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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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adjusted for use as needed with different light emitters including emitters of different colors and
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copol ymer, and (i HHT4A&ED DERERIGFIOMre matrix

SRS  A2GOOREN A FPOHRLS oo i
by referqpeerpaludingthe Isemthawhsactivhehe daines tei figuréss andwoiend @fafples. One
embodingeg% ﬁ{o@%&fg ai bli]én%cc:toilr?p%sgir()n r}'(())rl uesetlrg 2 ﬂglg?rrljtectlio%yc%rholleeégns})(t)]r? rl1ayer
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
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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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of the tedE@6hl li&18uFEARI RO GB 301k cb oﬁﬁft@é’zgl%%se& h?he references cited

specification including t [1st at the end are chere%
throughowdlg snseidicatiorbipcludingrtbnbis alt thetendiare lem¢byriatgrporated by reference in
thwemtfeﬁ,lsmnal pat ent application serial No. 60/612, 640

éd Sept. 24, 2004 to Wllians et al. ("HETEROATOM C

WWE@I%&MTN_BLB@@ITT&W?ENE@P P4R004 to Williams et
ECTROLUM NES ") and US re

al. (“HEEEBIQ‘%E@M';Q REGIQREGHLAR POBY, (%L‘S&JBSTIIE Tgéﬁf&ﬂféfETﬁES) FOR
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deseriptid ofiq RalymRers thg lgu #OW C REGN OREGULAR POLY
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gl e ﬂsﬁ%@ﬁ%ﬁﬁ%ﬁ?@ﬂ G REARY 30067 Sk g s

al. (“HESEROAHeMIC 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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26, 2005 are hereby incorporated by reference in their
entirety including the description of the polyners,

woheosfoseusnes, and the clains. WASH 1537776. 1Pr 8TAIS2I08/004446
pat ent application serial No. 60/628,202 filed

17, 2004 to W/ lians et al. ("HETEROATOM C
DR S kptiagt apﬁ?qatp%sergy@@rﬁw&@ qums)bewmom to

| L| GHT
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h
PRl Gnsho B 8L o BB M st BfitaioR, Mg HefigrcEute
polythldpaemézymt}nacber pups, edplyidee i€ FenGQniple, 1) Fat&ﬁ!lNo%eG %02,974 to
nal descri ptl on can be found in the article,
MCCuU@‘iﬂj’eeteg@ﬁf‘ §1160,132 t@M?&?eﬂélpugtgetFaéL yhish@pshkavelsy;, incerporated by
referenddift ﬂ%‘ilden@ret%gﬂh t rﬁes&g)nronlx% B fo&ﬂ’;ﬁ%? the: aQTlclel\IQ‘Té]ﬁ ’Chgrmstry of

pages ces CI héerein
Conductmg Bolythiowenes)t by Rd:hkn;d D e¥leCalicezhl, Adv. tigarent1oogty, No. 2, pages

9316, 300 lErepl T eor Bl ey Bty o b etemos Fosponirry

|
Anothe%%érg@g “%écl:}f)d(nég%(%gg d@ 'gg:rhr%a nlse i [v1<s tlgzﬂig élw guctmg Polymers,

2" Ed. 1998, Ghanterss by Melgebougist @58‘Reg\nre{glular,stsv&1r-wbEa11 Coupled Poly(3-

alkylthl@]%gé)ga%g:{sy%b xg%sgfﬁg%géiﬁ 25 %P@’d‘f n]fslhrﬁe ¥1ncorporated by reference

in its entifetye CTliio kefBicNESA NG cHiPesCRNIhdpRE 29l ‘E‘I’éc‘t’ﬁﬁfnﬁnes@%n&qg €njugated
-846, which is hereb |ncorporated by reference in

P dymeli%tz &t pages $ei-940,whighiigiherdbm ineorpasates balrﬂ:fyre@gmm dnjigety.
T e
Polymer Suiénediond Epgingexdrd, Wllf?!df}e 199@m |pﬁi£@mrﬁq0$ﬁﬁhdlng polyacetylene, poly(p-

0 rrol e, an
et B SR RO P, bOE b Aokt e
1ncorp01ra%fd€tfy9r€fe?eﬂc@ in {$ erﬁﬁEt‘yr qtys re%li’érﬁe &b %l'é?d?ﬁ)@? ﬁfeﬁ?inﬁg

descri bes bl endi ng and copol ynerization o y
copolymesigatiadi efgpobynoerk, indpding rbhlckfcopnlameofurm@nbryt hi ophen es

U8y BRSIe SR et B K Bt RS« de T2, B 7

Schopf &lab e Polyiedphynéso BRBE NS d?ﬁzuum ?ozy%wrb rﬁ%gexB@'éhhﬁ ,1997
1997. Polynerjic sem conductors are describ fo

Ralyicesenvieyngiioss are desribedm, Surexenntiut @rgaslb sznsmﬁmz
Semlcorﬁﬁlcl%ks” bﬁé&%ggﬁls A%{:oug?.se é:}?e 1159 & 0&17 t:1%1]0 9.801 page 359

’ncludi'ng pages
1nclud1ng @a@sﬁ 65 FBCGG r phichtieherblyy frﬁf)@bﬁﬁé&i‘by Rfdréfcedn ﬁtb Eﬁﬂiﬁéty.
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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Bl ock copolyners are described in, for exanple, Block
Copol yners, Overview and Critical Survey, by Noshay

wanaoeséasat h, Academ ¢ Press, 1977. For exanpl eCTHIS2®6/004446
text describes A-B di bl ock copol yners (chapter 5),

(AB),- %@@9{# ﬁ%ﬂ%ii%ers Ifég?)g &b gltl’)]a el 82:6 b(a B%)]@pvfg!’:'polymer types

in the pmbérg lnveatiod.or m t he basi s of bI ock copol ynmer types in
present invention. Additional block copolyners
AE@F‘G 6109?151 mgphiaplading Ipél}ﬂ]él@phﬁnb&@reldwcrfb@d in, for example,

Fran001§wp§%7th %@zﬂ ;1:9955 6?;%6% 4606|’ g%ﬁﬂ: %yxcplapéq, %cﬁ%érq??{epqesm its entirety;

Yang etaht Muetomoltavtey 1993 e, lecrwlaswbm%t A9 Nt Loﬂdo%§ “vbl. 369,
un

g,
Fune 2, 199%, ¥l BYonokEe <F e Sk, 279 &h&%ﬂ%@?%w@;womwgm etal.,
t
i o3 OB om0 57
Hempenslzs etabsﬁmmenmmdm)&slz@tms 2803; Am Chem Soc.

08 C r ol u 1 nescent Devi ces and
Elecml&ﬁ elsﬁf gviees and Canjygated IS ent i on provi des
Hﬂ@ﬁ@'eﬁlﬂi ro*zi*dbﬁﬂﬁo &ﬁéxethi Js 8 bicaRick AN MeEtransport layer
transport 1aye Hllﬁg or I@ used |Jnter c{w ngelilb:[e[)r Sp Y

(HIL or &I)Tét @ﬁﬁdmteéﬂw@ m)§wemfw1a¢h ¢amyprises pEal Inyrimsomtly condietive

N e T R R —

as a nonmquecam welntisn aod ulbpl&ﬂ a88dayRp Pl ireéle@folamiRYRht vi@h The (?resent
ct roI m neg nt device. The present invention als

inventiog P@Q |P6%V§ fmaking ¢lectealenmestenhdavicss end meghads efusing
electroldiifed¥BEMRYROf Using el ectrol um nescent devices. The
use of this systemin electrolum nescent devices
Tatefuse of thisvestzin M@qtmhirmnmcelﬂeiet/lce§ offers Revasal desiFable propertles
incre | um nes ce of the device; | owe

such as, ?(ﬁ eg(EIHB €y InGTSas 8m1q1e6ﬁ&aagp 0 éllewﬁ,g oygg@rqﬁhold voltage; longer
|
i 0 L S B

to use spif eAstingstrom gastlggbdmg minting tpcheighes tq Lapplyttbe ldp liny ed:thba or hole

vonspor 18 DS SRk 0RREY s e g

electroluninescédt eeviobe tigd a&ﬁlliﬂy% PrepRR 6% el SRVl @ lurkiNEscaRt de'vfc)és and the
are | og— ht el ectrol um nescent devi ces;
c

ability totl?’fégr 3 BIIT-E9ste BP]@E%@C?IBW%I@%& el ectrol um nescent
F‘é?ﬁm‘?@%s o ffe eﬂ?%ﬁ?ﬁl%éﬂt’fgn T LA }C/ﬁ?n\%(léeggapﬁb&ﬁn

rol um nescent devi cé can be an €
electrochgmi¢ad éevlhathat: convert$ surcant tceeibcttcﬁnafgneﬁd fadtmi9R The value of such a
q ti value ch a ,device is that it is an
device is tﬁ? @]IS

t"@yﬁP SHRfes 1ghir¢ Loy voliage iadl rupienad mgliant heat.
These dekrices Biﬁ’rerﬁl@cﬂr@rﬁse@ﬁl%anyTJb%%Qee\lé&l%ﬁl su @eﬁ%}%hy S%éaﬁgl[ghthese

uses in many consumer “el ectroni cs. nera
devices qapdg galled 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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devi ces can be called organic light emtting diodes,

or CLEDs. OLEDs were first designed in the early 1990s
wanwewsésso based on rel atively sinple structur eBCTMS2I06/004446

a thi n | ayer of the electrol um nescent (EL) poI ymer

Bradleygl). Po g,h[-g@reneg,bf tﬁfﬁz@gﬁg oié'{;i 109];32?)% edé i @F}&H&l(l the pregent invention is

not hmﬁ&fﬁ%ﬁthecﬁx th.zn z%\/g?lgﬁr%g is &) Licf 'é’c @1@ @%eggodégb he @Hglgﬁ% Fan&&e) and the

negativecathpdsrelaB ey eniBovde ay¢ct1©n Olf)hofés andHelectess, Rspddtively, into the

