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Table 1: Modification Record

Revision Release Date Author Comments
1.00 10/24/2016 Mike Bogochow e Updated for 32 port PNA.
1.01 12/9/2016 Rupert Dance . Updated spec versions, Agilent to Keysight Acknowledgements
. Updated all the S-Parameter Specs to match Spec version 1.4
. Updated Procedure for Active Cables for the s32p process
1.02 4/11/2017 Mike Bogochow e Updated spec version and fixed S parameter equations
1.03 4/12/2018 Rupert Dance . Added QSFP-DD Procedure
0OJ Danzy
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ELECTRICAL SIGNALING CHARACTERISTICS

Overview:
This test procedure was written to explain how to use the Keysight PNA Network Analyzer (32 port models) to make the measurements
required per the InfiniBand Architecture Specification Volume 2 Release 1.4 FDR, EDR and HDR cables and connectors.

References
InfiniBand Architecture Specification Volume 2 Version 1_4.2016-11-16

General Resources Requirements
See Appendix A for IBTA Specifications.
See Appendix B for FDR measurement specifications.
See Appendix C for EDR measurement specifications.
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Initial Setup for Keysight PNA

This section contains notes regarding the setup for testing InfiniBand FDR and EDR cables using the Keysight PNA Network
Analyzer, specifically the Keysight N9375A network analyzer (see Figure 1).

Passive Cables - A “Passive” cable is one that is either: Unequalized, equalized in connector, or equalized in wire.

Limiting Active Cables — A “Limiting Active” cable is one that has active electrical components that act as nonlinear limiting devices
in both connectors and may utilize either a copper interconnect or an optical fiber. A special case of a "Half Active" cable is one that
utilizes a Copper interconnect and has active electrical components that act as nonlinear limiting devices in only one of the connectors.

The CIWG test procedures test the worst case lane of the cables submitted for testing. The worst case lane is determined by using the
Mellanox Eye Opening test procedure which is described in a separate Method of Implementation (MOI) which is available on the
IBTA website.

The following procedures are valid for both passive and active FDR and EDR cable testing except that Insertion Loss, NEXT, and
FEXT measurements are not performed on Active Limiting cables.

Perform an instrument warm-up and compensation according to the user manual of the network analyzer before connecting the 3.5mm
cables and Module Compliance Boards (MCB).

Initial Setup Procedure

1) Compensate for any temperature changes by connecting 50 ohm terminators on all ports and running the temperature
compensation algorithm on the PNA.

2) Connect 3.5 mm cables to PNA. Refer to Figure 27 for the physical port assignment of the PNA.

3) Perform calibration if not already done. Refer to Appendix D — PNA Calibration.

4) Connect 3.5 mm cables to MCBs. Refer to Physical Configuration in Appendix E — DUT Configuration.
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Figure 1 — Keysight N9375A PNA

Procedure for Passive Cables

High Level Description

1) Start new measurement in Keysight Physical Layer Test System (PLTS) software.
2) Run the measurement.

3) Post process the s32p files using PLTS.

4) Post process the s32p files using Matlab scripts.

Detailed Description
1) Inthe PLTS software, click File > New

Keysight 32 Port VNA MOI FDR-EDR Cables-v1.03-RSD.docx Page 7 of 47
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Figure 2 — PLTS new measurement
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2) Select New Measurement, then click Next
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3) Click Edit under the DUT Configuration section
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4) Load an existing DUT configuration file by pressing the Load button and click OK. If a DUT configuration has not already been
set up, refer to Appendix E — DUT Configuration.
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Figure 5 - PLTS Load DUT configuration

5) Select Load existing calibration data under the Calibration section, then click Next. If calibration has not already been performed,
refer to Appendix D — PNA Calibration.
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6) Select the calibration to load, then click Next
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1 USB3.0 Cable (12p)

(5 HDMI 14 Category 1(12p)
(7 HDMI 1.4 Category 2 (12p)
[y SATA 3.0 Internal Cable_Connector (8p)
(7 DisplayPort 1.2 HBR (20p)

- 16Port (16p)

.y Infiniband EDR Full >
B

Default 32-Port Configuration

cwecse 1 [, 2 > zBI
B O

ceccce 33335 3

<ccece >3350 8

s JH, ¢
7’*.3‘1

© w e W

<eecs o [, 10 > 107

R Check Status

[ Refiection
[ 0sta Bro... [T Markcer .| B0 Limit Mas... BB Tabutar T..] Not check yet. - [F] Transmission
[Parameter Format selection & x| - [ Customize

L

B raram..{Eourc.|Blourr. | S :
zlluniubivll.ﬂ‘ins 2| elay[0ns ::”“'W“'l“" 2{Reftevei[0mv %_” I—mﬂlﬂjm—'

h Figure 8 - PLTS DUT status check

I i J[cap|[NUM][SCR[System 20: 50.00 ohms]
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8) Check the Change Measurement Settings checkbox.
9) Enter 10 kHz in the IF Bandwidth text field.
10) Click Measure.

