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POLARIZATION-INDEPENDENT WDM CHANNEL DROPPING FILTERS

R. J. Ded, F. G. Patterson,and S. P. Dijaili
• LawrenceLivermoreNationalLaboratory

P.O. Box808, Livermore,CA 94550

Abstract: We show how poladzation-independent waveiength filters can be
realized using asymmetric directional couplers. Simulations demonstrate that
excellent polarization behavior can be achieved with practical tolerances without
sacrificingfilterbandwidthor insertionloss.

IntroducUon: Increasinginterestin WDM systemsis creatingsignificantdemand
for wavelength demultiplexers,including"channel dropping filters"[1]to extract a
single wavelengthchannel froma stream of multi-wavelengthdata. A popular filter
design employs asymmetricdirectionalcouplers, either with or without a grating
insertedbetween two coupledwaveguides(fig. 1).[2-6]. This device selectsa singl.e
wavelengthchannel,determinedby the phase matchingconditionrelatingthe modal
indicesntopand nbotfor the twocoupledwaveguides:

ntop(;_,o)- nbot(;Lo)= p _ / A (1)

where _<)is the filter peak wavelength,A is the grating period for grating-assisted
devices, p is an integer, and p=0 for devices without a grating. Several vertical
coupler fiStershave been demonstrated on III-V semiconductors, because this
approach enables precisecontrolof the waveguidethicknessesand indicesas well
as monolithicintegrationwithtransmittersor receivers.[3-6] Recently, integrationof
these filters with photodetectors [7] and/or optical amplifiers [8,9] has been
demonstratedfor opticalreceiverapplications.A majorobstacleto using suchchips
is the poladzationsensitivity of the asymmetric coupler. Typically, polarization-

inducedchanges in filterwavelengthXoexceed the filter bandwidth,[3-6]resultiqgin
an extreme polarizationsensitivitywhich is incompatiblewith conventional slr_gle
mode fiber communications. Here we demonstratethat the polarizationsensitivity
can be almost eliminatedwithoutcompromisingother features of the filter. Results
are presentedfor deviceswithoutan integratedgrating,butthe same techniquescan
be appliedto achieve polarization-insensitivegrating-assistedfiltersas well.
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Fig. 1" Asymmetric coupler filter schematic (a) along propagation direction, (b)
transverse indexprofile,and (c) filterresponse. Waveguidecore materialis indicated
by cross-hatchingin (a) and (b)._



Design Approach: The polarizationdependenceof vertical asymmetriccouplers
on GaAs or InP resultsfrom the intrinsicwaveguide birefdngence, most of which
results from the narrowerwaveguide. Our basic approach is to replace the core of
the thicker waveguidewith a multiplequantumwell (MQW), for which the effective
material birefringence[10] is selectedto compensate the birefringenceof the upper
guide. Achievingpracticaltolerances,however,requiresadditionaldesignstrategies
to minimize birefringencechanges from variationsin layer thicknesses or indices.
Design rulesto achievethistolerancewillbe presentedat the conference.

Based on these rules,we havedesignedtwoAIxGaAs filtersfor Xo=827nm (fig. 2).
Filter performance was evaluated using conventional eigensolving algorithms to
determine planar guide modal indices n. The filter bandwidth and polarization
sensitivityare evaluated from A_,POL=AnPOL/a and AX,=0.8;Lo/aL,where L is the

coupler beat length,a=_ntop/_.-_nbot/a_,isthe differentialdispersion,and
AnPOL =ntop(TE)-nbot(TE)-ntop(TM)+nbot(TM).[2,3,4] .
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Fig. 2: Polarization-insensitivechanneldroppingfilters. Schematicsshowtransverse
structure (compositionvs. position). The devices use a top waveguide core with
x=O.2 and either abrupt (a) or graded (b) index steps. The bottom waveguide
consists of a multilayer MQW (alternating layers of xl and x2 composition and
thicknessratiotl/t2), and the claddingandsubstrateconsistof x=O.5bulkalloy. The
topmostlayer is a 60 nm GaAscap layer.
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• Results- The filter of fig. 2a (employing only abrupt index changes) exhibits
&_.=2.9nm FWHM for L=3.8 ram. Thisbandwidthis comparableto previousreports
for polarization-sensitive devices,[3] and can be significantly reduced by using
grating-assisted coupling.J5,6] Table lUsts tolerances on layer thicknesses and
AIxGaAs compositionx to maintainA;kPOL/_. <0.25,which correspondsto ==1dB of
polarization sensitivity. These tolerances are achievable using today's epitaxial
growthtechnology,indicatingthatsucha device is practicalto fabricate.

