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基于四层等离子激元结构的椭球孔阵列光学漏波天线

钟东洲,刘程鹏
(五邑大学 信息与工程学院,广东 江门529020)

摘 要:基于四层等离子激元结构 (硅-金-硅-二氧化硅),通过在金属层中构造不同的椭球孔阵列,提出

了两种不同结构的光学漏波天线,分别为一维对称锥形结构和二维对称锥形结构.基于天线理论和有

限元方法,对天线的物理特性进行数值研究。研究结果表明:当工作波长为1550nm时,这两种光学

漏波天线带宽都为80THz(包含了S+-L+波段);当在天线端口处分别填充空气和氮化硅的时候,天线

有较低的回波损耗和插入损耗,但对于两种不同的填充物,天线的特性表现出一些差异,例如,在一维

对称结构中,天线端口处填充氮化硅时,天线有更少的回波损耗和插入损耗,更低的旁瓣电平,以及更好

的方向性.该天线可用于光学集成互连、高度集成的光束控制和空间光通信中.
关键词:表面等离子激元;空间光通信;光学天线;有限元法;漏波天线;辐射方向图;天线阵列
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OpticalLeakyWaveAntennawithEllipsoidHolesArrayin
Four-layerPlasmonsStructure

ZHONGDong-zhou,LIUCheng-peng
(SchoolofInformationEngineering,WuyiUniversity,Jiangmen,Guangdong529020,China)

Abstract:Basedonthefour-layerplasmonsstructure(silicon-metal-silicon-silica),twotypesofoptical
leaky-wave-antennasthathavedifferentellipsoid-holearraystructuresinthemetallayerwereproposed.
Thestructuresincludeone-dimensionalsymmetrictaperedarrayandtwo-dimensionalsymmetrictapered
array.Basedonantennatheoryandfiniteelementmethod,somephysicalcharacteristicsfortheantennas
wereinvestigatednumerically.Itisfoundthatwhentheoperatingwavelengthisfixedat1550nm,thetwo
antennasappearultrawidebandwidthwith80THzthatcoversthebandofS+-L+.Withtheirportsfilled
intheairandthesiliconnitride,respectively,theybothshowlowreturnlossandinsertionloss.Butfor
twotypesofdifferentfilledmaterials,theircharacteristicsshowsomedifferences,forexample,inaone-
dimensionalsymmetricstructure,theantennahaslessreturnlossandinsertionloss,lowersidelobe
level,andbetterdirectionalitywhenitsportsisfilledwithsiliconnitride.Theantennacanbegeneralized
toapplyinthefieldsofopticalintegratedinterconnection,thecontrolofhighlyintegratedopticalbeam
andspaceopticalcommunication.
Keywords:Plasmonticstructure;Spaceopticalcommunication;Opticalantenna;Finiteelement
method;Leaky-waveantenna;Radiationpattern;Antennaarray
OCISCodes:230.3120;240.6680;350.4238;130.3990;160.4670;350.3950