B Physical Loyer Test System . b . T _ lol@] %

© File Calibration Measure View Utilities Tools Help

Hed val & 0is BR ol @ RAEBHL.. - (Measwelx
srowser

{5 USBI.0 Cable (12p)
[ HDMI 1.4 Category 1 (12p)
[z HDMI 1.4 Category 2 (12p)
(¥ SATA 3_0lInternal Cable_Connector (8p)
-~ DisplayPort 1.2 HBR (20p)
(5 16 Port (16p)

(= Infiniband EDR Full -
‘ i " I0

[ pata Bro... [[E2] Marker w1 B8] umit wias..| Bl Tabular .|

Parameter Format Selection a %

[l param..| = vt .. [EN DU .. B Param.

ﬂ|w;m[l2.9wfn 2{eay[o s i’”u‘m‘mhzv e tevel[0mv 4 “%]ﬂl“jlp—
Ready s s [ I i Ji ] o] ] SR Sy stem 25: 50,00 o]
Figure 9 - PLTS change measurement settings and perform measurement
11) Once measurement is complete, click Next.

P T - 4 - . W § (=l8] =)

ure View Utilities Tools Help

[z Time Domain (Differential)

[z Time Domain (Single-Ended)

[z Frequency Domain (Balanced)

[z Frequency Domain (Single-Ended)
[ Eye Diagram (Differential)

[ Eye Diagram (Single-Ended)
L RICG

1L Calibration [ Physical Layer Test System Calibration & Measurement w.mmw‘.
5 Template View

[ Create New Measure DUT

[ Create New for Multi-data

(& USB3.0 Connector (12p) Status
(i USB3.0 Cable (12p)
(25 HDMIL 4 Category 1 (12p)

[
[ HDMI 1 4 Category 2 (12p) Measurement finished at 4:34:10 AM
[ SATA 3_0 Internal Cable_Connector (Bp)
[ DisplayPort 1.2 HBR (20p)

-7 16 Port (16p) [¥] Change Measurement Settings
[z Infiniband EDR Full 20p)

i

Averaging: 1
IF Bandwicth: 10

<Book || Hext> | Concsl_|[__ee

B param. [ o0t .| Dovrr. B Faren. (WAool |

X Position

Horizontal i | Marker
j’rumgnid 2914305 3{Delay[0ns 4 H Units/Div[ 02V 2{Ref Level[0mV 4 ‘ “ Marker2 =] ON | H

Reacy = |[Comtimuous sweep] pe& I I [P Fum] [ [ystem 20: 50,00 s

Figure 10 - PLTS finish measurement
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12) Select the desired analysis view template, then click Next.

B Py Loyer Testem — -— . T -
Fle Coibration Measure View Utities Tools rHelp
Bedlva|x|alo@
Data Browser i
=L Data Analysis
5 Time Domain (Differential)
[ Time Domain (Single-Ended)
-7 Frequency Domain (Balanced)
(L5 Frequency Domain (Single-Ended)
[ Eye Diagram (Differential)
[ Eye Diagram (Single-Ended)

=18 = |

[ Physical Layer Test System Calibration & Measurement Wizard -

Select Analysis View
[ Create New for Multi-data
= usese e ‘Show template views only
[ USB3.0 Cable (12p)
[z HDMI 1_4 Category 1 (12p) [E¥RLCG (W-Element)
(L% HDMI 1.4 Category 2 (12p) [EFRLCG (Self/Mutual)
(L5 SATA 3_0 Internal Cable_Connector (8p) [ UsB3.0 Connector {12p)
[ DisplayPort 1.2 HBR (20p) [ZUSB30 Cable (12p)
(% 16Port (16p) [E¥HDMI 1_4 Category 1 (12p)
[ Infiniband EDR Full (20p) [ZHDMI 1.4 Category 2 (12p)
4 E [LrSATA 3_0 Internal Cable_Connector (8p)
| Data Brs Marker M..| [ Limit Mas...| B Tabular T...| [ DisplayPort 1.2 HER (20g)
(516 Port (16p)
Parameter Format Seledtion 3

[EInfiniband EDR.Ful (20p)
[Infiniband EDR Victim (4p)
[Infiniband FDR Ful (20p)
[ZInfiniband FDR Victim (4p)
[ Infiniband EDR Mated Fixture Full (20p)
and EDR Mated Fixture Victim (4p)
@2p)

B param..| E pur .| B put F.. | ES Param.. W pata .|
ﬂ Urits/Div| 29143 s -3 Delay [0 2

Ready

- Marker X Position

Units/Div[02V 2HRerLevel[0mV 2 ‘ ( Worker 1 =] _ON | H

M ] [Conti sweep|[D ][ [ are] [CAP] [NUM][SCRU [System 20: 50.00 ohms]|

13) Click Next.

