WO 2006/ 086480 PCT/ US2006/ 004446 Hol e I njection/ Transport Layer Conpositions
and Devices RELATED APPLI CATIONS This application clainms priority to US

provisio application 60/651,211 filed Februa g Which is
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rel ates generally to organic el ectrol um' nescent devices, and conponents
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pages 183- 185. Pol yner emtting d ces are cal |l ed PLEDs.
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PCT/ Uﬁ%@&@ﬁ@%ﬁﬂﬁng their efficiencies, longevity, tunability, as well as non-corrosiveness and

- better processability of the constituents. In particular, there is a demand for materials which can

be easily processed from organic solvents and spin-cast onto electrodes to form very thin films
having smooth, planar surfaces. Furthermore, lifetime stability, batch-to-batch reproducibility,
resistivity control, and combinations of these properties are also of a great importance.

OLED materials and applications are generally described in Kraft et al., Angew. Chem.
Int. Ed., 1998, 37, 402-428. One report showed unsatisfactory results in blending a conducting
polymer system, PEDOT, with another polymer in HIL applications. See Elschner et al. (Bayer
AG), Asia Display, IDW °01, pages 1427-1430. One reference describes problems with acidity
in similar systems. See Gong et al., Applied Physics Letters, 83, no. 1, July 7, 2003, pages 183-
185. Polymer light emitting devices are called PLEDs.

SUMMARY
This invention describes, among other things, compositions that can function as hole

injection or hole transport layers in organic electroluminescent devices. Advantages provided
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rizing agent is nthetic ner; wherein onents are
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non- amndudivepobmietlor copulymer ahd €iijratleast ahsplasariziey dgentwietentheo provi de
better, performance. Th H qf the terials can be near, neutral .and
substpéﬁ\%rl&mgfgﬁ%tﬁs 8 SEptheis m(iwa@aﬁ e mmaqyﬁwst*ﬁvgenww& st andar d

| TO Y ] : ' ' substanti al water

cont gﬁie,%{ldggir@ﬁa&h%%r gégﬂé}'ag/r@%)lcsggsggﬁﬁ dib{aéfzo%ﬂéh?gﬁl%bi lity can be adjusted
for use asOmesdeaimentprdvitiéea blend compositior for asesini alodlelitijevgiondayer er kolef '

diff t I . . . e .
! et;a%gpor(t: ﬁlygrr gon?pr}gsmg the following components: (i) at least one intrinsically conductive

polymer or copolymer, wherein the intrinsically conductive polymer or copolymer is a
regioregular 3-substituted polythiophene; (ii) at least one dopant for the conductive polymer or
copolymer; and (iii) at least one planarizing agent, wherein the planarizing agent is a synthetic
polymer; wherein the components are soluble in non-aqueous solvents and are formulated to
form a compatible blend when the composition is in the form of a hole injection layer or hole
transport layer less than about 100 nm thick.

Non-aqueous materials, non-acidic material, and tunable materials can be formulated to
provide better performance. The pH of the materials can be near neutral and substantially non-
corrosive against light emitting polymers and standard ITO materials. Organic solvent based
inks, without substantial water content, can have improved processability. The tunability can be

adjusted for use as needed with different light emitters including emitters of different colors and
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density vs. voltage data for PLED devices conparing diffefent hole injection
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sol UbFi%uiem NOiré&Hl dSiy @Oild'l?a@& aaﬁ%‘r li’ﬁlﬁ)fd@ih%ﬂ &ﬁﬁﬁn‘h dﬁffér@hﬁm?@ﬁ%ﬁbﬁ" e

bl end “when the conpoSition iI's in the formof a hoIe I njection of hole

t r anslayers inchyding aesmmemﬂl)amdablﬁmﬁle injectidn laker REDh)ef er abl y |1 ess than 100
rim th ck.

¢ 5. Change in operating voltage and luminance for PLED devices stressed at 50 mA/cm?2
over time, comparing the performance Example 4 with that of a commercial hole injection layer
(PEDOT).

Figure 6. Photograph of a PLED device showing bright electroluminescence.

DETAILED DESCRIPTION

Priority provisional application 60/651,211 filed February 10, 2005 is incorporated herein
by reference including the summary section, the claims, the figures, and working examples. One
embodiment provides a blend composition for use in a hole injection or hole transport layer
comprising of at least one of the following components: (i) at least one intrinsically conductive
polymer or copolymer, (ii) zero, one, or more oxidatively or reductively doping materials for the
conductive polymer or copolymer, and (iii) zero, one, or more matrix components, wherein the
components are soluble in non-aqueous solvents and are formulated to form a compatible blend
when the composition is in the form of a hole injection or hole transport layer less than about 200
nm thick, and preferably less than 100 nm thick.
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i ncl ugh | . r ' I . r [h their
ent i rSedotpifhieht ddfods Mia Bt Rl EhE Bk NAIRILAN By MLERER Gl 1
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POLY( 3- SUBSTI TUTEDTHI OPHENES) FOR ELECTROLUM NESCENT DEVI CES') .and US

regul ar appt onefmbodiment; s basipandmgvebieatsriofthe inyentiupisdnal dhe bade identionar e

her eby. I e, ' [ I  NC | e .. cription
of " 1 RS SORRIALE R B s RRANS o] forh Wl SBMaRFAN, Aot bt ™!  PL L O
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t he description 0O
throughout the specification including the list at the end are hereby incorporated by reference in

their entirety.

Provisional patent application serial No. 60/612,640 filed Sept. 24, 2004 to Williams et
al. “HETEROATOMIC REGIOREGULAR POLY(3-SUBSTITUTEDTHIOPHENES) FOR
ELECTROLUMINESCENT DEVICES”) and US regular application serial no. 11/234,374 filed
September 26, 2005 are hereby incorporated by reference in their entirety including the
description of the polymers, the figures, and the claims.

Provisional patent application serial No. 60/612,641 filed Sept. 24, 2004 to Williams et
al. (“HETEROATOMIC REGIOREGULAR POLY (3-SUBSTITUTEDTHIOPHENES) FOR
PHOTOVOLTAIC CELLS”) and US regular application serial no. 11/234,373 filed September
26, 2005 are hereby incorporated by reference in their entirety including the description of the
polymers, the figures, and the claims.
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polyners, the figures, and the clains. WASH 1537776.1 4 WD 2006/ 086480

PCT/ US2006/ 004446 Provi sional patent application serial No. 60/628, 202
filed No r.17. 2004 to Wllians et al. ("HETEROAT b6t AR POLY
(3- SUBSW%EM%HENES) AS THI N FI LM CONDUCTORS |N%€B§§ﬁ I'CH ARE NOT
LIGHT EMTTING') and US regul ar application serial no. 11/274,918 filed
November 116rov1s%ﬁ9ﬁpétéﬂt‘aﬁpl%aﬁoﬂ§éﬁwd IG/%QPQO?ER';@ erhﬁie?'l?rmﬁt@ their

ent i retly i ncludi ng the description of the polyners, the flgures and the
cl ai nWilliggs ehalt (“&Eﬁk@ﬂ?pﬁd{@w@mmlﬂm&m%(ﬁar acterization, including

r egl O@Stﬁw%@@gmﬁ M&M@ﬁﬁf@bﬁgﬁ@%@gﬁs W@I@g Ar@:ﬁ IrrFl)ﬁg h

et al NOTWGHT Elvﬁ'mwebyaddlgs kel AEplidYion s&i# 08 npﬁz74l9fzhﬁ1ea NFveinbet 16,

Addi tional description can be found in the article, "ihe Chemstry of
Condu%QSngummtmrabghmwpqrateﬂ;byrmf;md 1rﬂhellr/bmmet}cmglmdmgcthe dedetiption aftb8, 10,

th 33 eferences cited therein, which is hereby
|ncor1?)‘8 Sy gPE‘Fe?P’éﬁSE AMSts entirety. Another reference which one
skilled ing rﬁﬁétﬁrrhetﬁ@dk H§ﬁn Santl 1%}@9&9&3& %ﬁ”ﬁ@ﬁﬁlﬂﬁg opuRES, 2" d Ed.
1998, Cha Ft)ter , o%g % , "Reqi oaregu | ar gﬁto Tai | Coupl ed

Pol y(1331 dp}lbmdswaﬁmdmgroapﬁ is p@viﬁed nmzfon axample, &h@é@t@ﬁMS@ﬁO%’?‘b& i s hereby

- orSBeanSsy o aind bAp 7 AR UES Ay el b oot bhagae

823- Bftfbren¥aiif thelirSenfiféts! b)&dﬂﬁfbﬁﬁl&&"sﬁ’iﬁ%n% betRmANK the ikl S BRICHRLMry dD
addition, electrically conductive polyners are described in The Encycl opedia

of PGDWHngEobﬂn@mnds ’Ethmhard BgMchlleu}gh ﬂ@@Wamad@QS,ZHBN}OD pages| udi ng

g E%y BBy Flirane i bs PRk

ent i  gh¥erHekSercBhATNGR: M i Rt BBk of YIRS PEIPHERN Of

pol ymers, 1ncluding block copo yner ormation. Polythiophenes care” descri bed,

for ei"glﬁyﬂ 998, ChRotec| by, MgCull@ighret aRéiRegIb@@,larQHﬁadthlTall Sotiplpd Pely(3a|
Pol yt he El [l d P S 1997
pol YT GRPEMATH ST etivEs GBBRE LB B iv b Kby Do oG eI TRShet ot or

Sem CRNEURHRALS. TR ré‘ﬁfeﬁc@&ls@ﬁescnﬁ@scﬁ%ﬁagte?fw Gt MmFRSRAES T Cofhgatedtt, NO.
5, 2001, page 359 1ncluding pages - Wwhich is her eby |ncorporated by

refer Bulwmersr’i at pagee 823846 ywhigh mlkerchypnbgtpmatﬂddxyerefewmc imdslentiretyf or exanpl e,

Bl ock Copoh}/ additi tion, 8{3ctrlca1?y conrglctjlctlve polymers are described in The Encyclopedia of

Polymer Science and Engineering, Wiley, 1990, pages 298-300, including polyacetylene, poly(p-
phenylene), poly(p-phenylene sulfide), polypyrrole, and polythiophene, which is hereby
incorporated by reference in its entirety. This reference also describes blending and
copolymerization of polymers, including block copolymer formation.

Polythiophenes are described, for example, in Roncali, J., Chem. Rev. 1992, 92, 711;
Schopf et al., Polythiophenes: Electrically Conductive Polymers, Springer: Berlin, 1997.

Polymeric semiconductors are described in, for example, “Organic Transistor
Semiconductors” by Katz et al., Accounts of Chemical Research, vol. 34, no. 5, 2001, page 359
including pages 365-367, which is hereby incorporated by reference in its entirety.

Block copolymers are described in, for example, Block Copolymers, Overview and
Critical Survey, by Noshay and McGrath, Academic Press, 1977. For example, this text
describes A-B diblock copolymers (chapter 5), A-B-A triblock copolymers (chapter 6), and -
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Critical Survey, by Noshay and MG ath, Academ c Press, 1977. For exanple,
this text describes A-B diblock copolyners (chapter 5), A-B-A triblock

copol ym@%@%&% 6), and WASH 1537776.1 5 WD 2006/ OB6&¥882006/004446
PCT/ US20 (AB),- nultiblock copolymers (chapter 7), which can form

t he basis of bl ock copol yrrer types in the present invention. Additional

bl oc KAB)pomyhiblecki aopblydiensy(chapten Hi whithces farmethd basis pheldck popalymerdypsspl e,
Francoi s et a+ nth. Met. 1995, 69, 463-466, which is incorporated by
r ef erBAEPIPSSOE e r oty Yang et al ., Macromol ecul es 1993, 26, 1188- 1190;

W dawski i ddiional Bﬁfcld "c@l\%c(l&ﬁ@{%%&ludmg bolg@ﬁ@&ghené#aﬁ@ déscribd@ 4, f&%ﬁéﬁ: Jenekhe

et al., Science, Wang et al .7 Am Chem

Soc Fz@w;s e 2b, MW@S@BS 69, 466-466, whivhas ottperatddelsy mﬁﬁenceﬁﬁ,lts:emtﬁOM

ey cLattcehat-lfpsgisteciB P edts TERLISY NS o s et Coidan-det o

ot herjuh8bNEWAa3 B &Y. ITBARRE eP4l., ISB¥REe, 279, NhRh RO TR 903- FNEF, Wﬁﬁ&&a@r I—FI'L
used | nt er chahgeably) system whi ch éonprises of an intrinsically conduct ive

pol ymém. Ghene Spol 3006y 1223 6855H6861; 4y st dmManamalegilant?99% BR,B0843044; al | of which
can f or nmu t and applied as a |layer of an

el ecﬁﬁﬂ??ﬁﬂ“ﬁeegégﬂ{ /@b\ﬁa@ g%ggggéignﬁdé #f&gnt i on al so provides nethods of
maki using el ectrol um nescent
devi ggﬁqgh{%g%mo?%MMWSwnt devi ces offers several
desirabl e ”Etnmmyenmmspromdemameng bther thitmsplbele injectiemkyer cbnhulmﬂmspmt@yaf t he
devi ¢ ol.d vol lifeti eas pr c ssability of
mat er@L Ré?ﬂagg%q}i’ﬁﬁ%éfﬁwqg@‘ ?O&Bprg%apfm%mtrtl%caglglcppg V¢o use spin
cast 'ﬁlﬂyméi’&&oﬁ@l?fnef‘% doask Stoht b bRAMiA B%nt QUIRICH (1 &%ﬁnmmeact i on

or hole transport aye In el ectrol im nesce devices; the ability to
pr epaase nmraquéd)umoh!tmn aadl applied asri layes of an eldetvoluminestdnt dertice. The prosent epar e

| ow- wei ectral um ent devices; .and the _ahili are | ow cost
ol oo PHIIPASC AR IFIUPORE OlBAdHE Fity engtesoant dptess i et Bive awoe an
el ectgl%gmrﬂﬁggcgﬂttde@fc\ég'ce can be an electrochem cal device that converts

current to electromagnetic radiation. The value of such a device is that it
is an ef f i Theast ofithis system odeleardlinghiesant davices offemgevembidasirableptopertits ant

heat The e devi ces curr tly find yses.in | ect ronics.
Coner el g5 d0SHaRLS, oiised Mpubsceie ol Hieiovice) Tt SRERiG Vo Figet BT 1 ng
di odeggetife; ngQPprocessablhty of materials and components during device fabrication; the ability

to use spin casting, drop casting, and printing techniques to apply the hole injection or hole
transport layer in electroluminescent devices; the ability to prepare more flexible
electroluminescent devices; the ability to prepare low-weight electroluminescent devices; and the
ability to prepare low-cost electroluminescent devices.

For purposes of the present invention, an electroluminescent device can be an
electrochemical device that converts current to electromagnetic radiation. The value of such a
device is that it is an efficient way to produce light at low voltage and minimal radiant heat.
These devices currently find uses in many consumer electronics. Generally speaking, these
devices can be called organic light emitting diodes, or OLEDs.

OLEDs were first designed in the early 1990s and were based on relatively simple
structures, where a thin layer of the electroluminescent (EL) polymer was enclosed between a
pair of electrodes ((a) Burroughes, J. H.; Bradley, D. D. C.; Brown, A. R.; Marks, R. N;
MacCay, K.; Friend, R. H.; Burn, P. L.; Holmes, A. B. Nature 1990, 347, 539. (b) Friend, R. H,;
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OLEDs were first designed in the early 1990s and were based on relatively
sinple structures, where a thin |ayer of the electrolumnescent (EL)

pol ymer WH® 0n@086488d bet ween a pair of electrodes ((a) BV RA944467. H. ;
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The cathode can be made of a low work-function metal like calcium or aluminum so that

electrons can be easily injected. It can be at least 100-200 nm thick.

The cathode can be coated with a few Angstroms thick conditioning layer, for example,
alkali-metal fluoride (e.g., 0.3-0.7 nm of LiF), which increases the lifetime and performance of
the cathode. In some cases, the cathode can also be coated onto a supporting surface such as a
plastic or glass substrate.

