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基于非线性放大环镜和Lyot滤波器的多波长与
耗散孤子锁模态开关型掺铥光纤激光器

王小发,刘经惠,靳增高
(重庆邮电大学 光电工程学院,重庆光纤通信技术重点实验室,重庆400065)

摘 要:报道了一种基于非线性放大环镜和Lyot滤波器技术的态开关型掺铥光纤激光器.通过仔细调

节偏振控制器和泵浦功率,掺铥光纤激光器可以分别在多波长态和耗散孤子锁模态运行,并且两种态之

间可以相互切换.对于多波长态,在光谱半功率值范围内能生成8个稳定的波长;对于耗散孤子锁模态,
在1996nm的中心波长处产生脉冲能量高达41.49nJ,脉冲持续时间为2.4ns,光谱带宽为29nm的耗

散孤子.不同运行态间的切换归因于偏振控制器导致的非线性放大环镜的功能的改变.
关键词:非线性放大环镜;Lyot滤波器;多波长;耗散孤子;光纤激光器
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State-switchableMulti-wavelengthandDissipativeSoliton
Mode-lockedTm-dopedFiberLaserBasedonaCombinationof

NonlinearAmplifyingLoopMirrorandLyotFilter

WANGXiao-fa,LIUJing-hui,JINZeng-gao
(KeyLaboratoryofOpticalFiberCommunicationTechnology,CollegeofOptoelectronicEngineering,

ChongqingUniversityofPostandTelecommunications,Chongqing400065,China)

Abstract:Thispaperdemonstratesastate-switchableTm-dopedfiberlaserbasedonnonlinearamplifying
loopmirrorandLyotfiltertechnique.Byproperlyadjustingthepolarizationcontrollerandpumppower,
theTm-dopedfiberlasercanoperateinmulti-wavelengthstateanddissipativesolitonmode-lockedstate,
respectively.Andtwotypesofoperatingstatescanbeswitchedtoeachother.Formulti-wavelength
state,8stablewavelengthpeaksaregeneratedwithinhalfofpeakpowervariation.Forthedissipative
solitonmode-lockedstate,thedissipativesolitonwithpulseenergyashighas41.49nJ,thepulse
durationof2.4ns,andthespectrumbandwidthof29nmisgeneratedatthecenterwavelengthof
1996nm.Theswitchingbetweendifferentoperatingstatesisduetothechangeinthefunctionofthe
nonlinearamplifyingloopmirrorcausedbythepolarizationcontroller.
Keywords:Nonlinearamplifyingloopmirror;Lyotfilter;Multi-wavelength;Dissipativesoliton;Fiber
laser
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0 Introduction
Inrecentyears,2μmfiberlaserwiththeadvantageofoperatingattheatmosphericwindowandeye-

safewavelengthrange[1-2]hasdevelopedrapidlyduetoitswiderangeofapplicationsinlaserspace
communication,laserbiomedicaltreatmentandlasersensingfields[3-5].2μmfiberlaserwithdifferent
operatingstatesisrequiredindifferentfields.Forexample,Multi-Wavelength(MW)fiberlaserplaysan
importantpartinthefieldsofWavelengthDivisionMultiplexing(WDM)systems,sensingsystemsand
microwavephotonics[6-8].Atpresent,mostofresearchesaboutMWfiberlaserfocusonthe1.5μm
region[6-7,9-10]athomeandabroad.Incontrast,therehavebeenfewerworksonMWfiberlaserat2μm
wavelengthregion[11-18].ThecommonmethodsforrealizingtheMWlaseraretocombinetheperiodic
responsecharacteristicsofacombfilter,suchas Mach-ZehnderInterferometer (MZI)[10],tapered
fiber[3,6],Lyotfilter[2,12],Sagnacloop[13-14],withthegaincharacteristicsofadopedfiber[3].Wang,etal.
obtainedsingle-wavelength,dual-wavelength,andthree-wavelengthTm-dopedfiberlaserbasedonamicro
fiber-opticFabry-PerotInterferometer(FPI)andaNonlinearOpticalLoopMirror(NOLM)[6].Liu,etal.
implementedmulti-wavelengthfiberlaserbasedonNonlinearPolarizationRotation (NPR)andLyot
filter[12].Theadjustmentofthewavelengthintervalcanbeachievedbychangingthelengthofthe
polarization-maintainingfiber.Peng,etal.realizeda1.97μmmultiwavelengthTm-dopedfiberlaserbased
onaNonlinearAmplificationLoopMirror(NALM)andapolarization-maintainingfiberloopmirror[13].
Yan,etal.implementedatunablemulti-wavelengthmode-lockedTm-dopedfiberlaserbasedonNPR
technologywithbirefringentfiber[15].Inaddition,utilizingsomemechanismsandeffectsusedtosuppress
spectrumbroadeningcanalsoachievestableMWstate.TheseincludeFour-WaveMixing(FWM)[16],
StimulatedBrillouinScattering(SBS)[17].