1. Ath t-he r esent
EL config B it o b B8 nelimer 4P IECHSS S0 BHSR R Fegfedy coch otber
in the agifliRdic@dtridal Hibld 20H @6HbREAS forhh&cn@ﬁs @ dr8 B@afd) exRMNEd states that -
the negative (cathode) el ectrodes can provid

can relax gfog@tipterihe gromad sgteapdiadyely by emitting @spbem (wuc;ally ivithowvavelengths
in the Vfés,rbg% {*:alrng%g nPthI'%ﬁIo@?ss %DAIXJTEJI ed eﬂec Igﬁlml% cé B OV‘{,]evglh éhese early

es nove ovvar ds CACH
relativehphplediegices tveteamit pﬁﬂtlehldll‘g‘zi Eﬂidiﬁﬂilﬂhélﬁeﬁlﬁteﬂ%\mpﬁés@hﬁ eldive to the

number\Ao'Ei h are. bo n%\ r iv ed. stat s that can rel ax down
£hrrgesdnise sdhgP EDatﬁpla% W1 §obipdebtier Phrpreiansieg ofthe
electrod(eﬁ@bﬁhﬁéllh‘r)éﬁ‘é‘éets @aé’%\i% @r[%‘#et&glog ehﬂ?f WhS bR dARGR) and efficient

his process is also ca ctro uf nescence.
deVlceSHovvever these early rel ati veI y sinpl e devices were

|cularl ef ficient; em tted few photons
ol AR5 i oy SRbisnd g Bu® Frpbtoals S ABPid 1 Figure 1
anode, KdlERjdcehmahgay: 18yH! é'l@&ronb@etnﬁﬁé }éPQLGGEQ{m'%Hlﬁgls bmphiSed of EL

electrode/folyner i nterfaces
polymeyj Qrditipmiag layer, andeatheds: eEsenplaredatgrials efefnag¢deimtFigure 1.

FRSBYc BULSRL el G051 A L BB R i,

be made @I]‘ 1ﬁdiunoﬂi]ui bxide sITW)! cdatydednto & pRetic ONglhdsanbiand. TIRYEIO-substrate
h is conprised of EL polynmer, conditionin

ComPOSltélyé? Op%ﬁ?gly CARFRIERI aps v pHe s h&ltteeml%a@ fipra theydesded. ADeposition
method$ ’th@t‘ér@ uled 1%%% ﬁf;tf}gﬂ" G; fo H%%u@ﬁ%ge(e)resﬁly I%Iugl}f Lﬁleb%r%ﬁrnfgaee that

wor k-functio about can
could petentiabkyilimit br mpampjaefo(rﬂﬁl@)e of¢lqmd1®mbeonto a pI astic or

bst ate e, |l TO ﬁﬂgrate OSItJOﬂ [
Bhf it 2t b ide PER IO e ietan prstad IS GhIE BT grdpipum so that
electronk R:@ﬂiné %119‘@[}?'3&&:1 PRROBE Eﬂ 1045t Me6-hodsmidirk. are used to
ITOto the substrate result in a rough,

ply the
E&%@@@ﬁﬁ ke éoatﬁbwﬂb@lfpw Aseoms éhlclyccmdmtm@ laye:rpﬁur rexample,

o SRORS O3 PEIRYTH: RS 0BRSSO AR Gpnce o

the cathbdatInabaetcagnsthe aathbée €asdlid/bd dhatdtdeb a bippeathgh@rfate such as a
| east 100-200 nmthick. The cathode can be coated with

plastic of gfass,sybsgater ons t hi ck conditioning | ayer, for exanpl e

b
CORRRUOTEHED MPLUEE10Rr Borwelh e 170 BTG P Pl h
planarizenthe amedcasfse andacitbdtboidie ntaasfelz%fspmmﬁre chage dorO‘thbEs ) from the
anode to &%%?jlgc;l}rfllge ultILsa a(;"ferS l{zlv%wh is typlcally 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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pl astic or glass substrate. Conventional OLEDs include

a |l ayer between the ITO and the EL pol yner that
wohersase4ses t he anode surface and facilitates PO®US2006/004446

transfer of positive charge (or "holes") fromthe

FOREE ey ohBaRcaBEe Hit 00 A iekoaed s nrsety epmprised ofo
poly(ph@ﬁyl&ﬁlﬁuﬁﬁ}leﬁesb n%o@}{ﬂh@ﬂéné)@ﬂ@céneﬂﬂolr)coﬁ’ihleglgg % 5rgﬁ‘g§ H%stlﬁ(ﬂgmetals

can be 'made of conjugate
with smngnwecrL&esO rthmaa hole agdmm dectmremnhtase, tm&emaﬁzmeanhﬁhee EL

polymexfl::r%veﬂu%}é ﬁ/i) cgfl% Blﬁef ?gca egglioil)?% F]tg?? yeqtjilglltt@}% rl't,pﬁ(gg )] These materials

have coﬁdlidjh()fl |buﬁ>d enggics1od ESBGU &V. ®o, ﬂfé'l'@h@iéQ%l@%\ﬁpﬁﬁ@ﬁbl‘e range of the
ran3|t|on metals with small nol ecul es

spectrurgn gyt @Pé&@é}edﬁa’f@w pisehosendr the ﬁfﬁ(m‘:ncafmd twaveliength abwhich they
emit phitbnP GhElbetr A8 nblDL RN if e b5 ERinbd el O O

Gtgadwoeﬂecmmhhmmelscemaiegloes catﬁc talle & v@n&y e¥for®e, eath activedtndergoing
caI y in visible range of the spectrum

advancfeieliBI Y FRBEHaR B o COLEBoChiSTR S PO SHE refer to the broad
lg

o G O B ML B S o0

incorpoxstestsnal] erghnif ineilehulesrag drd ETle)| tepitalit vmm&bpoﬁtedﬁ%&omprlsed

k f for ach activ der
of elect Aol Bar S s Bty 5P B bk AOP P Pros S e Rk e
commoﬂil? ree@td & asUgEhd @o[}%ﬁ&mlélﬂ Hofi@irdy D@@e@ eqipRl 29 Mth@lf novel
ganic light emtting diodes, is also’"specificall

devices Reidg dewenachibaidopsot eppieniond ﬁp elrt@tr@lemhbn oFglaﬁmample mixtures of
vacy osite
L LR A A FTL by AR ERADCRRRE ST S o
majorlt}gceﬁwphbdtlpns,dhmELdﬁyep bﬂﬁb@@@t@n{e& Ithﬁl:ﬂlﬁrspédEﬁé ﬁtﬂ&ﬁé sadtilfas red, green,
nl ferred.to as PLEDs (Polyner Light Emttin
and blugiVGeh LR R Rereffoe FLlIsRAb R Bepites EesPyhB e human

eye. In hiBtio BINAYe:S QY £18) E@ H!: %Ieﬂtto @fnﬁthﬁfltquggﬁ re'ltm:# R0 whlie Tighting

exanpl’e, nixtures of mat er i
applicatiging ot todbeyodorffgtenadafor a@hﬂ-eelm displag ap;bl&mtmmc hemi c aI cel |