Conventional OLEDs include a layer between the ITO and the EL polymer that
planarizes the anode surface and facilitates the transfer of positive charge (or “holes”) from the
anode to the EL polymer. This layer, which is typically about 60 to 100 nm thick, can be
referred to as the hole injection layer (HIL) or hole transporting layer (HTL) and can be made of

conjugated conducting polymers or small organic molecules.
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backpl ane Qhy ©h G4t Bd séthbild to make full color or monochrome flat panel displays. They

may be passive matrix displays, where HIL and ETL are sandwiched between strips of anode and

cathode materials that are deposited orthogonally to each other. Current flowing through one
anode and one cathode strip causes the intersection point to emit light as a single pixel in a
display. OLEDs may also be active matrix displays, where there is a backplane of circuitry with
transistors at each pixel controls the pixel current and thus the brightness of each individual
pixel. Active matrix displays, like passive matrix displays, are typically “bottom emitting”
devices where the light exits down through the substrate. In an active matrix display, the light
must also pass either through or beside the transistor circuitry. Alternate “top emitting”
structures are being developed where the light exits through the device cathode, i.e., in the

opposite direction of the substrate and layers that contain the transistor circuitry.
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eL =& yrst NeL Eq. 1

where £is the out-coupling efficiency, ¥, is the recombination efficiency, rsr is the ratio of
singlet excitons (SE) to triplet excitons (TE) formed from the recombining charge carriers, and
7y, is the photoluminescence (PL) quantum yield. In order to illuminate this equation further,
each parameter will be briefly discussed in turn (Shinar, J. Organic Light-Emitting Devices,
Springer-Verlag New-York, Inc. 2004, 30).>

The out-coupling efficiency & (i.e., the fraction of the photons that are emitied from the
front surface of the device) depends on the refractive index of the emitter layer » and is equal to
A/n’, where A~ 0.75+ 0.1 and 1.2 + 0.1 for isotropic and in-plane dipoles, respectively. For an

emitter of large refractive index and for isotropic dipoles not subjected to optical interference
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Vardeny, Z. V.; Tada, K ; Kajii, H_; Hdayat, R ; Fujii, A : Yoshino,
paths. In many luminescent materials, the PL quantum yield 7y reaches almost 100% in

solution; however, it drops down as the concentration increases, a process known as
“concentration quenching.” In light emitting (LE) polymers, such as PPVs, 7p exceeds 20%
and may be as high as 60% in diphenyl substituted polyacetylenes (Gontia, I.; Frolov, S. V;
Liess, M.; Ehrenfreund, E.; Vardeny, Z. V.; Tada, K.; Kajii, H.; Hidayat, R.; Fujii, A.; Yoshino,
K.; Teraguchi, M.; Masuda, T. Phys. Rev. Lett. 1999, 82, 4058).

While efficiency is important, another important issue for the commercialization of
PLED:s is their long-term stability or lifetime. This can be enhanced by improving the stability of
the light-emitting material, the device (e.g., the lifetime strongly depends on the type of cathode),

and/or by improving the processing conditions.

Hole Injection Technology

WASH_1537776.1 10



K., Teraguchi, M; Masuda, T. Phys. Rev. Lett. 1999, 82,64058)."' Wile

ef I Ci enCWd ﬁoﬂﬁﬁ%@iot ant, another inportant issue for thepcHUsBIGIAidszati on
of PLEDs is their long-termstability or lifetime. This can be enhanced by
i nproving the stability of the light-emtting material, the device (e.g.,

the lifeti r}ﬂtlsiugbr&gﬂrqan&qqnemi:k’mgndmﬂms,tBe@rmﬁnceaiflcome)exciabluﬁlll)mhasmot iyetpr ovi ng

th | | t hnal o WASH. 1537/76. 0 WO
2006/ GRS eI LRI RB A PP RhGURRO P o b Yot BRI Sa A B ST
per f OrBATE iPincfASHE e déncl FdRe 1R tim¥Sdnd'l Wﬁ&ﬁ@icﬁv&lﬂ?@ céﬂ B ant rigger

wi de-spread corrrrerC|aI|zat|on I n diverse mar ets The role o he HIL in
i ncr eamipagamtffadterd ienc«ymmmldrhﬂeakﬂlrbuglmt iTire purpode bfﬁheifﬂhgnltherﬁattujnbf\ml t age

b | tant_ f br eakt br Th f th
i D i Bl e B8 e Bk A g inspty oERIBETRT o
ef i Citgdhnddaite EHe' lfght-%f?ﬁ'tuhg %ggPBj? bri@éing ﬁleee%e{ggcgéb befifecATRAE thE 1dyeR

light-emtting | ayer I Nng theé energy bet ween t hese tvvo | ayers

( Shi ngShinar, Jcﬂmvdtghgﬂtmtﬁrxgﬂevmgs, Bpnnms\{erﬁngmg-é(rork{dnd: QQONGQ/)I- Y@b k, Inc.
2004, I | ect f f t . of t tt d
nto. (HREH Ao MOROAE VBB s erane (7 B1d it Anodecpihant reombjation. "
Hol I

di fpﬁz(?) gkr gy ?ﬁmd?gqg‘%d I_I?e;]m[eo"?he % ?yer{é%anb? [i)gdes\ilegrlztgdgggr ad%tg{glf/e

oxi datdxggen diffukioa frond theqtm)aaaioae kritg Hie-ﬁ,npéltyhﬁﬁ alEpric 06 R deSRAatRGXId4EOh 29
New- York, Inc. 2004),3 and (d) planarize the anode surface to, prevent

shor t {Shisendedrg ight-Rawtting Devices SpringertV erlagiNaw-Yieak, Tae. fcz%@ﬁbr@ﬁ(@)je Kok

e RTAFER Be.anbhe sufthchRo pRatr s e iy B guedovid BSURRET, 1 1

C. H dfficiené(de RlokDRL. 087 BudcheBM S Vultoa$ . 1. Bol van2i20F eijet0R. ; Niddiénkatmp] BUA. ; an

effecti ve H'L enables hol es and el ectrons to be nore evenl}_g concentrat ed in

the edei Winteny S| HyRrM.; Maaikaidz dsGr; Mossienboeseh, 5h Ji M.;t Weijtens,(Gyb A afanl ow power

I nput n ey} rif ormance in nost or all of the

cat ego]#l?%ggﬁq Z%yseghfﬂ?;ﬁ%o&q Z@fﬁ?ﬁr m structure and norphol ogy of a

wel | - appl i epinfsi dreffdclive BB anables 15168 HanrMeabhd1d RahOrefedtnlfQoficetitgfedtin 42 t 0
the EL/HIL interface, which could |ead to decreased turn-on voltages and to

superi mlmnﬂiamsmmtmzqumbmm indrectl, lager atlawpower ingyplevelprand enhances
8 Commer

ool v NI SRBUTBRRTE i Bisneteri2of ey SRR ol phea 2 comsimertpeddoon, w

M Bugéipblogiof a Welltdpplied ﬁlm pRovide ¥@difd# conducting path for hole migration to the
EL/HIL interface, which could lead to decreased turn-on voltages and to superior luminescent
performance (Chen, S.; Wang, C. Appl. Phys. Lett. 2004, 85, 765).8

Commercially Available HILs include poly(ethylenedioxythiophene):

polystyrenesulfonate (PEDOT-PSS) (de Kok, M. M.; Buechel, M.; Vulto, S. I. E. ; van de
Weijer, P. ; Meulenkamp, E. A. ; de Winter, S. H. P. M.; Mank, A. J. G.; Vorstenbosch, H. J. M.;
Weijtens, C. H. L.; van Elsbergen, V. Phys. Stat. Sol. 2004, 201, 1342)" and poly(aniline):
polystyrenesulfonate (PANI-PSS) and small molecule aryl amines (Shirota, Y. K., Y.; Inada, H,;
Wakimoto, T.; Nakada, H.; Yonemoto, Y.; Kawami, S.; Imai, K. Appl. Phys. Lert. 1994, 65,
807)° (e.g., N, N’-diphenyl-N, N -bis(1-naphthylphenyl)-1, 1°-biphenyl-4, 4’-diamine (NPB)).

These technologies deliver some positive impact on OLED device performance and lifetime

because, for a limited time, they protect the EL layer from oxidation by adventitious oxygen

diffusing out of the ITO. In addition, they planarize the ITO surface, thereby eliminating device
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Aryl am nes . can be dispersed in polymers such as pol ycarbopates to .inprove
mor ph&fBBE digpersqddinipofstmyers serh 45 nehisebonates{or IBIDERNS; IBWP%B@BW@%@WBW@“EH anspor t

effic lpﬁﬂﬁyte iﬁﬁn%ﬁxﬁﬂoﬁ%t’ﬁhé ) %‘gﬂsﬂoﬁe&ﬁglgﬁd’y is M‘a@tiéally reduced (Redecker, M.B.;
Inbasekaran, M.; Wu, W. W.; Woo, E. P. Adv. Mater. 1999, 11, 241).13 This indicates that a

polymeric material which is inherently an effective hole conductor will be a dramatic

improvement over the use of small molecules as hole transport materials.

The next generation of p-type, polymer-based HILs for electroluminescent devices need
to show improved properties. These systems can offer advantages in that, in the neutral state,
they can be dissolved in common organic solvents and can be easily processed by spin-coating,
drop casting, dip-coating, spraying, and printing techniques (such as ink-jetting, off-setting, and
transfer-coating) with short tact time. These HIL systems can be processed in large-area formats
opening new applications for organic electroluminescent devices as flexible computer screens,

flat screen displays, and outdoor advertising. Because these materials are manufactured in the
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| nbasekaran, M; Wi, W W; Wo, E. P. Adv. Mater. 1999, 11, 241).13 This
i ndi cat es wOabosmse480! yneric material which is inherentlypan/uskéosovise hol e
conductor will be a dramatic inprovenent over the use of small nol ecul es as

hole transport materials. The next generation of g—type., pol ymer - based HiLs
for el Bewrabptatel thes cambe progessed andbibign oxidized tma lavpl hotig spitdpe faritkss. These

o s o ButRiSL o AR R ol dhfed 05 B “HihorPhgh e bR
Spi N- Cofftr sederal Sth&Padvantaiétdn peHBmedRE HEGrib&PfigtheBoreiand printing techni ques

(such as ink-jetting, off-setting, and transfer-coating) with short tact
time. These HI L systens can be processed in |arge-area formats opening new

appl i c@igns for organic el ectrolum nescent devices as flexible conputer
Screenss Sscreen displays, and outdoor advertising. Because these

material s anehiSRVERhUACHTE Bysidi is phovided Bid'i§ combrided YandARGEABOGHuctive
PCT/ US2006/ 004446 neutral state, they can be processed and then oxidi zed to
a | evepolymat (ICP) suoligdrher of oppaljmer thaixdontains anCPTiegment thet Rinctiaps @sitherhole

e bl a5 o B oy ke
Syst eMind Brob{des tHeHBNbE BB HIE[‘arH( tlh%%{ﬁgg Hkéirﬁ, tREQKEHEE th ﬁ@lﬂe eGP | sed of an

i nherently conductive pol yner ol i'goner or copolymer that contains
an | CPcemponent, tuding it§ comductivisy such e itio bptimaltp exdderate holepyeetitn inthet he

system a planarizing agent that dilutes the hole injectiqn c nt and
pr OVi dé)gStqu TRVEDt g‘frﬁ’g“ ﬁf’ﬁ" orgﬁﬂ’sf K ﬁ??ﬁ‘i"?f’@‘ ""g@f’éﬁ?t, ‘Pé["l‘fﬁﬁ @%3}18&3& ‘he hol e
i nj ect A Dunis I 0 A | 1 A ' to

nmoder ag\&em ﬁ%l e'1 | ﬁféea%t%'onr:’qflﬁ’gst'hjee%’ gnggiéﬁpf%lh%&ﬁ?ggg’ngtj?gg%jr' en?%f@%{vén %?Jg" Cross
tal k" bgénieamalsshelp emtedtestheapti¢dbabsgprbanice b the. HIL, Meselsy, in€reasihiethg efficigheyJ. ;

15 St od Sl R e, bbb s B Bl "
I ncr ea%f%égibzg%e:ﬁﬁ&'&'s ole%lfai b efotdtal ¥l the 1T sABRL] kebUr t her mor e,

t he desc system can function as an organizing natrix or
supr anmeliminakiag devied $lwird at lkr¢mplanydillostrated indFigur©2s WiT aftheset doarpolynts edri d nat i ng

device shorts as exenplary il|lustrated in Figure 2. All  of ese conponents
can beSolEBiedRpBonRqEEdYS ﬁolgfarefég@r Qus fystemuio hﬁ/@pl%lwiﬁa@mﬁ-t o be
applied in : ' : ' I Vi . nd
conposi ti on% r 1g§§,ﬁﬁégmh§ﬁhg?e ﬁ] @g{d?%%bféﬁgfggi}ggh%% u?é %n%%@?%lﬂfgifgr t hat
I s comayesechalé tratispodsyer tiae is doenpriskd ofatrieascongrha dslieving compdndnesast one

intrinsically conductive pol 1ymsr or, copol ymer,
(1)5 at least one intrinsically conductive polymer or copolymer,

(ii) at least one dopant for the conductive polymer or copolymer, and

(iii) at least one planarizing agent,
wherein the components are soluble in non-aqueous solvents and are formulated to form a
compatible blend when the composition is in the form of a hole injection layer less than about
100 nm thick, and in particular, about 2 nm to about 100 nm thick.

The composition can be formulated by methods known in the art to formulators
including, for example, varying the amounts of the components, varying combinations of
different structural types, use of different mixing conditions, using different solvents, applying
different film preparation conditions, using different purification methods, and the like.

The blend can be compatible when it is not characterized by excessive phase separation

and forms functionally useful, mechanically stable films which can function as a hole injection
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(ii) at least one dopant for the conductive polymnmer or copolyner, and (iii)

at | east ow® PbEeigozi Ng agent, wherein the conponents arg9042069/004446
non- aqueous solvents and are formulated to forma conpatible blend when the

conposition is in the formof a hole injection |layer |ess than about 100 nm
t hi ck, layatl Compatitl¢ blehdy are kbown irPtherartt Gegfouexaniide, S PatehiclNos. #387d8@posi ti on

cen o 1575 56 TR EOBAIG A ol RROSRL ORI T

di f f er a5{ hak 1é'6¢ HiRliblk ¥Raas b‘d?%‘ie??fﬂiiefnﬂ??xlﬁfléd M ddtidle 5PREVIde Ushul Habih

different solvents, applyl g erent m preparation conditions, Using
di f f er patticplarly fin thin fibn for hetias, fonexaniple,lablvet 2 Mdo bbarid 00 am. HBlendinpat i bl e
when it is not characterized by excessive phase separation . and, forns

f unct i Sshads maydnpelpd embleﬁlwyorﬁa BiSrlissqll et condRs g ROyt AIRET BHICHSALOTho| &

compat CRTzefith dnthicefited inkd nlfRsFitH BaleSRARGpIcHly HigOtRly AHARAS bEYET |
4, 387, hadometérsyvith CofvenfioddpoBaers (. £ 9fal st Prend (B IpAH@nethlyl 8chaciylatepnd

4,990, 557. Conpatible blends do not have to be m scible blends, but are
suf fi ciBMMA), prlévingasetated kP ¥ Aphbypsomicating o egitationy dueh blands prayide Spearly in

thin fi o f le,. r i di ng
ot noa S e R R Bo B g BB afiRaRe emiedoReh Rt selblited | Flmp b s
ei t her be rdp@wdraﬁﬂaﬁilyzeQP(foﬁibé@ﬁatfbiﬁt?@is?iﬂcﬁﬁﬁg’%t ed into nanosized particles
(e 5. " pol y it fieinsexiins thelGPypwalanstizing aBert oon be eqmioPANRYCOVBIST RIS
ac'eté{e) PVA) ). by soni catin r argi ation. Such bl einds rovide fine .

i spor E1ogRONRE} indfiafart PRtk Sehim®? sobie iRt 8 opct s RERH are 1R i
sol ut i gigyre Bi IMthiC@bodifeRt, Slééﬁnﬁéisiﬁétﬂisgﬂ@\)i&éd%_r {19 inGOHHI I dttioh layePthasRi N
coating. In this invention, the |ICP and planarizing agent can be conjoi ned
vi a c?)\scame?sednfmlzdlqagt mtofahe?f@iiowmeqompgoem@ ng g_ bl ockBColpoI %/Lrer ﬁgm& t
exanpl es of ,co ner .stoructures .are shown in. Figure 3. . i nbodi ment ,
2 conposi t1 64 ;f Eel%roag Meaﬂﬁéﬁggsgﬁeyﬁﬂ@ thrs&%f,w%\yg@?lyt%laﬁuﬁ%tye

conpri se ; onents: (i) at |east one

i ntrinsi g%clq y clgr?gﬁagtrilﬂ\?;%[gfgl gllmafp V\hezﬁﬁ\égl %ﬁpﬁgﬁ?nt rinsically conductive

pol ymer is dnyatlleast bne dopanefdr the conghciivapolyimey, agent, and (ii) at |east one

dopant for ,the conductive polyner, wherein [he conponents . are soluble i
non- aqEtHRIR g’@l CPEPOTSHIH 20T (AFOS S0l 41 the pFpSiton is 1 the form o

a hole injection layer about 2 nm to about 100 nm thick.