0 Introduction
Opticalantennashaveattractedconsiderableinterestduetotheirapplicationsrangingfromthe
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enhancementofabsorptioncrosssectionsandquantumyieldsinphotovoltaics[1-3],thereleaseofenergy
efficientlyfromnanoscalelight-emittingdevices,theincreaseofspatialresolutioninopticalmicroscopyto
spaceopticalcommunication [4-6].Withtheadventofnanoscienceandnanotechnology,thefabricationof
opticalantennastructureisanemergingopportunityfornoveloptoelectronicdevices[7].Byusingsurface
plasmontheoryandantennatheory,manyresearchershavebeentryingtodevelopnew methodsto
analyze,explore[8-10]anddesignopticalantennas[11-13].Theplasmonantennasproposedin[11-13]havebeen
appliedinspectropy[14],sensing [15],polarizationmanipulation [16],thinfilmlenses[17],manipulationof
phase[18],photocatalysis[19]andsoon.Whentheantennasaredesignedforspaceopticalcommunication,
manyimportantparameters,suchasreturnloss,insertionloss,side-lobelevel,directivity,halfpower
beamwidth,radiationpattern,bandwidthandsoon,havetobeconsidered.Motivatedbythese,several
kindsofOpticalLeaky WaveAntennas(OLWAs)appliedinspaceopticalcommunicationhavebeen
proposedinsometheoreticalandexperimentalworks.Forexample,QiSongetalstudiedtheopticalleaky
waveantennaconsistingofadielectricwaveguidewithperiodicperturbation,andobtainedanarrowbeam
radiationwithadirectivityofabout17.5dB [20].In2012,L.Yousefiandhiscoworkersproposedanovel
patchnanoopticalantenna.Itsstructureisamixingplasmonwaveguideformedbywaveimpedanceand
workingmode,butitsgainandbandwidthareof5.64dBandabout15THz,respectively [21].Toobtain
betterdirectionality,theydesignedahybridplasmonleakywaveantennawiththedirectivityofabout15.2
dBi[22].In2015,basedontheconealgorithm,theyputforwardthehybridplasmonsleakywaveantennas
withdifferentwaveguidestructures,whichhaveanidealSidelobeLevel(SL)[23].Theantennasoperating
atastandardopticalcommunicationwavelength(1550nm)havegoodperformances.Forexample,the
directivityis14.6dBi,thefar-fieldradiationefficiencyis73%andtheSLis-19.4dB,thebandwidthis
28THzthatincludesSandCbandsforopticalcommunications.Inthispaper,twonewtypesofthe
OLWAsareproposed.Theyhavedifferentellipsoid-holearraystructuresinthemetallayer.Theirphysical
properties,suchasreturnloss,insertionloss,RadiationPattern(RP),directivity,HalfPowerBeam
Width(HPBW),SLandbandwidth,arefurtherdiscussedindetail.Theopticalantennaspresentedinthis
paperexhibitbetterperformancesinbandwidth,SLlevel,returnlossandinsertionlossthanthose
proposedsofarbyL.YousefiandX.X.Liu[24-25].

1 One-dimensionalsymmetrictaperedellipsoidholesarray
ThestructureoftheOLWAisgiveninFig.1.Asshowninthisdiagram.Itsspatialgeometricstructure

hasfourlayerssuchassilicon-gold-silicon-silica.Inthegoldlayer,theellipsoidholesareformedbythe
intersectionofthecuboidandtheellipsoid.Wetapertheparametersoftheellipsoidholesandmaketheir
distributiontobe One-DimensionalSymmetricTapered Array (ODSTA),wherethecenterofthe
symmetricisthemiddlepositionofthemetallayer.Thespacingdbetweeneachtwoadjacentellipsoid
holesistheperiodofthearray,andfixedat100nm.Usingarithmeticprogression,themainaxesofthe
ellipsoidholesdistributedintheleftortherightsideofthecenterofthemetallayerarelinearlydecreased.
AsdisplayedinFig.1,themainaxisoftheellipsoidholelocatedatthecentrallocationisa5of100nm,but
themainaxesofthoselocatedintherightorleftsideofthecenterareinturn90nm,80nm,70nmand
60nm.Theellipsoidholesof9arefilledwithair.Inadditional,foranyoneellipsoidalhole,thesemi-minor
axisb=20nm;thesemi-meanaxisc=30nm.Inthefourlayers,thelengthofeachlayermaterialisthe
same.ThelengthisdefinedasL2andsetas900nm,SiO2-materialwithlowrefractiveindexisplacedin
thebottomlayer.Itsheightis300nm,definedasH1.Anditsrefractiveindexissetas1.45.Si-material
withhighrefractiveindexlocatesinthefirst-layerandthird-layer,anditsrefractiveindexnsi=3.5.The
heightofthefirstlayerandthethirdlayeraredefinedasH2andH4,respectively,whicharefixedat
80nm.TheAu-materialissandwichedbetweentwoSi-materiallayers.ItsheightisnamedasH3andfixed
at20nm.ThewidthoftheAirandSi3N4intheOLWAareboth50nm.TherefractiveindexoftheSi3N4
is1.67.ThetotallengthoftheantennaisdefinedasL1andsetas1000nm.Thewidthoftheantenna
W=200nm.
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Fig.1 OLWAwithone-dimensionalsymmetrictaperedellipsoidholesarrayinthemetallayer
Moreover,forgold-material,thedielectricconstantathighfrequencyisdescribedbytherevisedof