8 Pryscal Lyec st Sysem N T T W - - =82

© File Calibration Measure View Utilities Tools Help
B4 e x & 0is B0 BE S OSEA
[Dstabrowser ——— ax

Your data will be displayed in the selected format
(3 HDMI 1.4 Category 1(12p) )

[y HDMI 1.4 Category 2 (12p) Itis recommended that you save your data now

2 SATA3_0 Internal Cable_Connector (8p)
( DisplayPort 1.2 HBR (20p)
(5 16 Port (16p)

. Infiniband EDR Full (20p)
o . »

imit Mas...| B ravutar 7..|

2x

ﬂ‘Mpamm 2{eiyfons i,“n;..um;quv et Level[0mv i” [_mil“_}mwm—_

) Figure 12 - PLTS finish measurement wizard

onti sweep| )[Port Rotation][Hardware] caP| INUM[SCRL system 70: 50.00 ohms|
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14) The selected analysis view will now be displayed. You can select another template from the menu on the left to load with the

[ Physical Layer Test System - [PLTS - 32 port (32p)1] o
T File Caibration Measure View Utiities Tools Data Format Window Help
Lo @ o< & © " F pIE WM @ EREEN ~ Measure |~
ata Browser LR SDD‘I'] SDDZ‘I
L/ Calibration .
[}/ Template View s = e s
[ Create New
[ Create New for Multi-data h e
5 USB3.0 Connector (12p) e o
| USB3.0 Cable (12p)
[ HDMI 1.4 Category 1 (12p) T i a0
[ HDMI 1.4 Category 2 (12p)
[ SATA 3.0 Internal Cable_Connector (8p) e e
[ DisplayPort 12 HER (20p)
(= 16 Port (16p) = —— At =
nfiniband EDR Full (20p) v
iband EDR Victim (4p) e = N
band FDR Full (20p) /ﬂ
iband FDR Victim (4p) e e
[ Infiniband EDR Mated Fixture Full (20p)
[ Infiniband EDR Mated Fixture Victim (4p) sease = e
Bl [ 32 port (32p)
(] PLTSLdut:1 b < <m
on
5 - oo
1: PLTSL -
Data Analysis : :
70011 | 10012 ToD13 | TOD14 |2 oacie o0
Top21| TDD22 | TED23 | TDD24 Wm - h
TDD31| TDD32 | TDD33 | TDD34
ToD41 | T0D42 || T0D43] TODA4 e o
All Clear |+ s s
i ]
€ New Plot & NewTrace o o
E&E s @ - o
Blfparan.. [Bourc. | Blourr. | raram. (W ato L s sun sioms P x
H Vertical Marker Marker X Position
ﬂ Units/Div| 29143 s ] Delay 0 s || unitsrmivfo2v = {Ref Level [0 mv = [arkers =] o8 || f———

Ready [Measurement] [Continuous sweep] [De-Embedding|[Part Rotation][Hardware|[CAF|[NUM|[SCRL [5ystem 20: 50,00 ohms

15) Save the PLTS results:
a) Press Export button on toolbar to save .s32p file. This button is shown in the right red box in Figure 13.
i) Click Browse to specify the file to save to
b) Press Export Bitmap button on toolbar to save screenshot of the graphs. This button is shown in the left red box in Figure 13.
i) Select desired image resolution. It is recommended to select the highest available.
ii) Specify the file to save to. It is recommended to change the image format to png.

ﬁ Physical Layer Test System - [38-117-Tag-5Slot-2.532p - 32 port (32p):3]

E| File Calibration Measure View Utilities Tools Data Format Window Help

™ HE}( @@EE‘ EE@EE"L#TT[ - Measure | ¥
Figure 13 - PLTS toolbar export

16) Perform next measurement. You do not need to create a new measurement for the next cable. Just swap out the cable and click
the measure button on the toolbar as shown in Figure 14.

ﬁ Physical Layer Test System - [38-117-Tag-5Slot-2.532p - 32 port (32p):3]

E| File Calibration Measure Wiew LUHilities Tools Data Format Window Help

NEFH L@ X & @ E BE BE B @EaEE 5
Figure 14 - PLTS toolbar measure
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Procedure for Active Cables
The PLTS procedure for active cables is the same as for passive cables but there are different setup requirements:

1) Only connect the DUT to one MCB (MCB-B) at any time (however, both MCBs remain connected to the PNA)
2) Both MCBs must be powered
3) The other end of the cable should be connected to a switch which continuously transmits data
a) This is being provided by Mellanox engineers who configure one of their switches to continuously transmit a PRBS9 pattern
from one of the ports which is connected to the opposite end of the AOC from the one connected to the MCB and the
Keysight VNA.

The testing is performed twice, once for each direction. That is, one side of the cable is plugged into the MCB and the other is
plugged into the switch for the first phase of testing and then the sides of the cable are swapped for the second phase of testing.

The reason for this setup is because, during previous IBTA Plugfest testing, it was been found that some DUTS are sensitive to
whether both boards are powered and others are sensitive to whether MCB-A or MCB-B is powered. Therefore, in the past this test
was run in all three combinations and the best results were taken.

For PF29 and PF30 we reviewed the AOC results with OJ from Keysight and we have restricted the results to measurements taken on
the receive side (SCCxx, SDCxx and SDDxx) because of the test methodology we had to implement with Active Cables. We analyze
the receivers on one side of the cable while the other side is plugged into a Mellanox switch transmitting a PRBS9 pattern. Then we
flip the cable and take another measurement — this way we are measuring all 8 Rx lanes of the cable.