In this invention, the HIL system can be applied by spin casting, drop casting, dip-
coating, spray-coating, or by printing methods such as ink jet printing, off-set printing, or by a
transfer process. For example, ink jet printing is described in US Patent No. 6,682,175 to Otsuka
and in Hebner et al., Applied Physics Letters, 72, no. 5, February 2, 1998, pages 519-521.

In this invention, an HIL as a film of an HIL system can be provided that is about 10 nm
to about 50 pm in thickness with typical thickness ranging from about 50 nm to about 1 pm. In
another embodiment, thickness can be about 10 nm to about 500 nm, and more particularly,

about 10 nm to about 100 nm.

Inherently Conductive Polymers
Inherently or intrinsically conductive polymers (ICPs) are organic polymers that, due to

their conjugated backbone structure, show high electrical conductivities under some conditions
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a hole injection layer about 2 nmto about 100 rumthick. In this invention,
the H L sywoemneesssdne applied by spin casting, drop castir@rushossoosaat i ng,
spray-coating, or by printing nethods such as ink jet printing, off-set
printing, or by a transfer process. For exanple, ink jet printing is

descri b'elatlmtouﬁomfdmdltwml ﬁolﬁmznamtemlsbl Befarmanacelof theddabateriales al .

Appl i ed Physic etters no. 5, EFebruary 2, 1998 es, 51 In this
i nvent PAHUCIRR o bSear dedtoninoiASeH VB hcare e&herwl e, ff%% loyhout

10 ri | em about
50 ur n”b){l%l&tnﬁr?@? }eﬁgtl nJf Igg%t @% gengcl)d? %ﬁ?ﬂfﬁf {pn%ls{dg %?Emggge}gglg%t Ori mu
t o abomm®Ra ﬂ'dnmheao;doﬂthee/almcé band! (ar ddded t@theWiottdfh dfithe tendabideit bakdp ri m

| nherently Conduc Céil ve Polymers_Inherently or intrinsically ndyctj ve
pol ymefia %macpga)dl eattﬂng{ahp@laq@ab yhermation gf a pelgeon Ggeatesapartia a@npackbone

struct . oGl o WASH
0o BV sy OB B (it AR Maldslh ESIRE TR HeHbldd M o
tradit gepasdte p@l&mﬁfsegmeﬂmttms yielding tRerihdepsRdene pelhronb.e adteffatioély phs ufsaird
conductor of holes or electrons is increased when they are either oxidized

or red@leeion ¢andie Eemavedio areate adicatien (c@dpm,qlar@n); Ipen amui@d elaerigpiedd.dwth | s

f f t o fromthe {
e vapeibas B byt 2 aieBle AR ofPribhe Br oS TRER by hERrTeilt P
radi cabf gaibl®snd #higlp BbRd0 PurthEiidte! thidthedgedn RRIGALON stafetBiiAR iR (RFdihalon

del ocal | zation over several nonomeric un| ts. Upon further oxidation,
anot hepf n¢wcnargystates. Bbe ensrpy tavelsrasnacsessidpte soms gfdhg resraisiog elsatronstin dke

e’ o Retts byl SRFANE He RRt0 Zunctigh 55 F BbhdiFtot: ThERxANGH &R SomBiefifd c°" "
field, shaiie iPARAGS uBbEtHRI AL p@[ﬁamamhgt@ﬁgmcaaﬁm@wenﬁhﬁmmhe

pol ymer chain by the rearrangenent of e and single bonds. Furthernore,
t hi s ctmsplidistateoXThiaisi benawst abjupstion fream rmgttbemgos daytendent upbn neosbigaler gy
states. The ener%ﬁl evel s _are accessible ,to sonme of the remainjng el ectrons

i n t he OVeriaPe JE@ PHEigUlar HRE ivaged o %@lwﬁ@ﬁy the overeR pasobeecHr eh@fict or . The
extent 8&8}%4110% b%ﬁ@ W&&r%% BE el Hfé E}o‘i"?&ﬁh{lg%oﬂbttd -lsﬁ%er the

polyner ormapanar orma sta I's is

bec aUSdegxeélbﬂ@vﬁHrllap fbethdéﬁTt}lilbﬁﬁbnEergb RgridsSs cﬂmﬁﬁruf thepdifiedral gl betbveenover | ap.
If a particular ring is twisted out of planarity, the overlap cannot occur
and théhem:onj ugation band structure can be disrupted. Some mnor twisting is

e the cosi REABFIPRECEh ASpRRES Ry Rer B fLorRRuE NRRIL: L ERUBDBpentlR Yor! o

upon the morphology of the polymer in the solid state. Electronic properties can be dependent

=

upon the electrical connectivity and inter-chain charge transport between polymer chains.
Pathways for charge transport can be along a polymer chain or between adjacent chains.
Transport along a chain can be facilitated by a planar backbone conformation due to the
dependence of the charge carrying moiety on the amount of double-bond character between the
rings. This conduction mechanism between chains can involve either a stacking of planar,
polymer segment, called n-stacking, or an inter-chain hopping mechanism in which excitons or
electrons can tunnel or “hop” through space or other matrix to another chain that is in proximity
to the one that it is leaving. Therefore, a process that can drive ordering of polymer chains in the
solid state can help to improve the performance of the conducting polymer. It is well-known that
the absorbance characteristics of thin films of ICPs reflect the increased n-stacking which occurs
in the solid state.
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them Performance of a conjugated polynmer as an organi c conductor can al so
be dependaw 200¢p6884d0he nor phol ogy of the polyner in the SdT/US20062008446

El ectroni c properties can be dependent upon the electrical connectivity and
inter-chain charge transport between polynmer chains. Pathways for charge
transport caln this investign.HBosyptems aze\providsd whiclnineluda dp 2CR as angﬁl mterial in
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chains can i nvolve érther a stacking pl anar, polymer "segnent, called
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| nprové t'he pérfornmance conducting polyner. I's well-known™t hat
t he absopbltue-thiemyeret anylené)derivitiviek, poly(adetypens) or GFly(acefylene) derhvatives; racased

1r - st acki whi ¢h [ th lid state. SH .1537776.1 .15, WD
2006 OFEIBHNPERT G DO BTARS Seny e AP HEBAIEY AT Dol (b SREV B By ded
whi ch i : : ' ' PLED. Suit abl
x| SDHOREARIeRD, A BobiolBriitRlald) dfvither 0T PLO | Phited to,
i | aiDgpiviative3-of alymilyrhertoad bt micifesimlymed, such ase polyd3-swtestituted
:)glgly?{ ﬁg,gpaenqg) g(r, pQl y();nrl\i ophene) deri v)alt}tq?v ss, aapa:p?/l(b?frol e)e_ r
pol y/( pﬁwaﬂf‘érf),d@whmwég ,esssaqmj?)aﬂmonﬁétyuwﬂre 0§a|b9§eapﬁqymﬁlé ut dgg rin%l%r:@es, a
| . | . i yne
Dol 3¢ LAFIMLRRE et BR% simBl HURARNN Giie il iRetér ithE BES polymer
pol y( bits férhi erejdtedfamilynof poidymers 0 The denyatives genemilylretaim propsttiessichder i vati ves,

pol y(acetyl ene) or poly(acetylene) derivatives, a poly(fluorene) or
pol y(f I%ﬁ'&ﬁ%?f’@é‘m‘@aﬂ? @ basg P@Wa_ryl ene) or poly(arylene) derivatives, or

2 POl (1 S0t BoapcOal oo ROt W RO BNRRNB BB 108 Nk S8

Derivatives of a polynm@r c¢an such™as

pol y( 3-desdatbei chiiige tranégoronhterisly whidh i beaised 1h the prsattihventiohagldhisse structure
of a base polyner but are nodified structurally over the base pol yner.
Der i vatreipeancesare berehy sneomprated by meferense in theieem8y. pol yner to forma rel ated

famly of p ks The derjvati enerall ' rpperties sudch as
el ectrical 3@%@5&@@9‘?&9 aﬁgp{’@%é‘g@eg"o‘@%@@? %ﬁ%ﬁé@{o@ﬁ? .£@,gd’2%, 06 and US
Pat ent dradiénts adridaand¥in-c3H6lHmesIctadcH Mesipliratebiielor more of the materials defined as

an inherently conductive polymer (ICP) such as a regioregular poly(3-substituted thiophene) or

—

its derivatives, poly(thiophene) or poly(thiophene) derivatives, poly(pyrrole) or poly(pyrrole)
derivatives, poly(aniline) or poly(aniline) derivatives, a poly(phenylene vinylene) or
poly(phenylene vinylene) derivatives, poly(thienylene vinylene) or poly(thienylene vinylene)
derivatives, poly(bis-thienylene vinylene) or poly(bis-thienylene vinylene) derivatives,
poly(acetylene) or poly(acetylene) derivatives, poly(fluorene) or poly(fluorene) derivatives, a
poly(arylene) or a poly(arylene) derivatives, or a poly(isothianaphthalene) or
poly(isothianaphthalene) derivatives as well as segments composed of polymers built from
monomers such as CH,CH Ar, where Ar = any aryl or functionalized aryl group, isocyanates,
ethylene oxides, conjugated dienes, CHCHR R (where R = alkyl, aryl, or alkyl/aryl
functionality and R =H, alkyl, Cl, Br, F, OH, ester, acid, or ether), lactam, lactone, siloxanes,

and ATRP macroinitiators.

WASH_1537776.1 16



describe charge transport materials which can be used in the present

i nventi onyw@hshelobase references are hereby incorporat edpoyusgfoghesage i n
their entirety. In this invention, a copolyner of these materials can be

bl ock-, alternating-, graft-, gradient-, and random copol ynmers of which
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pol y(i dmwatlaesaa pblyddrgleag) eteroly(atyleneydaivatiets, ons pelgamhiaﬁapmmmgedr of
pol ymer s from npnopers such as CH2CH Ar, ,where Ar = any aryl .

funct | BTG @h#}aleg\ebéwaﬁlgwaﬁ%u@sabb@i samprised of parer mg ed’l enes,

2l eyl T PO PorBiigantts Epotyibdith MndBln' okl doinep ¥OESH B LG BEBE e
and ATaFaniwfoﬁj afetd i, SIn tHé\Eide BT doldregulad opdlnZd O HI8HHERO derivatives, the

PCT11J820061004446 In this invention, a copolyner also can be provided as
r andonf@ROBENETS may icortainediod) aryh alkyi-arh fueracaaRa, pr a sHeARlIRIEd alkplh PRt (| CP)

h | b ts d t
oo CRLASILAESAS RSO M0 of BEREBRGE e 115, oy v ves
pol y(pyrrol The dég‘ree/@ﬁmg‘ﬁﬁegull@ity (:z&ﬂlbd ifotekamplep gboit 9094 ¢rrt@<)re;d@fab\zsatt 9596 or
pol y( phenyl ene vi nyl ene) or phenyl ene vinyl ene) derivatives

pgl yE ; FHOES PF @ t\98rﬁnrlem@y Qerrabpm % B BRYE. é\vﬁ@th@dﬁkmwﬁnl thgrélzﬁgsh 18;/53
u
Bol )}C( f ?ﬁ%ﬂéﬁe) eaPPD\%a %@%’sﬁlas‘ﬁ%ﬁl ?%Ty‘%lgﬂg%%g?g'%%w( aryl ene) derivatives,

or a poly(isothianaphthal ene) or poly(isothianaphthalene) derivatives as
wel | as a, bl ock corrprl sed of one or nore functionalized |CP polyner or
[ r Planamzingmeant wel | - def i ned copol ymer conprised. of one

der .”Braf vood tﬁf’%ﬁﬁa el SelSpRiCiaf e 15 PREHAfES oERRE: B R, | or o
cyano, pe eRieS WA ast plagizatiky for e Hble 1ﬁjfect1@H dHolerls %3614 tOEHleithatfig | N
ei t her e 3- or 4-position of the thi ogﬂene ring. egree of

regi or e@mp@nent, ynadading plandriging sgengs, whem blsndedoith the hale injecsion sbwponet,oyidr
facilitate the formation of the HIL or HTL layer in an OLED device. It will also be soluble in
the solvent that is used to apply the HIL system. The planarizing agent may be comprised of, for

example, a polymer or oligomer such as an organic polymer such as poly(styrene) or
poly(styrene) derivatives, poly(vinyl acetate) or its derivatives, poly(ethylene glycol) or its
derivatives, poly(ethylene-co-vinyl acetate), poly(pyrrolidone) or its derivatives (e.g., poly(1-
vinylpyrrolidone-co-vinyl acetate)), poly(vinyl pyridine) or its derivatives, poly(methyl
methacrylate) or its derivatives, poly(butyl acrylate) or its derivatives. More generally, it can be
comprised of polymers or oligomers built from monomers such as CH,CH Ar, where Ar = any
aryl or functionalized aryl group, isocyanates, ethylene oxides, conjugated dienes, CH,CHR|R
(where R = alkyl, aryl, or alkyl/aryl functionalities and R = H, alkyl, Cl, Br, F, OH, ester, acid,

or ether), lactam, lactone, siloxanes, and ATRP macroinitiators.
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nore, or about 98% or nore, or about 99% or npbre. Methods known in the art

such as, fwo20e¢e889oe, NVR can be used to neasure the deg@Eeus006/004446
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matri x component can be used whi ch hel ps provide the needed properties,
such as pl aMore thaniome noheondindivh pblymencaché wseddn tHedbenulatiorsport | ayers. The

matri x conponent, inclydin | anari zi nq@ ,agents,. when bl ended wi,th the hole
i nj ection c frentiog fhe plahatizing age o gl discln SPPRRTF UG PE T | ayer
in an hee. | : ' 3 ' dto
apply (T FHEY L0 ookblyit thaf LORaRE i K1 WafhenTand i fork Cnfihod Wimchf &
exanpl| eompogitdry ke similantoi thatrdescrihed heretn @Gee Biggead forgepigtedrexample simctures).
pol y(styren or. poly(styrene), derivatives, poly(vinyl ,acetate) or jts
derivatives ?3 1 ippentioy iedlaariioe peent oan also e A paR-fugdve”, smal melectle thit
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pol y(I- vinylpyrrolidone-co-vinyl acetate)), poty(vinyl pyridine) or its
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acrylate) ot i .deriyat.ives. Mre generally, it _can he onpri sed of

pol yners or i‘bf“i‘g@%?ost% qugﬁhwm@nﬂ?@hs‘%”m%q I'Hi laW{e&‘E YITX gny
aryl or ' ' : | : | 41 GANJ ugat ed
i enes CORPBT ERbERANEH frendipl o DRI SRc SR BBIL IR 00 "and
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PCT/ USZ'EF%@%) ENsmepr@memdan one non- conduct i ve pol ymer can be used in the
formulation. In this invention, the planarizing agent and the hole injection
conponent could be represented by a copolyner that contains an | CP segnent
and a Dmpinponj ugated segnent with a conposition like simlar to that

descri bed herein (see Figure 3 for depicted exanple structures). In this
i nvention, tlike uss afaiyinhereptlvnerndductivepolymer ipan AL applicatigninyaves ageafrplled

I | .e. d ) ' Ligati . t
o1 e Ui 1 SpRR P oy BB BB ORABUEA Bk 0B o Bl aPr o ©

al kyl eerfafnydnce.ndpas beidatidn) eRdatohd 428 rémovied didn thatvalgicé Bendor This change &f a
snmooth surface to the H L layer, the matrix conponent qr planarization
agent @Xifatipr gatgresylts in thefermatiparafnew enetgy stadess (Jdw eaergydeyeds arg pegessiblgrie r ol

a0 SBHERE AR AN Al A koSt IS L YA SRR o |

conductor.

In a conductive thin-film application, the conductivity can range from about 1 x 10°®
S/cm to about 10* S/cm, but most typically it is in the range of about 1 S/cm to about 500 S/cm.
The important characteristics of the conductive thin films are that they retain their conductivity
for thousands of hours under normal use conditions and meet suitable device stress tests at
elevated temperatures and/or humidity. This facilitates an operational range of robust charge
mobility and allows the tuning of properties by controlling the amount and identity of the doping
species and complements the ability to tune these properties by the varing of the primary
structure of the ICP.

