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1589P01PC A METHOD OF | MPROVI NG THE CHARGE | NJECTI ON
TO ORGANIC FI LM5S IN ORGANI C THIN FI LM DEVI CES
WEAUKGRAIND OF THE | NVENTI ON Fi el d of the | nveRCT@aA2005/001069
[0001] This invention relates in general to the
materi al science fields, and nore particularly to
organic thin filmdevices. Description of Related Art
[ 0002] The research and devel opnent of organic thin
filmdevices has been attracting a great deal of 1589P01PC
attention over the past two decades. This attention
be attributed to sone favorable characteristics of

A hﬁﬁﬁ@@ﬂj@ﬁﬂh@@‘(w} dXEREHARGIR ENFEG BION T8 OBMANICCEE MS IN

are relatively SRGASHE IR NN s ve: The
manuf acturing requirenents are not strict, and the

devi ces can be fabricated on flexible substrates. In
addition, organic materials used in these devices are

I nexpensi ve a | he materials is
far |ess than%éﬁ&mﬁ%ﬁ@cﬁ%&gﬁ@g These
characteristics result in a far | ower manufacturing

) cost than current Si or Ge sem conductor devices, see

Field of $igdnwventionM and Seidler, P.F., O ganic El ectronics:
I ntroduction, |IBMJournal of Research and Devel opnent,
January 2001 , page 3-9, volune 45, |1BM Corporation,

00011 USAs ide i i [ i | |_m,devi ces.

[ , ] i ncl ude?@%]orreﬁg%a%p?g,éﬁgﬁ)gtg% ﬁ%&%ﬁ# S&F Iltl%rﬁ] ?lééar?gfls GF ?a&mulaﬂy to

organic thiomHm devazegani ¢ thin fil m storage devi ces (OTFSD), ‘
organic light-emtting di oeds (OLED), organic

Description of Related Art

[0002] The research and development of organic thin film devices has been attracting a great deal
of attention over the past two decades. This attention can be attributed to sorhe favorable
characteristics of these devices, for example, their fabrication process is rather simpie, and the
production tools required are relatively uncomplicated and inexpensive. The manufacturing
requirements are not strict, and the devices can be fabricated on flexible substrates. In addition,
organic materials used in these devices are inexpensive and the consumption of the materials is far
less than with competing technologies. These characteristics result in a far lower manufacturing cost
than current Si or Ge semiconductor devices, see Shaw, J. M. and Seidler, P.F., Organic Electronics:
Introduction, IBM Journal of Research and Development, January 2001, page 3-9, volume 45, IBM
Corporation, USA.

[0003] Applications of organic thin film devices include, for example, organic thin film transistors
(OTFT), organic thin film storage devices (OTFSD), organic light-emitting dioeds (OLED), organic
thin film solar cells (OTFSC) and organic thin film lasers (OTFL).



10

15

20

25

thin filmsolar cells (OTFSC) and organic thin film
| asers (OTFL).[0004] OLEDs have been wi dely
wachwmnsigeged t o have a potential to replace | PQUiCA2005/001069

crystal displays (LCD) as the next generation of flat

panel display (FPD) technol ogy, as stated by Barry

Young, Status of OLED Manufacturing & Search for New

Applications, OLEDs, 2003,_jntertech, Portland, Maine.

The light-emtting machani smof OLED is rather sinple.

S RI.&r al s .. small. .
[0004] o?%gf%]?%: h%r‘{)&E%:elﬂle‘g}rdte#at eri a ?Q%ﬁ g poly ang?tghtmgl}gﬂceg]gce hqmd crystal
displaysALGD) aPE\ ket igudriticasofofied pped] Wi dplegr (@TPS)WQQ%Hn% ;/a?ssstated by Barry

en a voltage is

e et ween two el ectrodes
Young, gtﬁms 02 &ﬁtép g”i?é\ﬂ@w@etnec% Ssarch fu N%A@pbcamns rQIEI9s, @003, Intertech,

Portlandlgir\/gliﬁne al:}l% 1ht @ﬁ]lnrﬁhg {me@h;ﬁ{ {}19 lﬁg Ogrfg)g Ir%t%ggs{lll&lso al%)%m@]a]ég}lt emitting

organic Immtemags reg.panll \tﬁgeeh(eﬁidl&ﬁl% méRHiNSt AnA0pdIDReAPRLEE s Alg,, PPV
@@?ge Qn respective electrodes of the three organic
derivativigs pad pely Suggens dle@wmes,u age tsertac atweanoivor eledtrades HWhen amoltage is

applied tB g éri)r% lde%, b9 g iC mg grlaf) ﬁg}lﬂﬂtﬁthﬁgltn %ﬁf}% eeg é%g{e%??l Egr\rllgrlses red,
green ané >bihieal®g}d leRAfidg bﬁg@ﬁu Me&Hials! &.‘cﬁ MEving rcl:sg)ggﬁvev& c%ﬁes | Réﬁ' usting the

power consunption and flexibility. Additionally,
applied \f@é@m i tagpediiye slestredss of the tﬁt_eElDrgesncr mbfesnlssiittpésalt in a certain color
Jransparent indiumtin oxide (1TO coated glass
thghtfmrﬁgl%eo%figl or flexible conducting substrate is used as
an el ectrode. Organic materials can be evaporated (for
snmal | organi c nol ecul es), spin-coated or ink-jet
[0005] ﬁ}hﬂf]}%@s@d Bat peotlydhenla)s hevt onarhberelf advanodpes, ildledigg Aidh resolution,

el ec dels ormal |y de oslte onto the'organic filns
extraordiggry, ygn@gﬁf HEESS e%%}g et )POVT‘FFe C@mﬁu%mﬁl@gsamﬁ flexibility.

