= PLATFORM
@Gﬂ LSOLUTIONS

GRL-PXE4-CEM-RXA PCI Express Card
Electromechanical (CEM) 4.0 (16 GT/s & 8 GT/s)
Receiver Compliance Test Automation Solution User
Guide and MO

Using GRL-PXE4-CEM-RXA Automation Test Software,
Anritsu MP1900A BERT,
and
High Performance Oscilloscope

PCIZ>

EXPRESS’

Published on 17 July 2026



@ GRS
grlps.com

DISCLAIMER

This document is provided “as is” with no warranties whatsoever, including any warranty
of merchantability, no infringement, fitness for any particular purpose, or any warranty
otherwise arising out of any proposal, specification, or sample. The GRL Platform
Solutions disclaims all liability for infringement of proprietary rights, relating to use of
information in this specification. No license, express or implied, by estoppel or otherwise,
to any intellectual property rights is granted herein.

All product names are trademarks, registered trademarks, or service marks of their
respective owners.

= PLATFORM
=" o I—SOLUTIONS

Copyright © 2026 GRL Platform Solutions. All rights reserved.

GRL-PXE4-CEM-RXA User Guide and MOI Rev 13.0
© GRL Platform Solutions 2026 Version 13.0, July 2026. Updated 07.17.2026 Page 2 of 122


http://www.grlps.com/

sz
- grlps.com

1 INTRODUCTION 10
2 RESOURCE REQUIREMENTS 1
21 EQUIPMENT REQUIREMENTS ...tiuteruterueerertensteseesenseessessesstessessesseessesssesseesseensesssessesssesssens M
2.2 SOFTWARE REQUIREMENTS tuutuutiuutruterneerneerneesnerseesneesnessssssnsssnesssesssesssssssssnsssesssssssssnsssnssnnes 13

3 PCIE GEN 3 & 4 CEM RX CTS CALIBRATION AND TESTING 14
4 GRL-PXE4-CEM-RXA AUTOMATION SOFTWARE PROCESS FLOW17

5 SETTING UP GRL-PXE4-CEM-RXA SOFTWARE 18
51 DOWNLOAD GRL-PXE4-CEM-RXA SOFTWARE ...cceitrruiriiiniiiiiiniiieecieiieee e cennneeeenns 18
5.2 LAUNCH AND SET UP SOFTWARE .uutttectteesrteeessreeesireeessueeessssesssseessssesssssesssssesssssesssssssssssessns 18
5.3 PRE-CONFIGURE SOFTWARE BEFORE CALIBRATION/TESTING wuveeeeveeesreessreeessreeessuneessuneennn 21
5.3.1 Enter Test Session INfOrmation........ccvieiriieiniiienieeeeeceeeee e 21
6 CALIBRATING USING GRL-PXE4-CEM-RXA SOFTWARE 22
6.1 CONNECTION SETUP FOR MP1900A BERT GENERATOR SET..utttirueersieeessureesiueesssveesssueennns 23
6.2 SET UP AUTOMATED RX CALIBRATION FOR TPT.iiiiiiiiiiieriieeeiiieenieeeeieeesseeesseessnneessnneennns 24
6.3 SET UP AUTOMATED RX CALIBRATION FOR TP2..ccciiiiiiiiiiiiiiieretieiiieieieeeeeieeeeereeerereeeeeeesenenes 25
6.3.1 Connect Equipment for System Board Calibration.....cccceccceevvevieieinsiveeennnnnen. 25
6.3.2 Connect Equipment for PCIE Gen 3 CEM U.2 System Board Calibration (8 GT/s)
6.3.3 C206nnect Equipment for PCIE Gen 3 CEM M.2 System Board Calibration (8 GT/s)
6.3.4 (:2c>7nnect Equipment for Add-In Card Calibration.......cccceeevveeieriieeeeniineeennennen, 28

6.3.5 Connect Equipment for PCIE Gen 3 CEM U.2 Add-In Card Calibration (8 GT/s)29
6.3.6 Connect Equipment for PCIE Gen 3 CEM M.2 Add-In Card Calibration (8 GT/s)

30

6.4 SET MEASUREMENT CONDITIONS teieeuuveeeirrrreeesssureeeesssseeesssssseesssssseessssssssessssssassssssssessssnnes 31

6.5 SET UP CALIBRATION REQUIREMENTS ..ceeesuterrurerereerareessseessseessseessssesssssesssseesssssessssaessnne 31

T I Y= o U o T 1= 1 o TP 31

6.6 SELECT PCIE CEM 4.0 RX CALIBRATION ..cccttttrerrerrrereeeeemeeeeeeeeeeeeeeemeeeeeeeeeeemememeremeeeeeeemeeeee 32

6.6.1 Select to Perform TP1 Calibration .....ccccceeeviieiiniiieecrieeeccrieee et eseeee e 32

6.6.2 Select to Perform Long Channel TP2 Calibration ......cccceeeieeiieiieeeiniineeeinnnnnen. 33

6.7 CONFIGURE CALIBRATION PARAMETERS.....etttttturmmniirirrettttimniiissseeeettmmnnsssseseeermemssssssseens 34

6.7.1 Total Channel Loss and Physical Channel LOSS ....cccccceeeiieeccieineeeeeeececceeeeeen, 36

6.7.2 Apply DUT Reference Package Embedding for Calibration ........cccceevuviernnneen. 36

6.8 CONFIGURE CALIBRATION TARGET VALUES ..tttiirivteeersirreeeesiureessssreeesssssseesssssseesssssssessssne 39

6.9  RUN AUTOMATION CALIBRATION uuvteirsurerrreersreersseessseesssesssssesssssesssssessssaesssssessssesssssassnns 40

7 TESTING USING GRL-PXE4-CEM-RXA SOFTWARE Y|
GRL-PXE4-CEM-RXA User Guide and MOI Rev 13.0

© GRL Platform Solutions 2026 Version 13.0, July 2026. Updated 07.17.2026 Page 3 of 122


http://www.grlps.com/

sz
grlps.com

71 OVERVIEW OF DUT TX PRESET TESTuutiiectteisreerrreeesireessureesssresssseessssesssssesssssessssseessssessssnes 41
711  Add-In Card Tx Preset Test at 8.0 GT/S OF 16.0 GT/S..uuiiieevceeeieeiieeeersieeeenenns 41
7.2 OVERVIEW OF DUT INITIAL TX EQUALIZATION TEST uuutttiiecrreeeseirreeeessreeesessnseeeesssssesesssnnees 42
7.2.1 Add-In Card Initial Tx Equalization Test at 8.0 GT/s or 16.0 GT/S....cccee.u...... 42
7.3  OVERVIEW OF DUT TX LINK EQUALIZATION RESPONSE TEST.ccirvteerrreeerreesseeessneessneesnnnes 42

7.3.1 System Board Tx Link Equalization Response Test at 8.0 GT/s or 16.0 GT/s42
7.3.2 Add-In Card Tx Link Equalization Response Test at 8.0 GT/s or 16.0 GT/s.43

7.4  OVERVIEW OF DUT RX LINK EQUALIZATION TEST ceccuuteeiieirreeesnrreeessseeeesessnseeeesssssessssssnnees 44
7.4.1 System Board Rx Link Equalization Test at 8.0 GT/s or 16.0 GT/s.......ccecu.... 44
7.4.2 Add-In Card Rx Link Equalization Test at 8.0 GT/s or 16.0 GT/S..ccceeeveeeennnee 45
T 4.3 LiNK TraiNiNg . ueieeicciieeiciteeeeeitee e e st e e s eeate e e e s sareeeesssaaeesssssaaeeessssaeeesssssaesssssseesannnns 45

7.5 SET UP AUTOMATED DUT TX LINK EQUALIZATION TEST uutteeereiureeeeesereeesesnreeeesssnnesesssnenes 47
7.51 Connect Equipment for System Board Tx Link EQ TeSting...ccceccuveevrvuveerennne 47
7.5.2 Connect Equipment for Add-In Card Tx Link EQ TeSting.....cccceevveeerrvvuveerennne 50

7.6 SET UP AUTOMATED DUT RX COMPLIANCE TEST tiiitiiiiiiiiiiiiieiiieieieieieieneeene e ee e 52
7.6.1 Connect Equipment for System Board Rx Compliance Testing........cccueeennne 52
7.6.2 Connect Equipment for PCIE Gen 3 CEM M.2 (8 GT/s) System Board Rx

COMPLIANCE TESTING ceieeiieeieiiieeeeteee ettt e s srr e s s sre e e e sssreeessssseeeessanne 54
7.6.3 Connect Equipment for Add-In Card Rx Compliance Testing .......ccceeeuveeennee 56
7.6.4 Connect Equipment for PCIE Gen 3 CEM M.2 (8 GT/s) Add-In Card Rx

COMPLIANCE TESTING ceieeiieiieieeeeeteee ettt e s srr e e s s sree e e sssae e e s sssneeessanne 58

77 SET UP TEST REQUIREMENTS titieutteiruteerrureessueeessseeessssessssseessssesssssesssssesssssessssssssssessssessssnes 59
T TR 1= 1 T T 1= o PSSP 60

7.8 SELECT PCIE CEM 4.0 RX TESTS tiitiiiiiiieiiieieieieieie e s e s e s e s e e e e e e e 60
7.8.1 Select to Run DUT Link Training and Rx Compliance Test ...cccceccverrrvureerennne 60
7.8.2 Select to Run SJ Margin SEarcCh TeSt...cccueiieeiriiiieiiriieeeesrieeeeesree e esveeeeesaeee 61

7.9  CONFIGURE TEST PARAMETERS cuvtttesteeesuteeessteessueeessseeesssseessssesssssessssesssesssssesssssessssassssseees 61

710  ENABLE LOOPBACK BER TEST ittt 64

711 RUN AUTOMATION TESTS tttreueerereersreessuueessseessseesssseesssseesssseesssseesssseesssseessssessssesssssesssnses 65

8 INTERPRETING GRL-PXE4-CEM-RXA TEST REPORT 67

81  UNDERSTAND TEST REPORT INFORMATION ...tteteeiurteeeasrreeeesinneeesasnseeesssssseessssssneessssssnesssnnns 67
8.1.1  Test SesSioN INTOrMatioN ...ttt e e e s aaees 67
8.1.2  TeSt SUMMAIY Table.. ettt st e are e e s aaae s 68
8.1.3  TEST RESULES tiiiiiiiictteeetee ettt s e e e s aa e e s s ab e e e e ssabaaeessanaaas 68

8.2  DELETE TEST RESULTS citiitteiiuteerriteeniuteenrtessseessseessseessssesssssesssssesssssesssssesssseessssesssssassns 69

9 SAVING AND LOADING GRL-PXE4-CEM-RXA TEST SESSIONS 70
10 APPENDIX A: METHOD OF IMPLEMENTATION (MOI) FOR MANUAL

PCIE CEM 4.0 RECEIVER MEASUREMENTS 71

101 PERFORM CALIBRATION uuttttuueeetruueeeerrsneeeeersneeserssueseessssessersssssssssssssssssssssssssnssssssssessessnsssees 71

10.1.1  Calibration SethiNgS .o crrrre e e e s s e s e aen e e e e e e e eenan 72

TO.1.2  CalilnrationN PrOCESS ottt ettt e et e s s et et s etaaessesanessssansessesannessssunnes 73
GRL-PXE4-CEM-RXA User Guide and MOI Rev 13.0

© GRL Platform Solutions 2026 Version 13.0, July 2026. Updated 07.17.2026 Page 4 of 122


http://www.grlps.com/

sz
grlps.com

10.1.3 Channel Loss Calibration (for PCIe GEN 4) .ueeieeeeeiiiiieiirereeeeeeeeeecinreeereeeeeens 74
10.1.4 Amplitude, Preset, SJ and RJ Calibration Setup....ccccccoceieecviiieircciieeeiiccieeeeenne 76
10.1.5 Anritsu Standard BERT Device Test Application (MX190000A) Startup........ 77
10.1.6 Amplitude Calibration AdjUStMENt .....ceeeeiiiieecceeeee e 77
10.1.7 Preset Calibration AdjuStmMeENt ...t 78
10.1.8 S Calibration..cu ie ettt ettt e s e s e s ne e e s neeeane 81
10.1.9 RU Calibration coo.eiiiiieeieeeeeceteee ettt ettt et e s sane e s sanee e 83
10.1.10 DM & CM Amplitude and Eye Height/Eye Width Calibration Setup ............... 85
10.1.11 DM-I Calibration AdjUSTMENt ..o e e e 85
10.1.12 CM-1 Calibration AdjUSTMENT ..ccccueiiiiiiieeeeteee ettt e e 87
10.1.13 EH/EW Calibration AdjuStmMENT .....cei ittt saeee e 88
10.2 PERFORM INITIAL TX EQUALIZATION & TX LINK EQUALIZATION RESPONSE TESTS....ccveeunue.. 94
10.2.1 Equipment Setup for Add-in Card DUT Initial Tx EQ / Tx Link EQ Response Test
94
10.2.2 Equipment Setup for System Board DUT Tx Link EQ Response Test........... 95
10.2.3 Initial Tx EQ Startup and TeSTING ....uuuiiiiiiiiiiecciiieeeeesececcirrree e e e e eeeveeeeeeeesenes 97
10.2.4 Tx Link EQ Time Response (with Presets/Cursors) Startup and Testing .... 101
10.3 PERFORM RX LINK EQ TEST uutttiiiuieeireeerreeaneeessreeesseeessseeessssessssesessssessssessssassssssssanesne 105
10.3.1 Equipment Setup for Add-in Card DUT Loopback Test......cccccevvecrrieeeecnenennn. 106
10.3.2 Equipment Setup for System Board DUT Loopback Test ....cccceevreeeirevneennnns 107
10.3.3 Link Training Initialization and TeStiNg ....ccccccieiirviiieiiiiieeeereee e 108
10.3.4 Link Training Failure TroubleShOOtiNg.....cccccvuiieirriiiiiiniieeeciteeeeeeee e 1M1
10.4 PERFORM DUT RX COMPLIANCE TESTING teecuveeerureresureeerureesssteessseeessseeessseesssseesssseesssseessnne 112
10.4.1 Jitter Tolerance Testing (OptioNal) ... ceieeeeccieeieccieeeeeeee e 113
11 APPENDIX B: SIGTEST TOOL TAB 14
12 APPENDIX C: DEBUG TOOL TAB 116

