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Abstract:InordertoanalyzetheeffectofdifferentthicknessofC６０onopticalandelectricalproperties
oftopＧemittingOLED,inexperiment,thetransmittanceofETL/EIL/Mg∶Ag/matchinglayerswere
numericallycalculatedandtwotopOLEDwithcommoncathodeconfigurationswerefabricated．The
opticalandelectricalpropertiesofOLEDdevicespreparedwithdifferentthicknessofC６０refractiveinＧ
dexmatchinglayerswereanalyzed．Theresultsshowed,thecomplexfilmswithdifferentC６０thickＧ
nesshavedifferenttransmittance,thecomplexfilmshavehightransmittanceinwiderangeofwaveＧ
lengthswhenC６０filmthicknessis３０~４０nm,theCIExandCIEyvaluesoftransmittancespectra
areextremelyneartotheequalenergy(０．３３,０．３３)．Inaddition,itcanbefoundthattheelectrolumiＧ
nescencespectraandthechromaticitycoordinatesofOLEDdevicesarealsoheavilyrelatedtothe
thicknessofC６０refractiveindexmatchinglayers,whichisconsistentwiththenumericalresultsof
transmissionspectrum ofmultilayer (ETL/EIL/Mg∶Ag/C６０)atdifferentthicknessofC６０thin
filmsandindicatethattheluminousbrightnessandthecolorcoordinatesoftopＧemittingwhitelight
devicescanbeadjustedbydifferentthicknessofC６０refractiveindexmatchinglayertoachievewhite
lightemissionclosetoequalenergy．
Keywords:organicwhitelightemittingdevices;topＧemitting;transfermatrix;outcouplinglayer
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摘要:为了研究不同厚度C６０阴极耦合层对顶发射白光 OLED器件光电性能的影响,实验数值计算了半透明阴极组成

的多层膜系(ETL/EIL/Mg∶Ag/C６０)的透过率;同时,采用共阴极结构设计制备了顶发射白光 OLED器件,并对不同厚

度的C６０折射率匹配层制备的顶发射白光 OLED器件的光电特性进行了研究.结果表明,不同C６０厚度的多层膜系透

过率差异较大,在C６０膜层厚度为３０~４０nm 时,多层膜在较宽波段范围内均有高的透过率,且透过率光谱的色坐标最

接近白光等能点;通过分析不同阴极耦合层制备的顶部发光 OLED器件的光电性能,发现采用适当厚度的 C６０阴极耦

合层材料,可以有效提高器件外量子效率,并在一定程度上能够有效改善器件的色坐标,实现接近等能白光的顶发光

OLED器件制备.

关　键　词:有机发光器件;顶部发光;转移矩阵;光萃取
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１　Introduction

OLEDdisplayshavespecialadvantagessuch
ashighresolution,fastresponseandselfＧillumiＧ
nation,it is recognized as nextＧgeneration
displaytechnologies[１Ｇ３]．Thelightisemitted
fromthetopofthedeviceofthetopwhiteＧemitＧ
tingOLEDdevices,whitelightemittingdevices
solvethecompetitionbetweenthepixeldrive
circuit and the emitting area of devices,

improvestheapertureratioandeasilyobtains
highＧresolution or highＧbrightness OLED deＧ
vices[４Ｇ５]．ThebrightnessoftheOLEDdevicescan
bemaximizedbyincreasingthelightextractioneffiＧ
ciencybyspecificallyusingmetalswithhighreflecＧ
tivityasbottom electrodeandthetransparentor
semitransparent materials as top electrode．
However,themicrocavityeffectcausedbythereＧ

flectionofmetalelectrodeshaveanimportanteffect
onthephotoelectricpropertiesoftoplightＧemitting
OLED devices[６Ｇ８]．Thecolorcoordinatesofthe
OLED deviceshiftaccordingtothechange of
viewingangleand gradually deviatefrom white
(０􀆰３３,０􀆰３３),whichlimitsthepracticalapplication
performanceofilluminationanddisplay．

Inthispaper,the multilayeranode (Al/

Mo/MoO３)withhighreflectivityandlowelecＧ
tricalresistancewaspreparedontheglasssubＧ
stratebythinfilms deposition method．The
C６０[９Ｇ１０]transparentconductiveoxidelayerwas
preparedasindexmatchinglayertoimprovedeＧ
viceextractionefficiency．Inthisexperiment,

thetransmissionandloss(absorptionandreflecＧ
tion)ofETL/EIL/Mg∶Ag/C６０werecalculated
basedonthetransfermatrixtheoryandtheoptiＧ
calconstantsofthematerial,andtheinfluence
ofC６０wassystematicallyanalyzed．
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２　Experiments

