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基于感光栅极GaN高迁移率晶体管的新型
探测器制备与优化

朱彦旭,杨壮,宋会会,李赉龙,杨忠,李锜轩,胡铁凡
(北京工业大学 光电子技术教育部重点实验室,北京100124)

摘 要:利用GaN高电子迁移率晶体管(HEMT)的栅控特性和锆钛酸铅(PZT)铁电薄膜的光伏效应,
在 HEMT器件的栅极处沉积一层PZT铁电薄膜,提出了一种新型的(光敏感层/HEMT)探测结构.为
制备出光伏性能优异的薄膜,对不同的溅射功率和退火温度制备的PZT铁电薄膜进行表面形貌和铁电

性能分析.发现200W溅射功率、700℃的退火温度制备的薄膜表面晶粒生长明显,剩余极化强度为

38.0μC·cm-2.工艺制备GaN基 HEMT器件并把PZT薄膜沉积到器件栅极上.在无光和365nm紫外

光照射下对有、无铁电薄膜的 HEMT探测器的输出特性进行测试.结果显示,在光照时,有铁电薄膜的

HEMT器件相较于无光时,源-漏饱和电压最多降低3.55V,饱和电流最多增加5.84mA,表明新型感光

栅极 HEMT探测器对紫外光具有优异的探测效果.为实现对新型探测器的结构进行优化的目的,对栅

长为1μm、2μm和3μm等不同栅长的探测器进行光照测试.结果表明,在紫外光照射下,三种探测器

的漏极饱和电流分别为23mA、20mA和17mA,所以栅长越长器件的饱和电流越小,探测性能越差.
关键词:量子光学;光学探测器;光伏效应;铁电薄膜;氮化镓;紫外线源;光刻
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PreparationandOptimizationofPhotosensitiveGateGaN-based
HighElectronMobilityTransistorDevices

ZHUYan-xu,YANGZhuang,SONGHui-hui,LILai-long,YANGZhong,LIQi-xuan,HUTie-fan
(KeyLaboratoryofPhotoelectronTechnologyMinistryofEducation,BeijingUniversityofTechnology,

Beijing100124,China)

Abstract:BasedonthegatecontrolledcharacteristicsofGaN HighElectron Mobility Transistors
(HEMTs)andonthephotovoltaiceffectinleadzirconate-titanate(PZT)ferroelectricthinfilms,anew
typeofphotosensitivelayer/HEMTdetectorstructureisproposed.Forthispurpose,aPZTferroelectric
thinfilmisdepositedonthegateofaHEMTdevicetopreparefilmswithoptimizedphotovoltaic
performance,thesurfacemorphologyandferroelectricpropertiesofPZTfilmspreparedbydifferent
sputteringpowersandannealingtemperaturesareanalyzed.Itisfoundthatthebestconditionsforthe
graingrowthonthesurfaceofthefilmareat200Wsputteringpowerand700℃annealingtemperature,
andtheresidualpolarizationintensityis38.0μC·cm-2.Theoutputcharacteristicsofthefabricated
photosensitivegatePZT/GaN-basedHEMTdevicesarecomparedtothoseofpristineHEMTsunderboth
darkconditionand365nmultravioletlight.Theresultsshowthatthesourcedrainsaturationvoltageof
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theHEMTwiththeferroelectricthinfilmdecreasesby3.55Vandthesaturationcurrentincreasesby
5.84mA,compared withthose withoutlight,clearlyindicatingasignificant UV photodetection
capability.Toachievethepurposeofoptimizingthestructureofthenewtypeofdetector,detectorswith
differentgridlengthssuchas1μm,2μm,and3μmaretested.Theresultsshowthatunderultraviolet
light,thedrainsaturationcurrentsofthethreedetectorsare23mA,20mA,and17mA,respectively.
Therefore,thelongerthegatelength,thesmallerthesaturationcurrentofthedevice,andtheworsethe
detectionperformance.
Keywords:Quantumoptics;Opticaldetectors;Photovoltaiceffects;Ferroelectricthinfilms;Gallium
hitride;Ultravioletsources;Lithography
OCISCodes:040.5160;040.7190;310.2790;310.6860