13 APPENDIX D: CONNECTING KEYSIGHT OSCILLOSCOPE TO PC119
14 APPENDIX E: CONNECTING TEKTRONIX OSCILLOSCOPE TO PC121

GRL-PXE4-CEM-RXA User Guide and MOI Rev 13.0
© GRL Platform Solutions 2026 Version 13.0, July 2026. Updated 07.17.2026 Page 5 of 122


http://www.grlps.com/

sz
grlps.com

Figure 1. Select and Launch GRL Platform Solutions FrameworK ......cccecccceeveevieeeenrieeeeennnneen. 18
Figure 2. Start PCle CEM 4.0 Rx Test APPLiCatioN....ccueeieiiiiieiieeccceee e 19
Figure 3. S€e LIiCENSE DEtaIlS.ccccuiiiiieiiieiciiee ettt e e e s aa e e s e ara e e e s aaa e e e s sneeas 19
Figure 4. Check License for Installed AppliCatioNs .....ccovceeeiieeiiiieieiieeeeeeeeeeeeeceeee e 19
Figure 5. Connect Instruments with GRL Platform Solutions Software.....ccccccceevecveeeicennnenn. 20
Figure 6. SESSION INTO PaBE ..iiiiiiiieiiiieeeceeee ettt et e s s e e e s ae e e e s s aa e e s s neae e e s nsaaaeesssenas 21
Figure 7. CTS Rx Calibration Diagram for PClIe GEN 3 .ccuiiiiiieiieeeeiieeeeeieeeeeree e e e 22
Figure 8. CTS Rx Calibration Diagram for PCIe GEN 4 .......ueieiieiiiiieeeieeeeeeieeeeeereeeesseeeee e 22
Figure 9. Connection Setup for MP1900A BERT Generator Set Modules ......ccccceeeeeevveeeeennnnn. 23
Figure 10. Recommended Setup for TPT Rx Calibration.....cccccccceeiveciieiiccciieeecceeeeceeee e, 24
Figure 11. Recommended Setup for TP2 Long Channel Rx Calibration (PCle Gen 4 System
BOAIA) ettt et st e st e e s bt e e e bt e e s bt e e e b e e e e b e e e et e e e aaeeesabeeenteeeentaenans 25
Figure 12. Recommended Setup for U.2 TP2 Long Channel Rx Calibration (PCle Gen 3
N 1 =T 0 T = o T=Y o | USRNSSRt 26
Figure 13. Recommended Setup for M.2 TP2 Long Channel Rx Calibration (PCle Gen 3
N 1 H=T 0 T = Lo T-Y o | PSPPSR 27
Figure 14. Recommended Setup for TP2 Long Channel Rx Calibration (PCle Gen 4 Add-In
(OF=1 e ) [T 28
Figure 15. Recommended Setup for U.2 TP2 Long Channel Rx Calibration (PCle Gen 3 Add-
[T 02T e ) TN 29
Figure 16. Recommended Setup for M.2 TP2 Long Channel Rx Calibration (PCle Gen 3 Add-
LT O-T o ) OO OO TSSOSO PPRRPPORUPPPRRPPPPRRt 30
Figure 17. SeleCt TeSt CONAITiON ...ttt e e s sar e e s s rre e e e s raaeessanaaes 31
Figure 18. Set Up Calibration REQUIFrEMENTS c.....uiiiiiriiieeiiiiteecerteeeeiree et e e are e e s aaees 31
Figure 19. Select Device for Calibration ... e 31
Figure 20. Select PCle Interface Type for Calibration........ccccoveciieiiniiiiiiiniieeiieeeeeeeee e, 32
Figure 21. Select RX Calibration ... ettt e s e e s s sre e e e s aae e e s s saaees 32
Figure 22. SeleCt TPT Calibration ...ttt eeereee e e e s vere e e e e s s e s ananeeeeas 33
Figure 23. Select Long Channel TP2 Calibration ....iiccccieiieeiiiiecciiereeee e e e e veeee e 33
Figure 24. Enable Preset EQ Optimization Calibration Option ....cccccceevieviiiieiiciiieeeeniiieeeeeen, 33
Figure 25. Calibration Parameters Configuration Page .......ccccevciiiiiriiiieeiiniiieeieieeeceeee e 34
Figure 26. Set Up DUT Reference Package Embedding for Calibration......c.ccccceeeeeuvveencnnnenn. 36
Figure 27. Calibration Target OVErwrite Page ...ttt e e e e e ennaee e 39
FIgUre 28. RUN TESTS PaBe .ciiiiiiiiiiiiiieeieeeeeitttt ettt te e e e e se s ate e e e e e s e s s asbaaaaeessssssssssnsaaaeeens 40
Figure 29. Main State Diagram for Link Training and Status State Machine (from CTS).... 45
Figure 30. Polling Substate Machine (from CTS) .....uuiiiieeiiieeeceeeeceee e e 46
Figure 31. Recommended Setup for DUT Tx Link EQ Testing (PCle Gen 3/4 System Board)
........................................................................................................................................................ 47
Figure 32. Recommended Setup for DUT Tx Link EQ Testing (PCle Gen 3/4 System Board)
IN the IR REFCLK MO ...ttt ettt e e s e s et e e s s aeee e s s snnnaeesennee 49

Figure 33. Recommended Setup for DUT Tx Link EQ Testing (PCle Gen 3/4 Add-in Card) 50

GRL-PXE4-CEM-RXA User Guide and MOI Rev 13.0
© GRL Platform Solutions 2026 Version 13.0, July 2026. Updated 07.17.2026 Page 6 of 122


http://www.grlps.com/

sz
grlps.com

Figure 34. Recommended Setup for DUT Tx Link EQ Testing (PCle Gen 3/4 Add-in Card) in

The TR RETCLK MOE....iiiiiiiieeeeteee ettt ettt e st e s s e s s e e e ab e s saneesnnes 51
Figure 35. Recommended Setup for DUT Rx Compliance Testing (PCle Gen 4 System

=7 o}=1 e ) IR 52
Figure 36. Recommended Setup for DUT Rx Compliance Testing (PCle Gen 4 System

Board) in the IR REFCLK MOE ....uuueiiiieeeeeeeeeeee ettt eeerrrre e e e e e e e anr e e e e e e e e e e nnraneeeas 53
Figure 37. Recommended Setup for DUT M.2 Rx Compliance Testing (PCle Gen 3 System

=1 o} Y (e ) IR T TSRO PR STUURRRRRRRIRY 54
Figure 38. Recommended Setup for DUT M.2 Rx Compliance Testing (PCle Gen 3 System

Board) in the IR REFCLK MO c.uuuiiiiiiieiiiiiiitiieee ettt eeearrree e e e eeessaarereeeeesesessssanenees 55
Figure 39. Recommended Setup for DUT Rx Compliance Testing (PCle Gen 4 Add-In Card)

....................................................................................................................................................... 56
Figure 40. Recommended Setup for DUT Rx Compliance Testing (PCle Gen 4 Add-In Card)

IN the IR REFCLK MO ...ttt ettt e e e s re e e s st e e e e s sneeessannaes 57
Figure 41. Recommended Setup for DUT M.2 Rx Compliance Testing (PCle Gen 3 Add-In

(OF=Y oo ) [T 58
Figure 42. Recommended Setup for DUT M.2 Rx Compliance Testing (PCle Gen 3 Add-In

Card) iN the IR REFCLK MOGE ittt e e s e ssabare e e e e s esssssssaersesesssnnns 59
Figure 43. Set Up Test REQUIFrEMENTS cciii ittt ettt e et e e e e e s e aereeaeee s 59
FIBUIE 44, SElECT DUT T PO e iiiiiiiiciiiitieeteeeeecttteeeeesessssarttaeeeessessssssaneeesssassssssssnnaeessessssssssnseaneses 60
FIBUIE 45, SELECT RX TOS TS tiiiiiiiieiiiiiiiteetieeeecittteeee e s e seerrreeeeeesse s senaaeeesesessssssnsnnaaeesesessssssnseaneees 60
Figure 46. Select DUT Tx Link EQ and Rx ComplianCe TeStS ccccuviirrrviieerrriiieeiereeeeeesieeee e 61
Figure 47. Select SJ Margin SEarCh TeST ...ttt e e s aae e e s aeees 61
Figure 48. Test Parameters Configuration Page......ccccceeeiiieiieiiiiiieciiee et e s 62
Figure 49. Connect Equipment for Loopback BER TSt ....ccceccviieiieciiieeiciieeeeeeeeeeeeeee e 64
Figure 50. Select BER Loopback Test Method ......cccuiiiiriiiiiiniiiiiieieeecircccceee e 65
FIBUIe 571. RUN TESES PABE.uiiiiiiiieiciiiiiieeeteeeecttteeee s s e s e veeee e e e s se s enanesessssssssssssneaasesssesssnssnsenneses 66
FiBUIre 52. TEST REPOI Pae ciiiiiiiciiiietee ettt e e s e e teee e e e s e s e s aaaaeeeee s e s e nssaaaeaesssessssssnsnnnens 67
Figure 53. Test Session INformation EXamMPLle ... iieeiniiieiiieeeceieeeceeeee e ee e e 67
Figure 54. Test Summary Table EXampPle ... ittt e e sree e s sane s 68
Figure 55. TeSt RESULLS EXAMPLE ..ttt et eeeeccttee et e s s e ssareeeee s s s s s enaneeeeesesessnnnennnaaeeens 68
Figure 56. Delete TeST RESULLS cccvuiiiiieiii ettt eeectrre e e s e s e arre e e e e s e s e asane e e e e s s sesnnsanneaeeeeas 69
Figure 57. Save/Load/Create TeSt SESSIONS. ...ttt ettt ettt ee s e s bt e s 70
Figure 58. CTS Rx Calibration Diagram for PCIe GEN 3.......ciiiveiiieiriiieeeirieeesesreeeessveeeessenees 73
Figure 59. CTS Rx Calibration Diagram for PCIE GEN 4....eeiieieeecereeeeeeeeececerree e e s e evnneeeas 73
Figure 60. Connection Diagram for Channel Loss Calibration........cccccceeieieeciiiieeeeeieeecceeeeeen, 74
Figure 61. Connection Diagram for Amplitude, Preset, SJ and RJ Calibration........ccccceeuu...e. 76

Figure 62. Connection Diagram for PCle Gen 4 DM-I, CM-I and EH/EW TP2 Calibration.... 85
Figure 63. Connection Diagram for PCle Gen 3/4 Add-in Card DUT Initial Tx EQ / Tx Link

EQ RESPONSE TST ittt sttt s e e e ettt e e s s s e e e teeanas s seeesaeennnnsessssnns 94
Figure 64. Connection Diagram for PCle Gen 3/4 System Board DUT Tx Link EQ Response

LI U PPPPPPRRORRRPORY 96
Figure 65. Connection Diagram for PCle Gen 4 Add-in Card DUT Loopback Test............... 106
GRL-PXE4-CEM-RXA User Guide and MOI Rev 13.0

© GRL Platform Solutions 2026 Version 13.0, July 2026. Updated 07.17.2026 Page 7 of 122


http://www.grlps.com/

Figure 66
Figure 67
Figure 68
Figure 69
Figure 70
Figure 71.

Figure 72.
Figure 73.
Figure 74.
Figure 75.
Figure 76.

grlps.com

. Connection Diagram for PCle Gen 4 System Board DUT Loopback Test........... 107
. Setup CoNFigUration PaBe ...ccuuiiiieiiieeeieeeeeetee ettt e et e e s srae e e s sare e e e s sneeeesnas 114
. Perform SigTest DEDUZSEING ..cccuiieiieeeeeetee ettt e e ee e e s aa e e s aaaee s 114
. Running Offline SigTest Verification....ccc et eeee e 114
. Viewing SigTest ANalySisS RESULLS ...ciiviiiiiiieiieeeceee ettt e e 115
Setup CoNFIBUratioN Page..ccccccuiiiiieiiieieitieeeeiteee ettt e st e e e s see e e s s esreeeessannaeeas 116
Perform Tx Link EQ Time Response Offline Tests Debugging ......ccccceeeeeeuveeernnnen. 116

Initiate Tx Link EQ Time Response Preset/Cursor TeSt.....ccccuvvveeeereveeeeirsiereeeennnnee 116

Running Tx Link EQ Time Response Preset/Cursor TeSt....cccccereecieeeeriieeeerennneeen. 17

Viewing Tx Link EQ Time Response Preset/Cursor Test ResultS.......ccceveeeevueennnee 17

Viewing Tx Link EQ Time Response Preset/Cursor Test Trace for Transition

LI [T PP PP PPPTPRPRPON 118
Figure 77. Keysight CONNECTION EXPEIT .ciicccieiiiieeeiieeeeiiiiteeeeeeseessnreee e e e s e s e ananeeeeesssesssnnnneaeeeens 119
Figure 78. OSCIllOSCOPE’S VISA AQAIESS ...uuuiiiieiiiieiiiiieeieitteeessiteeessiteeesssrteesessseeeesssseeesssaseens 120
Figure 79. OpenChoice Instrument Manager In Start MeNU.......ccceevveeeinriieeeenieeeeeneeeee e 121
Figure 80. OpenChoice Instrument Manager MENU .........ueeeeiiieeeeeinieieeeeeeseeernereeeessesessenvneeees 122
GRL-PXE4-CEM-RXA User Guide and MOI Rev 13.0

© GRL Platform Solutions 2026

Version 13.0, July 2026. Updated 07.17.2026 Page 8 of 122


http://www.grlps.com/

grlps.com
Table 1. Equipment Requirements — Systems and ACCESSOIIES ...uuiireieeieecccerrireeeeeeeeeeceeereeeens 1
Table 2. Equipment Requirements — CablesS ...t eee e 12
Table 3. SOftware REQUIFEMENTS ..uuiiiiiiiieicctee ettt e s eee e e s aee e e s s aaae e s ssaaaeesssnseaaaens 13
Table 4. PCle Gen 3/4 CTS Requirements — Calibration and Testing Differences ................ 14
Table 5. Calibration Parameters DeSCIiPtioN ... . cciieiieciiieiccitee et sae e e e eaeee s 34
Table 6. Test Parameters DeSCIiPLiON ... ittt ettt e e esree e s e seae e e s aaee e s s eaanaes 62
Table 7. Calibration SeTtiNgS .ottt ettt et e e s s ate e e s s sare e e e s seaeeens 72
Table 8. Calibration RESULES ....uiiiiiieeeeeeeeeteee ettt e st e e s st e e s e sar e e e e ssnsaeeeens 72
GRL-PXE4-CEM-RXA User Guide and MOI Rev 13.0

© GRL Platform Solutions 2026 Version 13.0, July 2026. Updated 07.17.2026 Page 9 of 122


http://www.grlps.com/

sz
grlps.com

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

The main body of this documentation first describes how to configure the GRL-PXE4-
CEM-RXA test software to calibrate the stressed eye at the receiver of the device under
test (DUT) in the PCle Gen 4.0 or Gen 3.0 system. This includes calibration to be
performed at both the physical Test Point 1 (TP1) and the Long Channel at TP2. The GRL
Platform Solutions software will automate calibration without channel effect at TP1
before measuring the eye opening due to trace length. It also enables running the SigTest
post processing analysis application to ensure signal quality compliance.

After completing calibration, the GRL-PXE4-CEM-RXA software will automate compliance
testing for the receiver using Bit Error Ratio (BER) as a metric. The receiver path is tested
with worst case eye to ensure a BER of less than 1E-12 can be achieved. The software
also provides an optional SJ margin search test for the DUT.

The GRL-PXE4-CEM-RXA software performs test automation according to PCI-SIG-
approved Methods of Implementation (MOI’s) with high performance real-time
oscilloscopes and Anritsu BERT using existing PCI-SIG Compliance Base Boards (CBB’s)
and Compliance Load Boards (CLB’s). The GRL Platform Solutions software is run from
the computer or oscilloscope to provide automation control to test the DUT for PCle Gen
3 & 4 CEM Rx electrical compliance (including PCle U.2 & M.2 calibration/testing for 8
GT/s). When combined with a satisfactory level of interoperability testing, these tests
provide a reasonable level of confidence that the DUT’s will function properly in most
PCle environments.

Note: For manual test methodology, refer to Appendix of this documentation or PCI-SIG for
approved Method of Implementation (MOI’s) as technical reference.
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Note: Equipment requirements may vary according to the lab setup and DUT board. Below
are the recommended lists of equipment for the typical test setup.

TABLE 1. EQUIPMENT REQUIREMENTS — SYSTEMS AND ACCESSORIES

System & Accessory Qty. Description/Key Spec Requirement
High Performance Real-time 1 > 25 GHz bandwidth®
Oscilloscopel®
Anritsu MP1900A BERT 1 MP1900A Signal Quality Analyzer, with
following modules:
e MU181000A/B 12.5 GHz Synthesizer!*
e MU1815008B Jitter Modulation Source
e MU195020A 21G/32G bit/s Sl Pulse
Pattern Generator, or
MU196020A 64.2G bit/s or 64.2G baud
PAM4 Pulse Pattern Generator®
e MU195040A 21G/32G bit/s Sl Error
Detector, or
MU196040B 58.2G bit/s or 58.2G baud
PAM4 Error Detector
e MU196060A 32G baud NRZ/PAM4 Re-
Driver
e MU195050A Noise Generator
PCI-SIG Compliance Base Board (CBB) 1 For add-in cards
or
PCI-SIG Compliance Load Board (CLB) For host system boards
[Optional for PCle Gen 3 CEM (8 GT/s):]
PCI-SIG U.2 (SFF-8639) or M.2 Key-M 1 For PCle Gen 3 add-in cards
Compliance Base Board (CBB)
or
PCI-SIG U.2 (SFF-8639) or M.2 (Socket-3) For PCle Gen 3 host system boards
Compliance Load Board (CLB)
ISI Source Generator 1 Compliant Variable ISI channel
Power Divider 2 Anritsu K240C 2-Way Resistive Power Divider,
for connecting scope to CLB Tx lanes to
perform link equalization tests
External Refclk Source 1 Required for System and Add-In Card DUT
testing in the SRIS (independent Refclk) mode
Terminator 2 Anritsu J1632A Coaxial Terminator, for

termination of the unused
MU195020A/MU196020A Aux Out connector
and the CLB during link equalization testing

GRL-PXE4-CEM-RXA User Guide and MOI
© GRL Platform Solutions 2026

Version 13.0, July 2026. Updated 07.17.2026

Rev 13.0
Page 11 of 122


http://www.grlps.com/

using a PAM4 Pulse Pattern Generator

grlps.com
System & Accessory Qty. Description/Key Spec Requirement
Power Supply 1 ATX Power Supply, for DUT power
V(m) - K(f) Adapter 2 34VKF50A Coaxial Adapter, only required if

Computer/PC (laptop or desktop) 1 For automation control
Minimum requirements:
e Windows 10+ OS

120GB SSD storage

16GB RAM

Gigabit Ethernet

Recommended requirements:
¢ Windows 10+ OS

200GB SSD storage
32GB RAM
Gigabit Ethernet

Intel Core i5 processor

Intel Core i7+ processor

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

measurements.

