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MZIwavelengthinterleavingfilterbasedondoublemicroringstructure
①
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Abstract:Toimprovetheoutputcharacteristicsofall-fiberMach-Zehnderinterferometer(MZI)-interleaver,adualmicroring-
assistedMZIinterleaverisdesigned.Accordingtoitsstructure,theoutputexpressionofthedeviceisderivedfromthesignal
flowdiagram.Aftersimulationanalysis,theoptimalstructuralparametersduringthetransmissionprocessareobtained.In
addition,thecouplingcoefficientandtransmissionlossofthecouplerareanalyzed.Theresultsshowthattheimproved
interleaveroutputlinewaveisclosertothesquarewave,andits25dBcutoffbandbandwidthand0.5dBpassbandbandwidth
aresignificantlyimproved,withthevaluesof41.2GHzand18.9GHz,respectively.Thedevicehasacertainresistantability
todeviation,andthetransmissionlosshaslessinfluenceontheextinctioncharacteristicsofthefilter.
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0 Introduction
 Withtheincreaseofdensewavelengthdivision
multiplexing (DWDM)transmissionrateandthe
reduction of channel spacing, more stringent
requirementsareimposedontheperformanceof
wavelengthselectivedevicesinthesystem,resulting
inasignificantincreaseinmanufacturingcosts.Liu
etal.[1] designed aninterleaverthat used the
interferenceeffectoflighttoformaperiodic,center-
wave-interleaved and complementary comb-like
spectrumtoseparatethemultiplexedchannelsina
parity-interleavedmanner.Sincethechannelspacing
afterseparationisdoubled,thedesignpressureofthe
demultiplexer or the upper and lower speech
wavelengthinterleavingfiltersinthesystemwillbe
greatly reduced. In recent years, microring
resonatorshaveattractedtheattentionofresearchers
becauseoftheirsimplestructure,stableperformance
andhighintegration[1].Basedonatwo-channel
singlemicroringfilterproposedbyChenetal.,we
havedesignedpromisingopticeddevicessuchas
filters, optical switches, wavelength division
multiplexers,lasersandfiberopticsensors[2-8].
Thesedeviceshavegreatapplicationvalueinthe
fieldsofnewgenerationall-opticalcommunication

networksandintegratedoptics.TheMach-Zehnder
interferometer (MZI)isthe most widely used
solutiontowavelengthinterleavingfilters.However,
thetransmissionspectrumofasingle-stageMZIisof
cosineshape,anditstransmissionefficiencyisvery
sensitivetothesignalwavelengthshift.Multi-stage
MZItandem-typecombfilterscanimprovethe
passbandflatnessandtheasymmetricfiberresonant
ringassistedMZItype[9-10],whichlargelyrelieved
thelaserwavelengthaccuracyrequirementswhile
increasedthetotalarmlengthoftheMZIandaffected
thesimplicityofdevicestructureandthestabilityof
performance[9]. Asymmetric fiber-resonant ring-
assisted MZIcombfiltersalsocanimprovethe
passbandflatness[11-13],butthissolutionrequires
activecompensationtransmissionlossinpractical
applications[12].In orderto addressthe above
problems,wecombinethemicroringresonatorwith
theMZI[14],andusethephaseadjustmenteffect
introducedfrom theresonatorfeedbackloopto
furtherimproveresponseperformanceofthefilter
whileenhancedesignflexibilityofthewavelength
interleavingfilter.

1 Devicestructureandtheoreticalanalysis
 Thestructureofthedualmicroring-assistedMZI
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interleaverisshowninFig.1,andthemicroringis
coupledtothe MZIinterferencearm bya2×2
coupler.Usingkitorepresentthecouplingcoefficient
oftheithcoupler,andγtodenotetheinsertionloss
ofthecoupler,thetransmissionpathgainoftheith
couplercanbeexpressedas

Ci =(1-γ)(1-ki), (1)

andthecouplingpathgaincanbeexpressedas

Yi =-j(1-γ)ki. (2)

Fig.1 Structureofdualmicroring-assistedMZIinterleaver

 Theeffectiverefractiveindexofthemicroring
waveguideandtheMZIinterferencearmwaveguideis
representedbyneff,andthegaintransmittedbythe
lightalongtheannularcavityis

θi =exp(-αli-jβli), (3)

whereαistheintrinsiclossofthewaveguide;liis
themicroring;thelength,β=Kneff;andK=2π/λis
thewavenumberinvacuum.Thegaintransmittedon
theinterferencearmoftheMZIis

Li =exp(-αdi-jβdi), (4)

wherediisthearmlengthoftheinterferencearm.
Fig.2showsthesignalflowdiagramofthemicroring
resonator,theMZIupper,lowerarmphase-coupled
filter.Thesignaltransfertheoryisusedtodeduce
thefiltertransferfunction[1].