Ontheotherhand,high-energyultrafastmode-lockedfiberlaseroperatingat2μmregionplays
importantroleinopticalcommunication,materialprocessingandlasermedicaltreatment.Buttherestill
existsomeproblemsforobtaininghighenergypulse.SincethehighanomalousdispersionofTDFand
single-modefiberin2μmregion,themode-lockedpulseisusuallylimitedtoconventionalsolitonpulse.As
theresultofsolitonareatheory[19],theenergyofconventionalsolitonpulseisusuallynomorethan0.1nJ
andthespectrumwidthisusuallyonlyafewnanometers[20-21].Sofar,varioushighenergypulseshavebeen
developedcontinuallybydifferenttechnologies,suchasdispersionmanagementsoliton[4,22],self-similar
soliton[23],noise-likepulse[24-25],DissipativeSoliton(DS)[26-28].Bycontrast,theDSisconsideredasa
betterchoice,whichcantoleratebythreeordersofmagnitudehigherenergythanothers.TheDSpulsecan
begeneratedbyusingsomemode-lockedmechanisms,suchasNPR[4,29-31],NOLM[19],NALM[32-34],
CarbonNanotube(CNT)[21-22],SemiconductorSaturableAbsorberMirror(SESAM)[35-36],molybdenum
disulfide(MoS2)[37].Comparedwithothermethods,NALMasanartificialsaturableabsorberhasthe
advantagesofhigherdamagethreshold,lowcostandall-fiberization[38-39],whichisabetterwaytoachieve
highenergyDSpulse.

Todate,thefiberlaserwithswitchableoperatingstateshasbecomethefocusofresearchesandhas
beenreportedinrelatedliteratures.Recently,aswitchablesolitonmode-lockedandMWfiberlaserhas
beenreportedbasedonthe NPRtechnique[11].And Yun,etal.demonstratedaswitchablevector
dissipativesolitonandconventionalsolitonfiberlaserbasedontheCNTsaturableabsorberandtheLyot
filter[21].Asfarasweknow,forNPRtechnique[11],duetotheinherentcharacteristicsofpolarization-
dependentisolator,largeinsertionlossiscaused.Andpolarizationdependentisolatorisexpensive.Andthe
CNTsaturableabsorberofsandwichstructurehaslowthermaldamagethreshold.Thus,itisnecessaryto
studyakindofhighdamagethreshold,low-cost,state-switchablefiberlasers.Uptonow,thestate-
switchableMWandDissipativeSolitonMode-Locked(DSML)Tm-DopedFiberLaser(TDFL)hasnot
beenreportedbasedontheNALMandLyotfilter.

Inthispaper,wedemonstrateastate-switchableTDFLbasedonNALMwithaLyotfilter,delivering
twotypesofoperatingstates:MWandDSML.Thetwotypesofstatescanbeswitchedbycarefully
adjustingPolarizationController(PC).WhenNALMactsasanamplitudeequalizer,theMWstatewith
uniformwavelengthspacingcanbeobtained.InthecaseofNALMactsasasaturableabsorber,thestable
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DSMLstatecanberealized.WealsofurtherinvestigatedtheswitchingofMWstateandDSMLstate.This
worklaysafoundationforfurtherstudyofthenonlineardynamiccharacteristicsofthefiberlasers.

