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  Abstract:TheDependenceofthespectraldistributionofphotoemissionfromsilvernano-particlesembed-
dedinBaOsemiconductorthinfilmontemperaturearepredictedandinvestigatedtheoretically.Athightem-
peraturethephotoemissionresponsecurvestowavelengthsfrom0.2to0.8μmaregiven.Itisshowedthat

thehighertemperature,thehigherphotoemissionfromsilvernano-particlesembeddedinBaO.Anexplanation

isalsopresented.Itisalsopointedoutthatthecriticaldiametersofsilvernano-particlesbetweendiscreteelec-
troneigenstates(quantumsizesregion)andquasicontunuousenergybandsforenergybandofsilverultra-fine

particlesintheBaOarelessthan3.8nm
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1 Introduction

  Ag-BaOisanewkindofphotoemissivethinfilms,whichisdifferentfromthetraditionalphoto-
emissviematerials.ItconsistsofBaoxidethinfilmembeddedwithAg metallicultra-fineparti-
cles[1~3].Becausethetraditionalphotoemissivecontainingalkalielements(suchasAg-O-Cs,Cs3Sb,
[Cs]Na2KSb)[4],thiskindofthinfilmscannotbeexposedtotheatmosphereandcannotworkat
hightemperature.Iftheyhavebeenexposedtotheatmosphere,thosefilmswillbeworthless.Those
drawbackslimitanextentofitsapplications.However,AgBaOdon’tcontainalkalielements,andcan
beexposedorstoredintheatmosphereandcanbeusedagaininavacuumsystemwithoutanyactiva-
tionprocessforthelaser-pulsedetection.Otherspecialityisthatitsresponserateisfasterthanthela-
serpulsedurationofseveralpiconseconds.Itspotentialapplicationsinultra-fastopticalcommunica-
tionanddetectingultra-shortlaserpulsespromptexperimentalandtheoreticalstudiesofit.

Thisworkisanextendedourearlyresearch[5].Themainpurposeofthispaperistoreportthe
theoreticalresultsondependenceofthephotoemissionfromsliverultra-fineparticlesembeddedin
BaOthinfilmontemperature.

2 TheFormulaeoftheSpectralDistributionofthePhotoemissionforAg-BaOThinFilm

  Inourearlyresearch[5],aformulafollowingisusedtocalculatephotoemissionfromtheAg-BaO
thinfilm
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WhereJ(hν)isthephoton-emissioncurrentdensity,illuminatedbyincidentlightofintensityI0and
photonenergyhν.Thetermbeforetheintegralisduetoresonanceabsorptionofradiationbysilver
nano-particlessuspendedinBaO.Theintegraltermisphoton-electrontransport.The췍hΔω1/2isthefull
widthathalfmaximumofopticalabsorption.

Fig.1 BaOsemiconductorthinfilmembedded
withsilvernano-particles

(Shadesrepresentsilvernano-particles,

dotsrepresentelectrons)

IntheAg-BaOthinfilm,metalsilvernano-
particlesarebroughtintocontactwithBaOsemi-
conductorthinfilm,asshowedinFig.1.Uponthe
closecontactofmetalsilverandBaOsemiconduc-
tor,theelectronsinmetalsilverflowintotheBaO
semiconductor.TheFermilevelsinthetwomateri-
als mustbecoincidentatthermalequilibrium,

whichform metalAg-BaOsemiconductorbarrier.
Theresultsformetalsilvernano-particlesandBaO
semiconductoraresimilartothep-njunction.In
Fig.2(a),(b),(c),EVisthevacuumlevel,EFis
Fermilevel,EFMisFermilevelofmetalsilver,EFS

Fig.2 (a)EnergyleveldiagramofsilverandBaOsemiconductor
beforethecontact;(b)Energybandpositiondiagram

intheneighbourhoodofAg-BaOsurface;
(c)Chargedistribution.

isFermilevelofBaOsemiconductor,

E- and E+ are conduction band
bottomlevelandtopvalenceband
levelforBaOsemiconductormatrix
respectively,Etisanequivalentbar-
rieraroundsilvernano-particles.All
valuesoftheenergylevelspresented
abovearewithreferencetothecon-
ductionbandbottomofsilvernano-
particles.Thephotoelectronscoming
fromsilvernano-particleswillproba-
bly enterthe BaO semiconductor
layerandescapefromthesurfaceif
theirenergyishigherthanEt.