Additionkil, Sth@ﬁiﬁhﬁ;fa&hfﬂgﬁgwc@ss%r @EEDQS Efﬁl&}r%mq e e%%f)%g{gl ]eélu]il tin oxide

tylca D structure 1s 1

(ITO) cog@d gtmsgsub@raw\br dlestibléacoruytiey substrdte idRREd 8¢ afPRIEBI68. Organic
El ec rol um nescent Di odes, Septenber

materials i 5¢ ugpoin §ios p51al Rt ToAlecARRY FrjaoRAd o inkiet afinted. (for
polymerszmiﬁ)' thé eleUc?&le AR Dther efectrodfs 'ntopmalﬁ) dep O3 SShto the organ(iic films by

physical vapor depos1t10n (PVD). The thickness of this basic structure of the OLED is on the order
of Ium. A typical OLED structure is illustrated in FIG. 1, see Tang, C. W. and Van Slyke, S. A.

Applied Physics Letter, Organic Electroluminescent Diodes, September 1987, pages 913-915,
volume 51, American Institute of Physics, USA; Adachi, C., Tokito, S., Tsutsui, T. and Saito, S.
Japanese Journal of Applied Physics, 1988, pages 1269 and 1713, volume 27, The J apanese Society
of Applied Physics, Japan; Burroughes, J. H., Bradley, D. D. D., Brown, A. R., Marks, R. N.,
Mackay, K., Friend, R. H., Burns, P. L., and Holmes, A. B. Nature, Light-Emitting Diodes Based
on Conjugated Polymers, October 1990, pages 539-541, volume 345, Nature Publishing Group,

London.

[0006] Industrial experts predict that OLED technology will engage the market competition of flat

panel displays soon. Austin based DisplaySearch, a market research and consulting firm for
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Japanese Journal of Applied Physics, 1988, pages L269
and L713, volune 27, The Japanese Society of Applied
wehywioos,72 Japan; Burroughes, J . H., Bradl ey, BCTA25/001069

Brown, A. R, Marks, R N., Mackay, K., Friend, R H.,
Burns, P. L., and Holnmes, A. B. Nature, Light-Emtting

Di odes Based on Conjugated Pol yners, October 1990,

pages 539-541, vol une 345,_§\l§1ture Publ i shi ng G oup,
London. [0006] Industrial experts predict that OLED

displays SERIR Rl 5008 BBAY G B Rn SR bl % GLED Enotogy by

2010 and@T BB bised eamplitcR Béte&RNnH tdIbNSioh sé iR LEhSPb
predicts that Dol s 5056 of T ROmSer I ﬁg%| | e@@éﬁglﬁ%‘”omo” as

stated bynarieY owilg, Btagissef QLED menkfaditgy &tihe 3¢it¢h fanNe®LAD I Rased, OLEDs
0 tgr_.sc s ang.t el evi si sets wll appear

2003, IS 01516&%%1%?%11&% Sk 8dABgeEe PP SaPYes a Korean

company® had &dh ﬁ@d&ﬁﬁ?%ﬁ_ddhb&ga £ ben ?t?(feiét?g% &Pﬁnpgrﬁpp di%plaMi e

Appl i cati ons, EDs 2003, | and,
Sei ko Epson, a Japanese conpany, and Sansung, a Korean

: npany, .have bot ecent | roduced .a 40 inch

10007 Y sutEH T Scshete Sptir Covavtinkienin OF QLER feehiology are
e fickSEVBE eI LIRS RShay St Bl BBl EResoom
hours, bud O3 B psits i@st, hevw lifgtima of yyoimdl 0,0@hdes Exténdigd theHf@lme of OLED

disol 50, 000 .hours, but OLED, at jts_best, has a litfetine of
isplays 3 & GHG 150 BtengdfSTriaband weiendic remmmniies fe meke QIED technology

titleSBIANSE HEED | L AR B 3

cotpett scientific corﬁ%{rl}ﬁ(%gz?dﬁj g@{r{g%g a&]%%%tbé’cﬁm E%V“g Status of OLED

manufactuwimg ek thei Searchdories APpHoati @6 NODEDYL00Y TREREHESH, Portlad, Maine.
stated by Barry Young, Status of OLED manufacturing &

the Search for New Applications, OLEDs 2003, :

I Por nd, .. Mai ne. 08] An f . met hods .
ooos) AbSkEF e BRLAL Bk MG, LPOBL. A TS B el 108
lifetime 186hROChihd BidriabRl éHRRadIMjeEHBML L, ﬂgseftﬁfg%rct)ﬁ&dcg:n% E@?ﬁ%?@r%l between

inj ections, e.g. inserting a conducting p
the anodg ardherprganic hoduichrd PEROGPGSnsee Gidenpndaak ., afnas, F., Fritag, D.,

Pielaﬂzil@%& Il:)l%sfnolase,%. ﬁ',%e V%ng%q\l/lételliél’s, Pjo%r)(%?4-etﬁjf1’enel:drici»2y%%bp1?éné) and Its
Derivatives: Past, Present, and Future, July 2000, pages 481-494, volume 12, Wiley-VCH Verlag
GmbH, Germany; inserting a thin layer of inorganic film, such as lithium fluoride, between the
cathode and the organic film, see Hung, L. S., Tang, C. W. and Mason, G. C. Applied Physics Letter,
Enhanced Electron Injection in Organic Electroluminescence Devices Using an AI/LiF Electrode,
January 1997, pages 152-154, volume 70, American Institute of Physics, USA; and most recently
inserting a thin layer of organic salt between the anode and the organic film, see Zhao, J. M., Zhan,
Y. Q., Zbang, S. T., Wang, X., Zhou, Y. C., Wu, Y., Wang, Z. J., Ding, X. M. and Hou, X. Y.
Applied Physics Letter, Mechanisms of Injection Enhancement in Organic Light-Emitting Diodes
Through Insulating Buffer, June 2004, pages 5377-5379, volume 84, American Institute of Physics,

USA. All of these have certain limitations and the manufacturing processes are complicated.