[bI Oscilloscope with scope bandwidth as specified in vendor specific MO/I’s.
[eI pMU1810008B Option 02 is required for testing the System Board DUT.

[1 The GRL-PXE4-CEM-RXA software supports PAM4 PPG in NRZ mode.

TABLE 2. EQUIPMENT REQUIREMENTS — CABLES

Cable!® Qty.
1-meter SMA coaxial cables 6 pairs
SMA-to-SMP adapters (included with CLB/CBB test fixture kits) 2 pairs
1-ft SMP-to-SMP cables (included with CLB/CBB test fixture kits) 2 pairs
Phase-matched K-K coaxial cables 1 pair
J1917A coaxial semi-rigid cable (to connect between MU196060A clock output 1
and MU1960408B clock input)

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

MU196060A data outputs and MU196040B data inputs)

SMA-to-SMA cables 4

BNC cables 2

J1627A GND connection cable 1

LAN cable 1
GRL-PXE4-CEM-RXA User Guide and MOI Rev 13.0
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[/l Based on the standard test configuration. May require more or less cables depending on the DUT type.

TABLE 3. SOFTWARE REQUIREMENTS

Software

Description/Source

GRL-PXE4-CEM-RXAL!

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

VISA (Virtual Instrument
Software Architecture)
AP| Software

VISA Software is required to be installed on the controller PC running
GRL-PXE4-CEM-RXA software. GRL Platform Solutions’ software
framework has been tested to work with all three versions of VISA
available on the Market:

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

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

MX183000A

Anritsu High-Speed Serial Data Test Software — For loopback BER
testing of the PCle Gen 3/4 CEM DUT receiver. This software is
located in the MP1900A BERT.

SigTest Application

Standard Post Processing Analysis Software —
www.intel.com/content/www/us/en/design/technology/high-speed-
io/tools.html

lal pCle3-CEM and PCle4-CEM will need to be installed to test at both 16 GT/s and 8 GT/s data rates. If the
GRL-PXE4-RXA test solution is purchased, the user will need to install the GRL-PXE4-BASE-RXA and GRL-PXE4-
CEM-RXA solutions included in the package to perform testing for PCle4-BASE and PCle4-CEM at 16 GT/s and 8

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

(Note: The latest CTS being used here is referring to the ‘PCl Express Architecture PHY Test
Specification Rev 4.0, Nov 8, 2018’ version. The calibration and test methodology will be

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

requirements.)

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

CEM CTS PCle Gen 3 PCle Gen 4

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

RJ Source ~1.5 ps RMS ~1.0 ps RMS

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

Pre- e 1.6 million Ul’'s (1.6 x 10° x e 2.0 million Ul’s (2.0 x 10° x 62.5ps =

waveform 125.0ps = 200.0ps) 125.0us)

Acquisition e Use the Gen 3 Rx e Use the Gen 4 RJ calibration

and SigTest calibration template (See Note (PCIE_4_0_RX_CAL \

Analysis [1] below) PCIE_4_16GB_CEM_Rj_Sj_CAL.dat)

template

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

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

Setting e SJ magnitude = 0.0 ps

e 2.1GHz DM Amplitude = 0.0 mV

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

CLB/CBB 3.0 4.0

revision

Measured Tx | P7 P5, P6

Equalization

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

Test @ 16 GT/s.)

Measured 35+/-.2dB For P5:1.9 +/- .1 dB
Preshoot For P6: 2.5 +/- .1dB
Measured 6.0 +/- .2 dB 0.0 +/- 1 dB

De-emphasis
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CEM CTS PCle Gen 3 PCle Gen 4
Configuration (8.0 GT/s) (16 GT/s)
Measured DM | Average peak to peak RMS amplitude over 2.0 million Ul’s of
Amplitude amplitude over 1.6 million Ul’s | data (2.0 x 10° x 62.5 ps = 125.0 us).

of data (1.6 x 10® x 125.0 ps =
200.0 ps). Adjust to 14-16 mV
range.

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

Measured CM

RMS amplitude over 2.0 million Ul’s of

Amplitude data (2.0 x 10° x 62.5 ps = 125.0 us).

Adjust to 150 +0/-2 mV diff-amp
range.
Note: CM amplitude should be turned
off when calibrating for stressed eye,
but turned on when testing for Rx link
equalization.

Final 1.6 million Ul’s 2.0 million UI’s (for P5 and P6)

Waveform

Acquisition

Final SigTest

Analysis (5e¢
Note [2] below)

Rx CTLE setting fixed to 7 with
the template for Gen 3 Rx
calibration template (SeeNote [1]
below) including embedding the
remaining portion of the
channel

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

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

Eye Height

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

Eye Width e SJ:5to 10 pspp at TP1
e DM-I: 10 to 25 mVpp at TP2
Differential Voltage Swing: 720 to 800
mVpp at TP1

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

Height/Eye

Width

Adjustment

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

Bandwidth sample rate)

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

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

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

Loss at 4 GHz) (See Note [3] below) reference package (27, 28, and 30 dB
at 8 GHz)
Add-in-Card reference package loss: 3
dB
System reference package loss: 5 dB

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

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

present on the oscilloscope.

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

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

|

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

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

6.2)
3a. Set Measurement Conditions (see | _1__, 3b. Set Calibration Requirements (see
Section 6.4) Section 6.5)
w
4. Set Up Hardware Connections for TP2 Calibration (see Section
6.3)

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

5a. Set Calibration Parameters (see 5b. Set Calibration Targets (see
Section 6.7) Section 6.8)

v

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

Once calibration has completed
successfully:

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

v

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

A 4

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

) 4

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

9a. Set Test Parameters (see ‘ . 9b. Set Loopback BER Test (see
Section 7.9) Section 7.10)

A 4

| 10. Run Rx Tests (see Section 7.71) |

- 12. Save/Load Sessions (see Section
| 11. Generate Reports (see Section 8) I: > / 9) (
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This section provides the procedures to start up and pre-configure the GRL-PXE4-CEM-
RXA automation software before running tests. It also helps users familiarize themselves

with the basic operation of the software.

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

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

following sections.

Download and install the GRL Platform Solutions software as follows:

1.

If the GRL Platform Solutions software is to be installed on a PC (where it is referred
to as ‘controller PC’), install VISA (Virtual Instrument Software Architecture) on to the
PC where GRL-PXE4-CEM-RXA is to be used (see Section 2.2).

Download the software ZIP file package from the GRL Platform Solutions support site.

The ZIP file contains:

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

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

PCIECEMGen4_AN_RxTestScopeSetupFilesInstallationxooooxxxxxSetup.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.
Click on GRL - Automated Test Solutions within the GRL folder to launch the GRL
Platform Solutions software framework.

(€]
Q Get Help

&) Google Chrome

. Google Drive

B oo A

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

FIGURE 1. SELECT AND LAUNCH GRL PLATFORM SOLUTIONS FRAMEWORK
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2. From the Application &> Rx Test Solution drop-down menu, select ‘Anritsu PCle CEM
4.0 Rx Test’ to start the PCle CEM 4.0 Rx Test Application. If the selection is grayed
out, it means that your license has expired.

m GRL - Automated Test Solution

Application | Options  License  Windows  Help

Framework Test Seluticn »

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

FIGURE 2. START PCIE CEM 4.0 RX TEST APPLICATION

3. To enable license, go to License = License Info.

Application  Options | License | Windows  Help

License Info

FIGURE 3. SEE LICENSE DETAILS

a) Check the license status for the installed application.

®
‘ o GRL License Manager

Device License Summary

Please contact GRL to purchase/activate license(s)

App Name License Type Day Left
Anritsu PCle CEM 4.0 Rx Test DEMO 12 days 5
Detail
Host ID

QqEx06bSTAFSxVWU/f3IMSBvfie5/yROJ6Cff+ unHHYLKWZpK7Z6B 1yHyKOXMogzYYj/xDIf3q+ tUePgno0c) 24 + UerC4fZRGCkI6YAT55HHNVXEMhFN3wag/bg
KIfZxmLcUJiE2pZCdPgRTMh 1 +uxhe259He9850/4B6thFyMq98jQPhjahSZyMjeVFumtrA4 TtGMIOHIjAzp/YrxDWRLs2AbKS5ICELfIBQMLBCkepNbhsKdP 1Kv/r
RUwmpg7z/6VM2N +w/TkenvWwOK5bqEorjqrA8Vs9ol taw6 pRWko)jtWvEFYmgsYKrSI2nTFRUGZ goejZMixs)4pU72100gevK1bdV3LOh7K1idGAYIOrgiHhcZa

License Key

COPYRIGHT 2025 GRANITE RIVER LABS INC. ALL RIGHTS RESERVED.

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

e If you have an Activation Key, enter it in the License Key field provided and
select Activate. The installed application is ready for use upon successful
activation.

¢ If you do not have an Activation Key, close the above window to use a demo
version of the application over a free 12-day trial period.
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Note: Once the 12-day trial period ends, you will need to request an Activation Key to
continue using the application on the same computer by contacting support@grlps.com.

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

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

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

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

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

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

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

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

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

8. Then select the “lightning” button ( 7| ) for each connected instrument.

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

MName D Address Type Vendor Lib

Scope |5cope | |TCPIPD::Incth|:|st::| |05cilloscope | Agilert ~ || | AgilertScope =
WXT30000A | [BeRT | [TcPiPD:192.168.0. | [BERT | lAnrtsu || | Anritsu19008er ~ =
MXT83000A | [anstsulinkSec|| [TCPIPD:192.168.0.] | [AnntsulinkSed]| |Amitsu || | GenericvisA  ~ =

FIGURE 5. CONNECT INSTRUMENTS WITH GRL PLATFORM SOLUTIONS SOFTWARE

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

Select @ from the menu to access the Session Info page. 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.

DUT Info Test Info Software Info

DUT Manufacturer: [GRL | Comments

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

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

FIGURE 6. SESSION INFO PAGE
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The GRL-PXE4-CEM-RXA test solution supports automated Rx calibration using the
SigTest signal quality and stress tolerance analysis application for PCle Gen 3 and Gen 4
system boards and add-in cards. To perform calibration, the GRL-PXE4-CEM-RXA
software is run from the PC or oscilloscope to enable automation control for each step of
calibration and signal quality test sequence.

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

Fixed TX EQ
l’ | . I I
8 GT/s PRES er I |calibration | [ Replica | i
Generator Combine | | P | Test Equipment
|| _‘_Il._r-' Channel I,IJ_L,I._J Channe :’_L
i i & | I |
' | | 1
TP1 TR2
) TP4 TPS
A 7
Post Processing Scripts:
] 5 Diff M Rrpkg model
Souroe Louroe cerference el e Behiavioral CTLE/DFE (B/165]
Bchavional CIDR
A X

EM Adjust iTPZP

EH/EW at 10°™ BER

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

FIGURE 7. CTS RX CALIBRATION DIAGRAM FOR PCIE GEN 3

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

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

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

MU181000A/B e .

e@ @e@ @9@ @0

0.3m -J1624A

¥~ T T T ]

— e IR st m— Exb Gl It

P e [

0.3m - J1624A

Coaxial cables - J1551A (3ft)

gt I

eQoeOe

Al A

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

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

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

3. Using the J1551A coaxial cables (3ft), connect the MU195020A/MU196020A Data
Outputs to the MU195050A Data Inputs.
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6.2 Set Up Automated Rx Calibration for TP1

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

Anritsu

MP1900 BERT Noise Output
=

Real-Time Oscilloscope

Phase-matched K-K coaxial cables

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

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

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

6.3.1 Connect Equipment for System Board Calibration

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

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

Real-Time Oscilloscope CBB

SMA-to-SMP adapters

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

cables

L
Noise output

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

Anritsu
MP1900 BERT

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

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

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

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

4. Using 1-ft SMP-to-SMP cables, connect both the 2.0-5.0 dB Variable I1SI and the CLB
Rx Lane. (Note: The SMP-to-SMP cables should be included along with the test fixture
kits.)

5. Insert the CLB into the designated slot on the CBB.

6. Connect the CBB Tx Lane using 1-ft SMP-to-SMP cables to the 10.3 dB Fixed ISI.

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

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

e Total 22-25 dB physical loss or Nominal 23 dB physical loss (excluding oscilloscope)
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e 5 dB package loss (post processing via oscilloscope)

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

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

Anritsu MP1300A BERT

o -
Muwloﬂo;ﬂ{? - o ) -
l TomEm il chem A w mA  ssm A '..-;‘_’ »DIHE ‘:‘E’:. -':S:; :—::-'5 f&_ . "
MU1815008 - Oscilloscope
0 o8 g
| coo0
MU195/6020A [ _ !\ |keleXele

i

MUL95050A s — — - ‘
Bl fev G 00 G O.© . coo o o

| I L1
CLB N

CH1 CH3
1-meter SMA coaxial cables

4

.2
connector

k/ T«
temeter SMA coaialcables g L I BB

00000

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

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

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

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

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

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

e For DM & CM Amplitude and Eye Height/Eye Width calibration: Use the
“U.2_8GB_Device_Rx_CAL” SigTest template file.
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The following calibration setup uses a PCle M.2 compliance load board (CLB) test fixture

as the PCle Gen 3 System Board.

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

Anritsu MP1S00A BERT

T e et = (6 Xy i
MU1815008 .

o & Oscilloscope
| o —
_— s N eXeXele)
MU195050A s i
Wl LY~ el -

1-ft SMP-to-SMP cables T

ISI Board /\
CLB M.2

connector
Rx \ >

—— nlieliainll
CBB

%

1-meter SMA coaxial cables

1-meter SMA coaxial cables

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

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

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

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

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

5. Insert the M.2 CLB into the M.2 connector slot on the M.2 CBB.

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

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

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

e For DM & CM Amplitude and Eye Height/Eye Width calibration: Use the
“M_2_8Ghb_Rx_SYS_CAL” SigTest template file.
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6.3.4 Connect Equipment for Add-In Card Calibration
The following calibration setup uses a PCI-SIG compliance base board (CBB) test fixture
as the PCle Gen 4 Add-In Card.

Anritsu MP1900

BERT Noise output CBB
] —_— Bl : AR .

SMA-to-SMP adapters
Included in Test Fixture Kits

1-meter SMA coaxial
cables
\\

Real-Time ™.

Oscilloscope

2.0 dB (Fixed)
' — a (Pair 0)
e
o =
e
[

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

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

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

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

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

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

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

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

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

e Total 24-27 dB physical loss or Nominal 25 dB physical loss (excluding oscilloscope)

e 3 dB package loss (post processing via oscilloscope)
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The following calibration setup uses a PCle U.2 (SFF-8639) compliance base board (CBB)
test fixture as the PCle Gen 3 Add-In Card.

Anritsu MP1900A BERT

MU181000A/B = . -
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= - @ = <y - W I W R W Y W
l @F @Y @ T g W Weedh dw &0 gL
il memmd wmei semd sews b et A e & remem & - A

MU1815008 _

e & Oscilloscope
- SESESIS]
MU155/6020A -,
e o]eJele,
MU1S5050A me s L] ‘
L
' ) - oo o o

B — L1

.2 1-meter SMA coaxial cables

ul
connector g Tx
Rx \“‘x m]

1
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FIGURE 15. RECOMMENDED SETUP FOR U.2 TP2 LONG CHANNEL Rx CALIBRATION (PCIE GEN 3 ADD-
IN CARD)

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

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

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

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

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

e For DM & CM Amplitude and Eye Height/Eye Width calibration: Use the
“U.2_8GB_Host_Rx_CAL” SigTest template file.
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The following calibration setup uses a PCle M.2 compliance base board (CBB) test fixture
as the PCle Gen 3 Add-In Card.

