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1 Introduction

Receiver device compliance ensures correct data detection by the receiver for an acceptable bit
error ratio (BER). PCle Base Gen-3 devices shall support a BER that is less than 10-12 (i.e., fewer
than one bit error per 1012 bits) when a signal with valid voltage and timing characteristics are
delivered to the receiver compliance point [1]. The corresponding signal properties for

verifying receiver tolerance should include the maximum allowable jitter, noise and signal loss.

This document describes how to set up the GRL-PCIE3-BASE-RX or GRL-BSXPCI4BSE test
software for automation control of PCle3-BASE or PCle4-BASE (8 GT/s) receiver calibration
and testing, as well as the manual methodology to perform receiver calibration and stress
tolerance tests as specified by the PCle Base Standard using the Tektronix BSX or BSA Model
BERTScope. The BERTScope and appropriate accessories provide the necessary test patterns
with jitter, ISI, and crosstalk. Additionally, the DPP125C Digital Pre-Emphasis Processor adds
the required transmitter equalization. The receiver tolerance test includes various Differential
Mode Sinusoidal Interference, minimum transmitter voltage amplitude, and jitter which
includes random jitter including a sinusoidal periodic jitter component that is swept across
specific frequency intervals.

Once the stressed receiver tolerance test setup has been calibrated, the BERTScope transmits a
Modified Compliance pattern to the receiver and monitors the loopback pattern has a BER that
is less than 10-12 with a confidence level of 95%.

1.1 Glossary

S] Sinusoidal Jitter

ISI Inter Symbol Interference

R] Random Jitter

CTLE Continuous Time Linear Equalization
DFE Decision Feedback Equalization

CDR Clock / Data Recovery

BER Bit Error Rate

BERT Bit Error Rate Tester

EH Eye Height

EW Eye Width

DPP Digital Pre-emphasis Processor
Downstream Reference to Device Test Setup (Calibrated with Host Channel)
PVT Process, Voltage, Temperature
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2 Resource Requirements

TABLE 1. EQUIPMENT REQUIREMENTS — SYSTEMS

System Qty. Description Key Specification
Tektronix BSA Series or 1 |BERTScope 212.5Gb/s
BSX Series [ BSA125/DPP125/CR125, or Requires option STR for stress
BSX125/CR125A (minimum) generation
Tektronix 1 |Real-Time Oscilloscope with Tektronix |= 16 GHz bandwidth with
DPO/MS070000DX DPOJET (Jitter and Eye Analysis) Windows 7+ 0S
Software
Tektronix CR125A or 1 |12.5 Gb/s Clock Recovery Unit
higher Used for DUT-sourced reference clock applications. Not required for
BERT-sourced reference.
ISI Generator 1 |PCle-3 Base Spec compliant Fixed or Variable ISI Channel P]
Tektronix DPP125B/C I 1 |Digital Pre-Emphasis Processor
Tektronix AFG3000 [ 1 |Arbitrary Function Generator 120MHz Sine Wave Generator
Tektronix BSXSICOMB or | 1 |Used for combining Differential Mode (DM) SI and AC Common Mode
SI Combiner (CM) SI with stressed Rx test pattern.
BSXSICOMB — Interference 40 GHz RF combiner kit for BSX version
BERTScope.
SI Combiner — Interference combiner kit for BSA version BERTScope.
GRL-PCIE3-BASE-RX [d] 1 |Granite River Labs PCle® 3.0 (8 GT/s) Base Specification Receiver
Calibration and Test Automation Software - www.graniteriverlabs.com
(For BSA version BERTScope only)
Included with Node Locked License to single oscilloscope or PC OS
GRL-BSXPCI4BSE [el 1 |Granite River Labs PCle® 4.0 (16 GT/s and 8 GT/s) Base Specification
Receiver Calibration and Test Automation Software -
www.graniteriverlabs.com (For BSX version BERTScope only)
Included with Node Locked License to single oscilloscope or PC OS
Seasim 1 |Seasim tool for post-process analysis of the captured waveform (Eye
Opening simulation software at TP2P) - www.pcisig.com
SigTest 1 |Standard Post Processing Analysis Software -

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

SigTest used with Seasim for final eye calibration

VISA (Virtual Instrument
Software Architecture)
API Software

VISA Software is required to be installed on the controller PC running
GRL PCle Gen 3 Base Rx software. GRL'’s software framework has been
tested to work with all three versions of VISA available on the Market:

1. NI-VISA: http://www.ni.com/download /ni-visa-17.0 /6646 /en/
2. Keysight 10 Libraries: www.keysight.com (Search on 10 Libraries)
3. Tektronix TekVISA: www.tek.com (Downloads > Software > TekVisa)

GRL PCle3-BASE & PCle4-BASE (8 GT/s) Rx User Manual and MOI
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System Qty. Description Key Specification
GRL-TEK-CUST 1 |User Definable GRL Automation Framework and/or GRL Custom
Support
Included with Node Locked License to single oscilloscope or PC OS
Computer (laptop or 1 |For automation control (Windows 7+ OS)
desktop)

la] Tektronix BSX BERTScope is the preferred option.

bl The Artek CLE Model Series is supported for variable ISI generation. Refer to Appendix of this document

for the Artek CLE Series driver installation procedure.

I Required if used with the Tektronix BSA BERTScope only.

ld] The Tektronix SI Combiner is included if the GRL software is ordered with the Tektronix BSA BERTScope.

lel PCle3-BASE and PCle4-BASE will need to be installed on the BSX BERTScope to test at both 16 GT/s and 8

GT/s data rates.

Note: Cable connector type and length requirements may vary according to the lab/equipment
setup and the dimensions of the DUT board. Table 2 below is a recommended list. Please also
refer to Tektronix’s website for detailed cabling recommendations related to PCI Express.

TABLE 2. EQUIPMENT RECOMMENDATION — CABLES

Cable Qty. | Tektronix P.N.

T+M SF104PE/11PC35/11PCC35/500mm 1.5ps Phase Matched 8 174-6663-00
T+M SF104PE/11PC35/11PCC35/1000mm 1.5ps Phase Matched 2 PMCABLE1M
T+M MF141/16SMA/16SMA/200mm SMA-to-SMA, Right Angle 4 174-6664-00
T+M MF141/16SMA/16SMA/300mm SMA-to-SMA, Right Angle 1 174-6665-00
T+M MF141/16SMA/16SMA/500mm SMA-to-SMA, Right Angle 1 174-6666-00
T+M MF141/11SMA/16SMA/1.829M SMA-to-SMA, Right Angle 2 174-6667-00
High-performance BNC 1 N/A
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3 GRL PCle3-BASE & PCle4-BASE (8 GT/s) Rx Software
Setup

This section provides procedures for installing, configuring and verifying the operation of the
GRL PCle 3.0 or 4.0 Base (8 GT/s) Rx test solution. It also helps you familiarize yourself with the

basic operation of the application.
The software installer automatically creates shortcuts in the Desktop and Start Menu.

To open the application, follow the procedure in the following section.

3.1 Launch and Set Up Software
3.1.1 On the BERTScope

1. Select View > System > Tools Tab.

2. Under Utilities Column, select the Remote button.

3. In Remote Window, select TCP/IP.

4. Change Terminator to “LF”. Select the Connect Button. See Figure 1.

a) Ifyou see an error pops up when selecting the Connect button, try a different Port. For
example, change Port 23 to 21.

5. Note the IP Address and Port # on Remote Client. They will be needed to connect the
BERTScope to the GRL automation software.
6. Minimize, but do not close, the Remote Client Window.

2% Remote Client VYersion: 10,15 Build: . =1

[~ Trace Messages

[+ Scroll Output
[ Timestamp
[~ GUI Lockout

Idertity: |BSA1 25C
ITelminator: |LF ﬂ I

" IEEE488 (v TCFAR

TCP/IF Settings

IP Addr: |192.‘I £8.0.39

Paort: |23 default I
Connected Disconnact |

Save Log ta File | Clear |

FIGURE 1. REMOTE CLIENT WINDOW
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3.1.2 On the PC Used for GRL Framework Installation
Download and install the software as follows:

If the GRL PCle3-BASE & PCle4-BASE (8GT/s) Rx software is to be installed on a PC (where
it is referred to as ‘controller PC’), install VISA (Virtual Instrument Software Architecture)

1.

on to the PC where the GRL software is to be used (see Section 2).

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

The ZIP file contains:

e PCle3_0_BasePatternFilesInstallationxxxxxxxxxSetup.exe - Run this on the
BERTScope to install the test pattern setup files.

e PCle3_0_BaseRxTestApplicationxxxxxxxxxSetup.exe - Run this on the controller PC
or oscilloscope to install the GRL PCle3-BASE & PCle4-BASE (8GT/s) Rx application.

e PCle3_0_BaseRxTestScopeSetupFilesInstallationxxxxxxxxxSetup.exe - Run this on

the oscilloscope to install the scope setup files.

Once the software is installed, open the GRL folder from the Windows Start menu and select
the GRL Framework. The GRL Framework will launch.

Lal
TeamViewer

@ Internet Explorer
@ Keysight Connection Expert
E TeamViewer10
] Windows DVD Maker
55 Windows Fax and 5can
 Windows Media Center
@ Windows Media Player
’- Windows Update
- KPS Viewer
. 1-Zip
, Accessories
Agilent ES071C ENA Option TOR
. Catalyst Control Center
\ Games
GRL
. GRL Automated Test Solutions

[l GRL - Automated Test Solutions|

ﬁ Uninstall

) Intel

. Maintenance

1 Back

FIGURE 2. SELECT AND LAUNCH GRL FRAMEWORK

GRL

Documents
Pictures

Music

Games

Computer

Control Panel
Devices and Printers
Default Programs

Help and Support

From the Application>Rx Test Solution drop-down menu, select ‘PCle 3.0 Base Rx Test’ to
start the PCle 3.0 Base Rx Test Application. If the selection is grayed out, it means that your

license has expired.

GRL - Automated Test Solution

Application | Options License Windows Help

Framework Test Solution

| RxTest Solution » | PCle3.0BaseRxTest

FIGURE 3. START PCIE 3.0 BASE RX TEST APPLICATION

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

Application  Options  Setup | License | Windows Help

‘ License Details ‘

Equipment Setup

FIGURE 4. SEE LICENSE DETAILS

a) Check the license status for the installed application.

GRL Framework License n

Granite River Labs

Framework License Details

Installed Products:
PCle 3.0 Base Rx Test - Permanent] x

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

QqEx06bSTAGVNJIXISMZ1IPUpODrJk TEKNwze 1r2sC7xLY3KAe+p A

k T4cslo 1Viorb Ze 6E+E9yKt 7/Nhmg++AAECeaaalQ0TA1+ Copy to
47kdxEZ006w TKRRub8SUC+AT4sQMWMUZION tga 7cjzz 7K ZC Clipboard
ABXw SjXtojBH8BRCGrTJ 1ids7W14aQQj+aSWk 1ZosEIV+jpEoWISU v

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

Activation Key Received:

Activation License File Received: = Browse Activate

Close

FIGURE 5. CHECK LICENSE FOR INSTALLED APPLICATIONS
b) Activate a License:
e Ifyou have an Activation Key, enter it in the field provided and select “Activate”.

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

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

7. Click on Equipment Setup icon on the PCle 3.0 Base Rx Test Application menu.

8. Enter the BERTScope IP address and Port number to match what is in the BERTScope
Remote Client window shown in Step 4-5.

9. Attach the Tektronix AFG via USB or LAN to the Tektronix Oscilloscope.
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10. On the Tektronix Scope, open the OpenChoice Instrument Manager application.

File | Edit | Veriical | Digital | Horiztcg | Trg | Display | Cursors | Measure | Mask | Math | MyScope | Anatyze | utiities | Herp |[FR

GRL - Automated Test Solutions

| Notepsd 3
e | Tus Tek_Local Admin
ekScope

o o

" Windows Explorer v W s ANl Ay AR e Y

— Pictures .

SN Internet Expl v

(2 mtemet Explorer Mo

a Launch DisplayPort AUX Control

Games

lso TeamViewer10 S
a “omputer

USB 3.0 Receiver Testing Control Panel
“ontrol Panel

20 f) Paint [l Devices and Printers
B8 oo Default Programs
VISA|

OpenChoice Instrument Manager Help and Support

> AllPrograms ,

||5;;., programs and files
& e Bla
FIGURE 6. OPENCHOICE INSTRUMENT MANAGER IN START MENU

71 |E=® S oov | 2.0nsidiv 50.0GS/s 20.0ps/pt

Ru Sample 1

11. The Instrument Manager will display all the connected instruments on its list, for example:

a) GPIB8::1::INST (Tektronix Scope)
b) TCPIP::192.168.0.39::23::SOCKET (BERTScope)
c) USB::0x0699::0x0345::C022203::INSTR (AFG)

File | Edit | Vertical | Digital | Horiz/Acq | Trig | Display | Cursors leasure | Mask | Math | MyScope | Analyze | Utilities | Help 'n
Tr——— T

[&] OpenChoice Instrument Manager
Fle Edit Hep
Instruments Applications and Utilities
INSTR OpenChoice Call Monitor
[Bockef] TCPIP:192.168.0.39::23::S0CKET OpenChoice Talker Liste

USB::0x0699::0x0345::C022203:INSTR

1 DALY U AR AR

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

Instrument List Instrument
Update Identify
& A Start Application or Utility

Search Criteria..

| &= 100mv/div 500 By:23.06 '| = /oov \ 2.0nsidiv  50.0GS/s 20.0ps/pt

Ru Sample

FIGURE 7. INSTRUMENT LIST IN INSTRUMENT MANAGER
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12. On the Equipment Setup page of the GRL PCle 3.0 Base Rx Test Application, type in the
address of each connected instrument into the ‘Address’ field, for example:

a) Scope GPIB Address

b) BERTScope IP Address

c) AFG USB/IP Address

d) COM Address of the ISI Generator to be used

Note: If the GRL software is installed on the Scope, ensure the Scope is connected via GPIB and
type in the GPIB network address, for example “GPIB8::1::INSTR” or if installed on the PC to
control the Scope, type in the Scope IP address, for example
“TCPIP0::192.168.0.110::inst0::INSTR". Note to omit the Port number from the address.

PCle 3.0 Base Rx Test - O *
Application  Options  Setup  License  Windows Help
Equipment Setup o Izl '
Mame D Address Type Vendor Lib ] o
Se0pe |Scope | |GF'\EIS::1::INSTR | |Oscw|loscope | Tektronix || TekDPOJETSc «~ | |4 | =
BERT [BERT | [lz700125 | |[BERT || [Tektronix  +|||TekBenscope +|| 4] | =
ISl Generator | [j5iGen | [com13 | |[isi Generator || [Aek ||| StandardSerial v||[4] | =
AFG = ooy e e = 71 |l ¥
€ >
FIGURE 8. EQUIPMENT SETUP WINDOW
13. Verify the connection by selecting the “lightning” button (| % ) for each connected
instrument.
The “lightning” button should turn green ( v ) once the software has successfully
established connection with each instrument.
Equipment Setup o [Z]
Name ID Address Type Vendor Lib A o
Scope [Scope  ||[GPIB81:INSTR | |[Oscilloscope || [Tektronix ||| TekDPOJETSC ]
el [BERT ||[127.168.039.23 | |[BERT || [Tektronix || |TekBertScope ~ =
ISl Generator |i5iGen | |[cOMB | |[1S! Generator || |Atek || |StandardSerial ~| | |4 | [m
AFG acn [46n 4c0 n 1c I e P Aeeeinoa AR
< >

FIGURE 9. CONNECT INSTRUMENTS WITH GRL SOFTWARE

(Note: Additional information for connecting the Tektronix oscilloscope to the PC and installing
the Artek CLE Series ISI Generator are provided in the Appendix of this User Guide & MOI.)
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3.2 Software Configuration Before Calibration and Testing
3.2.1 Enter Test Session Information

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

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

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

FEXYETST o=

DUT Manufacturer: |GRL \ Commants

DUT Model Number:  [PCIEZ_A1 |

DUT Serial Number: |10000088 I

FIGURE 10. SESSION INFO PAGE

3.2.2 Set Conditions for Calibration and Testing

Select I*=1 from the menu to access the Conditions page to set the conditions for calibration
and testing.