[0009] Doping organic thin films with organic salt was proposed by Alan J. Heeger et al. in 1995.
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Pielartzik, H and Reynolds, J . R, Advanced

Mat eri al s, Poly(3,4-ethyl enedi oxyt hi ophene) and Its
wOroicwasi7zes: Past, Present, and Future, July BOOD@A2005/001069

pages 481-494, volunme 12, WIey-VCH Verl ag GrbH,

Germany; inserting a thin layer of inorganic film

such as lithiumfluoride, between the cathode and the

organic film see Hung, L. S., Tang, C. W and Mason,

G C Applied Physi cs Letter, Enhanced El ectron

j eCtil [ N: trolu cen e Devices_Usin
The metgﬁél %ijllhﬁjgo‘éq&%r smn:] 1%313; ?ﬂ”f% égani s,lsggrPel Q. % , Yu, G.
Zhang, QONYumR, YOandTeédee,an. 1.NSdibhde! Pol?fneP ﬂi/gfhlt %ntgg'eﬂe@t%[hemlcal Cells,

nost recently inserting a thin |ayer of or
August 9 vipages 1086 ﬁ?%d@laﬁ@ 26ReAmegean Assbeiation ﬁaedleZ«hmllcdnent Science,

USA; P%Q éh %QY Q{u J& h%%gr}ﬁg% dlﬁeege\rd&é Jou;zgrrl]a?&{laf A@@pqa@d’.}hemlcal
Society, Pbbﬁﬂeﬁ il%fﬁ-fﬂn‘tﬂftlng!\@%’@d&h&ﬁﬁ:apéeﬂé"Ir?@ﬁt%f’{}nﬁﬁl%ﬁ g ﬁé’htt Emrrtlng p-n

ani c Emtting D odes Throug nsul at’i

J unctlonBLﬁg%pages ) mvolpa@dsl S EAMEr &R AChemied] @ﬁ&e@éfUSA It does not raise

anattento ‘fﬁ‘ Insti.tute of Physic USA. All of these have
%e’rfi’%\ °deire g?l?eéin‘gl Agapissakiiate svetervsigTesiocesses
are conplicated. [0009] Doping organic thin filns wth
organic salt was proposed by Alan J. Heeger et al. in
1995. - AThe nethod can inprove '|ight erri Ssi on but has

a nunber of dis M?\/? es see Pe| QO G
Zhang, C, Yan NITONC ence Pol yner

Light-Emtting EI ectrochem caI CeI s, August 1995,
pages 1086-1088, vol ume 269, American Association for

[0010] tIine ﬁmi\aapucem‘auht pfﬁselﬁﬁﬁ‘&ntlbﬁﬂthel’é’% a nfethod-of nYéﬁl%ctqug organic thin
and_ Heeger, A J . Journal of

n C.
film devm FP’E’BHSI%éﬁq gteps 35@{1@91}1@}:@1 9@plc|_mgqqnalEm 2 iirstpolvent, thereby
providin, |a%%ﬂ' Qe G?SIsolgﬁiglJ%hn é‘llt P%aﬁic %tgl rangetclagcg %ﬁ%‘% thespy providing a

ht-Emtting p-

second swlutlom;é)ldnﬂ&g ‘rhmﬁnst calutich eiihahé s€0fd e Mtiot)Mereby pﬁ)@f‘cﬁng a blended
raise an attention, and the device doped W t

not
solution; g 4i5ing the plensieds slutien, e erepgrs toegandd thin ﬁmmemﬁanm&ture of the
organic tanAe%es.

[0011] Inasecond aspect of the present invention, there is a method of manufacturing organic thin
film devices comprising the steps of dissolving an organic material in a solvent, thereby providing
an organic material solution; adding inorganic salt into the organic material solution to form an
inorganic salt-doped organic material solution, the inorganic salt-doped organic material solution

is used to prepare the organic thin film in the manufacture of the organic thin film devices.

[0012] In athird aspect of the present invention, the inorganic salt is from the group consisting of
MnXm, where M is a cation, X is an anion and n and m are each whole numbers, wherein the
inorganic salt is selected from the group consisting of LiF, LiCl, LiBr, Lil, NaF, NaCl, NaBr, Nal,
KF, KCl, KBr, KI, RbF, RbCl, RbBr, Rbl, CsF, CsCl, CsBr, Csl, BeF,, BeCl,, BeBr,, Bel,, MgF,,
MgCly, MgBr,, Mgl,, CaF,, CaCl,, CaBr,, Cal,, StF,, SrCl,, StBr,, Stl,, BaF,, BaCl,, BaBr, and Bal,.
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[0010] In a first aspect of the present invention,

there is a nethod of manufacturing organic thin film
wdevictesi7gonpri si ng the steps of dissol ving anPOTgan005/001069

material in a first solvent, thereby providing a first

solution; dissolving an inorganic salt in a second

sol vent, thereby providing a second sol ution; blending

the first solution with the.second sol ution, thereby

providing a blended solutibn and usi ng the bl ended

on_t.o are ni c nfilns in the
otner i o Babe B RS o iedire Titheternar R s ntooathpr metal ions,
such as frihs@icneaOaR, é’eﬁm&t befisell Bea H{)ﬁaiﬁ R the %Y@a%d I?Qber Lhere is
a met hod of manufacturing organic thin deV|ces
conprising the steps of dlssoIV|ng an organlc naterla
ere rovi di an orgapi c nmateria