0 Introduction
Photodetectorsareatypeofoptoelectronicdeviceswhichconvertopticalradiationsignalsintoanother

formofsignalsthatcanbeeasilyreceivedandprocessed,andarewidelyusedinmedical,military,remote
sensingimaging,andmanyotherindustries[1].Sensitivityandgainimposesignificantconstraintstothe
developmentofphotodetectors,andmanyresearchersaretryingtoovercomethisissue.Recently,n-Si/p+-B

photodiodesofaveryhighsensitivityandstabilityhavebeendemonstrated,buttheystillexhibit
responsivityintheorderof~10-1A/W[2].YANGZhen-qian [3]etalfromPekingUniversitydesigneda
high-performanceSingleCrystalline-ThinFilm (SC-TF)perovskitephotodetectorwithdetectionpower
andgain bandwidthincreased bytwoandfourordersof magnitude,respectively.However,the
performanceofperovskite-typedevicesbasedonpolycrystallinethinfilmactivelayersstilllagsbehind
epitaxiallygrownsemiconductordevices.

GaN-basedHighElectronMobilityTransistors(HEMTs)areepitaxialsemiconductordevices,which
typicallyconsistofan AlGaN/GaN heterostructure.TheAlGaN/GaN heterojunctionitselfexhibitsa
spontaneousandpiezoelectricpolarization.Suchstrongpolarizationcreatesalargeamountof2-dimensional
ElectronGas(2-DEG)attheheterojunction,eveniftheAlGaNcontrollayerisnotdoped[4],andthe
electronmobilitycanreach2000cm2/(V·s)[5].ThedetectorsfabricatedusingGaN-basedHEMTdevices
havetheadvantagesofhighsensitivityandwidedetectionsurface,andhaveincreasinglybecomethefocus
ofnoveldetectorresearch[6].

ThesourcetodrainvoltageintheGaN-basedHEMTdeviceformsanelectricfieldwhichactsonthe2-
DEGtoformanoutputcurrent.Whenthegatevoltagechanges,theconcentrationandthemobilityofthe
2-DEGchangeaccordingly.Itcanbeseenthatoncethesource-drainvoltageisdetermined,thesource-drain
currentisdependentonlyonthegatevoltage.Thus,theGaN-basedHEMTisatypicalgatecontroldevice.
ResearchesonHEMTbaseddevicestomakedetectorsfocusonthegatecontrolcharacteristics.In2015,
researchers[7]usedH2O2tooxidizetheGaNsurfaceatthegatepositioninordertochangethegate
voltage,therebyimplementingadetectorforhydrogendetection.In2019,LIJIN-lunetalfromChinese
AcademyofSciences[8]preparedaterahertzdetectiondevicecoupledwithabutterflyantennatoachieve
terahertzdetection.Todate,thereareonlyfewstudiesonphotodetectorsbasedonGaN-basedHEMTs.In
2019,agroupfromDonggukUniversityinSouthKorea[9]developedadetectorstructurebygrowingZnO
nanorodsonthegateofaHEMT.Oxygenadsorbedonthesurfaceofthenanorodsinthedarkwillgenerate
anegativegatepotential.Whenirradiatedwithultraviolet(UV)light,thedecreaseinadsorbedoxygen
resultsinadecreaseinnegativecharge,andthepurposeofdetectingultravioletlightisinturnachieved.
However,practicalapplicationsofZnOaresignificantlylimitedtoultravioletlight,duetothelarge
bandgap(~3.2eV),andthistypeofdetectorisonlysuitableforthedetectionofUVlight,whichisnot
conducivetobroad-spectrumdetectionandhaspoorscalability.Moreover,ZnOnanorodsplacestringent
requirementsonthefabricationprocess.