There are many oxidants which may be used to tune conductive properties. Molecular
halogens such as bromine, iodine, and chlorine offer some advantages. By controlling the

amount of exposure of a polymer film to the dopant, the resulting conductivity of the thin film

can be controlled. Because of their high vapor pressure and solubility in organic solvents,
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The use of an inherently conductive polymer in an H L application involves a
cont r ol | edwoavbdlessigon or dopi ng" of the polyner to obt aiprmtrmookmhaed
conductive state that can inprove performance. Upon oxidation, electrons
are renmoved fromthe val ence band. This change in oxidation state results
int heh&bgmtnmbecﬂpphedmreﬂnerggsphasabem sofit®ne I@xidationef ¢hespalymengreattysi bl e t o

Funct | Byoss tE SRR TS el et licdf v oF e e b N PYErste S T

conductsd,pdh&ﬁgﬁ@ﬂbgﬁ@gﬁeaw@b@@mmt&d@wé&8 S/cmto about 104 S/cm but nost
typically it is in the range of about 1 S/cmto about 500 S/cm The

i mport ant  c Rihaexamples lnrzi;udﬁflrcnﬂechlond@@oldﬂmchhnde far$emic Imnmﬂd@ade,taﬂka}l retain
th f t h . d

oot TR ofcybectSite Bty BGAS sibh o8 Brlparbitohic gl B RS Asredtun i ty.
Thi's fgfd idi®h88, A0 AR dn%@rbd)@ﬂgﬁn&&ﬂfdﬁ%%dscﬁﬁfo@@muﬁ@altb bich a@'NbFFJ ows

the tu g of properties by controlling the amount and identity of the
dopi ngor N}ﬁlﬁmesr angenic oxjastsesntls at feragandquinonepdichiosodidyaseqyinapsand es by the

varing of t e pr strucgture of the |ICP Th re ar xj dants whi ch
ay b Rty o AE MR NS I IETFRas andisdoBuaR TG Btye RehEn ek
brom n [ I ng the
T bg%%??&ﬂ?}q?@ BT Pholfne REF AR o MR RIC
conduclﬁunctlblyalmysﬁdheastplolyﬁst&relnersulct‘canc bedcontrol | ed. Because of their high
vapor press nd .sol ybi]it Mr ani c sql.vent s, . ms 1537776, 1 18 WO
2006/ 086480 SPEPHLOEIHH 915141 su Vd%egogiﬁ%ﬂc rPOAESEies phase or

in sol shter;}?orQé'Hl%b c?&o OCPIRAa Q{eﬁé& kehctid dﬂfe@éd& tssf?alx)ét?)'eéﬂty of the

mat er i ative to e neutr state. vert € some
sol uti mmruaﬁyo ﬂeeulprrﬁ;haf@mand of siablegcomdtictivéefilins e ThisG pﬂmaaigamobm;ahshmdl ude

Sal 15 GHOPYDDEREBITERLO! B GEstdad dsobiion Of eBara aatler Bibi ecreing .
deri vatdb 11?%%5?85s1b1e9ﬁﬂ9%8@12 @ﬁ,}eq and ot her organic carboxylic and

sul f oni c acl trosoni ums such as NOPF6 or NOBF4, or organic
oxi dant s su®hotasorgatic and/ mooganicarids, such adﬁﬂaemrzetthsnlﬁaﬁoqmdramhdenwmes thereef,val ent

my “Swgéﬁlé’;‘g‘?‘ééﬂén“tﬁ%ﬁ%hé’géﬁéﬁaﬂ‘q@Eﬁééf"nﬁéaé PR PEHAL SRS AT o
oxXi platl OXI ﬂ@m&g%lbg%%dwd@gﬁpés poly(styrene sulfonic acid). Some

Lew s such as iron ride, gold trichloride, and arsenic
Nitrosonium salts such as NOPFg and NOBF, can be used to dope ICPs by a reaction

which produces the stable nitric oxide molecule in an irreversible redox reaction.

Organic oxidants such tetracyanoquinone, dichlorodicyanoquinone, and hypervalent
iodine oxidants such as iodosylbenzene and iodobenzene diacetate can also be used to dope
ICPs.

These dopants may be solids, liquids, of vapors, depending upon their specific chemical
properties. In some cases these dopants may form or be added as complexes with the
thermoplastic component of the HIL formulations or coatings.

Another embodiment is ambient doping, wherein the doping agent arises from oxygen,
carbon dioxide, moisture, stray acid, stray base, or some other agent in the ambient air or
polymer surroundings. Ambient doping can be dependent on factors such as, for example, the

presence of solvent and the amounts of impurities.
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pent af | uori de have been used to dope ICPs via a redox reaction. These
dopant s have 20em8ed4s0 eported to result in the formati on oPCIUSBR06/00éMduct i ve
films. This is primarily acconplished through the treatnent of the cast
filmto a solution of the netal chloride, albeit the casting of doped filns
i s poshioBtAdguenus Depipgr el y reported. Protic organic and inorganic acids such

b ; ; . . N taai
or gant o car b5 St-Eadhe sipinsifion ok R ind ;o Bt Bt Lot Sy
sul f ur isedaDiginie ssloito carcbecwsad ecludigghdlogetatd sbiveats, Rétdriessethérsmllcmes, s such

as NOPF6 and NOBF4 can be used to dope ICPs_by a reaction which produces
the st alomatips, @loobols,gstras, #pfl dhellike. iMixiures of soluentsi gan be pserb xFarexamplgnoneor gani ¢

oxi dan tet.t. alo) | ' ' Jayper val ent

oct neoSyiH by R A5e GRRM B e SRR SAORE e e BT S e
used t dissisagon dmﬁﬂe&em@antmm@e, protdssing the coisihents ffrov@fsiimon

dependi ng upon their specific chemcal properties. In sone cases these

dopant 9rgaaig sphyents deadp 0 suppeassian of unyaed walgf-dependent sideseaiiona.sviieh conponent

wner o RO G dBbiad0 SreabhicBRlehBD BB ShAACa S HREHAE fivite nBERipBRls 100, O
stray sriéningtifsaifetdas.eAlbugiowgeOis peheralteidt thvortd)dinditdd qahtifiés of Wateri@dyy Mer

surroundi ngs.  Anbi ent dopi ng_can be dependent on factors such as, for
exanp! Be prepent ipsqmaeenses tofstajulizecdesirabieldoprat pioperties Bor exapple, tWages can be

b .
non. aqReed apOu oF £ ok G P effelontG L A St S SRGRIFRREL, T (1

art caBompositisiRdo dékERint EheSilpaeidfSvatérht BRse!6@tehttationd] Ifadiisr) dnatrte
sol vents, ketones, ethers, alkanes, aromatics, alcohols, esters, and the

li ke. Rbilitofasidis corapansntsdo oaidizsahe Ebgolymear ans thepaghodenwhich pransetes QRED
facilitate,dissolution .of t t | facilitat
o RO R e R S PR R S AR iRt

const i Hegféss Al BOMVEANPRYY. LOF.A999.C3 /90898t s | eads to suppression of unwanted
wat er - dependent side reactions, which otentially can degrade organic

reagents, t Fethisipvention: meny ntilizedinedymerglisselvingsopeentsaremenyerydraphilichpelasni ng

its lifetine, t hough water is.gepetally.not.favored,. |im.t uantities of
water REyPRGE Fobsaheth Rt sORRRE bl ERSimenl? i o uebis
proper k619ént (AlHough eHEPrEseny\BiveitidhAd nb€limited by theory), the latter may only highly

disperse one or all of the components. For example, the intrinsically conductive polymer may

only be highly dispersed as opposed to forming a true solution in the non-aqueous solvent.
Homogeneously suspended solids of the ICP, both blended or copolymerized with the
planarizing agent and the dopant, form a non-aqueous system that can be easily processed and
applied to fabrication of novel HILs for OLEDs. Due to the absence of water-organic solvent
interfaces, diffusional limitations of both the substrate and the OLED constituents are eliminated.
Furthermore, it allows one to either control the concentrations of the constituents or
manipulate/adjust the ranges, or build a database of blending experiments to achieve the best
OLED performance. For example, the ICP can be present in amounts of 0.5% to 25 wt%, the
planarizing agent can be present in amounts of 0.5% to 70 wt%, and the dopant can be present in
amounts of 0.5% to 5 wt%, with the solid content of 1.5% to 5 wt% in organic solvent.
Alternatively, the ICP can be present in amounts of 0.5% to 25 wt%, the planarizing agent can be
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present in amunts of 5 wt%or less, 1 ww%or less, or 0.1 wt%or |ess. One
can test wbheoogm363¥0si ti ons to det erm ne t he i mpact of wRCAYURP06{08 &4
concentrations. In addition, due to the ability of acidic conponents to
oxi di ze the EL pol yner_and theo ca thode whi ch pronotes OLED @nge r adat i on,
their pcrssa@ténﬁslog@ﬁﬁ@falﬁ%wfbww UKldhe Aopat ean he pypeent nramougs tow R ;
Rost, b m!ﬂ%é‘?éi @ oﬂ‘ﬁ%to /oujrﬁx{gl ic }3iVgnt, 310, 391) . In this
|nvent|oh many diw |zea I'SSO ng "so vents are very hydrophilic,

pol ar, an(l"oﬁh@lhtlﬁn axhbat@oeitmnlntempmcla ink tpﬂdhﬁg,tafe descdberidnlfod ng the
constituents in the non- queous, solvent (alt ough the present .invention is

not | iexample WH/GHeeH 149 tOtIW@nIe&ﬁlt drk wisgoséiyicon e fpimplated topllogeinkjet psintipg | of
the c I rinsically conductlve pol ymer may only
be h|%E@Pﬁﬁaggngeéagéﬁqet@%%dﬂ?gcp%rnlng a true solution in the non-aqueous
sol vent . anngeneously suspended solids of the ICP, both bl ended or
copolﬁgerlzed wWth Ianar|2|ng agent and the dopant, form a non-aqueous

syst eREYHHE S:éNQ)EABBJJCA I8Nocessed and applied to fabrication of novel

H Ls for e C. I aces,

di f fusi onal %?’Jgﬁg&% argp,z?%ﬁa[lﬁsegfto [»18& 6Lg]md %ﬁ O_\fégte n@%q{luents are
el i m madtkets deEdtheH&[ therworkinlg exhin@I8S e tRdeMdiRsdsd@Rivhah thdwet carteanred at i ons
of the constituents or__ mani pul at e/ adj ust the ranges, or build a database of

bl enditp#easyse brighiness, efficieaey.and lifelnasest OLED perfor mance. For exanple, the

| CP b 5 t
Rtaied 1 RIS M Rt I e R
anounted/mt, o abladtq, GOoddIm2 Wi th the solid content of 1.5%to 5 wt%in organl c
solvent. Alter natlvely, the 1CP can be present in anpunts of 0.5%to 25

W% the plEafﬁmen%imf&g&nexmnleb@t leusbfi2p SxttAra. at least WS £dis/awablesss 0.60

PCT/ U 6/ 0 of 0.5%to 80 wt% and the dopant can
be pr?@% ora&?%aﬁ%ﬁ@?ﬁ%? a%i;%aat@(gd]& % with the solid content of 1.5%to 5
W % i n - or gdnfetinfedad &8 imeab@¥eddt §0 nAUcahth KRROSIddadbe TRk BRafple] 41044969000 i Nk
jet printing, are described in for exanple WY 02/ 069, 119 to Lyon et al. Ink

vi scodiouss, exat lepst 1.800rhpurscer at deast 1160 hiowss, preat lenst HPPH hours, priat begstf%QOOexarrpl e
about ]o to about 20 cps. DEVI CES AND FABRI CATI ON Met hods known in the art
can bg‘ S¢d to fabricate OLED devices. For exanpl e, the nethods descri bed

in the wor Kidigbigxtahe |o€§r1$l@tﬁeééeeﬂﬁ%i%ﬂcy, ¥ha iedndkan\be dehicvé® Porlexamplehe used
to nmeasure brightness, ficiency, and |ifetines

brightness can be at least 1,000 cd/m2, efficiency can be at least 1.00 Cd/A, and lifetime can be

at least 1,000 hours, at least 2,500 hours, or at least 5,000 hours.

Control materials can be formulated such as PEDOT materials described in US Patent

No. 4,959,430 to Jonas et al. Carbazole compounds are described in for example WO
2004/072205 to Brunner et al.
The invention is further described with use of the following non-limiting working

examples.

Examples
Example A: General procedure for preparation of an HIL system used for fabrication of PLED
HTLs:
1) Prior to use, pyridine was dried over and distilled from calcium hydride under nitrogen.
Commercial chemical, poly(vinylpyrrolidone) iodine complex (PVP-I), was purchased
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Bri ght ness can be, for exanple, at |east 250 cd/nR, or at |east 500 cd/nR
or at | easwO2bdb/osea80n2 , or at |least 1,000 cd/ nR. Effici @adyus2ens/obsids f or
exanple, at least 0.25 Cd/A or at least 0.45 Cd/ A or at least 0.60 Cd/A,
or at least 0.70 Cd/A or at least 1.00 Cd/A. Lifetine can be neasured at 50
m¥ cn? i n hframsAknigh €hemiral Coedne radpsed without Suther paifications dhisgvasawsed asast

1,000 h J 11 N 000 h . .
51000 nour & PRRAaiRE ARGt Syl Y 8 e i PF Readhiipk aedat Ftteshles Beine b
achi eved.2)Fplex6or8 MEP & soliblé ApidieSiSarcRbIGALd podRRiopherdqPlexdoniits, Mtdbugdiency

can be at least 1.00 Cd/A, and lifetine can be ™ at | east 1,000 hours, at

| east 2, 500PAuwas palymerized aising the Goigndrd Metathexis (GRIM)method4Lewe,dh e

onne o o RGe R ES L MR S 570, Wil PR T Py B> 20 0
2004/ 072205yda6tidH stHdRTonS employed At idBmesat iolcmatia@g(iw fonetie ﬁtﬂg%&ﬂiih@i@n\bft h use of

the follow ng non-limting working exanples. agtgl es anple A: Ceneral
procedur e f mgigregpanrpoly(@rsubstituied Khipphepes)avhens the syntheticitputeciavolyes e PLED

HTLs: 1) Prj t i di | ed . d di.stjlled f I
yar i de unabpamen dhs-abrom R R Pae SRS e RO les o Pt S Tief i e
conpl ex ( PVigabdnt, REMgRYEBRSE dan ¥ éittel BB 61 CH. Updh @A RNIERHBITL,, the
PCTI US2006/ 004446 from Al drich Chem cal Co., I'nc. and used w thout further

puri fi cati opolymst is farmedbetheselectivexioanting ofa monokrgmethalemagngsiod-sbstiatedas a
carrier of the,doping.agent.,.nol ecul ar j odi ne. | excqr.e MP,. a.sol ubl e
ogi o equl aliopeRbtd A Gt et (ot R B e S B TR e
pol ymeri zed IR ui-ﬁl'@'b [ [ ' RIM% i el dsOMBex . 6

Kher sonsky, aééédrl\/? I\/l:(jl?lé Isgltti}ghl,il %E%L%g Mat éﬂ?&exg%ggﬁé}ﬁ 2500)0311%@ of
General |y, tdlaivelychigh mamlecutardieighi e 2o Ma=oh8000De Maldhi ). Since that appl i ed

f th | i zat,i f [ | | y(3- td, t ut hi wh
the Synt hot PSStz RrRrareset 67 heha i asbiRtbhisg e sttt &) LRR S I e
thi ophene W\ it anaiff)®. W Mc@IRMBA, IQfD.@I&&Bﬁi"o@cufzeﬁﬁmt&Z F0b) (ke &ma can

be either Br or ). Upon addition of N (dppp)Cl2, 6
A.; Miyakoshi, R.; Yokozawa, T. Macromolecules 2004, 37, 1169), ” polymers of

varying molecular weights can be easily synthesized. Moreover, incorporation of

different substituents in a polymer backbone results in polymers that are readily soluble
in many common organic solvents and possess excellent film-forming abilities.

3) A dry 500-mL one-neck flask with a flat bottom was flushed with N, and was charged
with Plexcore MP (2.95 g) and pyridine (441 mL), in which the solvent was added via
graduated cylinder

4) The polymer solution was sonicated for 40 minutes to 1 hour, where the sonicating bath
was preheated to about 62 °C. The dissolved polymer was filtered through
polytetrafluoroethylene (PTFE) 0.45um filter.

5) PVP-I(8.85 g, 3 portions to 1 portion of Plexcore MP was added in portions (note, the
components were stirred using the “vortex mixer” in between additions for 1 minute).