00131 s B 555t et iiors e £ 6raRe Bingm dovice. The organic

thin film'Ry Rk iR luddlatfch @ ph of BIEERRis hAPA S8R0 K i 5fqntoir%%ﬂ§esglt «doped organic

organic material Solution, the inorganic sa
material pdgpeaniccanimpbthiezlectrofiast ilo furtter aspedtstod thy @psshe 1ﬁvbﬁuon there may be

t nuf acture of the organic
lthree OrW?%aF?tf‘ﬁ{éEIBdeB@e'?‘ﬁbthl?} ¥ third aspect of the

present invention, the inorganic salt is fromthe
group consi sting of MhXm where Mis a cation, X is an
anion and n and m are each whol e nunbers, wherein the
i norgani c s%g i s selected fron1the roup consi sting
of LiF, Li CBRIEFBRESGRIPTIQNFOL {ikiE D NGRal , KF,

KA , KBr KI, RbF, Rbd, RbBr, Rbl, GCsF, Csd, CsBr,
Csl, BeF2 BeCIZ BeBr 2, Bel 2, NQFZ Myd 2, NgBrZ Ml 2,

[0014] %xres@ﬁﬁnﬂentﬁ@%ﬂ be@adrd readilly 2nd&sfobd fromt @fe%ollowmg description of
Srl 2, BaF2, Bad 2, BaBr2and Bal 2. Ot her types of
preferred ﬁ@b@cameatsStbﬁne@f given hyayapef esadple) withirhfrenes pe thesa@bmpanying

ention, other netal ions, such as transition
dﬂwmng E]"f‘;dlhml"can also be used as a dopant in the organic
material. [0013] In a fourth aspect of the present
invention, there is an organic thin filmdevice. The
FIG. 1 isgrsghematia Yiew of ilpriot @ organicrlight deiiting dlodast a pair of
el ectrodes and a thin filmof inorganic salt-doped
organic material adjacent each of the electrodes. In

FIG. 2 isfaI5dha@iatia YROE bF aPbrgbhiR 1R SRRting QYRR e hBSEGIR Y R present

invention; and

FIG. 3 is a schematic view of the organic light emitting diode of FIG. 2 under a voltage bias.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015]  Referring to the figures and first to FIG. 2, this shows an organic light emitting diode
(OLED) indicated generally by reference numeral 10. The OLED 10 comprises a cathode 12, an
inorganic salt-doped organic thin film indicated generally by reference numeral 14, an anode 16 and

an anode substrate 18. The organic thin film 14 comprises an organic material 17 doped with one
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three or nore electrodes used in the thin film device.

BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014] The present
wonvernsion Wil | be nore readily understood fr oRCT/RA2005/001069

foll owi ng description of preferred enbodi nents thereof

given, by way of exanple, with reference to the

acconpanying drawings, in which: FIG 1 is a schenmatic

view of a prior art organigcglight emtting diode; FIG

2 is a schematic view of an organic light emtting

oo 8 IO 0 B RSHERL 0T

emtting diode of FIG 2 under a voltage bi as.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
[0016] [Thoimyreauis wltsilAgxisbinthefifm §asan iani¢ sbeqist havingfin@ns 22 and cations

24, o i s SRR RLFAPRDLE g ks Bt AefraPotio Do 20 have o

- negativeldd1EDNRAd 8 §Osifive pbROE URderafh é)ﬁ&h&%l% 886! asA9BGH in FIG. 3, the |

organic thin filmindicated generally reference
cations 24umevejowand thg waﬂmd@l ¢2 a6d thednams 20 cnmiwe&ui&*aﬁdrthé endd. 16 ARd the ion

pairs 20 GRS Wit Bl Chalis B ind e $8 Andne mpsitive poles 23 pointed
to the caﬂ@a@nglxbmclbyesﬁﬁi ﬁf@ﬁfo%gfiﬂ@ﬁﬁam epk?ar £HQ16] The

inorganic salts 19 exist in th as an ionic
speC|es havi ng ani ons 22 and catlons 24, or ion pairs

di cat ed general | by refer nuner al or both.
[0017] {genera ﬂ gg}l‘g f%l@ %/9‘9@&% ahag gwﬁgp(ée 10, lmg@fdh%lblas of the external
ltage PQShérkye tﬁ@l f t
T NI IS ) ok

between gnededitemi Rvelnuhdtthe hizhesinsciedmulkecilamarbital (HOMI O hikl improves
reorjent with the negative poles

and th on
the hole ﬂﬁ:&pﬂ?@an fl%cpcgﬂés ’rgr{g@ argppicipgeriald 7po¥ith |th@1opmags202@orlentated as
described ¥k Edle h@ a‘u% lpgl%tﬂ?!ﬁnt}?o LR 1e° SidSaddind n&reides Winode work

intertactar
function, and therefore also lowers the hole injection barrier.

[0018] At the cathode 12, the cations 24 atiracted to the cathode 12, due to the bias of the external
voltage 26, decrease the cathode work-function, and therefore lower the charge injection barrier
between cathode Fermi level and the lowest unoccupied molecular orbital (LUMO), which improves
the electron injection from the cathode 12 to the organic material 17. With the ion pair 20
reorientated as described above, the positive pole 23 points to the cathode 12, which also decreases

the cathode work-function, and therefore also lowers the electron injection barrier.

