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Widespread Misunderstanding of Multimode Fiber Bandwidth
— Peak EMB is at 850 nm and falls off symmetrically around 850 nm

— Reduction in EMB is due to refractive index profile defects
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DMD Plots for two fibers with same bandwidth @ 850 nm

@ Two fibers from same cable with the same EMB (similar DMD)
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Fiber C26 Blue (OM3 Left-shifted at 850 nm)
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Fiber C26 Brown (Right-shifted 850

Radius offset, pm
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Range of EMB peak wavelengths for OMA4 fibers
EMB wavelength dependence — Supplier C, same cable
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EMB Wavelength dependence & its relationship to P-shift [

Measured EMBs for OM3 and OM4 Fibers

Measured P-Shifts for OM3 and OM4 Fibers
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1. “Characterizing Differential Mode Delay Tilt and its Relationship to the Effective Modal Bandwidth of multimode
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IEEE Link Model Calculated Channel Reach For Cisco’s 40G BiDi

Using Measure
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I\/Ieasured EMB at 850 nm & 953 nm for 114 OM3, OM4, &
OMS5 Fibers from 4 Major Manufacturers

EMB (MHz-km) @ 953 nm
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@ Minimum measured EMB @ 953 nm
- 1395 MHz-km for OM4
- 876 MHz-km for OM3

@ Theoretically verified

@ To be published, OFC March 2018
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Worst-case modal bandwidths for OM3 and OM4 at 953 nm

 Panduit’'s model predicts 1% worst-case bandwidth to be 975 MHz-km for OM3 and 1500 MHz-km for OM4
* Corning’s model predicts 1033 MHz-km worst case bandwidth for OM3 and 1459 MHz-km for OM4

o Differences: 5.6% and 2.8% for OM3 and OM4 respectively
« Recommendation is to select worst-case EMB from both models, closer to measured data

o 975 for MHz:km OM3

o 1460 for MHz-km OM4

o PaNDuIT
S
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50G PAM4 Channel Reach for OM4 @ 850 nm =105 m