Drudemodel[26]asfollows

εw( )=ε¥-
w2
p

(w2+iγw)
(1)

Separatingrealandimaginarypartsyields

εre w( )=ε¥-
w2
p

(w2+γ2) (2)

and

εim w( )=
γw2

p

w(w2+γ2) (3)

wheretheplasmaoscillationfrequencyWpandthedampingcoefficientγaregivenin [26],ε¥isthe
instantaneousdielectricresponse.
1.1 Theoryanalysis

AsshowninFig.1,theOLWAwithODSTAisdesignedbasedonthehybridplasmonicstructure[27].
Thesestructuresaredevelopedbyimplementingamaterialwithlowrefractiveindex(Au),betweenthe
twosamematerialswithhighrefractiveindex(Si).ThisstructuresupportsaguidedplasmonicTransverse
Magnetic(TM)mode,withhighconfinementinsidethematerialwithlowerrefractiveindex[27].Sincethat
thespacingdbetweeneachtwoadjacentellipsoidholesisthesame,andthedistributionoftheellipsoidis
periodicalarray,sotheAu-layerisconsideredasaquasi-periodstructure.Whentheguidedhybrid
plasmaticmodeenterstotheopticalantenna,ittransformstoaradiatingmodeduetothequasi-periodic
ellipsoidholesprovidedinthedesign.SincethatthestructuresupportsaTMplasmonicmode,theelectric
fieldhascomponentsbothinthex,andzdirections[28].However,thezcomponentisoneorderof
magnitudebiggerthanthexcomponent[29],duetothecasethatthebigdifferencebetweentherefractive
indexofthedielectric(Si)andthatofthemetal(Au).Inthisanalysis,wecanneglectthexcomponent
becausethatitismuchsmallerthanzcomponent,thezcomponentoftheelectricfieldinsidetheoptical
antennacanbewrittenintermsofaFourierseriesexpansionas[30]

Ez y,x( ) =􀰐
m=¥

m= -¥

Em z( )eikx,mx,kx,m =kx,0+
2mπ
d

(4)

wheredistheperiodic,kx,0=βx,0+iαisthewavenumberalongthepropagationdirection,βx,0isaphase
constantwithouttheperiodicdisturbance,αistheattenuationconstant.Beforeintroducingperiodic
disturbance,thepropagationconstantoftheinitialmodeisveryclosetothevalueofβx,0,andtheoriginal
attenuationconstantintheantennacanbelessthanthatoftheα-parameter,duetotheattenuation
constantincludingonly materiallossandsomescattering.Onthecontrary,duetotheexistenceof
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radiation,thevalueoftheα-parameterincreasessignificantlyafterintroducingtheperiodicperturbation,
kx,mistheFloquetwavenumbers,mistheorderoftheFloquetspaceharmonic,Em(z)istheweightof
them-thharmonic.Weobtainkx,m=βx,m+iαsincethatkx,0=βx,0+iα,whereβx,m=βx,0+2πm/disthe
propagationconstantofthem-thFloquetspaceharmonic.Theperiodictransverseellipsoidaperturescan
generateradiationbytheFloquetspaceharmonic,whichcanbecontrolledbythed-parameter.Inthese
modes,comparedwiththenumberofwavesinthevacuum,themodeswiththesmallernumberareleaky
modeandmaketheradiationbeam

