency.

Margin Search Live Plot épeaepl ybVoHZpOHYNHp3IzhuephHzHp HZzt Lin
the margin test is performed to indicate progress of the test

results.

Apply CM epepl yBVaPAOHYNBN3YyppHZYPBHYLPBHI N
specific test.

PPG Start Preset Select the preset co-efficient tobe used atthe start of link
training .

DUT Initial Preset Select the initial preset co - efficient for the DUT to be applied

during Rx compliance test runs.

PPG Final Preset Selectthe preset co-efficient tobe used after link training is
successful for the final BER test. If VAuto Oy njA B Apaep | 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.

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

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

MName n} Address Type Vendor Lib
Scope |Sc0pe ||TCPIPD::IUcth03t::i|| |Osci|luscope | Agilent ~ || | AglentScope ~ || 4 | |H
MX1S0000A  IgerT ||[tcriPo:192.168.0 | [BERT | [Anitsu | | Arritsu1900Be ~ | 4 | [E

MXTB3000A | [anntsulinkSeq| [(TCPIP0:192.168.0.]) | [AnrtsulinkSee| | [Amtsu || [Genedcvisa ~|| £ | [

FIGURE 49. CONNECT EQUIPMENT FOR LOOPBACKBER TEST
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On the Configurations page, select the BER Automation test method asva: qpbh' nj3AB
g H Zz nj 3mepagbléythe Anritsu PCle Link Sequencer software loopback mode. Additional
configurations can also be made through this page.

=N Rx Tests
. Auto DUT Reset:

. Power Reset Off Time(s): |3 |

. Pawer Cycle Off Timel(s): |3 |

. Post Reset WaitTime(s): |2 |

. Link Training Wait Time(s): |5 |

. Link Training CTLE Gain: 3

. Log Link Training: Faise w

PCle Link Training e | )

. Prompt Befare Link EQ Training: T =

. lgnore Failed Link Training: Tz -

. Skip Uink Training Inttiglization Sequence: Yes

. Compliance BER Measurement Time(s): |53 |

. Maximum Compliance Emar: |1 |

. Margin Test Measurement Time(z): |53 |

. Margin Test Max Steps: |‘I['.' |

FIGURE 50. 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- PXE4- CEM- RXA
software automatically runs the selected tests when initiated.

Before runni ng the tests, select the option to

T Skip Test if Result Exists  AIf 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.

dafaGKie KA GH ApHBA ZnNp B2z 3INDB° %q bbbbbbb a pfpowmh B
Kod@! daal pb35 Awd e 3D3pabphEdGIdQSIBHMHBD * ~0 ¢y AST_PHS D~ azppu ok ¢


http://www.grlps.com/

@ = 5 55656656666656666666666666566666 565814 SODHHD

Run Option
(® Skip Test f Result Exists
Run Tests
(") Replace F Result Exists
FIGURE 51 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.
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When all calibration and test runs have completed from the previous section , the GRL-
PXE4- 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 Limuts Value
1 De-Emphasis Calibration B TrueiFalse True ® Delete
2 Pre-shoot Calibration S TrueFalse True
3 Launch Amplitude Calibration S TruelFalse True Q)] Delete Al
4 Rj Calibration B TruelFalse True
5 Sj Calibration B TruelFalse True
6 DM Calibration BEEEE TruelFalse True Plot Calibration Data
7 Preset EQ Optimization S TruelFalse True

FIGURE 52. TEST REPORT PAGE

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

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

Anritsu PCle CEM 4.0 Rx Test Report

DUT Information

DUT Manufacturer : GRL

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

DUT Comments

Test Information

Test Lab : Lab1
Test Operator :  David
Test Date : Jan 01, 2018

Software Version
Software Revision : 0046

FIGURE 53. TEST SESSION INFORMATION EXAMPLE
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This table provides an overall view of all the calibration and tests performed along with
their conditions and results.

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

FIGURE 54. TEST SUMMARY TABLE EXAMPLE

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

10. Final Eye Calibration

Pass/Fail Stats : Pass

Test Limits : TruelFalse

Result o True

Optimized DM Setting i 37.0000 my

EH Settings 1 3740000V

EW Settings : 120.0000 muUl

EH Measured Value i 137846 mv

EW Measured Value 1 185144 ps

Test completed time : 21 December 2017 23:49:30 PM

Final Eye Diagram
.5 —
05-
04-
03-

D2-

Differential Signal (V)
I |
2 8 o
] | 1

=]
[
I

0.3-
04-
05-

‘D‘G_I 1 I 1 I ) 1 1 1 1 1 1 1 1 1 1
0.2 €1 00 01 02 03 04 05 06 07 08 095 10 11 1212
Unit Intervals

FIGURE55. 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]

FIGURE 56. DELETE TEST RESULTS
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The usage model for the  GRL- PXE4- CEM- RXA software is that the test results are created
Z3NBOQzZn3yzn3pbNBZABZBV, njppBEPAANNIZOHN3IBEYLIPHZL L &njl 2y

application and return later to continue where the user left off.

