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摘 要:为了获得高效率的AlGaN基深紫外发光二极管,提出了具有渐变量子垒的氮极性结构来调控

载流子的传输.通过氮极性结构在p型电子阻挡层中形成的反向极化诱导势垒,改善空穴注入和电子泄

漏问题.另外研究了不同的渐变方向和渐变程度对器件性能的影响.模拟结果显示,在12nm的AlGaN
量子垒上沿着(000-1)方向从Al组分0.65线性渐变到0.6,可以有效平衡量子垒的势垒高度和斜率,从

而极大的增强空穴注入,光输出功率相较于传统结构提高了53.6%.该设计为电子泄漏和空穴注入问题

提供了直接而有效的解决方案,在实现更高效率的深紫外发光二极管方面显示出广阔的前景.
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Abstract:ToachieveefficientAlGaN-basedDeepUltravioletLight-EmittingDiode(DUVLED),theN-
polarLEDstructurewithgradingquantumbarriersisproposedtomanipulatethecarriertransport.By
adoptingtheN-polarstructure,theholeinjectionandtheelectronoverflowissuescanbeimproveddueto
thereversedpolarization-inducedpotentialbarrierforcarriertransportinp-typeelectronblockinglayer.
Furthermore,theimpactsofdifferentgradingdirectionsandschemesonthedeviceperformanceare
investigated.SimulationresultsshowthatgradingtheAlcompositionlinearlyfrom0.65to0.6forthe
12nm-thickAlGaNquantumbarriersalongthe(000-1)canwellbalancethequantumbarrierheightand
slope,thusresultinginremarkableimprovementofholeinjectionaswellas53.6% enhancementof
opticaloutputpower.Theproposeddesignprovidesastraightforwardandeffectivesolutiontothe
electronoverflowandholeinjectionissues,whichshowspromiseinthepursuitofhigherefficiencyDUV
LED.
Keywords:DeepUltravioletLight-EmittingDiode(DUVLED);AlGaN;N-polar;Gradingquantum
barrier;Carriermanipulation
OCISCodes:230.3670;250.5590;160.6000

0 Introduction
UVlightsourcesplayanimportantroleinmodernlifebecauseofextensiveapplicationslikewater

disinfection,bio-medicaldetection,three-dimensionalprinter,and UV-curing[1-2].Comparedwiththe
traditionalUVsourcesbasedonmercury,AlGaN-basedDeepUltravioletLight-EmittingDiodes(DUV
LEDs)arecompact,environment-friendly,andlong-lasting[3-4].However,DUVLEDsarestillgenerally
unsatisfactoryforcommercialapplicationsduetothelowExternalQuantumEfficiency(EQE)andoutput
power.Sofar,thehighestEQEcanonlyreach20.3%inthelaboratory[5].AmidmajorEQEconstraints,
oneistheinsufficientcarrierconcentrationintheactiveregionwhichreliesonthecarrierinjection
efficiencyandcarrieroverflowlevel.ForatypicalIII-nitrideLED,thepotentialbarriersinn/p-typelayers
andtheQuantumBarriers(QBs)heightinMultipleQuantumWells(MQWs)cruciallyaffecttheelectron/
holeinjectionandoverflow.

Specially,first,electronstendtoflowintothep-typelayerfromtheactiveregionandbeingwasted
duetothehighmobility[6-8].Asaresult,ap-typeAl-richElectronBlockingLayer(EBL)isconventionally
insertedtoreducetheelectronoverflowexceptourrecentwork[9-11].However,theAlGaNEBLalsoresults
inalargevalencebandbarrierthatwillhinderholeinjection[12-13].Tosettlethisissue,researchershave
exploredvariousbandengineeringschemes,includingadoptingdecreasedAl-gradingEBL[14],inverted-V-
shapedEBL[15],AlGaN/AlGaNsuperlatticeEBL[16-17]andGradedSuperlattice(GSL)EBL[18-19].However,
thoseapproachescouldinevitablysufferfromcomplexepitaxialconditionsorincreaseindeviceresistance.
OnealternativesolutiontothevalencebandbarrierissueistoemploytheN-polarityinsteadofthe
prevailingIII-polarityasshownbystudiesofN-polarGaN/InGaNvisibleLEDs:duetotheopposite
spontaneouspolarization,thep-typeEBLexhibitedhigherconductionbarrierandlowervalencebarrier
simultaneouslyl[20-22];besides,theoppositepolarizationinMQWscangeneratelowerinjectionbarriersthat
facilitatethecarrierinjection,aswellashigherpotentialbarriersalongthecarrierflowdirectiontoconfine
carriers[23-24].Toachievehigh-quality N-polar materialsanddevices,variousresearch groupshave
employedIn-surfactants-assistedgrowth[25],varyingV/IIIratioonSiC[26],ormisorientationanglesof
substrate[27].Despitereportedlyhighoxygenlevelsasshallowdonors[28-29],Yanetal.showsthatadopting
theN-polarp-AlGaNthroughpolarization-inducedholedopinginLEDscanleadtosignificantlyenhanced
holeconcentrationaswellaselectroluminescenceintensity[30-31].