-k0<βx,m<k0 (5)
where,k0isthewavenumberinvacuum;theOLWAisdesignedinsuchawaythataboveconditionis
satisfiedwithonlyforoneFloquetmode(m=-1).So,onlythismodegeneratestheradiationbeam,and
otherm-indexFloquetmodesareevanescentwaves.FromEq.(5),itisfoundthatthex-componentofthe
electricfieldcanbeexpressedas[31]

E x( )=E-1eiβx,-1xe-αx 0<x<L( ) (6)
whereE-1istheamplitudeoftheharmonicelectricfieldwiththeorderofm=-1.Inaddition,forthe
OLWA,themainbeamangleisrelatedtothepropagatingmodewavenumberthrough[32]

kx,0=βx,0+iα (7)
Therefore,theOLWAradiateslightwaveatbroadsideifβx,-1<<k0.Thedirectionofthebeamradiations

orthogonaltotheantennawhenφ=±
π
2.Thefar-fieldradiationpatternoftheOLWAisobtainedby

integratingEq.(7)asfollows

EF=E-1
e-i(k0cosφ-βx,-1-iα)L-1
-i(k0cosφ-βx,-1-iα)

(8)

ItisnotedthattheperiodicdisturbanceoftheOLWAisconsideredasthearrayofidenticalscatters.In
thiscase,thescatteredisderivedfromthefar-fieldpattern.Thepatterncanbeobtainedbythe
multiplicationofthenormalizedpatternofasingleelementandthenormalizedarrayfactorAF(Ф),the
totalfar-fieldradiationpatternisapproximatelyrepresentedbytheAF(Ф)andexpressedas

AF(ϕ)=
1-e-i(k0cosφ-βx,-1-iα)Nd

1-e-i(k0cosφ-βx,-1-iα)d
(9)

TheantennaradiationpowerconcentratedinthemainlobeisoftenmeasuredbytheSLLevel(SLL).
TheSLLisdefinedastheratioofthepeakoftheSLandthatoftheMainLobe(ML).ThemaximumSLL
inthewholemainpatternisdefinedasMSLL.Whenitisexpressedasaratioindecibels(dB)[33]

MSLL(dB)=20log10
FSLL

FMAX
(10)

where,FMAXisthemaximumamplitudeofthepattern,FSLListhemaximumamplitudeofthehighestSL.
Thedirectivityoftheantennaiscomputedbyusingthefollowingexpress[34]

D=
4π
ΩA
≈4π

(180/π)2

θ1dθ2d
(11)

where,ΩAisdefinedasthesolidanglewhichallpowerwouldflowthroughiftheantennaradiation
intensitywereconstantatitsmaximalvalue.Thebeamsolidanglecanbeapproximatedforantennaswith
onenarrowmainlobeandsmallsidelobebysimplymultiplyingHPBWintwoverticalplanes,θ1disthe
HPBWinoneplane(indegrees)andθ2distheHPBWinoneplaneatarightangletotheother(in
degrees).Accordingtotheantennatheory,theReturnLoss(RL)isthelossofpowerinthesignal
reflectedbyadiscontinuityinanantenna.Thisdiscontinuitycanbeamismatchwiththeterminatingload.
TheRLisusuallyexpressedasarationindB

RLdB( )=10log10
Pi

Pr
= S11 dB( ) (12)

where,PiistheincidentpowerandPristhereflectedpower.Returnlossisameasureofhowwelldevices
orlinesarematched.A matchisgoodifthereturnlossishigh.TheInsertionLoss(IL)isthelossof
signalpowerresultingfromtheinsertionofadeviceorantenna,whichisgivenindBby

ILdB( )=10log10
PT

PR
= S21 dB( ) (13)
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Where,PTisthepowertransmittedtotheantennabeforeinsertionandPRisthepowerreceivedbythe
antennaafterinsertion.
1.2 Resultsanddiscussions