[0019] In this example, the organic material 17 comprises polymer materials, which usually have
long alkyl chains in order to improve the solubility, which, therefore, prevents the film 14 from being
tightly assembled. Since the sizes of the anions 22 and the cations 24 and the inorganic salt 19 are
small, the ionic species can easily move in the film 14 and the ion pairs 20 have no problem to
reorientate in the film in an expedient manner, which results in a fast fesponse to the external voltage

26.
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[0017] GCenerally speaking, the anions 22 attracted to
the anode 16, under the bias of the external voltage
waa@gosimsr’ease the anode wor k-function, and theretmng005/001069
| ower the charge injection barrier between anode Ferm
| evel and the highest occupied nol ecul ar orbital
(HOMO), which inproves the hole injection from anode
16 to the organic material_17. Wth the ion pair 20
reorientated as described above, the negative pole 2 1
points to the anode 16, which al so increases the anode
wor k function, and therefore also I owers the hole
0020] | THeeedtically, Basindle layel HOEI {
,[ : .cations g}zf at tgr actyed to t%@hgzﬁaﬁlgggq?g{;@g%éngg@%gm enhance the
interfacigfichgreginjecionesaddhersfore tietdagmg26iel dadredawe Coheqoaithode doping of

- ) and therefo | ower the chargqe
the orgaiiShbicr B Y 4 sp RO Bl et e e st gmfilaorphology

* and emidstome CCTHY I qt g '
and emids@oiesiecthnaC CIHY Reihol! B ndPhdddl 18 méﬁe%ga(t:%géé !}i%mir%lt OLED

I nproves the electron injection fromthe
maHUfaCﬂWélg&tr@@ﬁfieé- material 17. Wth the ion pair 20
reorientated as descri bed above, the positive pole 23
points to the cathode 12, which al so decreases the
0021] ORkReaGaMBinlh bPEleiiRthoa@Bdalt [@ f?kﬁ. QB abi0824. X ;
[ ) : el elgter on injection 1ba ri era.1 Og% hwth%ll%sMgg(\glﬁpcla{é?nzél’XlSthe
anion 22{1\:1:_31 ]ﬁﬁlghm elrrle Hmhewlilcﬂéla nﬂﬂlba?{(migi Is ﬁ$_3,p© 5y 6and gﬁtﬁlé lcafiéh 24 includes
i ch usual, ave. long al kyl chains in order to
metal catiqsy Weﬂsl? Pﬂé“% 35 8 inclugde hajepemand qeamdeormdonsp fldw enmplexiaaions can

; ' 4 | ' e ed, Sin he sizes ..
inctude o RS e L B §orfo P ot i SR citfrent
inorganis adlts &M@ lar esciinddnkurréhily d0BORANEPRE RS ofARicCAGIkM] TPVEd in some
in the fjlm14 and the ion pairs 20 have no problemto
examples gte ramt by worgihameny preaniy matgriskpissefitent manner, whi ch
results in a fast response tothe external voltage
26.[0020] Theoretically, a single |layer of ions on the

[0022] Gabhodtgardie sAnd tag b@@@l@&eé—,&oﬁéﬂmﬁﬂ&%’lﬁﬁ thd®llowing list of inorganic
.Jdnterfacial cha\rh?e injection, and therefore the doping
salts: Lify, bifely Ll BeNalo WaGtoNally dNaht KK: K€l K RtoK1, RPFoRbCR&RbBr, RbI, CsF,
’ [ [ 7 A t i ppr i C lts 19 may
cscl e ST, ook i RS hAECI, AR L BB cany, ca,
StF,, S1Cl,, StBr,, Srl,, BaF,, BaCl,, BaBr, and Bal,. Other types of inorganic salts also may be

used.

[0023] The OLED 10 of this embodiment is fabricated according to the following methods. The
organic material 17 can be doped with the inorganic salt 19 by a solution process or by other
processes; however, the solution process is the simplest. The typical steps in the solution process
are discussed below. It is understood that the whole process should be operated in a controlled

environment, e.g. a glove box.

[0024]  An inorganic salt solution is prepared by dissolving an inorganic salt in a solvent. The
inorganic salt may be a pure inorganic salt or a mixture of inorganic salts. The solvent may be a pure

solvent or a mixture of solvents, for example, one of or a mixture of tetrahydrofuran, chloroform,
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and em ssion spectrum The nethod al so has no need to
make a bi g change in current CLED manufacturing

woro@esies. [ 0021] The general fornula of the PODKRANIS®0O1069
salt 19 is MhXm where Mis the cation 24, X is the
anion 22, and n and m are each whol e nunbers, e.g. 1,
2, 3, 4, 5 6 and 7. The cation 24 includes netal
cations, and the anion 22 can include hal ogen and
conpl ex ani ons. The conpl ex ani ons can incl ude

: £, i i gt

1-dios G BORGYE o RN RR S Meclop B AR Bl oLt fhamol. Afer

the inorgamit 2t disselles,ahe€ thok@nld sltaslutiopaa Be fiRérell RtieR hBARHC For example,
material 17, and in sone exanples there may be nore

the inorgamigsalirielusiog £an ke fitiewsdiby|dilptieg thetsolytion xdih drmdvent.

inorganic salt 19 nmay be selected, for exanple, from

the followng list of inorganic salts: LiF, Lid,
0025] LABrgahid matah soNafen is red Wl dissbFindightkRtittinfl ic material
N N T e dissBiind igh SRl organie materia
into a s@gent TimemylyentBaay2be piymPe soly@itor avyixtare dMsddyenBaFAs an example,

Cadl 2 Br L2, SrF2, . Src 2, SrBr2, aF2, . .
polyflucggesn befigidlve 1olup, o3t o g AEHERR ¥ ahpg dissolved in
chlorofodh SR trARMrORr S THE) bP O SdobdRNOLEhR dfhctrdildh Sf the organic material in

err‘bodl ment is fabricated according to the follow %g
the solutist isdlgterminied by thgibicknestrequiremenvoicthe fibe. dbpedzanictrhatefial solution
. tf norganic salt 19 by a solution process or by other
is next filfered, sses: however, the sol ution process is the

sinplest. The typical steps in the solution process

are di scussed below It is understood that the whole
[0026] {ihe creggarshisll solubion gpidemted avithrthaorganic medtdréd solution to make the doped

._environnent, e.qg. | ove, box. [0024] An_ inorganic .
organic gjetials Splupipty Cpdrge fhsdoming et LBF oo ighgavs which does
o r . . . .
ot a3 RS YA ol A0S i o
solutionsiel aremid Ody pple ta WP ppm. The exact concentration is determined by the

requirements of the light emitting material.