Recommended procedure:
e Step 1: When calibrating, select all required conditions and perform the calibration.

e Step 2: Once calibration is completed and ready for testing, re-select the conditions that
will be used for specific tests.

S] tab: Select S] Frequencies as defined by the Specification or the user for calibration or testing.

Conditions f@'&. X+D> B O A

sy 0

SJ1 (30KHz)

SJ2 (1MHz)

SJ3 (10MHz)

SJ4 (100MHz)

[] User SU1

[ User SJ2

[J User SJ3 )

FIGURE 11. SELECT S] FREQUENCIES
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3.2.3 Set Up Calibration and Test Requirements

Use the Setup Configuration page @ to configure the necessary measurement-related settings
prior to running calibration and tests.

3.2.3.1 ISI Generator Tab
Select the type of supported ISI generators to be used:

e “None”: This is the recommended method which is used to provide -18 dB physical
channel Insertion Loss for calibration and testing. A PCle 3.0 CEM Fixture can be used in
the setup for this method.

e “Artek”: This is provided as an Option. The Artek CLE Series ISI Generator and an
additional ISI board can be used in the setup for ISI automation. (Also see Appendix for
more information on installing the Artek CLE Series.)

e “BSAITS”: This is provided as an Option. The Tektronix BSAITS variable ISI source can be
used in the setup for ISI automation. (Only applicable for the BSA Model BERTScope.)

The selected ISI Generator will be used for both calibration and testing.

Setup Configuration

Connection Margin Search Params CM & DM Preset Settings Link Training (Basic) Link Training (Advance)
ISI Generator Random Jitter Setting  User SJ Frequencies Error Counter Loopback Mode Compliance Seasim Settings

ISI Generator:

None

Artek
BSAITS

FIGURE 12. SELECT ISI GENERATOR
Notes:

For more information on how to generate desired insertion loss using the BERTScope ISI Trace
board, refer to Appendix C: BERTScope ISI Trace Board.

If the Artek CLE1000-AZ2 is being used, take note that the insertion loss specification of the
CLE1000-A2 does not meet the PCI Express 3.0 Base Specification Requirement of -18 dB from
500 MHz to 5 GHz. Refer to Appendix B, Return Loss Limitations of the Artek CLE1000-A2 for
more information.

3.2.3.2 Random Jitter Setting Tab

Set the R] intrinsic value in % unit interval for the BERTScope.
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Setup Configuration

Connection Margin Search Params CM & DM Preset Settings Link Training (Basic) Link Training (Advance)
ISl Generator User SJ Frequencies Error Counter Loopback Mode Compliance Seasim Settings

Intrinsic Jitter Value: %UI

(*) Set the Bert Random Jitter Intrinsic value

FIGURE 13. SET RANDOM JITTER

3.2.3.3 User S] Frequencies Tab

Set the values for the User SJ frequencies that have been selected from the Conditions page.

O A

Setup Configuration

Connection Margin Search Params CM & DM Preset Settings Link Training (Basic) Link Training (Advance)
IS1 Generator Random Jitter Setting User SJ Frequencies  Error Counter Loopback Mode Compliance Seasim Settings

User SJ1: MHz User SJ&: 50.000 MHz
User SJ2: 2.000 MHz User SJ7: 100.000 MHz
User SJ3: 10.000 MHz User SJ8: 200.000 MHz

User 5.4 20.000 MHz
User 8J5: 30.000 MHz

=
¢ =
=)

FIGURE 14. SET USER S] FREQUENCIES

3.2.3.4 Error Counter Tab

Select the DUT receiver base loopback capability for error detection. If the DUT can be
configured for the loopback test mode, select ‘LoopBack’, or otherwise select ‘Manual’.

Setup Configuration - > b Q |Z]

Connection Margin Search Params CM & DM Preset Settings Link Training (Basic) Link Training (Advance)
ISI Generator Random Jitter Setting  User SJ Frequencies Error Counter | oopback Mode Compliance Seasim Settings

Error Count Method:

Manual

FIGURE 15. SET ERROR COUNT METHOD
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3.2.3.5 Loopback Mode Tab

If the ‘LoopBack’ mode has been selected from the Error Counter tab, then user needs to select
‘Clock Recovery’ in the Clock Recovery Method drop-down and set the clock recovery loop
bandwidth. Other options on the Clock Recovery Method drop-down are not yet supported.

To perform clock synchronization which extracts the clock signal from the data to produce a
synchronous clock signal, select the ‘Grab and Go Sync’ checkbox.

Optionally, user can choose to use a custom test pattern for error detection by selecting the
checkbox. Then, enter the pattern file name in the ED Pattern field. If the checkbox is not
selected, the default test pattern will be used.

Setup Configuration

Connection Margin Search Params CM & DM Preset Settings Link Training (Basic) Link Training (Advance)
IS| Generator Random Jitter Setting User SJ Frequencies Eror Counter Loopback Mode Compliance Seasim Settings

Clock Recovery Method: |Clock Recovery V|

Clock Recovery Loop Bandwidth: 266
[] Grab And Go Sync

[ Custom Pattern for Errar Detectar

ED Pattern: ALLZERO

FIGURE 16. SET UP LOOPBACK MODE

3.2.3.6 Compliance Tab

Set the target BER and Maximum Error allowed for compliance during testing. By default, the
limit values in these fields are set according to Specifications. Other values can also be defined
by the user, as required.

Note: The syntax ‘1e-12’ indicates 1x10-12, and is the only syntax supported in this field.

Setup Configuration 0 Izl
Q
Connection Margin Search Params CM & DM Preset Settings Link Training (Basic) Link Training (Advance)
ISI Generator Random Jitter Setting User SJ Frequencies Error Counter  Loopback Mode Compliance Seasim Settings
Compliance BER:
Maximum Error: I:l
FIGURE 17. SET UP COMPLIANCE BER AND MAXIMUM ERROR
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3.2.3.7 Seasim Settings Tab

Set up the Seasim parameters if using the Rx Behavioral package during Eye Height and Eye
Width Calibration. Also set the intrinsic jitter (if required) to be used in the Seasim calculation.

O (A

Setup Configuration

Connection Margin Search Params CM & DM Preset Settings Link Training (Basic) Link Training {Advance)
IS| Generator Random Jitter Setting User SJ Frequencies Error Counter Loopback Mode Compliance Seasim Settings

Intrinsic Noise:

0.0

[1 User Defined Rx Behavioral Package:
Package File Path: |1,<152p

FIGURE 18. SET UP SEASIM
3.2.3.8 Connection Tab

Set up the connected Data+ and Data- channels on the Oscilloscope. Scope channels shall be
assigned according to how the scope cables are attached to the test setup.

O (A

Setup Configuration

I1S| Generator Random Jitter Setting User SJ Frequencies Error Counter Loopback Mode Compliance Seasim Settings
Connection Margin Search Params CM & DM Preset Settings  Link Training (Basic) Link Training (Advance)

FIGURE 19. SET UP SCOPE CHANNEL CONNECTION

3.2.3.9 Margin Search Parameters Tab

Set the compliance BER, margin step size, maximum error and steps to be used when running
margin search tests.

Setup Configuration (7] Izl
IS| Generator  Random Jitter Setting User SJ Frequencies  Error Counter Loopback Mode Compliance Seasim Settings
Connection Margin Search Params  CM & DM Preset Settings  Link Training (Basic) Link Training (Advance)
Margin Test BER:
Margin Step Size: %
Maximun Error: l:l
Maximun Steps:
FIGURE 20. SET UP MARGIN SEARCH PARAMETERS
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3.2.3.9 CM & DM Tab
Note: These settings are only applicable if using the Tektronix BSX320 BERTScope.

Select the BSX320 BERTScope channels to be used for the Common Mode and Differential Mode
Sinusoidal Interference (SI) connections.

O A

Setup Configuration

I1S| Generator Random Jitter Setting User SJ Frequencies Error Counter Loopback Mode Compliance Seasim Settings
Connection Margin Search Params CM & DM Preset Settings Link Training (Basic) Link Training (Advance)

() This setting only applied to Tektronix BSX320

Common Mode SI Channel: 31 i

Differential Mode Sl Channel: g1 i

FIGURE 21. SELECT CM AND DM SI CHANNELS
3.2.3.10 Preset Settings Tab

Select to use a pre-defined preset and preset hint for each Rx lane, or select the checkbox to use
a custom preset. If using a custom preset, enter the Preshoot and Deemphasis values for the
preset.

Setup Configuration

IS| Generator Random Jitter Setting User SJ Frequencies Error Counter Loopback Mode Compliance Seasim Settings
Connection Margin Search Params CM & DM Preset Settings  Link Training (Basic) Link Training (Advance)

Preset: - Preset/Hint: P00 v

[] User Custom Preset

P4

Deemphasis:

FIGURE 22. CONFIGURE PRESET

3.2.3.11 Link Training (Basic) Tab

To perform link equalization, select the ‘Use Link EQ’ checkbox. Select the Lane and Link
numbers along with the Fast Training Sequence (FTS) value required by the receiver from 0 to
255. FTS is used within an Ordered Set when transitioning from LOs to LO.
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Setup Configuration

IS| Generator Random Jitter Setting User SJ Frequencies Error Counter  Loopback Mode Compliance Seasim Settings
Connection Margin Search Params CM & DM Preset Settings Link Training (Basic) Link Training (Advance)
Use Link EQ
Link #

M =]
o
m

ks

FTS (0-255)

FIGURE 23. SET UP BASIC LINK TRAINING

3.2.3.12 Link Training (Advance) Tab

Set up advanced parameters for link training by entering the limit of extended synchronization

bit, full swing (FS) and low frequency (LF) values as well as Electrical Idle length.

Setup Configuration

O A

ISl Generator Random Jitter Setting User SJ Frequencies Error Counter Loopback Mode Compliance Seasim Settings
Connection Margin Search Params CM & DM Preset Settings  Link Training (Basic) Link Training (Advance)

Resync Threshold (1-256)
Initial Pattern Tune up:

FS (0-63): I

LF (0-63): _

Idle Duration (uSec)

FIGURE 24. SET UP ADVANCE LINK TRAINING
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3.2.4 Select Calibration

The Select Tests @I page is the place where the different types of calibration that need to be
performed are selected. Initially, when starting for the first time or changing anything in the
setup, it is suggested to run Calibration first. If the calibration is not completed, the Rx Tests will
show an error message.

=-[J € PCle Base Sink Test A
--[J€ RX Calibration

[J€ PG Delay Calibration
[0 € Pre-shoot Calibration
[0 € De-emphasis Calibration
[J€ Launch Amplitude Calibration
[OJ€ R; Calibration
@ Sj Calibration

-4 © Breakout + None Channel

1[4 @ Breakout + Short Channel

-( €@ Breakout + Long Channel

L dInsertion Loss Calibration (Long

M€ CM Sinusoidal Interference Calibration (Lona) |

FIGURE 25. SELECT CALIBRATION

3.2.5 Run Automation Calibration

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

Select from the menu to access the Run Tests page. The GRL software automatically runs
the selected calibration when initiated.

Before running the calibration, select the option to:

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

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

Run Tests

Run Option

(® Skip Test If Result Exists
Run Tests

ﬁ O Replace K Result Exists ﬂ

FIGURE 26. RUN TESTS PAGE

Select the Run Tests button to start running the selected calibration. The connection diagram
for the calibration being run will initially appear to allow the user to make sure that the
calibration environment has been properly set up before calibration can proceed.
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4 Software Calibration and Testing

PCle3/4 Base (8 GT/s) Rx calibration will be performed for PG Delay (if using the Tektronix
BSA BERTScope) as well as 3 test points: TP1, TP2, and TP2P. TP1 is a physical test point for
calibration without the effect of breakout channel length. TP2 is a test point that will affect the
eye opening due to trace length. TP2P is a test point calculated by the Seasim software tool to
simulate the eye opening after applying Rx Behavioral package, Rx CTLE, and DFE (if required).

PCle3/4 Base (8 GT/s) Rx testing will be generally performed for both DUT receiver compliance
and margin tolerance. Receiver compliance is tested for stress tolerance with and without the
effect of breakout channel length. Receiver margin tolerance is an optional test which measures
the stress margins with and without applying trace length.

4.1 Calibration Connection Setups

4.1.1 Calibration for PG Delay (if using the BSA BERTScope)

This will calibrate the delay of the pattern generator and the BSA BERTScope to ensure that the
data output of the pattern generator matches the pattern specified in the BERTScope.

T

—

=
®
e

T*:ﬂ

717

o Ovmrer D

\.

FIGURE 27. TYPICAL SETUP FOR PG DELAY CALIBRATION
Connection Steps:

1. Using ~0.3 m (12"") long cable, connect BERTScope Data(+) Out to DPP Data In.

2. Using ~1.8 m (72") long cable, connect BERTScope Subrate Clock Out to DPP Clock In.

3. Loop back DPP Outputs to BERTScope Analyzer Error Detector Inputs (cable length is not
mandatory).

4. Connect BERTScope Clock Out to BERTScope Analyzer Error Detector Clock In.
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4.1.2 Calibration for TP1
4.1.2.1 Using Tektronix BSA BERTScope

FIGURE 28. TYPICAL SETUP FOR TP1 CALIBRATION (USING TEKTRONIX BSA BERTSCOPE)
Connection Steps:

Connect BERTScope Data(+) Out to DPP.

Connect BERTScope Clock Out to DPP.

Connect DPP Data(+) Out to Combiner In.

Connect DPP Data(-) Out to Combiner In.

Connect AFG Outputl to Combiner CM-In.

Connect AFG Output2 to Combiner CM-Cal.

Connect BERTScope (real panel) SI-Out to Combiner DM-In.
Connect Combiner Data Outputs to Oscilloscope Chan1 and Chan2.

PN W
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4.1.2.2 Using Tektronix BSX BERTScope (Recommended option)

Oscilloscope

Tokarontx 10 700 =
(

)
4._r’r,r o~

r
|
r(‘

ehoee; €

e

o
Fert

) 92910 & g gy
L @910

i
e |
* -

Clock Recovery

Chl Ch3

Phase
Matched
Cables

BSXSICOMB

o
[ ] X
=l
[ |

Phase
Matched
Cables

Phase
Matched
Cables

CMI + DMI BSX BERTScope

FIGURE 29. TYPICAL SETUP FOR TP1 CALIBRATION (USING TEKTRONIX BSX BERTSCOPE)
Connection Steps:

1. Connect BERTScope Data (+/-) Out to BSXSICOMB In.

2. Connect BERTScope SI1-Out to BSXSICOMB CMI/DMI-In.
3. Connect BERTScope SI2-Out to BSXSICOMB CMI/DMI-In.
4. Connect BSXSICOMB Out to Scope Ch1, Ch3 (or Ch2, Ch4).
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4.1.3 Calibration for TP2
4.1.3.1 Using Tektronix BSA BERTScope

e

FIGURE 30. TYPICAL SETUP FOR TP2 CALIBRATION (USING TEKTRONIX BSA BERTSCOPE)
Connection Steps:

Connect BERTScope Data(+) Out to DPP.

Connect BERTScope Clock Out to DPP.

Connect DPP Data(+) Out to Combiner In.

Connect DPP Data(-) Out to Combiner In.

Connect AFG Output1 to Combiner CM-In.

Connect AFG Output2 to Combiner CM-Cal.

Connect BERTScope (real panel) SI-Out to Combiner DM-In.
Connect Combiner Data Outputs to ISI Generator Inputs.
Connect ISI Generator Outputs to Oscilloscope Chan1 and Chan2.