Accordingtofiniteelementmethod,itisnecessarythattheboundaryconditionsaresetintheanalysis
oftheOLWAstructure.Here,weconsiderthattheantennaissurroundedbysphericalshellsfilledwith
air,whichissetasperfectlymatchedlayerboundarycondition.Theboundaryconditionisappliedto
implementabsorbingboundaries.Basedonthis,wecalculatetheradiationpatternsforTM waveinthe
OLWAwiththeODSTA,wheretheportsfilledwithtwotypesofmaterialssuchasairandSi3N4,as
showninFig.2.Here,toeasilyobservetheHPBWat3dBradiationpatterns,thevariationrangeofθis
enlargedfrom0-2πto0-4π.TheHPBWinthexzplane,theyzplaneandthexyplaneareinturndefined
asHPBW1,HPBW2andHPBW3;therefractiveindexofAu-materialisgivenin [35];theoperating
wavelengthoftheOLWAS(λ)isfixedat1550nm.Fortheconvenienceofdiscussion,whenairandSi3N4
arefilledintheportsoftheOLWAwithODSTA,respectively,theantennaisdividedintotwotypes.One
isnamedastheODSTA-air-OLWAforshort,theotheriscalledforshorttheODSTA-Si3N4-OLWA.
AccordingtoEq.(11),theMSLLofthetwoOLWAsarecalculatedbyusingtheradiationpatternsinthe
xyplane,duetothefactthattheirSLsonlyexistinthexyplane(seeFig.2).Thus,weobtaintheMSLL
oftheODSTA-air-OLWAandtheODSTA-Si3N4-OLWAas-4.8dBand-5.5dB,respectively.By
carefullyobservingtheradiationpatternsinFig.2,weobtaintheHPBWsinthreeplanesforthetwo
OLWAs,asdisplayedinTable1.FromFig.2(a),onefurtherseesthatθ1dandθ2dareof90°(HPBW1)
and60°(HPBW3),respectively.So,thedirectivityDintheODSTA-air-OLWAisobtainedas7.64dBi
fromEq.(9).Similar,theODSTA-Si3N4-OLWAhas9.44dBi,whereθ1d=84°andθ2d=52°[seeFig.2
(b)].TheaboveresultsindicatethattheODSTA-Si3N4-OLWAhasbetterdirectionandhigherSLLthan
theODSTA-air-OLWA.

Fig.2 NormalizedradiationpatternsoftheODSTA-Si3N4-OLWAandtheODSTA-air-OLWA
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Fig.3 PlotoftheS11andtheS21versustheoperatingfrequencyintheOLWAwiththeODSTA
Fig.3showsthedependenceofS11andS21ontheoperatingfrequencyoftheOLWAwithODSTA

whenitsportsarefilledwithairandSi3N4,respectively.AsseenfromFig.3,theoperatingbandwidthof
theODSTA-air-OLWAandtheODSTA-Si3N4-OLWAareinthewholefrequencyrange(170~250THz),
andtheS21ofthetwoOLWAsarelessthan-32dB.Inthefrequencyrangeof170~216THz,compared
withtheODSTA-Si3N4-OLWA,therehavethegreaterS11andS21intheODSTA-air-OLWA.Whenλis
fixedat1550nm(thecorrespondingfrequencyis193.5THz),fortheODSTA-air-OLWA,S11andS21are
-22.3dBand-34.5dB,respectively;fortheODSTA-Si3N4-OLWA,S11andS21are-32dBand
-38dB,respectively.TheabovediscussionsshowthattheODSTA-Si3N4-OLWAhasbettermatching
thantheODSTA-air-OLWA.