- Develo

ned by Panduit and presented in 64 GFC Fibre Channel PI-7

Spreadsheet by Del Hanson, David Cunningham, Piers Dawe, David Dolfi, modified for PAM4 by Panduit | Rev.” #REF! This file” #REF! of #REF! Equalizer 1 (0) No Equalizer, (1) FFE 3 Tap
Basics  Input= Bold Ts(20-80) 20.0 ps Case: 350nm seria newMMF Attenuation= dB/km Modelformat rev " #H#H# of "#REF! M 4
Q= 4.2649 Ts(10-90) 30.4 ps Target Target reach Fiber at 850 nm NomSens OMA -10.80 dBm Margin” 0.00 dB at B1l=  2.563 no units E
Base Rate= 28050.0 MBd RIN(OMA) -130.0 dB/Hz |and L_start= C_att= 1.00 Receiver  Refl Rx -12 dB  |Answer! "0.1 km D2 " 0.0432 ps/(nm.km)
Transmitter RIN at MinER -139.6 dB/Hz |graph L_inc= Attenuation= 3.62 dB/km Rec_BW= 18,800 MHz Est RxBW 21,038 MHz GeomeanR 0.0631 linear units ISI_
Wavelength Uc 840 il RIN_Coef= 0.70 Power BudgetP=  7.80 dB at” 840 nm c_rx 329 ns.MHz Spec extinction ratio 1.99 linear units Vrin|
RMS Width, Uw 0.60 Iy DJ+& TP4eye  19.4'psinc. DCD  Connections etc [BRER0) dB Disp. min. Uo= [SEEHEE nm T_rx(10-90) 175 ps Test Source ER= Spec ext. ratio penalty 3.01 linear units
Tx pwr OMA= -3.00 dBm DCD_DJ= 1.78 psTP3 | Pwr.Bud.-Conn.Loss 6.8 dB Disp. So=[ReElPE ps/nm”2*km TP4 Eye 7 ps Test Tx 6.5 dB Test Source ER pen. 1.98 dB T _test r
Min. Ext Ratio= 3.00 dB Effect. DJ= 0.13 (Ul)exDCD Cl= 480 ns.MHZ Disp. D1= -108.41 ps/(nm.km) Opening (=Tx ey TestERper 1.98 dBo Net Ext R pen Per 2.81 dBo
Worst"ave. TxPwr -1.22 dBm MPN k(OMA) 0.3 Reflection Noise factor 0 no units RMS Baseline wander SD 0.012 fraction of 1/2 eye Teste
Ext. ratio penalty 4.79 dBo Tx eye height 46.4% Effective Rate 29526 MBd (not in use) 10 V.E.C.P. "#### dBo Min. Tx power OMA= 501 uw Teste
Txmask X1= 0.3 Ul ReflTx  -12 dB Th_eff= 34 ps BWm:MHz*km P_BLW(noISl) 0.01 dB Stressed Worst ave launch pwr  755.1 uwW Test clc
X2= 0.4 Ul ModalNoisePen 0.064 dB Effective Rec Eye  0.21 Ul Eff. BWm=4.4E+03 MHz*km P_BLW 0.01 dB |Rx sens
Yl= 0.25 Txmasktop” 0.2 UI Pisi P_DJ Preflection Pcross Ptotal LP Pen OMA
L Patt ChiL |D1L D2L BWcd efBWm Te Tc  central central central Beta SDmpn Pmpn Prin central | central central Margin central
(km) | (dB) (dB) [ps/nm ps/inm  (MHz) (MHz)  (ps) (ps) J=0, dB (dB) (dB) (dB) (dB) (dB) (dB) (dB)  (dB) (dBm)
0.002 0.007 1.0072 -0.22 9E-05 1437421 2E+06 30.363 35.045 1.83 0.9 1.295 0.413 0 -0.012 3E-05 0 0.342305 0.0340152 3.569 3.98 356139 3.23 -4431 I
0.1 0.362 1.3623 -10.8 0.004 28748.4 44000 36.325 40.321 3.2 0.7 1.832 0.429 0 -0.603 0.0647 0.17 0575228 0.1667693 6.37 6.8 6.00763 043 -5257
0.101 0.367 1.3665 -11 0.004 284141 43488 36.454 40.437 3.24 0.6 1.847 0.429 0 -0.61 0.0659 0.18 0.587034 0.1747686 6.454 6.88 6.0873 0.35 -5.284