Second,fortheactiveregion,theQBbendingresultingfromthepolarization-inducedfieldcan
significantlyimpactthetransportofcarriersanddeviceperformance.OnereportfoundthatathickerQB
canincreasetheconduction-bandpotentialfortheelectronswhilelowerthevalence-bandpotentialforholes
toimprovethequantumefficiency[32].Also,thelastQBcomposedofthesuperlatticestructurewiththin
wellsandbarrierscanleadtoenhancedholeinjectionefficiencyandoutputpower[33].Asymmetric
composition-gradedquantumbarriersstructurewasalsodesignedtoincreasetheopticalpowerduetothe
superiorcapabilityofelectronconfinement[34].Recently,wehavereportedthattheQBsofIII-polarDUV
LEDscanblockorenhancethecarrierinjectionintoQWswithcompositionalgrading[11].
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WhilemanystudieshavebeencarriedfortheIII-polarDUVLEDsandN-polarvisibleLEDs,fewhave
focusedontheN-polarDUVLEDs.ItisthereforeimportanttostudytheEBLandactiveregionoftheN-
polarDUVLEDstoexploreopportunitiesforhighdeviceperformance.Inthisstudy,compositiongrading
schemesbasedonN-polardevicearenumericallyinvestigatedtoachievethecarriermanipulationand
performanceenhancement.Webeginwiththecomparisonoftheelectronblockingandholeinjection
capabilitybetweenIII-polarandN-polarstructures.WiththefindingthattheN-polarstructurepossesses
preferablecarriertransportinEBLandcarrierconfinementinMQWs,weconductdetailedstudiesofthe
impactofdifferentQBgradingschemesonthecarrierinjectioninMQWswiththeN-polarstructure.
Eventually,weproposetheN-polarDUVLEDwithgradingQBsthatmanifeststhehighelectron/hole
concentrationandexhibitsbetteroutputperformance.

1 ComparisonofIII-polarandN-polarDUVLEDs
Tofundamentallyinvestigatethecarriertransportcapability,theIII-polarandN-polardevicesare

constructedandsimulatedseparately.Theirstructuresarethesameexceptforthepolarity,asshownin
Fig.1.ThediodestructureonanAlNtemplatebeginswithann-typeAl0.6Ga0.4N (3μm,[Si]=5×
1018cm-3)electron-injectionlayer,followedbyMQWactiveregionconsistingoffivepairs3-nmAl0.5Ga0.5N
QWssandwichedbysixpairs12-nmAl0.6Ga0.4NQBs.Thep-typeregioncomprisesap-Al0.7Ga0.3N(20nm,
[Mg]=3×1019cm-3)EBLlayer,ap-Al0.6Ga0.4N(100nm,[Mg]=2×1019cm-3)hole-injectionlayer,
andap-GaN(20nm,[Mg]=1×1020cm-3)contactlayer.ThedesignedIII-polarandN-polardeviceswith
achipsizeof300×300μm2andtheemissionwavelengthat270nmaresetasSamplesAandB,
respectively.