1 Experimentalsetupandprinciple
Theexperimentalsetupofthestate-switchableTDFLinafigure-eightconfigurationisillustratedin

Fig.1.Thecavityconsistsoftwofiberloops,unidirectionalring(left)andNALM (right),whichare
connectedtoeachotherbya50∶50OpticalCoupler(OC).IntheNALM,a4.5mdoublecladTm-doped
fiber(TDF,IXF-2CF-Tm-O-10-130,IXFiber)withcore/inner-claddingdiameterof10/125μmisusedas
thegainmedium.Itsabsorptioncoefficientis5.6dB/mat789nm.Thefiberlaserispumpedbya
semiconductormultimodefiberlaserwithmaximumpowerof12Woperatingat793nmviaa(2+1)×1
signal-pumpcombiner.A6mSMF-1950single-modefiberdedicatedto2μmbandisusedtoenhancethe
nonlinearityinthecavity.ALyotfilterconsistedofPCandapieceof5.8mPolarizationMaintainFiber
(PMF)withbeatlengthandbirefringenceof5.2mmat1950nmandnominal3.5×10-4,respectively.In
unidirectionalring,theisolatorisusedtoensuretheunidirectionaltransmission.The30%portoftheOC
withSMF-1950pigtailfiberisusedastheoutputportofthefiberlaser.TherestofthefiberisSMF-28e
fiber.Thetotallengthofthecavityisapproximately29.5m.

Fig.1 Schematicdiagramoftheexperimentalsetup

TheoutputcharacteristicsofTDFLaremeasuredbyapowermeter(7Z01560,OPHIR),a1GHz
digitalsamplingoscilloscope(WaveRunner610Zi,Lecroy)withanInGaAsphotodetector(ET-5000F,
EOT),anopticalspectrumanalyzer(Omni-λ750i,Zuolix)witharesolutionof0.05nm,andaspectrum
analyzer(FSL3,Rohde&Schwarz)with3GHzbandwidth.

NALMisakeycomponentforthisexperimentalsetup.Theincidentfieldfromport2ofthe3dB
couplersplitsintotwopropagationfieldswithequalamplitudesandoppositedirections.Thetwobeamsare
transmittedintheTDFandthesingle-modefiber,respectively.Andacertainphasedifferencecanbe
generatedafteraroundtrip.Thetwobeamscombineandinterfacein3dBcouplerwhentheycomeback
fromport3andport4.Thenthereflectedandtransmittedfiledemergefromport2andport1ofthe3dB
coupler,respectively.ThetransmissionofNALMcanbesimplifiedastheEq.(1)[7,9,13]

T=
PT

Pin
=G 1-k 1+cos k(1-G)γPinL+θ( )[ ]{ } (1)

where,PTisthetransmissivepower;Pinistheinputpower;GisthegainfactoroftheTDFA;kisthe
splitratioofthe3dBcoupler,andthevalueis0.5;γisthenonlinearcoefficientoftheSMF-1950and
PMF-1950,andthevalueis2.0W-1·km-1;ListhetotallengthofSMF-1950andPMF-1950,thevalue
is11.8m;θisthephasebiascausedbyPC.WithagivenGfactor,variationcharacteristicsoftransmission
curvecanbeshiftedbyalteringθ.AstheresultthatthefunctionofNALMcanbeswitchedbyadjusting
thePC.AsθisthecertainvaluesetbyPC,theslopeofthetransmittancecurveispositive,asshownby
thesolidlineinFig.2.Thelow-intensitycontinuouswavelightandtheleadingandtrailingedgesofthe
pulsehaveagainsmallerthanthatofthehigh-intensitypulsecenter.Aftermultipleroundtrips,astable
mode-lockedpulseisformed,sothatNALMactsasasaturableabsorber.Incontrast,byadjustingθto
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maketheslopeofthetransmittancecurvenegative,asshownbythedashedlineinFig.2,thegainoflow-
intensitylightisgreaterthanthegainofhigh-intensitylight.Therefore,NALMactsasanamplitude
equalizerwhichcansuppressmodecompetitionformulti-wavelengthoperation.

Fig.2 NALMtransmissioncharacteristicsatdifferentθvalueswithagivenG

2 Experimentalresultsanddiscussion
2.1 TDFLoperatingatMWstate

Whenthepumppowerisincreasedto3.7WandproperphasebiasischosenviaadjustingPC,theMW
stateiseasilyachieved.Theoutputspectrum with8peakswavelengthisshowninFig.3(a).Inthe
experiment,theLyotfilterworkingasacombfilterinthecavityishereakeycomponentforgenerating
MWlaser[2,12].ApieceofPMFintroducedintothecavityofTDFLcanincreasetheavailablechannels[18].
Thespacingbetweentwoadjacentchannelsisdeterminedbythelengthofthebirefringentfiber[12],the
modalbirefringence,andthecenterwavelengthofthefiberlaser,whichcanbegivenbytheEq.(2)

