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Abstract Aredctiond thegpraimgwdtegeisachevedfa anagaiclidgt-emttingd odecata nng
acorugted praanc arysta structuefaricaedby theetchingd anind umtinod de anode l ayer . Thisis
detoapatid redtioninthethickess o thea ganiclayer . Treligt edractionef ficdency canbe d so
inproved due tothe d ffraction of cafinedligt by the phatonic crystd effect. The vdtage reductionis
successful |y denanstrated i n conti nati on wth an i nprovenent in the | unnance efficiency at constart

cureat fa thefdricaeddavice
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Qganiclight-emtting d odes (H>) are very prom
issingdevices for uiseinfla pand dspaysadill umne
tionapdications duetothe possibility of fabricating
vaythn fleibestructues that emt ligt over large
areas Wth high brightness and | ow pover consunp-
tion @@, Theredizaiond higly efficient devicesis
oed thenast critica issuesfor suchgodications. The
| unhnance pover efficiency © (rd aedtotheinerd qar

turef fid ey, thelidt edradione fid ecy adthed ec-
tricd cheracteristics) isimotat fo practicd (inper-
ticdar nadle). Thusfar, theinternd quentumef fid ey,
anintrinsic property of the organic nateriad, has been
i nproved by the use of phosphorescent harvesters (4.
Treligt edractionefficiencyislintedto~20wueto
tad interd refletion®®. Fonthexreticd cdcd aias
for typicad Q@QBEDstructures, 50%of thelight is guided
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adtrappedinthe highrefracti veindexind umtin-oxi de
(1ITQ anode ad organic layers. In order toinmrovethe
ligt edradiond fidaxy, it isthedaeimatat tofirda
nethodfor edractiond ligt cofinedtosuchgui ded nacks.
Qe promnsi ng goroechistheincorporation of aphatonic
aystd (R, apriadcddetricstrutureinsicewichligt
canbecotrdled inothe QM

This nethod has recently resuted i n i nprovenents to
the I unhnance pover efficiency inan QED ©. The QED
srutueitsdf, idud gthe | TO agaicadmatdliccah
oklayers, ispriadcdly carugtedtofamaRC Inths
way, df fractiondof cofinedligt canbe naximzed adis
eqectedtobe strage theninpreviass reparts(®. Inths
organi ¢ devi ce, d ectrd unnnescence vas oot ai ned wt hout
sagiaspdes, catraytotheeqpadedresdtsfa astruc
tuethat ismt fla. Hvever, theeffedt o the carugated
struture onthe d ectron ¢ creracteri stics hes ot beenin-
vestigaed util now Inthspge, ved sassthed edraic
daatteisticsd thedevice ad shonthet the current-vd t-
ae cheracteristics canbeinproved tagether Withtheligt
etradiand fidexy.
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Fig.1 Qoss-sectiona vievs of the sanpl es fabri-
caedwthacorugated RCnicro-pettern (@) Brd s
eye vi ewusi ng a scanni ng €l ectron nicr ascope. The
apparent danage at the edge of the netal |ayer re-
su ting fromthe cl eavi ng process. (b) S de vi ewus-
ing atransmssi on e ectron mcraoscope. The i nter-
val between arrovs i ndi cates the poi nts of nni nom

thicknessinthe or ganic |l ayer .
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Sanpl es vere falri cated usi ng the sane procedure i n
ref. 9 dectronbeamlithoy gy towite tvo-d nersi od
priadcsqerelaticepaten desmacingd apat o
150 nmthi ck | TOl ayer, evaporation of 130 nmthick or-
gani ¢ | ayer i nvacuumchanher, and packi ng wt h a desi ccart
inantrogen anosphere. The féeri cat ed ennssi on areaves
2 mx 2 nm The period of the squaere lattice (8 vas
variedinthe range 300 - 1000 nmand the nean d aneter of
the etched hd es vas set to be 100 - 300 rm Ref erence
sanpl es havi ng converti ondl QEDstruct ures (wWthout pet -
terned I TQ vere d so fabricated on the sane sustrate.
Figurel shoms cross-sectiond vievs of the faoricated
saple Thesice| o theetched ITOves tilteda anade
d ~@0° totlesudtraedar Theeae theagncad A
nata |ic-cathode | ayers vere evgporated ato the si devd |
o theetched | TOad no d scotinuity inthe organic | ayer
vies dserved Thethickness of theorganic layer (thed s
tance betveen the anode and cathode) t varies period cd ly
detothesaplecorugtion Toinestigaethed fed o
thsnod fiedstrudtueanthed edricderadteistic, ves m-
laedtresdicdetricfiddd stribtion F o the aross-sec-
tion of the RCQEDby sd ving the Lapl ace equati on of
O020=0 ad F=00®, wee ®isandedrostaic
paetid. Hre veassuedrodedricfiddinnetd dec-
trodes adpariad dty o the RCas boudary cadtias. As
sominFAg2Aa), thededricfidd reasity |F], wichis
dnast inversdy proporti onal to the d stance betveen the
dectrades, is enhanced a& the mini nomt hi ckness reg on of
theagaiclayer inthe RCstructue AgureXa) dsoird-
caestha th s enhancenart per uit areabecones narere-
nar kabl e as the RCperi od a becones snal | er .