Inequation (1),thesephysical
parameterswerefollow[2]:(Et-EF)

=1.7eV,(EV-EF)=1.3eV,here
EF=5.51eV .Theelectronaffinity
isEA=EV-E-=0.7eV,soweob-
tain(Et-EV)=0.4eV,(E--EF)

=0.6eV,EV=6.81eV.Welethν=
2.43eV(λP=519nm),Em=(hν-
1.3)eV.

vFisthevelocityofelectrons
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withtheFermilevel,Listhemeanfreepath.ThereisthefollowingrelationbetweenLandvF
L=vF/(Δω1/2) (2)

Forsilver,vF=1400km/s.Fromequation(2),L=1.54nmisgotten,whichismuchsmallerthan
meanfreepath(57nmforbulksilverunder273K).Thesilvernano-particlessurfaceisregardedasa
scatterofconductionelectrons.Assumingthisscatteringprocesstobediffusionandsilvernano-parti-
clestobeuniformsizesandsphericalshapes,theappropriatemeanfreepathLspehereofelectrons,disre-
gardingitscouplingtotheFermiliquid,caneasilybecalculatedforsphericalparticles

Lsphere=∫L(θ)dw∫dw (3)

L(θ)isthefreepathofanelectronleavinganinfinitesimalsurfaceelementdfatanangleθtoitsnor-
mal,afterascatteringevent.Providedthatallscatteringmechanismsoftheconductionelectronsina
sphericalparticlesareindependentofoneanother,ifthenumberofscatteringeventsperunittime,dw
is

dw=Ctant·dfdΦ (4)

WheredΦisthesolidangle,weget
Lsphere=R (5)

Thisresultmeansthatthedimensionofsilvernano-particleslimitsthefreeelectrons.Therefore,

Lsphere,theequivalentdiameterofsilvernano-particlewillbeL.

3 ResultsandDiscussion
  Herewelet췍hΔω1/2=1.848,1.200,0.615,0.182,0.092eV,theequivalentdiameterofsilvernano-
particlewillbe1.00,1.54,3.00,4.00,10.00,20.00nm.Underdifferenttemperatures(췍hΔω1/2=
0.6eV,T=300,360,420,480K),usingequation(1),theoreticalphotoemissionspectradistribution
fromsilverAgembeddedinBaOthinfilmarecalculatedasshowninFig.3(a)~Fig.3(f).Becauseof
BaOsemiconductorthinfilmwithalargeforbiddenenergybandwidth,theelectronexcitationbythe
incidentinitcanbenegligibleandisconsideredtobetransparenttovisiblelight.Consequently,the
lightabsorptionofthethinfilmarisesmainlyfromthatofAgnano-particles.Thusthereareonlytwo
terms,whichconsistsoftheresonanceabsorptionofradiationbysilvernano-particlessuspendedin
BaOandthephoton-electrontransportinformula(1).

Therearetwocouplingthermalsystemsinsilvernano-particles.Oneisthecrystallatticeandan-
otheroneistheelectronssystem.Whenthetemperatureofthinfilmincreases,thenumberofelec-
tronsneartheFermilevelalsoincreases.Actuallytemperatureelevatedtheelectrontemperature,re-
sultinginachangeintheelectronstatedensitiesoftheelectronswiththeenergylowerthantheFermi
leveldecreaseandthoseoftheelectronswiththeenergyhigherthantheFermilevelincrease,which
givesrisetothechangeintransitionpossibilityoftheelectrons.Upontheincidenceoflight,energyof
photonsarefirstabsorbedbyfreeelectronsneartheFermilevel,whichcausephotoemissiontoin-
creaseasshowedinFig.3.Whenthesizeofnano-particlessilverbecomelarge,thetheoreticalspectral
distributionofphotoemissionshiftupforclarity,andthepeaksofthetheoreticalspectraldistribution
becomenarrowsharplyandmovetolongwavelength.

Itisknownthatthereisacriticaldiameter(dc)betweendiscreteelectroneigenstates(quantum
sizesregion)andquasicontunuousenergybandsfortheenergybandofsilverultra-fineparticles.The
criticaldiameterisdeterminedbymanyfactors,suchastemperature,themethodofpreparationofsil-
verultra-fineparticles,theformandthestructureofsilverultra-fineparticles,theimpuritiesofmatrix
BaO,andthenatureoftheembeddedmatrix.Itshouldbepossibleexperimentallytodecidewhethera
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Fig.3 Theinfluenceoftemperatureonthephotoemissionfromsilvernano-particlesembeddedinBaOthinfilm

quaicontinuousbandsmodeloradiscreteeigenstatesmodelisappropriatefortheAg-BaOthinfilm,whichhas
beendonebyinvestigatingspectraldistributionofthephotoemissionfortheAg-BaO.Aftercomparingtheex-
perimentalcurvesofthelongwavelengthresponse,thisquacontinuousbandsmodelisvalidforAg-BaO[2,3].
Sothecriticaldiametersofsilverultra-fineparticleintheBaOarelessthan3.8nm.Insummaryambience
temperaturecausethenumberofelectronsincreaseandphotoemissionshiftup.
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  摘要:研究了温度对来自镶嵌在BaO薄膜中的纳米银粒子的光电发射的影响。在不同

温度下计算和讨论了其光电发射谱(入射波长在0.2~0.8μm)。光电发射谱中温度越高,光
电发射峰越大。同时发现镶嵌在BaO薄膜中银纳米的临界尺寸小于3.8nm。
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