[0027] The blended solution is used to spin-cast or ink-jet print a film of the inorganic salt-doped
organic material onto an electrode substrate. The other electrode is deposited on the film, thereby
producing a single layer device. The above method can be extended to fabricate multilayer

structures.

[0028] Inorganic salt can also be directly added into the organic material solution to prepare the
inorganic salt-doped organic material solution, which is used to fabricate the film by either spin-

casting or ink-jet printing.

[0029] Doping organic light emitting materials with one or more inorganic salts not only improves
the light emission efficiency, but also lowers the turn-on voltage, which makes the usage of lower

work function metals for electrodes unnecessary, and simplifies the manufacturing process.
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solvent or a m xture of solvents, for exanple, one of
or a mxture of tetrahydrofuran,
wohbwroofioem 1, 4- di oxane, acetonitrile, water, eCnyA2005001069
acetate, acetone, pyridine, ethylene glycol and
nmet hanol . After the inorganic salt dissolves, the: -
inorganic salt solution can be filtered when needed.
For exanple, the inorganic salt solution can be
filtered by diluting the sofution with a sol vent.
[0025] An organic material solution is prepared by
dissolving a light-emtting organic material into a
10030] e iGN mSd ROBHENe (EVxDE: ScHpLoRRRIAP i dovices i goneral
approachhend casled appted to ahpligktremittinguydteriss rinprove teeleght amiksion efficiency
.. MEH PPV can be dissolved in chloroform
and lifetya¢.r ahydr of uran (THF) or chl orobenzene. The
concentration of the organic material in the solution
Is determ ned by the thickness requirenment of the

- [0031] fAlfmtheFagvaitgRnfehd@ont nadthaiab tinpiveitbe e fjdctieh 8forganic thin

[0026] The inorganic salt solution is blended with the
film devineg drAncmpaeenical instbe gfficismcy andhaithe lifemeap dlae vartgan celored OLEDs,
dnater@als iobﬁtion. General ly, the doping |level of the
&gre’ﬁﬁ§Pg HP 8RS A s very | ow, which does not affect the
filmthi ckness and norphol ogy. The concentrati on of
inorganic salt in the doped solution is around 0.1 ppb
[0032] t Althoygiothembnve Teseriphierc tses (NJENs pstn dhusirgtiveet:@mmyle)ébe method of
. by the .requiyenents of, the light.emtting naterial. . .
inorganig el doifh i & Rk &g istito A pEEApisain Bind feviCes 56 emiove interfacial

charge ihjB&idr8to RIritat efhdnbd fﬁeﬁfoHEII&ﬁoﬁs[‘ organi ¢ sal t-doped
3rgan|c material onto an el ectrode substrate. The

ot her electrode is deposited on the film thereby

produci ng a single |ayer. device. . The ahqve, met hod can ,
[0033] Bis el ﬁag%relefdoglaoé? seliebings FhIVaeYs Be lﬁe%t_mnééqt @) described
embodirg%}gg Hﬁg*bs PRk bvift ! B Gp st thld %&r‘p%hhé’dé} d into the

anit material soluti'on to prepare the inorganic
sal t-doped organic material solution, which is used to
fabricate the filmby either spincasting
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or ink-jet printing. [0029] Doping organic |ight

emtting materials with one or nore inorganic salts
waaboemasy2i nproves the |ight em ssion effici enegT/dan0s/001069

al so lowers the turn-on voltage, which nmakes the usage

of lower work function netals for el ectrodes

unnecessary, and sinplifies the manufacturing

process. [ 0030] The above nthod to i nprove the charge

injection of organic thinfil'mdevices is a genera

&ggtgicgg @gd can be applied to any light-emtting
WHAT i inprove the |ight em ssion-efficiency and
lifetime. [0031] A further advantage of the above
method to i nprove the charge injection of organic thin

1. A methol wf dewirfetsiring osgani atpinofilendevices Rotpeisiaf fhecstepyaf: and

inthe lifetinme of the various colored OLEDs, e.g.
red, green, blue and white. [0032] Although the above

-1 Dt . i i le.. the
e N R SR, iRy PR R Brioh
to all organic thin filmdevices to inprove
interfacial charge injections to further, enhance their
dyrelving leslﬁg%.anmefs 3 a AcCopfl polve. tteRy PrRVidie prsseqand solution;
skilled in the art, various nodifications to the above
descri bed enbodi nents nay be made within the scope of
Harlimpthe fids dohtfiah MEtHHATedobd CbitiMEBhérSby provAlingh blsdded solution;
manuf acturing organic thin filmdevices conprising the
%@eps of : dissolving organic material in a first
sol vent, thereby providing a first solution;
di ssolving inorganic salt in a second sol vent, thereby
WRImp\hebleaded sSREONA o Siepatt ﬁrﬁﬂ%arﬁ)&_ SRcdidped bf%n cth&tbrial thin films in the
solution with the second solution, thereby providing a
mynaiaréute 96thgtarganic delfilns degceshe bl ended sol ution to
prepare i norganic salt-doped organic material thin
films in the

2. The method of manufacturing organic thin film devices as claimed in claim 1, wherein the step

of dissolving organic material further includes the step of filtering the first solution.

3. The method of manufacturing organic thin film devices as claimed in claim 1, wherein the step

of dissolving inorganic salt further includes the step of filtering the second solution.

4. The method of manufacturing organic thin film devices as claimed in claim 1, wherein the step
of using the blended solution to prepare organic thin films comprises the step of spin-casting the

blended solution onto a substrate.
5. The method of manufacturing organic thin film devices as claimed in claim 1, wherein the step
of using the blended solution to prepare organic thin films comprises the step of spraying the blended

solution through a nozzle onto a substrate like in ink-jet printing.