0.102 0.371 1.3708 -11.1 0.004 28087.5 42989 36.585 40.555 3.27 0.6 1.862 043 0 -0.617 0.0672 0.19 0.599456 0.1833208 6.54 6.97 6.16938 0.26 -5.312
0.104 0.375 1.375 -11.2 0.004 27768.4 42500 36.716 40.674 3.31 0.6 1.877 043 0 -0.624 0.0685 0.19 0.612535 0.1924756 6.629 7.06 6.25396 0.17 -5.342
0.105 0.379 1.3793 -11.4 0.005 27456.3 42022 36.849 40.793 3.35 0.6 1.893 0.431 0 -0.631 0.0698 0.2 0.626313 0.2022883 6.72 7.15 6.34116 0.08 -5.372
0.106 0.384 1.3836 -11.5 0.005 27151.3 41556 36.982 40.914 3.4 0.6 1908 0.432 0 -0.639 0.071 0.21 0.640839 0.2128211 6.815 7.25 6.43114 -0.01 -5.404
0.107 0.388 1.3878 -11.6 0.005 26852.9 41099 37.117 41.035 3.44 0.6 1.925 0.432 0 -0.646 0.0723 0.22 0.656164 0.2241439 6.912 7.34 6.52401 -0.11 -5.437
0.108 0.392 1.3921 -11.7 0.005 26561 40652 37.252 41.158 3.48 0.6 1.941 0.433 0 -0.653 0.0736 0.23 0.672345 0.2363354 7.012 7.44 6.61996 -0.21 -5.472
0.109 0.396 1.3964 -11.9 0.005 262754 40215 37.389 41282 352 0.6 1.958 0.433 0 -0.66 0.0749 0.23 0.689444 0.2494849 7.116 7.55 6.71915 -0.32 -5.508
0.111 0.401 14006 -12 0.005 25995.9 39787 37.526 41406 3.57 0.5 1975 0.434 0 -0.667 0.0762 0.24 0.707528 0.2636937 7.222 7.66 6.82178 -0.42 -5.546
0.112 0.405 1.4049 -12.1 0.005 25722.3 39368 37.665 41531 361 05 1.993 0.435 0 -0.674 0.0775 0.25 0.726673 0.2790775 7.333 7.77 6.92806 -0.53 -5.586
0.113 0.409 1.4091 -12.2 0.005 25454.3 38958 37.804 41.658 3.66 05 201 0.436 0 -0.681 0.0787 0.26 0.746961 0.2957686 7.447 7.88 7.03825 -0.65 -5.628 -0.
0114 0413 14134 -124 0005 25191.9 38557 37.944 41785 371 05 2029 0436 0 -0.688 008 027 0.768482 0.3139195 7.566 8 7.1526 -0.77 -5672 o020 01 02 03 04 05 06 07 08 05 1
0.115 0.418 14177 -125 0.005 24934.8 38163 38.085 41914 3.76 0.5 2.047 0.437 0 -0.695 0.0813 0.28 0.791338 0.3337065 7.689 8.13 7.27144 -0.89 -5.718 Time, (U.1.)
0.116 0.422 14219 -12.6 0.005 24683 37778 38.227 42.043 3.81 05 2.066 0.438 0 -0.702 0.0826 0.29 0.815639 0.3553346 7.817 8.25 7.3951 -1.02 -5.767
0.118 0.426 1.4262 -12.8 0.005 24436.1 37400 38.371 42173 3.86 0.5 2.085 0.439 0 -0.709 0.0839 0.3 0.84151 0.3790437 7.95 8.39 7.52399 -1.15 -5.819
0.119 043 14304 -129 0.005 241942 37030 38.514 42304 391 04 2105 0439 0 -0.717 0.0852 0.31 0.86909 0.4051158 8.089 8.53 7.65855 -1.29 -5.874
0.12 0435 14347 -13 0.005 23957 36667 38.659 42436 396 04 2125 044 0 -0.724 0.0865 0.32 0.898534 0.4338856 8.234 8.67 7.79931 -1.43 -5.932
0.121 0.439 1439 -13.1 0.005 237244 36311 38.805 42568 4.01 0.4 2.146 0.441 0 -0.731 0.0878 0.33 0.930018 0.4657526 8.386 8.83 7.94688 -1.59 -5.994
-13.3 0.01 23,496 ##### 39 43 4.07 2.17 0 -0.74 0.09 0.34 0.96 0.50 8.5 8.1 -1.7 -6.1