Fig.1 Thecross-sectionalschematicsofSamplesAandBbasedontheIII-polarandN-polarDUVLED
emittingat~270nm

Forthedevicesimulation,acommercialTCADsoftware,APSYS,developedbyCrosslightInc.,was
appliedtobuildthesimulation model[35].In APSYSsimulation,thecalculatedpolarization-induced
(includingspontaneousand piezoelectricpolarization)interfacecharges werebasedonthe model
contributedbyBernardinietal[36].andFlorentinietal[37].ForAlGaNmaterials,thebowingfactorvalue
andthebandoffsetratioweresetto0.94and0.58/0.42,respectively[38].Theelectronandholemobility
valuesaredeterminedbasedontheexperimentaldata[39-40]andmobilitymodelinsideAPSYS[41-42].The
activationenergiesofdonorsandacceptorsinAlGaNweresetaccordingtothepreviousreports[39,43-44].
EffectivemassvalueofelectronandholewereprovidedbyPunyaetal[45].Moreover,wesettheradiative
recombinationcoefficient,Augerrecombinationcoefficient,Shockley-Read-Halllifetime,andlight
extractionefficiencyas2.13×10-11cm3/s,2.88×10-30cm6/s,15ns,and10%,respectively[46].50%of
thetheoreticalpolarizationchargesduetothescreeningeffectofdefectswereadoptedforcalculation[47].
Underthebiascondition,theself-consistentquantumwellmodelsweretakenintoaccount.

Fig.2depictstheenergy-banddiagramsofthetwosamples.Itisclearlyobservedthatthebending
directionsofSampleA(III-polar)andSampleB(N-polar)areoppositesincethepolarization-inducedfields
arereversed.InordertoshowtheimpactofEBLontheelectronblockingandholeinjection,wedefinethe
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electron-blocking-barrier(ФEe)andhole-injection-barrier(ФEh),whicharecorrespondingwiththeenergy
differencebetweenconduction/valencebandofEBLandquasi-FermilevelinFig.2.Fortheelectron-
blocking-barrier(ФEe),SampleBappearstohaverelativelyhighervalue(370meV)comparedwiththatof
SampleA (264meV),whichmeansSampleBhasstrongerelectronblockingabilitytosuppressthe
electronoverflowtothep-side.ForvalencebandinEBL,holesinSampleAhaveahigherhole-injection-
barrier(ФEh=355meV)toreachtheactiveregionfromp-typelayerwhilethecaseinSampleBislower
(ФEh=332meV),thatwillhelptheholestobeinjectedintoMQWs.

Fig.2 Energy-banddiagramsofEBLandMQWspartsinSampleAandBat180mA

AfterinjectionintotheQWs,theelectronsandholesareaccumulatedtowardsdifferentdirections
determinatedbythepolarizationfieldbothintheIII-polar/N-polarQWs,i.e.theQuantum-ConfinedStark
Effect(QCSE).IntheIII-polardevice,injectedelectronsareaccumulatednearthep-sideandholesare
accumulatednearthen-side,thatarealsocorrespondingtothedirectionsofelectronandholeflow.To
confinethecarriersin QWs,conduction/valencebandoffsetsrelativetoquasi-Fermilevelformthe
electron-flow-barriers(ФBe)andhole-flow-barriers(ФBh)alongthedirectionofcarrierflow,whichare
averagely54meVforelectronand235meVforholeinFig.2(a).Nevertheless,intheN-polarcase,the
carrierflowbarrierscomefromboththebandoffsetsandpolarization-inducedbendinginQWs,which
show125meVforelectron(ФBe)and311meVforhole(ФBh).Moreover,theinjectedelectronsandholes
inFig.2(b)areconfinednearthen-sideandp-side,respectively,beingkeptawayfromthecarrierflow
barriers.Itisclearthat,intheN-polarcase,thehighercarrierflowbarriersandbeingawayfromthe
barriersforcarriersinQWscanreducethelikelihoodofoverflowingandsignificantlyhelptheenhancement
ofquantumconfinement[23].

Fig.3(a)and(b)showthecarrierconcentration[NQW]and[PQW]intheQWs.Itcanbefoundthat
therelativepositionsofthe[NQW]and[PQW]peakareconsistentwiththedifferentbendingdirectionof
banddiagram.Forcomparisonofelectronandholeconcentration,[NQW]inQWsistotallylargerthan
[PQW]duetotheactiveenergyofMgforp-dopingismuchhigherthanSiforn-dopinginAlGaN[48].
Specifically,SampleBexhibitshigher[NQW]and[PQW]thanSampleA.Intermsofelectrons,thehigher
ФEeofEBLinSampleBcaneffectivelyhindertheelectronleakageintop-typeregion.Thehigherelectron-
flow-barriersФBeinMQWsalsoreinforcetheelectronconfinement.Then,morelocalizedelectronsof
SampleBinQWsshowhigheraverage[NQW].Theeffectoftheaforementionedprocessalsoworksfor
holesexceptthatthelowerФEhofEBLinSampleBbenefitstheholeinjectionintoQWs.Despitethat
SampleBhashigherФEeandФBe,electronswhichhavelargemobilitycanstillovercomethosebarriers.
Then,the[NQW]ofSampleBjustincreaseslightlycomparedwiththatofSampleAinFig.3(a).Fig.3(c)
showsthatSampleBhashigherRradthanSampleA,resultingfromtheenhancedcarrierconcentration,
especiallyholeswhichdominatetheradiativerecombination.
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Fig.3 CarrierdistributionandradiativerecombinationrateinMQWsofSamplesAandBat180mA