6. The method of manufacturing organic thin film devices as claimed in claim 3, wherein the step
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manuf acture of the organic thin filmdevices. 2. The

nmet hod of manufacturing organic thin filmdevices as
woleieroesli7an cl aim |1 wherein the step of di ssol PCILA2005/001069

organic material further includes the step of

filtering the first solution. 3. The nethod of

manuf acturing organic thin filmdevices as clained in

claim1, wherein the step ﬁ dissolving inorganic salt

further includes the step 0 fllterlng t he second

h nuf hi
ottt TR R Haptp PP BTN Sl Bt stuion
with ondbf 48 iR sbRentUreRdIQdosPidNdren to prepare organic thin

films conprises the step of spin-casting the bl ended
solution onto a substrate. 5. The nethod of

7 e o e SR B g S S e blended
solut1on5h‘a§ wcb&an&@mﬁf SRS Saflt ga%auie&a 1fdpb'tB 12%@%@65 the
step of spraying t bl ended so utlon thro a nozzle

ontoasubstratelikeln|nkJet printing. 6. The

d ufacturlng organic thin filmdevices as
8. The %?%Pﬁ@& TR C&}rmgsorgame e deeesrst claimedap cﬂ@m hewherein the

inorganie Eﬁ@ﬁq‘rcﬁﬁ’ 'tﬂétgr&g)a{dﬁgfsﬁﬁ%o X u%ﬁne‘i@l@[ 1?%%%%%{, 3? taﬁe ahiof and n and

e I norganic t sec I'on W

mareeaf:hmhbleﬁnimfmﬂ or the second solvent. 7. The nethod of

manuf acturing organic thin filmdevices as clained in
claim 1, wherein the bl ended solution has a

0. The GERGEALTA SR Gl HORARTN AL i AELIRSI, i P, o

inorganit sdltisdeleied Sroasthelgadupr@dniistind ¢ IF LLiOMTEIBe] I, INWF, NaCl, NaBr, Nal,
i norganic salt is fromthe group consisting of I\/hX

K, KCly R SR RhES RoGh Rt Kb, C3F e, Gt HeE ks i BeBry Bel,, MeF,

Vi P60 WP CarioRer Eort, GILSTESROL 6 RHAE ML B, e,

mhereln the inorganic salt is selected fromthe group

consisting of LiF, Lid, LiBr, Lil, NaF, NaC, NaBr,
10. A mggod of manufacturing organic thin film devices comprising the steps of:

dissolving organic material in a solvent, thereby providing a solution;

adding inorganic salt into the solution to make an inorganic salt-doped organic material solution; and

using the inorganic salt-doped organic material solution to prepare organic thin films in the

manufacture of organic thin film devices.

11. The method of manufacturing organic thin film devices as claimed in claim 10, wherein the step

of dissolving organic material further includes the step of filtering the solution.

12. The method of manufacturing organic thin film devices as claimed in claim 10, wherein the

method further includes the step of filtering the inorganic salt-doped organic material solution.
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KF, KO, KBr, KI, RoF, RoCdl, RbBr, Rbl, CsF, Csd,
CsBr, Csl, BeF2, Bed 2, BeBr2, Bel2, MF2,

woRalecdodgBr 2, Mgl 2, CaF2, Cad 2, CaBr2, Cal 2, SPER/CA2005/001069
Srd 2, SrBr2, Srl2,BaF2,Bad 2, BaBr2and Bal 2. 10. A
met hod of manufacturing organic thin film devices
conprising the steps of: dissolving organic materi al
in a solvent, thereby provi Ql ng a sol ution; adding
inorganic salt into the solutlon to make an |norgan|c

. o B0 PR BCAARL S e B s R AP Wi e e

of using [iecip@fg@niolsgladbped dSligﬁhlf: il at@iial Soltifiéh Wéﬁa@@bﬂgﬁﬁc ®hin films comprises
organic thin f| | m devi ces. 11. The nethod of

the step ﬁﬁmﬁt gettigeithrjineragaisi selitdeped pighmic deaiérisd solation baforrsubstrate.
claim 10, wherein the step of dissolving organic
material further includes the step of filtering the

14. The $ethold bPManlfZctudheorehio @ n Gilm ABVIBE S 14t B9 nﬁflaﬁﬁf‘l (% whifeth the step
filmdevices as clainmed in claim210, wherein the

of using theripergaiiq selirderedryutie satdrial salelionop piératevrigagic thie ﬁlms compnses

ani al t - dope mat er i al l.uti 3. The
the step ol 3pARiMgting Mol S LA sEaliE rieie P RPR LIS 2 el onto o
substratecllﬂgylﬁeﬂ(jd@ pfih@hgn 10, wherein the step of using the
i norgani c saI t-doped organic material solution to
prepare organic thin filns corrprl ses the step of
spi,n-.c t he inor C oped ganic nmateri al
15. The SR o e BEr G S JoHAED b HURCOH clam 10, wherein th
1norga111@ﬁl‘tl-‘<ﬁ(ﬁﬁﬁ BfdaRe rﬂitgl"i‘eﬂ'sGluEHh Hasfa! Joﬁbéiil?r\éh&ﬁéf 1?181;%% f 'sﬁ?get{vgeno 1 ppb
m 10, Wherein the step of using t
to 10 oo&mm doped organic material solution to pr epare
organic thin filnms conprises the step of spraying the
i norgani ¢ salt-doped organic material solution through
16. The , i 880 AIKS LD
o SiRAR AR B IR i htiudhibel B elafihe P o, wherein the
inorganidmhi is eneaihe ghaiproedsistingcd faVINKH0 whekeavies fcithm, Kﬁ@ b &MibR and n and
doped organic material solution has a

mareea%lbw %lﬁtniuﬁ’tbPﬁn of inorganic salt between 0. 1ppb to
10, 000ppm

17. The method of manufacturing organic thin film devices as claimed in claim 10, wherein the
inorganic salt is selected from the group consisting of LiF, LiCl, LiBr, Lil, NaF, NaCl, NaBr, Nal,
KF, KCI, KBr, KI, RbF, RbCl, RbBr, Rbl, CsF, CsCl, CsBr, CslI, BeF,, BeCl,, BeBr,, Bel,, MgF,,
MgCl,, MgBr,, Mgl,, CaF,, CaCl,, CaBr,, Cal,, StF,, SrCl,, StBr,, Stl,, BaF,, BaCl,, BaBr, and Bal,,.