Ferroelectricmaterialsarenovelfunctionalmaterials,andPiezoelectricCeramicTransducer(PCT)is
oneofthem.Duetotheirferroelectric,piezoelectric,thermoelectric,electro-optic,etc.,properties,the
ferroelectricmaterialscanbeusedinavarietyofdeviceapplications,likesensordevices,optoelectronic
devices,andvarioustypesofmemorydevices[10].Ferroelectricmaterialshavehighdielectricconstantand
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residualpolarization[11].Moreover,ferroelectricfilmsexhibitaphotovoltaiceffect[12-13].Asamatterof
fact,sincethepositiveandnegativechargecentersinferroelectricsdonotcoincide,evenwithoutan
appliedelectricfieldelectricdipole momentscan begenerated,thatis,spontaneouspolarization
occurs[14-15].Whenalightofacertainwavelengthilluminatestheferroelectric,theelectronsinthevalence
bandareexcitedtotransitiontotheconductionband,andelectron-holepairsaregenerated.Underthe
influenceofthespontaneouspolarization,theelectronsandtheholesmovetothetworespectivepoles,
therebygeneratingphotocurrentandphotovoltage.

Inthispaper,anewmethodtochangethegatevoltageofaHEMTdeviceunderlightirradiationis
proposedtodesignanewtypeofphotodetectorstructure.WiththeaimofcombiningaGaN-basedHEMT
withaferroelectricPZTthinfilmexhibitingaphotovoltaiceffect,aPZTthinfilmisdepositedonthegate
oftheHEMTdevicetoformanovelPZT/GaN-based HEMTdetectorstructure.Whenthelightis
irradiatedontotheferroelectricthinfilm,thelattergeneratesanelectricfieldduetothephotovoltaic
effect,therebycausingthegatetogenerateanadditionalelectromotiveforce.Achangeinthegatevoltage
entailsachangeinthefieldstrengthattheAlGaN/GaNinterface,thatultimatelyleadstoachangeinthe
2-DEG[16].Asaresult,thesource-drainsaturationcurrentofthedevice,inturn,changes,andthe
purposeofdetectinglightisfinallyachieved.

Thefollowingrelevantfeaturescanbepointedout:1)Ferroelectricthinfilmshaveobvious
photovoltaiceffects,andthe2-DEGoftheGaN-basedHEMTdeviceisextremelysensitivetochangesin
thegateelectricfield.Expectedly,theresultingdetectorsexhibitahighdetectionrate.2)TheGaN-based
HEMTdevicesaresensitivetoinputsignals,thusreducingtheprocessdifficultyduetothethermal
insulationoftheferroelectricthinfilms.3)Asimpleplanardevicestructureisrequired,withnoneedof
micro-motioncomponents,andlowvibration/soundinterference.4)Thestructureishighlyexpandable,
andawide-spectrumdetectioncanbeachievedbychangingthephotosensitivefilm,whichisfavorablefor
thedevelopmentofultraviolet-visible-infrareddetectors.

Inthispaper,basedonthegatecontrolledcharacteristicsofGaNhighelectronmobilitytransistorsand
onthephotovoltaiceffectinleadzirconate-titanateferroelectricthinfilms,anewtypeofphotosensitive
layer/HEMTdetectorstructureisproposed.Firstly,inordertopreparefilmswithoptimizedphotovoltaic
performance,thesurfacemorphologyandferroelectricpropertiesofPZTfilmspreparedbydifferent
sputteringpowersandannealingtemperaturesareanalyzed.Secondly,PhotosensitivegateGaN HEMT
deviceisprepared,andtheoutputcharacteristicsofthefabricatedphotosensitivegatePZT/GaN-based
HEMTdevicesarecomparedtothoseofpristineHEMTsunderbothdarkconditionand365nmultraviolet
light.TheresultsshowthatthenewphotosensitivegateGaN HEMTdetectorrespondssignificantlyto
ultravioletlight.Finally,severalHEMTdetectorswithphotosensitivegatesofdifferentlengthsarealso
preparedinordertoperformasimpleoptimizationoftheproposeddetectorstructure.

1 Preparationandanalysisofthinfilms
1.1 Ferroelectricfilmpreparation

Mostoftheferroelectricshaveperovskitestructure,withthemolecularformulaofABO3.Thetarget
isleadzirconatetitanate(PbZr0.52Ti0.48O3,PZT)producedbyChinaNewMaterials(Beijing)Technology
Co.,Ltd.Thetargethasapurityof99.99%,adiameterof75mm,andathicknessof3mm.The
substrateisPb/Ti/SiO2/Si.A MSP-300Bautomaticmagnetronsputteringcoatingmachineisused.The
sputteringfurnaceisheatedto100℃,andthevacuumis5×10-4Pa.WorkinggasishighpurityAr.
ExperimentsarepreliminarilycarriedouttopreparePZTfilmsampleswithtwodifferentsputtering
powers,andthreedifferentannealingconditions.SpecificprocessparametersarelistedinTables1and2,
schematicdiagramofPZTpreparationstructureisshowninFig1.