’ 0.122 ‘ 044 144
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50G PAM4 Channel Reach for OM4 at 953 nm =62 m

Spreadsheet by Del Hanson, David Cunningham, Piers Dawe, Modified for PAM4 by Panduit Rev. 3.2/3 This file 10GEPBud3_1_16a.xls of 17-Oct-01 Equalizer 1 (0) No Equalizer, (1) FFE 3 Taps, (2) FFE 5 Taps
Basics Input: Ts(20-80)  20.0 ps Case: 350nm seria__newMMF Attenuation:m Modelformat rev3.1.16a  of  31-Oct-01 M 4
Q= 4.2649 Ts(10-90) 30.4 ps Target ‘argetreach Fiber at 850 nm NomSens OMA -10.80 dBm Margin” 0.00 dB at Bl= 2.563 no units ERF arg= 1.75
Base Rate= 28050.0 MBd RIN(OMA) -130.0 dB/Hz |and L_start= C_att= 1.00 Receiver  Refl Rx -12 dB Answer! 6.071 km D27 0.0432 ps/(nm.km) ERF= 0.99
Transmitter RIN at MinER -139.6 dB/Hz |[graph L_inc= Attenuation= 2.60 dB/km Rec_BW= 18,800 MHz pstRxBW 21,038 MHz GeomeanR 0.0631 linear units IS TP4 Rx” 0.95
Wavelength Uc 953 gl RIN_Coef= 0.70 Power BudgetP=  7.80 dB at” 953 nm c_rx 329 ns.MHz Spec extinction ratio 1.99 linear units Vrin(2m test)
RMS Width, Uw 0.60 il DJ+ & TP4eye  19.4psinc. DCD  Connections etc[IER dB  |Disp. min. Uo= EEE nm T_rx(10-90) 175 ps Test Source ER= Spec ext. ratio penalty 3.01 linear units Vmn 1.6E-03
Tx pwr OMA= -3.00 dBm DCD_DJ= 1.78 psTP3 | Pwr.Bud.-Conn.Loss 6.8 dB Disp. So=eEezt] ps/nm”2*km TP4 Eye " 7 ps Test Tx 6.5 dB Test Source ER pen. 1.98 dB T_test_rx(10-90) 15.6
Min. Ext Ratio= 3.00 dB Effect. DJ=  0.13 (Ul) exDCD Cl= 480 ns.MHz Disp. D1= -64.54 ps/(nm.km) Opening (=Tx ey TestERper 1.98 dBo Net Ext R pen Per 2.81 dBo TestTc ”  34.2
'Worst"ave. TXPwr -1.22 dBm MPN k(OMA) 0.3 Reflection Noise factor 0 no units RMS Baseline wander SD 0.012 fraction of 1/2 eye Testerfarglb” 1.02
Ext. ratio penalty 4.79 dBo Tx eye height 46.4% Effective Rate 29526 MBd (not in use) 10 V.E.C.P."#### dBo Min. Tx power OMA= 501 uw Testerfarg2b” 0.78
Txmask X1= 0.3 Ul Refl Tx -12 dB Tb_eff= 34 ps BWm= FEi6[08 MHz*km P_BLW(noISl) 0.01 dB Stressed Worst ave launch pwr ~ 755.1 uw Test closed eye' 0.58
X2= 0.4 UI ModalNoisePen 0.064 dB Effective RecEye  0.21 Ul Eff. BWm=_1.4E+03 MHz*km P_BLW 0.01 dB |Rx sens
Yl= 0.25 Txmasktop' 0.2 Ul Pisi P_DJ Preflection Pcross Ptotal LP Pen OMA
L Patt ChiL | D1L D2L BWcd efBWm Te Tc  central central central Beta SDmpn Pmpn Prin central central central Margin central
(km) | (dB) (dB) |ps/inm ps/inm  (MHz) (MHz)  (ps) (ps) J=0,dB (dB) (dB) (dB) (dB) (dB) (dB) (dB)  (dB) (dBm)
0.002 0.005 1.0052 -0.13 9E-05 2414690 7E+05 30.368 35.05 1.83 09 1.296 041 0 -0.007 1E-05 0 0.342344 0.0340367 3.568 3.98 35629 3.23 -4.429