6) Dry 4 oz. (125-mL) amber-glass containers were flushed with N, and were charged with
100 mL of the filtered HIL solution.

7) The containers were sealed with electrical tape and sonicated for additional 10 minutes at
62 °C.
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polymer is forned by the selective coupling of a

nmonobr onp-wel200egessi o- 3- substituted thi ophene to aff or ®CE/UH20fe(004446

regi oregul ar (nmore than 98% head-to tail couplings) polynmer as dark

pur pl efpl ﬁolid. In general, the GRI M polynerization yields Plexcore MP of
relativelyﬁﬁlgh nol ecul ar weight (e.g., WMh = 18,000 Da; MM = 1.6). Since
the pGbyiElrprécdifopspingiag of the RILcdyster for SibkibatieCdfPIIEIHIIA) Sheina, E. E.;
Liu, J.; lovu, M C.; Laird, D.,W; MCullough, R D. Mcronol ecul es 2004,
37, 3526. (Vytexdkelthesteps me:senw%/@ktb@wxamme;shwgd@zm,erably nestormad inct¢lpans
2004,3‘7050 %bgég:polyners of varying nol ecul ar weights can be easily

synt hesi zed. reover, incorporation of different substituents in a polymer

backbone r eBefotesthe polydey hiond sblution &y deposieed dnyo 01 TM kerfadeNpreevoyiditioning of
organi ¢ salvents and possess excellent filmforming abilitjes.

X .3) A dry
500- i the AEOsuereeris performadacgording torhy MWW%PTPP@#F%@JW,t%CNSCEWJ}%@“&ﬁar ged
wth Pfog ore MP (2.95 g) and pyridine (441 nL), in which the solvent was
added Vi &' graduated cylinder 4) The pol yner solution was sonicated for 40
M nut es tl? Ulthwotiic (UBRagitatiog of theisabdtiabs viddi DI wars withaleeszpad. t o about 62 T.
The di ssolved polynmer was filtered _through polytetrafl uoroethyl ene (PTFE)
0. 45m fi 120 ePS agitatpoprefithg subghatgs withddwatems to 1 portion of Pl excore MP was
added in i . TnO, were stirred using the "vortex
m xer " iéﬁﬁé’?&g{éﬁﬂé@@f@?%“nﬁéﬁ?%?%ﬁr@%%’%). 6) Dry 4 oz. (125-nL) anber-gl ass

cont ai nerd§ UBragititidisdfabe wibstratd® withdsopesgyl altahgled with 100 nL of the
filtered HL solution. 7) The contajners were sealed wth electrical tape
and soni dat Blev & caglypubsiate one ot thedieswith dry girogen. WASH 1537776. 1 22 WO

2006/ 0864§0. 4 X RAr . Lnni.ng of
the H L s Pirmteb e TR 1 Sao i il (2817 Rlen Rl Bfut BBl O3 0.
in this exasplifogdiopiirgesihe praf)eillaby farekxpaimad. in a clean room at nobsphere.

Before the 8’()' ynmer blend solution is deposited onto an | TO surface,
pr e- condi?i DAPRfrestmentfer 20rminytes preas to expsaipiedt-med according to the fol | ow ng

procedure ( mlﬂ%rmgﬁe? Bef%}ee@le ip%ly%g)er ﬁerﬁﬂtsgﬁltio}x ?sn&)pbsited onto an ITO surface,
filtering of the polymer solution through PTFE 0.45um filter is performed. If an increasing

pressure is required to pass the polymer blend solution through a filter, then the filter should be
replaced.

Generally, the thickness of the HIL after spin-coating onto the ITO-patterned substrates is
determined by several parameters such as spin speed, spin time, substrate size, quality of the
substrate surface, and the design of the spin-coater. Therefore, providing general rules for
obtaining certain layer thickness is omitted. As an example, the following conditions were
applied to achieve uniformly dispersed films of the polymer blend solutions and the obtained
results are correspondingly presented: _

1) The substrate size was 2 x 2 inch ITO patterned glass substrates (Polytronics) pre-
conditioned as described above.
2) About 1 to 2 mL of the polymer blend solution was applied to the substrate such that the

solution would cover most of the substrate surface.
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1) Utrasonic (US) agitation of the substrates with DI water with detergent.
2) US agi twi0i2006/086480he substrates with DI water. 3) US a@CTAIS2006/00444¢ he
substrates with Acetone. 4) US agitation of the substrates with |sopropyl

al cohol . .5)Blow dry each substrate one at the tinme with dry nitragen. 6)
Transter 3 hEs b reBls wo Rt Sl i hosiera e Shenclp isdredsdve | =
vacuum ( st r &k, which bl WEEH provide an kil @roune Bhppdrd for Hieqdbithite 8XREY dpient . 7)
Qzone treatnment for 20 m nutes prior to experinment. Furthernore, before the

pol yner bl e¢ratisg holdingit pisfogepssersed onto an | TO surface, filtering of the

o evsur o s 4 Sl S8 el ST Ml RelBEG Tt FER oot B neEoRRR 47
then the filowRf réthtieHstheP nintite o dBoRes ahilform §ptadihg 6K fiRSIontdver el

after spin-coating onto the ITO patterned substrates is determ ned by

several parentise substraigctrage §0g.n 1 Spreeends ap 300 RPM). ‘Ehsacend spisning cyelaaast y of
th bst f [ f. t i_n- t . Th f ,
b ovi di ng. o@haPE0; fEGaa B 2607 R ooain, AnoRafaf P midQE a8 teeq.

As an exanpibstritbe foll owi ng conditions were applied to achieve uniformy
di spersed filns of the polyner blend solutions and the obtained results are
cor r esporfdi A§eyspin-ecatingethe HIL Iyer isusied fort B0 miingesats 09-1202G orcan hotngdate on
patterned gl.ass substrates (Polytronics) pre- conditioned as descri bed
above. 2) Abut 1 to 2 nL of the pol ymer bl end solution was applied to the

subst r at &) SUgfer thidknekd 6f 66-85 Wim Vas WRbied BY QrDéRTak PRbdfilofifetet 4ha twadtfBurkliof ace.
WASH_1537776.1 23 WO 2006/ 086480 PCT/ US2006/ 004446 3) The spinning results

wer e obt ai neeurifirmepczoss phesubstzate withia smadl increassrat theckslgeeelths isvbkstioteuck, whi ch
| | oved i d | d t for th b te duri i n-
coat i ng 10 B eferdl B fises, Vet RanDRRA G, Manirhiaity TALS iy b6 B2 i,

consecut i vehésgeRsousIhe first cycle was performed at |ower rotations per

mnute (RPM to allow a uniform spreading of the solution over the entire
substrate surface (e.g., 1.2 seconds at 300 RPM. The second spinning cycle

was SWJ?EOIQ%LW@%%LBEM to obtai n honogeneous | ayer-thi ckness

acr oss
Representative procedure for single-component HIL inks for examples 1 - 5:

A stock solution of Plexcore MP in DMF (0.8% by weight) was prepared. This stock
solution was heated to 110 °C for 3 hours under a nitrogen atmosphere and then allowed to cool
to room temperature. 7.5g of this stock solution was removed and placed in an ultrasonic bath
for 30 minutes. p-Toluenesulfonic acid (or DDBSA) was then added and the solution was
returned to the ultrasonic bath for 30 minutes. Poly(4-vinylpyridine) (or poly(4-vinylphenol))
was dissolved in DMF (or DMF / Dowanol PM Acetate mixture) and placed in the ultrasonic
bath for 30 minutes. The two solutions were then combined and put back in the ultrasonic bath
for 30 more minutes. The solution was then passed through a 0.45 micron PTFE syringe filter.
A solution of dichlorodicyanoquinone was then added to the filtered solution (170 mg of DDQ
was added to 1.0 mL of DMF; 0.1 mL of this solution was added via syringe).

Dowanol
PM Plexcore
Example' | DMF? | Acetate mp® P4VPyr* | PAVPhOH® | pTSA® | DDBSA’ | DDQ°
1] 14.67 0.06 0.21 0.057 0.017
14.63 0.06 0.21 0.0908 | 0.017
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substrate. 5) After spin-coating, the HL layer is dried for 10 m nutes at
100- 120 Gy@mode/buslisopl ate on air. 6) Layer thickness of BUVBR09MI00ES
nmeasured by a DekTak Profilonmeter and was found to be uniformacross the

substjate w tp %gall I ncreage th esyof the SUbStI’qlt ) (In
gener g—the ?}é'seﬂﬂ }ﬁ%ﬁ Fggg 'anir‘:i ltt free— GF)%14 %k 83%
and reaerebds 4' 73‘ rT! f\}\‘!'/\‘l I:VI\I\IDI I:"‘- e At-at H rQ 0 ad f or

i nidaAt or fa)

UIIUH\.’ TGO WA NIXT N —4J. I\LaT.l 1 O

si ngl Jnnhnrfhnf13l417l exd ds j21 Nl_A stockl s ||firQ|5’Lg§f :QQI or e
MP in DVF (0 8% by wei ght) was prepared. This stock solution was heated to
110 CDeowar®l RAdlAsetatedet-nzethdxyrbgmpantlacetpleer e and then allowed to cool to
roomtenperature. 7.59 of this stock solution was renoved and pl aced in an
ultrasonic bath for 30 mnutes. p-Toluenesulfonic acid (or DDBSA) was then
added and the solution was returned to the ultrasonic bath for 30 m nutes.
Pol y( Devicefiabyicatitivne) (or pol y(4-vinyl phenol)) was dissolved in DW (or DIVF

[ Dowanol e e laced. i he_ ul f

m nut es. Th@é Aé%glcg ﬁﬂ"aﬁ d%%’flg fl?]eg%w&%enﬁ%%a%%e p?%%&cﬁdoe%%@ﬂlg aﬁﬁrt rasonic
bath gy m%@y e Enifdtiddtof $he ihhéntionlt tiedaid@briddtion ppeess; detibe AteBitectun®. 45

m cron PTFE syringe filter. A solution of dichlorodicyanoqui none was then
added (sesiuenee, humberrafdayesy ﬁ@b@hm@mmls@qsﬂhm Hla snader @iﬁclameﬂ ipthie of DMVF;
0.1 rrL h %hl s solution was added via syringe). Dowanol PM Pl excore Exam

| ei R 8tate MP3 P4VP r P4VPhOH pTSA" DDBSA7 DD@B 1 14.67 0.06 0.21

0. 057 0. 017The DIBD&Rv2e$@esbriBel Kbré'iﬂ&/e@e f&bﬂcat&&*&ﬂnﬁﬁ&ﬁ?ﬁ@xldé(ﬂ@%&%@d 086480
PCT/ US2006/ 004446 3 14.56 0.06 0.24 0.142 4 14.63 0.06 0.21 0.098 0.017 5
13. 17 depasted colas substrapsg The BHQ sutbessewas! prmechmedef ge ihmxﬂ@xgw_f 0d? opanol

acetat @,z I:iefl\éld%\elicelz & rs GRS 'vs%?e cleaned by ultrasonication in soap followed by distilled water

-

for 20 minutes each. This was followed by ultrasonication in a beaker of isopropanol. The
substrates were dried under nitrogen flow, following which they were treated under a UV-Ozone
chamber operating at 300 W for 20 minutes.

The cleaned substrates were then coated with the hole injection layer. The coating
process was done on a spin coater but can easily be similarly achieved with spray coating, ink-
jetting, contact printing or any other deposition method capable of resulting in an HIL film of the
desired thickness. This was followed by the spin coating of the light emitting layer which in this
example is a commercial poly(p-phenylene vinylene) (PPV) based fluorescent polymer. The
polymer layer was measured to be ca. 70 nm thick.

The substrates were then transferred to a vacuum chamber in which, by means of
physical vapor deposition, a cathode layer was deposited. In this example, the cathode layer was
prepared by the sequential deposition of two metal layers, the first being a 5 nm layer of Ca (0.1
nm/sec) followed by a 200 nm layer of Al (0.5 nm/sec) with the base pressure at 5 x 107 Torr.

The devices thus obtained were encapsulated with a glass cover slip to prevent exposure
to ambient conditions by means of a UV-light curing epoxy resin cured at 80 W/cm? UV

exposure 4 min. The devices thus obtained were tested and the data are given in Table I.

Table I. Lifetime Data from different example HIL materials described in this invention:
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The device fabrication described belowis intended as an exanpl e and does
not in anwowagodeagl y the |inmitation of the invention toPEHESHAYP4446
fabrication process, device architecture (sequence, nunber of layers etc.)
or materials other than the HL materials claimed in this invention. The

OLED ue'v """" eserbed—-heraif WCIVIGbllUuth -t xi de (ITO)

surf gces ?Zp%@ted?ﬂ'{“f S et r tnedd'§ Edfitlendy’ g@ﬁ,Awa,é pre-patterned
to dgfine the pixe]l @aem2pf 0(.\[9Its)Cn“Q (cdh@) dgvi qriumUbSt r @rgs Were cl eaned by
ul t r gRENCTRSS¥B00MN| soap folll owed by distilldgd water |[for 20 m nutes each.
Thi s (was Cobtrabwed by diitrasoni@@tign i i62a beaked6Df i soBfdpanol. The
subst|r at xamope € drj ed 1dthder| ni82oggn f PRy, flol |GG ng[whiti tlhey were treated
under|_a Exeniede chardbbr aper®8i nd at 5200 W 03480 mi ni#B&s. {The cl eaned
subst|rat Exanpple d t hen dBAited wi®.6 thHe héd2 injed-Ton | ay#0* The coating
procdss Eampehe on A1088i n lcoadBr Hut 1996 egsi|40he i hﬁQOQT’* achi eved with
Spra _c_oﬁﬁ@mﬂe5| nkt | dp9 i n c®ét agt phiht | ng n¢629n\/ ot 897" deposition nethod
capabl*eAQCfequ@thlllfqtm@eYaﬂ\u@ﬁ mA/cmi’lah7@FfC.t he desired thi ckness. This was

f ol | ovigdLilstintchis exfpapolated fromginitfal valeed dnghthuseam dstimatjioh.ayer which in this
exanple is a comrercial poly(p-phenyl ene vinylene) (PPV) based fl uorescent
polymer. The polyner |ayer was neasured to be ca. 70 nmthick. The
substrates were then transferred to a vacuum chanber in which, by neans of
physi cal vapor deposition, a cathode |ayer was deposited. In this exanple,

t he cathode | ayer was prepared by the sequenti al deposition of two netal

| ayers, the first being a 5 nmlayer of Ca (0.1 nn/sec) followed by a 200
run layer of Al (0.5 nn/sec) with the base pressure at 5 x 10-7 Torr. The
devi ces thu%s?ftﬁs&ifﬁ&felﬁ%’r @u@héréé§mb9€1’é'%ﬂ\§ﬁ1§ﬁf%’1@qdass cover slip to prevent
exposug ey i ient conditions by means of a UV-light curing epoxy resin
cured A8 n2 UV exposure 4 mn, The devices thus obtained were tested
and t he datEheabHowingaspresent alditional pleférrel dmbddimertts o€ tHodhvention whidH daarbent
exanple H L materi gl s described in this invention: WASH 1537776.1 25 WO
2006/ 0gadtised pronesiolebimobaarts HI L System Current Lifetinme at Density

BRI e e P R

non-aqueous solvent.

2) Embodiment # 1 in which the ICP is a regioregular poly(3-substituted thiophene) or one

=
=D

of its derivatives.

3) Embodiment # 1 in which the ICP is poly(thiophene) or a poly(thiophene) derivative.

4) Embodiment # 1 in which the ICP is poly(pyrrole) or a poly(pyrrole) derivative.

5) Embodiment # 1 in which the ICP is poly(aniline) or a poly(aniline) derivative.
Embodiment # 1 in which the ICP is poly(phenylene vinylene) or a poly(phenylene
vinylene derivative).

6) Embodiment # 1 in which the ICP is poly(thienylene vinylene) or a poly(thienylene
vinylene) derivative.

7) Embodiment #1 in which the ICP is poly(bis-thienylene vinylene) or a poly(bis-
thienylene vinylene) derivative.

8) Embodiment #1 in which the ICP is a poly(acetylene) or a poly(acetylene) derivative.

9) Embodiment #1 in which the ICP is poly(fluorene) or a poly(fluorene) derivative.