Table1 PZTfilmexperimentalsampleprocessparameters

Experimentalsample Sputteringpower/W Workingpressure/Pa Sputteringtime/h
1 100 1 1.50
2 200 1 0.75
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Table2 Annealingprocessparameters

Experimentalsample Annealingtemperature/℃ Annealingtime/min
1-A 650 3
1-B 700 3
1-C 750 3
2-A 650 3
2-B 700 3
2-C 750 3

Fig.1 SchematicdiagramofPZTpreparationstructure

1.2 Testanalysisanddiscussion
1.2.1 Surfacetopography

AsseeninFig.2(a)~(c),thereisnoobviouscrystalstructureatasputteringpowerof100Wandan
annealingtemperatureof650 ℃.Astheannealingtemperatureincreasesto700 ℃,thegrainsgrow
significantly,butthesurfaceofthefilmissomewhatconvex,thefilmformsastructureotherthan
perovskite[17].Whentheannealingtemperaturerisesto750℃,thefilmhasobviouscracks.

Fig.2 SEM morphologies

AsitcanbeseenfromFig.2(d)~ (f),atsputteringpowerof200Wandannealingtemperatureof650℃the
surfaceofthefilmisflat,andnosignificantgrainstructureappears.Atthistime,thefilmdoesnotformadistinct
crystalstructure.Whentheannealingtemperatureisraisedto700℃,thefilmsurfaceexhibitsadistinctgrain
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structure,thegrainsizeisuniform,andthespacingisrelativelydense.Whentheannealingtemperaturefinally
risesto750℃,thefilmshowsfinecracks.Thisisbecausethegrowthofadjacentgrainsishinderedbystress,and
thestresscannotbereleased,resultingintheoccurrenceofcracks.

Insummary,whenthesputteringpoweristhesame,thefilmannealedat700℃growswell.Andatthe
sameannealingtemperature,thesurfacemorphologyofthefilmpreparedby200 Wisbetter.Thus,
accordingtothepresentedmorphologicalanalysis,theoptimumgrowthconditionsforthePZTfilmarea
sputteringpowerof200Wandanannealingtemperatureof700℃.
1.2.2 XRDphaseanalysis

ThecrystallinepropertiesofthePZTtestsamplesfabricatedunderdifferentconditionsareevaluated
bymeansofX-rayDiffraction (XRD)measurements.Itiswell-knownthatapreferred (111)growth
orientationisadvantageousfortheperformanceoftheferroelectricfilm[18].FromFig.3(a)wecanseethat
thepeaksrelevanttothe(110)and(111)orientationsarethelargestwhentheannealingtemperatureis
700℃.Astheannealingtemperatureincreasesto750℃,thepeaksofbothorientationsclearlydecrease.
FromFig.3(b),wecanalsoseethatthe(110)and(111)orientationpeaksarealsothelargestwhenthe
sputteringpowerreaches200Wandtheannealingtemperatureis700℃.Inaddition,whentheannealing
temperatureisthesame,the(111)growthorientationislargerforthesputteringpowerof200W,with
respectto100W.FromFig.3(b)wecanalsoseethat,contrarytothe100Wsputteringrate,whenthe
sputteringpowerreaches200W,forthe700℃and750℃annealingtemperaturesthepeakofthe(111)
orientationdominatesoverthatofthe(110)orientation,therebyindicatingapreferred(111)growth.