0.039 0.102 1.1015 -2.52 0.002 123830 35897 334 37.707 244 0.8 1539 042 0 -0.14 0.0041 0 0.404561 0.0520548 4.602 5.02 4.50043 2.2 -4.597
0.041 0.107 1.1071 -2.65 0.002 117408 34036 33.724 37.995 251 0.8 1569 0.42 0 -0.148 0.0046 0 0416739 0.055059 4.727 5.15 4.62015 2.07 -4.616 !
0.043 0.113 1.1126 -2.79 0.002 111619 32357 34.063 38.295 2.6 0.8 16 042 0 -0.155 0.0051 0 0.430858 0.0585121 4.862 5.28 4.74974 1.94 -4.638 0.9
0.045 0.118 1.1182 -2.93 0.002 106374 30837 34.415 38.609 2.68 0.8 1.633 0.42 0 -0.163 0.0056 0 0.447218 0.0624951 5.008 5.43 4.88992 1.79 -4.662
0.048 0.124 1.1237 -3.07 0.002 101600 29453 34.78 38935 2.77 0.8 1.669 0.42 0 -0.171 0.0061 0 0.466181 0.067109 5.165 5.59 5.04157 1.63 -4.689
0.05 0.129 1.1293 -3.21 0.002 97235.8 28188 35.158 39.272 2.87 0.7 1.707 0.42 0 -0.178 0.0066 0 048819 0.0724817 5335 576 5.20567 147 -4.72
0.052 0.135 1.1348 -3.34 0.002 93231.3 27027 35.548 39.622 298 0.7 1.748 043 0 -0.186 0.0072 0 0513791 0.0787768 5518 594 538343 1.28 -4.754
0.054 014 1.1404 -3.48 0.002 895435 25958 35.95 39.983 3.09 0.7 1.791 043 0 -0.194 0.0078 0 0.543666 0.0862068 5.717 6.14 557627 1.08 -4.794
0.056 0.146 1.1459 -3.62 0.002 86136.4 24970 36.363 40.355 3.21 0.7 1.837 043 0 -0.201 0.0084 0 0578676 0.095052 5932 6.36 5.7859 0.87 -4.839
0.058 0.151 1.1515 -3.76 0.003 82979 24055 36.788 40.738 3.34 0.6 1.885 0.43 0 -0.209 0.0091 0 0.619925 0.1056894 6.166 6.6 6.01446 0.63 -4.892
0.06 0.157 1.157 -3.89 0.003 80045 23204 37.223 41.132 3.47 0.6 1.938 043 0 -0.217 0.0097 0 0.668848 0.118637 6.422 6.85 6.26463 0.38 -4.953
0.062 0.163 1.1626 -4.03 0.003 77311.3 22412 37.669 41.536 3.62 0.5 1.993 0.43 0 -0.224 0.0104 0 0.727344 0.1346251 6.702 7.14 6.53984 0.1 -5.026
0.065 0.168 1.1681 -4.17 0.003 74758.2 21672 38.125 41.95 3.77 05 2052 044 0 -0.232 0.0111 0 0.797981 0.1547151 7.013 7.45 6.84461 -0.21 -5.113
0.067 0.174 1.1737 -431 0.003 72368.3 20979 3859 42373 394 04 2116 044 0 -0.24 0.0118 0.01 0.884309 0.1805074 7.359 7.8 7.18512 -0.56 -5.218
0.069 0.179 1.1792 -4.44 0.003 70126.5 20329 39.065 42.806 4.11 0.4 2.183 0.44 0 -0.247 0.0126 0.01 0.99139 0.2145293 7.749 8.19 7.57008 -0.95 -5.348
0.071 0.185 1.1848 -4.58 0.003 68019.4 19718 39.549 43248 4.3 03 2255 045 0 -0.255 0.0133 0.01 1.126702 0.2610105 8.197 8.64 8.01249 -14 5513
0.073 019 1.1904 -4.72 0.003 66035.3 19143 40.041 43.698 45 0.2 2332 045 0 -0.263 0.0141 0.01 1.301821 0.3275978 8.723 9.17 8.53306 -1.92 -5.728 0 0.1 02 03 04 05 06 07 0.8 0.9 1
0.075 0.196 1.1959 -4.86 0.003 64163.6 18601 40.542 44.157 4.71 0.1 2415 045 0 -027 00149 001 1535817 0.4296707 9.364 9.82 9.16791 -256 -6.02 2 Time, (U.l)