SLEDEkanhCHsshaRelE Baks fubi i o Girbpeuti Rend oisplivs. They
may be PHsERHB ma@nﬂ dRbMgs, Wik CHIIC &k ETE %réos%n&@mﬁe&] ﬁngeQn Gtk g?BPanode and

t he spectrum of colors as seen by the human
cathode P’fﬁtﬁ‘d@éﬁ ﬂlﬁ‘dﬁe deposited eitkogonsi Liatoseciethde s@@m@xﬂ ﬂtommhtough one
t
anode il Sl S5 B ) S RED SRR
display. apbEDs atayaiso oldcise ﬁlamxlkxﬁsdlﬁéﬁlﬁwhe&dl_}ir@ 15[@152&: glahb of &ik&itry with
. e passive
transistofg RSt DS ORySls nBnel fpien i o thg p@é@%%mf@néumdmaual

pixel. AQﬁW‘ﬁl%ﬁl)@&Eﬂ)l , ke g{b@ﬂf@ nfifdx ﬁﬁf)ﬁgﬁ %ré@@%rﬁ ? t‘# Emﬁ{lsg”

deposited orthhogonal [y to eac
devices thma]gmhglrt@xamd@\m ﬁudugmhe swhstratée Isti actneauaiﬁs dﬁsipeay, the light
ntersect] 5 r;[n gt as flnle“plxej in
must alsg pass eit hrou eside the ran51sto circuiltry. A ternate “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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di splay. OLEDs may al so be active matrix displ ays,
where there is a backplane of circuitry with
wonrensdisetsor s at each pi xel controls the pixel eaTASHE06/004446
and thus the brightness of each individual pixel.
td trix displays, |ike passive matri x di spl ays,
Measwf oD MOt t om emi tt | ng" devices where the

Pérfitinagud @ﬁarﬂ&dﬂ‘ﬂro‘ltﬁﬁﬁ@ﬂ:@nﬁ Qi BE ﬂEt@rmﬂn@d @2 1B ldr¥Sent of the
rix dlsplay the |light nust a pass
intensity H% s éllg e t','h@{fés eméttadr(gigs |cgnd;qiascper squater meteAl (‘L‘di‘mﬁ)itt}%

e develo
i T S S R R L
and by thh hfe{hm}mo&ﬁ the deicee@ld. ahowhnd 6 HouRs! TAL @ol@f‘gf li ¥ 8ftted can be
that contajin the transistor circuitry.

also an upostanECopgidsratipn H@the_dmgmef %$W@<@S Per f or rmnce of an

e TR T N ——

electron.oa; helw dftae OLED s infhrAck ‘tﬁ}sseﬁ@ﬂél ﬁiﬂté)@sf- ehd RS lymitk
fficiency by which current is convert egmt osf%lt% PL)

efﬁcwnc(ye ﬁgﬁ oqtqﬂpghgg G tha 1sm|g5>|t-tm@@&ratlcm frst), tHeur nmmslﬂﬂﬁtlonaﬂﬂmblycy ),

and chax%@ gaiglg%eﬁ?bg?xﬁ%pl%%est A4 dccge £cgr§9r88ét tho Saﬂg%rpgxgt@%tr s)-
poly(ph@ofﬁmxedmyhne)drﬁ’PVI) polytned @avebeealishd e &e 1Q§ﬁ'p9&ﬁ1ct Jﬁﬁese factors with
of

nal efficiency TEL), the nunber
an extenge{]n ﬁ(‘éﬁmﬁ%’gggf‘ls PEnizing thesecfactarsae pb6in bightraificieiciers a primary
goal for@@maﬁufagﬁl}éi@nced by several factors: the
EEJ hot ol um nescence (PL) efficiency, light outcoupling
%

put stubessiuggdsethat mi 1ﬂéa&ﬁng}ﬂbmght1ﬂers§ E]Alehies, @0ARICRALQD
For exanple a

lumines ol o RYeNad Pelbinsty Bish e distng
Jmpngj'}é (Weshcahl be peljeved (more than 25%
conversiBR by RSNk SHEN. nl%l?ﬁ\@% it &g@?o\% %%1”1% (lglgﬁ g}oietﬂum weight)

to give a product o
could 1n@\eapseéhqamrgerxbﬁge49’<ﬂs mghlaﬂﬁﬁ%’(@htutheregéﬁrw B.;t1beYIRI I} Bredas, J.

L i B S, 54T S BT 80T LB EED e

quantumhéf@éieidsyl ghtoTessoEEDdsvi ces, constructed with
| um nescent p-conj ugat ed poI ymers, high EL efficiency

(TJEL) coul d be achi eved (rmore than 25% conversi on of
energy into light). rs with longer polymer
chai ns (high nol ec’ZﬂLar %@Tdﬁ‘b) coul d increase the Eq.1
per cent age to as high as 50% (Shuai, Z.; Beljonne, D.;
Silbey, R J.; Bredas, J. L. Phys. Rev. Lett. 2000,
where & g4he QIg-cp)lplingTetfﬁctehep memltbaaiec@ﬁblmhhﬁnef&' Rfenehe t7f ¥R A€o of
Di

singlet e%,&yhtg)}lg@ tp ﬁépl ua%%mﬁ“}i& Iégrlgy%fqr@ngﬂéyg&grtlbqg@%cggge carriers, and
7pL is thé SEADRMIALLAR ?lf’]fj cﬁl %yyleﬁi %r&elp ?orléﬁm}lg?,tﬁé}a ?QL%.H,PJP fgther,

excitons (SE) to et ex0| ons
each par. &I@thwmrtglerﬂlyahsg:as%d finf tuedi §Shigdd). ?lﬁga}ﬂ% Li$¥8-Emitting Devices,

Spnnger_ll{,lhqr{?ﬁh%gf_g%ahi gaégt%? bﬂusﬂtr?hme?/te . I'n‘order to

The out-coupling efficiency & (i.e., the fraction of the photons that are emitted from the

front surface of the device) depends on the refractive index of the emitter layer n and is equal to
2 . . .
A/n’, where A ~0.75+ 0.1 and 1.2 + 0.1 for 1sotropic 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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each paraneter will be briefly discussed in turn

(Shinar, J . Oganic Light-Emtting Devices,
waponiervgerse Ver | ag New York, Inc. 2004, 30 .3 TheCT/uS2006/004446

out-coupling efficiency x (i.e., the fraction of the

wit th 0 Qe Bl R P R i dia, R i G (G Friend,

R,H_J_I@Z)@,rp 5. 200801 §5,909Rl* to A/n 2, where A~ 0.75 0.1 and
1 0@1 for isot ??pi c and in-pl ane dipol es,

T'b@pafg@mbmtign eﬁ_o'rengj_n y ensimphra mf:aslg_&r @Eth% arhétaml df\efeckrBfednd holes
. and. for..isotraopic._dipo]es not subjected to optica
which CPW?’E}EfW}é?ﬁ? 0@&@#‘[@5 ?1?? %.e faicrifed pve erarwel ef thefrlaneaobetween
hole andeleStrRet; | <55 : 1] 2o

o e.an NG.: Cr ; #gﬁ%%% %ﬁi V%lﬁés Acé‘ |5I< IS Iﬁﬁgggl?eeg&éﬂeﬁ'gga’t%ﬁggglgﬁ%ly
efﬁcwntr%EPé é@ld;ﬁdﬁaﬂ'fﬁl@nthefrédom@aﬁpngfﬁcrler&iyﬁp!:lys;catomen(gﬁﬂﬁ ¢.-9f 1;10, P.K.

: ti ect r ops,,an s . whi ¢combi ne wi th

s el A S Sl G LGS L,
varying tieecongjosition ahe thieleRset Be dbRIBRES, ARd hﬁﬂgﬁ&fil‘ﬁé’?ﬁ er@s%gnse of the

I J:@ﬁ alues of < 1. It has been drgued that
(V) anq fa | GYEYSy teflepe vasiptions. Song injelitior of majierity catriees (usually holes)

leac.ls to Eg%@:%@ﬂ Eﬁf&%yg’fﬁeééﬁfp?eg%gwkﬁ t%lat?)%%al eg- 3}}’1é }Ig_jen‘;qu)ﬂﬂi-n}sl ;glcunent
regime dPpyegard@dQ0 high®y ffi0iéd).. 4 This factor is optim zed by
aryi ng t he.conposi tion and_ thi ckness of the various
11*89%?@, t aﬂﬁﬂ VBPis AgAtee TR &g dighbemissiohe The ¥r ratielofl SEs to
TEs forhed ¥dmGHE t j:at:] - inj ection o
orked MmO PR PO L0 L SEHART 8]

0.25. Heweveg asrityas Mhatianed aboveg eacentessudidsauggpetiat theiritid &&ild be much
: Lnjectionylimdted currept I me_are regarded as
higher telh HetEAILy DRSS (Sl 2 Elelipnasnd y SiHGY b1 Jiiiedas, I L. Phys. Rev.
Lert. 2000084, 138)2 SE for light emssion. The rsr ratio of SEs
Etjig TEs formed fromreconbi nati on of polaron pairs is
h SErfanedheriBioreses Hekitaadeeryi theoughd neguadistiteoprOce5.. This is
recent studies

, L. i d ab : .
capturedm’fgéé g; qtu%f;ttdn[ %éﬁfiggf \gltnlgg E‘ﬁelawgreev S thers; Yhaere Repyadiative decay
h . ﬁ ﬂl b3 i t . ; . ] ) 0/ 1
paths. I maay Binhigadckit rﬁ&t@ﬁ%l& tBpf, %El&ﬁ?dlgﬁx )}él?ld I_zfgg ¥éa€f£&{§ﬁlm§)ﬁd89 A)’ in

. Silbey, R J.; Bredas, J.
solution;jipweyer itehieps dSPrcasrthetodventrétiondnesases, lai [ghtesoknsies &y

“ through a.nop-radjiative p ess. This is captured by
°°ncent{%‘é’nﬂ%eaﬁﬁ?ﬁ- u rﬁl@iighﬁ e (L ipelymess.isesions RifGh Tiehevassds 20%
and may ®e Qs KiheasH0n4 Adiisd @ L um centy, .

