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AsymmetricCladdingforDistributedFeedbackLasers
at１．５μmwithHighPowerandNarrowLinewidth
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Abstract　Wehavepreparedaridgewaveguidedistributedfeedback (DFB)laseremittingat１．５μm．Togain
maximumoutputpowerofthelaser,wechooseasymmetriccladdinglayerstructure．Bysimulation,itisfoundthat
whilethelowercladdingis４５０nm,thelaserhasminimuminnerloosecoefficient,andfirstordermode(m＝１)can
hasminimumlimitingfactor．Theloosecoefficientofpreparedtubecoreis９．７８cm－１,whichmatcheswellwiththe
loosecoefficientofsimulation９．３cm－１．Underthedirectcurrentof６００ mA,themaximumpowerofprepared
FabryＧPerot(FＧP)cavitylaserisgreaterthan１１４mW．Underthedirectcurrentof２２５mA,thepreparedDFBlaser
withsingleＧwavelengthhassideＧmodesuppressionratioof４５dB,outputpowerof４０mWandspectrumlinewidth
smallerthan４００kHz．
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基于非对称波导限制层的高功率
窄线宽１．５μm分布反馈激光器

余力强　梁　松　陆　丹　潘碧玮　张莉萌　郭　露　赵玲娟
中国科学院半导体研究所 材料重点实验室,北京１０００８６

摘要　报道并制备一种脊波导结构的大功率１．５μm 分布反馈(DFB)激光器.为了获取最大的激光器出光功率,

采用上下限制层非对称的波导结构.通过模拟仿真发现,当下限制层选择为４５０nm时,该激光器具有最小的内部

损耗系数,同时还能保证一阶模(m＝１)在量子阱区具有最小的限制因子.实际制备的管芯的损耗系数为

９．７８cm－１,这与仿真中计算的损耗系数９．３cm－１较为符合.６００mA直流电流下,制备的法布里Ｇ帕罗(FＧP)腔激

光器最大功率大于１１４mW;２５５mA直流电流下,制备的单波长 DFB激光器具有４５dB的边模抑制比,４０mW 输

出功率,和小于４００kHz的光谱线宽.
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１　Introdution
　 Highpowersemiconductorlasershaveimportantapplicationsinanalog microwavelinksforradar
systemsandfreeＧspacelasercommunicationsystems．Meanwhile,narrowlinewidthcharacteristicsare
neededforcoherentcommunicationsystems[１]．Theyarealsoexcellentcandidatesforpumpingamplifiers
andsolidＧstatelasers[２]．Inordertoincreasetheoutputopticalpower,thekeyistoreducethelossesofthe
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opticalmode．Asweknow,for１．５μmsemiconductorlaser,theinternallossesismainlyderivedfromthe
pＧdopedlayers,duetothefactthatthefreecarrierabsorptionresultedfromholesishigherthanthatfrom
electrons[３]．SoreducingtheopticaloverlapbetweentheopticaleigenmodeandthepＧdopedlayerisan
effectivemethodtoreducetheinternallosses．
　BypullingthemodeawayfromtheupperpＧdopedlayerssoastoreducetheinternallosses,asymmetric
claddinghasbeenusedalotinthepastforhighpowerandnarrowlinewidth．Usingtheasymmetric
cladding,Priceetal．[４Ｇ５]haveworkedondistributedBraggreflector(DBR)lasersforhighpowerand
narrowlinewidth．Smithobtainedlasersemittedat１０１０nmwithaslopeof０．３W/Aand３９kHzspectral
linewidthforanoutputpowerof２４mW,whereasPriceetal．realizedamaximumslopeefficiencyof
０．３２W/Aandaminimumlinewidthof３０kHzfora８５０nmDBRlaser．Recenetly,Faugeronetal．[２]has
usedanasymmetriccladdingtofabricatedistributedfeedback(DFB)lasersat１．５μm．Byusinga１．６２μmＧthick
dilutewaveguideasthelowercladdinglayerincludinganalternationofthinlayersofInPandInGaAsP,

impressiveresultswereobtainedwithalinewidthoflessthan５００kHzfor１００mWoutputpower．
　Thegoalofthisstudyistoobtainhighpowerfor１．５μmlasersusingasimplebulkInGaAsPasthe
asymmetriccladding．Inthispaper,wepresentadiscussiontodesignandoptimizetheasymmetric
cladding．Thedependencesoftheinternallossesandtheoverlapwiththequantumwells(QWs)(ΓQW)at
m＝１onthelowerＧcladdingthicknessareinvestigated．Takingintoconsiderationboththelowestinternal
lossesand maintainingthesingle modeoutput,asymmetriccladding FabryＧPerot (FＧP)lasersare
fabricatedandtheinternallossiscalculated．Furthermore,DFBlasersemittingat１５７０nmarefabricated
andsingleＧmodeoutputpowerof４０mWat２５５mAisobtainedfora１mmlonglaserat２５℃．Wavelength
tunabilityof５．４nmwith４５dBsidemodesuppressionratioisobtainedforthetemperaturerangingfrom
１５℃to５０℃．Besides,aspectrallinewidthoflessthan４００kHzismeasured．