’0.104| 0.30 130 | -8.0 0.00 39,064 ##### 40 44 4.42 2.30 0 -0.44 0.04 0.06 1.23 0.35 | 8.7 | 8.4 -1.9 58
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50G PAM4 Channel Reach for OM4 at 916 nm =86 m

Spreadsheet by Del Hanson, David Cunningham, Piers Dawe, Modified for PAM4 by Panduit Rev. 3.2/3 This file 10GEPBud3_1_16a.xls of 17-Oct-01 Equalizer 1 (0) No Equalizer, (1) FFE 3 Taps, (2) FFE 5 Taps
Basics Input: Ts(20-80)  20.0 ps Case: 350nm seria__newMMF Attenuation:m Modelformat rev3.1.16a  of  31-Oct-01 M 4
Q= 4.2649 Ts(10-90) 30.4 ps Target ‘argetreach Fiber at 850 nm NomSens OMA -10.80 dBm Margin® 0.00 dB at Bl= ERF arg= 1.75
Base Rate= 28050.0 MBd RIN(OMA) -130.0 dB/Hz |and L_start= C_att= 1.00 Receiver  Refl Rx -12 dB Answer! $.096 km D27 0.0432 ps/(nm.km) ERF= 0.99
Transmitter RIN at MinER -139.6 dB/Hz |[graph L_inc= Attenuation= 2.87 dB/km Rec_BW= 18,800 MHz pstRxBW 21,038 MHz GeomeanR 0.0631 linear units IS TP4 Rx” 0.95
Wavelength Uc 916 g RIN_Coef= 0.70 Power BudgetP=  7.80 dB at” 916 nm c_rx 329 ns.MHz Spec extinction ratio 1.99 linear units Vrin(2m test)
RMS Width, Uw 0.60 il DJ+ & TP4eye  19.4psinc. DCD  Connections etc[IER dB  |Disp. min. Uo= EEE nm T_rx(10-90) 175 ps Test Source ER= Spec ext. ratio penalty 3.01 linear units Vmn 1.6E-03
Tx pwr OMA= -3.00 dBm DCD_DJ= 1.78 psTP3 | Pwr.Bud.-Conn.Loss 6.8 dB Disp. So=eEezt] ps/nm”2*km TP4 Eye 7 ps Test Tx 6.5 dB Test Source ER pen. T_test_rx(10-90) 15.6
Min. Ext Ratio= 3.00 dB Effect. DJ=  0.13 (Ul) exDCD Cl= 480 ns.MHz Disp. D1= -76.71 ps/(hm.km) Opening (=Tx ey TestERper 1.98 dBo Net Ext R pen Per TestTc ”  34.2
'Worst"ave. TXPwr -1.22 dBm MPN k(OMA) 0.3 Reflection Noise factor 0 no units RMS Baseline wander SD 0.012 fraction of 1/2 eye Testerfarglb” 1.02
Ext. ratio penalty 4.79 dBo Tx eye height 46.4% Effective Rate 29526 MBd (not in use) 10 V.E.C.P."#### dBo Min. Tx power OMA= Testerfarg2b” 0.78
Txmask X1= 0.3 Ul Refl Tx -12 dB Tb_eff= 34 ps BWm= F2AK60[08 MHz*km P_BLW(noISl) 0.01 dB Stressed Worst ave launch pwr Test closed eye' 0.58
X2= 0.4 UI ModalNoisePen 0.064 dB Effective RecEye  0.21 Ul Eff. BWm=_2.1E+03 MHz*km P_BLW 0.01 dB |Rx sens
Yl= 0.25 Txmasktop' 0.2 Ul Pisi P_DJ Preflection Pcross Ptotal LP Pen OMA
L Patt ChiL | D1L D2L BWcd efBWm Te Tc  central central central Beta SDmpn Pmpn Prin central central central Margin central
(km) | (dB) (dB) |ps/inm ps/inm  (MHz) (MHz)  (ps) (ps) J=0,dB (dB) (dB) (dB) (dB) (dB) (dB) (dB)  (dB) (dBm)
0.002 0.006 1.0057 -0.15 9E-05 2031344 1E+06 30.364 35.046 1.83 09 1.295 041 0 -0.009 2E-05 0 0.342317 0.0340217 3.568 3.98 3.56185 3.23 -4.429
0.066 0.189 1.1894 -5.06 0.003 61555.9 31818 34.787 38941 278 08 1.67 042 0 -0.282 0.0162 0.01 0.46655 0.0700601 5.246 5.67 5.05617 155 -4.766
0.068 0.195 1.1951 -5.22 0.003 597454 30882 35.041 39.168 2.84 0.7 1.695 0.42 0 -0.29 0.0171 0.01 0.481097 0.0740667 5.362 5.79 5.16733 1.44 -4.789 !