The fabri cat ed sanpl es vere neasured at roomt enper &
ture usi ng a conhi nati on of dc pover suppy, dgtd rdti-
mater ada TAROON SR 1 spect roradi onet er . RgreXb)
shovs the curet desity-vdtage ( J-\) deadeaigicsfa
sanpl es wth d fferent RCperiods. Fgure2 (b) ind cates
that thevdtagereqiredtomainanacastat curet de
creases as the RCperiod becones snal | er . |1 n conperi son
wth convertiond QEDstructures, the operati ng va tage
(eg, faJ =50 niY cn?) is reduced by 30%for a FG QB
wtha=30mm Aterativdy, thecuret dasitya cor
stat vdtage (eg, fao V=5V isggradinatdy 10tines
hge thenincovertiod structures. Genay intutivdy
thrkthat thsefedt issmlydetotheinresseinsuface
aead thedectroe Hvever, thscarat eqdanthe phe
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memmdsavedinHg 2sincethesuface aeaisaly ~
l4tinesthet o aconvetiad struture Hre theourert
dasity J of the QEDwas expressed wth the Fower-
Nordhe mtund inginectionnodd @ g

J = k,IF|2exp(0 k/IF]) 1)

were k, ad k, ae costatsrd aedtothe naterid
property. Foml-V cheracteristics o fauricaed conven
tiod @QBEDsape (thedectricfiddinesityiscdor
ladedas |F| =Vt), veddtanred k =10x 10" [AV?]
ad k,=25x 108[m\] as fitting paraneters. Euation
(D indcaesthat anminear daresseinthequaraimgwd t-
ap ViseqpectedwWenthethicknesst isreduced a cor
sat curat. The J-Vcharacteristics o RCsanpl es can be
estinted by sing Ey (1) takingintoaccout o the sino
laeddedricfiddinesityinfg2a. Trecdalainre
sutsve | concidet wththe exqperinantad anes, as shom

inkg2b . Ths, vecancad ukethat deatricdradais
tics of RG QHED becone nore i nproved by the enhance-
net o dectricfiddinemsity as the RCperi ad becones
salle detothepartid redtiond agaiclaye thdke
res

Figure3(a) shows an exanpl e of the | unhnance char -
adeaigicasafudiond curat daysity. The period of 300
nmi n the RCsanpl es carresponds to the cal cu at ed noddal
vavel ength of the gui ded node, vihi chis deternined by the
vavd ethd ligt emttedframthe A q, (tris- (8hydray-
qurdire) dunnum | ayer, therefracti vei ndexadtheth de
ness o the QBDstructure. The | uminance of the RCsapl es
isinproved i n conperi sonwththe covertiod structures.
Wenthe RCperiadis equd tothevavd egthd the gui ded
nades i nthe ned um vaves propagati ngd ongthein-pl ane
drectiond thesapleaeemtted nornal |y tothe surface
d thedaicg smetheBapdffradioncodtionissais
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Fig.2 Hectric characteristics for various RCperiod a. Rriad a is varied between 300 and 1000 nm The

etch-depth of 1TOI s fixedat 60 nm Qxrrespond ng nni nomt hi ckness of organic layer is~90mm (&) Snol ated

staticeectricfiedinensity dstribution. The cross-secti on vas nodel ed on fabri cat ed sanpl es. The gppl i ed

votageis constant andthe electric fieldintensity is nornali zed by that of conventional QED (b) Grrent

density vs. applied voltage for different saples. Hots and lines denote results for experi nent and