TheOLEDdeviceswerepreparedonglass
substrate．The substrate was ultrasonically
washedbyacetone,alcoholanddeionizedwater
successively．Metal multiＧlayers anodes were
preparedbythermalevaporationsystem．Then
the OLED devices were fabricated by the
thermalevaporation oftheorganic materials．
Thefilmlayersweredepositedbyvacuumvapor
deposition at ＜ ２ × １０Ｇ４ Pa．OLED device
structureismetalanode(６０nm)/HIL(１５nm)/

HTL(１０nm)/EML(２０nm)/ETL(１５nm)/EIL
(１０nm)LiF(１nm)/Mg∶Ag(１０nm)/C６０(３５
nm)．TheC６０filmisusedastheoutＧcoupling
layersandencapsulationlayers．Theactivearea
ofOLEDiscontrolledat２０mm２．TheelectroluＧ
minescence spectra is measured using the
PR６５５,theluminancecurrentversusvoltage
characteristicsaremeasuredsimultaneouslywith
theKeithley２４００．

３　ResultsandDiscussion

３．１　Transmissionandchromaticitycoordinateof
transmissionspectrum ofmultilayer (ETL/

EIL/Mg/Ag/C６０)thinfilms
　　C６０thinfilmsisfirstlyusedastheoutＧcouＧ
plinglayeronthesurfaceofcathodetoimprove
theexternalquantumefficiencyoftopＧemitting
organiclightemittingdevicesasaresultofit’s
hightransmittanceandrefractiveindexinvisible
lightspectrum．Theextinctioncoefficient (k)

andrefractiveindex(n)ofC６０thinfilmsistestＧ
edwithspectroscopicellipsometryandshowed
inFig．１．ItcanbeseenthattheextinctioncoeffiＧ
cient(k)andrefractiveindex(n)ishighatshort
wave,butinvisiblelightspectrumtherefractive
index(n)ishigherthan１．５,theextinctioncoefＧ
ficient(k)iscloseto０fromtheFig．１．TherelaＧ
tionshipbetweentheextinctioncoefficientand
theabsorptioncoefficientis:

α＝
４πk
λ

, (１)

thehigherofk,thestrongerofα,theC６０films
isverysuitableforrefractiveindexmatchinglayＧ
ersoftopＧemittingOLED．

Fig．１　Extinctioncoefficient(k)andrefractiveindex
(n)ofC６０thinfilms

L１:electrontransportlayers;L２:electroninjectlayers;

L３:Mg/Ag;L４:outcouplinglayer

Fig．２　StructureofmultiＧlayersthinfilms

Fig．３　Transmissionspectraofmultilayer(ETL/EIL/

Mg∶ Ag/C６０)atdifferentthicknessofC６０
thinfilms
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InordertoevaluatetheeffectofETL/EIL/

Mg∶Ag)/C６０onopticalandelectricalpropertiesof
topＧemittingorganicwhitelightemittingdevices,

basedonrelevanttheory,thetransmittanceofthe
multilayerfilms weresimulated by matlab,the
structureofmultiＧlayersthinfilmsisshowedinFig．
２．Thetransmissionspectraofmultilayerthinfilms
(ETL/EIL/Mg∶Ag/C６０)atdifferentthicknessof
C６０areillustratedin Fig．３．Theexperimental
resultsshowedthatthetransmissionofmultilayer
thinfilms(ETL/EIL/Mg∶Ag/C６０)graduallyinＧ
creaseaccordingtotheincreaseofC６０thicknessof

cathoderefractiveindex matchinglayers,andthe
transmissionintheentirevisiblerangegetstothe
maximum,whentheC６０thicknessiscontrolledat
about３０nmor４０nm,hereafterthetransmissionin
turngraduallydecrease,whichconfirmedthetruthof
theobviouslyeffectofC６０thicknessvariationsonthe
transmission of multilayer (ETL/EIL/Mg∶Ag/

C６０)．
Thechromaticitycoordinatesoftransmission

spectrumofmultilayer(ETL/EIL/Mg∶Ag/C６０)

atdifferentthicknessofC６０ werecalculatedand
werelistedinTable１．

Tab．１　Chromaticitycoordinatesoftransmissionspectraofmultilayer (ETL/EIL/Mg∶Ag/C６０)atdifferentthickness
ofC６０