TheanalysesofcarrierconcentrationbetweenSamplesAandBdemonstratethatthepolarityofthe
devicestructurecanconsiderablyaffecttheEBLbarriers(ФEeandФEh)andMQWsbarriers(ФBeand
ФBh),thatinturncansignificantlymanipulatethecarriertransportandrecombinationprocess.Toobtain
thestraightforwardevidenceofsuppressingelectronoverflow,theelectronconcentrationsinthep-Al0.6
Ga0.4Nlayer,p-EBL,andlasttwoQWsofthetwosamplesareshowedinFig.4(a).Notably,SampleB
hasmuchlowerelectronconcentrationfromLastQuantumBarrier(LQB)top-Al0.6Ga0.4Nlayerthan

Fig.4 ElectronconcentrationandIQEcurveofSampleAandB
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SampleA.Thelowerelectronconcentrationclearlyshowsthattheimprovedelectronblockingabilityof
SampleBduetotheapplicableEBLbarriersandhigherMQWsbarriercanwellsuppresstheelectronsinto
p-typeregion.Itshouldalsobenotedthatconsiderableelectronsareaccumulatedontheinterfaceofp-EBL
andLQBinSampleAduetolargerinterfacepolarizationchargeandcouldbecomewasted.Fig.4(b)shows
theIQEcurveofthetwosamples.SampleBhasbothhigherIQEvalueandlowerdroopeffectcomparedto
SampleA,resultingfromtheenhancedRradinMQWsandthelowerdroopeffectcanbeattributedtothe
improvedelectronoverflow[8,49].TheproposedN-polarmethodcanbeappliedinvisiblelightemitting
devicestoshowtheadvantagesofimprovingcarrierinjectionandoutputperformance[24,31].However,this
ideaismoreextensiveinDUVregionwithAl-richn-typeandp-typeAlGaNlayers,whicharesuffering
morefromthedopingdifficulties.

2 N-polarDUVLEDwithcomposition-gradedQB
AlthoughtheN-polardevicecanformdesiredbarrierstoconfinemorecarriersinQWs,thesteeper

QBscanalsoblockthecarriertransportalongthedirectionsofcarrierflowtosomeextent[11],especially
fortheholeswhichhavemuchlowermobilitythanelectrons.Thatmeansthebarrierheightforconfining
carriersandbarrierslopefortransportingcarriersshouldbebalanced.TofurtheroptimizetheMQWsband
diagramandimprovethedeviceperformance,twotypesofQBgradingschemes(increaseordecreaseAl-
content)basedonSampleBareconstructed,asshowninFig.5.ThedesignedSampleshavethesame
structuresandsettingsinn-sideandp-sidebutjustdifferinMQWs.OnetypeofQBgradingschemehas
thelinearcompositiongradingfrom0.6→x(x>0.6)alongthegrowthdirectionwhileanotheronefeatures
onthelinearlygradingfromy→0.6(y>0.6)alongthegrowthdirection.Itshouldbenotedthatall
samplescomprisefivepairs3-nmAl0.5Ga0.5NQWssandwichedbysixpairs12-nmAlGaNQBs.Specially,
twoSamples,denotedasSampleC(x=0.65)andSampleD(y=0.65)arebuilttodetailedlyanalyzethe
carriermanipulationinMQWsinthefollowingpart.