Save and Load Sessions are used to save a test session that the user may want to recall s o
&2YypHMDBboLPBZAPpHBI Z3BbVADbnNy!l LIOYbhupybpp3IBNNsSsSpHPpPSYBAPA
needed.

)l

To save a test session , with all of the test parameter informa}ion, testvresults, and 3 '
any waveforms, select the Options drop -NNb3HOp3ZHzZ3NHYyLPp3SHAp&pl yHVE

To load atestsession back into the application, including the saved test parameter
settings, select Options A VvV NZNDHBé&p AAnjN 3 Oym

To create a new test session and return the application back to the default
configuration, select Options AVv2pbbhépAANN3Oym

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

Mew Session ;
Result Save Session
Load Session

Mo

Result Limits

FIGURE 57. SAVE/L OAD/C REATE TEST SESSIONS

gLPBHYPAYDHI N3tnjpZHzZynN3Hz3NHBAPAANNIHHpAZ&YyABzZHPBHAZD
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 4.0 Rx calibration and DUT _ o
compliancetesting hZ Ap NBN3BH 3HnyACZCOABHpPI NOQOPINPNBYPAY DBt HNI |
BERT.
The following steps give a general overview for testing the PCle CEM 4.0 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

if) Perform link training sequence for BER loopback testing:
1 Enable DUT loopback mode for error detection with MP1900A BERT
1 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: ExistingPCl -é qd ®: 5vd2€l VST P! 51 & mﬁmpuﬁéc@lﬂaae: Bpa®dd Q2
2:99J02d0€E22dF U g (far Sydtbnt) ot lagdieviseE A P & FEspexrtively .

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 3 and Gen 4 based Rx
calibration.

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

TABLE 7. CALIBRATION SETTINGS

Component Setting PCle Gen 3 PCle Gen 4
Variable ISI Board Insertion Loss (dB) 28 30*
CBB Pair No. A No. 31*
CLB Pair No. A No. 0*
SigTest CTLE Gain (dB) A 8.5 t0 10.5
MP1900A BERT Tx Emphasis Preset P7 P5, P6
Amplitude (mV) 550 550
(800 mVpp - diff at (800 mVpp - diff at
output of Noise Module) output of Noise Module)
RJ (mUlpp) 240 224
SJ @100 MHz (Uipp) 0.1 0.1
DM-1 (mV) 59 27
CM-1 (mVpp) A 190.0
BUJ (pspp) 10.0 A
* Using the Serial 10 add -in card full channel configuration for 30dB channel. Notet he

insertion loss measures in between 27, 28, and 30 dB for all configurations using different
variable ISI pairs that provide the correct amount of insertion loss being measured.

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

TABLE 8. CALIBRATION RESULTS

Setting PCle Gen 3 PCle Gen 4

Amplitude (mV) 792.3790 780.8660

RJ (psrms ) 3.25 1.0321

SJ @100 MHz (mUlpp ) 83.6735 88.8416

DM-1 (mVpp) 40 13.9740

CM-1I (mVpp) A 150.2

EH (mV) 44.9907 15.7582

(Target range: 41 to 46 mV) (Target range: 13.5to 16.5 mV)
EW (ps) 40.3372 18.6501
(Target range: 39.25t0 41.25 ps) (Target range: 18.25t0 19.25 ps)
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Calibration for the

physical test points: TP1 and TP2
test point for calibration without the effect of a channel.

CEM connector

(for the Long Channel)

PCle CEM 4.0 electrical s pecification will

basically be performed at two

. Test Point 1(TP1)is a physical
For PCle Gen 4, a n adjustable

will be used along with the calibration channel

for testing the

This will need to adjust the eye amplitude to specification values when measuring eye

height/eye width.
length.

For the Long Channel TP2 calibration, an existing

the host system board or

stressed eye compliance.

PCI- SIG CBB test fixture for the add
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

receiver .