10) Embodiment #1 in which the ICP is a poly(arylene) or a poly(arylene) derivative.
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Exanmple 1 111 8.2 292 0.26 1112 Exanple 2 111 6.8 528 0.48 288 Exanple 3
100 6.6 74200Q00648¢480 : Exanple Examle 4 100.0 4.5 1090 1POW/USZ@o404d® 5. 6
617 0.62 >90** * Accel erated lifetime value, 5( m&¥cmat 70 T. * * Lifetine

Is extra ion. A series of
pref erre Ci ngglfrn{eg‘{r#wo‘hl rren "?qi’? 8 s%tﬂ%iaﬁgh%&%é)ﬁht s The foll ow ng
repr esent aﬁdy@sdﬂﬁ[@haghﬂﬁﬂ@fe)&d‘n&ﬁbadl rrents of the invention which can be
practlced b]\-f one skilled in the art: An HL s stemconprlsmg an | CP, a

pl anar i zildyEmbediment# dolaintwhieh the QPéswnﬂLyréer a1 Réﬁg@qﬁé’@%@b{%m 2)

Fﬁgg;}gﬁgg ﬁhéon&é? sX“@JP&H c%ﬁlﬁoléef&\?);tp% \;&Jr?g‘;uﬂéﬁgﬁ’h?bnoﬁat%w’éﬁzcﬁ'z&*}%hﬁb' pﬁe P
pol y(thi Ophﬁ%&&ryDcBr iﬁn&ﬁinﬂlié@ a@pl@ﬁ@ isteyanagds| stylenelpxitied) oohjugated dedesi N whi ch
the ICP is é’lyrrolef_ﬂ1 polylégprrole) derlvatlve 5) Enbodipent # 1 in

whi ch thelb st ¥ (Lo mw@yh&e d# gertlymet-efjandEP spemegicand amobaReT BNt #

der vati ve) SHE e e AT Ve St B IR oo B CHACHRIR (e pY LTV S
or a pol y(tflkenytydne all&&l/@iy}llfmﬁ:)tloﬁﬂtg"aﬂd RveH, dlkyFOhai, FROH, #ster, acidporch t he
e

| CP is pol y(b| s t hi eni;éene vi nyl en or a poI y(bi s- thienyl ene vinyl ene)
derivati ve. toneysitpxpnesyidohTRR aacgmitigtoss. pol y(acet yl ene) or a

pg: ?;E? fﬁfm‘% Hl)%gl?géﬁsp nu‘%@e’%g{g% cqi)glrjll%aa% }sia{eblb%%ﬁgn%bq ol gﬁ’ lgkflsl n whi ch

the | CP i1%) Enmeﬂude@tsyﬁlama:) inowhieh [l appelyitiee ixedn alierratiag icugolym¥y\Sitolikomér. 76. 1 26
WO 2006/ 086480 PCT/ US2006/ 004446 11) Enbodi nment #1 in which the ICP is
pol y(i sotl) Embedimentsiniedr1Hin whi CB&WPQWF HrgRteaPAN®Lr-der i vati ve. 12)

Embodi rren¢7) Erbodihdnfs 24 £ Dfich e éoﬁol@m%? R FraBi enpéop%l}xﬂegp segment and a

pol ymer o
18) Embodiments #12-13 in which the copolymer is a random copolymer.

19) Embodiments #1-18 in which the planarizing agent is comprised of a polymer or
oligomer.

20) Embodiments #1-18 in which the planarizing agent is a poly(styrene) or poly(styrene)
derivatives.

21) Embodiments #1-18 in which the planarizing agent is a poly(vinyl acetate) or its
derivatives.

22)Embodiment # 21 in which the planarizing agent is a poly(ethylene-co-vinyl acetate).

23) Embodiments #1-18 in which the planarizing agent is a poly(ethylene glycol) or its
derivatives.

24)Embodiments #1-18 in which the planarizing agent is poly(pyrrolidone) or its derivatives.

25) Embodiment #24 in which the planarizing agent is poly(1-vinylpyrrolidone-co-vinyl
acetate.

26) Embodiments #1-18 in which the planarizing agent is poly(vinyl pyridine) or its
derivatives.

27) Embodiments #1-18 in which the planarizing agent is poly(methyl methacrylate) or its

derivatives.
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ol i goner segnent conposed of polymers built from nononmers CH2CH Ar, where Ar
= any arywoaoosfossus0 i onal i zed aryl group, isocyanates, ePRJ/USAW6HM4des,
conj ugat ed di enes. 13) Enbodinment # 1-11 in which the ICP is a copol yner of

an ICP s 0 Qse | ymers built
from non?ngﬁgl%%%ﬁa t%@% lé"%%nﬁ‘g a§§ [{EB@P’ &gﬁ%fﬁfﬂ?’t&ﬁ Oﬁgc’nct ionality
and R = H, @drisdtivestl, Br, F, OH, ester, acid, or ether), lactam |actone,

si | oxanes and ATRP macrojnitjators. 14) Enbodi ments #12-13 in which the
copol ymer29) Emkodimsats %ob%uywbuc #he Rlanagizmgragentsy campossdraf polymerson 3 i n whi ch
t he copoly | I ry.0 - odi nent s
#12-13 in c\ﬁlﬁ%%nfetrﬁgu@oﬁoo yrrer I'S S%Bﬂwgﬁrz%%&rr%gr%w’l??né%l ments #12-13

i n which thﬁme'@@glhymaﬁrylgmapgradl ent copol yner. 18) Enbodi rrents #12-13 in
whi ch t he copolg is a random copolyrrer 19) Enbodi ments #1-18 in which
the pl ana0) Embg w@m#h 18 wowhich shecpleparizingAgpnids apisocyanalgsner . 20)

Enbod
ol y( st yrongsibogdineh 4171 €1 MR Elr BRI by by RoBBIKER, YT TT) 21 1 g
agent i s 32) Babydivientd #1at@inawhich tie plassarizih@ragenis \t&ﬁuga?,é’d diefgodi nent # 21 in

whi ch the gl anarizi ng a?ent I s a poly(ethylene-co- V|I_H£/ acetate). 23)
Enbodi merdBsEmbodigients #i1 & in whish theaplanarizingpgenfds CH.EHR 1 Bdwherst rfrelfké gl ycol)

or its der t h agent is
pol y(pyrroll ?oﬁ—}iﬁ(gya&f}unwga(ﬂ I'Ves ji}l’fé‘?ylEﬁ{j?gi Iﬁ,LQ]%I %ﬁéj % g%gt

pl anar i zi3ayEa®ediments 101 § {nlwhich Yhean@izingGiaentGe a poer tiag & @érﬁzed 2o a

Enbodi nents #1-18 in which the planar|2|ng agent is poly(V|nyI pyridine) or

its derivalactpes, 27) Enbodi ments # 1-18 |n whi ch the planarizing agent is

D00b) 0a6AB0ERERREH A BbsichTus St abiis {poljpiet it ol ofhh o

pl anari zi nglaagaet is pol y(butyl acryl at e) or | ts derivatives.

36) Embodiments #1-18 in which the planarizing agent is a polymer that is derived from a
siloxane.

37) Embodiment #1-18 in which the planarizing agent is a small molecule.

38) Embodiments # 1-18 in which the dopant is a molecular halogen.

39) Embodiments #1-18 in which the dopant is iron or gold trichloride.

40) Embodiments #1-18 in which the dopant is arsenic pentafluoride.

41) Embodiments #1-18 in which the dopant is an alkali metal salt of hypochlorite.

42) Embodiments #1-18 in which the dopant is a protic acid.

43) Embodiments #1-18 in which the dopant is an organic or carboxylic acid.

44) Embodiments #1-18 in which the dopant is a nitrosonium salt.

45) Embodiments #1-18 in which the dopant is an organic oxidant.

46) Embodiments #1-18 in which the dopant is a hypervalent iodine oxidant.

47) Embodiments #1-18 in which the dopant is a polymeric oxidant.

48) Embodiments #1-47 in which the planarizing is complexed with the dopant.

49) Embodiments #1-48 in which the planarizing agent and ICP are joined as a copolymer.

50) Embodiments #1-49 in which the HIL system contains a cross-linking agent for the

* planarizing agent.
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29) Enbodi nents #1-18 in which the planarizing agent is conprised of
pol ymers wo 2006/08p@8er s built from nononmers such as CH2CHPEF/US2HEI4448 = any
aryl or functionalized aryl group. 30) Enbodiments # 1-18 in which the

pl anari zi ent is j.socy.anat 3 Enmbodi ments #1-.18 in i,C e

pl anar i z?ﬂ&%ﬁ%ﬁ?‘@@ @%dépﬁvﬁgh@e%&gé%m SRS B a5 ﬁ&_epig}iﬂ?f’Wch t he
pl anari zEPEHBAORRs dast FAAIBMIdMests #133.  33) Enbodi ments #1-18 in which the
pl anari ziég)gEa ent is CH2CHRLR (where R1 = alkyl, aryl, or alkyl/aryl

f unct i onaB) Embedinment #52+in vetigdythe fitm is prepared byyspinesssting. aci d, or ether). 34)

Enbodi # 118 1 n.-whi ch .t I Z] t i I that i

deriovia(r:lre S Ir’rglf,ﬂmgodl{n%{#;r%1n§@yc%ﬁ§3ﬁ+lﬁgﬁ{e?§r;g§%¥?ﬁ?ﬂc ﬁ%‘ﬁ !to ﬁeygF ;nar iazi In; agent

s a_pol SOpEmbitiinche#Sihiwileh edllinds plopaied b9 dif8datipgbodi ment s #1-18 in_whi ch
a

the planarizing agent is a polyner 't is derived froma siloxane. 37)
Enbodi nmeA6) Bmbadiment 47 intwhieleths|fdmap prepargd ysprayrevatingmal | nol ecul e.  38)

Enbodi # 118 1 . Wi ch .t t | ecul h .39
Enbod menf et Aok B8 RAEPleok e By Ko et O or s o, a0)
Enbodi WEBBFElﬁBocﬂi&ehﬂ#WﬁhG\Mﬁ&}bﬂlegﬁﬁﬁﬂ% methodi§ Bikij6t pratingf | uori de. 41)

opa

Enmbodi ments #1-18 in which the int is an al kali metal salt of
hypochl opP)Bmbodimentioiniwhich the/printigg methediis pfftsabprigpignt is a protic acid.

43) Enmbodjhent s, #1- i.n i.ch the .dopapnt .i.s_ an qrganic or carboxylic acid.

12) EnvoddHERbEbtE7 i VHHE e riute BRfodiS s BnREHIS e om ool ¢ as)

Embodi megt sDéicek8nédipsyatif EhibRditea@ #5260, an or gani ¢ oxi dant. 46) Enbodi ments
#1-18 in which the dopant is a hyperval ent iodine oxidant. 47) Enbodi nents

#1- 18 i n 6dhMethodhBordoming Embodimeity#eblc oxi dant. 48) Embodi ments #1-47 in
which th anald zi ng i s npl exed with the dopant. 49) Enbodi nents #1-48 in
whi ch th§3g¢%%§rr¢r§t?%gmﬁﬁt£@'and |CP are joined as a copol ymer. 50)

Enbodi nents #1-49 in which the H L systemcontains a cross-Ilinking agent for
the planarizing agent. WASH 1537776.1 28 WD 20061086480 PCT/ US2006/ 004446
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51) Enbodi nents #1-50 in which the HL systemcontains a cross-Ilinking agent
for the | QR0 20086480 L fil s cast from Enbodi nents #1-51. PETUSEHOMB4AENt #52
in which the filmis prepared by spin casting. 54) Enbodinment #52 in which

the filmi r [ ﬁg l Enbaodi . H# | ngwhich the film
I's prepared ey @&ﬁfr%oa ?Hglgg& g?%ﬁ%%ﬁfén@%dtl %@nb r\%"lshqr?l%% %@h\ﬁ%oﬁa S
pr epar 6616312 Slofiled Febrahtynl), 26F9: Embodi nent #52 in which the filmis prepared
by a printing nethod., 58) Enbodinent #57 in which the printing nmethod is
ink j et priBmppdimentd) Ashlensheormnesitipnfor ysemp bpletinisciyon layenry hols aspors
of f-se i nting. .. 6 ' t #57 in which the printing nethod is a
transflté,lyé}rpcrOl f’é‘gglgth%%uo@%#gde@ﬁh €6t por ati ng Enbodi ments #52-60. 62) Met hods
for form ngifedt oM ingirically tondufiye psI9mef orgopolimERNt #61. WASH 1537776. 1
29 WD 2006/ 086480 PCTI US2006/ 004446 The foll ow ng 33 enbodi nents were
descri bed i@i) gt leastiony dppanyifer the genduptive radymeror copplymer;end fi| ed February 10,
2005: Enbodj. t . CO ition for use in a hole injection |ayer or
gfrffﬂ l?aétyoﬁ% ﬁlﬂ.r?aggmsg %Rﬁ

hol e transp er fconpri he foll ow ng conponents: (i) at |east one

i nt ri nwherginl tiie 661 tsvae PSIlbIEB nori-a@uep0s ¥oleents drd are frmludfted toofagmaopant  f or

t he conductive pol yner or copalyner; and (iii) at |east one planarizing

agent ; compratiblerblendewhemibe gempesitipr isip theform of a hele-inigadentayerprhola anspert ar e

forwlﬁ&&qegs EII{)J%? 0 Rﬂmﬁitci(bl e bl end when the conposition is in the form
jectl }a(g

of a hote Tnje er 'or hole transport layer |ess than about 100 nm

t hi ck. EnboBinbBdimedt 2.TMRe tidn 0ordipao Enitebdirert) otiergimthe intrinkicsldi n t he
intrinsically conductive polyner is a polythi ophene. Enbodi nent 3. The

conpostandgetivemobyraerig a pelythipphfingent 1, wherein the intrinsically conductive

Compos t 1 ot REeBrirhe 7B° espRthiin et gl b RERIC e el 10 e
poly ”Edioﬂd&ct&'erpggﬁﬂéﬁgu&@g’io&gm B-3libstiuted pslithedphene.pol y(et heric), or

aryl -substituted . ) ) . L.
Embodiment 4. The composition according to Embodiment 1, wherein the intrinsically

conductive polymer is a regioregular alkyl/alkoxy-, etheric, poly(etheric), or aryl-substituted
polythiophene block copolymer comprising a polythiophene block and a non-polythiophene
block.

Embodiment 5. The composition according to Embodiment 1, wherein the planarizing
agent is a synthetic polymer.

Embodiment 6. The composition according to Embodiment 1, wherein the composition
is in the form of a film about 2 nm to about 100 nm thick.

Embodiment 7. The composition according to Embodiment 1, wherein the amounts of
the intrinsically conductive polymer or copolymer, the planarizing agent, and the dopant is about
0.5 wt% to about 25 wt%, about 0.5 wt% to about 70 wt%, and about 0.5 wt% to about 5 wt%,
respectively.

Embodiment 8. The composition according to Embodiment 1, wherein the amounts of
the intrinsically conductive polymer or copolymer, the planarizing agent, and the dopant, is about
25 wt%, about 70 wt%, and about 5 wt%, respectively.

Embodiment 9. The composition according to Embodiment 1, wherein the composition

further comprises non-aqueous solvent, and wherein the intrinsically conductive polymer is a
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pol yt hi ophene bl ock copol ymer conprising a pol yt hi ophene bl ock and a
non- pol yt hivopbedamsssbé ock. Enmbodi ment 5. The conpositi on aBEBUYRA4E094d46
Enbodi ment 1, wherein the planarizing agent is a synthetic polyner.

Enbodi | L4 L0 %@Qﬁ - t i p.the

conpos [T%Efgﬁe%ulla-smlﬁw %@EeE Qf'cb%{rhn&g?’%gﬁ}glgﬂaﬁq%b%ﬁ 2 nmnﬁlgéaa%%xﬂ" ng%fféh%et hi ck.
Enbodi nplatarizingldpenicie apeathttiopolamen wliersin the donttitdemeaie ptesentiaragiountsid anount s
of the intrinsically conductive %I yner or copolymer, the planarizing

agent, 2Ryt Avidoloaboul 3 wikhastthe total solicgantens Bbhan-agyieqpsgolyasbut 0.5 w % to

about 70 w % %10, : . p ' . i_mrent
8. The conpo%???‘ﬂgﬁn%ggié%r’g? n‘g’;ovl\'%lpo6 i Télgag?ér#glﬁl? th@gr e‘TIngﬁt ﬁrggﬂgﬁloe%%tmstﬁﬂj&a%he

i nt ri ns¢onduttivepohantis ¥ eegicrepiiar alkyl/allopdt \etidric, polg(ektetio or atylgubdgitwttd and

the dopant, . is about 25 w% about 70 wt% and about 5 w % respectively.