Fig.3 XRDanalysischartofdifferentgrowthconditions

FromthereportedXRDanalysiswecanconcludethatwhenthesputteringpoweris200Wandthe
annealingtemperatureis700 ℃,thelatticeorientation ofthefilm showsthebestferroelectric
characteristics.Moreover,fromthepreparationprocessanalysis,underlargersputteringpowerthecrystal
grainsgeneratedbythesputteringmachinebombardingthetargethaveahigherspeed.This,inturn,
resultsinabetteradhesionofthecrystalgrainstothesubstrate,andtheresultingPZTfilmismoredense.
1.2.3 Hysteresisloopanalysis

Thethreekeyparametersfromthehysteresisloopsrecordedbytheferroelectrictestsystemare:the
coercivefield(Ec),theremnantpolarization(Pr),andthesaturationpolarization(Ps)[19-20].Thegreater
theremnantpolarizationandthesmallerthecoercivefieldofthefilm,thebetteritsferroelectric
performance.Fig.4(a)andTable3,Fig.4(b)andTable4showthehysteresisloopsandparametersofthe
PZTferroelectricthinfilmsannealedat650℃,700℃and750℃ whenthesputteringpoweris100Wor
200W,respectively.

WecanseeFromFig.4(a)andTable3,theremnantpolarizationfirstincreases,andthendecreasesas
theannealingtemperatureincreases.WecandrawthesameconclusionalsofromFig.4(b)andTable4.
Indeed,asthetemperatureincreases,theperovskitestructurebeginstogrow,sotheremnantpolarization
becomeslarger.Ifthetemperaturecontinuestorise,andthePbelementislargelyvolatilized,resultingin
anincreaseinfilmdefects,andtheremnantpolarizationisthusreduced.Therefore,abalancepointcanbe
definedasthebestannealingtemperature,whichresultstobe700℃.
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Fig.4 Analysisofhysteresisloopsfordifferentgrowthconditions

Table3 ParameterresultsofFig.4(a)

Annealing
temperature/℃

Saturation
polarization/(μC·cm-2)

Remnant
polarization/(μC·cm-2)

Coercive
field/(kV·cm-1)

650 30.6 9.3 37.0
700 65.3 20.4 31.5
750 50.8 12.4 33.7

Table4 ParameterresultsofFig.4(b)

Annealing
temperature/℃

Saturation
polarization/(μC·cm-2)

Remnant
polarization/(μC·cm-2)

Coercive
field/(kV·cm-1)

650 36.0 7.1 32.3
700 84.0 38.0 37.3
750 62.6 17.4 30.5

BycomparingtheremanentpolarizationandthecoerciveelectricfieldofthePZTferroelectricthin
filmsannealedat700℃underthetwoevaluatedsputteringpowerconditions,wecanfindthattheresidual
polarizationandthecoerciveelectricfieldofthe200WPZTthinfilmaregreaterandsmaller,respectively,
thanthoseofthe100Wsample.Insummary,onthewhole,the200Wsputteringpowerand700℃
annealingtemperaturearethebestgrowthconditionsforthePZTferroelectricthinfilms.

2 SensegratingHEMTdevicepreparationandtesting
2.1 SensegratingGaNHEMTpreparationprocess

AftertheanalysisofthebasicHEMTdeviceandoftheoptimizationprocedureforthefabricatedPZT
thinfilms,thenewPZT/GaN-basedHEMTdetectorstructureisdiscussedinthefollowing.Aschematic
diagramofthenoveldevicedesignisshowninFig.5.

Fig.5 SchematicdiagramofthePZT/GaN-basedHEMTdetectorstructure
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ThespecificstepsforthefabricationofthedetectorstructureareschematicallyillustratedinFig.6.
Theymainlyinclude:cleaningepitaxial,inductivelycoupledplasmareactiveionetching (Inductively
CoupledPlasma)foractiveareamesadefinition,chemicalvapordepositionofaSiO2(200nm)isolation
layerprotectingtheactiveregion,sourceanddrainelectrodesputteringandannealingtoformohmic
contacts,Ti/Ptgateelectrodesputtering,andPZTgratingfilmgrowth,sputteringoftheupperelectrode
onthefilm.