Anritsu MP1900A BERT

MU181000A/B
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FIGURE 16. RECOMMENDED SETUP FOR M.2 TP2 LONG CHANNEL RX CALIBRATION (PCIE GEN 3
ADD-IN CARD)

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

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

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

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

5. Insert the M.2 CLB into the M.2 connector slot on the M.2 CBB.

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

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

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

e For DM & CM Amplitude and Eye Height/Eye Width calibration: Use the
“M_2_8Ghb_Rx_CARD_CAL” SigTest template file.
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Select H from the PCle CEM 4.0 Rx Test Application menu to access the Conditions
page to set the conditions for calibration and testing. The GRL Platform Solutions
software will perform calibration and testing for selected defined SJ frequencies.

Recommended procedure:

e Step 7: When calibrating, select all conditions that may be used for testing, and
perform the calibration.

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

@f‘é&:;('+- + B

SJ Frequency

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

FIGURE 17. SELECT TEST CONDITION

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

Setup  Debug Tool  Sigtest Tool

FIGURE 18. SET UP CALIBRATION REQUIREMENTS

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

Setup  Debug Tool  Sigtest Tool

Device Type: stem Board |v

FIGURE 19. SELECT DEVICE FOR CALIBRATION
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The GRL Platform Solutions PCle CEM 3.0 Rx Test Application supports the PCle U.2 (SFF-
8639) and M.2 platforms for PCle Gen 3 (8 GT/s) CEM Rx add-in card and system board
calibration and testing.

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

Setup | Debug Tool

Device Type: |f-‘«:|d In Card e |

Inteface Type: .2 |v
CEM
M.2 |

FIGURE 20. SELECT PCIE INTERFACE TYPE FOR CALIBRATION

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

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

5[4 TP1 Calibrations

- 4> Preset 4 Calibration

----- 4 Launch Amplitude Calibration

..... 4> De-Emphasis Calibration

----- 4 Pre-shoot Calibration

..... 14 R Calibration

- 4 5 Calibration

5-Z] € Long Channel Calibration

----- 4 DM Calibration

..... 4> CM Calibration

----- 14 Final 151 Calibration

..... 4> DM Optimization

----- ] 4> Final Eye Calibration

FIGURE 21. SELECT RX CALIBRATION

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

The GRL Platform Solutions software will automatically run the selected calibration when
initiated.
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FIGURE 22. SELECT TP1 CALIBRATION
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Under ‘Long Channel Calibration’, select to calibrate for differential mode (DM), common
mode (CM), final intersymbol interference (ISI), DM optimization, and final eye by default
to achieve calibrated eye height and width to produce a final stressed eye diagram. Note
that running DM Optimization will produce results that mention ‘Final Eye Reached’ in the
GRL Platform Solutions test report which shows ‘True’ if the specified final stressed eye is

met or ‘False’ if the final stressed eye does not fall within specifications.

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

initiated.

2- . L | ong Channel Calibration

14> DM Calibration

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

FIGURE 23. SELECT LONG CHANNEL TP2 CALIBRATION

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

BDO PCle Gen4.0 Rx Calibrations and Tests
EIEIO Calibrations

o[ 4> TP1 Calibrations

----- [J 4 Preset4 Calibration

[J4 Launch Amplitude Calibratio
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—
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FIGURE 24. ENABLE PRESET EQ OPTIMIZATION CALIBRATION OPTION
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After selecting the desired calibration, select from the menu to access the
Configurations page. Set the required parameters for calibration as described below.

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

=8 PCle Gen4.0 Rx Calibrations and Tests - Set Defautt
L_J Calibrations
. SigTest Version: 4052
. SigTest Silert Mode: False “
. DM Measurement: RMS to Vpp “
o- TP1 Calibrations
" SJ Calibration Method: SigTest —
=8 Long Channel Calibration
. Sigtest N Acquisition: 7
. Eye Width/Height Sigtest N Acquisition: 20
. Parellel SigTest Run: True >
. Maximum Thread Spawn: 4
. Custom Final 15 Trace: False =
. Apply Embedding: True v
. Add In Card Embed File: refipkg_endpoint_3db_thru
. System Embed File: refpkg_roctcomplex_5db_thru .

FIGURE 25. CALIBRATION PARAMETERS CONFIGURATION PAGE

TABLE 5. CALIBRATION PARAMETERS DESCRIPTION

Parameter

Description

SigTest Version

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

SigTest Silent Mode

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

DM Measurement

Select the unit for measuring differential mode (DM).

SJ Calibration Method

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

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

SigTest N Acquisition

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

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

Parallel SigTest Run

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

Maximum Thread
Spawn

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

Custom Final ISI Trace

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

Apply Embedding

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

Add-In Card/System
Embed File

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

CTLE Scan Start & End
EQ Gain (dB)

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

DM Optimization SJ
Sweep (UI)

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

Force Use Custom DM

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

DM Optimization
Array (mV)

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

Preset Scan On ISI
Calibration

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

CTLE Scan For ISI
Calibration

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

ISI Start & End Trace
(dB)

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

DM Optimization
Target

Select the Eye Width or Eye Height to prioritize as a target during
DM optimization calibration.
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As defined by the PCIE standard requirements, if a waveform post processing tool is used
for Rx stressed eye calibration, the tool should comply with the following:

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

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

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

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

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

Apply Embedding: T "
Add In Card Embed File: |refpkg_end|:unirrt_3db_thn.| |
System Embed File: |ref|:ukg_rou:¢u:nm|:ule:-:_5dh_thru |

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

e 3 dB for the add-in card DUT

e 5 dB for the system board DUT

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

The user can disable DUT reference package embedding by selecting False for the ‘Apply
Embedding’ parameter on the Configurations page. In this case, the scope will not apply
reference package embedding. This is useful if the user chooses to use a replica trace
instead of reference package embedding.
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The following diagram shows the difference of connection between Embedding and No
Embedding Channel Loss during Rx stressed eye calibration for the PCle Gen 4 Add-In

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

PCle 4.0 1Sl Variable

MP1S00A

PCle 4.0 1Sl Variable
Pair 25-31

CBB4.0RxLane O

CLB 4.0Tx Lane O

Pair 0 <:>

i
.
]
[ ]
.-IIIIIIIIIIIIIIIII-I.III-I-IIIIIIIIIIIIIIIIIIIIIIII

Scope

(Embedding Channel Loss, +3dB)

No EmbeddingChannel Loss
TotalIL=27 to 30 dB

MP1900A

PCle 4.0 IS| Variable
Pair 25 - 31

CBB4.0RxLane O

CLB 4.0Tx Lane O

PCle 4.0 ISI Variable

Pair 0 + Replica Trace

Scope
(No Embedding Channel Loss)

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

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

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

System Board (Root)

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

MP1900A MP1900A

PCle 4.01SI Variable PCle 4.0 ISl Variable
Pair0—6 Pair0-6

CLB4.0Rx Lane O CLB 4.0Rx Lane O
CBB4.0Tx Lane O CBB4.0Tx LaneO

PCle 4.01SI Variable PCle 4.0 ISI Variable

Pair 16 Pair 16 + Replica Trace

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

Scope Scope

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

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

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

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

GRL-PXE4-CEM-RXA User Guide and MOI Rev 13.0
© GRL Platform Solutions 2026 Version 13.0, July 2026. Updated 07.17.2026 Page 38 of 122


http://www.grlps.com/

@ SR

grlps.com

For debugging purposes ONLY, the default calibration target values can be changed for

the RJ, SJ, DM and CM calibration. To do this, select [QI from the menu to access the
Calibration page.

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

Note: The PID Control setting is used to adjust the step width for steps calculation if the
target measurement cannot be met with the current step. To adjust, use a lower PID
Control value to reduce the subsequent step or increase the control value to make the
subsequent step bigger.

Use Default Value

Ri Calibration  5j Calibration DM Calibration  CM Calibration

Initial Cal 0.16

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

FIGURE 27. CALIBRATION TARGET OVERWRITE PAGE
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Once calibration have been selected and set up from the previous sections, the
calibration are now ready to be run.

Select E] from the menu to access the Run Tests page. The GRL-PXE4-CEM-RXA

software automatically runs the selected calibration when initiated.

Before running the calibration, select the option to:

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

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

Run Option

(@ Skip Test F Result Exists

Run Tests
() Replace i Result Exists

FIGURE 28. 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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The GRL-PXE4-CEM-RXA test solution supports automated Rx compliance testing as well
as optional SJ margin search testing for PCle Gen 3 and 4 system board and add-in card
DUT’s. Rx compliance testing includes Tx preset test, initial Tx equalization test, Tx link
equalization response test, and Rx link equalization test performed at 8.0 GT/s and 16.0
GT/s respectively. The GRL Platform Solutions software will initially run through link
training with the DUT to prepare it for Loopback mode. Once the DUT is ready for next
transition state, the software will start to initiate loopback on the DUT and then
measuring the Bit Error Ratio (BER) using the calibration stressed signals. The Rx path is
tested with worst case eye to ensure a BER of less than 1E-12 can be achieved.

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

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

The PCle Gen 3/4 add-in card DUT will be tested for Tx preset compliance as defined by
the CTS at 8.0 GT/s or 16.0 GT/s. This will first ensure the DUT is able to generate the
correct Tx equalization values for each of the total 11 presets before being tested for Tx
equalization.

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

The test setup should be based on the following:

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

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

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

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

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

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

Finally, read the saved waveform files and calculate the preset values using the SigTest
Transmitter Preset Test option. The test is considered as successful if all preset values
are within their allowable limit range as specified for 8.0 GT/s or 16.0 GT/s respectively.
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Note: This only applies for the add-in card DUT and is not required for the system board
DUT.

The PCle Gen 3/4 add-in card DUT will be tested for initial Tx equalization as defined by
the CTS at 8.0 GT/s or 16.0 GT/s. This will ensure the DUT is able to use the correct Tx
equalization preset as required during the initial stage of testing.

The test setup should be based on the following:

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

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

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

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

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

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

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

e 1.6 million unit intervals of data (1.6 x 10° x 125.0 ps = 200.0 ps) for 8.0 GT/s, or
e 2.0 million unit intervals of data (2.0 x 10° x 62.5 ps = 125.0 ys) for 16.0 GT/s.

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

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

The PCle Gen 34 system board or add-in card DUT will be tested for Tx link equalization
response as defined by the CTS at 8.0 GT/s or 16.0 GT/s. This will ensure the DUT can
accurately respond to commands to adjust the transmitter equalization values during link
training for DUT loopback.

The test setup should be based on the following:

e Attach the calibration revision 3.0 (for 8.0 GT/s) or 4.0 (for 16.0 GT/s) CLB to the
system board DUT with no power applied.
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e Connect the Rx lane under test on the CLB to the BERT signal source.

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

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

Note the setup will not include any Variable IS/ channel.

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

e preset 4 (both preshoot and de-emphasis to 0.0 dB) for 8.0 GT/s, or
e preset O (preshoot to 0.0 dB and de-emphasis to -6.0 dB) for 16.0 GT/s.

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

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

e 1.6 million unit intervals of data (1.6 x 10° x 125.0 ps = 200.0 ps) for 8.0 GT/s, or
e 2.0 million unit intervals of data (2.0 x 10° x 62.5 ps = 125.0 ys) for 16.0 GT/s.

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

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

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

The test setup should be based on the following:

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

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

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

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

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

Note the setup will not include any Variable ISI channel.

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

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

e 1.6 million unit intervals of data (1.6 x 10° x 125.0 ps = 200.0 ps) for 8.0 GT/s, or
e 2.0 million unit intervals of data (2.0 x 10° x 62.5 ps = 125.0 ys) for 16.0 GT/s.

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

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

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

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

The test setup should be based on the following:

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

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

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

e Connect the CLB 100 MHz clock output from the system board DUT to the BERT
synthesizer (that has passed PCle 3.0 or 4.0 base specification PLL compliance or
equivalent for the respective data rate).

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

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

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

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

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

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

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

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

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

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

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

During link training process, the DUT basically goes through multiple states via the status
state machine (SSM) method to enter Loopback mode as shown below.

Init[i)al Statg tn))r
irected by
Data Link Layer \‘

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

Polling
Entry

¢

——] Polling.Active

Polling.Compliance

Polling.Configuration

| l

7 Exitto N/ Exitto O\
'\ Detect /‘ \Conﬁguratioy

~

( J

FIGURE 30. POLLING SUBSTATE MACHINE (FROM CTS)
1. Enable the DUT to enter the Polling.Active state by sending TS1 with PAD (K23.7).

2. The DUT will go into the Polling.Configuration state after sending more than 1024 TS1
and 8 consecutive TS1 or TS2 with Pad or Loopback bit asserted have been received.

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

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

5. The DUT will finally switch to the Loopback mode after having two consecutive TS1 at
the requested speed with Loopback bit asserted.
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Once calibration has been completed from Section 6, continue with the following setup
to perform initial Tx link equalization (EQ) tests to prepare the DUT for the final stage of
Rx compliance testing. The setup requires the Anritsu MP1900A BERT (including the
MU195040A SI Error Detector or MU196040B PAM4 Error Detector), PCle Gen 3/4 System

Board or Add-In Card DUT, PCle Gen4 Re-Driver and oscilloscope to be us

7.5.1

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

Connect Equipment for System Board Tx Link EQ Testing

ed.

(CLB) test

Anritsu MP1900A BERT

MU1B10004/8

Oscilloscope

MUIBISEDB‘_— -
[ cooo
MUIBSFﬁﬂﬂ‘
MU195050A ot
| RS |1© © © O jamm
lL‘H’1 1 TS | L |

ATX Power Supply

-

1-meter SMA - -~

Coaxial Cables \\

100 MHz
REF CLK

r
e

BMNC Cable

DUT
!

s
{]
SMA-SMP e d
Adspters
{Included in Test I_
Fixture Kits)
l ' —. SMA-EMP
Adapters
{Included in Test
Fixture Kits)
IMU1950404/ (EpTEETEE P .--_
MU1960408 & vy g.oo

// Coaxisl Cables

1-meter SMA

FIGURE 31. RECOMMENDED SETUP FOR DUT TX LINK EQ TESTING (PCIE GEN 3/4 SYSTEM BOARD)
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10.

1.

12.

Connect an ATX power supply to the DUT.

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

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

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

Using a BNC cable, connect a CLB Ref Clock Out connector to the MU181000A/B 100
MHz Ref Clock In.

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

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

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

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

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

Using a SMA-to-SMA cable, connect a MU195020A/MU196020A Aux Out connector to
an Aux input on the oscilloscope. Note the other unused MU195020A/MUT96020A Aux
Out connector must be terminated with the J1632A coaxial terminator due to
differential signal output (not shown in above setup).

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

7.5.1.1 Independent Refclk Mode

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

Using back the same setup from Figure 31, remove the connection of the CLB’s Ref Clk
Out to the 100 MHz Ref Clk Input on the MU181000A/B. The BERT will use its own internal
Refclk which mimics an external Refclk source in this mode.
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FIGURE 32. RECOMMENDED SETUP FOR DUT Tx LINK EQ TESTING (PCIE GEN 3/4
IN THE IR REFCLK MODE

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

The following Tx link EQ test setup uses a PCI-SIG compliance base board (CBB) test
fixture for the PCle Gen 3/4 Add-In Card DUT.
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Anritsu MP1900A BERT
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FIGURE 33. RECOMMENDED SETUP FOR DUT Tx LINK EQ TESTING (PCIE GEN 3/4 ADD-IN CARD)

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

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

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

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

Using BNC cables, connect the MU181500B sub-rate clock outputs to the CBB 100 MHz
Ref Clock In connectors through the Z2029A PCle reference clock buffer.

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

MU196060A Re-Driver data inputs.

8. Connect the MU196060A Re-Driver data outputs to the MU195040A (or MU1960408B if
using a PAM4 Error Detector) data inputs for loopback error detection.

9. Connect the MU196060A Re-Driver clock output to the MU195040A (or MU1960408B if

using a PAM4 Error Detector) Ext Clock in.

10. Using a SMA-to-SMA cable, connect a MU195020A/MU196020A Aux Out connector to
an Aux input on the oscilloscope. Note the other unused MU195020A/MUT96020A Aux
Out connector must be terminated with the J1632A coaxial terminator due to
differential signal output (not shown in above setup).

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

7.5.2.1 Independent Refclk Mode

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

source for testing in the IR Refclk mode.