. yma\t éri al g t he Fl’ﬁﬁ g\ggsndt%um %/éidg)l%y&gﬂyireggc es tl%ﬂr?’o%gﬁ)fo 02)]"
Liess, M;; EhsenfigundE.; NovdewnrZ. V.1 TatapKs KijiyH a$liddyat, R.; Fujii, A.; Yoshino,

‘ Cratl .
K TeroSRAEIL MALLEL 1 PAUE R s 1B B EotEnn T o (L)
Whileyefeiciencysid Gpagart s thel Rhp RUGE RIS 20 WeAth B YialSaRS of

.high as 60%in di phenyl substituted polyacetylenes
PLEDs 1§ ta5Hpng-term stabgfty gr lifstime, Thisicen be enhanc&hby mproving theSstability of

the light-\éﬁljﬁtﬁiﬁg ﬁl&t%ia\l(g%% Id(;rl];gc?jea(’e. Kethe Kible: str%'h.gly'jeggt}/dastoh % t.ype of cathode),

and/or by improving the processing conditions.

Hole Injection Technology
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K.; Teraguchi, M; Masuda, T. Phys. Rev. Lett. 1999,
82, 4058).5 While efficiency is inportant, another
wonpwrosessv | ssue for the commercialization of PCEDS2008/004446
their long-termstability or lifetinme. This can be
rov.in the stahility of the

arftgxﬁ?ég lt%%lairﬁl:] omﬂlgg dyances, perfrpagge ?%coglmerpﬁxéLEDs has not yet
reached 1e¥@$ thHaBwa!T 06! %a‘é%?leerdg SoRthetiiBR iPdiveat Hﬁﬂ%&i The role of

and/ or by inproving the processing conditions
the HIL4 1n11m;(:a,smg efbeianel, oxtpndinsHifetisgsy Zﬂcﬁloﬂzve@ﬁgttﬂnﬁsl@ﬂd vélexge can be an

mporsl B 0 2B GRS L BB e Pt bR
OLED mt@l emsps eaner TOEES) Alldw edrltﬁmeﬂﬁeleﬁt MRIcHEn BRI h@ﬁs%ortm Roles from
le of the HIL in increasi nﬁ@)mj: I ci ency, extendi ng
T

the anoqlq foehs Heht-capiginedmeariby drideingg grogarepwecarihbss tan layers
St IR R Al e RO RN PUBe, B 92

block e]aulncmg; fodnh @owiny mg f tHeamittingdsyer and idie tiefdnbaé @Mthout recombination
njection_and transport of holes fromthe anode to the

o Gty ey g e Bty 03 © biosk
oy 5 R 4 At A0 g

(Shinar, 20 04 gardy L&hé‘-lﬁ)mmng@@v&‘eg csrpmga-vém N diR, 1aut2008),t Higl (d)

ayer and in e anode w t hout
planarlzteglla:eoqugg S¥5 %cﬁ te gYeveRy prt'ts gtweerday ers dat éeduge deyice lifetime and
efﬁmené‘PgJ@i@ok . NB.. AR, & il tI EEdFanlrFeTg%egggP ﬂ%%leﬁlfahmep E. A.;

bl ock oxygen diffusion rom node’
de Wintgr, SpBl. P nibk.; Mauk, g¥. dventV atggntadett,iH.d. bkj Watjieasn ¢ $hilnavan

a g t Devi ces, Springer-Verl ag
EISberg%%V %’?ﬁrgnﬁh‘% L %4??)} lgﬁg) (d) planarize the anode
Shuis{ &€ efféctive FHY.@RAbISS 1M1 bsSarded VB hs {oayeexhéreté%ﬁly B Erated in the
devi ce | ifetime and efficiency (de Kok

emittingRgpernmpximjges regarplinatgn ip the E layer/ @triowepomr }rgnn; lepels, and enhances

device dgﬁjéhﬁ%or 1 %ne Eb%@été]hof t% a¥! s h%@ Jali)ovlgs Thé denfwafqm st{}lgﬂne and

morpho?lﬁybéagmﬂ a]ttp}éhecﬂ’ﬁ}dﬁ phclﬁiﬁcﬁ a urglﬂjrm cﬁﬁlaéctm%q&gth tllﬁ'ﬁal)e .figration to the
us, an, effectjve enabl es hol es and el ectrons to
EL/HIL B@te?%qe WhIRbop Jé@%'@rﬁ%g@w thp-ehEoliages andig sppgréar luminescent

performR0I(THEESS. BSRZRE DBl O 1y a0 e shaxgysat | ow power

| nput eve evi cé per rrrance I N nost
Somandrciplly Aiveildde H@bsrmehxdb pslyé&dh)dhmedmxyﬂ}h@héﬁél)se film

polystyrgflegyfft i e(%ﬁ@ﬁﬁﬁ’f Z@%@%&M&%ﬁ CP%P ﬁLﬁ%‘c&%?gﬁ i gAn de

Weijer, PO; Wibglefitdnip, E. iANt 66 WEGR:, IV, @Mo}ﬂaﬁklﬁaﬂd Wgﬁféﬁﬁ&%ﬁq{ J.M,;

turn-on voltages and to superl or lum nescen

Weljtenf)& O Anavradlsiwngan, VsPhys\&tag, Sob.2088p201, E’B\ﬂ@ andepdly(aniline):

ptyson € 700 S GO ALHa 481 LS A SRS 295 a1
Waklmc(tcPEDQUalE%ﬁS)H(, denkalsto, M ; MAwarBy 8¢ Ilthlal. KMdppVWHry9 Led: 1994, 65,

807y (e g., N N aglpﬂenyl-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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Weijer, P. ; Meulenkanp, E. A ; de Wnter, S. H P

M; Mank, A. J . G; Vorstenbosch, H J . M;

woebjetosewsp) C. H L.; van El sbergen, V. Phys. Spar/us3mb/004446
2004, 201, 1342)7 and roly(aniline):

shorts. gfl St%%@%iﬁ%{ﬁo t 5 ér@@%‘é@k@%szhe%gg Qgg*gg;_{ngt%&gl%aﬁﬁlbs which
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\}p Phys. Lett. 65, 807
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require %lo“pdrgﬁgyéaceése(s) glllatt Icge@ﬁ?%gé? PB&&&%@%Z@%@ SO %r?c asesd processes

(Book, Ker OElseiener, andmmcms,atemes he@uﬁeEzeét%mé& 100'31 38975 "MBoreover,
rotect the EL |layer from oxidation

remdualM%rﬁggx pl@mpt%%&&de@q@g@p hy tl@mm@honi@éthem, pd)]jymer and the

. an RU r
e o g V=R s T R0 Py ASLE o, 510
391). &thEEQilF—BSS |rg:[|11"11ffs abmdedfoa)lwﬁ@dss Sfl@a({eb Yhus delﬁi;sﬂédlﬁﬁ@an OLED

s ul timate imt performnce
deviee (BRHE Dt ELHHAN G berieie eXﬁ/Fm%%Eé’élé Rasfiopice 2203, Aaf2 D" (©
Both PEﬂOﬂPE@Sand_ﬁmePés Hieti Al Q7 d offéra\) q}E i SF %?mﬂ?y of the

PANI - PSS ar e aqueous di spe SI at re
oxidizedystgterfd) bt etdiibers sonveational fbaswhimct PED@T-B&S hd PANISPSS are