Polarization-insensitivedesignsbased on abrupt index changes (fig. 2a) require
that one MQW constituenthave an indexbe!ow that of the waveguide cladding (AI
mole fraction x=50% in fig. 2a). The tolerance shown in Table I for AI0.5GaAs
compositionalvariationassumesthat boththe x=50% claddingand the x=53% MQW
constituent vary in the same manner due to errors in epitaxial growth. This
assumptionis reasonabledue to the very similarcompositionsof the two materials.
However, not shown in Table I is the precise control necessary for the relative
compositionsof these two materials: Xclad-XMQWmust not exceed 5x10-3. We
believe that such control is achievableusing currentepitaxial techniques, but it will
clearlyrequiresstate-of-the-arttechnology.

Table I: Tolerancesto achieve&_,POL/Z_,<0.25for the two designsof fig. 2*
DeSign .... Abru'_)tIndex Graded IndeX

changes Changes,,
uppercladbingthicknesstclad ' ' >:1:13% >:!:13%
uppercore thicknessttop ....... , :!:8=_".... _11% ....
lowercore'thicknesst'MQ_V .:1:11% ' ' :1:13% ' -

b '+1MQW well-to- a r thicknessratiotl/t2 ' " 0 % +7 %
=- i i iiii i Biillll ii i iii i iiiii i __

AI0.2GaAs compositionAx ...... :L-0.042 :L-0.074 ,ml

AI0.5GaAs composition &x :L--0".040 :L-0.070..... •
Ullll I I il Q--_O _JI

•considers single parametervariations,notsimultaneousmulti-parametervanatnons

A designbased on gradedindexchanges(fig. 2b) can alleviatethe compositional
control issue associatedwith the abrupt indexchange design. Grading the index
•profile in the upperwaveguidereducesits birefringence,which enables thecladding
materialto be used as an MQW constituent. Usinga sinusoidalgrading,the design
of fig. 2b achieves Alk=3.7 nm FWHM for coupler lengthL=2.5 mhl. Table I shows
that the tolerances for this design are practical using today's e'pitaxytechnology.
Notably, composition tolerances become much less severe (Ax = 0.04 causes
A_.POL/A_,=0006).

Fig. 3 shows the filter response calculated for this device with a propagation
simulationusing a supermodebasisset,[3,11] which has accuratelysimulatedother
vertical coupler devices.[11] The device clearly exhibits polarization-insensitive
behavior (AlkPOIJZ_ <0.06). In contrast, the conventional device shown in fig.3,
which uses a bulkAIGaAs alloy for the lowerwaveguidecore, is highlypolarization
sensitive. Rg. 3 alsoshowsthat the device insertionlossis small (< 0.2 dB)for both
polarizations.
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Fig. 3: Filter responsecalculatedfor the deviceof fig.2b (solidcurveTE, dashed
curveTM) and forthesamedevicewiththe lowerwaveguidecorereplacedby bulk
AIGaAsalloy(solidcurv(_sTE,TM). SimulationsdonotIncludematedaldispersi_.n.

Conclusion: We have describeda designapproachto achieve polarization-
insensitiveWDM filtersbasedon asymmetricdirectionalcouplers. Simulations
confirmthat our designleads to poladzation-insensitivebehavior,and showthat
practicalfabricationtolerancesareachieved.The methodcanbe usedbothwithand
withoutgrating-assistedcoupling,andshouldresultinthe realizationof monolithic
WDMreceiverchipsandopticallypreamplifiedWDMreceiverchips_-!!

_rhls work was performed under the ausplces of the U.S. Department of Energy
by Lawrence Livermore Natlonal Laboratory under contract No. W-7405-Eng-48.
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