Δλ=
λ2

ΔnL
(2)

inwhichListhefiberlengthofPMF,Δnistheeffectiverefractiveindexdifferencebetweenthetwo
orthogonalaxes[2].Intheexperiment,theexperimentalvalueofLis5.8m.Thespacingbetweentwo
adjacentchannelsiscalculatedbyEq.(2)tobeapproximately1.94nm,whichcanbeseenbyzoomingin
themodulatedspectrum.Accordingly,thevalueofΔn couldbecalculatedas3.57×10-4thatis
approximatelyconsistedwiththeparametersofPMF.InRef.[12],Lyotfilterisusedaswavelength
selectioncomponent,and NPRisusedasanamplitudeequalizertosuppress modecompetition[12].
ComparedwithRef.[13],inordertorealizetheMWlaseroperation,asectionofpolarizationmaintaining
fiberisaddedtotheNALM,andtheexperimentaldeviceismoreconcise.AscanbeseenfromFig.3(a),
theMWspectrumoftheexperimentissignificantlydifferentfromRef.[6],whichistheMWstateof
continuouswave.TheoscilloscopetraceofMWstatereportedinthispaperisinpulsetrainwithstrong
fluctuation[2],indicatingthatthewavelengthchannelsarenotallcontinuouscomponents.Itistheresultof
thecombinationofNALM mode-lockingeffectandtheLyotfilterfilteringeffect.

Fig.3 ExperimentaloutputcharacteristicsofMWspectrum
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Fig.3(b)showstheevolutionofthewavelengthwithpumppowerwhilekeepingPCstateunchanged.
ComparedwithRef.[14]thereisnosignificantchangeinthenumberofwavelengthsasthepumppower
increased.Itisworthnotingthatthereisafluctuationinthepulsewavelengthastheresultofinherent
characteristicsofthecomb-inducedfilterofbirefringence[3].Rare-earthdopedfiberwithawiderangeof
laserradiationwavelengthsprovidesthebasisforMWoutputoffiberlaser[1].Thedouble-cladTDFhasa
wideemissionspectrumfrom1.6to2.2μm

[1]andcanwithstandhigherpumppower,whichprovidesa
convenientoperatingenvironmentforTDFLtoachieveMWoutput.Becausethewidenon-flatgaincurveof
TDF,thegainvaluesfordifferentwavelengthsaredifferential[14].

Theexperimentfindsthattheflatnessofthemultiplewavelengthsisloweredwiththeincreaseof
pumppower.Thismaybeduetothefactthatthemodecompetitionwithinthecavityismoreintense,
resultinginpoorstability.ItcanbeknownfromEq.(1)thatathigherpumppower,thepowerscope
servedbytheamplitudeequalizerisreduced,whichisnotconducivetobroadband MW oscillation[7].
Therefore,withtheincreaseofpumppower,thestabilityofMWsystembecomesworse.
  Fig.4showsthetunabilityoftheMWstate.
BycarefullyadjustingthePCwiththepumppower
unchanged,thetuningrangeoftheMWspectrum
is obtained between 1970nm and 2020nm,
whichisdifferentfromRef.[8].WhenNALMis
usedasanamplitudeequalizer,asmalladjustment
ofθwillnotchangetheNALMstatebyfine-tuning
thePC,butitwillbreaktheoriginalgainand
cavitylosstoformanewbalance,andchanging
the wavelength range of the laser[9]. The
wavelengthinterval withoutchangeduringthe

Fig.4 ThetunabilityofMWstatewithdifferent
statesofPC

adjustmentofPC.Itcanbeknownfrom Eq.(2),thewavelengthchannelspacingcanbeadjustedby
changingthelengthofthePMfiber[12].

Fig.5 StabilityofMWstateinanhour
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  Inordertotestthelong-termstabilityofMWTDFL,MWspectrumiscollectedevery10minutesin
anhourwiththepumppowerandthestateofthePCunchanged.TheresultsareshowninFig.5.Itcanbe
seenfromFig.5(a),thedistributionrangeofthespectrumhashardlychanged.Fig.5(b)showsthechange
inthecentralwavelengthofthefivewavelengthchannelsintherangefrom1980nmto1990nm.The
resultshowsthatthepositionofthespectrumchannelchangeslessthan0.2nm,indicatingthatthe
spectrumdistributionrangeisrelativelystable.Fig.5(c)showstheintensityfluctuationsoffive
wavelengthchannels.Theintensityfluctuationsofchannel3andchannel4arelargerthanthoseofchannel
1,channel2andchannel5.Fluctuationsofwavelengthchannelintensitycanbeattributedto mode
competition[12].