Number
ETLthickness/

nm
EILthickness/

nm
Cathodethickness/

nm
C６０thickness/

nm
CIEx CIEy

１ １５ １０ １０ ０ ０．３１４ ０．３２３

２ １５ １０ １０ ５ ０．３２３ ０．３３４

３ １５ １０ １０ １０ ０．３３４ ０．３４５

４ １５ １０ １０ １５ ０．３４５ ０．３５５

５ １５ １０ １０ ２０ ０．３５６ ０．３６２

６ １５ １０ １０ ２５ ０．３６５ ０．３６６

７ １５ １０ １０ ３０ ０．３７３ ０．３６８

８ １５ １０ １０ ３５ ０．３７８ ０．３６９

９ １５ １０ １０ ４０ ０．３８１ ０．３６８

１０ １５ １０ １０ ４５ ０．３８２ ０．３６６

　　From the Table１,wecanseethatthe
thickness variations of C６０ refractive index
matchinglayershaveheavilyeffectonthechroＧ
maticitycoordinatesoftransmissionspectrumof
multilayer,andthe CIEx orCIEy obviously
changes．Itisalsofoundthatwhenthethickness
variations of C６０ refractive index matching
layersgetsto３０nmor４０nm,theCIEx and
CIEyvalueareextremelyneartothewhiteequal
energy(０．３３,０．３３),whichisdemonstratedthat
tosomeextentthethicknessisnotonlyrelated
tothetransmission,butinfluencesthechromaＧ
ticitycoordinatesoftransmissionspectrum of

multilayer(ETL/EIL/Mg∶Ag/C６０)．Whenthe
thicknessofC６０refractiveindexmatchinglayers
arecontrolledatappropriatevalue,thetransＧ
missionofmultilayer(ETL/EIL/Mg∶Ag/C６０)

willgettothetopandhavealmostnoeffecton
thechromaticitycoordinatesofelectroluminesＧ
cencespectraoftopＧemittingorganiclightemitＧ
tingdevices．
３．２　OpticalandelectricalpropertiesoftopＧemitting

organicwhitelightemittingdevices
　　Twotoporganicwhitelightemittingdevices
with common cathode configurations were
fabricated,andtheopticalandelectricalproperties
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ofOLEDdevicespreparedwithdifferentthickness
of C６０ refractive index matching layers were
analyzed．Theopticalandelectricalpropertiesof
OLEDdevicespreparedwithdifferentC６０thickness
atthecurrentdensityof２０mA/cm２ wereshownin
Table２．Itcan beseenfrom the Table２,the
sample１＃ andsample２＃ havethesamedriving
voltage,butdiffersinbrightness,effectiveness,and
chromaticitycoordinatesatthecurrentdensityof２０
mA/cm２．ItillustratedthattheOLEDdeviceswith
differentthicknessofC６０refractiveindexmatching
layershavenoeffectontheelectricalproperties,but

haveobviouslyeffectonopticalproperties．Asfaras
weknow,theIＧV characteristicofOLEDdevices
mainlydependonanelectrode material,organic
layerandtheinterfacecharacteristicsindevices,so
therefractiveindex matchinglayersorthickness
variationsisnotrelatedwiththeinject,transport,

recombinationofcarriersandproducephotons．ConＧ
sequently,thecoloroftheemittedlight,dependson
theelectronicpropertiesoftheorganicmaterialin
which the photons are generated[１１]． The
experimentalresultsareconsistentwiththecarriers
transportmechanism．　　

Tab．２　OpticalandelectricalpropertiesofOLEDdevicespreparedwithdifferentC６０thicknessatthecurrentdensityof
２０mA/cm２

Sample C６０thickness/nm Voltage/V
brightness/

(cd􀅰m－２)
effectiveness/

(cd􀅰A－１)

chromaticitycoordinates

CIEx CIEy

１＃ ４０ ９．２９ ６９１．７ ３．４６ ０．３３２ ０．３４２

２＃ ８０ ９．２６ ５７５．９ ２．８８ ０．３６４ ０．４１１

Fig．４　Relationshipbetweentheluminousbrightness
anddifferentC６０thicknessofrefractiveindex
matchinglayers

　　Itcanbeseenthattheluminousbrightness
ofOLEDdeviceswhichispreparedbyutilizing
４０nm C６０ astherefractiveindex matching
layerstoimprovetheextraction efficiencyis
higherthanonewhichispreparedbyutilizing８０
nmC６０astherefractiveindexmatchinglayers．
Theseexperimentalresultscoincided withthe
previousnumericaltransmission of multilayer
(ETL/EIL/Mg∶Ag/C６０)．Thechangebetween

Fig．５　Relationshipbetweenthecurrentefficiencyand
currentdensityatdifferentC６０thicknessofreＧ
fractiveindexmatchinglayers

thecurrentefficiencyandcurrentdensityatdifＧ
ferentC６０thicknessofrefractiveindexmatching
layersissameasbefore．Thatistosay,the
OLEDdevicespreparedbyutilizing４０nm C６０
astherefractiveindex matchinglayers have
higher luminous brightness and efficiency．
WhichalsoexplainsthattheC６０refractiveindex
matchinglayerwithappropriatethicknessonthe
semitransparentcathodecanlargelyimprovethe
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transmissionofmultilayer(ETL/EIL/Mg∶Ag/