2 Two-dimensionalsymmetrictaperedellipsoidholesarray
Basedonone-dimensionalsymmetrictaperedarrayellipsoidholes,weprunefurtherthemetallayer

structureoftheOLWA,makingittobecomeTwo-DimensionalSymmetricTaperedellipsoidholesArray
(TDSTA)inthemetallayer,asshowninFig.4.TheparametersfortheTDSTAaregivenasfollows:W
=430nm,d1=230nm.TheotherparametersarethesameasthosegiveninFig.1.Forthesakeof
discussion,whentheportoftheOLWAwithTDSTAisfilledwithairandSi3N4,itisdividedintotwo
types,namedastheTDSTA-air-OLWAandtheTDSTA-Si3N4-OLWAforshort,respectively.

Fig.4 OLWAwithtwo-dimensionalsymmetrictaperedellipsoidholesarrayinthemetallayer
Fig.5givesthenormalizedradiationpatternsoftheOLWAwithTDSTAinthemetallayeratλ=

1550nm.AsshowninFig.5,sincethatthereappearonlyBackLobes(BLs)inthreeplanesofthe
TDSTA-air-OLWAortheTDSTA-Si3N4-OLWA,theBLLevel(BLL)isusedtomeasuretheantenna
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radiationpower,anddefinedas

BLL(dB)=20log10
FBLL

FMAX
(14)

where,FBLListhemaximumamplitudeofthehighestBLinthreeplanes.BycarefullyobservingFig.5,for
theTDSTA-air-OLWA,BLLisobtainedas-1.2dBintheyzplane;butfortheTDSTA-Si3N4-OLWA,
itis-0.86dBinthexzplane.InthetwoOLWAs,theHPBWsinthethreeplanesarecalculatedand
giveninTable.1.ItisfurtherfoundfromFig.5thatθ1dandθ2dare70°(HPBW1)and105°(HPBW3),
respectively.BycalculatingEq.(9),weobtainthedirectivityDas5.61dBiintheTDSTA-Si3N4-OLWA.
Similar,Dis4.47dBiintheTDSTA-air-OLWA,whereθ1d=98°andθ2d=94°.Theseresultsindicatethat
theTDSTA-air-OLWAhaslessBLLandbetterdirectivitythantheTDSTA-Si3N4-OLWA.

Fig.5 NormalizedradiationpatternsoftheTDSTA-Si3N4-OLWAandtheTDSTA-air-OLWA

Fig.6 PlotoftheS11andtheS21versustheoperatingfrequencyintheOLWAwiththeTDSTA

Fig.6furtherdisplaysthedependenceofS11andS21ontheoperatingfrequencyintheOLWAwiththe
TDSTA,wheretheportsoftheantennaarefilledwithairandSi3N4,respectively.Fromthisdiagram,it
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isfoundthattheTDSTA-air-OLWAhaslessS11thantheTDSTA-Si3N4-OLWA whentheoperating
frequencyrangesfrom170THzto250THz;theS21oftheTDSTA-air-OLWAislessthanthatofthe
TDSTA-Si3N4-OLWAiftheoperatingfrequencyincreasesfrom182THzto237THz.Forexample,with
λfixedat1550nm,intheTDSTA-air-OLWA,S11is-26.5dB,butintheTDSTA-Si3N4-OLWA,itis
-17.4dB.Inaddition,theS21oftheTDSTA-air-OLWAandtheTDSTA-Si3N4-OLWAare-35.5dBand
-27.2dB,respectively,atλ=1550nm.

Table1presentstheperformancepropertiesoftheOLWAswithdifferentgoldlayersanddifferent
mediumsfilledintheportswhenλ=1550nm.FromTable1,itisconcludedthattheOLWAswithtwo
differentgoldlayershavewidebandwidth(80THz)thatcoverstheopticalcommunicationbandsofS+-
L+.Thereappearlessscatteringparameters(S11andS21),aswellasbetterdirectivityintheOLWAwith
theODSTAwhenitsportsarefilledwithSi3N4.ButfortheOLWAwithTDSTA,whileitsportsarefilled
withair,itexhibitslessscatteringparameters.ItisnotedthattheOLWA withTDSTAhasworse
performancewhencomparedwiththatwithODSTAintermofdirectivity.AccordingtoEq.(11),the
directivitydependsontheHPBWsintwoplanesperpendiculartoeachother.Itcanbeimprovedwhenthe
HPBWsarereducedbyvaryingtheparametersoftheellipsoidholesinthegoldlayersuchasdistance,
mainaxes,semiaxis.