Using back the same setup from Figure 33, remove the connections of the MU181500B
sub-rate clock outputs to the Ref Clk+/- of the CBB. The user can choose to connect an
external Refclk source to the Ref Clk+/- of the CBB or use the Board Refclk source from

the CBB.
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FIGURE 34. RECOMMENDED SETUP FOR DUT TX LINK EQ TESTING (PCIE GEN 3/4 ADD-IN CARD) IN

THE IR REFCLK MODE
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7.6 Set Up Automated DUT Rx Compliance Test

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

7.6.1 Connect Equipment for System Board Rx Compliance Testing

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

Anritsu MP1900A BERT

MU181000A/8 Oscilloscope

e 3 D cooo
. —— - -A° o O O OO
o N ' [
MU195050A  memiss - [:]
[ élﬁ_@_@ﬁgsﬁﬂ 9. O O O O jaxnw

| 1| 1 L J

100 MHz REF CLK
= ATX Power Supply
A BNC Cable ~

1-meter SMA _~~
Coaxial Cables

DUT

!

SEFPTEI CL8
. == Ty Lane0 on 53 ®
SMA-SMP Adapters the back side e |
(Included in Test seee :

Fixture Kits) s
" Rx Lane0

1ftSMP-SMP Cables .~
(Included in Test Fixture
Kits)

I-meterSMA .~ —
Coaxial Cables IMU195040A/ a’*f,..*.’..f A
MU1360408 ..I.. ey g.o00 o -'

FIGURE 35. RECOMMENDED SETUP FOR DUT RX COMPLIANCE TESTING (PCIE GEN 4 SYSTEM BOARD)

i

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

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

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

4. Using 1-meter SMA coaxial cables, connect the Tx Lane on the back of the CLB to the
MU196060A Re-Driver data inputs.
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5. Connect the MU196060A Re-Driver data outputs to the MU195040A (or MU1960408B if
using a PAM4 Error Detector) data inputs for loopback error detection.

6. Connect the MU196060A Re-Driver clock output to the MU195040A (or MU1960408B if
using a PAM4 Error Detector) Ext Clock in.

7.6.1.1 Independent Refclk Mode

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

Using back the same setup from Figure 35, remove the connection of the CLB’s Ref Clk to
the 100 MHz Ref Input on the MU181000A/B. The BERT will use its own internal Refclk
which mimics an external Refclk source in this mode.

Anritsu MP1900A BERT
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FIGURE 36. RECOMMENDED SETUP FOR DUT RX COMPLIANCE TESTING (PCIE GEN 4 SYSTEM BOARD)
IN THE IR REFCLK MODE
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7.6.2 Connect Equipment for PCIE Gen 3 CEM M.2 (8 GT/s) System Board Rx
Compliance Testing

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

Anritsu MP19S00A BERT
MU181000A/B

l Q)
L S S

MU1815008B

- =
MU195050A

BNC cable
L’/ I1SI Board -
1-meter SMA
coaxial cables u

= ATX Power
I GND connection Supply
lJ_ cable (J1627A) System DUT
I MU195040A (5 == == P — - 3 .
| <~ |l K *U JE‘__Q:_ o ‘9‘,‘ 1-meter SMA coaxial cables

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

1. Connect an ATX power supply to the DUT.

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

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

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

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

6. Using a BNC cable, connect a M.2 CLB Ref Clock Out connector to the MU181000A/B
100 MHz Ref Clock In.

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

GRL-PXE4-CEM-RXA User Guide and MOI Rev 13.0
© GRL Platform Solutions 2026 Version 13.0, July 2026. Updated 07.17.2026 Page 54 of 122


http://www.grlps.com/

7.6.2.1 Independent Refclk Mode

grlps.com

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

Refclk source for testing in the IR Refclk mode.

Using back the same setup from Figure 37, remove the connection of t

he M.2 CLB’s Ref

Clk Out to the 100 MHz Ref Clk Input on the MU181000A/B. The BERT will use its own

internal Refclk which mimics an external Refclk source in this mode.
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FIGURE 38. RECOMMENDED SETUP FOR DUT M.2 RX COMPLIANCE TESTING (PCIE GEN 3 SYSTEM

BOARD) IN THE IR REFCLK MODE
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7.6.3 Connect Equipment for Add-In Card Rx Compliance Testing

The following Rx compliance test setup uses a PCI-SIG compliance base board (CBB) test
fixture for the PCle Gen 4 Add-In Card DUT.
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FIGURE 39. RECOMMENDED SETUP FOR DUT RX COMPLIANCE TESTING (PCIE GEN 4 ADD-IN CARD)

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

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

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

4. Using 1-meter SMA coaxial cables, connect the CBB Tx Lane to the MU196060A Re-
Driver data inputs.

5. Connect the MU196060A Re-Driver data outputs to the MU195040A (or MU1960408B if
using a PAM4 Error Detector) data inputs for loopback error detection.

6. Connect the MU196060A Re-Driver clock output to the MU195040A (or MU1960408B if
using a PAM4 Error Detector) Ext Clock in.
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7.6.3.1 Independent Refclk Mode

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

Using back the same setup from Figure 39, remove the connections of the MU181500B
sub-rate clock outputs to the Ref Clk+/- of the CBB. The user can choose to connect an
external Refclk source to the Ref Clk+/- of the CBB or use the Board Refclk source from
the CBB.
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FIGURE 40. RECOMMENDED SETUP FOR DUT RX COMPLIANCE TESTING (PCIE GEN 4 ADD-IN CARD)
IN THE IR REFCLK MODE
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7.6.4 Connect Equipment for PCIE Gen 3 CEM M.2 (8 GT/s) Add-In Card Rx Compliance
Testing

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

Anritsu MP1900A BERT
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MU195040A 3:]7-‘-'_'. o é‘.m 1-meter SMA coaxial cables

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

i

&

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

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

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

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

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

6. Using BNC cables, connect the MU181500B sub-rate clock outputs to the M.2 CBB 100
MHz Ref Clock In connectors.
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7. Using the J1627A GND connection cable, connect the M.2 CBB to ground.
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7.6.4.1 Independent Refclk Mode

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

Using back the same setup from Figure 41, remove the connections of the MU181500B
sub-rate clock outputs to the Ref Clk+/- of the CBB. The user can choose to connect an
external Refclk source to the Ref Clk+/- of the CBB or use the Board Refclk source from
the CBB.
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FIGURE 42. RECOMMENDED SETUP FOR DUT M.2 RXx COMPLIANCE TESTING (PCIE GEN 3 ADD-IN
CARD) IN THE IR REFCLK MODE

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

Setup  Debug Tool  Sigtest Tool

Device Type: System Board e

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

Setup  Debug Tool  Sigtest Toal

Device Type: |v

Add In Card
System Board

FIGURE 44. SELECT DUT TYPE

7.8 Select PCle CEM 4.0 Rx Tests

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

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

=[] 4 PCle Gend.0 Rx Calibrations and Tests
D 4 Calibrations
2Me
[ € Tx Initial Link EQ Tests
: > Tx EQ Response Time Tests (Preset)
4> Tx EQ Response Time Tests (Cursor)
=e
4> Rx Compliance Test
4> 5 Margin Search Test

FIGURE 45. SELECT RX TESTS

7.8.1 Select to Run DUT Link Training and Rx Compliance Test

Select the “Tx Link EQ Tests’ group and ‘Rx Compliance Test’ to prepare and test the DUT
for compliance with the PCle CEM 4.0 Rx specifications. The GRL Platform Solutions
software will automatically run the link equalization test sequence when initiated. Note
the ‘Tx Initial Link EQ’ test is only available when Add-in Card is selected as the DUT in the
Setup Configuration page (see Figure 44).
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----- B ¢ Preset 1- Tx EQ Response Time Preset
----- B ¢ Preset2-TxEQ Response Time Preset
----- B ¢ Preset3-TxEQ Response Time Preset
----- B ¢ Preset4-TxEQ Response Time Preset
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FIGURE 46. SELECT DUT Tx LINK EQ AND Rx COMPLIANCE TESTS

7.8.2 Select to Run SJ Margin Search Test
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Select ‘Sj Margin Search Test’ to perform an optional test to conduct a SJ margin search
for jitter tolerance. The GRL Platform Solutions software will automatically run the

selected test when initiated.

WYY si Margin Search Test

FIGURE 47. SELECT SJ MARGIN SEARCH TEST

7.9 Configure Test Parameters

After selecting the desired tests, select from the menu to access the Configurations

page. Set the required parameters for testing as described below.

To return all parameters to their default values, select the ‘Set Default’ button.
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& Tic Link EQ Tests

.. Tx Response Offline Mode: False >
CTLE Setting: Auto -
.. Capture Response Time Waveform Only: False o
. Tum Off Auto Scale: False ~
.. Vertical Range(V): 05
. Use Custom Tx EQ Response Preset Hints: False >
. Tx EQ Response Preset Hints (PO-P3): AA4TTTTAAT
. Skip if Waveform Exist: False v
. Tx LEQ Response Setting: Default -
..... Response Time Trigger Level UXR only (mV): 50

Set Default

= Rx Tests

. Auto DUT Reset:

. Auto Resst Field:

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

. Link Training Wait Time(s):

C:ATemp\DUTReset.exe

2

3

3

0 -

FIGURE 48. TEST PARAMETERS CONFIGURATION PAGE

TABLE 6. TEST PARAMETERS DESCRIPTION

Parameter

Description

Tx Response Offline
Mode

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

CTLE Setting

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

Capture Response Time
Waveform Only

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

Turn Off Auto Scale

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

Vertical Range

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

Use Custom Tx EQ
Response Preset Hints

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

Tx EQ Response Preset
Hints (P0O-P9)

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

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

Tx LEQ Response Setting

Select to use either the preset, cursor, saved cursor or default
setting for the Tx link equalization response test.

Response Time Trigger
Level UXR only

If using a Keysight Infiniium UXR-Series oscilloscope, set the
value for the response time trigger level.

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

Auto DUT Reset

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

Auto Reset Field

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

Power Reset Off Time

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

Power Cycle Off Time

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

Post Reset Wait Time

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

Link Training Wait Time

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

Link Training CTLE Gain

Select the CTLE gain for the BERT error detector.

Log Link Training

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

BER Automation

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

Prompt Before Link EQ
Training

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

Ignore Failed Link
Training

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

Skip Link Training
Initialization Sequence

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

Compliance BER
Measurement Time

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

Maximum Compliance
Error

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

Margin Test
Measurement Time

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

Margin Test Max Steps

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

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

Maximum Margin Test
Error

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

Loopback Mode

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

Retrain When SJ
Frequency Changed

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

Margin Search Live Plot

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

Apply CM

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

PPG Start Preset

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

DUT Initial Preset

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

PPG Final Preset

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

DUT Final Preset

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

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

*
detection, go to the Equipment Setup page and type in the VISA address that
connects to the Anritsu MX183000A High-Speed Serial Data Test Software.

Address Type Vendor Lib

||TCPIPD::IUcth03t::i|| |Osci|luscope | Agilent ~ || | AglentScope ~ || 4 | |H

Name o]
Scope | e
MX190000A |BEHT

||[TcPipo:152.168.0. | [BERT | |Anitsu ||| Anitsul300Bes ~ | 4 | [E

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

FIGURE 49. CONNECT EQUIPMENT FOR LOOPBACK BER TEST
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On the Configurations page, select the BER Automation test method as ‘PCle Link
Training’ to enable the Anritsu PCle Link Sequencer software loopback mode. Additional

configurations can also be made through this page.

=N Rx Tests
. Auto DUT Reset:

Power Reset Off Time(s): |3

Power Cycle Off Timel(s): |3

Post Reset Wait Time(s): |2

Link Training Wait Time(s): |5

Link Training CTLE Gain: 3

Log Link Training: =i =

PCle Link Training e | )

Prompt Before Link EQ Training: T

lgnore Failed Link Training: Tz

Skip Link Training Intialization Sequence: Yes

. Compliance BER Measurement Time(s): |53

Maximum Compliance Emor: |1

Margin Test Measurement Time(s): |53

Margin Test Max Steps: |‘I['.'

FIGURE 50. SELECT BER LOOPBACK TEST METHOD

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

ready to be run.

Select E] from the menu to access the Run Tests page. The GRL-PXE4-CEM-RXA

software automatically runs the selected tests when initiated.

Before running the tests, select the option to:

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

skip those tests.

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

replace those tests with new results.
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Run Option

(® Skip Test f Result Exists

Run Tests
(") Replace F Result Exists

FIGURE 51. RUN TESTS PAGE

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

GRL-PXE4-CEM-RXA User Guide and MOI Rev 13.0
© GRL Platform Solutions 2026 Version 13.0, July 2026. Updated 07.17.2026 Page 66 of 122


http://www.grlps.com/

@ GRS
grlps.com

When all calibration and test runs have completed from the previous section, the GRL-
PXE4-CEM-RXA software will automatically display the results on the Report page.

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

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

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

Result
(Generate report
No Test Name Result Limuts Value
1 De-Emphasis Calibration B TrueiFalse True ® Delete
2 Pre-shoot Calibration S TrueFalse True
3 Launch Amplitude Calibration S TruelFalse True Q)] Delete Al
4 Rj Calibration B TruelFalse True
5 Sj Calibration B TruelFalse True
6 DM Calibration BEEEE TruelFalse True Plot Calibration Data
7 Preset EQ Optimization S TruelFalse True

FIGURE 52. TEST REPORT PAGE

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

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

Anritsu PCle CEM 4.0 Rx Test Report

DUT Information

DUT Manufacturer : GRL

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

DUT Comments

Test Information

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

Software Version
Software Revision : 0046

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

their conditions and results.

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

FIGURE 54. TEST SUMMARY TABLE EXAMPLE

This portion displays the results in detail along with supporting data points and

screenshots for each calibration/test run.

10. Final Eye Calibration

Test completed time

Final Eye Diagram

05-
0.4-

03-

04-
05-

Pass/Fail Stats : Pass

Test Limits : TruelFalse
Result o True
Optimized DM Setting i 37.0000 my
EH Settings 1 3740000V
EW Settings : 120.0000 muUl
EH Measured Value i 137846 mv
EW Measured Value 1 185144 ps

: 21 December 2017 23:49:30 PM

.5 —

06— 1 | 1 [ 1
0.2 01 €00 01 02 03

04 05 05 07 08 09 10

Unit Intervals

'
1.1

[
1212

FIGURE 55. TEST RESULTS EXAMPLE
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8.2 Delete Test Results

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

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

[ Generate report
Ne Test Name Result Limits Value 5J Frequency —

o]

FIGURE 56. DELETE TEST RESULTS
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The usage model for the GRL-PXE4-CEM-RXA software is that the test results are created
and maintained as a ‘Live Session’ in the application. This allows the user to quit the
application and return later to continue where the user left off.

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

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

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

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

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

Mew Session
Result Save Session
No Load Session Result Limits

FIGURE 57. SAVE/LOAD/CREATE TEST SESSIONS

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

GRL-PXE4-CEM-RXA User Guide and MOI Rev 13.0
© GRL Platform Solutions 2026 Version 13.0, July 2026. Updated 07.17.2026 Page 70 of 122


http://www.grlps.com/

grlps.com

This section describes how to manually perform PCle CEM 4.0 Rx calibration and DUT

compliance testing based on Anritsu’s recommended test procedure using the MP1900A
BERT.

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

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

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

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

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

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

Calibration is initially performed for Channel Loss, followed by Eye Amplitude and

Presets, RJ and SJ, and DM-SI. The final step is to determine the Eye Width (EW) and Eye
Height (EH).

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

calibration.

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

TABLE 7. CALIBRATION SETTINGS

(800 mVpp-diff at
output of Noise Module)

Component Setting PCle Gen 3 PCle Gen 4
Variable I1SI Board | Insertion Loss (dB) 28 30%*
CBB Pair No. - No. 31*
CLB Pair No. - No. O*
SigTest CTLE Gain (dB) - 8.5 to0 10.5
MP1200A BERT Tx Emphasis Preset P7 P5, P6
Amplitude (mV) 550 550

(800 mVpp-diff at
output of Noise Module)

RJ (mUlpp) 240 294
SJ @100 MHz (Uipp) 0.1 0.1
DM-1 (mV) 59 27
CM-I (mVpp) - 190.0
BUJ (pspp) 10.0 -

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

The following results have been obtained from calibration using the above configuration

setup and measured with the oscilloscope and SigTest application.

