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Bit Error Rate vs. Connector Insertion Loss
25 Gb/s NRZ Signaling
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Error Rate (BER) Channel Test Setup

Expanded Beam Connectors
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BER Results

Attenuation vs offset
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Test Results & Estimated MN power penalty
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Optical penalty = 0.2 dB at 1.5E-10

For offset of: 43 um, MN penalty = 0.25 dB
+/- 10 um = 0.05 dB penalty
Negligible for 1.8E-4 BER s
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IEEE Link Model — 10 Gb/s

it E C u] E F (] H | J k. L M V] ] F ¥ R S T I W ! bl
1 |Spreadsheet by Del Hanson, David Cunningham, Piers Dawe, David Dolfi Agilent Technologiesy Rev. 3203 This file  10GEPBud3_1_16axls of 17-0ct-01
Z |Basics Input= Bold Ts(20-80) 35 ps Caze: 350nm serial  newMMF Attenuation= 3.5 dB/km Modelformat rev 3.1 16z af 31-0ct-01
3 = 7.04 T=(10-80) 53 ps TargefTarget reach  0.30 km Fiber at™ 850 nm MomSens OMA -11.10 dBm Margin® 0.02 dB at
4 Base Hate= 10313 MBd RIM{COMA) -130 dB/Hz |and L_stan= 0.2 kEm C_att= 1.00 Receive Refl Rx 12 dB Answer! 0.3 km
5 | Tranamitter RIM at MinER  -139.6 dB/Hz|graph L_inc= 001 km Attenuation= 3.62 dBkm Rec_BW= 8,250 MHz |estFRx BW 7500 MHz
6 Wavelength Uc 840 nm RIMN_Coef= 0.70 Power BudgetP=  7.30 dB at”™ 840 nm c_ k329 ns.MHz
7 |Uw (see notes) 0.289 nm DetJitter” 6.0 "ps inc. DCD Connections C 1.5 dB pisp. min. Uo= 1320 nm T_me(10-90) 399 ps Test Source ER=
a T pwr OMA= -3.80 dBm DCD_DJ= 6 ps TP3Pwr.Bud.-Conn.Loss Ha dB Disp. So= 0.41 ps/inm*2*km TP4Eye” 19 ps Test Tx 6.5 dB
3 | Min. Ext Ratio= 3.00 dB Effect. DJ= 0.00 (Ul ex DCD Ci1= 480 nsMHz Disp. D1= -117.76 ps/inm.km} Opening (=Tx ey TestERpen 1.98 dBo
10 Worst"ave TxPwr 203 dBm MPM K(OMA) 0.3 Reflection Moise factor 0 no units RWS Baseline wander 30 0.025 fraction of 1/2 eve
11 =xt ratio penalty 478 dBo Txeye height 70.7% Effective Rate 10983 MBd (not in use) 10 | VECP 373 dBo
12 | Txmaslxl= 0.3 — Refldx- - =12 dB Th_efi= 91 ps Wm= 1769.9 MHz*km P_BLW(noIsly 0.07 dB Stressed|
13 K= :MudﬂINuis&F‘&n 0.3 dB> | Effective RecEye 0.21 Ul Eff BWm= 17699 MHz*km P_BLW 007 dB |Rx 2ENS
1 Y= 0.25 Tk Masktop™ —072 T Pisi PEye P_DJ P_DJ |Preflection Pcross | Ptotal =Piotal| LP Pen OMA
15 L Patt ChiL [D1.L D2L BWcd effBWm Te  Tc central corners central cornergcentral Beta SDmpn Pmpn  Prin central| central cornersg  central  Margin  central
5 | (km) | (dB) (dB) |psinmps/in (MHz)  (MHz}  (ps) (ps) J=0,dB (dB) (dBE) (dB) | (dB] (dB) (dB) (dB) | (dB) (dB) (dB) (dB) (dBmj}
17 00021 001 161 |-024 000 3E+06 #FH#H# 53 66 075 022 000 000 -2E-03 000  0.00 005 | 111 133 1.1 47 5.7