２　Epilayerstructure
　Figure１showstheschematicoftheepitaxialstructureofthelaserdiode,whichconsistsofa１．８μm
thicknＧInPbufferlayer,alowerseparateconfinementheterostructure(SCH)InGaAsPlayer,amultiple
quantumwell(MQW)activeregionconsistingoffive６nmInGaAsP QWsandsix１０nmInGaAsP
barriers,a１２０nmupperSCHInGaAsPlayer,a３０nmiＧInP,a３５nmInGaAsPlayer．Abovetheactive
part,thereisa１．６μmpＧInPanda２００nmp＋ＧInGaAslayer．

Fig．１ Schematicoftheepitaxialstructureofthelaserdiode
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　Figure２(a)showsthesimulatedopticalconfinementfactorfortheQWs,pＧcladdinglayer(ΓQWs,Γp,

respectivelyatm＝０)asafunctionofthethicknessoflowerSCHlayer(TlowerＧSCH)．Itcanbeseenthatas
TlowerＧSCHincreasesfrom１２０nmto８００nm,thefundamentalmode(m＝０)ispulledintothelowercladding
layer,thusreducingtheoverlapwiththepＧcladdinglayer,whichwillreducethelossesresultingfromfree
carrierabsorption．Figure２(b)showsthecalculatedinternallossesasafunctionofTlowerＧSCH,byusingαi＝
ΓQWs×kMQW＋Γp×kp＋kn×kn,wherekQW,kpandknaretheabsorptioncoefficientsatλ＝１．５５μminQWs,

inthepＧandnＧcladdinglayers,respectively[６]．Takingintoconsiderationformaintainingthefundamental
modelasing (ΓQWsisselectedatthelowestvalueatm＝１),a４５０nmTlowerＧSCHisselected,wherethe
calculatedinternalloss(αi)forthisstructureis９．３cm－１．

Fig．２ (a)Calculatedopticalconfinementfactor(ΓQWs,Γp)underdifferentTlowerＧSCH;

(b)calculatedΓQWsatm＝１andinternalloss

３　Devicefabricationandperformance
　Thedevicestructureisgrown by metalorganicchemicalvapordeposition (MOCVD)on nＧInP
substrates．A gratingisformedintheInGaAsP material (λg ＝１．２μm)layerthroughholographic
lithographyanddryetching．A３μmridgeＧwaveguideisformedtopreservelateralsingleＧmodeoperation．
ATiＧAumetallayerissputteredonthepＧInGaAscontactlayertoformapＧcontact．Afterthesubstrateis
thinned,AuＧGeＧNimetalisevaporatedonthebackside．Finally,chipsarecleaved withbothsides
uncoated．
　Thebasicparameters,suchasinternalquantumefficiencyηiandinternallossαiofthelaserstructure,

canbeextractedbyusingthestandardmethod．AsshowninFigure３(a),theexternalparametersofηi(＝
０．９１)andαi(＝９．８７cm－１)areextracted．Figure３(b)showsthecontinuousopticalpowerandthe
efficiencyoftheFＧPcavitylaser(onthesamewaferastheDFBlaserbutwithoutgrating)atdifferent
injectioncurrentsat２５℃．Ascanbeseen,anoutputpowerofmorethan１１４mWisobtainedat６００mA．
　Figure４showstheopticalspectraofthe１mm DFBlaserat２５５mAinjectioncurrentandatvarious
temperatures．Ascanbeseen,thesidemodesuppressionratios(SMSR)arebetterthan４５dBfrom１５℃to
５０℃．Thistemperatureshiftpermitstoobtainatunabilityof５．４nm．At２５５mA,asingleＧmodeoutput
powerof４０mWismeasuredat２５℃．Besides,weusethedelayedselfＧheterodynemethodwith５km
singlemodefiber(SMF)tocharacterizethelaserlinewidth．A Lorentzfittinglinewidthof４００kHzis
obtainedfortheDFBlaserunder２５５mAinjectioncurrentat２５℃．
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Fig．３ (a)Inverseexternaldifferentialquantumefficiencyasafunctionofthecavitylength;
(b)lightＧcurrentcharacteristicof１mmuncoatedFＧPlaserat２５℃

Fig．４ Opticalspectraofa１mmDFBlaserfrom１５℃to５０℃at２５５mAcurrent

４　Conclusion
　Aridgewaveguidedistributedfeedbacklaseremittingat１．５μmwithhighpowerandnarrowlinewidth
hasbeenreported．Bycalculatingandoptimizingtheasymmetriccladdingstructure,１１４mWFＧPlaserand
４０mWsingleＧmodeDFBlaserwithLorentzfittinglinewithof４００kHzareobtained．
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