TABLE 8. CALIBRATION RESULTS

(Target range: 39.25 to 41.25 ps)

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

RJ (psrms) 1.0321

SJ @100 MHz (mUlpp) 83.6735 88.8416

DM-1 (mVpp) 13.9740

CM-I (mVpp) 150.2

EH (mV) 44.9907 15.7582

(Target range: 41 to 46 mV) (Target range: 13.5 to 16.5 mV)

EW (ps) 40.3372 18.6501

(Target range: 18.25 to 19.25 ps)
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Calibration for the PCle CEM 4.0 electrical specification will basically be performed at two
physical test points: TP1 and TP2 (for the Long Channel). Test Point 1 (TP1) is a physical
test point for calibration without the effect of a channel. For PCle Gen 4, an adjustable
CEM connector will be used along with the calibration channel for testing the receiver.
This will need to adjust the eye amplitude to specification values when measuring eye
height/eye width. TP2 is a physical test point that will affect the eye opening due to trace
length.

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

Fixed TX EQ
l [ ] I
8 GT/s PRBS __— I \calibration | [l Replica | i
Generatar Combine e I | | | Test Equipment
IENEN || hanne L | Channe Ll
W a0 W -
'l Iy 'Y L
1 | | 1
TF1 TP2
) T4 TPS Y
Iy o~
Post Processing Scripts:
j 5 DifF M Rxpkg model
Source Souroe il terlence Behaonml CTLE/DEE (17185]
Behavioml COR
/" fz i .
EM Adjust lTPZP
EH/EW at 107" BER
Figure 8-32: Layout for Calibrating the Stressed Jitter Eve at 3.0 GT /s

FIGURE 58. CTS RXx CALIBRATION DIAGRAM FOR PCIE GEN 3

Fixed TX EQ
l Calibration Channel
| EH or EW Adjust _—7 |
16 GT/s PRBS Combiner Replica Test Equipment
Generator Channel
A A A A " CEM Connector |
TP1 TP2
L |
Post Processing Scripts:
R = Diff M F.xuk;. model )
Source Source Imterference || Interference Behmianl CTLEOFE
Behavioral CDR
Smiall EW Small EH ¥
Adjust Adjust TP2P
15 mV/ 3 Ul at E-12 BER
Figure 8-33 shows the process for calibrating the stressed jitter eye at 16.0 GT/s.

FIGURE 59. CTS RX CALIBRATION DIAGRAM FOR PCIE GEN 4
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10.1.3 Channel Loss Calibration (for PCle Gen 4)

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

1-meter SMA coaxial cables

4-Port

(Differential) VNA £2
SMA-to-SMP adapters

' (Included in Test Fixture Kits)

*etl
o.oﬂ'

0¥

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

FIGURE 60. CONNECTION DIAGRAM FOR CHANNEL LOSs CALIBRATION

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

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

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

4. Insert the CLB into the designated slot on the CBB.
Connect the CLB Tx Lane using 1-ft SMP-to-SMP cables to ISI Pair O.

6. Connect the ISI Pair 0 through the SMA-to-SMP adapters using 1-meter SMA coaxial
cables to the oscilloscope channels.

An example of PCle Gen 4 CLB/CBB test fixture connections for device Rx channel loss
calibration is as shown below (extracted from the PCI Express Architecture PHY Test
Specification Revision 4.0).
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‘ Bhos 2.5mm cabies (no yeliow of red) are pant of the
reference plane {calbration performed with cables)

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

..'.' LN

a8

'S L O

veE ©B
-

>

ISIBoard 4 . g

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

5§21 [dB]

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

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

Anritsu MP1900 BERT Noise Output
T 0 o

MU195/6020A )

Aux Out J
/
[ LAN cable

Phase-matched K-K
coaxial cables

Real-Time Oscilloscope

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

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

3. Using a SMA-to-SMA cable, connect a MU195020A/MU196020A Aux Out connector to
an Aux input on the oscilloscope for pattern sync triggering. Note the other unused
MU195020A/MUT96020A Aux Out connector must be terminated with the J1632A coaxial
terminator due to differential signal output (not shown in above setup).

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

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

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

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

Fie Open
O
File Sawe
Pattern | Error/
. Screen Copy

Combination Setting = Gating

Module Grouping »

Multi Channei Calibration
Patsern
Global Delay Calibration x Lenan x

ec—

Delav “

10.1.6 Amplitude Calibration Adjustment

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

a) BERT Settings:
e General Output: ON
e Select SI-PPG and Emphasis tab- Emphasis Function: OFF
e Select the Pattern tab- Test Pattern: 64zeros_64ones_128bit10
e Select the Misc1 tab- Aux Output: Pattern Sync
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oo, v T 2150 [N

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

@ Output l@ Emphasis

|
§2 Pattern § Error Addition i Pre-Code JMiscl MB(Z:

Preset |

= 2 f SN \
File Operation [ Recall ] | store 1 | Initialze
L J )
Standard @ PCled v Praset? v
Output ;

Emphasis Function & OFF v De-Emphasis v

Output Monitor

Pre ([-3G)
Cursor3 0.000

Cursor2 0.000

Cursorl 3.500

Post

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

LEBEBBE B EEEEEEEEEEREEEEEREEEREEREEE

N o o o o R

Peak amplitude measurement on Scope

Adjust the Pre and Post Cursorl1 of Presets 0 to 9 with Scope markers using the following
configuration.

a) BERT Settings:
e General Output: ON
e Select SI-PPG and Emphasis tab- Emphasis Function: ON
e Select the Pattern tab- Test Pattern: 64zeros_64ones_128bit10
e Select the Misc1 tab- Aux Output: Pattern Sync
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File Operation Racall Store Initialkize
Standard @ [_?E &d L Fresar? a
Output
Emphasis Fun:tl:ln De-Ernphasis v
Armplitude 0.570 | Vpp
Output Monitor
Pre  dEE
Cursor3 0.000 . Simuated Puse Vee)
Curser2 | o000
Cursarl 3.500
Fost
Cursorz 0.000
b) Scope Settings:
e Averaging: 16 points
e Horizontal Scale: 1 ns/div
e Bandwidth: 25 GHz
e Sampling Rate: 80 GS/s
De-emphasis = 20log10(Vb/Va)
Preshoot = 20log10(Vc/VDb)
GRL-PXE4-CEM-RXA User Guide and MOI Rev 13.0

© GRL Platform Solutions 2026

Version 13.0, July 2026. Updated 07.17.2026

Page 79 of 122


http://www.grlps.com/

@ SR

grlps.com
~| — .
I [ | .
I : T - Y T
| 1 | 1
SRR |
1 Va Vb ye Vd+
| I _ | [ .
, [ i Il i
K—.l 1 I'I RS .l. | |: |
i | []] i A |
-y ¥/ | ,,,l
De-emphasis = 20 log,pVb/MVa
Preshoot = 20logygVeNVb
Boost = 20log,, Vd/Vb
Figure 8-5: Definition of Tx Voltage Levels and Equalization Ratios
Table 8-1. Tx Preset Ratios and Corresponding Coefficient Values
Presho De-
Prese ot emphas
t# (dB) is (dB) c-1 c+1 Va/lvd| Vb/Vd| Velvd
P4 0.0 0.0 0.000 0.000 1.000 1.000 1.000
P1 0.0 35+1dB 0.000 0167 1.000 0.668 0.GER
FO 0.0 60x15dB 0.000 -0.250 1.000 0.500 0.500
P9 35x1dB 0.0 -0.168 0.000 0.6EE 0568 1.000
P& 35x1dB -35+1dB -0.125 -0.125 0.750 0.500 0.750
P7 35x1dB -60x15dB -0.100 -0.200 0.500 0.400 0.600
PS5 19+1dB 0.0 -0.100 0.000 0.&500 0.500 1.000
=13 25x1dB 0.0 200125 0.000 0.750 0.750 1.000
P3 0.0 25+1dB 0.000 -0.125 1.000 0.750 0.750
P2 0.0 -44+15dB 0.000 -0.200 1.000 0.600 0.600
P10 0.0 Mote 2 0.000 Mote 2. 1.000 Mote 2. Mote 2.
Hotes:
1.  Reduced swing signaling must implement presets #4, #1, #9 #5 #5 and #3. Full swing signaling must
implement all the above presets.
2. P10 boost imits are not fixed, since its de-emphasis level is a function of the LF level that the Tx advertises
GRL-PXE4-CEM-RXA User Guide and MOI Rev 13.0

© GRL Platform Solutions 2026

Version 13.0, July 2026. Updated 07.17.2026

Page 80 of 122


http://www.grlps.com/

10.1.8 SJ Calibration

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

a) BERT Settings:

General Output: ON

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

Select the Pattern tab- Test Pattern: 128b130b_CP_LO_Gen4_PO
Select Jitter Modulation Source- SJ1: ON

SJ1 Frequency and Amplitude: 100 MHz, 0.000 Uipp (as reference)
SJ1 Frequency and Amplitude: 100 MHz, 0.100 Uipp

[4) jtter Modulation Source
(] 52 il ssc Wl su: WUl R WAl
10H 33000 Hz 0.000 Upp 0.168 Uip-p
0.000 Uip-p | 0 ppm |
Clock Source Clock to PPG
» | Unit):Siot2MU1810008 , e 320, BR0—
8000 000 kix 16.000 000 Gbitss —
Ref Clock
— ) Y
8000 000 kiz
AUX In {
EX foput (ock Sub-rate Clock
F— —
Frequency 100 000 000 | Hz
Ampitude 0.100 | Ulp-p
6.250) ps pp

b) Scope Settings:

Averaging: OFF

Horizontal Scale: 10 ps/div
Bandwidth: 25 GHz
Sampling Rate: 80 GS/s

c) SigTest Settings:

Select a Data File

Select ‘Load and Verify Data File’

Select Technology as ‘PCIE_4_0_RX_CAL’

Select Template File as ‘PCIE_4_16GB_CEM_Rj_Sj_CAL’
Select ‘Test’

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

Jittered value: 12.97 pspp (at 0.110 Uipp)

e Calculate SJ by subtracting the Jittered and Base values- 72.97 — 6.69 = 6.28
pspp
(Note: Use the average value for 5 times.)
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10.1.9 RJ Calibration

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

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

4] Jitter Modulation Source

100 000 000 He 10 H| 33000 Hz| 0.000 Upp
| oa00upp | ooooupp  oppm | |
Cleck Source Clock to PPG
— Unitl:Slot2:MU181000 32G PPG
8 000 000 | 16.000 000 Ghits
Ref Clock
| T p—
8000000k
AUK Input Clock Sub-rate Clock
I T —
[N B
Filter | User -
HPF | 10M HPF v F | OFF b
Amplitude 0.228 | Wpp 14.250| ps pp
RMS Convert |E-12 v 0.016 205 EI'IS 1.012 812 psnﬂ

b) Scope Settings:
e Averaging: OFF
e Horizontal Scale: 10 ps/div
e Bandwidth: 25 GHz
e Sampling Rate: 80 GS/s
c) SigTest Settings:
e Select a Data File
e Select ‘Load and Verify Data File’
e Select Technology as ‘PCIE_4_0_RX_CAL’
e Select Template File as ‘PCIE_4_16GB_CEM_Rj_Sj_CAL’

e Select ‘Test’
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d) SigTest Results:
e Read ‘Rj (RMS)’ value
RJ value: 1.00 ps rms (at 0.208 Uipp)
(Note: Use the average value for 5 times.)
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10.1.10 DM & CM Amplitude and Eye Height/Eye Width Calibration Setup

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

Anritsu MP1900
.BERT Noise output ‘ - . CBB

1-meter SMA coaxial
cables

x\\
Real-Time .
Oscilloscope

et F 3

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

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

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

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

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

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

4. Insert the CLB into the designated slot on the CBB.
Connect the CLB Tx Lane using 1-ft SMP-to-SMP cables to ISI Pair O.

6. Connect the ISI Pair 0 through the SMA-to-SMP adapters using 1-meter SMA coaxial
cables to the oscilloscope channels.

10.1.11 DM-I Calibration Adjustment

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

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

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

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

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

5.00 mV

-2.50 mV

-5.00 mvV
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Adjust the CM Amplitude using the Scope RMS function with the following configuration.

Compute Voir = RMS/0.707.
a) BERT Settings:
e Loss Channel
e General Output: ON
e Select SI-PPG and Emphasis tab
e PPG Data Output: OFF
e Select Noise Generator- CM: ON

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

[8] Moise Generator

® 2
Data Input 1 " Data Qutput 1
Data Input 1 Data Output 1
External Input
External Input
0. 200 myrms
Data Input 2 | Data Qufput 2
Data Input 2 f‘:\ Data Output 2
\_l_} .
Presets |'Manual |V|
Amplitude Freguency
|' 19-:1\| mvVpp | 120 | ‘v|
b) Scope Settings:
e Averaging: OFF
e Horizontal Scale: 12.5 ps/div
e Bandwidth: 25 GHz
e Sampling Rate: 80 GS/s
Measure RMS on (CH1+CH3)/2 and calculate Vpp = RMS/0.707.
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10.1.13 EH/EW Calibration Adjustment
10.1.13.1 PCle Gen 3 Calibration
The following Eye Height/Eye Width calibration procedure applies for PCle Gen 3:

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

a) BERT Settings:
e General Output: ON
e Select SI-PPG and Emphasis tab- Emphasis Function: ON
e Select the Pattern tab- Test Pattern: 128b130b_CP_LO_Gen3_PO
e Set all Jitter, Noise, and Amplitude values.

e Set BUJ values as follows:
o BUJ: 0.080 Ul (10.0 pspp)
o 2.0 Gbit/s
o PRBS31
o 200 MHz LPF
Note: Since the PPG has very small intrinsic Jitter, some BUJ must be added for

PCle 3.0 testing. The BUJ does not require separate calibration, as its effect is
incorporated during final eye calibration.

e Save seven waveforms and read in SigTest.

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

o RJ:15 +.2/-0 ps RMS
o DM: 14 to 16 mV at TP2

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

e Select ‘Test’

d) SigTest Results:
Note that the SigTest Full Test Result always shows ‘Fail!” which can be ignored.
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Target Eye Width: 41.25 +0/-2 ps
Target Eye Height: 46 mV +0/-5 mV
e ——
05
04
03
< 02
:'-D—:
03
04
Q5
BG_W
42 01 00 01 02 03 04 05 06 07 08 09 10 11 1212
Urit Intervals
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10.1.13.2 PCle Gen 4 Calibration
The following Eye Height/Eye Width calibration procedure applies for PCle Gen 4:

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

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

a) BERT Settings:
e General Output: ON
e Select SI-PPG and Emphasis tab- Emphasis Function: ON
e Select the Pattern tab- Test Pattern: 128b130b_CP_LO_Gen4_PO
o Set all Jitter, Noise, and Amplitude values.
e Save seven waveforms and read in SigTest.

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

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

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

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

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

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

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

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

o SJ: 5 to 10 pspp

o DM:10 to 25 mV at TP2

o Differential Voltage Swing: 720 to 800 mVpp at TP1
o Apply 20 EH/EW averaging

b) Scope Settings:
e Averaging: OFF
e Horizontal Scale: 12.5 ps/div (2M Ul)
e Bandwidth: 25 GHz

c) SigTest Settings:
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e Select a Data File

e Select ‘Load and Verify Data File’

e Select Technology as ‘PCIE_4_0_RX_CAL’

e Select Template File as ‘PCle_4_16G_Rx_CAL_CTLE_x.xdB’

e Select ‘Test’

Flile_4

Uil 85955
y I FIST
L5 i =4
e A N e A I

d) SigTest Results:

Note that the SigTest Full Test Result always shows ‘Fail!’” which can be ignored.
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For final eye calibration, adjust Voltage Swing, SJ, and DM Amplitude until the target Eye
Width and Eye Height are achieved and then save 20 waveforms.
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This section describes how to set up the DUT to perform initial Tx equalization (EQ) and
Tx link EQ response testing (for both the system board and add-in card). This is to ensure
that the DUT will be able to apply the correct Tx EQ preset as required along the test.

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

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

The following connection diagram shows the physical setup to perform initial Tx EQ / Tx
link EQ response test for the PCle Gen 3/4 add-in card DUT. The setup is using the
MP1900A BERT that includes the MU195040A SI Error Detector or MU196040B PAM4 Error
Detector module and a compliant CBB test fixture for the DUT.