1ntr1n51cg]?£ﬂ81ﬁé§ﬂ _%nﬁse%af g[ﬁ‘ﬁ)z‘&c) SF’ g 2@ E&%}f Jdndgné g}t(‘) g’ﬁi l@ée transport
layer ((a2003ong} M.22:7de V3idt, Mar @y erplr Pﬁj}.sd pad be77 @QS’ 3’?£§gﬁlﬁmann

the oxidation of the

ED degradation b
AR;Flggh 37@ > ehlbstsaed ¢ Kagred.; Smuldes) Bk dk; Kiamﬁak Tms,tHadzuoannou
G. Appl. "Ph)ys PF% Dlr(;%g S@g’r ;ﬁq%ﬂne?@j A?)E%ﬁl ner%er{utést\kégg eélgg%&f?l %@lgay

expensivee@nugte plopositath pmt@s@r(sﬁh&@ YieKl o®; IBOD.; Wakﬁnoto T.; Nakada,
oni CS

H.; Yond) SCh?n?{az‘za?}I Slgn ? ABph? bEDéiff %ghgﬂglge | (fp8sylaménes such
asN,N’ 1@51@&@13)&/1 N- gﬁf?ﬁﬁileﬁ&‘}jph@flg;l? A, Y’etgﬁs ﬂg’fn4t Wdﬁl?}%b@ﬁ))fﬁ%fg have

oxi di zed State CONven

poor mogtb@ipga@l strbitsD@KL d%s&tadcqlﬁmﬂ\jr peGizrike ITO sirfisdec @g)l Alrylamines
rade and | each

can be dﬁﬁ%rg%dr:nfnl pvgt?yrﬁ?rﬁ g&#g%}oﬁxcg@age% ’% ge ?Ve(r(xgl)phg]é)ggp@hgabl}%y and
promote H’ih:n fdﬁnéimng but the hdle tﬂn?orﬁfﬁ!nencpﬁx Arash&lif regﬁ)clgg ‘gRZ(Yecker M.B.;

S}Y) Schl at mann

InbasekaAan N({Sa By V. Wam . CPepélgz’v Matea 1990, / K|2éﬂ))l\£ j Rhls Tndchtqs that a
P 764

polymerf@ﬁizﬁéﬁé}l%{g%&‘ﬁ eu?lerrréax‘g& eé}%é%fl ¢ %1e P%ncfuﬁg)’r %ﬁ @Fl ar%@ﬁ

1mprovemxme:rwr ﬂ& usaoﬂmlﬁﬁmt&ulels @mhdﬁlé @@ﬁ%ﬁ)@tﬁn&t&hm ota, Y. K,
Waki not .o, X Yonenot o, Y. ;

T%g\%zﬁtl gengratlolp ﬁ% -TYIR, P mer-bﬁsyg HILéfqr elepgghlmmgscelg(ﬁpylcgs need
to show fnl \?roﬂl'd;’l%rgﬁé#g?i ylﬁ%&ﬁg nf"s%srﬂﬁ can o\f(feg g&lﬁﬂ%ﬁég Af{ t\ﬂ% in the ¢ peutral state,
they can doq'[dg);ohvgi]m ¢omrhev ergpnio rsoh/enqs laod ogyi l@eﬁéasﬂy @hjcb;tsk& baRginttDating,

drop C&ST.RI?% dgodg%g gtgg [,g% }Ellégagﬁé béﬁ‘glta%t%FhllPTlg%ﬂ%;ﬁ% Qs érga?ttgg, off-setting, and

transfer-@atiigawip Bisretict Bmé. MPh&Y ?{I ;y?@l% 9%‘1 & ro%és‘cs‘@d ﬂ l%ygeaaqga formats
pronote filmformation, e transp
opening Jéq\z( p]@plg:ﬁ@gnq for gygggm,e@tmylmle@ﬁg@mdie(lﬁeﬂmﬁmble Bbidputer 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. NMater.
1999, 11, 241). 13 This indicates that a polyneric
waorbwrosedso whi ch is i nherently an effective hol 8CT/US2006/004446
conductor will be a dramatic inprovenment over the use
Iecules as, hol e transport qgter al
&k

neutral ﬁtaS& ﬁ%@ﬁ@m ¢ PoRessed pd pproxiged e lay él“ﬂﬁ‘ll_léabllf‘ofor the
Vi
S R R 1 AR 4B REE g M PO SHled materals also
offer sev¢rat gthenndvhmtagesin petforstaatedesctibgd ﬁaaheltimrdnssol ved in
common organi ¢ solvents and can be easily processed by
spi n-coating, drop casting, dip-coating, spraying, and
HIL SygemBpt i ng techni ques (such as ink-jetting, off-setting,
and transfer-coating) with short tact tine. These HL

By@tseﬁ%erx@@n, Betr sitstess bprovidedathglels apmarisask ofmnsnlspeniyrgnductive

polymePQ&IPiepé)l aé %ﬁ %P% ogg;mgrr {HaAN cgpta?nlcsfagl éﬁgl sléénrpgﬁscg%%%%ons as the hole

injectionl lcsmbax)@t ofithe ssb:uérd prlaﬂﬁm{gt dgghnBat BREGUBEhbIBESEction component
manufactured in the WASH] 537776.1

and progides e auﬁg«efarﬁ%ﬂmw aorses pasob dus el ek njection
compore¥d, qhﬁﬁglﬁ &)Ifi‘lu{;“ Aty s ]p%ltﬂ fHat 1t s Gt 1{1&{’} y od91ra e IP)?? injection in the

application ers a grea
system Chedipcevedesirrpnt fldwer ﬁcﬂoymtaﬂ(-”ﬂbamménmﬂjaeentalle&ced éi}bn(gf KeM. D.;

Moses, P Eer A el S nchcetiel D k4t S0FhgantTn 146 phpizing

agent cAYSESHBIP fo REAK e th"i&%wo?oaﬁgé"@f the ?ﬁLotfheﬁB% '11F@?§c{sﬁfétthé’ efficiency

conductive polyner” (1CP) or oligoner or co
of the O3 &R &i whichif is applisdg kwrthemntvag, thmdﬂstzlrlbﬁrdsHHSS}tstm beol ﬁanctlon as an

organiz| i B GETRRRE s b B S sn SR D A D RS E

eliminatifeddviddshofts hieéxenlplary dilghtrated 6l BRiuRG2 aAENF thdsh @bmponents can be
oxi di zes the hole injection_conponent, tuning its

soluble Hb%ﬂ%ﬁ‘il‘%ﬁotlw(&ﬁﬁm thah alows (hp HLbstystamito be applireiniQL iR Hevices.
a?ﬁédlﬁn 1&@&:1%1?&111’5&% &1@%1@%§%osﬁﬁ&ﬁphseih%ﬁ{o 1nJect10n

I 0SS et ween
layer orlizbketsansﬁbrt ldylee@letl,s cOmpdsed dfiat]ea8.one il&nfoll&wﬂgmimpdﬁhms
14 Th | anari zj ng agent can

@ett gOOB ﬂ]832)
gdeas WHIW& 20} t%f‘pm FT FOBPHEREe of the HIL,
(it af RBM dnBEbEAR FAGKE BshRERTLHENAY: Gfco FB@nQr ERai N whi ch

it is applied. Furthernore, the describéd HL system
Ghatflepst eneoplanegizing ageglani zi ng matri x or supr anol ecul ar

wtern SR e SR A LRI G o

compatll'élegﬂélﬁi Qhen“ihle c@fnpbhﬁﬁﬁ?lsqﬁ HROBAN LS 2 AR iBRcEA Mbéfedsthah about
on- aqueous solvent that allows the HL systemto be

100 mnélaﬁlfau %8¢ 1p Rartipelny, gboHtann tq $boyhl 4 emithick. one-

PRPCSL RS 5% pULERIRRRLL DL 5
1nclud1ngofqn rexa:rapﬂepﬁarmng Itl%ahomnsaoﬁthe C(ﬁrﬁbémvtsnga@mgpmﬁﬂﬁlﬁ@ons of
differen gbm%ﬂlleeggst ué)enc?f (il érrehtnrfc’lix?r?é (lzo)éldﬁ%rrlg ulfsii.rigvdelffgren%/ srg\gen?sr, 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 polyner or

copolynmer, and (iii) at |east one planarizing agent,
wohers@seusb he conponents are sol ubl e i n non- aqueoTAIS2006/004446

solvents and are fornulated to forma conpatible bl end

v, DO e B S, BB, 4397157

4,415,700 485U03a¢ 4,380 2979Mgg043be) %4 Ja[?ﬁ 4@9@55170 leom®ible blends do
conposi tion can be formuf ated by dS known in the

not havetot bet istiblanblbadsobet arqeifficientdy mﬂx;ad aa)zlatafoleeto peaige mgﬁﬂ Henction,

prico PHOIG 85 SR S PR | i

method€ R itdl@iRSolusdh Merdidgf &Taqj’l*&d@%l\)éﬁ fébﬁduoﬁﬂ@ l¥ly€er either in neutral or
different filmpreparation conditions, using different

oxidizedh frp digintertatedrimtcreaesizedpartieles (tynieallytiem fonsitel hoadrodscot

ranom SHREHL LG ook, SRELSRLE ST DRI BASFARINE o
(PMMA_(')Epdﬂymuq& labgtats) @OV &)) biylsomicatirigodt agitatidni riich Giends provide féne
dispersigi f Rloon ng £ ISR BEReICS Gho kATt BT pegolion R ilms can
“obh , 898, 912;

be prepzﬁe@%d %% Zegﬁgs ﬁ%@rhﬁ%ﬂ%xéggé%n . Conpati bl e bl ends

Hldhmotwdmmm, the IGR and pl@netrizangmgn‘dea,n Heutonprimed Vla covalent bonding as

copols Clﬁ %’ kxed ndsgabetogﬁlldeu %,I ! .