The Matlab code used to process s32p results from PF29 and later has been verified by using the PF29 code to reprocess some s4p
files from PF28 and comparing them to the results obtained in PF28 using the old 4 port VNA and the old UNH-IOL Matlab code.
When we see AOC failures, we also doubled check the Matlab derived results by using the Keysight PLTS application.
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Post Processing

PLTS and Matlab

Keysight Physical Layer Test System (PLTS) software in combination with internal Matlab collaboration can process the data files to
determine pass/fail for:
a) Insertion Loss (SDD21), Fitted Insertion Loss (FIL), Insertion Loss Deviation (ILD) and ILDrms.
b) Return Loss measurements
i. SDD11, SDbD22, SCC11, SCC22
¢) Common Mode to Differential Reflection
i. SDC11, SDC22
d) Integrated Common Mode Conversion Noise (ICMCN)
i. SCD21

To perform the Matlab processing through PLTS, simply load the corresponding analysis view template for an s32p results file. At
Plugfest 30, these templates were called “InfiniBand EDR Full (32p)” and “InfiniBand FDR Full (32p)”.

Importing s32p Files into PLTS
If you would like to open up an existing s32p file for processing within PLTS, you must use the import functionality.

1) Inthe PLTS software, click File > Import
2) Click Browse and select the s32p file you would like to import
BB Physical Layer Test System . X N i % =@ = |

| Rl Colbration Measure View Utiities Tools Help

IR IR B Ol CAREEn o) [Measuel"
paapewsr  ax

|5 Create New
[z Create New for Multi-data
[ USB3.0 Connector (12p)
[z USB3.0 Cable (12p)
(5 HDMI 1.4 Category 1(12p)
[z HDMI 14 Category 2 (12p)
[5 SATA 3.0 Internal Cable_Connector (8p)
[ DisplayPort 1_2 HBR (20p)
[ 16 Port (16p)
[ Infiniband EDR Victim (4p)

asi e
[ Infiniband FDR Victim (4p) L
[ Infiniband EDR Mated Fixture Full (20p) | 1. Select Data Domain to Import
-[.7 Infiniband EDR Mated Fixture Victim (4p @ Freq © Time
5 32 port (32p)
[z Infiniband EDR Full (32p) 2.SelectFle [ lgnore header commen  [Touchstone 1.0 -
[ Infiniband FDR Full (32p)
Browse ...
[z Infiniband FDR AOC R Full (32p) 3 SdectFieto onse
[ Infiniband EDR AOC R Full (32p) 4 4, Configuration of Data to change

T} ——
[ osta ero... [ varwer . [t v [ETeburarT..]

Parameter Format Selection 2 x

Eleeran. [ B ovrc B ouTr [Ereren [Woatar |

X Positior

ﬂ| Unﬂ;/DivI =] pelay| =2 H Units/Div| = Ref Level| é” “’mﬁ\ on | ” Jni‘

) = o J[cAPIINUMISCRL [System 20: 50.00 ohms]

Ready [Cantinuous

Figure 15 - PLTS import 23p file
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3) Click OK

[ Physical Layer Test System

lel@| = J

© File Calibration Measure View Utilities Tools

0 |x|&|®:

-7 Create New w
[z Create New for Multi-data
[ USB3.0 Connector (12p)
[ USB3.0 Cable (12p)
(5 HDMI 1.4 Category 1 (12p)
[z HDMI 1.4 Category 2 (12p)
[ SATA 3.0 Internal Cable_Connector (8p)
[z DisplayPort 1_2 HBR (20p)
[ 16 Port (16p)
[ Infiniband EDR Victim (dp)
| Infiniband FDR Victim (4p)
[ Infiniband EDR Mated Fixture Full (20p)
|7 Infiniband EDR Mated Fixture Victim (4p
[ 32 port (32p)
| Infiniband EDR Full (32p)
[ Infiniband FDR Full (32p)
~-[.5 Infiniband FDR AOC Rx Full (32p)
[ Infiniband EDR AQC R Full (32p)

1. Select Data Domain to Import.
 Freq € Time
2, SelectFle [ Ignore header commen  [Touchstone 1.0 ~|

3, SelectFie to

4. Configuration of Data o

arker . | [0 Limit Ma... |[E] Tabular T..|

Farameter Format Selection 2 x

B raram. [E outc. | ouT . |EG Param. | F Datal. |
) o] 4

X Position

I I |

Units/Div| Units/Div|

3 I'Marktr

Sfertee| 4

Ready

Figure 16 - PLTS finish import

4) Select the desired analysis view, then click OK

ntinuous sweep|[D:

{[caplinumllscresystem z0: 50.00 onms|
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BB Physical Layer Test System

l=l@] = |

[ Create New -
|5 Create New for Multi-data

- [ USB3.0 Connector (12p)

[ USB3.0 Cable (12p)

[z HDMI 1.4 Category 1 (12p)

[z HDMI 1_4 Category 2 (12p)

[ SATA 3.0 Internal Cable_Connector (8p)
[z DisplayPort 1_2 HER (20p)

[ 16 Port (16p)

[z Infiniband EDR Victim (4p)

[ Infiniband FDR Victim (4p)

- Infiniband EDR Mated Fixture Full (20p)
[ Infiniband EDR Mated Fixture Victim (4p
[ 32 port (32p)

[ Infiniband EDR Full (32p)
[ Infiniband FDR Full (32p}
| Infiniband FDR AOC Rx Full (32p)
[ Infiniband EDR AOC Rx Full (32p)