LN AW

Note: The above diagram shows either a variable ISI generator or a fixed ISI channel being used
for ISI generation, that is selected from the ‘ISI Generator’ tab on the Setup Configuration page.
See Appendix A and B in this document for more information on the use of variable and fixed ISI
generation.
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4.1.3.2 Using Tektronix BSX BERTScope (Recommended option)

Oscilloscope
P A2 CrE—"
OB oo Frecer® 7'
6
k|
& Ch cc|
TRy
bbbt
(> 5D ‘a:

Chl Ch3

Phase

Clock Recovery

Matched - -—; - .
Cables Variabl {.:)l ;@.
ariable rdh s 0
Channel ==
BSXSICOMB  Phase
Matched e i
Y, Cables ‘ & ® .
w ¥ i &)
e | I =
: sy ® ; e
. ____a o) =71
Replica P O
Channel

(HW or Emulated)

Matched @0 0 0 0 0 000 m m
Cables
BSX BERTScope

CMI + DMI

FIGURE 31. TYPICAL SETUP FOR TP2 CALIBRATION (USING TEKTRONIX BSX BERTSCOPE)

Connection Steps:

1. Using back the same connections from the TP1 calibration setup, disconnect the BSXSICOMB

Out from the Scope channels.

2. Connect the BSXSICOMB Out to a Variable ISI Channel inputs.
3. Connect the Variable ISI Channel outputs to a Replica Channel inputs.
4. Connect the Replica Channel outputs to the Scope Ch1, Ch3 (or Ch2, Ch4).

Note: The above diagram shows a variable ISI generator being used for ISI generation, that is
selected from the ‘ISI Generator’ tab on the Setup Configuration page. See Appendix A and B in this
document for more information on the use of variable and fixed ISI generation.
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4.2 Test Selection

The Select Tests @ page is the place where the Rx compliance, margin tolerance, and
advanced sweep tests that need to be performed are selected.

Note: The advanced parameter sweep tests will only appear for selection if the Advanced PVT
Features are enabled. Refer to Section 4.3 for how to enable Advanced PVT as well as Section 11
for details on using the Advanced PVT features.

=-[J© PCle Base Sink Test

0@ RX Calibration
5 [J© Receiver Compliance Tests
=-© Breakout Channel
. -Me
=-[J € Breakout + Short Channel
. -[4@ stress Voltage Test (Short)
=-© Breakout + Long Channel

[ @ Stress Voltage Test (Long)

[ @ Stress Jitter Test (Long)
-4 Receiver Margin Tolerance Test (Optional)
#-[J 9 Receiver Parameter Sweeping Tests (Optional)

FIGURE 32. SELECT DUT RX TESTS

Tests are run from the same page similar to calibration as shown in Section 3.2.5.

4.2.1 Connection Setup for No Breakout Channel Length Effect
4.2.1.1 Using Tektronix BSA BERTScope

CM-Cal CM

FIGURE 33. TYPICAL SETUP FOR RX COMPLIANCE TEST (NO BREAKOUT CHANNEL LENGTH) (USING
TEKTRONIX BSA BERTSCOPE)
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Connection Steps:

Connect BERTScope Data(+) Out to DPP.

Connect BERTScope Clock Out to DPP.

Connect DPP Data(+) Out to Combiner In.

Connect DPP Data(-) Out to Combiner In.

Connect AFG Output1 to Combiner CM-In.

Connect AFG Output2 to Combiner CM-Cal.

Connect BERTScope (real panel) SI-Out to Combiner DM In.

Connect Combiner Data Outputs to DUT Rx Inputs.

Connect DUT Tx Outputs to Clock Recovery Unit Data Inputs.

10 Connect Clock Recovery Unit Data Outputs to BERTScope Error Detector Data Inputs.
11. Connect Clock Recovery Unit Subrate Clock Out to BERTScope Error Detector Clock In.
12. Connect BERTScope External Clock to DUT as Reference Clock (100MHz).

OB W

4.2.1.2 Using Tektronix BSX BERTScope (Recommended option)

Ref Clk

Tx Out

Clock Recovery

Phase
Matched  w::ifinfie
Cables

BSXSICOMB  Phase
Matched
Cables

Phase
Matched
Cables

BSX BERTScope

CMI + DMI

FIGURE 34. TYPICAL SETUP FOR RX COMPLIANCE TEST (NO BREAKOUT CHANNEL LENGTH) (USING
TEKTRONIX BSX BERTSCOPE)
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Connection Steps:

1.

O WN

Using back the same connections from the TP2 calibration setup, disconnect and remove the
Scope and Calibration Channel from the setup.

Connect the BSXSICOMB Out to the DUT Rx inputs.

Connect the DUT Tx outputs to the Clock Recovery Unit (CRU) Data In.

Connect the CRU Data Out to the BERTScope Error Detector Data In.

Connect the CRU Subrate Clock Out to the BERTScope Error Detector Clock In.

Connect the BERTScope Ref Out to the DUT as Reference Clock (100 MHz).

4.2.2 Connection Setup for Short/Long Breakout Channel Length Effect
4.2.2.1 Using Tektronix BSA BERTScope

Variable ISI Box
I1S| Traceboard

FIGURE 35. TYPICAL SETUP FOR RX COMPLIANCE TEST (WITH BREAKOUT CHANNEL LENGTH) (USING
TEKTRONIX BSA BERTSCOPE)

Connection Steps:

PN AW

9.

Connect BERTScope Data(+) Out to DPP.

Connect BERTScope Clock Out to DPP.

Connect DPP Data(+) Out to Combiner In.

Connect DPP Data(-) Out to Combiner In.

Connect AFG Output1 to Combiner CM-In.

Connect AFG Output2 to Combiner CM-Cal.

Connect BERTScope (real panel) SI-Out to Combiner DM-In.
Connect Combiner Data Outputs to ISI Generator Inputs.
Connect ISI Generator Qutputs to DUT Rx Inputs.

10. Connect DUT Tx Outputs to Clock Recovery Unit Data Inputs.
11. Connect Clock Recovery Unit Data Outputs to BERTScope Error Detector Data Inputs.
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12. Connect Clock Recovery Unit Subrate Clock Out to BERTScope Error Detector Clock In.
13. Connect BERTScope External Clock to DUT as Reference Clock (100MHz).

Note: The above diagram shows either a variable ISI generator or a fixed I1SI channel being used
for ISI generation, that is selected from the ‘ISI Generator’ tab on the Setup Configuration page.
See Appendix A and B in this document for more information on the use of variable and fixed ISI
generation.

4.

2.2.2 Using Tektronix BSX BERTScope (Recommended option)

Ref Clk

Tx Out

Clock Recovery

Phase

Matched  w:cfnffens ; ' p ‘
Ll Q

BSXSICOMB  Phase
A Matched

Cables

v a—

S S U — <~

FOY % b ’
-

4
%-_I Q"
3 o]
R

) |C :‘A — —3 '. ~ A
Variable Phase O

Channel Matched @00 06 00 O 0O =™ m
Cables
| | BSX BERTScope

CMI + DMI

FIGURE 36. TYPICAL SETUP FOR RX COMPLIANCE TEST (WITH BREAKOUT CHANNEL LENGTH) (USING BSX
BERTSCOPE)

Connection Steps:

1.

oUW

Using back the same connections from the TP2 calibration setup, disconnect and remove the
Scope and Replica Channel from the setup.

Connect the Variable ISI Channel outputs to the DUT Rx inputs.

Connect the DUT Tx outputs to the Clock Recovery Unit (CRU) Data In.

Connect the CRU Data Out to the BERTScope Error Detector Data In.

Connect the CRU Subrate Clock Out to the BERTScope Error Detector Clock In.

Connect the BERTScope Ref Out to the DUT as Reference Clock (100 MHz).

Note: The above diagram shows a variable ISI channel being used for ISI generation, that is
selected from the ‘ISI Generator’ tab on the Setup Configuration page. See Appendix A and B in this
document for more information on the use of variable and fixed 1SI generation.
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4.3 TestParameters Configuration

Select m

automation and reference
described below.

from the main menu to access the Configurations page. Set to enable Advanced PVT

clock as well as other parameters for Rx margin tolerance tests as

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

Configurations

Cy PCle Base Sink Test

Advance Mode

Use Reference Clock

BaseValue (ps)
Step Size (%)

Max Steps

False

Receiver Margin Tolerance Test (Optional)

SJ1 Margin Test Settings

Set Default

False

[125 |

l
{ |

FIGURE 37. TEST PARAMETERS CONFIGURATION PAGE

TABLE 3. TEST PARAMETERS DESCRIPTION

Parameter

Description

Advance Mode

Select ‘True’ to enable Advanced PVT Automation control to
support repeated testing within sequences of parameter values,
which are applied to the DUT during testing.

Use Reference Clock

Select “True’ to enable 100 MHz reference clock output from the
BERTScope to the DUT.

SJ# Margin Test Settings
- Base Value

Set the duration to run margin search tests for each respective SJ
margin.

SJ# Margin Test Settings
- Step Size

Set the step size for stepping through S] margins when running
margin search tests.

SJ# Margin Test Settings
- Max Steps

Set the maximum number of steps to step through SJ margins
during margin search tests.
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5 Test Results and Report Generation

The Report l—.l page has all the results from all the calibration and test runs displayed. If
some of the results are not desired, they can be individually deleted by selecting the Delete
button. For a PDF report, click the Generate report button. To have the calibration data plotted
in the report, make sure the Plot Calibration Data box is checked.

PCle 3.0 Base Rx Test - | X
Application  Options  Setup  License  Windows Help
Report = 0 @
_'//. Resli‘l i 0

No Test Name Result Fimils Value 5] D Generate report

Delete
Delete All

Plot Calibration Data

FIGURE 38. TEST RESULTS AND REPORT PAGE

5.1 Interpreting the Report

5.1.1 DUT Information

This portion is populated from the information in the DUT tab from the Session Info tab.

PCle 3.0 Base Rx Test Report

DUT Information

DUT Manufacturer : GRL

DUT Model Number :  PCIE3_A1
DUT Serial Number : 10000088
DUT Comments

Test Information
Test Lab

Test Operator
Test Date

Software Version
Software Revision : 1.00.0048

FIGURE 39. DUT INFORMATION
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5.1.2 Summary Table

This portion is populated from the tests performed and its results. This gives an overall view of

all the results and its test conditions.

No | TestName Limits Value Results De- Voltge Swing | SJ
Emphasis
1 Pre-shoot Calibration True/False True Pass
2 De-emphasis Calibration True/False True Pass
3 Launch Amplitude Calibration True/False True Pass
4 Rj Calibration True/False True Pass
5 Sj Calibration True/False True Pass N/A N/A SJLF_1
6 Sj Calibration True/False True Pass N/A N/A SJLF_2
7 Sj Calibration True/False True Pass N/A N/A SJLF_3
8 Sj Calibration True/False True Pass N/A N/A SJLF 4
9 CM Sinusoidal Interference True/False True Pass
Calibration (Short)
10 DM Sinusoidal Interference True/False True Pass
Calibration (Short)
11 Stressed Voltage Calibration (Short) | True/False False Fail
12 CM Sinusoidal Interference True/False True Pass
Calibration (Long)
13 DM Sinusoidal Interference True/False True Pass
Calibration (Long)
14 Stressed Voltage Calibration (Long) | True/False False Fail
15 Stress Jitter Calibration (Long) True/False False Fail
16 Insertion Loss Calibration (Long) True/False True Pass
17 Insertion Loss Calibration (Short) True/False True Pass
18 Insertion Loss Calibration True/False False Fail

FIGURE 40. SUMMARY TABLE

5.1.3 Calibration Data Results

If Plot Calibration Data checkbox is checked, then the plots are shown in this part of the report.

1. Pre-shoot Calibration
Test Limits True/False
Result True
Cal Parameter PreShoot
PreShootCalibration Plot
PreShootCalibration
4.2923
3.4821 1
é 2672
H
Z
= 18618
1.0516
>
2415
5 1 15 2 25 3 35
Setting

* PreShootCalibration

FIGURE 41. CALIBRATION RESULTS EXAMPLE
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5.1.4 Compliance Test Results
compliance Test(Main)

Sj Frequency S$M-30KHz |$J2-1 MHz $J3-10 MHz | $J4 - 100 MHz
Resuit PASS(0) PASS(0) PASS(0) PASS(0)

FIGURE 42. CALIBRATION RESULTS EXAMPLE

5.1.5 Jitter Margin Results

Jitter Margin Test(Result__Main)
150 +— —— e —— — —— Tolerance
' : —— Compliance Limits
* Pass
= Fail
1225
95
)
a
3
67.5
40
10000 1000000 100000000
100000 10000000 1000000000
SJ Frequency (Hz)

FIGURE 43. JITTER MARGIN REPORT EXAMPLE
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6 Saving and Loading Test Sessions

The usage model for the GRL PCle3-BASE & PCle4-BASE (8GT/s) Rx software is that Calibration
and Test Results are created and maintained as a ‘Live Session’ in the Application. This allows

you to Quit the application and return later to continue where you left off.

Save and Load Sessions are used to Save a Test Session that you may want to recall later. You

can ‘switch’ between different sessions by Saving and Loading them when needed.

To Save a session, with all of the PVT parameter information, the test results, and any
waveforms, use the “Options” command on the menu bar, then the “Save Session” command.

To Load a session back into the software, including the saved parameter settings, use the

“Options” command on the menu bar, then the “Load Session” command.

To create a New session and return the application back to a default configuration, use the

“Options” command on the menu bar, then the “New Session” command.

PCle 3.0 Base Rx Test _ o %
Application Etions ‘ Setup License Windows Help
Save App P .
Select Test Ve SppRToperty T O+ B @ X+> B © (A
Load App Property
New Session e o 0
Save Session Test (Long)
ol Ecias lerance Test (Optional)
rr—eowessvorage-Margin Test (None)

[J@ Stress Voltage Margin Test (Short)

[J@ Stress Voltage Margin Test (long)

0@ Stress Jitter Margin Test (long)

5[] € Receiver Parameter Sweeping Tests (Optional)

[J@ Stress Voltage Sweep Test (None)

[J€ Stress Voltage Sweep Test (Short)

[J€ Stress Voltage Sweep Test (Long)

[J@ Stress Jitter Sweep Test (Long)

FIGURE 44. SAVING AND LOADING CALIBRATION AND TEST SESSIONS

The configuration and session results are saved in a file with the extension “.ses’, which is a
compressed zip-style file, containing a variety of information.
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7 Appendix A: Connecting Tektronix Oscilloscope to PC

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

1. Download the latest version of the Tektronix TekVISA software from the Tektronix website
and install on the PC.
2. When installed successfully, open the OpenChoice Instrument Manager application.

GRL - Automated Test Solutions

,:l Notepad
Tek_Local_Admin

TekScope

Documents

:%_,J Windows Explorer 3
- Pictures

s
Ve
’@ Internet Explorer >

Music

E Launch DisplayPort AUX Control
Games

a TeamViewer 10
Computer

USB 3.0 Receiver Testing o o

- 2
< _’j Pk g Devices and Printers

- CLE1000 Default Programs

v Al
b OpenChoice Instrument Manager Help and Support

»  AllPrograms

l |5:‘:':"* programs and files pel I g* nut do m.‘
Olm e Ba
V- £]

FIGURE 45. OPENCHOICE INSTRUMENT MANAGER IN START MENU

3. The left “Instruments” panel on the OpenChoice Instrument Manager will display all
connected instruments. The functional buttons below the “Instruments” panel -

“Instrument List Update”, “Search Criteria”, “Instrument Identify” and “Properties” can be
used to detect the Scope in case it does not initially appear under “Instruments”.

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

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

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

d) “Properties”: Select to display and view the selected instrument properties.
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[%] openChoice Instrument Manager @ B [
File Edit Help

Instruments Applications and Utilities

I GPIB8:-1:INSTR OpenChoice Call Monitor
{ TCPIP::192.168.0.39::23::SOCKET OpenChoice Talker Liste
[UBE]USB::0x0699::0x0345::C022203::INSTR

< | m
Last Updated: 5/10/2015 8:25 PM

Instrument List Instrument
Update Identify...

a a Start Application or Utility

Search Criteria.. Properties.

Tektronix

FIGURE 46. OPENCHOICE INSTRUMENT MANAGER MENU

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

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

On the Equipment Setup page of the GRL PCle 3.0 Base Rx Test Application, type in the
Scope address into the ‘Address’ field. If the GRL PCle 3.0 Base Rx Test Application is
installed on the Tektronix Scope, ensure the Scope is connected via GPIB and type in the
GPIB network address, for example “GPIB8::1::INSTR”. If the GRL software is installed on the
PC to control the Scope, type in the Scope IP address, for example
“TCPIP0::192.168.0.110::inst0::INSTR”. Note to omit the Port number from the address.
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8 Appendix B: Artek CLE Model Series Installation

8.1 ISI Generator Driver Installation

If using a Artek CLE Model unit for Variable ISI Calibration, follow these steps to install the ISI
generator driver before selecting it as an ISI channel in the GRL software.