Anritsu MP1900A BERT
MU181000A/8 o

MU1815008
oo T T

Oscilloscope

lelelele]
leolelele;

[ Ry 5 Rt 3 . |19 © © O jaumm
THY

MU195/6020A 172 25 1
[y u;..-’..]" Lo

CHY
Sub-rate

Clock OUt e

PCle /f Cables ATX Power Supply

1-meter SMA Reference /
Coaxial Cables Clock Buffer

" _ 1-meter SMA
100 MHz Ref . | Coaxial Cables
Clock In 3

SMA-SMP - !
Adapters 5 ok g 3
(included in Test
Fixture Kits) Tx Lane0
[1 0 =822 D
Power) SMA-SMP
Divider Atoprers 5
(Included in Test
Fixture Kits) -
A 55
u Rx Lane0
IMU195040A/ {577 T .. ——
MU1960408 | & ThalD .00 L
My ld @99 4

FIGURE 63. CONNECTION DIAGRAM FOR PCIE GEN 3/4 ADD-IN CARD DUT INITIAL TX EQ / TX LINK
EQ RESPONSE TEST
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10.

1.

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

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

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

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

Using BNC cables, connect the MU181500B sub-rate clock outputs to the CBB 100 MHz
Ref Clock In connectors through the Z2029A PCle reference clock buffer.

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

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

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

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

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

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

The following connection diagram shows the physical setup to perform Tx link EQ
response test for the PCle Gen 3/4 system board DUT. The setup is using the MP1900A
BERT that includes the MU195040A S| Error Detector or MU196040B PAM4 Error Detector
module and a compliant CLB test fixture for the DUT.
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FIGURE 64. CONNECTION DIAGRAM FOR PCIE GEN 3/4 SYSTEM BOARD DUT Tx LINK EQ RESPONSE

Using 1-meter SMA coaxial cables, connect the MU195050A noise outputs to SMA-to-

SMP adapters. (Note: The SMA-to-SMP adapters should be included along with the test

TEST
1. Connect an ATX power supply to the DUT.
2.
fixture kits.)
3. Connect the SMA-to-SMP adapters to the CLB Rx Lane.
4.

Connect the Tx Lane on the back of the CLB to the power divider input ports through

another set of SMA-to-SMP adapters.

GRL-PXE4-CEM-RXA User Guide and MOI

© GRL Platform Solutions 2026

Rev 13.0

Version 13.0, July 2026. Updated 07.17.2026 Page 96 of 122


http://www.grlps.com/

@ GRS
grlps.com

10.

1.

12.

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

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

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

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

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

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

Using a SMA-to-SMA cable, connect a MU195020A/MU196020A Aux Out connector to
an Aux input on the oscilloscope. Note the other unused MU195020A/MUT96020A Aux
Out connector must be terminated with the J1632A coaxial terminator due to
differential signal output (not shown in above setup).

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

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

1.

Configure the oscilloscope as follows:
e Averaging: OFF

e Horizontal Scale: 12.5 ps/div (2M UI)
e Bandwidth: 25 GHz

e Trigger: 0 V, Channel 1
Set Preset 0 on the BERT.
On the BERT’s Applications screen, select the MX183000A Utility application.

4.

Dovice
Tastl

Rty

In the MX183000A - Selector pop-up, select ‘PCle Link Training’ and then ‘Start’.
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5. In the next window, select the network address of the MX190000A BERT application
followed by ‘Connect’ to link up with the MX190000A.
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6. In the MX183000A - PCle Link Training window, select the Link Training tab. Select the
“Setting” check box on the right of the screen.

7. When the LEQ Test pane appears, select the Initial Tx LEQ tab. Set the “DUT Initial
Preset (Preset Hint Tx)” to Preset 0 (P0O). Then select “Apply” at the top right of the

LEQ Test pane.
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MX183000A - PCle Link Training . |
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e
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|

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

9. In the MX183000A - PCle Link Training window, select ‘Link Start’ in the Link Training
tab.
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10. On the Scope, capture the Preset 0 waveforms and save to a file labeled as either
“Add In Card_Ln0O0O_TXResponse_POX_d_acq000” (for the add-in card where POX
represents the Preset Number) or “System Board_TXResponse_PO_d_acq000” (for the
system board). For example if using a add-in card DUT, the Preset 0 waveform should
be saved as “Add In Card_Ln0O0_TXResponse_P00_d_acq000”. If using a system board
DUT, the Preset 0 waveform should be saved as “System
Board_TXResponse_PO_d_acq000”.

11. Repeat steps 1to 9 to capture all waveforms for all Presets (up to Preset 9). All
waveforms must be saved to same file directory.

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

B8 Signal Test 4.0.38 - m|

Data Type :|D'rﬁerentia|

Uiz 7= 2|

GlockRle |

Glck RS |

Load and Verify Data File | Select Preset Test W
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(=
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(<
JEChTEloEy PCle Gen3 Presets
[ PCIE_4_0_BX CAL I~4 £pp Settin} [ pCle Gend Presets

NEmpIEtE BiE: USB 3.1 Tx EQ
| PCle_4_16G_Rx CAL CTLE Sp25dB |~ 3
Sample Interval  [10.000 ps = e
IevaElEE - _
Worzt Non Worst JBitter DR S . QSpece Fiiter
Trensition Eyes Trensition Eyes Histogram: Adzpt B o Datz B

13. Browse to select the directory of the saved waveform file to be tested and then select
the “Test” button on the top right to start the test run. All preset numbers must turn
green once the test completes to indicate a Pass as shown below.
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.74 0.00 -2.38 7 0 ‘ppData - 1-Move-2018"Waveform  TXIMitial*Add In Card_Ln00_P02_d_acq000 wim

7.3 0.00 -4.38 7 0 ‘ppData - 1-Move-2018Waveform \TXIMitial*Add In Card_Ln00_P02_d_zcq000 wim

Status |Computation complete, 10 waveforms processed. | 1

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

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

1. Configure the oscilloscope as follows:
e Averaging: OFF
e Horizontal Scale: 12.5 ys/div (2M Ul)
e Bandwidth: 25 GHz
e Trigger: -350 mV, AUX channel
2. Set Preset O on the BERT.
3. On the BERT’s Applications screen, select the MX183000A Utility application.

Doice .
Tast ann
ExpT BT
3
o
S Conornd

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

< No.l
TR 1 00 =500 1=50CRET =

Nod

TOFPDE: 192, 1682, L0500 50CET b

No.l
TOPPE: 190, 1682, L D05 000 s 50CET b

Search Stam

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

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

to PO.

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

Preset # to be Tested

DUT Initial Preset
(Preset Hint Tx)

DUT Target Preset
(Change Preset)

PO P4 PO
P1 P4 P1
P2 P4 P2
P3 P7 P3
P4 P7 P4
P5 P7 P5
P6 P7 P6
P7 P4 P7
P8 P4 P8
P9 P7 P9
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Set Link EQ to “Preset” if testing for Tx Response Preset or “Cursor” if testing for Tx

Response Cursor.

MX1830004 - PCle Link Training . S5
File  Setup Help Operate MP1300A
Equipment Setup | Link Training |Run Test | Graph | Report | Electrical Idle
Specification DUT
40(16.0GT/s)  ~| |Endpoint (AIC) *| [ More resuits hipleSiag:

LTS5M State —— | |Received ]
o Soeed Use Preset R LEQ Test Setting
inkup Spee —
PPG Final Preset e T LEQ Response
LEQ Test TxLEQResponse Apply PPG Final Cursor [] Configure
I Pre-Cursor  Cursor  Post-Cursor e
BER Measurement
| RxLEQ | Initial TXLEQ | T LEQ Response — — —— e
| Loopback Through: Recovery Full Swing, Low Frequency —h— LTSSM Log
Link EQ; lﬂ[.. T || B S ] s ELE bl "7 777 | Loopback through
_
Lane: 0f8 lRecovery 'I
Test Pattern: CP [Compliance Patiern)
PLie3 Pl 4 Test Pattern
PPG Starting Preset: Phase0 (Root) JE— —
(Complarce ]
Phasel e =
DUT Initial PegsstlBrasat Hin . Phase2 . T i _
- = —
DUT Target P nge Pras=tl m E— e Timeout

I

Option

reset the DUT.

8. In the MX183000A - PCle Link Training window, select ‘Link Start’ in the Link Training

tab.

Confgue
BE Wipasuremant

LTSSM Log

Loopback through
Recoveny =
Test Pattern

Comoliance =
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9. On the Scope, capture the Preset 0 waveforms and save to a file labeled as either
“Add In Card_Ln0O0O_TXResponse_POX_d_acq000” (for the add-in card where POX
represents the Preset Number) or “System Board_TXResponse_PO_d_acq000” (for the
system board). For example if using a add-in card DUT, the Preset 0 waveform should
be saved as “Add In Card_Ln0O0O_TXResponse_P00_d_acq000”. If using a system board
DUT, the Preset 0 waveform should be saved as “System
Board_TXResponse_P0O_d_acq000”.

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

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

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

Setup  Debug Tool  Sigtest Toal

Select Waveforms _ O w
Tx Response Preset CHGRLVGRLSink Test Projects \PCIECEMGen4_AN_RxTest\AppData"Waveform'.TXRespon
P
Tx Response Cursor No. Filename
TX EQ Response Test

Add In Card_LnD0_TXResponse_P00_d_acq000trc
Add In Card_LnD0_T: se_P01_d_acq000trc

Add In Card_Ln00_T: se_P0Z2_d_acq000irc

Add In Card_LnD0D_T: se_P03_d_acq0D0itrc
Add In Card_LnD0_T: se_P04_d_acq000trc

Add In Card_Ln00_T: se_P05_d_acqD00irc

Add In Card_LnD0_T: se_PD6_d_acq0DDirc

Add In Card_LnD0_TXR, ze_P07V_d_acq000trc
Add In Card_LnD0_T:

Browse Waveform DK Cancel

14. In the PCle Preset Decoder screen, verify that the Electrical transition time is showing
< 1 us to pass the test. Note: The Decoded transition time serves as an informative
value only and is not required for compliance.
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Add In Card_Ln00_TXResponse_P00_d_acq0004rc

Status

il Decoded

Waveform:  Add In Card_Ln00_TXResponse_P00_d_acq000trc 0.06

Decoded Transition Time: 5.667156e-07s

Blectrial Transition Time:

6.591750e-07s

CAGRL\GRLSinkTestProjects\PCIECEMGe...

X
— O X

Show 004

Time relative to trigger (s)
5.098656e-07
5.179875%¢-07
5.260500e-07
5.342313e-07
5.423500e-07
5.504719e-07
5.585969¢-07
5.667156e-07
5.748344e-07
5.829594e-07
5.910813e-07
5.992031e-07
6.073219-07
6.154438e-07
£ 723568807

Type
TS1
TS1
TS1
TS1
TS1
TS1
TS1
TS1
TS1
TS1
TS1
TS1
TS1
TS1
TS1

§
g

-2 -1 ]
ume(us)

DO O0O0O0O0 OO N NSNS NN
Do o0 o000 OoO GO O,
2888888888888

10
10
10
10
10
12
12
12
12
12
12
12
12

10.3 Perform Rx Link EQ Test

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

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

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

The following connection diagram shows the physical setup to enable loopback to
perform link training for the PCle Gen 4 add-in card DUT. The setup is using the MP1900A
BERT that includes the MU195040A SI Error Detector or MU196040B PAM4 Error Detector
module and a compliant CBB test fixture for the DUT.

Anritsu MP1900A BERT

MU181000A/8 >
A/ Oscilloscope

OO0

[ \|Kelelele

=
O O O O jaxnw
]

1 | ] L

| W—
MUlSS/GOZOAJ % o
-— el

MU195050A

[T

Sub-rate Clockic,_,:::‘:fli ——

Out
PCle | L S ; |
/
Reference ATX Power Supply

Clock Buffer

o o
y ~ < 2 %
A
i a SMA-SMP Adapters 100 MHz Ref
1-meter SMA _~ L] (IncludedinTest |8 Clock In
Coaxial Cables | 5 Fixture Kits) 8\
>
L o

- 0 O
14.3to 17.3 dB (Variablg : e TX‘Lasn.e' jass

SMA-SMP Adapters _~
(Included in Test
Fixture Kits)

1-ft SMP-SMP Cables
(Included in Test Fixture

// i
1-meter SMA .~ —

Coaxial Cables IMU195040A/ (& -— e —
MU1960408 "l" gt:‘u 9.0 :_LZ-.

FIGURE 65. CONNECTION DIAGRAM FOR PCIE GEN 4 ADD-IN CARD DUT LOOPBACK TEST

1. Using the same setup from the add-in card Tx link EQ test (Section 10.2.1), remove the
power divider and its connection from the oscilloscope.

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

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

4. Using 1-meter SMA coaxial cables, connect the CBB Tx Lane to the MU196060A Re-
Driver data inputs.

5. Connect the MU196060A Re-Driver data outputs to the MU195040A (or MU1960408B if
using a PAM4 Error Detector) data inputs for loopback error detection.

6. Connect the MU196060A Re-Driver clock output to the MU195040A (or MU1960408B if
using a PAM4 Error Detector) Ext Clock in.
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10.3.2 Equipment Setup for System Board DUT Loopback Test

The following connection diagram shows the physical setup to enable loopback to
perform link training for the PCle Gen 4 system board DUT. The setup is using the
MP1900A BERT that includes the MU195040A S| Error Detector or MU196040B PAM4 Error
Detector module and a compliant CLB test fixture for the DUT.

Anritsu MP1900A BERT

MU181000A/B

a2 o) s 2 - Oscilloscope
MU1815008
R OO0
| - - elelele]
_— el e GO GO § 900
MU195/6020A [—1
L QEE.Z&Q\U}Q B == QO O O J AUXIN
[ | | ]
100 MHz REF CLK
= ATX Power Supply
2 BNC Cable ~
/,/
"

L L
1-meter SMA _~~ n -
Coaxial Cables Aw
RE
aw
L

; DUT
: ] rerminaor
SMA-SMP Adapters [
| o R RO

(Included in Test L
Fixture Kits) © .y

e
-
"
aw

Ve = TxLaneOon
SMA-SMP Adapters the back side
(Included in Test SUTORTAT

[
L]
Fixture Kits)

1ftSMP-SMP Cables _~—

(Included;(ni;;astﬁxture l — == MU 196060A ﬂ
L = -1} - » -
.
Vo

//I
I-meter SMA .~ —
Coaxial Cables IMU195040A/ 13" e -

[MU1960408_ | & &9 §.0.C :_

FIGURE 66. CONNECTION DIAGRAM FOR PCIE GEN 4 SYSTEM BOARD DUT LOOPBACK TEST

1. Using the same setup from the system board Tx link EQ test (Section 10.3.2), remove
the power divider and its connection from the oscilloscope.

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

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

4. Using 1-meter SMA coaxial cables, connect the Tx Lane on the back of the CLB to the
MU196060A Re-Driver data inputs.

5. Connect the MU196060A Re-Driver data outputs to the MU195040A (or MU1960408B if
using a PAM4 Error Detector) data inputs for loopback error detection.
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6. Connect the MU196060A Re-Driver clock output to the MU195040A (or MU1960408B if
using a PAM4 Error Detector) Ext Clock in.

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

1. Enable all calibrated stresses on the BERT.
2. On the BERT’s Applications screen, select the MX183000A Utility application.

Dawice
TSl

LRty

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

Fil] MXIBE000A - Selectn
Fie Seftup Licerss Help
Aapli |
PCle Link Tradnimg

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

< No.l
TCRME:117.0,0. 1=500150CKET =

Mo.d

TOPPD: 192, L 6B 2. L DS S 0CET »

No.3
TOFPE: 192, 168 100500 -5 0 RET L

SEaich San

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

Equipmant Sefug Feun Test | Graph | R Engctrical ldie
Specification DuT
A0(160GT/s) = |Endpeint - s i Link Start
ISyt 000 Recefeed
wPeeser 09000 s Corfigue
Lindiag Spcge,t 02000000 e TaPeeser LR Mcaiuierient
131306 e eed Trans e T Log
o = 2
OCABiESCE = e rem
Lo HeaderBrr 0 sse—w Loaphatk lhrl}l.-l‘h
[ — h_ﬂﬂmﬂl -
T — Tt Fattorn

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

7. In the MX183000A - PCle Link Training window, select ‘Link Start’ in the Link Training
tab.

Link Start

....... Coriguie
BL= Whgy syre g

LTSSM Log

Loopback through
R owry =
Test Pattern

Compliance bl

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

8.
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Specification
4.0(16.0 GT/s)

‘ Equipment Setup |

Link Training 'Run Test | Grapl

DUT
Endpoint

Loopback.Active.Master |

LTSSM State
Linkup Speed

16.0 Gbps

8bl10b
SKP Count

Symbol Err

Received

Transmitted

wn instead, it means that link training has failed.

