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10Gb SerialLink
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e EXxperimentalinks provenveryrobustin stresgests

e Goalsof modeling& simulation:

— Demonstrateéhatsystemis robustto wide rangeof perturbations
aslong astransmitterandfiber meetspecs

— Probemorephasespacahanpossiblethroughexperiments

— Emphasininteractionetweertransmittermodaldispersion
of fiber, andconnectioreffectsthatinfluence3dB opticalBW
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Proposedpecifications

Theproposedourceandfiber specificationsare:

e Transmittersencircledflux maskof EF (Rsource > 85%
e Fiber: DifferentialModal Delay (DMD) maskof temporalwidth
ATpmp for SMFlaunchesatr < Eppmp

In above, Rsource ATppmp . and Rpyp arechoserto
guaranteelesiredBW (e.g.2000MHz km)
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TransmitterSpecification

e EF maskis appliedto nearfield intensity(NFI) at endof testfiber

Transmitter

50um MMF

NFI data
(CCD)

e Example:NFI of 6m Gaussiarbeamoffsetby 5um
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Fiber Specification

Simulated DMD
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e Theedgef asingleimpulseresponsaredefinedto betheearliest
andlatesttimesit crosse®nehalf its maximumvalue

e A DMD is definedto meetthe maskif the edgesof theimpulse
responsesf all launchesatr < Rp\p lie within ATppp
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Link Model: Overviewn

We modelinteractiondbetweertransmitteymodaldispersion
of fiber, andconnectioreffects(ignoreothereffectsfor now)

S. Golowich

e Transmitter'VCSEL modeledby low-orderGaussian
beammodeg(first four modegroups,various
superpositions)

e Fiber: Modal delayschoserfrom adistribution
representingypical manufcturingvariations

e ConnectorsVarietyof plausibleconfigurations
consideredOffsetsdranvn from statisticaldistribution.

e Detector:Infinite detectoBW assumedor fiber BW
computations.
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Simulation block diagram
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VCSEL model

Modesof VCSEL cavity modeledasGaussiarbeams

¢
Vpo(r,d,2 =0) = (ﬂi) Lf; <2T—22) exp (—;—22 — i£q5)

(wg IS Spotsize)

Chromaticdispersionimits spectrunto afew modes;

We includefirst four modegroups(6 modes& various
superpositions)

Gaussiarbeamspotsizesrangefrom 1.5:m to 6;m (radius)
Incidentanglesrangefrom 0° to 2°

Offsetsrangefrom Oum to 5um
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P=0L=0

GaussiarBeamModes(at waist; wy=6xm)
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Distribution of Fiber Modal Delays

Ideal Delays
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e Desireddelaystructurehasflat low - L
orderDMD, but may have variationin
high ordermodes
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e Distribution of delaystructures:
simulatedeffectsof
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— Centetline perturbations
— « variation
— Variationsin r, s w0
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ConnectionConfigurations

@ No connections e Mean connectionloss chosento

S00m be0.3dB(stddev 0.2dB)=4.8um
meanoffset(stddev 1.9um)

— (502? — 2 connections e Buckler model relatesempirical
lossto offsetfor 50um fiber

@ 3 connections
1im 1m 300m 1im
@ @ 3 connections
im 200m 100m Im
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Couplinginto a Multimode Fiber

e UsemodalEM theoryto calculatecouplingcoeficients
from lasermodesto fiber modesor fiber modeso fiber
modes

m, £ * m,{
ai(npu’z — / dQX Einput (X) ElS/IMP)‘ (X)

e Accurag of thismethodis supporedy alargeliterature
(e.g.Miller, Mettler & White, “Optical Fiber Splicesand
Connectors”)

e Recenimeasuremeniglsoperformedo verify accurag
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OffsetConnectoicw Measurements
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MPD
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Example:Simulationof SingleSource/Fiber
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Transmitter 86% EF Radius (um)

15um DMD Mask Width; Statistical Connector Model
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