TP2 is a physical test point that will affect the eye opening due to trace

PCI- SIG CLB test fixture will be used as

-in card device. The board

Fixed TX EQ
l I
8 GT/s PRBS .
Combiner
Generator
'l Iy 'Y L
TF1
g A
j 5§ Diff s L}
Source Sourcoe cerlefence terlae
A /
EM Adjust

[ |calibeation |
v Channel ."J—L'—.I Channe| J_L

a

| Replica

ry | | LY,
I
Tr4 TPS

Test Equipment

I
T
|

1
TP2

Y

Post Processing Scripts:
Rxpkg model
Behavioml CTLE/DFE (8165
Behavioml COR

lTPzP

EM/EW at 107 BER

Figure 8-32: Layout for Calibrating the Stressed Jitter Eve at 3.0 GT /s

FIGURE58. CTS RX CALIBRATION DIAGRAM FOR PCIE GEN 3

Fixed TX EQ
l Calibration Channel
| EH or EW Adjust _—7 |
16 GT/s PRBS Combiner Replica Test Equipment
Generator Channel
A A f F CEM Connector |
TP1 TP2
|
Post Processing Scripts:
Rj 5 Diff M Rupkg model
Source Source Imterference || Interference Behmianl CTLEOFE
Behavioral CDR
Smiall EW Small EH
Adjust Adjust

lmp

15 mV /.3 Ul at E-12 BER

Figure 8-33 shows the process for calibrating the stressed jitter eye at 16.0 GT/s.

FIGURE59. CTS Rx CALIBRATION DIAGRAM FOR PCIE GEN 4
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10.1.3 Channel Loss Calibration (for PCle Gen 4)

The following connection diagram shows t he channel loss calibration setup for PCle Gen
4 using a 4 - port (differential) vector network analyzer (VNA) and a compliant CLB/CBB

test fixture. Note th is setup refers to the  parameters given in Section 10.1.1Calibration
Settings .

1-meter SMA coaxial cables

4-Port CBE

(Differential) VNA aa o3 - -
SMA-to-SMP adapters - S O 0 CLB

2 U e | I (Included in Test Fixture Kits)

*etl
o.o.: » !

kg &

——r
Tx Lane0

1.
e

SN TTTTTI
&

'— ISI Pair (28B)

=4 Pair0 " e O

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

FIGURE 60. CONNECTION DIAGRAM FOR CHANNEL LOSS CALIBRATION

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

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

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

Insert the CLB into the designated slot on the CBB.

Connectthe CLB Tx Lane using 1 -ft SMP -to- SMP cables to ISl Pair 0.

Connect the ISI Pair O through the SMA  -to - SMP adapters using 1 - meter SMA coaxial
cables to the oscilloscope channels.

An example of PCle Gen 4 CLB/CBB test fixture  connections for device Rx channel loss
calibration is as shown below (extracted from the PCI Express Architecture PHY Test
Specification Revision 4.0)
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T Bius 3.5mm cables (no yeliow of red) are part of the

e reference plane (caltration performed with cables)

Cables weh yeliow
and bl sleeves aro
part of the chanmel.
Blue cables leaving
the Image at the
bottom left are
bedore the reference
plane. Adaptors are
required between
the cables but this IL

Calibrate the Insertion Loss to within the limits of 27 to ~30 dB as shown in the following
graph example.

5§21 [dB]

0 5 10 15 20
Frequency [GHz]
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10.1.4 Amplitude, Preset, SJ and RJ Calibration Setup

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

Anritsu MP1900 BERT Noise Output

MU195/6020A |
Aux Out |
LAN cable | |

[ T\
/ ,*" Phase-matched K-K
AUX In /‘/ / coaxial cables

Real-Time Oscilloscope

FIGURE 61. CONNECTION DIAGRAM FOR AMPLITUDE, PRESET, SJ AND RJ CALIBRATION
1. Set up the MP1900A BERT connections as described in Section 6.1

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

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

4. Connect a LAN cable between the MP1900 A BERT and the oscilloscope.
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10.1.5 Anritsu Standard BERT Device Test Application (MX190000A) Startup

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

1. %3HyLPBHIOKABOYARH tt &@njl 2y njiEIOBOAA Sapdard Beft A ppdipation 5y LIp H

2. Inthedrop -NNb3F° p3ZuHBAp&pl yHVg3nynjzenypoypyNBAYyZHYBHCZA)

e

Fie Open

File Sawe

Pattern {Error/

. Screen Copy

Combination Setting = Gating

© Module Grouping »

Multi Channei Calibration

Global Delay Calibration Lenan
it i ie

.

