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l.Inmductfun
The organic.inoryruic layered pwvskib corryCImds, wih fte

g€n€ral fomula (R-NH3)2I\,DQ (R orgmic gnnlp,lvt metal, X:
halogsn), selfrorgildred qudm well sfirrchres uilrw I\Dq
sernioonfrrcfior layens ad R-}IH3 dielecnic layers re piled rry

afterndelytl-fl. These qumtxn well sfirrctrcs can Sabilize

errcihilN having lfrgs binding €neryr (>300rnev) md oscilldor

sftngflL u/hich erftibils ffiadive otrical poperties: a sflung

absorption d room Hrryerdne ard photohninesoense (PLXI-3],

nonlirrer otrical €ffect[4J, ard pohiton absorptior[5]. These

ffiihfres make ftffi ffiactive as enri$er mderials in
fre light miffhg d€'vices (I-Ds). Prrwiously, tb Lm of fte
puovdrite using a sirryle spin:coding as an errissive layer

eDftbited a sturg elecmohnninesoenoe il, liquld ninogen

temperanrcst6l.

Sofutim$nsed t€chniqrrcs ccr be adoe'ted fc trehpnpar*im
owing to fte seF.ugmizdim ndrc. For exarryle, a ryin-mding
fmm asohsiqr odaforiqg arorgadc mmmirm cryorrdmd
at inorgmic saft is fte most fi€qrnrtly used process. Howwer,
fie sohtim-based bchiqrcs have significaff disadvmtages

uft€n we ty b ryly flrem for optical or electical devioes. It is
qrrrte difficult to offil fte fihr flriclsrcss ad sfiuc.ture fcisoly.
It iq fin&ernrore, ahnst to depositffrem do mofter
layers of orguric seiniomdrc'tor nderials. Th€reforc, we aim at

developing veor ptrase depositim tedniqrs, such as vacuml
d€positfontfl as a device ftbricdion pnocess for &e
orgmioinryic lflJrcrcd puovslsiF to sohe fte
above-mentioned pmblenrs.

In ftis shdy, we investigdod fte organioinorymic light

ffiiftfotg d€vioes (OILEDs) whioh bave tre €missive layers of
(C6IIP2I{AIII3)DIbI4 ehEJbI4) mnd loy dral-sorre veor
@osition

2. Erperimentab

F g.1 *rous fte strMres of fte frhicded OILEDs. The

dnrofsymine copptr (C\rPc) lays, @osibd b" vrcurn yrytr
@sitiuU or tre @ (0fS) monolayo,
pr€eil€d loy soaking a srbffide in fte OTS/ tohrene sohsion (0.1

molo/d for two horrs d room tenryemmre, was fomed on m
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fudirnn-tinoxide OI1)) as a buffer layer. The PtrBPbI+ was

deposid by fual-some vrytr @ositim of tead iodide PbIz

atd 2-frerD'l€drylmmmium iodide C6[IsC2[IOIII3I (PhED to

be m emdsive md hole tmsput la5rer frllowed by amealing *
100'C ftr 20min und€r nitogtrr afinosphsre. AftEr ffirealing
2,9dimeftD'l4,7dipherryl-1,10- phenanfluoline (BC?),

2,4aenhnedimafo li&riun (Liacac), d Al wer€ d€rposibd

scpessivety ontrc mnpbl+ fitns as an eleclrrm tnnqlort layu,
ar elecnron qiedion layer, and a cdndE rcryrcthre$. eil
mrerials werc deposited by vacum vapor @ition at ths

backgrund pres$re of abor$ 10ta The deposition rate md &e

@ositim mount md &e stoi&imefiic rdio (Pbb:PhEI:l 2)of
trc PhBPbI+ fitms ww mmitopd wift a qfr1o., osoilltm
balmae. All OILED &rac'tuistiss w€,r€ measrpd d liquid

nihogmtemperdrnes.

glass

Fig.l OLmsfi&trcs

3.Resulb andDiscuskm
FW Souns the tenpemanre @enOmces (300K60K) oftre

inEgrdedPl inh,sities inftePhE'Pbl4 fihns. The integmredPl

irftnsity was rrrmalizcd W fte ahofted photm" Acoording$, it
indicmes the rehive PL qrnmm efficiency. TbF id€grd€d PL

inEnsity ofHtF-PbIr onfte ITO substtde teated wift CbPc was

doubld oqred wih &d or a nm-teabd ITO. Th OTS

ffiitnent also enharced it in foe times. This Sotohnninesoenoe
enlrarcement owing to trc hy&ophobic ftaftnent indicaes ftd
m optically higtryuality fitn[8], ie. wi& smger CIrcitm

almonption md photohmftrcscenoe, can be fomred <nl a
hy&ophobic rufroe trsr qr a try&ophilic one probably because

the mass'ratio ofboft corryonenb was intpoved ontre subsfrde

OTS monolayer
or CuPc(l5nm)
orno layer
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Fig;3 (a) fhercprcsemeivePl ryecfirmoffu PhF,PhI4 fihns

fr liquid niEAgen mpenmre, md fte ryreseffdive EL
qpecffim offte OILEDs d liquid nifog€n temp€rdlrcs.
(b) The eril€mal qudm etrciensy-cun€rtr density

chracteristics ffte O[fiDs d liquid nibgen rerryermm.

wih. a lower srrfice energl or bmrse fte moleculr uierilatiqr
of fts firSly ahorbed mffiial was chmgpd to a mw frvorable

way.

Every OILED frhiced on lhe ITO srbstrde nonftabd m
tred wih lhe hy&qbobic teaesnt, strowed EL in &iven d
liqrdd nihgm empcmres. A ryreseddive EL qpecfim is

shown in Fig.3(a). Tbe strilp md gresrish EL Wecta
currcseonding to fte PL ryesta of the ttrFPbI4 fihns d srne
tryermrcs werc obtained ftr all OILEDs. Fig.3O) Soun the

E ftmal qrrdlm e,ffciwy-ond dsrsity chraffii$ics ftr fu
OILEDs performd at li$dd nimgen t€mperffie. Tbe OILED

with C'uPc srftibit lhe highest erseffral qudlm efficiency,

though the iffigred PL itrensity of PhEPbI+ qr C\rPc was
of fte bwer ftm ftd on OTS. Since C\rPc can act as a rnderhl frr m

efficimt hoh injedim laye ofEL devioes, holes ile inject€d iffio

tte PhEPbI4 emissive laya mre easily, rcsiltfoE a
well{alarced crrier qiedim md m €fficid cffikr
rwon$indiur On fic oftrer hat{ lhe OTS layq acts as m
in$ldor, resulting lower EL efficienry.

4. Condusion

h this IEp€r, we dernomfiafed the ongmitlinorgmic ligtfi

ernifiirg devices (OILEDs) ufrich have fte ffrissive layers of
PhF'PhI4 pr€parcd by dual- sorce vacurn deposition, md flre
elesfiohminesgrce erftreemmc fiom ths hE-PbI4 emissive

lqrer$ have bm obserued by tre effect ofiry&ophobic teahmt
It has bffi fcnmd trd lightqniufurg de'vi{Jes with a higfu

efficiency cur be frbricded witr ffre vqc deposition tec,hique.
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