0.07 0.201 1.2009 -5.37 0.003 58038.4 30000 35.301 394 291 0.7 1722 042 0 -0.299 0.0181 0.01 0.4972 0.0785389 5486 591 5.28469 1.31 -4.815 0.9
0.072 0.207 1.2066 -5.52 0.003 56426.2 29167 35.566 39.638 298 0.7 1.749 043 0 -0.307 0.0191 0.01 0.515046 0.083546 5.615 6.04 5.40869 1.18 -4.842
0.074 0.212 1.2123 -5.68 0.003 54901.2 28378 35.837 39.881 3.06 0.7 1.778 0.43 0 -0.316 0.0201 0.02 0.534856 0.0891716 5.752 6.18 553979 1.05 -4.872
0.076 0.218 1.2181 -5.83 0.003 53456.4 27632 36.113 40.129 3.14 0.7 1.809 0.43 0 -0.324 0.0212 0.02 0.556887 0.0955164 5.897 6.32 567854 0.9 -4.905
0.078 0.224 1.2238 -5.98 0.003 52085.7 26923 36.394 40.383 322 06 1.84 043 0 -0.333 0.0222 0.02 0.581442 0.1027037 6.049 6.48 5.82556 0.75 -4.94
0.08 0.23 12295 -6.14 0.003 50783.6 26250 36.68 40.641 3.3 0.6 1.873 043 0 -0.341 0.0233 0.02 0.60888 0.1108847 6.211 6.64 5.98156 059 -4.98
0.082 0.235 1.2353 -6.29 0.004 49545 25610 36.971 40.904 3.39 0.6 1.907 0.43 0 -0.35 0.0244 0.02 0.639632 0.120248 6.383 6.81 6.14739 042 -5.023
0.084 0.241 1241 -6.44 0.004 48365.3 25000 37.267 41.172 3.49 0.6 1.943 043 0 -0.358 0.0256 0.03 0.674214 0.1310305 6.565 7 6.32405 0.23 -5.071
0.086 0.247 1.2468 -6.6 0.004 47240.6 24419 37.568 41444 358 05 198 043 0 -0.367 0.0267 0.03 0.713256 0.1435342 6.759 7.19 6.51272 0.04 -5.124
0.088 0.252 1.2525 -6.75 0.004 46166.9 23864 37.874 41.721 3.68 05 2.019 044 0 -0.376 0.0279 0.03 0.757526 0.1581496 6.967 7.4 6.71484 -0.17 -5.184
0.09 0.258 12582 -6.9 0.004 45141 23333 38.184 42.003 3.79 05 206 0.44 0 -0.384 0.0291 0.03 0.80798 0.1753904 7.19 7.63 6.93219 -0.39 -5.252
0.092 0.264 1264 -7.06 0.004 44159.7 22826 38.498 42289 3.9 04 2103 044 0 -0.393 0.0303 0.04 0.865817 0.1959446 7.431 7.87 7.16698 -0.63 -5.329
0.094 0.27 1.2697 -7.21 0.004 43220.1 22340 38.816 42579 4.02 0.4 2.147 044 0 -0.401 0.0315 0.04 0.932558 0.2207555 7.692 8.13 7.42202 -0.89 -5.416
0.096 0.275 1.2755 -7.36 0.004 42319.7 21875 39.139 42.873 4.14 04 2194 044 0 -041 0.0328 0.04 1.010174 0.2511502 7.976 8.42 7.701 -1.18 -5518
0.098 0.281 1.2812 -7.52 0.004 41456 21429 39.466 43.172 4.27 0.3 2.242 0.45 0 -0418 0.034 0.05 1.101259 0.2890554 8.29 8.74 8.00886 -1.49 -5.637 0 0.1 02 03 06 07 0.8 0.9 1
0.1 0.287 1.2869 -7.67 0.004 40626.9 21000 39.797 43.474 44 03 2293 045 0 -0.427 00353 0.05 1.209307 03373775 8.639 9.09 835245 -1.84 -5779 2
’ 0.104| 0.30 130 | -8.0 0.00 39,064 ###H# 40 44 442 2.30 0 -044 0.04 0.06 123 0.35 | 8.7 | 8.4 -1.9 58
B
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Spatial Spectral Output Distribution of a 22 GHz VCSEL
- Reach calculations do not include the modal-chromatic interaction
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VCSEL Transceiver Spectral Spatial Outputs
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Fiber Samples: C63 L-Shifted and C64 R-Shifted
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Measured BER for PAM-4 over 100 m MMF
- To be published in OFC March 2018