Delav “

10.1.6 Amplitude Calibration Adjustment

Adjust the Amplitude with Scope marker s to 800 mVpp(diff)  using the following
configuration.

a) BERT Settings:
1 General Output: ON
1 Select SI - PPG and Emphasis tab - Emphasis Function: OFF
1 Select the Patterntab - Test Pattern: 64zeros_64ones_128bit10
1 Select the Miscl tab - Aux Output: Pattern Sync

dapGKi K# GH ApHBA ZniNpBHZ 3NB° %q bbbbbbb a pfpowmh B
Kod@! daal pb 5 Awd e 303pabpPEPGOEIBQISIEOMHBD ~ ~0 ¢y A ST_PHS D~ azppd i ¢


http://www.grlps.com/

= 55 5566655566665565666556666555566655666585 SHOHED

e - Er.Addiion
oo, v T 2150 [N

(7] 216/32G SI PPG c: OFF

|
@ Output l@ Emphasis |3 Pattern ErrorAddmoniPre—Code Miscl Mmz:

Preset |
= T f SN \
File Operation [ Recall ] | store 1 | Initialze
L ) )
Standard @ PCled v Preset7 v
Output

Emphasis Function r: De-Emphasis v
Amplitude 0.570 Vpp

Output Monitor

Pre ([-3G)
Cursor3 0.000

Cursor2 0.000

Cursorl 3.500

Post

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

LEBEBBE B EEEEEEEEEEREEEEEREEEREEREEE

N o o o o R

Peak amplitude measurement on Scope

Adjust the Pre and Post Cursorl of P resets O0to 9 with Scope marker s using the following
configuration.

a) BERT Settings:
1 General Output: ON
1 Select SI -PPG and Emphasis tab - Emphasis Function: ON
1 Select the Patterntab - Test Pattern: 64zeros_64ones_128bit10
1 Select the Miscl tab - Aux Output: Pattern Sync
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B Output |@ Emphasis |E! Pattern | Error Addition | Pre-Code [Misc 1) Misc?

Presat
File Operation Rarcall Store Initialze
Standard @ | FCled v Preset? v I
Output
Emphasis Function De-Emphasis v
Arrplitude 0.570 Vipp

Output Monitor
Pri¢ de@

Simulated Pulse [Vppl

Cursor3 | p,000
Cursor | p,000
Cursarl 3.500

Fost

Cursarl -&.000

Curgar 0.000

b) Scope Settings:
1 Averaging: 16 points
1 Horizontal Scale: 1 ns/div
1 Bandwidth: 25 GHz
1 Sampling Rate: 80 GS/s

SEIN B

De-emphasis = 20log10(Vb/Va)
Preshoot = 20log10(Vc/Vb)
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De-emphasis = 20 log,pVb/MVa
Preshoot = 20logygVeNVb
Boost = 20log,, Vd/Vb

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

Table 8-1. Tx Preset Ratios and Corresponding Coefficient Values
Presho De-
Prese ot emphas
t# (dB) is (dB) c-1 et Vaivd| Vbivd| Velvd
P4 0.0 0.0 0.000 0.000 1.000 1.000 1.000
P1 0.0 315+1dB 0.000 0167 1.000 0668 0.668
FO 0.0 60x15dB 0.000 -0.250 1.000 0.500 0.500
P9 35x1dB 0.0 -0.168 0.000 0.6EE 0568 1.000
P& 35x1dB 315+1dB -0.125 -0.125 0.750 0.500 0.750
P7 35x1dB -60x15dB -0.100 -0.200 0.500 0.400 0.600
PS5 19+1dB 0.0 -0.100 0.000 0.&500 0.500 1.000
=13 25x1dB 0.0 200125 0.000 0.750 0.750 1.000
P3 0.0 -25+£1dB 0.000 -0.125 1.000 0.750 0.750
P2 0.0 -44+15dB 0.000 -0.200 1.000 0.600 0.600
P10 0.0 Mote 2 0.000 Mote 2. 1.000 Mote 2. Mote 2.
Hotes:
1.  Reduced swing signaling must implement presets #4, #1, #9 #5 #5 and #3. Full swing signaling must
implement all the above presets.
2. P10 boost imits are not fixed, since its de-emphasis level is a function of the LF level that the Tx advertises
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10.1.8 SJ Calibration