Table1 PerformancepropertiesoftheOLWAswithdifferentgoldlayersanddifferentmediums
filledintheportswhentheoperatingwavelengthisfixedat1550nm

Structureofellipsoid
holesinmetallayer

Fillers
Band

width/THz
S11/dB S21/dB

HPBW1/
(°)

HPBW2/
(°)

HPBW3/
(°)

D/dBi

One-dimensional Air 80 -22.3 -34.5 90 285 60 7.64
symmetrictapered
ellipsoidholesarray

Si3N4 80 -32 -38 84 186 52 9.44

Two-dimensional
symmetrictapered

Air 80 -26.5 -35.5 70 132 105 5.61

ellipsoidholesarray Si3N4 80 -17.4 -27.2 110 98 94 4.47

  Inordertoverifythecorrectnessofthecalculationresults,Fig.7givesthecomparisonoftheS11and
thatoftheS21intheODSTAwiththeportsfilledwithair,obtainedbyCOMSOLandFDTDsoftware.
Similar,thecomparisonoftheS11andthatoftheS21intheTDSTAwiththeportsfilledwithairare
displayedinFig.8.From Figs.7and8,itisfoundthatthedependenceoftheS11ontheoperating
frequencyobtainedbyCOMSOLissimilartothatcomputedbyFDTD.Also,theplotoftheS21versusthe
operatingfrequencybyusingCOMSOLisveryclosetothatbyusingFDTD.Theseshowsthatthe
calculationresultsareverifiedtobecorrect.

Fig.7 ComparisonoftheS11andthatoftheS21intheOLWAwiththeODSTA
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Fig.8 ComparisonoftheS11andthatoftheS21intheOLWAwiththeTDSTA

3 Conclusion
Inthispaper,toachievegoodmatching,superwidebandwidth,gooddirectivity,highSLLorBLL,

weproposetheopticalleakywaveantennawithfourlayerswaveguidestructuresuchassilicon-gold-silicon-
silica.Inthegoldlayer,twotypesofellipsoid-holearrays,suchasone-dimensionalsymmetrictapered
array,two-dimensionalsymmetrictaperedone,areformedinthegoldlayer.TheOLWAswithdifferent
goldlayersexhibitultrawidebandwidth(80THz)thatcoversmostoftheopticalcommunicationbandsof
S+~L+.Also,theyshowgreatdifferenceinradiationpattern.Forone-dimensionalsymmetrictapered
arrayofellipsoidholes,theSLoftheantennaonlyexistsinthexyplaneoftheradiationpattern.Butfor
two-dimensionalsymmetrictaperedarray,thereisnoSLintheradiationpattern.Foreachtypeofellipsoid
array,theantennahasdifferentperformancesinSLLorBLL,returnloss,insertionloss,HPBWand
directivitywhenitsportsarefilledwithairandSi3N4,respectively.Forexample,theOLWAwithone-
dimensionalsymmetrictaperedarrayhaslessreturnlossandinsertionloss,andlowerSLL,aswellas
betterdirectivitywhileitsportsarefilledwithSi3N4.Inadditional,thelessreturnloss,thelessinsertion
lossandlowerBLLwilloccurintheOLWAwithtwo-dimensionalsymmetrictaperedarrayifairisfilledin
theports.TheOLWAwithgoodperformancepropertiesproposedinthispapercanbegeneralizedtoapply
inthefieldsofopticalintegratedinterconnection,thecontrolofhighlyintegratedopticalbeam,space
opticalcommunicationandsoon.
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