Fig.6 IllustrationofthestepsrelevanttothefabricationofthegratingelectrodeGaN-basedHEMTdevicestructure

2.2 Testanalysis
TheoutputcharacteristicsoftheHEMTdetectorsfabricatedwithoutandwiththephotosensitivegate

arerecordedunderbothdarkconditionand365nm wavelength UVillumination.Inbothcasestest
conditionsare:VDSrangingbetween0and15V,threesetsofVGSvoltagesareevaluated,namely-3V,
-2.5V,and-2V.A5 W ,365nmLightEmittingDiode(LED)isusedastheUVlightsource,
illuminatingthedevicegateduringtests.

TheoutputcharacteristicsplottedinFig.7indicatethatthetestedHEMTsarenormally-on(depletion
mode)devices.AtagivengatevoltageVGS,asthesource-drainvoltageVDSincreases,theelectronmobility
inthechannelstartstoincrease,thesource-draincurrentIDSincreasesaswell,andthedeviceentersthe
linearregion.IftheVDSincreasesfurther,theelectronmobilityreachesthemaximum,theIDSreachesits
maximumvalue,whichiskeptalmostconstantforhigherdrain-to-sourcevoltages,andthedeviceenters
thesaturationregion.Atagivensource-drainvoltageVDS,asthegatevoltageVGSincreases,the
concentrationof2-DEGstartstoincrease,thesource-draincurrentIDSincreasesaswell,soamongthethree
evaluatedgatevoltages,thehigherthegatevoltage,thehigherthedevicesaturationcurrent.Duringthe
test,wemainlyfocusonthechangesofsaturatedsource-draincurrentandsaturatedsource-drainvoltage
beforeandafterillumination.

Fig.7 DarkandUVlightoutputcharacteristiccurvesforthetestedGaN-basedHEMTdevices

Fig.7(a)showsthesource-drainoutputcharacteristicsofapristineHEMTdetector,i.e.,non-
photosensitivegratingelectrode.Firstly,itcanbeobservedthatunderUVirradiation,thedevicesource-
drainsaturationcurrentincreasesby1.04mAand0.61mAwhenVGSis-2Vand-2.5V,respectively.
WhenVGSis-3V,thesource-drainsaturationcurrentremainsalmostthesame.Secondly,theUVlight
cansaturatethesource-draincurrentinadvance.Indeed,whenVGSis-2V,thesaturationsource-drain
voltageVDSdecreasingby1.85V,atmost.Thus,thenon-photosensitivegratingHEMTdevicedoesnot
respondsignificantlytoultravioletlight.

Fig.7(b)displaystheoutputcharacteristicsofthephotosensitivegateHEMTdevice.Itcanbeclearly
seenthatthenoveldetectorstructureexhibitsasignificantresponsetotheUVlight.Firstly,thesource-
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drainsaturationcurrentincreasessignificantlybyabout5.84mA,4.38mA,and2.34mAwhenVGSis
-2V,-2.5V,and -3V,respectively.Secondly,thesaturationsource-drainvoltageVDSdropby
3.55V,atmost.

Accordingtotheexperimentalresults,itcanbeconcludedthatthenon-photosensitivegratingHEMT
deviceexhibitssomeresponsetotheUVlight,whichcausesadropinthedevicesaturationsource-
drainvoltage,andincreasesthesaturationsource-draincurrent.ThisisbecauseUVphotonscanexcite
electron-holepairsintheAlGaN/GaNmaterial,therebyincreasingthe2-DEGdensity.However,theresponseto
theUVirradiationofthephotosensitivegateHEMTdeviceismarkedlylarger.Indeed,aPZTferroelectricthin
filmisspecificallydepositedonthemetalgateoftheGaN-basedHEMTdeviceasalightsensinglayer.Whenthe
lightimpingesonthegate,thephotosensitivePZTlayergeneratesanadditionalelectricfieldduetothe
photovoltaiceffect,andfinallyactsonthe2-DEGtherebycausingachangeintheoutputcurrent.Onthewhole,
theproposednoveldevicestructureclearlymanagestobetterdetectlight[21].

3 Gridoptimization
Thesource-drainoutputcurrentisobviouslyaffectedbythegatevoltage.Thesizeofthegatelength

canregulatethegatevoltagetochangetheoutputcurrent.Reducingthegatelengthincreasesthedevice
transconductance,whichinturnincreasesthegatecontrolcapabilityofthedevice.However,atooshort
gatelengthaffectsthetwo-dimensionaldistributionofthepotentialunderthegate,resultinginashort
channeleffect[22].