4 copo %?ifc‘f’? BN BRI OPER T RO EXAERIPHOY OPRIVIRE Aryurep gge shown in
Figure B X@aNRis @mbabdkkint, 2 dbMpoRitidR e pro+ded FeR usBlief dbleanjeBididdser that is

may i ncl ude sol uti on bl endi ng of a predissol ved
comprised g aicleash gnpef hadollasyingepmpeneatiut ral or oxi di zed form

t.
@%%tggé{s? 91?1 ’gc%s iz lg PQI?(RI%E{IGZ ?&l?’ﬁ)x)@f, wq%ke%g ’g{ﬁ Vﬁéﬁ : 1%%1 aqy cér{d%ni]lve

nanoneters
polyp@er isresvalepey @ondq@lab)aqﬂwaamg (agéiit ar@ol y( et hyl

th cryI at e) Vi n acetate) (PVA)) by
gﬁﬁf AttioRg dBPangé‘Pftt 4 FW“C%YFCIPP%W%dS provi de fine
whelemq}lé Q&Bﬁd)&ﬂtsoire EoilpRfi @ﬁgﬂ-ﬁ%e%ki?ml%lﬁ’ gh§ tlf%%hg)e 051880 N in the form of

e polymer matrix sol utions I'ns can prepare
a hole uamilmnriaj/qmbdutfbnn(t@nhzmltﬂm hmtt}ncky spin coating. In

tedh RSO B Bt Arut cab Rt rﬂﬁ@i{b%&‘il@%r@ropc%ﬂn& dip-
coating,| @E‘dyuﬁﬂaﬂﬁg,ébr oy Qfiatia ® BRIDOIB Vsuclﬁ%rlﬁk %)E pIRY o@ftset Frmtmg, orbya
ur e

COp0| yner structures are shown in
transfer gyignsen. i exampleoildeti nringing iissdgseaadde S‘B&terué@ i6sp83,175 to Otsuka

and in K808 L) SEEDAL HRXELLRAL T nSUTRELRES 91103 Li880%1 9551

Innthisiinedntiah) an A Nskectiiny ef zm)HI/II:rEfsien\i\bﬁ’f led provided that is about 10 nm
intrinsically conductive polyner is covalently bonded

to about ¥) wmyn AHekness wih dguenl thl@lﬁ@suangmatfrqnea@qut S anyoskaut 1 pm. In
another e H{bogﬁ?en‘f ‘%H%iéﬁésk ¢ B’é’é%‘&? 0 nfﬁﬂS LBL 5@6% AR ! gs'm@ﬁl%ﬂy,
SOl u 1on 1's

non- aqueous so and t
about 10 Amt thebbdwtr Id0aim.

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

WASH_1537776.1 14



a hole injection |layer about 2 nmto about 100 nm

thick. In this invention, the H L systemcan be
wappleiosdisby spin casting, drop casting, di pcoaPCmgS2006/004446
_,spray coating, or by printing nmethods such as ink jet

intin off-set prinpting, or by a transfer process.
(relativeg ihasg peditiona]ipofeperismaletisly). Rerfpananqersd ghesp magprials as a

e 04 000 R Ly FADEA g, Lo o

oxidatiopdgesdbdtbnd 31 ICRsnthe Ip'r@ce'ssnl\s grequaitly rafertdt to asdczpuﬁg’, lamebctron is

removed i e St A FRSLRBL CREF! €yipy befont A e 884 Hon Band)

creatlngraf’&‘ﬁgicﬁ‘l%atlbﬁ (%15}36%&1)5 G obihtich c?f‘h%ﬂlar@an PRateks 3 RARGH B6lbcalization
nmbodi nent, thi cknéss can be about 10 nmto about 500

over sewrﬁl nzomamesic em;iar Up@uﬁmﬂlhyommmm armhfmﬂqc&oa seube gepeved from a

| nherent | ct PoI nhere r ;
seperat iRyt SBeRH S RS bAS iRoshb h REY “Ahntaisty, e unpaieed
electronah WeREMo¥ddab credtécn diGatidhe(of b@@m&g Alnesh a@@ﬁ&bﬂ@@rlc field, both
structure, show high electrical conductivities under
polarons giiéebipelaeAns Ao YRS @B AT alon@(th%p%lvméclt%n bréhgaeyrangement
it 0 r
of double a? rfg?é;@clansc’lg ai?%:ﬁgiﬁ h%{%?{lg {:ﬁeﬁlg? lens o>g ?5’[ (191 s[@? geﬁgﬁ?% in tH@ FStmation
of new émeegyeasied Tesnetdyedyvels areeictdssibleaxiscingz ed therremethirgpegectrons in the

valence PG, i thy BpluFier FolimbGonds asopingor st bt rvieated
structur% %gﬂ%é&ghehf A8t he 15188 Sfthd PSlyMRl ERES B3BEh Q%Tanﬁfj&ﬁl%ﬁr%tlon in

ottomof the conductlon band) creating a radical
the solidsthieo Th{sas bpaiuse comjugakion ifmtri mlg-tnf-rmg ;soiegem‘dﬂ:ntummt Tesrbdtal
tial derealizatiqn over seyer noponeric units.
overlap ugfiﬂqp%wﬂﬂer&ngdﬁ iicslone O LplBRAEY. B¢ b9 e o nd the
conj ugaﬁ@fi‘géﬁﬁpstﬁfcﬁﬂé @a@@@ﬁﬁﬁb@dp QLRBRinSLANERH e is hbtEtiinehid] sﬁﬂce the
two | ndependent polarons. Alternativel t he unpaired
degree aflayetlambetwaen téonhenouings vavics pethe sosinelpkie idgied(apngle between
th bi polaron). In an applied electric field, both
om. pol arons and bi pol arons are nobile and can nove al ong
PéreorRRhYNEI 2 €hpigatddypolfierras an oarge @ntucbr eoHNEbeadbpendant
singl e bonds. Furthernore, this change in oxidation
upon the mr@lql@mftthe PolymBRinFiBe pelid WiFte oF lestianie meqRgyticsican &g dependent
r
wpon thd SRR Bhnp B Snd PSR S APl hiFmer o
thwapﬂ%ydMngéﬂmﬁmnnmambeamnga@ohmunmthofbamexne@mcmmchﬁns
jugated structure is dependent on t ahility o
Transp o%zp 9]il‘aélll cathbg 111[tzgecf AP lkangy %ggf {11)16 ﬂu%l tQ tIle
dependdnd€ oS @i cHal %Eﬁylng%cﬁet&%nblﬁ@ﬁﬁéﬁﬁ QP BbEKIabbLAN cﬁd’r&’dﬁr between the
ring-to-ring iIs pendént upon p-orbital overlap. If a
rings. oy ¢ondub‘racm medignisy bativetnechamgtcan fnvolareathet 3 stackiag of planar,

polymegy<gien et AR BB APt ISy BT o SCPLR! g Pieh Reitons o

electrong, %51'1 'tlﬁ‘ﬁ@f & “hdhNELoddAS g%r%@héi’fméﬁﬂ)@ td AR RS CHER Mat is in proximity
hi ophene rings varies as the cosine of the dihedra

to the oam@u]a’elt Iecleawng 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 w-stacking which occurs

in the solid state.
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them Performance of a conjugated pol yner as an

organi ¢ conductor can al so be dependant upon the
wonohséesgy of the polyner in the solid state. PCT/US2006/004446