1. Connect the Artek unit to the PC being used as the controller using a USB 2.0 cable.
2. Turn on the front panel power switch on the Artek unit.
3. Right-click on My Computer > Manage > Device Manager. If no software for Artek has
been installed, you will see a ‘bang’ in the Device Manager.
r;ﬂ; Computer Management‘l T I‘IQ‘: & |
File Action View Help
= 2B EE &
;&‘— Computer Management (Local|| 4 = gf:liadlZMLK-PC Actions
o gs‘:;:kT:cc::iduler g gla:te:)‘z;\ Radios ReviceMarager =
{3] Event Viewer /8 Computer More Actions 1
| Shared Folders . Disk drives
k Local Users and Groups ‘,-, Display adapters
(%) Performance U5 Human Interface Devices
= Device Manager 5 Imaging devices
4 &5 Storage M Intel(R) Dynamic Platform and Thermal Framework
=7 Disk Management <= Keyboards
4 Services and Applications )’3 Mice and other pointing devices
I/ Monitors
&Y Network adapters
4-|J3 Other devices
[l CLE1000 |
D Processors
& Sound, video and game controllers
< Storage controllers
(M System devices
§ Universal Serial Bus controllers
FIGURE 47. DEVICE MANAGER WINDOW
4. To install the Artek driver, go to http: //www.aceunitech.com/support.html and download
the Control Software package for the Artek CLE Series.
5. Unzip the CLE Series Software folder and install the driver as follows:
a) In Device Manager, right-click on CLExxxx > Update Driver.
b) Select Browse My Computer for Driver from Windows dialog. See Figure 48.
c) Browse to the root directory of the unzipped CLE Series Software folder.
d) Click Next and then click Install to complete installation for the driver software. See
Figure 49.
Once installation has completed, the Device Manager window should look like the example
in Figure 50.
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-

“ |~
&> L Update Diver Software~ CLEL000
%

Browse for driver software on your computer

Search for driver software in this location:
\Users\goliad 12 MLK\Desktop\CLE| v Browse...

[¥] Include subfolders

2 Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver
software in the same category as the device.

FIGURE 48. UPDATE DRIVER WINDOW

@

—

[57) Windows Security

Would you like to install this device software?

Name: Artek Inc. Ports (COM & LPT)

- Publisher: Artek Inc.

[T] Always trust software from "Artek Inc.”. [ Install ][ Don't Install ]

'@’ You should only install driver software from publishers you trust. How canl
decide which device software is safe to install?

\J U Update Driver Software - Variable ISI Channel (COM3)

Windows has successfully updated your driver software
Windows has finished installing the driver software for this device:

Variable ISI Channel

FIGURE 49. WINDOWS SECURITY WINDOW AND CONFIRMATION WINDOW

[ Bl Action View Help
L X o =N 7] T

[ compa ere . T =

A Computer Management (Local [ 4 2 golisd] 2MLK-PC
o [f| System Tools 3 Batteries

(@ Task Scheduler
(@] Event Viewer
3] Shared Folders
& Local Users and Groups|
®) Performance
3 Device Manager

+ [ Storage
¥ Disk Management

5y Services and Applications

© Bluetcoth Radios

% Computer

a Disk drives

%, Display adapters.

05 Human Interface Devices
255 Imaging devices

= Keyboards
I Mice and other pointing devices
& Monitors
& Network adapters
KB Portable Devices
4§ Ports (COM & LPT)
T Variable ISl Channel (COM3)
@ Processors
4 Sound, video and game controllers
< Storage controllers
18 System devices
@ Universal Serial Bus controllers

% Intel(R) Dynamic Platform and Thermal Framework

Actions
Device Manager 2
More Actions >

FIGURE 50. DEVICE MANAGER WINDOW AFTER INSTALLATION

The CLE Series software driver is now installed and the Artek unit can now be selected for use
remotely using the GRL software.
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8.2 CLE Series User Interface (UI) Installation

It may also be useful to install the CLE Series Ul, so that the ISI channel can also be controlled
manually from the computer. To install the U, follow these steps:

1. Inthe CLE Series Software folder, select and install the Setup.exe file. Upon successful
installation, the following Ul window will appear.

2. Close this window if manual control is not required.

- T
&R Variable ISI Channel Controller lﬂ“—gw
|

2\ ARTEK INC.

ISI MAGNITUDE 58.0 %
0% 50% 100%
Com port no. jse__l

for CLE1000 Version 1.0.0

FIGURE 51. CLE SERIES Ul

8.3 Return Loss Limitations of the Artek CLE1000-A2

If using the Artek CLE1000-A2 for Insertion Loss, it should be understood that the Return Loss
Specifications of the CLE1000 does not meet the specific requirements of the PCI Express 3.0
Base Specification. The return loss of the CLE1000 varies with the % of ISI that is provided. The
following two plots show the return loss of the CLE1000 at Channel lengths of 10% to 50%,
which would be the typical range of a PCle3 Calibrated Channel.

CLE-1000 (0% Setting)

Insertion Loss (SDD21) Return Loss (SDD11)

-5 PCI Express 3.0 Base Spec Limit
-18dB (500MHz — 5GHz)

dB(SDD11)

o=
T T
an 10 Mot =
QD 25 A4 m2
TT 1 v

15

35
-20 -45
o 2 =« @ & 10 12 44 46 16 20 0o 2 4 6 8 10 12 14 16 18 20
freq, GHz freq, GHz

FIGURE 52. CLE1000-A2 VARIABLE ISI GENERATOR IL, RL AT 0% SETTING
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Insertion Loss (SDD21)

-20—

—_~
==

2= -a0—

dB(S(4,
dB(S(2,

-80

freq, GHz

CLE-1000 (50% Setting)

A

dB(SDD11)

-25

-35

-45—+

Return Loss (SDD11)

PCl Express 3.0 Base Spec Limit
-18dB (500MHz — 5GHz)

2 4 6 8 10 122 14 16 18 20
freq, GHz

FIGURE 53. CLE1000-A2 VARIABLE ISI GENERATOR IL, RL AT 50% SETTING
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9 Appendix C: BERTScope ISI Trace Board
The BERTScope ISI Trace Board is used for PCle Base 3.0 Insertion Loss tests.

Figure 54 describes the insertion loss at 4GHz on various trace lengths on the BERTScope ISI
Trace Board.

FREQ MHz Sdd21 Sdd21 Sdd21 Sdd21 Sdd21 Sdd21 Sdd21 Sdd21 Sdd21
dB dB dB dB dB dB dB dB dB
4000 -0.89 -1.73 -2.34 -2.99 -3.9 -5.49 -7.63 -9.7 -12.54

FIGURE 54. INSERTION LOSS PER TRACE LENGTH

For PCle Gen3 type of trace length to be tested, follow the table in Figure 55 to connect points of
the trace board to get the desired insertion loss.

Trace Length(Insertion
Target Insertion Loss(L.L.) | Loss)

6.75inch  (-2.34dB)

Replica Channel -2.5 +/- 1dB Total LL. =-2.34dB

6.75inch  (-2.34dB)

Replica Channel + Sihanch (-9.7dB)

-12.0 +/- 2dB
Short Channel Total LL. = -12.04 dB
6.75inch  (-2.34dB)
. 17inch (-5.49 dB)
Replica Channel + Long 220 +/- 2dB 40inch  (-12.54 dB)

Channel

Total L. =-20.46 dB

FIGURE 55. INSERTION L0SS CONNECTIONS TABLE
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10 Appendix D: Manual Test Methods

10.1 Waveform Tests

10.1.1 Preshoot and Deemphasis

PCle Base Gen3 uses two presets for different trace lengths of the breakout board. Both
Deemphasis and Preshoot are calibrated for the target dB for each preset. See Table 4.

TABLE 4. PRESETS FOR WAVEFORM TESTS

10.1.1.1

Nk W=

Set the BERTScope to defaults.
Set Generator to 8Gpbs (PCle Gen3 Speed).
Disable all stressed jitter component (Rj, Sj etc).
Set the Output amplitude to 800mV.

Set the DPP Output 460mV.
Default the DPP to 0.0dB Preshoot and Deemphasis, as shown in Figure 56.
Load with 64 ONEs, 64 ZEROs and 128 Clk Pattern to the BERTScope.

Preset Preshoot Deemphasis
4 0.0dB 3.5dB
7 0.0dB -6.0dB
BERTScope Setup

| DPP CONTROL

Prinkt

FIR FILTER

PG

DATA ra

PG
CLOCK

Daka: 8.00 Ghitfs
LS

%s Bit Amplitudes

dg 0

FREQUEMNCY RESPONSE

Ger: Al Zeros 2,000.00 Mhitfs

FIGURE 56. BERTSCOPE SETUP

2e9 4

DATA +
| Offs: O my
drmmle 000 b
Help on FIR Filter?

User Tap Yalues ...
Gain/Loss (0.0 dB) ...
Preshoot (0.0 dB) ...
Deemphasis (0.0 dB) ...

Import Baseline
Set PCIE Preset (P4)

Display (%o Bit Amplitudes)
Format (Graphic)

Clear All Stages

Hz

Det: Mo Sync 22,40000 Ghit/fs

EER: Mo Sync
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10.1.1.2 Scope Setup and Measurement

1. Set the scope to Defaults.

2. Set the scope Sampling mode to Real Time Only.

3. Set the scope acquisition to average with 256 waveforms.

4. Set the trigger of A_Event type to timeout.

5. Set the Chanl and Chan2 display to ON; configure the scale and offset so the waveform
covers 80% of the screen.

6. Enable Math1; set Math1 to Ch1-Ch2; set the auto scale.

7. Turn off Chanl and Chan2.

8. Acquire the waveform. An example is shown in Figure 57.

File | Edit | Vertical | Digital | HorizlAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help '

[ @® 77.0mV 2.0ns ( [@E® Time  12.0mv ‘ 2.0nsidiv 50.0GS/s 20.0ps/pt

__ HorzDly: -7.0ns J Single Seq 1

@™ 14.94ns 16 acgs RL:A.0k
@7 |66.946MHz Auto  April 01, 2015 05:25:36

Min Max St Dev Count  Info

[Eaomv_[Ze4p0idm[Zodom [28abm o0 o [ |
[crzsmy oz samsom [z725m Jzraim oo o ||
(47 7omv_|477555%m [776m[477om o0 o ||
: [izs2wiz_[1zs0a50m [rzsom [izsaw oo o |

FIGURE 57. SCOPE SETUP AND MEASUREMENT
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10.1.1.3 De-emphasis Measurement
Now, the actual de-emphasis and pre-shoot must be verified on the scope.

1. Using cursors, measure the peak-to-peak transition amplitude as shown Figure 58.

File | Edt | Verica | Digital | HoriziAcq | Trig | Display | Cursors | Measure | Mask | Math | Myscope | Anaiyze | wiities | Heip ([ Tek B R

e

Y

Ly B "

| m D 109.0mv 40ns 431]11,“\, [ ®® Time 20.16mV ‘ 4.0ns/div  50.0GS/s 20.0ps/pt
390‘164,,“, __HorzDly: -50ns Single Seq 1
@D | 871.876mV 256 acqs RL:2.0k
Auto  April 07, 2016 3:11:24

Max St Dev Count Info

o ami aot oz oim 5oian ]
v [ e — s
iy uazarran frozim fiozm oo o |

: [izs2wnz [izs oo izszw [izszm oo [0 |

FIGURE 58. MEASURED TRANSITION AMPLITUDE (EXAMPLE 825MVPP)
2. Using cursors, measure the peak-to-peak non-transition amplitude, as shown in Figure 59.

File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n Tek - ’
A 4

Curs1Y Pos €)
]‘l|‘l[‘1]|l|||||l||‘]|\]{x}l IJI,|I|||,W 136.52mV
Curs2Y Pos ()

-117.48mV

|

{FCLTEEFOPTEEE e repre ey [P T reppeprey |

""',117.48mv Average:16

T | 254mv

£ 200mV 2.0ns - '1 36.52mV 2.0ns/div  50.0GS/s 20.0ps/pt

54 912 acqs RL:1.0k
Cons April 02, 2013

FIGURE 59. MEASURED NON-TRANSITION AMPLITUDE (EXAMPLE 254MV)
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3. De-emphasis = 20log[Non-transition/Transition]
= 20log[254mV /824mV]
= 20log[0.31]
=-10.2dB

10.1.1.4 Preshoot Measurement

1. Using cursors, measure pre-shoot amplitude, as shown in Figure 60.

e  Edit Vertica Horizidcg | Tg | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities  Help B

v

Curs1Y Pos €)

‘J‘W’Ilhl‘uu‘jlw‘1‘ \ l“,]“w\w 320.64mV

Curs2Y Pos () |

‘ ‘ AR -301.6mV

|
1l

Hill 1 ' \ (T
IHMGTHI \ U

&7 200mV 2.0ns & 52064mv BT Time 0.0V 2.0ns/div  50.0GS/s 20.0ps/pt
&7 301.6mV Average:16
P s2224mv 75 968 acqs RL:1.0k
Cons April 02, 2013 !

FIGURE 60. MEASURED PRE-SHOOT AMPLITUDE (EXAMPLE 622MV)

N

Measure pre-shoot amplitude.
3. Calculate the pre-shoot: 20log[Pre-shoot/Non-transition]

=20log[622 mV/254mV]
= 20log[2.44]
=7.8dB

4. Increase the pre-shoot and de-emphasis levels to record the measured pre-shoot and de-
emphasis dB for 3.5 and -6.0, measured respectively. See Figure 61 and Figure 62.
5. Record the value.
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Print
| DPP CONTROL v | R
S View
FIR FILTER B
acl
PG
DATA — DATA +
Offs: O my e
Ampl: 400 my ‘ Forward
PG
T — DATA - o
Data: 8.00 Ghitfs % Bit Amplitudes Offs: Linked
-
Preshoot: 3.5 dB Print
Deemphasis: -6.0 dB
FREQUENCY RESPOMSE
0 STANDARD Config
_// CONFIG
e —
dg -10 Device: DPP_E240513
Config: Mone Hel
-20
a 2e8 4e8
Hz
l Shutdown
Gen: User 2,000.00 Mbitfs Det: Mo Sync 22,40000 Ghitfs = BER: Mo Sync Local

FIGURE 61. BERTSCOPE SETUP #2

It

e 1Z.0mv [ 2.0ns/div 50.06S/s  20.0ps/pt
\__ Horz Dly: -7.0ns J Single Seq 1
16 acgs RL:1.0k

T 66.946MHzZ Auto  April 01, 2015 05:26

St Dev Count  Info

[2imv_[Zz0stion 2z [Fe2im oo [0 | |
[ imv _[zsatoatom [z34im [zsaam oo 16| |
A8 5mv|1849664m [165m  A65m o0

[z owz_[1zzsosion [izsom [izsom oo o | |

FIGURE 62. SCOPE SETUP AND MEASUREMENT #2
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10.1.2 Launch Amplitude

The Launch Amplitude is calibrated for target minimum peak-to-peak amplitude of 800mVpp
after combiner.

10.1.2.1 BERTScope Setup

1. Use the same TP1 Calibration Setup.

2. Set DPP to 0.0 for Pre-shoot and De-emphasis.
3. Set DPP Amplitude to 300mV.

4. Set Pattern to Clk/256.

10.1.2.2 Scope Setup and Measurement

Use the same Setup, scale Chan1 and ChanZ2 respectively.

Turn off Chan1 and Chan2.

Turn on Math1, set to ch1-ch2.

Set the Acquisition mode to Average of 256.

Set Measure Amplitude of Math1.

Acquire waveform.

Read the MEAN value of amplitude measurement.

Tune the DPP Output until Amplitude measured in scope is 800mV.

PN W

10.1.3 Amplitude Equalization

Perform the equalization of low frequency and high frequency amplitude at TP1. This is done by
adding a small amount of De-emphasis of DPP, so that the low frequency and high frequency
have the same amount of amplitude after combined.