13 0.20 0.72 222 |-236 0.00 27,379 8850 FB BB 198 025 000 00O O 024 001 001 013 047 | 33 3.6 2.6 2.5 6.6
13 021 076 226 [-247 000 26,075 8428 80 89 211 025 000 oo0f[ O -0.25 001 002 014 018 38 38 27 23 -6.6
20 022 0.80 230 |-259 0.00 24890 8045 82 91 225 025 000 000[ O -0.26 001 002 014 021 a7 40 249 21 -6.7
21 023 0.83 233 |-271 001 23,808 7695 84 93 239 025 000 o000 O -0.27 002 002 015 023 39 42 31 1.8 -6.7
zz | 024 | 087 237 |-283 001 22816 7375 &7 95 254 025 000 000[ O -0.28 002 003 015 025 4.1 4.4 3.3 1.7 -6.8
23 025 | 0.91 241 |-204 0.01 21,903 7,080 89 9F 270 025 000 o000[ O -0.29 0.02 003 016 028 | 44 46 3.5 14 6.9
24| 0.26 0.94 244 [-306 0.01 21,061 6307 91 100 286 025 000 oo00[ O -0.31 0.02 II:I.EI#_| 017 031 4.6 49 a7 1.2 -6.9
25 027 0.9s8 248 [-318 001 20,280 6555 94 102 204 025 000 oo00[ O -0.32 002 005 018 035 49 5.1 3.9 08 -7.0
26| 0.28 1.01 251 [-330 0.01 19556 6,321 96 104 2322 025 000 oo00f[ O -0.33 002 005 019 040 52 5.4 42 0.6 -7
27 0.29 1.05 255 |-342 0.01 18,882 6,103 98 106 2340 026 000 000[ O -0.34 002 006 020 045 55 5 4.4 0.3 -T2
za | 0.30 1.09 259 |[-353 0.01 18,252 5900 101 108 360 026 0.00 o000[ O 0.35% 002 007 0.21 051 5.8 6.0 4.7 0.0 7.2
23 0.31 1.12 262 |-365 0.01 17664 5709 4103 111 280 026 000 000[ O -0.37 003 008 023 0589 6.1 6.4 5.0 ;03 73
30 0.3z 1.16 266 |-37.7 0.01 17,112 5531 106 113 401 026 000 000[ O -0.38 003 009 024 068 6.5 6.7 5.3 -0y -7h
31 0.33 1.20 270 [-389 001 16593 5363 108 115 423 027 000 ooof[ O -0.38 003 010 0268 0789 6.9 71 57 =11 -7.6
2 034 | 123 273 [-40.0 0.01 16105 5206 111 117 446 027 000 oo00[ O -0.40 003 011 029 094 ) 73 7.6 6.1 -15 77
33 035 | 1.27 277 | 41.2 0.01 15645 5057 113 120 470 027 000 o000[ © -0.41 0,03 042 031 112 7.8 a1 6.6 20 7.8
34| 0.36 1.30 280 [-424 001 15210 4916 116 122 495 028 000 oo00[ O -0.42 003 014 035 137 a.4 a7 7.1 26 -81
35 0.37 1.34 284 |-436 001 14799 4784 118 125 522 028 000 000[ O -044 004 015 039 171 a1 9.4 7.8 -33 -84
36 0.38 1.38 288 |-447 0.01 14410 4658 121 127 549 029 000 000[ O -0.45 004 017 043 224 | 100 103 8.6 42 -87
a7 0.39 1.41 201 |-459 0.01 14,040 4538 123 129 578 030 000 000[ O -0.46 004 018 049 316 | 113 116 9.9 -85  -93
35 0.40 1.45 295 | 471 0.01 13,680 4425 126 132 6.00 031 o000 o00[ © 047 004 020 056 565 | 143 146 12.8 85 0.7 6
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Summary

= We measured the BER vs. lateral offsets of an EBO connector to quantify
the impact of modal noise

= We have limited data, however no red flags were raised
= Measured MN penalty was less than 0.1 dB

= The MN penalty for our baseline proposal can be lowered from the
traditional 0.3 dB for butt coupled connector channels

= A conservative penalty is 0.1 dB
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BER Tester — Ethernet Traffic Analyzer
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