Capture five waveforms  for each condition onthe Scope 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 Gen4 PO
1 Select Jitter Modulation Source - SJ1: ON
1 SJ1 Frequency and Amplitude: 100 MHz, 0.000 U ipp (as reference)
1 SJ1 Frequency and Amplitude: 100 MHz, 0.100 U  ipp

[4] Jater Modulation Source

] s> W ssc Wl oo Wl ~
10 Hz | 33000 Hz/| 0.000 Up-p| 0.168 Up-p
0.000 Uip-p 0 ppm |

Clock Source Clock to PPG
> Unitl:Slot2:MU1810008 326G PPG —

000 000 kit 16.000 000 Gbit/s —
Ref Clock

: n—
8 000 000 ki
AUX In lock
UX Input Cloc Sub-rate Clock

80 —

[F— Ll

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

6.250 ps p-p

b) Scope Settings:
1 Averaging: OFF
1 Horizontal Scale: 10 us/div
 Bandwidth: 25 GHz
1 Sampling Rate: 80 GS/s
c) SigTest Settings:
1 Select a Data File

1 éepaepl ypv! NZNHZ3NBEpPpHNsLaHAZY ZBHc njaep Oy
1 épaepl yhopl LISN&eNpabhzAHBVa: gK3t13n3aG63: | oy
1 éepapl yhopOt ®zyphecna&pbzABhVva: qK313ped93: K°3as3¢
1T épapl ybVrepAy Oy
dapaGKa KM GH ApHBd ZnjNp Hz 3NB° %q B6B6BHHHH & p fpowb B
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Load ard Yerify Data File

[oEeomion v
[ PCIE_4_16G8_CEN_Rj_5i _CAL |

d) SigTest Results:
1 apzNpvezashapzAByNBapzABenyypHBj t AmOyHp z &Cp

Jittered value: 12.97 pspp (at  0.110 Uipp)

9 Calculate SJ by subtracting the Jittered and Base values - 12.97p 6.69 =6.28
pspp
(Note: Use the average value for 5 times. )

dapaGKit KMaGH ApHBAdEZnNpPp Bz 3INB° %q bbbbbbb a p fpowmb B
Koa! daal pB5 Auwdhs S0absdppeptodQossemed  ~0 oy A ST_PHE D"~ a z pipd P ¢


http://www.grlps.com/

A GRS

hH6HhHHEHHHEHEHHHEHHHEHHHEEHHHEHHHEHHHEHHEHH DB bBIHE HHHHHD

10.1.9 RJ Calibration

Capture five waveforms  for each condition 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

1
1 Selectthe Patterntab - Test Pattern: Toggle_1bit
1 Select Jitter Modulation Source - RJ: ON

1

RJ HPF and Amplitude: 10 MHz, 0.228 U ipp

4] Jitter Modulation Source

100 000 000 He 10 Hz| 33000 Mz 0.000 Uipp
I oaooupp!|  o.000upp | o ppm | I l
Cleck Source Clock to PPG
— Unitl:Slot2:MU181000 | 326 PPG
' 8 000 000 16.000 00D Ghitss
Ref Clock
| 11
2 000 000 ki
AU Input Clock
LAl Sub-rate Clock
| T —
[N B
Filter | User -
HPF | 10M HPF v F | OFF b
Amplitude 0.228 | Wpp 14.250| ps pp
RMS Convert |E-12 v 0.016 205 Eﬂs 1.012 812 psrrﬂ

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

1 Select a Data File
1 épaepl ypV! NZNHBz3SNBHEpPHNsabhAZzZYy 2z Bcnjaep Oy
1 épaepl yhopl LISN&eNpabhzApHBVa: gK3t13n3aG3: | oy
1 épxpl ybepQt ®zypbcna@pbzAbVva: qK3t3pedo3: K°38a3¢
1 épapl ybVvepAy Oy
dapaGKit K# GHF Ap HBd ZnjNp Bz 3NB° %q Bbbbbbb a pfpowb b
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T
d) SigTest Results:
1 &ap z N RpRVEBWyalue

Ful Results - F1.

RJ value : 1.00 ps rms (at 0.208 U ipp)
(Note: Use the average value for 5 times. )
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10.1.10 DM & CM Amplitude and Eye Height/Eye Width Calibration Setup

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

F6HhHHEHEHHHEHHHEHHHEEHHHEHEHHEHHHEEHHHEEHHEHHBHH bBIHE HHHHHD

Anritsu MP1900
PFRT Noise output . - . CBB

L
-

i
|

1-meter SMA coaxial
cables
_‘\\

Real-Time .
Oscilloscope

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

,,,,,

FIGURE 62. CONNECTION DIAGRAM FOR PCIE GEN 4 DM- 1, CM- 1| AND EH/EW TP2 CALIBRATION

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

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

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

[Note: DM-1and CM -1 should be calibrated  with no reference package embeddin g
applied.]