1. Use the same setup of calibration for TP1, and same BERTScope and TekScope setting.

2. Tune the DPP Pre Cursor and Post Cursor so De-emphasis is 0.0dB.

3. Tune the DPP Post Cursor until the low frequency and high frequency component of
amplitude is same level. See Figure 63.

FIGURE 63. AMPLITUDE EQUALIZATION SETUP

4. Save the Post Cursor value.
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10.1.4 R] Calibration

1. Using a Clock pattern (1100), the R] value of Ops - 5ps will be calibrated. (Both limits are

RMS values.) R] is used to adjust the Eye Width (EW) in Stress Jitter Test.
2. RJtargetis 2ps (RMS).
3. Tektronix DPOJET is used as the calibration tool.

10.1.4.1 BERTScope Setup

1. Set the Generator to 8Gpbs.

2. Set the Sub-rate clock mode is Stressed Clock.

3. Set the R] Enable.

4. Setthe S] Enable, and set the S] Amplitude to 0.0mV. See Figure 64.

LFR.] Disabled
rS5C Disabled

Disabled Disabled

Tritrinsic L\mlt(ll 0 %UL) + Disabled

2
10MHz - 1GHz }./'\” AL

Disabled

g o
PATTERN
1100.R.AM

Disabled

Mo Configuration

|

I] Gen: User 8,000.00 Mbitfs I] Det: Mo Sync 22,40000 Ghit/s II BER: Mo Sync

FIGURE 64. BERTSCOPE JITTER SETUP

5. Set the Pattern of generator to 1100.ram (1-1-0-0 pattern). See Figure 65.

CLOCK +

Disabled

Dlsa! e!
EXTERNAL
CLOCK

50 Ohimns AC

CLOCK -

f\_ Disablad

PATTERN OFfs; O ¥
Armpl: 500 miy

Pattern Cycle

Il Gen: Lser 8,000.00 Mhit/s Il Det; Mo Sync 22,40000 Ghit/s Il EER: Mo Sync

FIGURE 65. BERTSCOPE PATTERN SETUP
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10.1.4.2 DPP Setup

1. Set the DPP Pre-shoot and De-emphasis using P4 preset (0.0db for both).
2. Set the post cursor and pre cursor based on equalized amplitude value recorded earlier.
3. Set the DPP output that reflects the 800mV amplitude recorded earlier.

10.1.4.3 Scope Setup
1. Set the DPOJET Configure -> Clock Recovery to Constant Clock Mean.

Jitter and Eye Diagram Analysis Tools

| Source(s) ' . e

L math1

= i Constant Clock — Mean | v ‘
imath1 i

L math1
L math1
L math1

TJ@BER1 Lmath1

i C—TT -

Auto Calc

Advanceq

- *Copies these clock recovery seftings to other measurements

FIGURE 66. DPOJET CONFIGURE SETUP
2. Enter R]D] settings for clock signal.

Jitter and Eye Diagram Analysis Tools

T, | Measurement | Source(s) | : ; Apply to Al
ect —=r—— Data Signal Settings

DJ-551 | math1
TJ@BER1 L math1 Pattern Type Pattern Length

P au&ﬂﬂ Repeating b | 2Ul @

FIGURE 67. R]D] SETUP
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3. On the Advanced Setup panel, set the Nominal Data Rate to 8Gpbs.

File | Edit | Vertical | Digital | Horizlacq | Trg | Display | Cursors | Measure | Mas

#T 45.9mV 4.0us 50.0GS/s 20.0ps/pt

ATT 45.9mV 40ns 4 I Single Seq |
RL:2.0M

{C:\Users\PublicA Tektronic\Tekapplications\DFOJET\Pattems, | EMGWSE) il 01,2043

Jitter and Eye Diagrar

Constant Clock — Mean | ¥ ‘

i math1
!?”““'1 i Auto Calc
. |Math1
Freq1 L Math1
 TI@BER1 L math1

T

- * Copies these clock recovery settings to other measurements

FIGURE 68. SCOPE ADVANCED SETUP

4. Set the Horizontal mode to Manual and set the record length to 2M.

Horizontal

[ ops || [Eas5ss |

FIGURE 69. SCOPE RECORD LENGTH SETUP
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5. Clear the result. Run Single.

File | Edit | Vertical | Digital | Ho q | Tng | Display | Cursors |
B DPOJET Plots
0S| 28 e 0En Wl il ld

Jitter and Eye Diagram Analysis Tools

) RJ-551, Math1
[ PJ1, Math1

(# TIE1, Math1

I+ Freg1, Math1

[ TJ@BER1, Math1
[ RJ2, Math1

1.2178ps
4.7117ps
-29.33bas
4.0003GHz
19.636ps
1.2178ps

0.0000s
0.0000s
1.7089ps
34.898MHz
0.0000s
0.0000s

Measure | Mask | Math |

1.2178ps
47117ps
7.2094ps
4.1358GHz
19.636ps
1.2178ps

1.2178ps
4.7117ps
-T.4164ps
3.8776GHz
19.636ps
1.2178ps

Help n

Utilities |

View Details

Population Max-cc

0.0000s
0.0000s
7.8925ps
227.20MHz
0.0000s
0.0000s

0.0000s 1
0.0000s 1
14.626ps 159999
258.22MHz 159908
0.0000s 1
0.0000s 1

0.0000s
0.0000s

-8.2093ps
-246.28MHz

0.0000s
0.0000s

‘@ al |

FIGURE 70. SCOPE WAVEFORM CAPTURE

6. Read the measured R]1.
7. Tune the BERTScope R] value.

| STRESSED EYE

4

STRESSED CLOCK
SYNTHESIZER |—2PET x
8,000.00 MHz | \I‘/_kl‘/
—I—) SINE
(TR LF cEN
SSC/PM Ampl 0.0 %UI OUTPUT
Fred: 50.00 KH CLKING
< / req: & DATA
Disabled PCIE — -+ —p
(L JUTER
LFR] Dlsabled E
55 Disabled
EXTLF
JITTER IN JITTER HE :
Disabled - RANDOM Dlsabled INTEI?II::IE.ENEE
JTTER :
—— Disabled
Inkrinsic Limit (11,0 %L 2
10MHz - 1GHz ne o, SO
' BOUMDED
 PRES JITTER
Diszbled / ' STRESSED
GEN DATA ~ EYE CONFIG
AL PATTERN N e
JITTER IN o Configuration
Disabled 1 100.R.AM

Gen: User 8,000.00 Mbitfs

FIGURE 71. BERTSCOPE R] CAPTURE

Det: Mo Sync 22.40000 Ghit/s

BER.: Mo Sync

8. The target measured value for R]: 2ps RMS and 3ps RMS.

Local
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10.1.5 S] Calibration

There are four S] (Sweep Jitter) frequencies required: 30KHz, 1IMHz, 10MHz and 100MHz. S]
needs to be calibrated (with 1100 pattern) for all cases in the proper way.

TABLE 5. STRESSED JITTER TESTS

Frequency
30KHz
1MHz
10MHz

100MHz 0.1 UI PP

Stressed Voltage Test:

A
. . . N .

T exsv.5.86 < Sinusoidal Jitter ).1 UI PP | Fixed at 100 MHz. Note 4.

\at 100 MHz P

- M NN - PRI Di amanmduallis flad bl afava Sildavima

Stressed Jitter Test:

Texsrsiss | Sinusoidal Jitter  |0.1-1.0 Ul PP See Figure 4-74 Measured at TP1.
See Note 3.

The Stressed Jitter test requires the test to pass each and every frequency, with its respective SJ
amplitude at 30KHz, 1MHz, 10MHz and 100MHz.

0.03 Mz 8 SweepiHange 100 Mz
|- >
2g 10U . 20dB
= | | |
a= i | | .S
e T e R i —
i i R
~3:0 pS RMS|— === oo e = .
] i | i
0.01MHz 04MHz 10MHz 10MHz 100 MHz 1000 MHz

A-0834

Figure 4-74: Swept Sj Mask

FIGURE 72. SWEEP JITTER RANGE AND MASK

Using this same setup at each frequency, make the measurement.
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10.1.5.1

Calibrate Sweep Jitter at 30KHz.

1. Onthe BERTScope, enable Phase Modulator and set PM Frequency to 30KHz and PM Devn

to 1UI.

[sTReEsseD EVE -

+0 ppm

STRESSED CLOCK

2=

PM Freq: 30,00 KHz |

PM Devn: 1,00 UL

LFR] Disabled
r55C Disabled

\y

e
|

Disabled

Disabled

!

Armpl: 0.0 %UI OUTPUT
Freq: 50,00 KHz CLKING | ATA
= +—p

E'

Disabled

.F-\o.u T

o+ —

Disabled

Disabled o .
e GO
Q ERITERN Mo Configuration
Disabled 1100.RAM
>
-I Gen: User 2,000,000 Mbit/s I Det: Mo Sync 22,40000 Ghitfs I BER: Mo Syhc ¥ I:l

FIGURE 73. SWEEP JITTER BERTScOPE SETUP AT 30KHZ

2. Onthe BERTScope, using DPOJET, measure P]1. Note for this measurement the DPOJET
Clock Recovery Method should be set to Constant Clock — Mean so as to not filter the low
frequency jitter modulation that is to be verified.

3. Read the P]J1 measurement, which is in units of seconds. Convert to Ul.

Calibrate Sweep Jitter at 1MHz, 10MHz, 100MHz

10.1.5.2

1. Set the Sine Jitter initially to 10% UI.

Inrinsic Limk (17.1%U1)
10MHz - 1GHz

il ¢

F21is Unavaiable

—\l?‘l%UI

+
/ GEN DATA
PATTERN

Disablad

Disabled

No Configuration
10.ram

L
ii Gen: User 12.00001 Ghit/s | | Det: No Sync 8,000.01 Mbit/s | BER: omw il EER EI&

FIGURE 74. SWEEP JITTER BERTScOPE SETUP AT 1MHZ-100MHZ
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2. Measure S] using DPOJET.

File | Edit |

Digital | H
B DPOJET Plots
IR R

v T: Voltage

vl

A00m*"

Eit Rate : 8.0000Gb/s.
MATH1 | ¥ Pattern Length : 201

View Details
1y Description
L
(=] RJ-561, Math1
(= PJ1, Math1

Mean Std Dev Max Min pp Population Max-cc Min-cc
0.0000s
0.0000s
44.989ps
18.505MHz
0.0000s

0.0000s

1.1468ps
64.763ps
96.160as
4.0001GHZ
78.374ps
1.1468ps

1.1468ps
64.763ps
50.738ps
4.0701GHz
78.374ps
1.1468ps

1.1468ps
64.763ps
74.763ps
3.9353GHI
78.374ps
1.1468ps

0.0000s 1
0.0000s 1
134.50ps 160000
134.81MHz 159999
0.0000s 1
0.0000s 1

0.0000s  0.0000s
0.0000s  0.0000s
41119ps  4.3047ps
125.44MHz 120.44MHZ
0.0000s  0.0000s

0.0000s 0.0000s

(= TIE1, Math1

(=) Freq1, Math1

(=l TJ@BER1, Math1
= RJ2, Math1

E & @ e » @al s
FIGURE 75. SWEEP JITTER DPOJET MEASUREMENT AT 1MHZ-100MHzZ
Read the P]1 value.

1w

Calibration for 1IMHz, 10MHz and 100MHz are needed to set the S] Frequency and S]
Amplitude instead of PM.

Again, note the value of S] on the BERTScope needed to generate 10% SJ at reference point.
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| STRESSED EYE v
STRESSED CLOCK
SYNTHESIZER |T2PPT x
§,000.00 MHz \/_\/
—I_) SINE
JITTER o
S5C/PM Ampl 10,0 %L1 QUTPUT
/ Freaq: 10,00 MHz CLKING T
Disabled PCI-E — +—p
~ JITTER + -
| S—
LFR.J Disabled II
r55C Disabled
EXT LF Erz
IITTER IN JIT/TER -+
: : : SINE
Disabled RJ‘;#?EI‘TI Disabled INTERFEREMCE
Disabled AT Disabled
"HIGH FREQ _\
~ SIME JITTER
Disabled / ~ GTRESSED
GEN DATA _ EYE CONFIG
—
EXT HF PATTERN i - -
JITTER IN o Configuration
Disabled 1 100.RAM
e
Gen: User 8,000.00 Mhit/s Det: Mo Sync 22.40000 Ghitfs | BER: Mo Sync Local

FIGURE 76. CALIBRATION AT 1MHZz-100MH?zZ

B} DPOIET Plots

e &8 adnm

(& RJ-551, Math1

(# PJ1, Math1
@ (& TIE1, Math1

(® Freg1, Math1

[+ TI@BER1, Math1

(# RJ2, Math1

[ gva

Mean

1.0139ps
15.173ps
-71.914as
4.0001GHz
26.863ps
1.0139ps

Std Dev

0.0000s
0.0000s
4.2785ps
18.781MHz
0.0000s
0.0000s

Bit Rate - 3.0000Gb/s

MATH1 Pattern Length - 201

Max Min pp
1.0139ps
15.173ps
10.497ps
4.0833GHz
26.863ps
1.0139ps

1.0139ps
15.173ps
-10.386ps
3.9374GHz
26.863ps
1.0139ps

0.0000s
0.0000s
20.883ps

0.0000s
0.0000s

145.82MHz 159998

View Delails

Population Max-cc Mincc
1 0.0000s

1 0.0000s
159999 3.9720ps
133.31MHz
1 0.0000s

1 0.0000s

0.0000s
0.0000s
-5.0975ps
-143.06MHz.
0.0000s
0.0000s

@[a]wla)

FIGURE 77. SWEEP JITTER DPOJET MEASUREMENT AT 1MHZ-100MHz
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10.2 Channel Calibration Tests (TP2)

10.2.1 Channel Calibration Insertion Loss
PCle Gen3 defines three types of calibration channel.

a) None
b) Short
c) Long

Defined by Figure 78, each channel insertion loss must meet the mask depending on its channel
type. Variable and programmable ISI injector is needed to simulate the trace length to achieve
the target loss for each channel.

PCI EXPRESS BASE SPECIFICATION, REV. 3.0

Breakout + Short Breakout + Long

Breakout Calibration Calibration
Channel Only Channel Channel
1.0+1 dBO——_l_ e 25+1dB @ 4 GHz
408 1dBs—f b | [T [ e YR
-65+15dB—pF or—u b — | [
B 10— s
= T,_i_% +—-12+2dB @ 4 GHz
$-15 LTy
T -
-20 = T—-20+2dB @ 4 GHz
\\,
'25 LI T T T T 1 T T T T T T T T T T T T I T 1 T T

1.0 1.5 2.0 25 3.0 3.5 4.0
Frequency (GHz)

A-0827

FIGURE 78. CHANNEL INSERTION L0SS MASK BY CHANNEL TYPE

Insertion loss is measured by differentiating step response, and performing the FFT of the
resulting impulse response. The Seasim application provides the method to calculate the
insertion loss given the step response.

10.2.1.1 BERTScope Setup

1. Set the BERTScope Set Pattern to clk/256.

2. Set the DPP Set De-emphasis and Pre-shoot to P4 with post cursor and pre cursor for
equalization of amplitude recorded earlier.

3. Set the DPP output that reflects the 800mV amplitude that was recorded earlier.

4. Disable R;j.

5. Disable §;.
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10.2.1.2 ISI Setup

1. Open the Artek ISI application.
2. Setthe ISI % to 0.0.

2\ ARTEK INC.

0% 50% 100%
Com port no. | Close

for CLE1000 Version 1.0.0

FIGURE 79. ISI SETUP
10.2.1.3 Scope Setup

Turn On Ch1 and Ch2, scale ch1 and ch2 correctly.
Turn Off ch1 and ch2.

Turn ON Math1, set ch1-ch2. Scale correctly.

Set up Trigger A Event to Edge, source to chanl.

Set up Trigger A-B Event with Acquisition Delay to 4ns.