Enbodi relythippheneebleghsppolmercompeisingiaiplythiophensdlogknnd g nogHeqlithiophene

conposi 4 t.her ' - ! A I, the

i moy 20 apd i AR B IAT A UARIBT S B0 a B MG Bty .00

PCT/ US2006/ OpéBédiment P . oTegetnmpositi onydct@diogy Emteidiveent d, whedeit( the depantjs or
aryl -substituted pol yt hi ophene, the planarizing agent is a synthetic

pol ymer Pregié axaman ttuents are present in amounts of about 1.5 w %
to about 5 0 ohal i d.: [ AL J20N-aqueous.  sol t odi ment
10. The corr\rl)\%é?’ |gfr?_nglc%or ielr%&bfo Err%‘ g%fﬁ@%%j[&lw& Tere wgt%l_ea%f)é ’%‘lcr?tsh%gg’l ly
conduct andea isdé itti@stioh $ayRr bEgholeeiubpurt @ ery whedeitoky holedhjeetidrClay&@rhokt heri c)
or aryl-substituted polythiophene bl ock copol I;{mer_ .conprising, a

pol yt hi BEWEeHR layeeamprings & birsd-cosppsilipn faraise in »ele injectina leyes or hole transport

non- pol I : ' S ' lm.l.ar to the planarizing agent.
Enbodi rrpeé%%l c%%%&%%%%todsn?t@g% %@gg;%ér?é‘lq%é%’fbodi ment 1, wherein the dopant

is present @patdeastond @iinstbaiiagdnductibeopolyiei orledbpoRmes] ect r ol um nescent (EL)
devi ce conprLsinP an anode, a cathode, and a hole injection |ayer or a hole
transport | alidmt Iegsionadapamt fonibe eondyctve palymengiegopelymesiadd t r ansport | ayer

conprises a Q{;)eﬁqeag%%o@iaﬁa{rﬁmgf%nyse in a hole injection |layer or hole
'ng a

transport ° | ayer conpri ast one of the follow ng conponents: (i) at
| east oOwhereitithée BGhpérienys 46 Bslubleiil Roaduedas selvertOnal ae€srmulated to form a

compatible blend when the composition is in the form of the hole injection layer or hole injection

-

/3

layer about 2 nm to about 100 nm thick.

Embodiment 13. The EL device according to Embodiment 12, wherein the device further
comprises a conditioning layer.

Embodiment 14. The EL device according to Embodiment 12, wherein the intrinsically
conductive polymer or copolymer is a polythiophene.

Embodiment 15. The EL device according to Embodiment 12, wherein the intrinsically
conductive polymer or copolymer is a regioregular substituted polythiophene.

Embodiment 16. The EL device according to Embodiment 12, wherein the intrinsically
conductive polymer is a regioregular alkyl/alkoxy-, etheric, poly(etheric), or aryl-substituted
polythiophene block copolymer comprising a polythiophene block and a non-polythiophene
block.

Embodiment 17. The EL device according to Embodiment 12, wherein the planarizing
agent is a synthetic polymer.
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(ii) at least one dopant for the conductive polynmer or copolynmer, and (iii)
at | east ov@209bas@sl zi ng agent wherein the conponents ar BCHYSUIOH/B0414p
non- aqueous solvents and are formulated to forma conpatible blend when the

ayer - abour B0y e e foh ke’ dolyRShichtol 435 o MlsBrtyllag ' O
accor dé¢cigprising=itideadi sindf thefollobénietomponentd extictecdnrises Combining: | ses a

conditioning | ayer. Enbodinent 14. The EL device according to Enmbodi nent 12,
wher ei n theg) attleashenedatringicallp soRAUCHvRPY HIeTRIr copplya®Bol yer is a

pol yt hi ophens. ' . | C ' t. 0 sEnbodi nent 12,

wher ei n the&ﬁrﬁ f?{i’%gﬂ%a ﬁ%/nt%%oﬂﬁgg(grf@\%%%qlgﬁn%r oc;ai)cgg%f’yagnlgr IS a regioregul ar
subst i t ut ed(iidpdtéast o yslaearizpadhtBiticrdif theldvengoneste (i) 06 2md @il iafgsolble

Enbodi ment 12, wherein the intrinsically conductive polynmer is a

r egi or egul BPN-AAYEPNS SAIKRALS;- | et heric, poly(etheric), or aryl-substituted

Pon- pol y¢ ni ey FECR o6 Eos BTGBt 3Fa ol BXdtIRnG o5 a Doty Brer
Enbodi coprising atMwet erdoftthefdlomisg tathpshen8gent is a synthetic pol ymer.

WASH 1537776, 1 31 WD 2006/ 086480 PCT/ US2006/ 004446 Enbodi ment 18. A net hod
for making @ #degsbene inginsicglly gerduchvepelpmer, wljeeair theriniringicplly eendyetied ng at

| east on h e .S._Whi rises conmbining: (i) at
| east ong’owﬁ?e&ilﬁévggelnﬁyb@g%%ﬁ% %@%I%Py%ggﬁb&%ggpolyner, (ii) at least one
dopant for (if)at kastidnedopant Bl thieesnducticeopsliyegr, and (iii) at |east one
pl anari zi ng agent, wherein the conponents (i1 and (iii) ,are soluble

) 1), (ii),
i n nonWhefgdhe cerppenentsare s#t;bl@i%m-aqlgepuas‘émmdt B gomppsitierisiip the fagn e
i nj ect} h r [ cpnprising at | east one of the
foll owbﬁgh‘%lgﬁ%"ﬁ@ﬁt@“ ?#?utt%tr@zdgs %@‘?‘%’tﬂr“?ﬁsi cally conductive pol yner,

wher ei n t heEmbbdintat 2@ Ayblednsbugiositon fOOksE iE s hble ifijevtidrelaénorhoctethsport a
pl anarij zing agent, and (ii) at |east one dopant for the conductive polyner;
wher ei lyengithawtpehstantial presense pliwpter ponsisting assartially of dhe, Boblowing,epoepaaents:

conposi t| Cm(ij a lézﬂ:t Brtleem&?r{s%ally conductive polymer or copolymer;

(ii) at least one dopant for the conductive polymer or copolymer, and

(iii) at least one planarizing agent;
wherein the components are soluble in non-aqueous solvents and are formulated without
substantial use of water to form a compatible blend when the composition is in the form of a hole
injection layer or hole transport layer less than about 100 nm thick.

Embodiment 21. An electroluminescent device comprising as a hole injection layer or a
hole transport layer a blend composition comprising the following components:

(i) at least one intrinsically conductive polymer or copolymer;

(ii) at least one dopant for the conductive polymer or copolymer, and

(iii) a matrix component to form a blend with the polymer or copolymer and the dopant;
wherein the components are soluble in non-aqueous solvents.

Embodiment 22. A composition for use as a hole injection layer or a hole transport layer
in an electroluminescent device comprising the following components:

(i) at least one intrinsically conductive polymer or copolymer;

(ii) at least one dopant for the conductive polymer or copolymer, and
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of a hole injection |ayer about 2 nmto about 100 nmthi ck. Enbodi ment 20. A
bl end conppeitdismssBer use in a hole injection |ayer or h8CEUSRMOEMYAG | ayer
wi t hout substantial presence of water consisting essentially of the

foll ow ng canponents: i t deast.one..ntrinsically conductive polypmer or
copol yner: (RT3 Mt caruorsnEto fR A bl it \be eBV e pr Serabanyie 16 BT yver
and  ({vhereirfthe C6MPéncdRCard sSI0Ble!if nBA-ad@RE solvérs.ei n the conponents are

sol ubl e in non-aqueous solvents and are fornul ated without substantial use

of water toEmbedimentdhpdh¢ porapesitianhoaprding thEndndimenttZ2owhereini thet he form of a

hol e in'.ect'lon Icﬁ-é:?r or, hol e transpor.t Ia]é_ﬁ@ l.ess than about 100 nmt hi ck.

Enbodi TSI CAR 188??1%1%%%%1’8 TEE PR %‘?P’;?PF'si ng as a hole injection

| ayer or a ERMbEiniendDsPThé céxﬁ?@diticﬁl 4 61Achgte AIISIdim Ot 220 WREref the t he

foll owi ng conponents: (i) at 1east one intrinsically conducti v_equol ymer or
erBpol yner,

copol yinsrnsiqally conductize pelysres otieqnotimerds a regiorepHlan-substityies potthi

and (iii) a t 4 X onent to forma hlendm.th.th ol.yner .or copol yner
and the dopgﬁ’t%;odm?lﬁ?g?g]ijn _%%on&%(?‘?f}boﬁleaﬁf%rgﬁﬂggoggm?g%erﬁﬁan Ty tg‘z)us sol vent s.
Enbodi fefihsichdly cOn@RERE pblyfeR isf Dfegloveoudd aflkylalk@xi-Nedietit, Idly(Bthefic)Qbr &yhol e
transport layer in an electrolum nescent "device conprising the follow ng
conponsubstituted polythiopbenst bloslecapetymer somatising e poetjikiophenehbdokrand agrone opol yner ;
(ii) at 1I as on%%pant for the conductive polyner or copolymnmer, and WASH
1537778%&%‘?1\‘7&?_ /086480 PCT/ US2006/ 004446 (iii) a matrix conponent to
forma bl engmtolitndn 26,0 Thy BBhp&iti GPRLOMIRY toFHbddiBe st fhereiV¥he fitix t he
conponents are sol ubl e in non-aqueous solvents. Enbodi nent 23. The
conpostempeneatisarsyhihgtic polgmsodi nent 22, wherein the intrinsically

conductive paol r copol yner .i.s a L yt hicophene. odi nent 24. The
conposi ti ongﬁﬁgﬁbqrﬁgh %ﬁ%ﬁﬂ?%‘?ﬂ acfgr?in.%/gnt&fgﬁlhoc{fwgnt%fwgﬁerﬁg} Iy
conducéiSoshitny iR tHeFoi? BPA iR abb'®t 26nrh SOAKYUE YO0 A tBicgubstituted

pol yt hi ophene. Enbodi nent 25. The conposition according to Enbodi nent 22,

wher ei n t heEmbodiment 28] The camplesition/accprdingtorEmsodimenid2o whgreirmthe amounts of
| kyl / gl koxy-. .ether. I t heri | bstit ut | yt hi.oph
bl ock B5OrpREr L GRIF TR B FoR e oS BB is S natt b B APt S bhonc

bl ock. about 0.5 wit% to about 25 wi%, about 0.5 wt% to about 70 wt%, and about 0.5 wi% to about 5

wt%, respectively.

Embodiment 29. The composition according to Embodiment 22, wherein the amounts of
the intrinsically conductive polymer or copolymer, the matrix component, and the dopant, is
about 25 wt%, about 70 wt%, about 5 wt%, respectively.

Embodiment 30. The composition according to Embodiment 22, wherein the
composition further comprises non-aqueous solvent, and wherein the intrinsically conductive
polymer is a regioregular alkyl/alkoxy-, etheric, poly(etheric), or aryl-substituted polythiophene,
the matrix is a synthetic polymer, wherein the constituents are present in amounts of about 1.5
wt% to about 5 wi% as the total solid content in non-aqueous solvent.

Embodiment 31. The composition according to Embodiment 22, wherein the
intrinsically conductive polymer is a regioregular alkyl/alkoxy-, etheric, poly(etheric), or aryl-
substituted polythiophene block copolymer comprising a polythiophene block and a non-
polythiophene block, and the non-polythiophene block is substantially similar to the matrix

component.
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Enbodi ment 26. The conposition according to Enbodi ment 22, wherein the
matri x CompQaousesesse a synt hetic pol ynmer. Enbodi ment 27. PCRAS2W9AHM#G i on
according to Enbodi nent 22, wherein the .conpositionis in the formof a

accor ding. (SRR Tod Staasii Nofuio 10 BB Bht &3, e S AG §
conducpreyeht pOArYaEbieay dopagol yner, the matrix conponent, and the dopant is

about 0.5 wt%tg about 25 wt % _ about 0.5 wt%to _about 70 wt % and about 0.5
wt % t o aboukmbodigent 33.cAp electroluyminescen davige pemprising s Bolednigetion layst oidcor di ng

to E ' L s ' IS L tive

pol yrregole Hetipottiayeb 86hBlin} 4ty BRI ShmpGinons Bodrllre BFARAbeRE IS 1°5¢
wt % about TRe flll¥wigbéndnofe réfetence£BbN6 atd diel herelmbodd.nent 30. The conposition
according to Enbodi nent 22, wherein the conposition further conprises

non- aqueous sol vent, and wherein the intrinsically conductive polyner is a
regi oregul ar al kyl/al koxy-, etheric, poly(etheric), or aryl-substituted

pol yt hi ophene, the matrix is a synthetic polyner, wherein the constituents
are present in anounts of about 1.5 w%to about 5 wt% as the total solid
content in non-aqueous solvent. Enbodi nent 31. The conposition according to
Enbodi nent 22, wherein the intrinsically conductive polyner is a

regi oregul ar al kyl /al koxy-, etheric, poly(etheric), or aryl- substituted
pol yt hi ophene bl ock copol ynmer conprising a pol yt hi ophene bl ock and a non-
pol yt hi ophene bl ock, and the non-pol yt hi ophene bl ock is substantially
simlar to the matrix conponent. WASH 1537778.1 33 WD 2006/ 086480

PCTI US2006/ 004446 Enbodi ment 32. The conposition according to Enbodi nent
22, wherein the dopant is present as an anbi ent dopant. Enbodi nent 33. An
el ectrol um nescent device conprising a hole injection |ayer or a hole
transport |ayer conprising any of the conpositions according to Enbodi nents
22-32. The followi ng endnote references 1-16 are cited herei nabove.
WASH_1537776.1 34 WD 2006/ 086480 PCT/ US2006/ 004446 1(a) Burroughes, J. H
Bradley, DD D. C.; Brown, A R ; Marks, R N ; McCay, K ; Friend, R H
Bum P. L.
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Hol mes, A. B. Nature 1990, 347, 539. (b) Friend, It H; Bradley, D. D. C;
HoI rres Aszotmmjx&isos World 1992, 5, 42. ' Shuai, Z.; BECTHHA6/004446 Sj| pey,

Bredas, J. L. Phys. Rev. Lett. 2000, 84,13 1. Shinar, J. O gani c
L' ght ﬁlﬁfo&gesDﬁ'ﬁ' %?a%ley,%ab'@%wnvﬁrkaﬁa&pw'lyoﬁkoc& 'RCFrlgnQOfefH Lhum L -
mes 41a; B. WakRN M47'\k39Qb)FrEﬂid 'R, Bridieyhb. D C.; ABIRles, a PBYhys J%ﬁdlﬁﬁ,s 1073
5 Gont u@ .. Frolov, S. Li ess, M - Ehr enf reund \/grdeny Z.