ForMWfiberlaser,TDFisahomogeneousbroadeninggainmedium,whichresultsinunfavorable
modecompetition.SinceNALMisusedasamplitudeequalizer,small-intensitylasersgainmorefrom
NALMthanhigh-intensitylasers.WiththecombinedeffectofLyotfilter,cavitygainandloss,stableMW
laseroscillationcanbeformed[7].Forthisexperiment,itcanbeseenfromtheaboveexperimentalresults,
whentheNALMactsasanamplitudeequalizer,thedistributionrangeoftheMWspectrumisrelatively
stable,butthegainofsomewavelengthchannelsisnotstableenough.ItmaybethattheSMF-1950inthe
deviceisrelativelyshort[9].Atthistime,theNALM-basedamplitudeequalizerdoesnotworkwellinthe
suppressionmodecompetition[8-9].Therefore,thelengthoftheSMF-1950canbeappropriatelyincreasedto
improvethestabilityoftheMWTDFLsystem.
2.2 TDFLoperatingatDSMLstate

InthecaseofNALMactsassaturableabsorberbyadjustingthePC,DSMLstatecanbeachievedat
thepumppowerbetween7.0Wand10.5W.TheevolutionofDSMLstatespectrumisshowninFig.6(a),
whichismeasuredbyanopticalspectrumanalyzerwithbandwidthresolutionof0.05nmfrom1965nmto
2035nm.ThemeasuredFullWidthatHalfMaximum (FWHM)isapproximately29nmatthecenter
wavelengthof1996nm.Theresultshowsthatthespectrumshapeisabellshape[26]whichissimilarto
relevantliteraturesaboutDSfiberlaseratthe2μm

[36]and1μm
[37].Butthereisnosteepedgeandcatear

Fig.6 ExperimentalresultsofDSMLstate
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sidebandcomparedtotheconventionalDSspectrum[25,30],whichmaybemainlyduetothefilteringeffect
oftheLyotfilter[40].

Thetemporalprofileofthesinglesolitonandthesolitonpulsetrain(inset)areillustratedinFig.6(b).
ThetimeprofileoftheDSsolitonshowsthatthepulsehasasteepedgeatthefrontofthepulse,which
clearlyverifiesthedissipativecharacteristicofthesoliton[31].Thecorrespondingsinglepulseenergyashigh
as41.49nJismuchlargerthanthesinglepulseenergyofthetraditionalsolitonmode-lockedsystem.The
solitonpulsehasasharplyrisingsharpfrontpeakandarelativelyslowchangingtrailingedge,whichmore
clearlyshowstheh-likeshape[41].Anothernoteworthyfeatureisthatthetrailingedgetowportion
expandsasthepumppowerincreases.Thisphenomenonissimilartothecaseofdissipativesoliton
resonance.Theflattrailingpartofthesetimefeaturesisduetothepeak-power-clampingeffect[41].
AccordingtotheRefs.[26]and[38],thesolitonpulseinthisexperimentisnotcompletelyforcedanditis
anexcessivephenomenonofDS.

TheautocorrelationtraceofthepulseispresentedinFig.6(c).Theautocorrelationtracehasa
FWHMofapproximately2.4ns.AccordingtotheTimeBandwidthProduct(TBP)formula[21],theTBP
oftheDSpulsecanbecalculatedupto2181.5,indicatingthatthesolitonpulsehasalargechirpthatisalso
acharacteristicofDS.TheformationofDSisanaturalconsequenceofthemutualbalanceofcavitygain,
loss,dispersionandnonlinearity[37].Especiallyindissipativesystem,thebalanceofgainsandlossesplays
acrucialrole[29].

InordertoevaluatethestabilityoftheDSMLstate,theRFspectrumofTDFLismeasuredbyusing
a1kHzresolutionRFspectrumanalyzer.TheresultsarepresentedinFig.6(d).Thefundamental
frequencyandSignal-to-NoiseRatio (SNR)oftheDSpulseareapproximately7 MHzand45dB,
respectively.Inaddition,theinsetRFspectrumwithascanrangeof500MHzshowsthatthereareno
otherfrequencycomponentsexceptthefundamentalandharmonicfrequencies.Meanwhile,itcanbeseen
fromtheembeddedpulsesequenceinFig.6(b)thatthepulsesequencedoesnotfluctuate.Thebackground
isclearandtherearenorandomandchaoticnoisepulses,whichprovesthattheDSMLstateisstable[42-43].
Theintervalbetweenadjacentpulsesis142.6nscorrespondingtotheoperatingperiodofthemode-locked
pulseandthefundamentalfrequencyof7MHzinthecavity.