Vi W

AEvent |

B Event

|

A Event
Ref Point

' | P -
| T e W e
311 S Y, T
Chi 0.0v
‘—L_I ch1 ]
Acquisition Delay

Caans J®

FIGURE 81. SCOPE SETUP #2
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6. Setup Acquisition Mode to Average of 2048 Waveforms.

Acquisition

Sample  PkDetect  HiRes

Envelope Average WfmDB

@ O @

# of Wims

2008

FIGURE 82. SCOPE ACQUISITION MODE SETUP
7. Run Single and capture measurement.

File | Edit | Vertical | Digital | Horizldcq | Trg | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help " Tek = !

RefPoint €Y

50.0%

Horiz Delay {Ty
4.0ns

60.0mV 2.0ns J e / 48mv 2.0ns/div  50.0GS/s 20.0ps/pt

L Horz Dly: 4.0ns ) Single Seq l
Value St Dev Count Info

Zoomy_[Zosten Zoom [Zoem oo Jo_ | |
Zisamy_|arsa1zsam [r5im Jgrsim oo fio | |
1015wy [101s004m [1015m ftoism oo fio | |

oy ssom _ssom oo jo | |

2 048 acqs RL:1.0k
Auto  April 01, 2015

2
555.6m 555.60628m

A'Edge — AcqAfter Delay

Ref Point
Botrs (00w @

Aoquistion

S A e &
- Level L ‘ I

—!

Trig After Time  Trig on nth Event : -

@ @ Acquisition Delay
®

FIGURE 83. CAPTURE MEASUREMENT

8. Save the waveform to .DAT format.

9. Modify the .DAT format to the Seasim-compatible waveform with a name ending with
_vict.rfstep1.

10. The _vict.rfstep1 format consists of time[SPACE]Voltage_level[New Line].

11. Copy the _vict.rfstep1 step response to the \step_response folder.
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12. Launch Seasim_GUILpyw.

File

Include

| s-Parameters | Jitter/Noise | Equalizers | Step Responses | Configuration | Sweep|

Use touchstone files O Plot S-parameters O

Plot TDR O Plot Steps

Statistical Eye Measure EIEOS O

Measure PS21TX O Show plots

Job name TestSG

Step response relative path 'step_responses d

Base name for step RJ0ps_LV600mV =)

S-parameter relative path | S-parameters (==
# N Touchstone files Input Ports Output Ports .

Gen3 package model

s12p_Txpkg 642010_b.s12p |[1,3,5,7,9,11] |[2,4,6,8,10,12]
s12p pin2pin_642010_b.s12p |[1,3,5,7,9,11] |[2,4,6,8,10,12]
s12p_Rx_pkg_642010_b.s12p [1,3,5,7,9,11] [2,4,6,8,10,12]
PCle3RxPackageModel.s2p [1] (2]

(<)

EEEEEE

JOO8000

Unit interval in secs 125e-12 # Time in secs

Total number of channels |1

FIGURE 84. SAVE THE WAVEFORM

13. Change the file name for the ‘Base name for step’ to the file name saved and modified.
14. Click Run.
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15. Seasim will output a graph indicating the insertion loss.

OIL=-0.7dB
OlLstep=-9.0dB

FIGURE 85. SEASIM INSERTION L0SS OUTPUT GRAPH

16. Insertion loss at 4GHz is -9dB for the sample above.
17. Increase the ISI % and then re-capture the waveform, save, modify and run Seasim.
18. Ensure the insertion loss is within the PCle Gen3 specs range for the respective channel

type.
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10.2.1.4 Example Results
PCI EXPRESS BASE SPECIFICATION, REV. 3.0
Breakout + Short Breakout + Long
Breakout Calibration Calibration
Channel Only Channel Channel
01l T
40t1dBs—f | | [ [
65+1.5dB——F o= b | |
D 40— e [
-O B
- S N
3 -15 —H
-20 \—
'25 L LI L LI T 1T L

1.0 1.5 20 25 3.0 3.9 4.0
Frequency (GHz)

FIGURE 86. SPECIFICATION MASK

step=Cal_LO_27.5perc
job=Cal_LO_27.5perc
Ul=125.0ps adapt_FOM=area RxBw=8.0GHz
txc=[-0.125,0.792,-0.083] DC=-9.0dB fp=2.00GHz

10 T T T
: : : dIL=-5.0dB
...QlLstep=-16.9dB;

—-2.5+1dB @ 4 GHz

—-12+2dB @ 4 GHz

—-20+2dB @ 4 GHz

A-0827

=== vict step
—_— e step
eq pulse
= vict
FIGURE 87. INSERTION L0SS AT 27.5% ISI (-16.9DB)
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step=Cal_LO_30perc
job=Cal_LO_30perc
Ul=125.0ps adapt_FOM=area RxBw=8.0GHz
txc=[-0.125,0.792,-0.083] DC=-11.0dB fp=2.00GHz

N\,

10 T T T T T
: : : ! : OIL=-4.1dB
5l S 2 . S : ............ A— OlLstep=-17.9dB
: : : i i : ;
b i

=== vict step

- eq step
eq pulse

— vict

FIGURE 88. INSERTION L0SS AT 30% ISI (-17.9DB)

step=Cal_LO_32.5perc
job=Cal_LO_32.5perc
Ul=125.0ps adapt_FOM=area RxBw=8.0GHz
txc=[-0.125,0.75,-0.125] DC=-11.0dB fp=2.00GHz

OIL=-3.8dB
OlLstep=-18.9dB|

=== vict step
— eq step

eq pulse
— vict

FIGURE 89. INSERTION L0SS AT 32.5% ISI (-18.9DB) WITHIN TARGET
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FIGURE 90. INSERTION L0SS CALIBRATION FOR LONG CHANNEL — IL FALLS BETWEEN REQUIRED MASK

10.2.2 Channel Calibration Differential Mode Sinusoidal Interference
10.2.2.1 BERTScope Setup
1. Set ALL ZERO Pattern.

N
Disabled

Stressed Clock

50 Ohms &C

Offs: O mb
Amnpl: 00 my

Disabled

Disabled

Off Pattern Cycle

I] Gen: All Zeros 8,000,000 Mbit/s I Det: Mo Sync 2240000 Ghitfs ll EER: Mo Sync

FIGURE 91. BERTScoPE SETUP FOR ALL ZERO PATTERN
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Set all Jitter to OmV amplitude.
Enable the SINE INTERFERENCE.
Set the Frequency to 2.1GHz.

Set to External.

=

Vi W

R e T T L

Ampl: 0,0 901
Freq: 50,00 KHz

Disables

LFR.J Disabled
r55C Disabled

Disabled

Digabled
Ampl: O mb

|sabled + 0.0 %01 Freq: 2100.0 MHz
-\ External
Dlsab|8d E

Dieabled All Zeros

A—
Il Gen: all Zeros 8,000,00 Mbit/s Il Det: No Sync 22,.40000 Ghitfs I] BER: Mo Syhic Illl_

FIGURE 92. BERTSCOPE SETUP #2
6. Set the Sine Interference Amplitude to 100mV.
10.2.2.2 ISI Setup
1. Setthe Artek ISI % to calibrated channel type.

2\ ARTEK INC.

| B %

0% 50% 100%
Com port no. | Close

for CLE1000 Version 1.0.0

FIGURE 93 ARTEK ISI SETUP
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10.2.2.3 Scope Setup

Set the Acquisition Average to 256.

Scale the Ch1 and Ch2 accordingly.

Turn on MATH1, ch1-ch2, and scale accordingly.

Measure Peak to Peak of Math1.

Run Single.

Obtain the MEAN value of Math1 Peak to Peak.

Tune the Sine Interference Amplitude so that the measured value is 16mV.

Nk wh e

File | Edit | Vertical | Digital | HorizlAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help ‘

_ﬁ : ﬂ e | __ __.‘ G

y , ' ill\ i 1 '|" "I || |I I| r\ || |\| il ‘|

! au |‘||'||||||||IIHIII LA | [} I\I|I|‘|||||I ||I

||I.|||| ||L|||||| |'||“||I'|,|| "'|”\.|||||'||||'I"||'|"'|'|||"'|'|'I
. ¥

LI |||
Ll l\ll‘ |J ‘J | "\f LJ |‘I.J‘ lIIJI i lJ ‘ l!J III Lo Y I\ \' YR I‘I ||| II II|.|| l'll l"l l\ﬁ

WH

= l’i_ S | I| 1
[

[ @® 24mv  2.0ns ([@e® /oov |[ 2onsiciv s0.06s1s  20.0psipt
Single Seq 1

Value i Max St Dev Count  Info
RL:1.0

™ piok [assomy_Jessezsoam [essem Jasssm oo o | |

FIGURE 94. SCOPE MEASUREMENT

10.2.3 Channel Calibration AC Common Mode Sinusoidal Interference
10.2.3.1 BERTScope Setup

1. Remain ALL ZERO Pattern.
2. Set the SINE Interference amplitude to OmV.

10.2.3.2 Setup AFG

1. Enable the AFG output 1.

2. Set the Output Mode to SINE wave.

3. Set the SINE Wave frequency to 120MHz.
4. Set the Outputl Amplitude to 1V.
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10.2.3.3 Scope Setup

1. Scale Ch1 and Ch2.

2. Set MATH1 to ch1l+ch2.Scale MATH1.
3. Turn OFF Ch1 and CH2.

4. Setthe Acquisition to Average 256.

File | Edit | Vertical | Digital | HorizlAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help ‘

|( 2.0ns/div 50.0GS/s 20.0ps/pt

: Single Seq 1
256 acqs RL:1.0k
Auto  April 01, 2015

|. @ 30.0mV 2.0ns

Value i St Dev Count

FIGURE 95. SCOPE MEASUREMENT

5. Tune the AFG Amplitude.
6. Target CM:

150mV for Long Channel
250mV for Short and None Channel

GRL PCle3-BASE & PCle4-BASE (8 GT/s) Rx User Manual and MOI Rev. 1.2
© Granite River Labs 2019 Page 71 of 98



10.3 Calibration at TP2P

Two distinct tests are utilized to test a receiver: one for its minimum eye height (voltage), and
another for its minimum eye width (jitter). The procedures for calibrating the stressed eye are
similar, although the number and magnitude of signal impairment sources vary between the

two tests.

10.3.1 TP2P Stressed Voltage Calibration

The configuration for calibrating a stressed voltage eye for Rx testing is shown below where the
calibration procedure is performed for all three calibration/breakout channel combinations. Rj
and Sj are added as defined below and common mode and differential mode noise sources are
added simultaneously.

-20dB,-12dB, -2.5dB IL at 4 GHz

A

N

Tx Eq
4
8 Gb PRBS ; :€’ )Calibration>
Generator Combinee T Channel |
i
TP1
Rj Sj
Source || Source
/
Diff CM
Interference | | Interference

/EH adjust

TP4

TP5

i Replica E Test
Channel f— Equipment

i
TP2

Post processing scripts:
* Rx pkg model

« Behavioral CDR

» Behavioral CTLE/DFE

1TP2P

EH: depends on calibration channel

0.30 Ul <= EW <= 0.35 Ul
Both at 10-12 BER

A-0831

Figure 4-71: Setup for Calibrating the Stressed Voltage Eye
FIGURE 96. SETUP FOR CALCULATING THE STRESSED VOLTAGE EYE

Table 4-22: Stressed Voltage Eye Parameters

Symbol Parameter Limits at 8.0 GT/s Units Comments
Vaxiaunciss | Generator 800 mVPP | Measured at TP1 Figure 4-65.
launch voltage Vexiaunci-sc may be adjusted if
necessary to yield the proper EH
as long as the outside eye voltage
at TP2 does not exceed
1300 mVPP.

Trx-uLs6 Unit Interval 125.00 ps Nominal value is sufficient for Rx
tolerancing. Value does not
account for SSC.

Vexsvao Eye heightat |25 (-20 dB channel) mVPP  |Eye height @ BER=10 . Notes

TP2P 50 (-12 dB channel) 1,2:
200 (-3 dB channel)
Texsvss  |Eyewidthat  [0.3100.35 ul Eye width at BER=10 . Note 2
TP2P
Vexsvorrse | Differential mode | 14 or greater mVPP | Adjusted to set EH.
interference Frequency = 2.10 GHz. Note 3.
Vexsvcomss | RXAC Common (150 (EH <100 mVPP) | mVPP | Defined for a single tone at
mode voltage at | 559 (EH = 100 mVPP) 120 MHz. Note 3.
TP2P
Taxsvssss | Sinusoidal Jitter | 0.1 UIPP [Fixed at 100 MHz. Note 4.
at 100 MHz

Taxsv-riee | Random Jitter 20 ps RMS | Rj spectrally flat before filtering.
Notes 4,5.

Vexmax-se-sw | Max single- +300 mVP Note 6.

ended swing

FIGURE 97. STRESSED VOLTAGE EYE PARAMETERS
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Eye width and eye height are defined after applying post processing and are defined at TP2P.
The long calibration channel utilizes both CTLE and DFE, while the medium and short channels
calibration channels use CTLE only.

EH is set by adjusting the amount of differential noise until the value defined by VRX-SV-8G is
obtained. If it is not possible to maintain a sufficient eye width by adjusting only the differential
noise, it is acceptable to inject less differential noise and adjust the generator launch voltage.

Seasim is used to post process the receiver eye at TP2P.

In this context, Rj, Sj, and DM-SI sources are input to Seasim, while CM-SI is combined with
clk/256 pattern source from BERT and captured in Scope.

10.3.1.1 BERTScope Setup

1. Set the BERTScope Pattern to clk/256.

2. Turn Off Rj, Sj, DM-SI on the BERTScope.

3. Set the DPP Output to 800mV Amplitude calibrated earlier.

4. Setthe DPP De-emphasis and Pre-shoot. Use “Preset 4” for the Short and None channels. Use
“Preset 7” for the Long channel.

10.3.1.2 AFG Setup
1. Turn Off the AFG.
10.3.1.3 Scope Setup

1. Setup Trigger A Event to Edge, and source to chan1.
2. Setup Trigger A-B Event with Acquisition Delay to 4ns.

A Event

B Event

A Event
Ref Point

r ~ Batore
C Acquisibon - |-
[T < ATrigger ) -
B Event : ] Fitheny _Transmon n _Rlsmg n
t—“ U
- : JU—U— ;
I

U. i oni vl o |
Acquisition Delay

Caans J®

FIGURE 98. SCOPE SETUP
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Scale Ch1 and Ch2, Math1 (ch1-ch2).
Set Acquisition to Average to 2048.
Acquire the waveform.

Save the waveform.

B W=

File | Edit | Vertical | Digital | Horizitcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help ‘n

Ee®» /S 5.4mv 2.0ns/div 50.0GSIs 20.0ps/pt
L Horz Dly: 4.0ns J 1
3 000 acgs RL:1.0k

-533.1mV  |-533.05316m |-533.1m ’
5291mV m | Man  April 02, 2015
177.7mV  |[177.66976m [177.7m

106 [106216%5 | |
@l = ¢ 3 @ ¢ » Bllalja|s SO =T

FIGURE 99. ACQUIRED WAVEFORM

5. Modify the waveform to a Seasim-compatible format.

! I Test
: +— Equipment
TP$ P2
y

Post processing scripts:
* Rx pkg model
* Behavioral CTLE/DFE
» Behavioral CDR

lTPZP

FIGURE 100. APPLY SEASIM
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6. Apply the Rx Behavioral Package:

a) Rx Behavioral Package (in S2P/S4P) file.

b) CTLE / DFE and CDR can be simulated in Seasim.

c) Rx Package model is convoluted externally with Step response before input to Seasim.

d) Step response is converted to Frequency domain, then multiply the magnitude with s2p
S21 magnitude and phase corresponding to its frequency range.

e) It can be realized using python script.

f) A comparison of original frequency response (red), and the after application of s2p
(purple), showing the s2p Rx package s21 graph as a green line.

0.0 0.2 0.4 0.6 0.8 1.0
lel0

FIGURE 101. GRAPHICAL COMPARISON OF ORIGINAL AND AFTER-APPLICATION RESPONSE

g) Step response before (red) and after (purple).