18. The method of manufacturing organic thin film devices as claimed in claim 1, wherein the first

solvent is a pure solvent.

19. The method of manufacturing organic thin film devices as claimed in claim 1, wherein the first

solvent is a mixture of pure solvents.

20. The method of manufacturing organic thin film devices as claimed in claim 1, wherein the
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16. The nmethod of manufacturing organic thin film
devices as clained in claim10, wherein the inorganic
weabds/osi7er om t he group consi sting of MiXm wheCeMA2&I5R01069

cation, X is an anion and n and m are each whol e

nunbers. 17. The nethod of manufacturing organic thin
filmdevices as clained in claim10, wherein the

inorganic salt is selected {hromthe group consisting

of LiF, Lid, LiBr, Lil, F} NaCl, NaBr, Nal, KF,

r F, Rbd, RbBr, Rbl, CsF, CsCd, CsBr,
second gége?t}égﬂfr%é@; BeBr2, Bel 2, MgF2, Myd 2, MyBr2, Myl 2,
CaF2, Cad 2, CaBr2, Cal2, SrF2, Srd 2, SrBr2, Srl2,
BaF2, Bad 2, BaBr2and Bal 2. 18. The net hod of
21. The mgithadaet manwgctorigawrganitthin filth rdesies eeslabsedinaélaipd 1j wherein the
claim 1, wherepn the first solvent is a pure solvent.
second SJ‘?L)".em{Ig'lﬁé?l %%SS%BWeﬁﬁWﬁ?tgct uring organic thin film
devices as clainmed in claim1, wherein the first
~solvent is a mxture of pure solvents. 20. The net hod
22. The gfethedh of menufattuging ogganicthih iiim fdevites ey tlasedai dhiai tEdhherein the
. .n.claiml, wherein thesecond solvent is a pure
1norgamg8ﬁ11€gr?tpur%@_orglaﬁbc hod of manufacturing organic thin
filmdevices as clainmed in claim1l1, wherein the second
solvent is a mxture of pure solvents. 22. The nethod
23. The ofetlahof metufadtngng prganiccthinhfilm tevinesdevdlgiasdaa oidiai NE@herein the
. an fj ai m%, wPerei.n t he iﬁagorganic salt is a pure
inorganig gl {5 Apixtirg of purs snorgpnic §lhod of manuf act uri ng
organic thin filmdevices as clainmed in claim]l,
wherein the inorganic salt is a m xture of pure
24. The methogardi marsehdtsingdrgarih ehimefilodb vides nmiclairaed i tlagn 10, wherein the
organic thin filmdevices as claimed in claim10,
SOlven“Mg’P@%ﬁ’l‘fq% solvent is a pure solvent.

25. The method of manufacturing organic thin film devices as claimed in claim 10, wherein the

solvent is a mixture of pure solvents.

26. The method of manufacturing organic thin film devices as claimed in claim 10, wherein the

~ inorganic salt is a pure inorganic salt.

27. The method of manufacturing organic thin film devices as claimed in claim 10, wherein the

inorganic salt is a mixture of pure inorganic salts.

28. An organic thin film device comprising:

at least a pair of electrodes; and

a thin film of inorganic salt-doped organic material being adjacent each of the electrodes.
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25. The nmethod of manufacturing organic thin film
devices as clainmed in claim110, wherein the solvent is
wa 2006008172 of pure sol vents. 26. The net hod of PCT/CA2005/001069
manuf acturing organic thin filmdevices as clained in
claim 10, wherein the inorganic salt is a pure
inorganic salt. 27. The nethod of manufacturing
organic thin filmdevices as clainmed in claimlo0,
wherein the inorganic salt is a mxture of pure
[.hor.gani ¢, salts, 28 .An organic thin filmdevice
29‘An‘%%ﬁ%?ﬁ%?ﬁ@?%gfm?8%§?n%n%ai? of electrodes; and a thin
filmof inorganic salt-doped organic naterial being
adj acent each of the electrodes.29. An organic thin
at least 4 paipplRdediodesanri si ng: at | east a pair of el ectrodes;
“and a thin filmof inorganic salt-doped organic
mat eri al as manufactured in claimlbeing adjacent each

a thin fil8f oftif&roBhie 41£-0 -or%chic MBteAB R mubfhlted i1 RiAEYDGRe adjacent each
conprising: at least a pair of electrodes; and a t%lﬁ
of the elg¢ttadenf i nor gani ¢ sal t-doped organic material as
manuf actured i n clai m 10bei ng adj acent each of the
el ectrodes. 31. The organic thin filmdevice as
30_An{ﬁ%ﬁﬁgﬁgnhﬁnggﬁbyhﬁﬁpﬂ rein the thin filmdevice
further conprises a thitd electrode, the thin fil m of
i norgani c salt-doped organic material being adjacent

the third el ectrode.
at least a pa?r oth electrodes; and

athin film of inorganic salt-doped organic material as manufactured in claim 10 being adjacent each

of the electrodes.

31. The organic thin film device as claimed in claim 28, wherein the thin film device further
comprises a third electrode, the thin film of inorganic salt-doped organic material being adjacent the

third electrode.