Tada, KGh,ualm.jBeljonnH-D, SHbdjrayaJ; Bre®s, J. I Wrjsi Rev. Aett. zodﬂp&hlmo K ; Teraguchi, M ;
Mas uda Shinar, PlOyganic Répht-Erhiing Devic® SprinBe2-Ved@I8w-Yorkinaf2004. A. ; Gri nsdal e, A C

Hol mes? Kim, J.8,; HAR)BVH.; Gretam, NaC,; Fiisad, RLEOBApr8 Phys42929, 85, 1@[@ Kok, M M Buechel ,
M ; Vul Geptia,; Frplov,8, V.; LissaM.cRhrangeynd ;s Virdeny, Rkl TedrK S aiilEL.; Fidayat, RicFuith fter, S.
H P. EGPS'hmO %ﬂl@fﬂgl}&hhlﬁl N@Uda,\ToP’s't‘ é?ﬁ*bé@felf?” 192,4958. M . Weijtens, C. H L van

Int 1098, 3
Elhf,ger b#tl{()k’ Ii% nkag %d&gﬁ mteé?gf HZBIYI Appl
NakadaM2 Ck %g@ °S° ég‘a% e":zl; llﬁ‘é'f lnge%Bp?%s fy 8ol 30 294 65,
807. 19 I r |cs
2003, Sh ad1‘er Sarl?fmné‘%:akHtqﬁé"g‘j(@'e&g)Qe Kaw%ﬁﬂ%}(mé P %EL%[]
Phys. %&k Kfégg}schgrgepu\ Slgi;lchm%% Drgdle ElRhics Mo3Ps 22de Voigt, M J. A ]
APl . PRYSler, b E8aancck OV R, Rbds H 28013es, A1, Chss Bhylsn, 1699, J10; 39adzi i oannou, G
Synt h. kb e JOHQ%P Z@Vmg'i,(l@ 1. AQ)‘ipﬁth}.salémm 7A2238. (b) ]ﬁlseﬂlﬁﬁ F. JDHa&%oanh‘dlul@er er,
A ; GassnenMerF199s, Ssrubgde:o Schlathang] A. R, Floet,0. apvmjbkrer A.; GMen, Friadﬁlquannw, G Appl .
Plrys. Klap«vxjk,TMQBadzxﬁﬁunoﬂ,'cﬁApplMysmdmk&m, I'M4B. ; | nbasekaran, M; Wi, W W;
Wo, E RPdeclﬂdMBMabmkaraﬂ,wwu,mW2WQQ,E1R1A@oMgter Y99MI, Bl Moses, D.; Heeger,
A J. IQOBE, XM D.eMosekD.; l%sgsler, ARy, S.en K. Apph0lys. dar. 283333, 185 Lowe, R S.;
e T B e il B
Shei na ina, 1 /.5 19 air -atFep oy (Cilig
I\/acrongf’li%ﬂ‘?aeé WBKPSI"GF? r"%E’FZ % T(ﬂ)’"""?’éfﬁﬂ‘f}’a?ﬂ% 65\ yakoshi, R ; " Yokozawa,
T. Macronol ecul es 2004, 37, 1169. WASH 1537776. 1 35 What is clainmed is: 1. A
bl end conposition for use in a hole injection layer or hole transport |ayer
conprising the follow ng conponents: (i) at least one intrinsically
conductive polyner or copolyner, (ii) at |east one dopant for the
conductive polymer or copolymer; and (iii) at |east one planarizing agent,
wherein the planarizing agent
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is a synthetic polymer; wherein the conponents are soluble in non-aqueous
solvents and are fornulated to forma conpati bl e bl end when the conposition
isinthe formof a hole injection |ayer or hole transport |ayer |ess than
about 200 nn\gh'Ckl rein the intrinsically conductive polyner or

copol yner i 8PE§d$ar 3-substituted pol ythiophene. 2. The conposition
according to cIa|n11, wherein the intrinsically conductive polyner or
copolymer is a honopol yner. 3. The conposition according to claim1, wherein
the intrinsicallyl. condublend eomppésytinar foonsecopdiojamyectisn fayeopdiojerer . 4. The

conposi tion ccor to c erein the intrinsically conductive
pol yner or c %é?}gqrgogpgplgg@ c@ﬁg VASSOMPENCHye conpositi on according to

claim1l, vvherelnthel rin I is a
regi oregul ar al kyl / al kglzy- 3 Eﬁéetroiﬂg “ﬁﬁgﬁé@ e‘%bﬁ%@?@ﬁ%g“%r"gg@@u rgﬁt ut ed

pol yt hi ophene bl ock co@m) yrratleas:tmpcdepalgfcathq)cﬂryduhm‘cqqtnéyraeﬂﬁrock and a
non- pol yt hi ophene Pfg The conposition according to claim1l, wherein
the intrinsically® ?’I‘B%f’{‘@e pol ymer or copolymer is a regioregul ar

al kyl 7 al koxy-, etheri C(ul%po'ai’feﬁétfbﬁé h?a}manﬂﬁéé%é'ﬁk @Hk‘?éih'tﬁ lﬁﬂa:&%%/&%hpphene

bl ock copol ymer conprising a polythiophen )ck and a nhon- pol ophene
bl ock, and the nommsylnyhdmn@pbem bl ock is substanti al I y simlar to the

pl anari zi ng agent The bl end co i.tion accordi to ¢claim1, wherein
the layer is IesthWé‘hthSH’BH‘cPOT%S A nﬁ‘l% nngn‘aﬁH"eO‘@éPri&g@FtaP‘gﬁreaccor ding to

claim1l, wheg (tﬁhﬂxla&g@to%ﬁfﬁ%%o}ﬂ ﬂble%len'drlvﬁelﬂ‘?hé 9 rgﬁ&ﬁtl 1§ id 10 f?@%ﬁ)f £ nmto

about 100 nm e co osit1on accord to claim erein the
amount s of t hele injettiomiayerairlhylecteendpiart layer lpss thareabanm 200 pml thraskrwherani t he

pl anari zi ng agent. are_ about 0.5 vvt %to ]gout 25 W % _and out 0.5 w %
to abour 70 W ipfrinsicglly, gendugys polymer anoPeIYMsH S 3 1egIreguas arabstitsdc | ai m 1,

wherein the ﬁg}g,ltm&p%egg t he

2. The composition according to claim 1, wherein the intrinsically

conductive polymer or copolymer is a homopolymer.

3. The composition according to claim 1, wherein the intrinsically

conductive polymer or copolymer is a copolymer.

4. The composition according to claim 1, wherein the intrinsically

conductive polymer or copolymer is a block copolymer.

5. The composition according to claim 1, wherein the intrinsically
conductive polymer or copolymer is a regioregular alkyl/alkoxy-, etheric,
poly(etheric), or aryl-substituted polythiophene block copolymer comprising a
polythiophene block and a non-polythiophene block.

6. The composition according to claim 1, wherein the intrinsically
conductive polymer or copolymer is a regioregular alkyl/alkoxy-, etheric,
poly(etheric), or aryl-substituted polythiophene block copolymer comprising a
polythiophene block and a non-polythiophene block, and the non-polythiophene

block is substantially similar to the planarizing agent.
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intrinsically conductive polyner or copolyner, and the planarizing agent are
about 0.5 wt %to about 25 wt % and about 0.5 wt %to about 80 w %
respectively. It. The conposition according to claim1l, wherein the

pl anarizing agent is an organic polyner. 12. The conposition according to
claim1l1, wherein the dopant conprises organic oxidant. 13. The conposition

according to claiml, vwihebging cbﬁ@oﬂﬁ@ﬁﬁécokcﬁn@fb claigdt 8 wieRainithe hfer idhe
conposition according to claim 1, wherein the dopant conprise$ organic

oxi dant, thekpsﬁmambwmd@Oageﬂudis an organi c polynmer, the polyner or
copolyner conprises regioregul ar pol yt hi ophene, and the anounts of the
intrinsically conductive polynmer or copolyner, and the planarizing agent are

about 0.5 wt % t o gaboutrn23oMpositioRactorlREHo Qaim théfélﬁ 11RO pobRiontis %0

respectively. 37 15. The conposition according to claim1, wherein the
dopant conpin thedomn ghmfilm ekowtimm ta #wupll Ghemithickg agent is an organic

pol ynmer, and the anounts of the intrinsically conductive polynmer or
copolymer, and the planarizing agent are about 0.5 wt %to about 25 wt %

and about 0.5 Wt % to0 ghEWUbmBOsitbn dcordifSRAGAiY ElWherdif thebﬁ}nounts of the
el ectrol um nescent (EL) devi ce conprising an anode, a cathode, and a hole

i nj ection | ayerinsically dmtiecttveambpmartor kagody menviamd élerpladaazimglagentra;cectl on | ayer
or hole transport r nd |t|on cor ing to claim1.
17. A nmethod? ‘?}Hﬂri %’%l%‘gtota%gg%i %’! a‘?‘l&"ﬁ%&%g&%ﬁﬂ? HBO"(‘ Eofposi ti on

accordi ng toré‘sk wherein the conposition further conprises organic
n el

sol vent . ctrol um nescent device conprising a hole injection |ayer
or hole transport |ayer conprising the follow ng conponents: (i) at |east

one intrinsically condyctive pqlymer of. cop saoluble in agueous
sol vent, and wher éﬁ lrﬁ‘ eiCAMPPHEPR &GP I%de%‘%;rﬁé" heggin %f?fb?yrrer is a
regioregular irﬁfiﬁﬂpa‘ify' ctoﬂﬁﬁalv@yomr% QG&ﬁymer, and the planarizing agent are

about 0.5 wt % to about 25 wt %, and about 0.5 wt % to about 80 wt %,

respectively.

11.  The composition according to claim 1, wherein the planarizing

agent is an organic polymer.

12.  The composition according to claim 1, wherein the dopant

comprises organic oxidant.

13, The composition according to claim 1, wherein the dopant is an

acid dopant.

14, The composition according to claim 1, wherein the dopant
comprises organic oxidant, the planarizing agent is an organic polymer, the
polymer or copolymer comprises regioregular polythiophene, and the amounts of
the intrinsically conductive polymer or copolymer, and the planarizing agent are
about 0.5 wt % to about 25 wt %, and about 0.5 wt % to about 70 wt %,

respectively.
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(ii) at least one dopant for the conductive polymnmer or copolyner; and (iii)
at | east one planarizing agent, wherein the planarizing agent is a
synt hetic pol yner soluble in non-aqueous solvent; wherein the hole

injection |ayer orchol r A . ess; t han . ut 2 nm t hick. 19.
The devi ce accor dilg'g t?hélcg&kgﬁgén \a}\%\eé?({é?%lsocécl)%lgju%’t@\%elgg&y‘?‘%’rag or copol yner
i's a honopol yomprise3GrgabicodamitChe @F@l@ﬁﬂh@ﬁ%&ﬁ)i%r@hﬁSpoMﬁ%ﬁﬂnﬁ thonduct i ve

pol ymer or copol%mar is a _co‘%(él yner. 21. The device according claim18,
wher ei n t he amopntsSf ghe inffinsicaly) eendugévepnlymer orgopelypsr.yand the plararizing or egul ar

a1 1 a1 KOcy- B o RANAELEE DSk BT ALK HOSAE 86,8l i ophene

bl ock copoly conpri si i ophene "bl'ock a a non-p rophene
bl ock. 38 22respb@ivdByi ce according to claim 18, wherein the intrinsically
conductive polynmer or copolynmer is a regioregular alkyl/al koxy-, etheric,
poly(etheric), or aryl-substituted polythi ophene bl ock copol ynmer conpri sing

a pol ythi ophene ock,a n- pal vt hi ophene bl ock, and the

non- pol yt hi _ophene%bl péﬂ%?eg%g{i%gp %ﬁ?‘%é?@g%‘??ﬁ FUPPIAG ?‘P_ea'quﬁh%f:?@?%g agent .
23. The devi gfd at6RNiflieblor Ry& ctiaRolSirandpert Giyer, WiRrdiR lik Hold Bfdckien 1dyeyer  or
hol e transport |ayer is about 2 nmto about 100 mthick. 24. The device

accor di ng t oothelefsansporidaperaiomprises ablondheampssitidneacconding tasiadmll.y conducti ve
pol ymer or copolynmer, and the planarizing agent are about 0.5 W % to about
25 wt % and about 0.5 wt %to about 80 w % respectively. 25. The device

ggcorT ﬂi ng to claiml8, AketRdRompesikAAdtérdfak ﬁ@%ﬁhtihéthe&:@n%_ﬁﬁﬂh c polyner.
. e device according to claim 18, wherein the dopant conprises organic
oxi dant. 27. afvediggio cleinad cwheteimghe eorapesitiam@rthewreomgirises orgavigsalventi s an aci d
dopant .
18.  An electroluminescent device comprising a hole injection layer or
hole transport layer comprising the following components:
1) at least one intrinsically conductive polymer or copolymer
soluble in non-aqueous solvent, and wherein the intrinsically conductive
polymer or copolymer is a regioregular 3-substituted polythiophene,
(i)  at least one dopant for the conductive polymer or
copolymer; and
(iii)  at least one planarizing agent, wherein the planarizing agen
is a synthetic polymer soluble in non-aqueous solvent; wherein the hole

injection layer or hole transport layer is less than about 200 nm thick.

19.  The device according to claim 18, wherein conductive polymer or

copolymer is a homopolymer.

20.  The device according to claim 18, wherein conductive polymer or

copolymer is a copolymer.

21.  The device according claim 18, wherein the intrinsically
conductive polymer or copolymer is a regioregular alkyl/alkoxy-, etheric,
poly(etheric), or aryl-substituted polythiophene block copolymer comprising a
polythiophene block and a non-polythiophene block.
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28. The device according to claim 18, wherein the dopant conprises organic
oxi dant, the planarizing agent is an organic polyner, the polyner or

copol ymer conprises regioregul ar pol ythi ophene, and the anmounts of the
intrinsically conductive polyner or copolyner, and the planarizing agent are
about 0.5 wt %to about 25 wt 9% and about 0.5 Wt %to about 70 wt %

respectively. 29.2The d@eideeicaacdidihg® ¢lointl §iwhetéin thiairiisitatipe dopant
conprises organic oxidant, the planarizing agent is an organic polymer, and
the anobunts &PnduckEe peliyriener eqpolymerdne treiqrogulgoilkykalkaxy-.essicy mer , and t he

Sclij
pl anari zi ng 390 L0 0 t p. ] out 0.5 wt
% to about S%QW&%HC%T%%&E%I%:%\%?%Q %Q%hlﬁ)]ﬁeglfgﬁ%#o é%& é%lﬁﬁgsgréé?ce
conpri sing apbBiidoptitne Bldckrand ayeh-palythidphehetbl ks AT the na PolyekioPlidnsi ng t he
foll ow ng components: (i) at |east one intrinsically conductive polyner or
copol yner, as sibsteatially similar todthe plaseniing egené pol yner or copol yner is a
regi oregul ar 3-substituted pol ythi ophene sol uble in non-aqueous sol vent;
(ii) at least one dopant for the conductive polymer or copolyner; and (iii)

at | east one synthsti c Theld¢iRE ascdirdiRl € ¢18inh P8)AEiElR e hol®lnj@iion 1aykeer ei n the
hol e injection | ayer or hole transport |ayer is |less than about 200 nm

thi ck. 31. Tieeheleiapspogicleperds abput @ nom to ahogd100wdhiskn t he dopant is an
organic dopant. 32. An ink formulation for hole injection |layer or hole
transport |ayer application conprising: about 0.5 w. %to about 25 wt. %

sol ubl e regioregubar 3qhedeiict hesdrdiR® to/¢1Rin® PHeRRr&A thtddrBolrts 6 @ani ¢ sol vent,,
about 0.5 wt. %to about 70 wt. % organi c polyner soluble in organic

sol vent, or gamtriosioallyceontuctvispelymerrod copa)ymew andthegplanarizing agent are
about 0.5 wt % to about 25 wt %, and about 0.5 wt % to about 80 wt %,

respectively.

25.  The device according to claim 18, wherein the planarizing agent is

an organic polymer.

26.  The device according to claim 18, wherein the dopant comprises

organic oxidant.

27.  The device according to claim 18, wherein the dopant is an acid

dopant.

28.  The device according to claim 18, wherein the dopant comprises
organic oxidant, the planarizing agent is an organic polymer, the polymer or
copolymer comprises regioregular polythiophene, and the amounts of the
intrinsically conductive polymer or copolymer, and the planarizing agent are
about 0.5 wt % to about 25 wt %, and about 0.5 wt % to about 70 wt %,

respectively.

29.  The device according to claim 18, wherein the dopant comprises
organic oxidant, the planarizing agent is an organic polymer, and the amounts of

the intrinsically conductive polymer or copolymer, and the planarizing agent are
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33. An ink fornulation for hole injection | ayer or hole transport |ayer
application conprising: about 0.5 wt. %to about 25 wt. % sol uble
regi oregul ar 3substituted polythiophene soluble in organic solvent,

0.5 wt.

%to

about

or gani ¢ oxi dﬁﬁ QE}Op‘gﬁ(%gR%t&fﬁg\g{}’(cmgcgq%”ﬁ@ %0}“?0 Soall 80 9ANI ¢ sol vent,

respectively.

30.  An electroluminescent device comprising a hole injection layer or
hole transport layer comprising the following components:

() at least one intrinsically conductive polymer or copdlymer,
wherein the intrinsically conductive polymer or copolymer is a
regioregular 3-substituted polythiophene soluble in non-aqueous solvent;

(i)  at least one dopant for the conductive polymer or
copolymer; and

(ii1)  at least one synthetic polymer soluble in non-aqueous
solvent; wherein the hole injection layer or hole transport layer is less than

about 200 nm thick.

31.  The device according to claim 30, wherein the dopant is an organic

dopant.

32.  Anink formulation for hole injection layer or hole transport layer
application comprising:
about 0.5 wt. % to about 25 wt. % soluble regioregular 3substituted
polythiophene soluble in organic solvent,
about 0.5 wt. % to about 70 wt. % organic polymer soluble in
organic solvent, organic oxidant dopant, and

organic solvent.

33.  Anink formulation for hole injection layer or hole transport layer
application comprising:
about 0.5 wt. % to about 25 wt. % soluble regioregular 3substituted
polythiophene soluble in organic solvent,
about 0.5 wt. % to about 80 wt. % organic polymer soluble in
organic solvent, organic oxidant dopant, and

organic solvent.
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