Fig.2 Signalflowdiagramofmicroringresonator,MZIupper,
lowerarmphase-coupledfilter

 Itcanbeseenthatthestructurecontainstwo
closedloopsdenotedasS1=C2θ1andS2=C3θ2,
respectively.Sincethetwoclosedloopsarenot
contacted with each other, the characteristic

determinantofthestructureis

Δ=1-(S1+S2)+S1S2. (5)

 TherearefourforwardpathsfromEintoEout.The
characteristicdeterminantsareP1=C1C4C3L3L4,
Δ1= Δ;P2 = C2Y1Y2L1L2, Δ2 = Δ;P3 =
C2θ1Y1Y2Y2

3L1L2, Δ3 = 1 - S2; and P4 =
C1C3C4θ2Y2

4L3L4,Δ4=1-S1.Accordingtothe
Masonformula,thetransferfunctionfromEintoEout
canbeexpressedas

Eout
Ein =P1Δ1+P2Δ2+P3Δ3+P4Δ4

Δ . (6)

 Innumericalsimulationanalysis,theoptimization
algorithmisapplied.Thecouplingcoefficientsof
DC1 and DC4 arek1 =k4 =π/4;thecoupling
coefficientsofthetwomicroringsareθ1=π/2.67and
θ2=π/0.3,respectively;andthelengthofthefiber
interferencearmislong.ThedifferenceΔ1=4mm,
thecenterwavelengthλ0=1550nm,theeffective
corerefractiveindexneff=1.454,thetransmission
spectraobtainedbysimulation3areshowninFig.3,
wheretheoutputlightintensityofport1isindicated
byasolidblackline,andtheoutputintensityof
port2isindicatedbyadottedline.Fig.3showsthat
theoutputspectraofport1andport2ofthecomb
filterareperiodicspectrawithequalbandwidthand
flattopinoutputline,whichcanoffsettheadverse
effectofchannelwavelengthdrift.

Fig.3 Calculatedtransmissionspectraofproposedinterleaverin
casesofk1=π/4andk4=π/4

 Itiscalculatedthatthe25 dB cutoffband
bandwidthoftheoutputspectrumofthecombfilter
isabout39.4 GHz,andthe0.5dBpassband
bandwidthisabout19.2GHz.InRef.[10],the
passbandshapeoftheconventionalMZIcombfilteris
similartothecosinewave.Its25dBcutoffband
bandwidthisabout3.6 GHz,andthe0.5dB
passband bandwidthisabout21.3 GHz.The
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symmetricalstructurebased“8”shapedcavityMZI
interleaverdesignedinRef.[13]hasa25dBcutoff
bandwidthofapproximate18.4GHz.InRef.[9],
thecascaded MZIcombfilterhasa25dBcutoff
bandwidthof15.8GHzanda0.5dB passband
bandwidthof30.2GHz.Comparedwiththedesigns
inRefs.[9,10,13],ourdesigneddualmicroring-
assistedMZIinterleaveradjustsphasewiththefiber
resonantring.Itsoutputspectrumcurveproducesa
steepedgewitha25dBcutoffbandbandwidthanda
0.5dBpassbandbandwidthandtheoutputspectrum
isclosertosquarewave.

2 Numericalsimulation

2.1 Effectofcouplingratioonoutputspectrum
 Thecouplingcoefficientandthesplittingratioof
thecouplerdirectlydeterminetheshapeoftheoutput
spectrumofthedeviceandthechannelisolation.Due
tothelimitationsofthemanufacturingprocessand
experimentalconditions,thereisacertaindeviation
betweentheactualvalueandtheexpectedvalueof
thefibercouplersplittingratio.Therefore,itis
necessarytodiscusstheinfluenceofthecoupling
coefficientdeviationofthecouplerontheoutput
spectrumoftheinterleaver.Ascanbeseenfrom
Fig.2,boththecouplerDC1andthecouplerDC4are
3dBcouplers,andtheoutputspectralcharacteristics
ofthedevicearethecouplingcoefficientsk2andk3of
thecouplerDC2andthecouplerDC3,respectively;
Δkisthedeviationofthecouplingcoefficient,and
Δk=k×10%.Fig.4istheoutputspectrum of
interleaverwhenk2=k2±Δk2,andk3=k3±Δk3,
respectively.
 ItcanbeseenfromFig.4thatalthoughthe0.5dB
passbandwidth,the25dBstopband width,the
channelisolation,etc.arenotsignificantlyreduced
comparedwiththoseinFig.3,theflatnessofthe
outputwaveinFig.4(a)isbetterthanthoseofFig.2
andFig.4(b).InFig.4(c),althoughthe0.5dB
passbandwidthandthe25dBstopbandwidthare
significantlyincreasedcomparedwiththoseinFig.3,
thechannelisolationissignificantlyreducedandthe
channel-to-channelisolationislessthan20dB.
 Insummary,underthepremiseofthesplitting
ratiooftheinputcouplerDC1andtheoutputcoupler
DC4is1∶1,thecouplingcoefficientsk2andk3ofthe
fibercouplerDC2andthecouplerDC3aregreateror
smallerthanthebestaslongastheyarenotdifferent
atthesametime.Thecouplingangle,withinthe

errorrangeofΔki(i=2,3),theinterleaverwiththe
designed structure can obtain theideal output
spectrumandbandwidth.Thisshowsthattheall-
fiberinterleaverofthisstructurehasstronganti-
deviationability,whichreducesthedifficultyof
actualproductiontosomeextent.