E | F— p—
(= Data Br v | Bl Limit Ma... [ Tabular T..
Parameter Format Selection 2 x

Bl param..|= out .. |EY ouTF. | Ed Param.. | W Data .|

Importa Single File
1. Select Data Domain to Import

e

[5/USB3.0 Cable (12p)

[EHDMI 1_4 Category 1(12p)

[E/HDMI 1 4 Category 2 (125)

[LZ/SATA 3.0 Internal Cable_Connector (3p)
[ DisplayPort 1_2 HBR (20p)

(516 Port (16p)

[EInfiniband EDR Victim (4p)
[=/Infiniband FDR Victim (4p)
[EInfiniband EDR Mated Fixture Full (20p)
[/ Infiniband EDR Mated Fisture Victim (4p)
(532 port (32p)

[/ Infinisand EDR Full (32p)

X Position

Units/Di|

) oo 4

Units/Div|

2 Re Level]

B o Pl

Ready

Matlab post processing

TBD

[Fordosare CaF| UM [Sca stem 70: 50.0 o

TS

Figure 17 - PLTS set analysis view for imported file
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Appendix A — Resource Requirements

e InfiniBand Architecture Specification Volume 2 Version 1.4.2017-04-06
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Appendix B — FDR S Parameter Requirements

Table 2: FDR Insertion Loss

Description

Min Value

Max Value | Unit

Maximum insertion loss at 7.03125 GHz

15

dB

Maximum fitted insertion loss coefficient ao

-0.75

0.5

dB

Maximum fitted insertion loss coefficient ax

0

17.96

dB

Maximum fitted insertion loss coefficient az

0

10.25

dB

Maximum fitted insertion loss coefficient as

0

7.91

dB

Table 3: FDR Insertion Loss Deviation (ILD)

Frequency (GHz) Min Value

Max Value

Unit

0.05<f<3.50 -0.75

0.75

dB

3.50<f<7.00 0.75-0.4286*f | 0.4286*f-0.75

dB

7.00<f<10.5 -2.25

2.25

dB

Table 4: FDR SDD11 and SDD22

Range (GHz)

Max Value (dB)

0.05<f<8

-9.5+0.37 * (f)

8<f<14.1 -4.75 + 7.4 * 1og10(f/14)

Table 5: FDR SCC11 and SCC22

Range (GHz)

Max Value (dB)

.200<f<14.1

-2

Table 6: FDR SDC11 and SDC22

Range (GHz)

Max Value (dB)

0.01<f<12.89 -22 +20 * (f/25.78)

12.89<f<14.1 -15+6 * (f/25.78)

Table 7: FDR ICN

Range (GHz)

Max Value (mV)

3<IL<7.65

9

7.65<I1L<15.0

12.75-0.49 * IL

Table 8: FDR ILDrms and ICMCN

Measurement

Max Value

ILDrms

0.41 dBrms

ICMCN

40 mV
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Appendix C — EDR S Parameter Requirements

Table 9: EDR Insertion Loss

4/17/2018

Description Min Value Max Value | Unit
Maximum insertion loss at 12.89 GHz - 16.74 dB
Maximum fitted insertion loss coefficient ao -0.75 0.5 dB
Maximum fitted insertion loss coefficient a: 0 17.96 dB
Maximum fitted insertion loss coefficient az 0 10.25 dB
Maximum fitted insertion loss coefficient a4 0 7.91 dB
Table 10: EDR Insertion Loss Deviation (ILD)
Frequency (GHz) Min Value Max Value Unit
0.05<f<5.0 -0.75 0.75 dB
5.0<f<15.5 -0.26*(f-5.0)-0.75 0.26*(f-5.0)+0.75 dB
15.5<f<19.5 -3.5 3.5 dB
Table 11: EDR SDD11 and SDD22
Range (GHz) Max Value (dB)
0.05<f<8 -9.5+0.37 * (f)
8<f<26 -4.75 + 7.4 * log10(f/14)
Table 12: EDR SCC11 and SCC22
Range (GHz) Max Value (dB)
0.05<f<26 -2
Table 13: EDR SDC11 and SDC22
Range (GHz) Max Value (dB)
0.01<f<12.89 -22 +20 * (f/25.78)
12.89<f<26 -15+6 * (f/25.78)
Table 14: EDR ICN
Range (GHz) Max Value (mV)
3<IL<7.65 9
7.65<1L<26.0 12.75-0.49 * IL
Table 15: EDR ILDyms and ICMCN
Measurement Max Value
ILDrms 0.41 dBrms
ICMCN 60 mV
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Appendix D — PNA Calibration

Calibrations is performed using the Keysight Electronic Calibration Module (ECal) Model N4691B or N4692A.. Calibration must be
performed after every power cycle or as needed. After plugging the ECal into a USB port on the PNA, please wait until the WAIT
light goes out and the green READY light appears.

