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10GbSerialLink

Receiver

Multimode
Fiber

Offset
Connectors

Transmitter

(VCSEL)

(50um, 1%)

� Experimentallinks provenvery robustin stresstests

� Goalsof modeling& simulation:

– Demonstratethatsystemis robustto wide rangeof perturbations

aslong astransmitterandfiber meetspecs

– Probemorephasespacethanpossiblethroughexperiments

– Emphasison interactionsbetweentransmitter, modaldispersion

of fiber, andconnectioneffectsthatinfluence3dBopticalBW
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ProposedSpecifications

Theproposedsourceandfiberspecificationsare:

� Transmitters:encircledflux maskof �� ��� source�
	 �� 

� Fiber: DifferentialModalDelay(DMD) maskof temporalwidth

�� DMD for SMF launchesat � � � DMD

In above, � source, �� DMD, and � DMD arechosento
guaranteedesiredBW (e.g.2000MHz km)
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TransmitterSpecification
� EF maskis appliedto nearfield intensity(NFI) at endof testfiber

Transmitter

50um MMF

NFI data
(CCD)

� Example:NFI of 6� m Gaussianbeamoffsetby 5� m

�� ��� ��� �
 !" !#$

%
&(' ) �+* , �* - ���+* �

(Standardmeasurement:TIA/EIA-455-203)
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FiberSpecification

DMD Measurement
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DMD Mask

� Theedgesof a singleimpulseresponsearedefinedto betheearliest

andlatesttimesit crossesonehalf its maximumvalue

� A DMD is definedto meetthemaskif theedgesof theimpulse

responsesof all launchesat � � � DMD lie within �� DMD
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Link Model: Overview

We modelinteractionsbetweentransmitter, modaldispersion
of fiber, andconnectioneffects(ignoreothereffectsfor now)

� Transmitter:VCSELmodeledby low-orderGaussian
beammodes(first four modegroups,various
superpositions)

� Fiber: Modaldelayschosenfrom a distribution
representingtypicalmanufacturingvariations

� Connectors:Varietyof plausibleconfigurations
considered.Offsetsdrawn from statisticaldistribution.

� Detector:Infinite detectorBW assumedfor fiberBW
computations.
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Simulation block diagram
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VCSEL model
� Modesof VCSEL cavity modeledasGaussianbeams

. /021 � � 3 4 365 7 8 � 7 9: �
; <

1
=1 / : �?>

; > <
@A B C �?>

; > <
C D E 4

( ; < is spotsize)

� Chromaticdispersionlimits spectrumto a few modes;

We includefirst four modegroups(6 modes& various

superpositions)

� Gaussianbeamspotsizesrangefrom 1.5F m to 6F m (radius)

� Incidentanglesrangefrom 0G to 2G

� Offsetsrangefrom 0F m to 5F m

S.Golowich IEEE802.3aeInterim,Ottawa May 23–25,2000
8



GaussianBeamModes(at waist; ; < =6F m)
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Distributionof FiberModalDelays
� Desireddelaystructurehasflat low

orderDMD, but mayhave variationin

highordermodes
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ConnectionConfigurations

300m1m 1m1m

300m1m 1m

300m

1m 1m

No connections

3 connections

2 connections

200m 100m

3 connections

N Mean connectionloss chosento

be0.3dB(stddev 0.2dB)= 4.8O m

meanoffset(stddev 1.9O m)

N Buckler model relatesempirical

lossto offsetfor 50O m fiber
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Couplinginto aMultimodeFiber
� UsemodalEM theoryto calculatecouplingcoefficients

from lasermodesto fibermodes,or fibermodesto fiber
modes

PRQTS UWV XYZ []\^ _ `ba cd eYZ []\ ^ f c gd QTS UWV Xh hi f c g

� Accuracy of thismethodis supporedby a largeliterature
(e.g.Miller, Mettler& White, “Optical FiberSplicesand
Connectors”)

� Recentmeasurementsalsoperformedto verify accuracy
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OffsetConnectorcw Measurements
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Example:Simulationof SingleSource/Fiber
SimulationInputs
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