Fig.5 Thecross-sectionalschematicofN-polarDUVLED,Al-contentprofilesofdesignedsamples
withincrease/decreaseQBgradingschemes

Fig.6(a)showstheoutputpowerofallstructuresdesignedinFig.5.Fortheincreasingcomposition
gradingscheme (0.6→x),theoutputperformancekeepsworseasx variesfrom 0.61to0.71.
Nevertheless,whenchangingthebeginningcompositionofyfrom0.61to0.71,theoutputpowershows
anincreasingtendencyatfirstandthendrops.Thepeakopticalpowerhappensaty=0.65(SampleD's
position).ToinvestigatetheinfluenceofQBsgradingonthecarrierdistributionanddeviceperformance,
wetakethebanddiagramsofSampleB,C,andDasacomparison,whichareshowninFig.6(b).Sample
Bisthereferencestructurewithoutgrading.SampleC(gradingfrom0.6→0.65)andSampleD(grading
from0.65→0.6)arespeciallydesignedstructures.ThethreesamplesjustdifferintheMQWspartofthe
banddiagram.ThemiddlepartinMQWsiszoomedininFig.6(c).ThetiltingdegreeofQBscanbe
assumedastheslopeofQBs.Fortheconductionband,itcanbeobservedthat,withthecompositional
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gradingalongthegrowthdirection,SampleC'sQBsbecomeflatter,andtheelectron-flow-barriers(ФBe)
areslightlyhigherthanthatofSampleB.AlthoughSampleD'sФBeshowevenhighervalue,theslopeof
SampleD'sQBsarealsoverylarge,whicharedeterminedbythedualeffectsofcompositionalgradingand
polarization-inducedcharge.Forthevalenceband,bothSampleCandSampleDshowtheopposite
behavioroftheconductionband.SampleC'shole-flow-barriers(ФBh)arethehighestbuttheQBsslopeare
thesteepest,whiletheSampleD'sФBharemoderate,butitsQBsaretheflattest.Accordingtothe
previousanalysis,ifwejustconsidertheimpactofMQWbarriers(ФBeandФBh),itcanbeeasilypredicted
thatSampleCandSampleDwouldhavethelargestholeandelectronconcentrationinMQWs,respectively
duetothatthehigherpotentialbarrierscanenhancethecarrierconfinement.However,thecarrier
distributionmaynotfollowthepredictedresultsbecauseQBsslope(viewedasthetiltingdegreeofQBs)
alsopowerfullyaffectsthecarriertransport.

Fig.6 Outputpowerofsampleswithdifferentgradingschemes,banddiagramsofSampleB,C,andD

Thesimulatedelectronconcentration[NQW]andtheholeconcentration[PQW]intheactiveregionof
SamplesB,CandDareshowninFig.7(a)~(b).Interestingly,Amongthethreesamples,SampleC
possessesthehighestelectronconcentrationwhileSampleDshowsthehighestholeconcentration,which
aretotallyinverseofthepredictionabove.SampleBalwaysappearstheintermediatebehavior.In
particular,forelectrons,althoughSampleDhasthehighestelectron-flow-barriers(ФBe)forconfiningthe
electrons,thesteeperQBsofSampleDcaninevitablyblocktheelectrontransportinMQWs,resultingin
slightlylower[NQW]ofSampleDincomparisontoSampleB.AsforSampleC,owingtothemoderate
ФBeandflatterQBthatcanfacilitatetheelectronconfinementandelectroninjectioninQWs,SampleC's
[NQW]ismuchhigher.Forholes,theyarebasicallyasimilarsituationwithelectrons.SampleDpossesses
thehighest[PQW]duetothepreferablebalancebetweenflatterQBsandmoderateФBe.AsforSampleC,
theslightlylower[PQW]thanthatofSampleBisattributedtothereasonthatthehigherpotentialbarriers
(ФBh)arecompensatedbythesteeperQBs.Eventually,SampleDshowsthehighestRradduetothemuch
higher[PQW]thanthatofSampleBandC,asshowninFig.7(c).Therefore,astheendcompositionx
increasesinFig.6(a),thehigherandhigherQBvalenceslopeswillblocktheholeinjection,thereby
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keepingdeterioratingthedeviceperformance.Inanothercasewhenyincreasingfrom0.61to0.65,the
improvedholeinjectionfacilitatestheoutputpower,butwhenyexceeds0.65,theelectronmayturntothe
minoritycarrierintheradiativerecombinationprocessduetotheimpactofsteeperconductionofQBs.