1) Inthe PLTS software, click File > New

B Physical Layer Test System

° File Measure View Utilities Tools Help.
‘b & |8 EE @ B o]l Measuel]
Oata Boser ax

1/ Data Analysis E
~[ Time Domain (Differential)

[ Time Domain (Single-Ended)

[ Frequency Domain (Balanced)

[ Frequency Domain (Single-Ended)

[ Eye Diagram (Differential)

[ Eye Diagram (Single-Ended)
L/ RLCG
[El- L. Template View

|5 Create New

|5 Create New for Multi-data

[ USB3.0 Connector (12p)

[z USB3.0 Cable (12p)

(5 HDMI 1.4 Category 1 (12p)
[z HDMI 14 Category 2 (12p)

[5 SATA 3.0 Internal Cable_Connector (8p)
[ DisplayPort 1_2 HBR (20p)

[ 16 Port (16p)

[ Infiniband EDR Full (20p) =
T Y

(| GO i)

B param..|Slourc..| D outF, DatalL.|

ﬂ| Um’t;/DivII.‘Jans i’nenaﬂuns i’” Unite/Div] 02V i’mmequmv é” (mﬂ”“mm—‘

Ready : [ ][Continuous sweep][D ] | [Raraware] [CAR|[NUMI|[SCRI [System 20: 50.00 ohms
Figure 18 — PLTS new measurement
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2) Select New Measurement, then click Next
X -

[ Physical Layer Test system.

=@ =]

File Calibration Measure View Utilities Tools Help

& Physical Lqurusmmmmauu-mmL

Welcome to the Physical Layer Test System

(5 HDMI 1.4 Category 1(12p)
(5 HDMI 1.4 Category 2 (12p)

[z SATA 30 Internal Cable_Connector (8p)
7 DisplayPort 1.2 HBR (20p)

(3 16 Port (16p)

ﬂ Units/Di| 29143 s -2 Delay[0ns

Eourc. Eloutr. [Ereren

X Position

P = o]

ilH u.-‘ulmnr{uzv

4

2ref Level[0mv

Ready [Continuous sweep] D

J[car][NuM]SCRISystem 20: 50.00 ohms]|

Figure 19 - PLTS measurement wizard

3) Click Edit under DUT Configuration section
5] -—

Physical Layer Test System B Y

l=lo] =

File Calibration Measure View Utities Tools Help

Hedos - s 0iaun o o ORI ) s
e i
(& DataAnaysis =~

(i Time Domain (Differential)

[z Time Domain (Single-Ended)

[z Frequency Domain (Balanced)

[ Frequency Domain (Single-Ended)

[ Eye Diagram (Differential)

(5 Eye Diagram (Single-Ended)

[ L/ RLCG.

Galibration

B/ Template View

[ Create New

[ Create New for Multi-data

[ USB3.0 Connector (12p)

[ USB3.0Cable (12p)

[ HDMI1_4 Category 1 (12p)

[ HDMI1_4 Category 2 (125)

[ SATA 3.0 Internal Cable Connector (8p)
[ DisplayPort 1.2 HBR (20p)

[z 16 Port (16p)

5 Infiniband EDR Full (20p) -
e e +
B markcer .| B0 Limit as...| Bl Tabutar .. |

2%

[ Physical Layer Test System Calibration & Measurement Wizard -

Welcome to the Physical Layer Test System

Hardware
VISA address: TCPIPO:localhosthislipd  Description : Default 32-Port Configuration

DUT Configurati

Manufacturer: Agilent Technologies. Number of DUT Ports : 32

Available Measurement Ports : 32

=T er———

Calibration

Model code:  M9375A

Serial number: MY35441220

Firmware:  A1055.07

© Perform a new calibration
[ pata sra..

@ Load existing calibration data

Parameter

@ Perform measurement without calibration

B param. | 00T C. B 007
ﬂ 2 {peiay[0ns

-~ Marker

el irncE]

Units/Div| 29143 ns 2] | nits/oiJo2v 2refteve[omv

X Position |

Ready |[Continuous sweep|[De Embedding][Fort

| [ [scRe][system 20: 50.00 ohms]

Figure 20 - PLTS select DUT configuration
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Load an existing DUT configuration file by pressing the Load button and click OK. If a DUT configuration has not already been set
up, refer to
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4) Appendix E — DUT Configuration.
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Figure 22 - PLTS perform a new calibration
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6)
7) Keep the default configuration and click Next.
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Figure 23 - PLTS default hardware setup
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9) Once complete, click Next.
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Figure 25 - PLTS finish calibration settings
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10) Connect port 1 of the PNA to one of the ports on the ECal
11) Connect port 2 of the PNA to the other port on the ECal
12) Click the blue button to perform calibration of the two ports

@t [ - W W S =
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Figure 26 - PLTS calibration

13) When calibration of the ports is complete, the button will turn green and the next button will turn from red to blue.

14) Disconnect port 2 from the ECal and connect the next port, repeating the previous steps for ports 3-32 keeping port 1 connected at
all times.

15) After all ports have been calibrated, all buttons will be green and the Next button will be enabled. Click Next.

16) Save the calibration using an easily identifiable name so that it can be loaded for future measurements without needing to
recalibrate.
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Appendix E — DUT Configuration

Physical Configuration

The default configuration of the PNA is to allocate the upper row of ports (odd numbered ports) to one device and the lower row of
ports (even numbered ports) to the other. This mapping is shown graphically in Figure 29. It is often physically easier to change to
the split 16 configuration in which ports 1-16 are allocated to one device and ports 17-32 are allocated to the other device.