C６０),decreasethelossoflight,andfinally
adjusttheexternalquantumefficiencyofOLED
devices．
３．３　LuminescencespectrumandchromaticitycoＧ

ordinateshiftanalysis
　　TheresultofC６０thicknessat４０nmand８０
nmisshowninFig．６．Ascanbeseenfromthe
chart,twoOLEDdevicesdifferinluminousinＧ
tensityofthreeprimarycolor．WhentheC６０
outＧcouplinglayerofcathodemakesachoiceof
４０nm,theluminousintensityofthreeprimary
colorishigherthantheotherone．Fromthis,we
canconcludethatthecertainthicknessofC６０
outＧcoupling layer can effectively enhance
externalquantumefficiencyoftopＧemittingorＧ
ganicwhitelightemittingdevices．

Fig．６　 Normalizedelectroluminescencespectraof
OLEDdevicespreparedwithdifferentC６０
thicknessofrefractiveindexmatchinglayers

TherelationbetweenthechromaticitycoordiＧ
natesof OLED devicesprepared withrefractive
indexmatchinglayersofC６０whichthethickness
wererespectivelycontrolledat４０nmand８０nmand
theelectriccurrentisshowninFig．７．FromtheFig．
７,wecanseethatthechromaticitycoordinatesof
OLEDdevicesgiverisetoshiftaccordingtothe
changesofelectriccurrentfrom０．０２~２０mA．And
whentheelectriccurrentincreasefrom０．０２~２０
mA,thechromaticitycoordinatesofOLEDdevices
bringaboutblueshift,whichillustratethattheratio
amongtheluminousintensityofthreeprimarycolor

changes,theintegralareaofnormalizedelectrolumiＧ
nescencespectraofthreeprimarycolorcalculated
alsoexplainthischanges．Itisfoundthatwhenthe
refractiveindexmatchinglayersofC６０wererespecＧ
tivelycontrolledat４０nmand８０nm,thechromaＧ
ticitycoordinatesoftwoOLEDdevicesis(０．３３２,

０􀆰３４２)and(０．３６４,０．４１１)．TheOLEDdevicesfabＧ
ricatedwith４０nm C６０materialsastherefractive
indexmatchinglayersismostlyclosetotheequal
energy(０．３３,０．３３),buttheotheroneisawayfrom
theequalenergy(０．３３,０．３３)．FromtheaboveanalＧ
ysis,itisfoundthattheelectroluminescencespecＧ
trumandchromaticitycoordinatesoftopＧemitting
OLEDdevicesarecloselyrelatedtoC６０thickness,

whichisconsistentwiththenumericalresultsof
transmissionspectrum of multilayer (ETL/EIL/

Mg∶Ag/C６０)atdifferentthicknessofC６０thinfilms．

Fig．７　ChromaticitycoordinatesofOLED devices

preparedwithdifferentC６０thicknessofreＧ
fractiveindexmatchinglayers

４　Conclusion

Basedonrelevanttheory,thetransmissionof
multilayer(ETL/EIL/Mg∶Ag)/C６０)thinfilms
werenumericallycalculated with matlabprogram
andthetoporganicwhitelightemittingdeviceswith
commoncathodeconfigurationswerefabricated．The
opticalandelectricalpropertiesofOLED devices
preparedwithdifferentthicknessofC６０refractive
indexmatchinglayerswereanalyzed．Inaddition,

the normalized electroluminescence spectra and
chromaticitycoordinatesshiftofOLEDdevicespreＧ
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paredwithrefractiveindexmatchinglayersofC６０
whichthethicknesswererespectivelycontrolledat
４０nmand８０nmwereanalyzed．Theexperimental
resultsshowedthere were biggish differencein
optical transmittance and the chromaticity
coordinatesoftransmissionspectrumofETL/EIL/

Mg∶Ag/matchinglayerswithdifferentthicknessof
C６０．TheC６０refractiveindex matchinglayersor
thickness variations are not related with the

injection,transport,recombinationofcarriersand
producephotos．ThestudyfoundthattheelectroluＧ
minescencespectrumandchromaticitycoordinatesof
topＧemittingOLED devicesarecloselyrelatedto
C６０ thickness, which is consistent with the
numericalresultsoftransmissionspectrumofmultiＧ
layer (ETL/EIL/Mg∶Ag/ C６０) at different
thicknessofC６０thinfilms．
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