El ectronic properties can be dependent upon the

| ectrical ectivity a r chaln char
i SR e rtosh HE GRS 5B Jibarouie hbich el GFop apHAM gaateril in
an OLED &SNaHt SGafb1P @xﬂﬁé@oﬁ@@ agpﬁtL afiofl 'incli’t?cfe"\ﬁlﬂrbre not limited

adj acent chains. Transport a ain can be
to, regigragulpi pz(éy(édsubwtate;iIﬂamahenb)aauidbtsrrk:rWMasr pay(tioiopltine) 610

o RS ROGREE S S Rl BT s R o
poly(an'lﬂﬂea depndved, la%l}i@ﬁ:lﬂ?ﬂ:hé mrﬁ%‘éﬁ&%o@ﬁ?@héﬁdé}@%ﬁﬁ H@rlvatlves

er a stacklngl pl anar, polynmer segnent, “cal
poly(thigngeng kinnigne)or pa (thﬁrwimé RENL ST é«m\@@vm phla(blmlenylene vinylene)

oyl LB L LBBR B 8L 205 GRS o B .

poly(flvoreng) oxpoti(fiuotame) feivatiees; hably(drylesie) @olyigrylchbpd&@ivatitss, or a
g. of polyner chains in

at ca dr.ive_ orderin ]
pOIY(IS‘%ah’é @@ﬁ?@e@?% léOIX thianaphihglengydesivativese per f or mance of

g ] t .
LA, ARG B ATy ol SAOID s
thiophene)f Waich retain anressadiskEohcbateattuctuge ofiv lodse polyures birnart hevdified

sl B hee RS IBRTIST oL, LS 1 UaRL) o) e e
to form ABERAFHMIIP 0B PolPkER. onheFaeﬁDam%bl igbRhhIgy ﬁmﬂpio%értﬁé sﬁéﬁpa%

for this application include, but are not Timted
electricglegndiicaiyity af thediagq Bolymabst i tut ed t h| ophene) and | ts

ggiﬁave"il{t Ni‘/()gé ’82@ %é/ ﬁ‘?%?? ?Jrglg ng’uﬁ}ca Hep €¢®Z¢H§$SA9 (Merck) also

descrlbejdfalrgeaﬁran@&i Il’mwﬂ&(saiﬂhlbh 0&) bedtisef @h JHeqedehti@) ention, and these
derivatives, a poly(phenyl ene vinyl ene) or
referendgs prg hswehy ypmowreﬁghwﬁ%yena@ in (igkriepzety. pol y( t hi enyl ene

M R%liERE}oR! a &{}’J ﬁflﬁé}'o?ﬂifelsg %e\ﬁa&yéaﬁ%g é&%r' Qltrfaﬁﬁ%h%raft—,

pol y(bis-t ne vinylen or poly(bis t I eny
gradientyj agd mmégmekmpolyatam/e&whlpb qup()qmeaty baae) more of the materials defined as

i LD eGP SR AR R AL Rt tiptene o

its derwﬁﬁ{/é/sg %Mttﬁi&@her@z bt H@Sf(tm%ﬁhen@ﬁ déhvatlves ﬁoly(pyrrole) or poly(pyrrole)
I sot hi ana | ene) or pol y(i sot hi anapht hal ene)

derivatiyess P‘?/lafﬁnﬂﬁ@) omlmaﬂm@)eéer@fatlaesmmykyémheoahnbemnrtmﬁ)‘ bred

poly h R By PR s AR IR GREED ob P BRER ke vitone
derivatipes, Wil?(blbtliler@ﬂ@e ikl éried dr g@l&@lﬁé—ﬂﬁﬁiyﬂ%e%@lleﬂebl Ged@siOcs,

poky r. Derivatives can rouped together wth t he
poly(acepylcae)syinphe peetgensy dativatives. aobilpeinehor opldryrrey slerivaives, a

plr B EL AR DRIET AL B p SRR B2 1, 1
poly(lsdﬂman@hﬂﬁlhn?))diermadv&ﬁs R@dlbawtseﬁmbﬂlts carhpmdl‘dcﬁpolymers built from
monomers sﬂ'éhoeilsl(?ﬁﬁ{ ﬁer% Ar any aryl or functionalized aryl group, isocyanates,
ethylene oxides, conjugated dlenes, CH,CHR;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.
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descri be charge transport materials which can be used

in the present invention, and these references are
waenwlgedsncor porated by reference in their entPCEWE2006/M04446

this invention, a copolyner of these materials can be

| ock-, alJternating-, graft-, gradient-, and
F%&%&dﬁv%lﬁai eRACLYIRST BlFP ean beieBYided as mndera o welledingd

copolyﬂlo]é}eof‘!lﬁtlﬁ{éréﬂt§r c@ﬁﬁ R4 P8R ddﬁgg’gﬁg‘% ¥ 1ERBABELE Yy (3-substituted

suc as 'a regio
thiophepe)l or (i3 dsuwt\aes,tnoéx(ﬂumlmp@m@))lyﬁmlophsne:)eienvatvw,qsqu(pyrrole) or

POIY(PYS@:% 2(159}/%} F?g)qﬁ% Bﬁf‘g(%&prylggﬁg i) Zlﬂlgag{vleégtglly(plsenylene vinylene) or
poly(ph@ﬂ*l%ﬁ@ﬂh&ﬂeﬁ@)deﬁ%a’rﬁ’s%’s}’ﬂ ﬂlér[}@éneqfi'ﬁﬂ&?et) 'oY §§liy(tﬁ1en?flene vinylene)

&eny ene vinylene) or "pol y(phenyl ene’vin
derlvatw@s(, Pok(acpedenepot nalyfare n@n@rlvatmdsgnéy(ﬂaprene) or poly(ﬂuorene)
vatives

derivarifhy Ve ISRt NG FAS atBRUNE bEF Srmectbitpaniyhatses) o

poly(lsothmmi;mlﬁeﬂerﬂEdd:rmhlvvs%?s wlDAsy Bleett yd d@f one or more functionalized
acet yl ene) derivatives, poly(fluorene) or

IcP Polp%liey o1 ¢ligomen epPalumpy with vepslomeorywllydefingd sapglywier eomprised of one
! t
or morg R SR RAP ot BereBlafopolymasof tisplens feiggives the

comonaghears my icomtsincedkyledrlyl, a&ybeqﬂ&lﬁ@o,ccgﬁmg sed sobistinnéd atRyls aryl, or
m nono ere, Ar = any

Ar,.
oyl b e s StORFPIPb b ULy ah Ao
@h@ué@&@oﬂa‘egﬁmwgﬂm ?&e?ibu% %Sabo%@@%%}%&w %05%195% or

aryl kyl /aryl funcflonallty and
more, op Rt | 98‘@1 qQr n@yre, GF abom, 9986 pemorea dVidthody kistvimein)the alasuczhms for

ne i.lo anes ATRP cr0| ni ors.
examp 1%\}@)4%1%??}‘8 Ciioéfl?]ds}lﬁqg fi?%f%% 4 IGRIOTeeY I:aﬁ‘?%l yner al so
can be provided as random or well-defined copol ymer of

._an inherent!y conductive polyner (I1CP) such as a
Matrix ¢ geperesy o Rlangiging geulbsti tut ed thi ophene) or its

fiEI Rt orBE: 2 AL BRADANG) b8 R Hch BLBRARRR: the needed

Ivatives, po y(py pyriore
propertiggrsuvtass plema,rlzpn)d)ry (fa‘rthb hale)lnjed:tlcmcﬂr)l‘(owmrdnsp@)t layers. The matrix

derivat|. |
comporgg, iReliing 5@5%0#%&65%& depieodd VU8 he?&@ﬂey@qqu% gomapRpent, will
facﬂltatb( 'tHbyﬂoﬁﬁﬁ)oanf tROHYI bPHETNA RIS ¥h OY IEEN&vidert Al A& Be soluble in

(acetyl ene) or poly(acetylene) derivatives,
the solvp@tl ti/agtfls usaddn epplyrtheldlly Q}fsltqm;r Ehepladsidingpigentmay be comprised of, for

exampIf 3} 54 AR ke AR 8485 VPRl e st i hafhoney

poly(st}da{d) »aaltwat@as , @B yRink1 aa:%ta@e)b)k as HelGRRed %@@(&hy@ﬂ@g@&ol) or its
more functionalized | CP pol ymer or ol igoner copolyner

derlvaUWSe Roly gl preoto-viay] acgwq)n@dyepaﬁ@hma oetingarivetidesak-garpely(1-

e. . I
iy BRSSO MR AL 08,5981 SEERILAY
methacnyttmaf)ajr tits @k ydtivesrpply(balykadrylatey by ité ﬂerﬁfaﬁvesc WO, geérally, it can be
.sHbztltuted al kyl wl or al kyl - functl alltles

comprise(] O pplEIeTS reLigomisys il Som meRoFrs oy e Whexg Ar = any
aryl or ﬂ_lh@tl 2| ! r

yl o uc?ﬁg%c?/oﬁag?f gﬁgﬁlg 1%0?&?%%&&%%&@%}?19@& cf)ﬁﬁﬁg@cé@gféhgs, CH,CHR R
(where R1 = 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 nore.