Inthisexperiment,threedifferentgatelengthdevicesaredesigned.Boththetransferandtheoutput
characteristicsofthefabricateddevicesaremeasuredatthesametestconditions,under365nmwavelength
UVlightirradiation.Theinfluenceofthedifferentgatelengthsonthedeviceresponseisanalyzedtoo.This
achievesthegoalofoptimizingdeviceperformanceaswellasimprovingdevicedetectionefficiency.The
devicestructureparametersrelevanttothedifferentgatelengthsaresummarizedintheTable5.Fig.8
showsthephysicalmapsofthethreedevices.

Table5 Devicestructureparametersforthethreedifferentgatelengths
Samplelabel Gatelength(LG/μm) Gatesourcespacing(LGS/μm) Gatedrainspacing(LGD/μm)

A 1 3 4
B 2 3 4
C 3 3 4

Fig.8 Opticalmicrographofthethreekindsofdifferentgatelengthdevices
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Inthetransfercharacteristiccurves,VGSvariesbetween-4Vand+2V.Theresultsareplottedin
Fig.9(a).Clearly,asthegatelengthincreases,thethresholdvoltageoftheHEMTdevicebecomeslarger.
Intheoutputcharacteristics,VDSrangesbetween0Vand15V,andVGSissetto-2V.Theresultsare
displayedinFig.9(b).ThesaturationcurrentsofdevicesA,B,andCare17mA,20mA,and23mA,
respectively.Thatis,thelongerthegate,thesmallerthedevicedrainsaturationcurrent.Indeed,the
longerthegate,thelargerthewidthofthedepletionlayerbelowthegate,whichcausesthe2-DEG
concentrationtodrophere,eventuallycausingthedraincurrenttodrop.Moreover,theincreaseingate
lengthleadstoanincreaseinchannelresistance,aswellastoalongercarriertransportpath,andtoaknee
voltageeffect,whichallleadtoadecreaseinthedrainsaturationcurrent.

Fig.9 Characteristiccurvesofthethreedifferentgatelengthdevices

Thereportedexperimentalresultsshowthatthephotosensitivegate HEMT devicespecifically
designedasanewtypeofphotodetectornotonlyexhibitsahighersensitivitytolight,butalsoallowsfor
improvingtheoveralldetectionefficiencybychangingitsstructuralparameters.Inthefuture,wecan
furtherimprovethedetectionefficiencybyimprovingotherstructuralparametersofthedevice.

4 Conclusion
Inthispaper,anovelphotosensitivegateGaN HEMTdetectorstructureisproposed,basedonthe

favorablephotovoltaiceffectinPZTferroelectricthinfilmsandonthecharacteristicsofGaN HEMT
devices.TheoutputcharacteristicsofthephotosensitivegateHEMTdevicearemeasuredunderbothdark
conditionsandilluminationofultravioletlight.Itisfoundthatthefabricateddetectorexhibitsasignificant
photoresponsetoultravioletlight.Indeed,underillumination,theoutputcurrentincreasesby5.84mA,
andthesaturationvoltagedropsby3.55V,atmost.Thisisbecausewhenthelightimpingesonthe
photosensitivegate,anadditionalelectricfieldisgeneratedduetothephotovoltaiceffectinthePZTlayer.
Thiselectricfieldactsonthe2-DEG,andthegatevoltagecontrolofthechannelisachieved,thereby
increasingtheoutputcurrent.Finally,threedifferentgatelengthphotosensitivegateHEMTdevicesare
fabricated.Itisfoundthatthelongerthegate,thesmallerthesource-drainoutputcurrentofthedevice.
Thisisduetotheincreaseingatelengthresultinginadecreasein2-DEGconcentration,andanincreasein
channelresistance.Insummary,theproposednovelphotosensitivegateGaN-based HEMTdetector
structureexhibitsahighsensitivitytolight.Asafuturework,themanufacturingprocessofboththe
ferroelectricthinfilm andthe HEMT device willbefurtheroptimizedtoimprovethedetection
performance.
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