Equipment Setup | Link Training | Run Test l Gra
Specification DUT
4.0(16.0 GT/s) Endpoint
LTSSM State Detect.Quiet
Linkup Speed 2.5 Gbps
Eb10b Received Transmitted
SKP Count 0 0
Symbol Err 0

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

| LinkStart |

= Configure
“~' BER Measurement

[ ussmiog |

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

state in the following example:
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“I’nme[ns] ATime [ns] State  Speed[GT/s] Detect
1244122144 1936 RECOVERY_IDLE 8.0
1244124080 24 Lo 8.0
1244124104 2512 RECOVERY_RCVR_LOCK 8.0
1244126616 2504 RECOVERY_RCVR_CFG_EQTS2 80
1244129120 8518400 RECOVERY_SPEED 8.0
1252647520 481800 RECOVERY_SPEED 16.0
1253129120 8 RECOVERY_RCVR_LOCK 16.0
1253129128 §35382 RECOVERY_EQUALIZATION_PHASE1 16.0
1253664480 6002296 RECOVERY_EQUALIZATION_PHASE2 160
1259666776 23009232 RECOVERY_EQUALIZATION_PHASE2 16.0
1282676008 1959976 RECOVERY_EQUALIZATION_PHASE3 16.0
1284675984 2000000 RECOVERY_EQUALIZATION_PHASE3 16.0
1286675984 2000000 RECOVERY_EQUALIZATION_PHASE3 16.0
1288675984 24 RECOVERY_EQUALIZATION_PHASE3 16.0
1288676008 1504 RECOVERY_RCVR_LOCK 16.0
1288677512 552 RECOVERY_RCVR_CFG_TS2 16.0
1288678064 1536 LOOPBACK_ENTRY_MASTER_TS1 16.0

[1235679600 — LOOPBACK _ACTIVE_MASTER 16.0 ]

If the link training has failed, the log will show Detect and Polling states in the
following example:

Tima [ns) ATima ... State Speed[GTf5] Detect Pre
o 0 IMITIAL 16.0
17280 17280 f DETECT_QUITE % 16.0
12017320 12000000 DETECT_ACTIVE 16.0
120173496 16 | POLLING_ACTIVE_TS1 16.0
26017296 24000000 IMITLAL 16.0
36017312 16 DETECT_QUITE 18.0
42017312 12000000 DETECT_ACTIVE 1.0
48017328 16 | POLLING_ACTIVE_T51 16.0
Ti0173:8 24000000 IMITIAL 16.0
72017344 15 DETECT_QUITE 16.0
240173494 12000000 DETECT_ACTIVE 16.0
24017360 16 | FOLLING_ACTIVE_TS1 1.0
102017360 24000000 IMITIAL 16.0
102017376 16 DETECT_OUITE 16.0
12001737 12000000 DETECT_ACTIVE 16.0
1200173483 16 | POLLING_ACTIVE_TS1 1.0
1644017392 24000000 INITIAL 16.0
144017402 16 \__ DETECT_QUNTE 16.0
srrnsmasn  snasnnes perees vovecd e n

10.3.4 Link Training Failure Troubleshooting

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

a) The LTSSM state for link training is repeated at 2.5 GT/s:
e Check that the instruments and fixtures have been properly connected.
e Ensure sufficient power supply to the DUT.
e Press the Power Reset button on the CBB or reboot the DUT.
e Connect the MU195050A noise generator data outputs directly to the
MU195040A SI Error Detector or MU196040B PAMA4 Error Detector data inputs,
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and try to run link training by selecting ‘Configuration’ under the Loopback

through field in the Link Training tab.

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

shown.

Set all Jitter and Noise to OFF on the BERT.

Ensure the PPG Output setting is ON.

Change to other Preset values, for example:

o P7is recommended to be used for PCle Gen 3.
O
[}

P5, P6, P8 and P9 are recommended for PCle Gen 4.
Ensure the correct EIEOS pattern revision of the DUT is being used.

Remove the ISI channel and connect data signals to the DUT directly.
Press the Power Reset button on the CBB or reboot the DUT.

If link training still fails, restart both the MX190000A and MX183000A applications.

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

The Rx compliance test can be performed once the DUT has passed the link training

loopback tests (as described in the previous section).

1. Enable all calibrated stresses on the BERT.
2.

In the same link training window from the previous test, the LTSSM State will show

‘Loopback.Active.Master’ to indicate link training has been successful. From there,
select ‘BER Measurement’ to start the error detection process for the DUT.

Equipment Setup Run Test | Graph | Report

Outputting Test Pattern

Specification DUT
4.0

(16.0 GT/s) Endpoi

Unlink |

nt PCle 4.0

=14 P5: 0.0, 19 - |

Loopback. Active. Master

Test case Setting

EC Threshold

LTSSM State
Linkup Speed

Rx LEQ
16.0 Gbps

Pass/Fail )
010k Received Transmitted ||
SKP Count C‘((JE
Symbol Err |m|
Current RD Err Gating Time -
Symbol Lock bpback through
Switch To cover
ikl Received Transmitted Manual BER Test t Pattern
SKP Count 47702 Sl Total BER bmpliance '|
DCBalance 0 N Total Error Count
SATICE ear ey 4 Total Bits [MCP 'l
Parity Err 0 =
Block Lock = Current BER 0.0000E-09 Timeout |
Sync Loss [] Clock Loss [ Option J

3. Run the test for 63 seconds (for the PCle Gen 4 DUT) or 125 seconds (for the PCle Gen

3 DUT) with maximum of one error at a single preset.
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10.4.1 Jitter Tolerance Testing (Optional)

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

1. Continuing from the same Rx compliance test window, select the Run Test tab. Select
‘Run Test’ to start running measurements for jitter tolerance.

Equipmant Satup | Link 'I'nlnan Run TH!.Fmph | Report AsAputng Fest Fattem
Chesk Al teted, | ]
! | Measurement Completed Datall
Unahesci All
No. Jitter Freq. [Hz) Mask [UI] Wpper Limit [LN]  Lowser Limit [LU1) Meas. [UI] Meas. Judge Esti
41 00, Co), QR 0.100 0200 0,100 0.160 PASS
LAl 00 a0, DR 0100 0200 0.100 0. 200 PASS
43 1,000, 000 1.000 2000 1,000 1,500 PASS
¥ 4 30,000 1.000 2000 1.000 2.000 PASS
4 m [
=1 | | r ] - 7 Bit Race
Jitter Freq.[Hz] 10-=
| Add | | Save | | Open e
Mask [U1] 1.000 =
- Dalete Title PCle_CC Clock Sedection
Upper Limix [ui] 2,000 . Clock snd Daen Recovery =
Lewer Limit [UI) 10005 | All Clear
Upper Ratia 200002 - . Measurement Sequente
Lower Ratio 1000 5 | S AL | | From higher Freq. side L] ITOL Settings

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

results.
Equipment Setup | I.InkTmining: Run Testl Graph Fep-urt Outputting Test Panern
Display ¥ — BER for JTOL Estimation | 101> E- 15
‘ Tester Limit @ Estimated ErorPoit @ Data
Lovwir Lart = Masik Upger Lirs
"]3 - E
10§
3 10 T
3 1 L
5 1w’ T .
1[)" L s d . .
1072
107 4 ; ; . , ;
10" 10° 10° 10* 10° 105 107 108
Jitter Frequency [Hz] Anritsu
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The SigTest Tool allows the user to manually perform SigTest verification tests for the
DUT using appropriate offline PCle compliant SigTest template and waveform files. This

function is used for debugging purposes.

o
1. Select from the PCle CEM 4.0 Rx Test Application menu to access the Setup

Configuration page.

Setup  Debug Tool  Sigtest Tool

FIGURE 67. SETUP CONFIGURATION PAGE
2. Select the SigTest Tool tab.

Setup  Debug Tool  Sigtest Toal

Sigtest Template: C\Program Files (x36)\SigTest 4.0.38\templates\PCIE_4 0_R

Run SigTest

Browse

FIGURE 68. PERFORM SIGTEST DEBUGGING

3. Select the ‘Browse’ button to go to the specific SigTest template file directory and
select the template file to be used. Then select the ‘Run SigTest’ button to perform
SigTest using a selected saved offline waveform file. When selected, the GRL Platform
Solutions software will automatically run the SigTest for the waveform as shown in

below example.

Results
Measured EW:  (none)

Measured EH:  (none)

Signal Eye Diagram

FIGURE 69. RUNNING OFFLINE SIGTEST VERIFICATION

COverall Eye Width: :| Target EW: 18.25ps <=EW <=1525ps
Qverall Eye Height: :| Target EH:  13.50mV <=EH <= 1650 mV
Pass/Fail:  (none) |
Add In Card_Ln00_TXResponse_P03_d_acq000 bin

Details

SoTes

Waveform:

—
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4. Once test is completed, the results will be displayed like in the following example.

Overall Eye Width:  [jERalE
Owverall Eye Height:
Pass/Fail:

TempWaveformObin

Details

Sqes

Results
Measured EW:  11.5216ps

Measured EH:  0.0000mY

Signal Eye Diagram

Target EW:
Target EH:

18.25 ps <= EW <= 19.25 ps
1350mV <= EH <= 1850 mV

i TempWaveform?2 bin

Waveform:  CAGRLVGRLSInk TestProjects \PCIECEMGend_AN_RxTest'\AppData*Waveform' TempWaveform1 bin

467

R S S S B T A S
41 48 01 82 983 04 0F 45 OF OB 05 W0 17 12

42
Link indervis

Other Parameters

Parameter Walue

Max Peakto-Peak Jitter 65.4009507683
Mean Recovered Ul 62.5000000000
Ti@E-12 50.5784337457
Dj_dd 19.3352041361
Rj (RMS) 2 24886445576
Min Eye Width 11.5215662503
Carmrla | nratinn 10 NANNANNANN

FIGURE 70. VIEWING SIGTEST ANALYSIS RESULTS
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The Debug Tool allows the user to manually perform Tx link equalization time response
tests with presets and cursors for the DUT using appropriate offline PCle compliant
waveforms. This function is used for debugging purposes.

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

Setup  Debug Tool Sigtest Tool

Device Type: System Board k]

FIGURE 71. SETUP CONFIGURATION PAGE
2. Select the Debug Tool tab.

Setup Debug Tool  Sigtest Toal

Tx Response Preset

Tx Response Cursor

FIGURE 72. PERFORM TX LINK EQ TIME RESPONSE OFFLINE TESTS DEBUGGING

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

Select Waveforms — O *

Mo. Filename

FIGURE 73. INITIATE TX LINK EQ TIME RESPONSE PRESET/CURSOR TEST
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4. Select the ‘Browse Waveform’ button to go to the specific offline waveform file
directory and select the waveform file to be used. When selected, the GRL Platform
Solutions software will automatically run the Tx link EQ time response preset/cursor
test for the waveform as shown in below example.

PCle Preset Decoder X

Add In Card_Ln00_T*Response_P00_d_acqD00 bin

Status

Decoder:

Waveform:  Add In Card_Ln00_TXResponse_P00_d_acq000 bin

Decoded Transttion Time:  {none)

Blectrial Transttion Tlme:  {none)

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

FIGURE 74. RUNNING TX LINK EQ TIME RESPONSE PRESET/CURSOR TEST

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

PCle Preset Decoder >

Add In Card_Ln00_TXResponse_P00_d_acq000bin
Status
Decoder:
Waveform:  Add In Card_Ln00_TXResponse_P00_d_acq000 bin
Decoded Transition Time:  1.670813e-07s Show Image
Electrial Transtion Time:  1.163313e-07s Show Image
Time relative to trigger () Type Preset Precursor Coefficient Cursor Coefficient Postcursor coefficient  Data 0
1.092281e-07 Ts1 4 o 63 o 0102553001630
1.183500e-07 T51 4 o 63 o 0102553001630
1.264625e-07 T51 4 0 63 0 0102553001630
1.34521%e-07 Ts1 4 o 63 o 0102553001630
1.427250e-07 T51 4 o 63 o 0102553001630
1.508500e-07 T51 4 o 63 o 0102553001630
1.589656e-07 Ts1 4 o 63 o 0102553001630
1.670813e-07 T51 0 0 47 16 3010255300110
1.751625e-07 T51 0 o 47 16 0102553001310
1.833313e-07 Ts1 0 o 47 16 0102553001310
1.91471%-07 T51 0 o 47 16 010255300110
1.595%06e-07 T51 0 o 47 16 0102553001310
2.07596%-07 Ts1 0 o 47 16 0102553001310
2.158375e-07 T51 0 o 47 16 010255300110
2.2395594e-07 T51 0 o 47 16 0102553001310
231971907 Ts1 0 o 47 16 0102553001310
2.40221%-07 T51 0 0 47 16 010255300110 ¢
£ >

FIGURE 75. VIEWING TX LINK EQ TIME RESPONSE PRESET/CURSOR TEST RESULTS
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6. For further analysis of the test results, respective traces for the decoded and
electrical transition times can be viewed by selecting the ‘Show Image’ button for
each category. An example is shown below.

sl CHGRL\Rx Test Solution\Applications\PCIECEMGend_AN_RxTest\AppData\Report\Result\DecodediAdd In ...  — O >

Voltage(V)

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

FIGURE 76. VIEWING TX LINK EQ TIME RESPONSE PRESET/CURSOR TEST TRACE FOR TRANSITION
TIME

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

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

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

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

3. Select the 10 icon to launch the Keysight Connection Expert.

4. Click Rescan.

=3

] Keysight Connection Expert

Instruments PXI/AXIe Chassis Manual Configuration S¢

0 Filter Instruments: Clear

Unknown Instrument D

TCPIPD::localhost: :instD:: INSTR

DSAV334A, KEYSIGHT TECHNOLOGIES

USBO: :0x2ABD: :0x902C: :MYS55170106::0: :INSTR
Click to view instrument details

L = =

FIGURE 77. KEYSIGHT CONNECTION EXPERT

5. Refresh the system. The Keysight Scope is shown on the left pane and the VISA
address is shown on the right pane.
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Keysight Connection Expert T =X

Instruments PXI/AXIe Chassis Manual Configuration Settings

0 Rescan Filter Instruments: Clear

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

Manufacturer: KEYSIGHT TECHNOLOGIES View Instrument Information Online
DSAV334A, KEYSIGHT TECHNOLOGIES Mogel: DSAY3ISA

Serial Number: MY55170106
USBO::0x2A80::0x902C::MYSS170106::0:: INSTR

irmware Version: 05.50.0010
Chick to view mstrument details

PCSERNO, Agilent . :
o Connection Strings

TCPIPO:: WINDOWS-13983-2.local: :hislip0:: INSTR
VISA Addresses

Send Commands To This Instrument

Start 10 Monitor

o USB0::0x2A8D::0x902C::MY55170106::0::INSTR

Add or Change Aliases

~ SICL Addresses

v Messages: 5 Ciese Remote 10 Server OFf  32-8it Keysight VISA is Primary  17.1.19313.5

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

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

T4 02:47:31 Rescan requested (
T5 02:36:10 Instruments are already discovered and configured | a
T4 02:36:10 User interface session started

FIGURE 78. OSCILLOSCOPE’S VISA ADDRESS

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

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

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

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

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

GRL - Automated Test Solutions

4] Notepad
| Tek |
TekScope

Tek_Local_Admin

Documents

-_‘_- Windows Explorer ]
" Pictures

= Internet Explorer 2
Music

E Launch DisplayPort AUX Control
Games

H TeamViewer 10 _
Computer

USE 3.0 Receiver Testing Control Panel
Lontro ane

.'::/,? Paint r Devices and Printers

u CLE1000 Default Programs

‘ OpenChoice Instrument Manager ‘ Help and Support

¥ AllPrograms

2]

| |55:r:r" programs and files ME
- -
@ <

FIGURE 79. 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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DpenChoiceInstrumentManager EI =]

File Edit Help

Instruments Applications and Utilities

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

1| m

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

Instrument List Instrument
Update Identify...

Start Applicatio_ﬂ or Utility

Search Criteria.. Properties.

Tektronix

FIGURE 80. OPENCHOICE INSTRUMENT MANAGER MENU

4. 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.

5. 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.

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

END_OF_DOCUMENT
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