TofurtherdemonstratethestabilityofDSMLstateattheroomtemperature,thespectrumdatais
collectedevery10minutesinanhour.TheexperimentalresultsareshowninFig.7.Fig.7(a)showsthe
overalldistributionofthesevenspectrumremainingconsistentshapes.Theresultshowsthatthespectrum
distributionisbasicallysame,indicatingthattheDSMLstateisstable.Fig.7(b)isthequantitative
analysisofthefluctuationofthespectrumwavelength.Theresultsshowthatthereisnochangeinthe
centerwavelengthandthespectrumbandwidthhasachangelessthan0.1nm,whichindicatesthatthe
spectrumstabilityisgood.TheFWHMoftheopticalspectrumvariesslightlybetween29.14nmand
29.20nm,whichmaybeduetotheerrorinthemeasurementoftheexperimentalinstrument.

Fig.7 StabilityofTDFLoperatingatDSMLstateinanhour

2.3 SwitchingbetweenMWstateandDSMLstate
Fig.8showstheswitchingbetweenMWstateandDSMLstateoftheTDFLatfourdifferentPCstates
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atthesamepumppowerof8.0W.ThefunctionofsaturableabsorberandamplitudeequalizerofNALM
canbeswitchedwiththeshiftvalueofθbyadjustingthePC.AstheresulttheswitchingbetweenMW
stateandDSMLstatecanbeachieved.Itcanbeclearlyseenthatfirstspectrum (blue)andsecond
spectrum (red)areMWstate,inthiscase,NALMisusedasanamplitudeequalizer.Thirdspectrum
(yellow)andfourthspectrum(purple)areDSMLstate,inthiscase,NALMactsasasaturableabsorber.
Andthirdspectrum (yellow)hasasignificantmodulationphenomenonwhichcanbeattributedtothe
combinedeffectsoftheLyotfilteringeffect,lossandgainofthelasercavity[40].Thetransmittanceofthe
Lyotfilterinthisexperimentaldevicecanbeexpressedbythefollowingformula[21]

T=1-sin2 ΔnπLλ
æ

è
ç

ö

ø
÷sin2(2β) (3)

whereTisthetransmittanceofthefilter,ΔnisthebirefringenceparameterofPMF,Listhelengthof
PMF,andλisthewavelength.Theappropriatevalueofβcanbeobtainedbycarefullyadjustingthestate
ofPC.ThetransmittanceoftheLyotfilterisshownasFig.9.

Fig.8 SwitchingbetweenMWstateandDSML
statebyadjustingthePC

Fig.9 TransmissionspectrumofLyotfilter

AccordingtoFig.9,βistakenfourdifferentvaluesofπ/32,π/16,π/8,andπ/4,respectively.When
thevalueofβisrelativelybig,theextinctionoftheLyotfilterisrelativelyhigh,thatis,themodulation
depthofLyotishigher[40].Inthiscase,thelaserexperiencesdifferentlossesatdifferentwavelengthswhen
propagatinginthePMF,andthegainbandwidthfilteringeffectisnotobviouscomparedwiththeoptical
fiberbirefringencefilteringeffect[21].Correspondingly,whenthevalueofβisgraduallyreducedby
adjustingPC,theextinctionratiooftheLyotfilterisgraduallyreduced,themodulationdepthoftheLyot
filterisweakened,andthelaserpropagatinginthePMFhasasmalllossatdifferentwavelengths.Atthis
time,thegainbandwidthfilteringeffectisstrongerthanthatofthePMF[21].Thesignificantmodulation
phenomenonofthirdspectrum(yellow)showsthatalthoughtheeffectoffiberbirefringencefilteringisnot
obviousinthiscaseanditdoesnotcompletelydisappear.

3 Conclusion
Insummary,basedonthecombinationofNALMandLyotfilter,weachieveastate-switchable

thulium-dopedfiberlaser.ByadjustingthePCandthepumppower,twodifferentoperatingstatesare
obtained:MWandDSML.Atthepumppowerbetween3.7Wand7.0W,TDFLcanoperateatMWstate
with8wavelengthpeaksandthepeak-to-peakfilteringbandwidthabout1.94nm.Withthepumppowerof
7.0Wto10.5W,theTDFLcanoperatestablyatDSMLstatewithhighlyenergypulseof49nJatthe
repetitionrateof7MHz.ByadjustingPC,theswitchingbetweenMWandDSMLisrealized,andthe
reasonfortheswitchingalsohasbeenexplained.
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