Average BERs for 3 reps, 100 m (8.5mA VCSEL Bias Current)
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Data Center Structured Cabling Link Lengths

- Cable lengths shipped from Dec 2010 to Oct 2017
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Double Link Channels
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Impact of 2A vs 4\ on Double and Triple Link Channel Reach
- convoluted production lengths
- reach calculations do not include modal-chromatic interaction

% of production population

18%
16% ||
14%
12%
10%
8%
6%
4%
2%

0%

2As Supports 13% More Channels than 44s

1 100 m >90%
2\ 86m 85%
4n 62m  70%

T+ 80%

T 60%

+ 40%

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

Channel Length (m)

Double Link OM4 Channels

T 120%

100%
>90%

Percent of channels

T 20%

- 0%

% of production population

6%

5%

4%

3%

2%

2As Supports 20% More Channels than 44s

2L 86m 46%
4L 62m 20%

—
—
—]
————%
—————
——
————

5 =
——— N
—

10 == ﬁ

n O un O wn o
[¢)] N < n N 00 O
— = &N &N &N N &N N O

Channel Length (m)

Triple Link OM4 Channels

150
165

I]I]I]I]I]DDDDDDDDDDDDDDD

100%
90%
80%
70% %

c
60% S

ch

50% «

40% S

rcent o

30% O

........ 20%

10%
======== 0%

PaNDuIT

infrastructure for a connected world



21

Hi@uEsE =

Conclusions
Performance:

200GBASE-SR1.4 has no performance advantage over 200GBASE-SR4

Given the same 850 nm VSCEL performance, parallel optics will have longer reach
200GBASE-SR1.4 will introduce uncertainty in channel reach over legacy OM3 & OM4 fibers
* No standards for OM3 and OM4 bandwidth at longer wavelengths

Need to address the spatial spectral coupling of VCSEL modes into fiber modes (modal-chromatic
interaction

Customer Issues:

A 2nd 200G PMDs will cause customers confusion regarding upgrade paths and compatibility

Reach limitations at 953 nm will force customers to upgrade to more expensive OM5
Requiring more expensive cabling might limit broad market potential

Recommendation:

The Study Group should only define objectives for a 400GBASE-SR4.2 solution

Specifying 2 wavelengths will provide
. 39% greater reach than 4 wavelengths over a double link OM4 channel
«  130% greater reach than 4 wavelengths over a triple link OM4 channel

PaNDuIT

2 wavelengths more likely to maintain the current 70/100 m reach requirements over OM3/OM4 isrucure ora comectea wora