Table 16 shows the mapping between the PNA ports and MCB connectors that should be connected to perform testing. Figure 27
shows the location of each port on the PNA (the cables are also usually physically labeled).

For passive cables: For consistency across all cables tested at a Plugfest, test the connector which has the worst lane in MCB-B and
the other end in MCB-A. Additionally, the MCBs should not be powered for passive cable testing.

Table 16: 32 Port MCB Connection Layout

PNA Port | MCB | Connector | PNA Port | MCB | Connector
1 A TX1P 17 B RX1P
2 A TXIN 18 B RX1IN
3 A TX2P 19 B RX2P
4 A TX2N 20 B RX2N
5 A TX3P 21 B RX3P
6 A TX3N 22 B RX3N
7 A TX4P 23 B RX4P
8 A TX4N 24 B RX4N
9 A RX1P 25 B TX1P
10 A RX1IN 26 B TXIN
11 A RX2P 27 B TX2P
12 A RX2N 28 B TX2N
13 A RX3P 29 B TX3P
14 A RX3N 30 B TX3N
15 A RX4P 31 B TXA4P
16 A RX4N 32 B TX4N
KEYSIGHT

TECHNOLOGIES

OEEOOMBEM9EI2I)IED
@®EE19(919(929e2292929E9E2)

Figure 27 - PNA port layout
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PLTS Configuration

PLTS must also be configured for the above setup. This is done in the DUT configuration step when creating a new measurement
(refer to Procedure for Passive Cables for creating a new measurement). Instead of loading an existing configuration, you can
configure a new one in the section shown in Figure 28.
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Figure 28 — PLTS DUT configuration

In the DUT configuration section, VNA port refers to the physical port on the PNA, port label is an arbitrary identifier for the port
mapping, and DUT port refers to the port on the MCB. In the default configuration, there is a one to one mapping between the VNA
port and the DUT port as shown in Figure 29. In order to make the split 16 configuration, the VNA ports should be changed to
increase sequentially as shown in Figure 30. Figure 30 has also been labeled to show the mappings between the DUT port and their
lane identifiers which matches the mappings described in Table 16.

Keysight 32 Port VNA MOI FDR-EDR Cables-v1.03-RSD.docx Page 36 of 47
4/17/2018



DUT  Logical DUT DUT Logical DUT

Port Port Cf Cfg Port  Port PortLabel  VNA Port

VMA Port Port Label

1=}

L =) <eceec 2 1—_ | E | Liddadd 2 -
b s NS o ]
3 (=) 4
B =) <cesc 7 D_D e L
9 AMIEELLE LS 9 5—_5_ 10 BEnpmn 10 =
11 ¥ | Cddgad 11 D_D 12 Baanb 12 -
13 ¥ | Co<gg 13 S _ 14 ER 14 -
+ +
e = 1 _3 e B
+ +
19 ¥ | Coggss 19 ° _ 0 20 B 20 -
21 ¥ | Cggad 21 S _ 22 Baannn 22 -

+
23 v | cocezx 23 H %_ = 24 B 24 -
25 ¥ | Ldgdd 25 S _ 26 EErnE 26 -
+ +
27 ¥ | <<ggca 27 - _ - 2B EErnE 28 -
29 ¥ | << 29 C]_E] 30 BEanE 30 -
+ 16
31 ¥ | << 31 = _ = el BEanE 32 -
Figure 29 - PLTS default DUT configuration
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Figure 30 - PLTS split 16 DUT configuration
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Appendix F — QSFP-DD/OSFP Setup

There are 16 channels to measure with QSFP-DD cables so the procedure is slightly more complex and you must make four
measurements.

The first two tests are similar to a regular QSFP cable where you are making a Thru measurement.

1) Attach the first 16 VNA cables to MCB1 (Tx1 to Tx8 — see Figure 33)

2) Attach the second 16 VNA cables to MCB2 (Rx1 to Rx8 — see Figure 33)
3) Run the usual VNA test procedure

4) Then flip the cable and run another thru test

Figure 31 — QSFP-DD Setup for Thru Testing
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The second set of tests is to measure crosstalk (ICN)

1) Attach the all 32 VNA cables to MCBL (see figure 33 — Tx and Rx connections are the same, but on the same MCB)
2) Terminate all of the connectors on MCB2 with high quality 50 Ohm terminators (rated to at least 26 GHz)

3) Run the usual VNA test procedure

4) Then flip the cable and run another test

Figure 32 — QSFP-DD Setup for ICN Testing
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VNA Connections

1) The port numbers highlighted in Red are the Physical Ports on the VNA

2) The port numbers highlighted in Blue are the Logical Single Ended Ports which represent what you see in the Touchstone files

3) The port numbers highlighted in Green are the Logical Differential Ports

4) 0Jalways connects the odd numbered physical ports on the VNA to the Positive connections on the MCB and the even
numbered physical ports on the VNA to the Negative connections on the MCB

IBTA DD Thru 32 Port Configuration

1 TX1_ P 1 I - RX1_P|17
1

2 | ™xiN|3 - RX1_N| 18

3 | nerls N o« o Rz F|1s
3

4 | neN|7 — RX2_N|20

5| nar|s . s R P |21
5

8 | ™xa_N| 11 - RX3 N|22

7 | 4P| 12 N o Rx4 P|22
7

8 | x4 N| 15 - RX4_N| 24

s | s p| 17 N o Rxs P|25
3

10| x5 N| 18 - RX5_N| 28

11| T r| 21 N o« o rRxg_F |27
1"