ca cd ation repectivey.
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fied @ . Brasethetad inerd refletioncodtiona the
b cesufae(thed asssustraear inefae) fa dffraded
vaves is broken, thedffracted vaveis nol onger cofined
irsidethed asssustrae Thus, animprovenart intheligt
extracti on effid ency shou d be expected The | unhnence ef -
fidecy fa the RCsampleis further i nproved by i ncress-
ing the I TOetch-depth d, due to the enhancenent of the
apticd cofinenent factor inthe RClayer .Aincressein
eficdecy byafactar of ~12is dserved for the sampl e
wthd~8m Intad, thelunnous pover efficiecyis
inroved by afactor of 1.5 conpared to that of conven
tiod strudtues, assominkg 3(b. Hre B (1) s
oeststhet, evenfa covertiod structures, the goerating
vd tage can be corti nual |y reduced by decressi ng the thi ck-
rnesst, util prdd eswthshot dreutingooour . Howvever ,
theligt edracti neffid ey vill bedegraded by the reduc-
tioninth ckness of covertiondl QEDstructures, dueto
qticd inafaeredfeds ¥ B rdaedtothed starebe
tveen the d pd e and the netal lic cathode, as showin
Fig.4. Incotrast, the RGQBEDstructures inth s study
canreducethe operatingvd tagewileingrovingthe light

@
| dl 60n
-
3000 = 40nm -
!g L d_.i"ﬂ
3 -
= 2000 'I‘.-"
- ‘__Iili'
g 1000 f=
g O L L L L L ] '] L L
0 20 40 &0 a0 100
Grrent Dersity [ mXend]
(b
4000
- dd 60NnMe—___
= i 40nm
? 3000 l‘_.r"
9, = -rr.li
2000 '_._.-r"‘
- ’ﬂd’
'§ 1000 [~ st
0 1 L 1 1 L 1 1
0 Q2 Q4 Q6 Q8

Hectric Poer Dersity [ Wienf]

Fig.3 Lunnance characteristics for d fferent sanpl es.
Sl idand dashed | i nes correspond to resul ts for the RC
and conventi onal sanpl es, respectively. The | TOetch
depth dis varied. Gorrespondi ng nini numt hi ckness of
agaiclayer fa d ~40 nmand d ~ 60 nmare ~100 nmand
~90 nm respectively. The period aisfixeda 300 m (@)
Luninance vs. current density. (b) Luninance vs. sup-
plieddectric pover dersity.
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edradione fid ey, asdscussedanve Inaddtian wen
amcrostructure, Wether it isperiadc o nat, issmaller
thenthevavd eghd emttedligt, theeffectiveth ckness
o theagaiclayer canbe gpradnated by its neenthi ck-
ness. There can be an effecti ve thi ckness v ch oti nhzes
theligt etradiond fidery. W lethegperaimgwdtage a
costat curert is determned ad mini nhzedinthe thi ner
regond theaganclayer, as d scussed dove

In sunmary, ve have denanstrated not only | owvd tage
paraionbu dsohighligt edractioneficecyinQBE>
possessi ng a corrugated RCstructure etched on the 1 TO
lae . A Daedrtion o thevdtage a costat curent
conpar ed to converti ondl struct ures haes been achi eved due
tothepartid redctiond theagaic layer thickess. In
add tion, the l umnance effi d ency wthrespect tothe cur-
rat ves d soetaceddetothe RCligt edractioneffect.
Gonsequent |y, thel uminous pover ef fi d ency hes d so been
i nproved. Thus, these QHEDdevi ces coni ne hi gh bri ght -
ness wth | owpover consunpti on. Weldieetha futhe
gitinmzaiond thestrutueshoddbeposssid e resuting
ineengede o fidaxy.
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Fig.4 Ligt edractionefficiecy fo covetiod QBDas a
fuctiond thethickress o theargeniclayer, cdcd aed by the
finted fferencetine-donai nnethod (cird es) andthe node ex-
pasionnethod (ling). Thestructurecosists o aligt-emtting
/ eectrontransport layer (BW/EIL), ahde transport |ayer
(HL), anind untinoxide (ITQ anode ad ad ass substrate.
Therefractiveind ces of the BM/ETL, HIL, | TOand d ass are
assinedtobe 1 70, 167, 20ad 15 respectivdy a vavd eth
524 nmvhi ch corresponds to the centra ennssi on vavel ength
of the BML The thi ckness of the HIL and the | TOare 40 and 150
m respectively. Thedetalednethod of cdcdaionisgvenin
res 7ady8)
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