Fig.7 CarrierdistributionandradiativerecombinationrateinMQWsofSamplesB,CandDat180mA.Therelative
positionsofSampleCandDareshifted2nmand4nm,respectivelytowardsn-sideforclearcomparison

Fig.8(a)depictsthespontaneousemissionrateofSamplesA,B,C,andD.Thosespontaneous
emissionratespectraareintegratedoverallemissionwavelengthsfromthequantum well.Thepeak
emissionwavelengthsofthefoursamplesarelocatedataround270nm.ButthepeakwavelengthofSample
B,C,andDwithN-polardeviceshiftsalittleduetoitsreversedpolarization-inducedfieldthataffecting
theinterbandtransitionenergy.Obviously,SampleDexhibitsthehighestspontaneousemissionratewith
respecttotheotherthreesamplesduetotheimprovedradiativerecombinationrateRrad.Fortheoutput
powerversusinjectioncurrentinFig.8(b),SampleDshowsthehighestopticalpoweramongallsamples,
whichcoincideswiththespontaneousemissionrateinFig.8(a).Eventually,duetotheimprovedelectron
blockingandholeinjectionabilities,53.6%higheroutputpowerisachievedforthedesignedN-polarDUV
LEDwithdecreasedcompositionalgradingstructure(SampleD)thanthatoftheconventionalstructure
(SampleA),showingthepromiseoftheN-polarstructurewithcomposition-gradedQBs.
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Fig.8 SpontaneousemissionrateandoutputpowerofSampleA,B,C,andD

ThecompositionalgradingQBsintheN-polarstructurereflectsdifferentcharacteristicandtendency
whenvaryinggradingschemesincomparisontothatofIII-polarcase[11],aswellasshowingemphasisof
thebalancebetweencarrierflowbarriersandQBsslope.Itshouldbenotedthat,despitethattheelectron-
containing-abilityofgradingQBsmaycontributetotheEBL-freedevices[11,19],theN-polarEBLshows
hugesuperiorityonthecarriermanipulation,anditisoneofthekeypointsinthiswork.

Althoughtheproposedsolutionshavebeentheoreticallyprovedtobestraightforward,itshouldbe
notedthatsomepotentialproblemsandobstaclesofN-polarstructuremayexsitandarewaitingtobe
overcomeduringtheprocessofexperimentalimplementation.First,thesurfaceroughnessanddislocation
densityofN-polarIII-nitridefilm shouldbeimproved,whichhasbeenshownthrough misoriented
substrate[50-51],substratenitridation[52-53],andepitaxiallateralovergrowth(ELOG)[54].Mowever,itis
essentialtocontrolthenitrogenpolaritywithreducedinversiondomainsduringtheinitialgrowth[55-56].In
addition,theoptimizationsofnovelmetalsystemandannealingconditionarerequiredforohmiccontactin
N-polarfilmcomparedwithmatureGa-polarcase[57-59].TopromotetheholeconcentrationinN-polarfilm,
thestudiesofcontrollingoxygenincorporation[60]andpolarization-doping[31]showthepromise.Thiswork
maystopatthestructuredesign,however,inpracticepeoplecantakeadvantageofthiscarrier
manipulationpropertybasedontheoptimizedgrowthtechnologiesforhigherperformanceLED.

3 Conclusions
Toaddresstheissuesrelatedtothecarrierconcentrationincludingpoorcarrierinjection,overflown

carriers,andcarrierconfinement,weproposetheN-polargradingAlGaNQBsDUVLEDaimingatthe
polarizationengineeringinp-typeEBLandMQWs.ByemployingtheN-polarstructure,theinjectedhole
concentrationintheactiveregioncanbesignificantlyimprovedandelectronleakageintop-typelayercanbe
suppressedduetothereversedpolarization-inducedpotentialbarrierforcarriertransportinp-typeEBL.
Meanwhile,thequantumconfinementofaccumulatedcarriersinMQWsisalsostrengthened,stemming
fromtheformedhigherpotentialbarriersalongthecarrierflowdirection.Inaddition,withdecreasedAl-
contentgradingalongthegrowthdirectioninQBs,theinjectedholeconcentrationisfurtherenhanceddue
tothepreferablebalancebetweenflatterQBsandpotentialbarriersinvalenceband,thatcanleadtothe
53.6%higheroutputpowerasopposedtotheconventionalDUVLED.Throughthesystematicstudy,we
haverevealedthe mechanism andimpactofthe N-polarstructureand QB gradingonthecarrier
manipulation.Theproposeddesigninthisworkiseffectiveandpromising,thatcandirecttheDUV
researchcommunitytosolvetheinefficientcarrierconcentrationissueandrealizehighlyefficientDUV
LEDs.
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