12| T N| 22 — RX8_N|28

13| o p|2s RX7 P|28
2 4 “oa

14| XTI N| 27 - RXT_N| 20

15| Txz_P| 28 o rRxg_P| a1
15 %

18] Txs_N| 31 - RX8_N| 22

Figure 33 — QSFP-DD Connection Setup
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Results

The plots shown for non-ICN tests can be used to determine pass or fail. All 12 plots are valid for passive cables. For AOC or passive equalized cables, only plots 2, 7 and 8 are
valid.
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Figure 34 — Passive QSFP-DD Results Plots

Keysight 32 Port VNA MOI FDR-EDR Cables-v1.03-RSD.docx Page 42 of 47 4/17/2018



P&SS

¥
m
=
w

L
y
i+

'
H
3
i
i
i
i
i
i
i
'
i
]
{

Fitted IL

i
¥

[T T T T T T T N |
P
=i

==

i
i
]
i
§
i
i
i
i
i
'
i
]
{

== m— FEXT 1
— — , l. —
L L et
FEXT 4 — SDCx - SCCxx (Fox)
— - |- -
=3 _ | pass | | | pass e
s =
- - [ .
. =
7 gy
— Trm e —
- f -
1 T ‘I mll
s LD P LDrms — CHCHN
= i - =
pASS s
- e - -
- o= - -

Figure 35 — AOC/Passive Equalized QSFP-DD Results Plots
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Post Processing the QSFP DD data

1) In QSFP post processing we have 8 lanes we need to process and we take 4 transmit lanes from the MCB 1 and four transmit
lanes from MCB2

VNAPort  Port Label Erﬂr '5:?:" gl"'; EE{;TW ﬁ; Portlsbel  VNA Port
o e e | (IR
Bl 5 = e
v [ E s e
ol [ D v o~ @
Eefron v S i e @
e 2 R E = I - ]t
e e
- ] @ E]m -
SRR - | RN O e
wep [— 2 |wr |2 -
= 1 & 1 =
PecTRRE ] [ e
) ()
ROCTRERES | | Y
TROLTIERES-1 | RN i
COERES | | e O e

2) In QSFP-DD (and OSFP) we need to analyze 16 lanes versus 8 and we take all 16 lanes from the left-hand side. Notice that all of
the TX lanes are on the left.
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IBTA DD Thru 32 Port Configuration

1
2
3

3) QSFP-DD has 4 files

TXI_P
TXI_N
™P
N
™3P
TGN
TX4_P
TX4_N
TP
TGN
TXE_P
T™XEN
TP
XN

TX8_P

TXE_N

3

I ozs

n+t

12%

RX1_P
RX1_N
RX2_P
RX2_N
RX3_P
RX3_N
RX4_P
RX4_N
RX5_P
RX5_N
RXB_P
RXB_N
RXT_P
RXT_N
RXS_P
RX8_N

a) Two are thru files and one is tagged A and one is B
b) Two are ICN files and they are tagged NEXT with one tagged A and one is B

4) Therefore, there will be four s32p files to process when testing a QSFP-DD or OSFP cable. Here is what needs to be done in the
MATLAB algorithm:
Process the thru files
i) Inthe first s32p take all that data from the TX lanes. No need to swap between 4 from one and 4 from the other.

ii) Inthe second s32p file, take all the data from the TX lanes as described in 3.a
Process the ICN files
i) TBD - this will require processing all the NEXT Files

a)

b)

This is the code for QSFP Passive Copper processing

% We added the elseif section at PF31 with OJ.

% The 1 1 terms are the Tx and 2 2 terms are the RX

% On the MCB and the way we connect them the first four lanes going from left to right % are Tx to Rx
% The second four lanes going from left to right are Rx to Tx

elseif stremp(tx_type, 'Passive’)

offset = (channel-1)*4;

if channel <=4

else

s4p = snp2smp(s_data,Z0,[offset+1 offset+2 offset+3 offset+4],Z20);
elseif channel > 4
s4p = snp2smp(s_data,Z0,[offset+2 offset+1 offset+4 offset+3],20);
end

For DD Thru | use this algorithm but increase the number of channels to 8
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offset = (channel-1)*4;
if channel <=4
s4p = snp2smp(s_data,Z0,[offset+1 offset+2 offset+3 offset+4],20);

offset = (channel-1)*4;
if channel <= 8 # this is the only change needed
s4p = snp2smp(s_data,Z0,[offset+1 offset+2 offset+3 offset+4],20);

Ethernet handles ICN differently. IB has one number. MDNEXT and MDFEXT has both and don’t do a combined.

S-Parameter terminology

1) 2-1
a) Two is transmit and one is receiving.
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Appendix G — Active Copper Cables

Active Copper cables must be powered on both ends. In PF33 we used the Agilent E3610A as shown below. They can be tested with
one connection as a standard QSFP, but both ends need to be powered. The parameters that are measured should be the same as an
AOC cable, with the addition of the input parameters for SDD and SDC.
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