0.4
03}
0.2}
0.1f
0.0}

_0_1 L

-0.2|

-0.3|

._0.4 -

-0.5

0 200 300 600 800 1000

FIGURE 102. GRAPHICAL STEP RESPONSE COMPARISON
7. Run Seasim:

a) Setthe ‘Base name for step’ to the filename saved.
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b) Check the options as in the picture below.

clude

-Parameters l Jitter/Noise [ Equalizers | Step Responses | Configuration | Sweep:

Use touchstone files O Plot S-parameters
Plot TDR O Plot Steps
Statistical Eye Measure EIEOS
Measure PS21TX O Shows plots

Job name TestSG
Step response relative path  step_responses
Base name for step newStepResponse
S-parameter relative path | S-parameters
Touchstone files Input Ports | Output Ports

Gen3 package model

s12p Txpkg 642010 b.s12p |[1,3,5,7,9,11] |[2.4,6,810,12]
s12p pin2pin_642010 b.s12p |[1,3,5,7,9,11] |[2,4,6,8,10,12]
s12p_Rx_pkg_642010_b.s12p [1,3,5,7,9,11] [2,4,6,8,10,12]
Unit interval in secs 125e-12 # Time in secs

Total number of channels |1

<<Convolved in LF jitter and noise>> delta time: 0.123 timestamp: 4.754
ehpk=129.8mV (ehc=121.0mV oeh=352.3mV)
ew=0.514U1, 64.2ps (ewoff=0.007UI ehoff=-0.055UI)
lanes=1 nui=80 ch=6
pwrj=1.00ps pwddj=10.0ps
Ifrj=1.55ps Ifddj=7.0ps
UT)=35.85ps
<<Measured CDF>> delta time: 0.882 timestamp: 5.636
seasim finished

FIGURE 103. SEASIM BASE NAME SETUP
c) On the Jitter Noise tab:

i) Setthe corresponding Jitter value for Rj, Sj, DM-SI.
ii) DM-SI value need to tune and vary to achieve EH.
iii) Set DM-SI to OmV as an initial value.

iv) Set LF Random Jitter = Rj (2ps).

v) Set LR Uniformly distributed Jitter = Sj (0.1UI).
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vi) Set LF Uniformly Distributed Voltage Noise = DM-SI 14mV or more.

File Include

| Main S-Parameters  Jitter/Noise tEquaIizers[ Step Responses] Configuration [ Sweep:

Use seconds for Jitter

Pulse Width Random jitter 0.0e-12 # PWJ RJ (1.414%jit_hfrj)

Pulse Width Dual-Dirac jitter 0.0e-12 # PWJ pk-pk dual-dirac jitter (2*jit_hfddj)
Edge RJ Nui earlier than cursor 0.0e-12  # nui-cycle RJ

LF Random jitter 2e-12  # Gaussian sigma post channel jitter

LF Dual-Dirac jitter 0.0 # dual-dirac post channel jitter

LF Uniformly distributed jitter 1.25e-11

LF Random Voltage noise 0.0

LF Uniformly distributed Voltage noise | 14e-3

FIGURE 104. SEASIM JITTER/NOISE SETUP
d) On the Equalizer tab:

i) Setthe DFE taps and max Magnitude.
ii) For the Long channel, set to [0.000] (Disable DFE).
iii) For the Short and None channels, set to [0.030], Enable with Max of 30mV.

File Include

Adaptation FOM area v
Include xtalk during adaptation vl
Tx pre-shoot search space (priority) (d8)  []

Tx de-emphasis search space (priority) (d8) []

Tx coefficient search space 24 # Coefficent space size

LEQ1 DC gain search space (dB) range(-12,-5) # DC gain of CTLE in d8

LEQ1 pole search space (Hz) [2e9] # CTLE fixed pole location

LEQ2 DC gain search space (dB) [0]

LEQ2 pole search space (Hz) [0]

Max Tx EQ boost (dB) 8.0 # Maximum Tx EQ boost in dB for Cspace search
DFE taps and max magnitude (V) [0.030] # Number and dynamic range of DFE taps

If no adaptation EQ can be explicitly set below
Tx pre-shoot (priority) (dB) 0.0
Tx de-emphasis (priority) (dB) 0.0

- -a - . Fan

FIGURE 105. SEASIM EQUALIZER SETUP

e) Run the Simulation.
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8. The simulated Eye Diagram will be created, with its calculated EH and EW at BER-12 based

on the jitter input.

K Figure 2 - o

step=newStepResponse
job=TestSG
Ul=125.0ps adapt_FOM=area RxBw=8.0GHz
txc=[-0.208,0.792,0] rxc=[-13] DC=-9.0dB fp=2.00GHz

pwrj=0.00ps pwddj=0.0ps
Ifrj=2.00ps Ifddj=0.0ps Ifudj=12. Sp\
Bl T)=40.50ps :

vn_Ifrn=0.0mV vn_lfudn=14.0mV

109mV
73mvV

3emv

-146mV ehpk=26.2mV (ehc=18.9mV oeh=232.6mV)
ew=0.260Ul, 32.5ps (ewoff=-0.055Ul ehoff=-0. O40UI)
lanes=1 nui=80 cb=6 v0.54
0201 0 01 02 03 04 05 06 07 08 09 1

200+« BE

FIGURE 106. SEASIM SIMULATED EYE DIAGRAM #1
9. Observe the EH and EW.
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10. Change the DM-SI value to 15mV and run the simulation again.

% Figure 2.

step=newStepResponse
job=TestSG
UI=125.0ps adapt_FOM=area RxBw=8.0GHz

pwrj=0.00ps pwddj=0.0ps

Ifrj=2.00ps Ifddj=0.0ps Ifudj=12. Spu.
LU | 1T)=40.50ps :

vn_Ifrn=0.0mV vn_Ifudn=15.0mV

109mV
73mV

36mv

-36mV
-73mV
-109mvV

146mV ehpk=25.6mV (ehc=18.3mV oeh=234.0mV)

lanes=1 nui=80 ch=6
0201 0 01 02 03 04 05 06 07 08 09 1

txc=[-0.208,0.792,0] rxc=[-13] DC=-9.0dB fp=2.00GHz

ew=0.258Ul, 32.2ps (ewoff=-0.055Ul ehoff=-0,. 040UI)

11 1.2

oo+ E@E

FIGURE 107. SEASIM SIMULATED EYE DIAGRAM #2
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11. Change the DM-SI value to 16mV and run the simulation again.

% Figure 2.

step=newStepResponse
job=TestSG
Ul=125.0ps adapt_FOM=area RxBw=8.0GHz
txc=[-0.208,0.792,0] rxc=[-13] DC=-9.0dB fp=2.00GHz

pwrj=0.00ps pwdd|=0.0ps

Ifrj=2.00ps Ifddj=0.0ps Ifudj=12. %ps
AL T)=40.50ps :

vn_Ifrn=0.0mV vn_lfudn=16.0mV

146mV ehpk=24.2mV (ehc=16.9mV oeh=234.7mV)
ew=0.244Ul, 30.5ps (ewoff=-0.053Ul ehoff=-0.040U1)
lanes=1 nui=80 cb=6

0201 0 01 02 03 04 05 06 07 08 09 1 11 12

2[00+ - |

FIGURE 108. SEASIM SIMULATED EYE DIAGRAM #3
12. Calibrate until EH is obtained.

(*) If the EW range cannot be achieved, increase the Amplitude from 800mV to 900mV and

perform the Stress Voltage calibration again until EH and EW are obtained.
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10.3.2 Stressed Jitter Calibration (For Long Channel Only)

The stressed jitter calibration procedure is similar to that of stressed voltage. Only the long
calibration channel (-20 dB) is used. Note that the same post processing scripts are applied
identically as they are for the stressed voltage eye case. Eye width is fine-tuned by making
adjustments to the Rj source, while EH may be adjusted by varying the launch voltage at the

generator.

PCI EXPRESS BASE SPECIFICATION, REV. 3.0

Tx Eq

l / EH adjust

8 Gb PRBS
Generator

/

TP1

/
Rj

Source

Sj
Source

/EW adjust

T/ Channel

L

T Long Calibration

/
J

TP4

| Replica ) : Test
| Channel | Equipment
TP2

TP5

Post processing scripts:
* Rx pkg model
*» Behavioral CTLE/DFE
» Behavioral CDR

TP2P

EH between 25 and 35 mVPP
EW =0.30 Ul
Both at 10-12 BER

A-0833

Figure 4-73: Layout for Calibrating the Stressed Jitter Eve

FIGURE 109. LAYOUT FOR LONG CHANNEL CALIBRATION

Table 4-23: Stressed Jitter Eye Parameters

Symbol Parameter Limits at 8.0 GT/s | Units Comments

Vexiaunch | Generator launch | 800 (nominal) mVPP Measured at TP1, see Figure 4-65.

0G voltage See Note 1.

Trx.uisc Unit Interval 125.00 ps Nominal value is sufficient for Rx
tolerancing. Value does not account
for SSC.

Vegsroo  |Eveheightat |25 (min) mVPP | AtBER=10"". See Note 2.

TP2P 35 (max)
Taxstas | Eve width at 0.30 ul AtBER=10 . See Note 2.
TP2P

Toxsrsras | Sinusoidal Jitter | 0.1-1.0 Ul PP See Figure 4-74 Measured at TP1.
See Note 3.

TRX—ST—RJ-BG Random Jitter 3.0 ps RMS |Rj spectrally flat before filtering.
Measured at TP1. See Note 4.

FIGURE 110. SPECIFICATION FOR LONG CHANNEL CALIBRATION
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10.3.2.1 BERTScope Setup

1. Set the BERTScope Pattern to clk/256.

2. Turn Off Rj, Sj, DM-SI on the BERTScope.

3. Set the DPP Output to the 800mV Amplitude calibrated earlier.

4. Set the DPP De-emphasis and Pre-shoot to “Preset 7” for the Short channel and “Preset 4”
for other channel types.

5. Turn Off AFG.

10.3.2.2 Scope Setup

1. Setup Trigger A Event to Edge and the source to chanl.
2. Setup Trigger A-B Event with Acquisition Delay to 4ns.

A Event

B Event [

Level

- 5 *
st

A Event
Ref Point

B Event o 5 ] Lol Transition n Rising n

o ol o |

" Lo
Acquisition Delay

FIGURE 111. SCOPE SETUP

Scale Ch1 and Ch2, Math1 (ch1-ch2).

Set Acquisition to Average to 2048.

Acquire waveform.

Save waveform.

Modify waveform to Seasim-compatible format.

N s W
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10.3.2.3 Apply Rx Behavioral Package
1. Run Seasim:

a) Setthe ‘Base name for step’ to the filename saved.
b) Check the options as shown in Figure 112.

File Include

{ Main _.Els-Parameters I Jitter/Noise l Equalizers | Step Responses | Configuration I Sweepi

Use touchstone files O Plot S-parameters
Plot TDR O Plot Steps
Statistical Eye Measure EIEOS
Measure PS21TX O Show plots

Job name [TestsG
Step response relative path | step_responses
Base name for step | newStepResponse

S-parameter relative path | S-parameters

N Touchstone files Input Ports Output Ports

Gen3 package model

|s120 Txpkg 642010 b.s12p |[1,3,57,9,11] |[24.6,810,12]
s12p_pinZpin_642010_b.512p |[1,3,57,9,11] |[24,6,8,10,12]
s12p_Rx_pkg_642010_b.s12p [1,3,57,9,11] [2,4,6,8,10,12]

|
|
|

=
L=l
3

LA

Unit interval in secs 125e-12 # Time in secs

Total number of channels 1

<<Convolved in LF jitter and noise>> delta time: 0.123 timestamp: 4.754
ehpk=129.8mV (ehc=121.0mV oeh=352.3mV)

ew=0.514U1, 64.2ps (ewoff=0.007UI ehoff=-0.055UI)

lanes=1 nui=80 cb=6

pwrj=1.00ps pwddj=10.0ps

Ifrj=1.55ps Ifddj=7.0ps

UTJ=35.85ps

<<Measured CDF>> delta time: 0.882 timestamp: 5.636

---------- seasim finished ----------

FIGURE 112. SEASIM MAIN SETUP
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c) On the Jitter Noise tab:

i) Setthe corresponding Jitter value for Rj, Sj.

ii) Rj value need to tune and vary to achieve EW.

iii) Set LF Random Jitter = Rj (3ps or more).

iv) Set LR Uniformly distributed Jitter = Sj (0.1UI).

v) Set LF Uniformly Distributed Voltage Noise = 0.0mV.

File Include

Equalizers l Step Responsesl Configuration I Sweep

Use seconds for Jitter

Pulse Width Random jitter 0.0e-12 # PW] RJ (1.414%jit_hfrj)

Pulse Width Dual-Dirac jitter 0.0e-12 # PW) pk-pk dual-dirac jitter (2*jit_hfddj)
Edge RJ Nui earlier than cursor 0.0e-12  # nui-cycle RJ

LF Random jitter 3e-12  # Gaussian sigma post channel jitter

LF Dual-Dirac jitter 0.0 # dual-dirac post channel jitter

LF Uniformly distributed jitter 1.25e-11

LF Random Voltage noise 0.0

LF Uniformly distributed Voltage noise |Oe-3

FIGURE 113. SEASIM JITTER/NOISE SETUP
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d) On the Equalizer tab:

i) Set the DFE taps and max Magnitude.

ii) Setto [0.030].

File Include

'Main | S-Parameters | Jitter/Noise | Equalizers | Step Responses | Configuration | Sweep

Adaptation FOM
Include xtalk during adaptation

Tx pre-shoot search space (priority) (dB)

Tx de-emphasis search space (priority) (dB) | 0
|24 # Coefficent space size

Tx coefficient search space

LEQ1 DC gain search space (dB)
LEQ1 pole search space (Hz)
LEQ2 DC gain search space (dB)
LEQ2 pole search space (Hz)
Max Tx EQ boost (dB)

DFE taps and max magnitude (V)

area v

0

range(-12,-5) # DC gain of CTLE in dB

|[299] # CTLE fixed pole location

[0]

[0]

|8.0 # Maximum Tx EQ boost in dB for Cspace search

|[0.03I]] # Number and dynamic range of DFE taps

If no adaptation EQ can be explicitly set below

Tx pre-shoot (priority) (dB)

Tx de-emphasis (priority) (dB)

Tx EQ FIR coefficients

LEQ1 DC gain (dB)

LEQ1 pole (Hz)

LEQ1 zero (Hz) (provides gain if not 0)
LEQ2 DC gain (dB)

LEQ2 pole (Hz)

LEQ2 zero (Hz) (provides gain if not 0)
Rx bandwidth (Hz) (1st pole)

Rx bandwidth (Hz) (2nd pole)

FIGURE 114 .SEASIM EQUALIZER SETUP

e) Run the Simulation.

|u.0

0.0

[2V

|-1o

|2e9

|n.n

|o.o

|o.c

0.0

|8e9 # HF roll-off of equalizer

0.0
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2. The simulated Eye Diagram will be created with its calculated EH and EW at BER-12 based
on the jitter input.

Th

Figure 2 - b

step=newStepResponse
job=TestSG
Ul=125.0ps adapt_FOM=area RxBw=8.0GHz
txc=[-0.208,0.792,0] rxc=[-13] DC=-9.0dB fp=2.00GHz

pwrj=0.00ps pwddj=0.0ps
Ifrj=3.00ps Ifddj=0.0ps Ifudj=12. ‘ip\
AU (/T)=54.50ps :

-36mV
-713mV

-109mV

-146mV ehpk=31.0mV (ehc=21.4mV 0eh=220.7mV)
ew=0.282Ul, 35.2ps (ewoff=-0.061Ul ehoff=-0. O45UI)
lanes=1 nui=80 cb=6 v0.54
0201 0 01 02 03 04 05 06 07 08 09 1 11 12

200+ &

FIGURE 115. WAVEFORM #1

3. Observe the EH and EW.
4. Change the Rj value and run the simulation again.
5. Calibrate until EW is obtained.

(*) If the EH range cannot be achieved, increase the Amplitude from 800mV to 900mV and

perform the Stress Jitter calibration again until EH and EW are obtained.
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10.4 Receiver Test

10.4.1 Equipment Setup

Combiner

FIGURE 116. RECEIVER TEST EQUIPMENT SETUP
10.4.1.1 Connection Steps

Connect BERTScope Data(+) to DPP.