Insert the CLB into the designated slot on the CBB.
Connectthe CLB Tx Lane using 1 -ft SMP -to- SMP cables to ISI Pair 0.
Connect the ISI Pair O through the SMA  -to - SMP adapters using 1 - meter SMA coaxial
cables to the oscilloscope channels.
10.1.11 DM-I Calibration Adjustment

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

a) BERT Settings:
1 Loss Channel
1 General Output: ON
1 Select SI - PPG and Emphasis tab
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1 PPG Data Output: OFF
1 Select Noise Generator - DM: ON
9 Differential mode noise ~ Amplitude and Frequency: 14 mVpp and 2.1 GHz

!
Data Input 1 = Data Qutput 1
{Fata Input 1 Ext w [ata Cutput 1
—_—
Exfernal Input | f
External Input
v i
130 mvpp
| 120 Mz
Wi 0
0.200 m\irms
Data Input 2 | Data Cutput 2
Daia Input 2 P bata Ouiput 2
N _
Prasets Manual -
litude Freguency
14 | mvpp 2.100 GHz

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

10.0 mvV

7.50 mv

5.00 mV

-2.50 mV
-5.00 mvV

-7.50 mV

-10.0 mv
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10.1.12 CM-I Calibration Adjustment

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

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

= =4 =4 =4 =4

Common mode noise  Amplitude and Frequency: 1 50 mVpp and 120 MHz

[8] Moise Generator

@

Data Input 1 Data OQutput 1
Data Input 1 Ext E Data Qutput 1
External Input | |
External Input - -

Data Input 2 | Data Qufput 2

Data Input 2 -~ Data Output 2 _

D
Presets |'Manual |V|
Amplitude Freguency Band
|' 194‘| mVpp | 120 Mz "Low ‘v|

b) Scope Settings:
1 Averaging: OFF
1 Horizontal Scale: 12.5 us/div
1 Bandwidth: 25 GHz
1 Sampling Rate: 80 GS/s
Measure RMS on (CH1+CH3)/2 and ¢ alculate Vpp = RMS/0.707 .
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10.1.13 EH/EW Calibration Adjustment
10.1.13.1 PCle Gen 3 Calibration
The following Eye Height/Eye Width calibration procedure applies for PCle Gen 3:

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

a) BERT Settings:
1 General Output: ON
1 Select SI -PPG and Emphasis tab - Emphasis Function: ON
1 Selectthe Patterntab - Test Pattern: 128b130b_CP_LO _Gen3_ PO
1 Set all Jitter, Noise, and Amplitude values.
1 Set BUJ values as follows:

o BUJ: 0.080 Ul (10.0 pspp)

0 2.0 Ghit/s

o0 PRBS31

0 200 MHz LPF

Note: Since the PPG has very small intrinsic Jitter, some BUJ must be added for
PCle 3.0 testing. The BUJ does not require separate calibration, as its effect is
incorporated during final eye calibration.

Save seven waveforms and read in SigTest.

Adjust the Eye Height/Eye Width to target specification values using RJ and DM-
I

o RJ: 1.5+.2/-0ps RMS

o DM:14 to 16 mV at TP2

b) Scope Settings:
1 Averaging: OFF
1 Horizontal Scale: 12.5 us/div (2M UI)
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1 Bandwidth: 25 GHz
c) SigTest Settings:

1 Select a Data File
epeaepl yHBV! NZNHzZ3NBHBEPHNsaBHAZYy zBHc njep Oy
epa@pl ybop!l LI3NZBEmBHGAHV § :09 K 3
epepl ybopQt &2y p§BchExhsh¥:AbBVEI:: ayipk33 o Mo N9 Oy
épeaepl ybvepAy Oy

=A =4 =4 =
< <<

Zalect Prezat Tw

I { |
v oo e | e Joes | e | i | i |

d) SigTest Results:
25paoepdl poepdiPécbogliQpdcogc2cdgliQpaiQocpoelr 20l 3 QdC
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Target Eye Width: 41.25 +0/-2 ps
Target Eye Height: 46 mV +0/ -5 mV
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