(a)

(b)

(c)

Fig.4 Outputspectrumofinterleaverwhen(a)k2=k2+Δk2,
k3=k3-Δk3,(b)k2=k2-Δk2,k3=k3+Δk3and(c)k2=
k2-Δk2,k3=k3-Δk3,respectively
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2.2 Influenceoftransmissionlossandlength
ofmicroringonoutputspectrum

 Thetransmissionlossoftheopticalsignalinthe
double micro-resonantringis neglectedin the
discussionoftheoutputspectrumofthecombfilter.
However,duetotheexistenceofthefiberresonant
ring,thefiberusedforthefiberresonantring
inevitably bends, which will increase the
transmissionloss.Inordertoanalyzetheinfluenceof
transmissionlossontheoutputspectrumofthecomb
filterdesigned,differentnormalizedlossvaluesτ1=
τ2=τareusedforsimulation.Keepingthevaluesof
thecouplerDC1andDC4andthelengthdifferenceof
thefiberarmunchanged.Fig.5(a)showstheoutput
spectraofthecombfilterwhenτ=0.9,k2=k2-
10%×k2,andk3=k3+k3×1%.

(a)

(b)

Fig.5 Outputspectrumofall-fiberMZIcombfilter:(a)τ=0.
9andk2=k2-10%×k2,k3=k3+k3×1%and(b)τ=0.9
andk2=k2-k2×10%,k3=k3-k3×1%

 ItcanbeseenfromFig.5(a)thatthepeakvalueof
thespectradropsby0.36dB,andtheisolation
betweenchannelsisgreaterthan25dB.However,
the output waveform still has square wave

characteristics.Fig.5(b)istheoutputspectrumof
thecombfilterwhenτ=0.9,k2=k2-k2×10%,and
k3=k3+k3×1%.ItcanbeseenfromFig.5(b)that
thepeakvalueisdecreasedby1.5dB,however,the
channelisolationisgreaterthan20dB.Compared
withtheasymmetricfiber-assistedringstructurein
Ref.[10],thetwo microringfiberresonatorring
MZIcombfiltersinterfere withthetwooptical
signalswithoutamplitudedifference,whichreduces
theinfluenceoftransmissionlossontheextinction
characteristicsofthedevice.

3 Conclusions
 Afteraddingthedoublecouplerresonantring,the
filteringcharacteristicsoftheunbalancedMZIfilter
aretheoreticallyanalyzed.Thesimulationresults
showthattheimprovedfilterhasbetterfiltering
effect.Underreasonableparameters,asquare-wave
combfilterwithflattopandlow valleycanbe
obtained.Atthesametime,thefilterhasawider
0.5dBtransmissionbandwidthanda25dBcutoff
bandwidth,reducingtheneedforincidentsignal
light.Inaddition,theinfluenceofthecouplingratio
ofthe coupler on thefiltering performanceis
analyzed,andthecouplingratiorangethatsatisfies
thepracticalrequirementsofcommunicationisgiven.
Finally,whenconsideringthetransmissionlossof
thesignal,thereisnosignificantdifferenceinthe
amplitudebetweenthetwo mutuallyinterfering
signals,whicheffectivelyreducestheinfluenceof
transmissionlossontheextinctioncharacteristicsof
thecombfilter,and makesitimportantinthe
DWDMsysteminthefuture.
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基于双微环结构的 MZI型波长交错滤波器

杨紫薇,郑玉甫,叶 佳,石昊强,魏晓明

(兰州交通大学 电子与信息工程学院,甘肃 兰州730070)

摘 要: 为了改善全光纤马赫-曾德尔干涉仪(Mach-Zehnderinterferometer,MZI)的传输特性,提出了一种

基于双微环辅助型的MZI交叉复用器。根据其结构,利用信号流图推导出了该器件的输出表达式,并进行

了数值模拟分析,得到了传输过程中的最佳结构参数。此外,还分析了耦合器耦合系数及传输损耗对该器件

的影响。结果表明,改进后的MZI交叉复用器输出谱线更加接近方波,其25dB截止带带宽和0.5dB通透

带带宽明显改善,其值分别为41.2GHz和18.9GHz。器件具有一定的抗偏差能力且传输损耗对滤波器消

光特性的影响较小。
关键词: 光纤通信;马赫-曾德尔干涉仪;交叉复用器;双微环谐振腔
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