Connect BERTScope Clk Out to DPP.

Connect DPP Data(+) out to Combiner In.

Connect DPP Data(-) out to Combiner In.

Connect AFG Output1 to Combiner CM-IN.

Connect BERTScope (real panel) SI-out to Combiner DM In.

Connect Combiner Data Out to Artek Box.

Connect Artek Box Out to DUT In.

Connect DUT Tx Out to Clock Recovery CR125A Data In.

10 Connect CR125A Data out to BERTScope Detector Data In.

11. Connect CR125A Subrate Clock Out to BERTScope Detector Clock In.
12. Connect the External Clock from BERTScope to DUT as Ref Clk (100MHz).

RN
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10.4.2 Stressed Voltage Receiver Test

Once the calibrated EH and EW have been obtained, the cables are moved to connect the Rx
DUT to the far end of calibration channel. The Tx equalization is then optimized as it was for the
stressed voltage eye with the assumption that the DUT Rx will also optimize its equalization. Sj
is set to an initial value that permits the receiver CDR to achieve lock.

10.4.2.1 Configure BERTScope

1. Set the Generator to 8Gpbs.
2. Set the Pattern to PCle_8G_BruteFor.RAM.

Stressed Clock

50 Ohms AC

Offs: 0y
Ampl: 300 mYy

Dissbled

. " Disabled

Pattern Cycle

o v ccocomens || umzzscomns . [aemava T em

FIGURE 117. RECEIVER TEST — CONFIGURE BERTSCOPE
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10.4.2.2 Configure for Stressed Jitter

1. Set the Calibrated SJ for 0.1UI at 100MHz.
2. Set the Calibrated Rj for 2ps(RMS).

3. Set the Calibrated Sine Interference Amplitude that is calibrated to achieve EH and EW (DM-
SI).

4. Set the Sine Interference Frequency to 2.1GHz.
5. Set the Sine Interference mode to External.
6. Set the DPP Output to calibrated amplitude to achieve EH and EW.
[sTrREssepEvE -
STRESSED CLOCK
 SYNTHESIZER |-2PET { Q ? »
8,000.00 MHz _ _ N\ /'-\_/
LF HF
outPuT
Ampl: 10,0 %I
L F_rrgz: 50.00 KHz ERINE DATA
Disable i =
LFR.] Disabled E
B 9 =5 Disabled ) _
i — 2
Disabled g—\ Disabled !
—— . Ampl: 300 my
Ilnljt,[,:ﬂi'c_ﬁ'gﬁz(“'n UL 11.0 %L1 F:;E: 2100.0 MHz
. : -\ External
gj +
Disabled i .
| s | (SRR
Q W Mo Canfiguration
Disabled PCle_8G_BruteFor
»
= Gen: Lser 8,000.00 Mbitfs Diet; User 22.40000 Ghit/s I EER: /& I |_|:| © Local
FIGURE 118. RECEIVER TEST CONFIGURE FOR STRESSED JITTER
7.

Configure the ISI by setting the Artek ISI % value to the calibrated channel type.
8. Configure the AFG:

a) Setthe Outputl of AFG to ON.

b) Set the Output1 Mode to Sine Wave.

c) Setthe Sine Wave Frequency to 120MHz.

d) Setthe Sine Wave Amplitude to the calibrated value.

9. Setup the BERTScope Detector:
a) Click Auto Align.
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IRl Auto Align Results

§.000 GHz
LDD%BW: 10,000 MHz

Peaking: 2,09 dB

N

Atken: 0.0 d&
Thrshi: 0,0 m
50 Chms ko 0 my

Disabled

Mo Resync
Ignore Bits

Gen: User 2,000.00 Mbit/s Il Det: Mo Sync 16.00000 Ghitfs Il EER: Mo Sync

FIGURE 119. RECEIVER TEST — CONFIGURE BERTSCOPE DETECTOR
10.4.2.3 Bit Error Rate Test

1. With the DUT in loopback mode, and the BERTScope synchronized with pattern, the

compliance test may begin.

Click Reset Result.

Click RUN.

Let the Detector runs, and stop when the bits are more than 1xE12.
Read the Error value.

If the error is zero (0), then the test passes.

! i N “BEay" | 8,000.00 Mblt/s_'
5.000 GHz 50 Ohms AC | Pattern Cycle

LDDEIBW: 10,000 MHz .
Peaking: 2.09 dB

N

oW

Atten: 0.0 d&
Thrsh: 7.0 mY
50 Chms ko 0 my

N

Disabled

-

Mo Resync
Ignore Bits

o varsomcovens oo usmamooms  [sose [T | [

FIGURE 120. RECEIVER TEST — PERFORM BER TEST
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10.4.3 Stressed Jitter Receiver Test (100MHz)
10.4.3.1 Configure BERTScope
1. Set the Generator to 8Gpbs.

2. Set the Pattern to PCle_8G_BruteFor.RAM.

N
) f\_ Disablad

Stressed Clock

Offs: 0 mY
Armpl: 500 miy

Disabled

Disabled

Pattern Creke
o s v coocoms | [omvsmzmongs - [ammam [T
FIGURE 121. RECEIVER STRESSED JITTER TEST — BERTSCOPE SETUP #1
10.4.3.2 Configure for Stressed Jitter at 100MHz
1. Set the Calibrated SJ for 0.1UI at 100MHz.

2. Set the Calibrated R] that is calibrated during Stressed Jitter Calibration that achieved EW

and EH.
3. Set the Calibrated Sine Interference to OmV.
4. Set the DPP Output to the calibrated amplitude to achieve EH and EW.

T N on o L et Ay, e

E -

|
7
Ampl: 10,0 %L1
Freq: 50.00 kKHz
Dizable
LFR.] Cisabled

Disahled Disabled

#5350 Disabled

Ampl: 300 mY

Inkrinsic Limit {11.0 %L1 @ E
10MHz - 1GHz S'FJ'\ ik el Ty 206 E

Disabled g —

et
Mo Configuration

Disabled PCIe_8G_BruteFor

o somacovess | et zzmooaus . [amwia [T fuet
FIGURE 122. RECEIVER STRESSED JITTER TEST — BERTSCOPE SETUP #2
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5. Configure the ISI by setting the Artek ISI % value to the calibrated channel type.

6. Configure the AFG by setting the Outputl of AFG to OFF.
7. Setup the BERTScope Detector by clicking on Auto Align.

1.

RN

2,000 GHe 50 Ohm Auto Align Results
LUUEBW 10,000 MHz
Peaking: 2.09 dB

N
Atten: 0.0 dB

Thrshi: 0.0 mb
50 Ohms ko 0 my

Disahbled

Mo Resync
Ignore Bits

—
Il Gen: User 8,000.00 Mbitfs Il Det: Ko Sync 16.00000 Ghitfs Il BER: Mo Sync Illl-

FIGURE 123. RECEIVER STRESSED JITTER TEST — BERTSCOPE DETECTOR
10.4.3.3

Bit Error Rate Test

With the DUT in loopback mode, and the BERTScope synchronized with pattern, the
compliance test may begin.
Click Reset Result.

Click RUN.

Let the Detector runs, and stop when the bits are more than 1xE12.
Read the Error value.
If the error is 0, the test passes.

e — i I MW ——-

' \ ey 18,000.00 Mblt/s_'
3 000 GHz 50 Ohms aC Pattern Cycle
- e

LDDEqu 10,000 MHz
Peaking: 2,02 dB

A

Atken: 0.0 d&
Thrsh: 7.0 m
50 Chms ko 0 m

N

Disabled

-

Mo Resync
Ignare Bits

{ o v soonin s |[cmumeraseooomers . [semosseroo. [T | o

FIGURE 124. RECEIVER STRESSED JITTER — PERFORM BER TEST
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11 Appendix E: PVT Automation Features

The GRL PCIe3-BASE & PCle4-BASE (8 GT/s) Rx software provides support for repeated testing
within sequences of parameter values, which are applied to the DUT during the tests. These
features are enabled by the Advanced Mode in the Configurations page. Advanced sequencing
can be used to manage repetitive test loops needed when performing PVT (Process, Voltage,

Temperature) characterization on PCle3 transceiver silicon.

11.1 Available Parameters

Table 6 lists the parameters which can be controlled by the PVT Automation. Up to eight values

may be specified for each parameter.

TABLE 6. AVAILABLE PARAMETERS

Symbol Parameter Units

R] Random Jitter Picoseconds

ISI Inter Symbol Interference Per cent of Ul

S] Sinusoidal Jitter Picoseconds

Amplitude Launch Voltage Millivolts, peak-to-peak
CM Common Mode (noise source)

DM Differential Mode (noise source)

11.2 Applicable Tests

Table 7 lists the tests which can be controlled by the PVT Automation. PVT parameters have no

effect on other available tests in the software.

TABLE 7. APPLICABLE TESTS

Test Title

Stress Voltage Sweep Test (none)

Stress Voltage Sweep Test (short)

Stress Voltage Sweep Test (long)

Stress Jitter Sweep Test (long)
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11.3 Setting Up PVT Value Sequences

1. To enable Advanced PVT features in the GRL software, in the Configurations page, set the

Advanced Mode to ‘True’.

Configurations

& PCle Base Sink Test
( Advance Mode: True v )

Set Default o

FIGURE 125. ENABLE ADVANCED PVT AUTOMATION

2. The Advanced PVT configuration icon will appear on the toolbar menu. Select the icon

to access the PVT Configuration page.

PVT Configuration

RJ |ISI |SJ |Amplitude |CM DM

[ Test Point 1 1ps
M Test Point 2 2ps

O (A

<l > Add Condition
Delete Condition
Edit
Apply To Tests

Save As Default

Restore Default

FIGURE 126. PVT CONFIGURATION PAGE

3. Add a parameter to the selected test by selecting “Add Condition”. See Figure 127, which
selects ‘S]_1’ as the new condition group. No drop-down menu of allowed parameter names
is provided. Refer to Table 6. A short description may be provided. This description, and the
names of the individual step ‘Variables’ are all included in the test Report.

PVT Configuration

Test Conditions = m} X

Descpten

Conton To Add: Verable Yake A
: a—T
iption: J.
osctotion si3 2ps

Add

O (A

<| 5 Add Condition

Delete Condition
Edit
Apply To Tests

Save As Default

Restore Default

OK

FIGURE 127. ADD FIRST PVT AUTOMATION PARAMETER
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Enter one or more parameter value for the steps of the test condition sequence. Take care to

include the suffix for the units, and to assign values which are appropriate for that
parameter according to the PCIE3 specification. See figure below, which shows four steps
for parameter ‘SJ’, named ‘SJ1’, ‘S]2’, ‘SJ3” and ‘SJ4’, and assigned values 1ps, 1.2ps, 1.8ps and
3ps, respectively. When finished editing the Test Conditions, select “OK”. Note that

individual steps may be selected, then edited or removed from the list.

PVT Configuration

O (A

Test Conditions

Descrpcn

Condition To Add: |SwpSJ3
Description: SwpSJ3
Add

Variable Value
SwpSJ1 1ps

SwpSJ2 1.2ps

SwpSJ3 1.8ps

v ST

Add Condition °

Delete Condition
Edit
Apply To Tests

Save As Default

Restore Default

OK

Remove Edt

FIGURE 128. SET EACH PVT PARAMETER VALUE IN SEQUENCE

5. Add a second parameter. See figure below, which adds ‘SweeplSI’, with three values, each

expressed as a percentage.

PVT Configuration

O (A

Test Conditions

New Condition Group: | Sweep!S|
Description: Sweep SJ |

Condition To Add: (ISI_3
Description: 1S1_3

Add

Add Condition 0

Delete Condition
Edit
Apply To Tests

Save As Default

Restore Default

OK

Variable Value
1SI_1 10%
1SI_2 15%
, SR 20
<
Remove Edit

FIGURE 129. ADD SECOND PVT PARAMETER

6. Repeat setting values to each of the allowed parameters. Those parameters which are not

set up with explicit values will use the default value.
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7. Apply the sequences of parameters to the selected tests (see figure below), which builds a
“Stress Test Plan”.

PVT Configuration (2] @
Stress Test Plan . m} X <| > Add Condition 0
Delete Condition
TestName Stress Tes A
DM Sinusoidal Interference Calibration (Short) False Edit ‘
Stressed Voltage Calibration (Short) False
Insertion Loss Calibration (Long) False
CM Sinusoidal Interference Calibration (Long) False Apply To Tests ] ‘
DM Sinusoidal Interference Calibration (Long) False
Stressed Vokage Calibration (Long) False Save As Default
Stress Jitter Calibration (Long) False
Stress Voktage Test (None) False Restore Default
Stress Voltage Test (Short) False
Stress Voltage Test (Long) False
Stress Jitter Test (Long) False
Stress Voltage Margin Test (None) True
Stress Voltage Margin Test (Short) False
Stress Voltage Margin Test (long) False
Stress Jitter Margin Test (long) False
Stress Voltage Sweep Test (None) True
Stress Voltage Sweep Test (Short) True
Stress Voltage Sweep Test (Long) True
Stress Jitter Sweep Test (Long) True
v
< >
Select Al Exclude From Test Plan OK

FIGURE 130. APPLY TO TESTS AND SELECT APPLICABLE TESTS

8. Select the PVT tests to run (see figure below).

Select Tests

=-[]© PCle Base Sink Test Q
@-[J© RX Calibration
@[] € Receiver Compliance Tests
@-[J € Receiver Margin Tolerance Test (Optional)
=@
M@ Stress Voltage Sweep Test (None)
M@ Stress Voltage Sweep Test (Short)
M@ Stress Voltage Sweep Test (Long)
@ Stress Jitter Sweep Test (Long)

FIGURE 131. SELECT PVT TESTS TO RUN

9. Run the tests using the “Run Tests with PVT” button (see figure below).

Run Tests

Run Option

@ Skip Test If Result Exists

Run Tests
(O Replace I Result Exists

( Run Tests with PVT ]

FIGURE 132. RUN TESTS WITH PVT
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11.4 Search Algorithm

11.4.1Jitter Margin Testing

After selecting the parameters and their ranges, the user may select from a list of search
algorithms to find the bounds of jitter margin.

TABLE 8. PVT AUTOMATION — INTERNAL JITTER MARGIN SEARCH ALGORITHMS

Symbol Algorithm

Bottom-Up

Top-Down

Binary

11.5 Test Results

Results from the selected PVT tests, each using the one or more defined PVT parameters, are
collected in the Test Report.

The selected tests are all run, one after the other, for each permutation of the parameters. The
parameter defined first is varied most slowly; the last-defined parameter is defined most
quickly.

For example, considering the parameters and tests defined and selected in the above will iterate
as shown in Table 9. (Individual parameter step names are not shown.)

TABLE 9. PVT AUTOMATION - ITERATION SEQUENCE EXAMPLE

Seq. SJ ISI Tests
1 1.0ps 10% All 4 Parameter Sweeping Tests
2 1.2ps 15% All 4 Parameter Sweeping Tests
3 1.8ps 20% All 4 Parameter Sweeping Tests
4 3.0ps 10% All 4 Parameter Sweeping Tests
5 1.0ps 15% All 4 Parameter Sweeping Tests
6 1.2ps 20% All 4 Parameter Sweeping Tests
7 1.8ps 10% All 4 Parameter Sweeping Tests
8 3.0ps 15% All 4 Parameter Sweeping Tests
9 1.0ps 20% All 4 Parameter Sweeping Tests
10 1.2ps 10% All 4 Parameter Sweeping Tests
11 1.8ps 15% All 4 Parameter Sweeping Tests
12 3.0ps 20% All 4 Parameter Sweeping Tests
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11.6 Saving and Loading a PVT Session

When using the PVT Automation control, the “Save As Default” and “Restore Default” buttons
are not used. To save a session, with all of the PVT parameter information, test results, and any
waveforms, use the “Options” drop-down on the main software menu bar, followed by “Save
Session”.

To load a session back into the software, including the saved parameter settings, select
“Options” -> “Load Session”.

The configuration and session results are saved in a file with the extension ‘.ses’, which is a
compressed zip-style file, containing a variety of information.

END_OF_DOCUMENT
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