Met hods known in the art such as, for exanple, NVR can
woeows8eish 0 neasure the degree of regioregul ar PCYUS2006/004446
_ Matrix Conponent or Planarizing Agent In this

I nvention, a matrix conponent can be used which hel ps

Mioss/thal oppROeIHEY RAEREY @8 bedisedindhe HraMlatioRat i on,

s 3né PlaRh AP Rt A0 e WEANGROIn o dBRRat cHifh be

represeriibd®byledopalyier thet doatatns anj I€Pt segm ewnteimd anentconjrigated segment with a

facilitate the fqrnati of the H L _or HTL |layer in an
COmPOStB_OEéﬂﬁéWﬁ%f.tO fat dpserioad BsSpsesdiianr s Primiged %*%ﬂf structures).
1hdls ihwentis g dht BIaﬁE’rﬁ’iiﬂ% E%E?lt E%ri-alﬂ% e?‘ﬂon]—ﬁgitﬁ)ga,%{dllzrhé‘lgcule that

agent may be conprise , for exanple, pol ynmer or
is solubls inglamanplisatoin sabveah but deesinot raborate uponaemawal of the solvent. It may

paly(st,yrene).. or | y(styrene), derivatives, poly(vinyl
possss LY P SRR Gy BB VS Bglefcr Vet ves. poly(vi m
Int RN t¥ FdiMetng BRlpyYdaliny o€ hemeethwufite RGBS HIE Jayer, the matrix
ol y(pyrrolidone) or its derivatives

compon,gm §r(rlanapgatipracsnt e miso repvide ather urelil %&régiﬁils fHsthyA6 Gesisivity
y ! e X | _
contol B 8lsPSn s Pbey HYE: BB ke kapyn ity =

includingrA¥FMsmesniewshisves. More generally, it can be
conprised of polynmers or oligoners built from nononers
such as CH2CHAr, where Ar = any aryl or functionalized
Dopingaryl group, isocyanates, ethylene oxides, conjugated
di enes, CH2CHR 1R (where Rl = al kyl, aryl, or
Ah&kyde/ cdray [infenentlyi condiidtivie pslyared iRan-HH, applicgtion @ivolves a controlled

N este acj d r eth Lact a .act.on .
oxidaticg grg upiBE S e Balir RhaFamie fery B e5uatlt S8R Ty g ipprove
performBAMEY, €UHd1Acki @ARNNEBCLERR AktClehne@e® BbinE vElBAcdIandS @Wisi dhange in

.. the formulation. In this invention, the planarizing .
oxidatiqageate regals inHhe FamatipmpEesw ererenepishehhe ersugyileyels are accessible to

on. t : i .

some of GRESRAREdRNR, SORELIEE IHHBLBORAA BBt B rmcion s
conductoanposition like simlar to that described herein (see

Figure 3 for, depicted exanple structures). In this .
I eandpetive t&wﬁﬁm aprlicnaom reafpRAnCay can §%ﬂg5 dro Qbout 1x10°7
S/cm to dBBH F04 @Y drh Mt o%{]‘?bicggfit Citl tRe FRBE of Soct®h WiE tb Bodu?800 S/em.

application solve oes not “evaporate upon

The impetmnyeliarasterishies sitthe eenductive Wity filposare dmit telyétainghgir comstuctivity
functi.onal alkyl or. aryl aracter. In addition. to

for thonglfif o B st B B pnGar e e Bl e R s

elevateddelnpetit@es atdi6r Hbidity. TRIVEIRAtes @h opbrafidiadl Zaige Of rét#iSdharge
can al so tgr ovi de ot her useful functions such

as
mobility ard allqws thy tuning elgropmties byasrsgalimgdhe amawmtgnd identity of the doping

species glrl? Q%ﬁ%ﬁlgﬁ%&h&@ﬁﬁﬁgg ':tlmen[ﬁgse oﬂé%g%ﬁﬂ@hg%)rm éfnthé Bﬁmary

asurenent’s
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 polynmer in an HL
application involves a controlled oxidation or
wOdoioseiso of the pol yner to obtain the desiredPCT/US2006/004446
. conductive state that can inprove performance. Upon
oxi dation, electrons are renpved fromthe val ence
halogeng ay bePRpEed Fahe aas Rhags iR sPWHOBt Quidatian of the polymasreatly
reduces 0 SRAiR0 o?fthé‘ﬁ@feﬁgﬁ%ﬁﬁfﬁéE@ﬁq@?oftﬁ@ﬁexﬁ{é?gtgﬁé DR BHtfelMsCsome
cessiblFe to some o e remainin ectrons
solut1omaheg/rhbq;rh1mn@ﬂ amal doatedrogtd deyviges! yner to functl on as a

nduct or Cond IV i,n-fil licatio
OB AR 910 “Paﬁ%“gh?rﬂ‘fﬁr%&ﬂéﬂfhkin yenic @F’&tﬁﬁP‘EfIJ]e alkali

metal seﬁ@ %@hyﬂ&ﬂlo?ft@ PBrotidcidDskh by E’érﬁ@ilxésﬁlfbﬁlc h&idlafd HBGyAREGfhereof,
about 1 S/cmto about 500 S The 1 nmportant

prOplonmm@n@ pihst oxggnmfcatmayh@mww@dﬁom actgis mifrpomgura sdtst sugh as NOPF,

he retalnth r conductivity.for usands of . hours
or NOBE k. &gt s Sue s hehoatino R AR A R i Pt
hyperva¥dnt @ifind @&dsntSduch a8 Voo b eRe st 100 SSend&td dsicebiid!l BdlyMers may
This facilitates an operational range of robust charge

also be pifized by theradditiangvie nobanerthatisgnieins geidpaoxidagvegr acidic
identity of the doping
funcum&%@fzgugs} agﬁglyggﬁpﬁgarrg sa#gdg ability to tune these

Sdsm@ BeWim;‘cbyxﬁlzhﬁs stahiag @oﬁﬁr(ljdﬁhﬁldbtvﬁ@lﬂﬁﬁclﬂbﬂidﬂ; tatid &I’g@lﬁlc
CP. There_ ar oxi dant s ]C e to
Pentaﬂlmﬁe 1&%@9&@%@&‘3@%@% B 2 TRANxERftion. %fgfgwe T bgen
reportecpfoqghﬂﬁn th@féirfﬁ@ho@@f’st@&é Qﬁhéﬂﬁztl% Fifhs. SPRE 1saﬂ‘i’rﬁ£ﬁlzgr€§0mphshed

controlling the anount exposure of a poly
throughfth¢ tregtmenthe thopmhfilm the scvle*sazn ¢f thg meta dhlotide,i allyeitohe ténéing of
hi n n ontrol led. Because of their high
doped f@%lﬁésrpoﬁﬁﬂgtlﬁtés rgﬁgygeéﬁoffﬁ lity in organic sol vents,

MR8 otEndTc/atfel. idorghaic QeI Sudhbl HefzeabRllfoRek dci iliedcgRatives thereof,
phase or in solution, Oxidation of the polynmer greatly

propioniceasifh @sher REgagis @Ehaxylg and sulfeaiaasidsy pngd minsra erigs sech as nitric,
sulfuric aﬁ?th?/&gocfﬂlaﬁc %Elgf)é Beash ﬁé}%ﬁ dl%v erthel ess, sone
SO repar

I ons coated onto devi ces.
Mthﬁbnﬁnﬁmlxls €6ch em;(N (DHE(, anidQNOBF ) el teriseeto @ppledCPs by a reaction

trlchl arseni. entafl uorjde, alkali netal salts
which pge vﬁ%@l& a@h pigic caslfget mqegs Pé%a%meré@ 1,498 HstiPoni ¢
%ﬂl@&ﬁdﬁﬁg éu\éﬁttétﬁa%z rfo'@@fn%ﬁé di I%Hﬁ%&q}ﬁg}oﬁe AA%ypervalent

er organic car nit ac
iodine qmdant:munh asnodai;}tllsenzem’amisiod«h@ﬁz@e cliacki@Bfcas alsodre used to dope
ICPs. organi ¢ oxi dants such as tetracyanoqui none,

di chl or odi cyanoqui none, and hyperval ent i odi ne

PKésdABhantS Gk bBSolidIngNHE %&rz:@%tﬁs , AR Perl REOBRINZBEE specific chemical
di acetate. Polynmers may al so be oxidi zed by the

propertiggidint sogre assesdbessidppents maztowoan b atkled os eoroplewss widh thee
thermo@&st% Q@%nén‘{%‘f‘tﬂe%ﬁ fo‘(’rj%uﬁaﬂgrli‘s ScoQéﬂlg;( styrene sul fonic

Lew's aci d oxi s Su as iron
IAlhbthhf ahbstEmeniok dmbidnc Bbsing,deheréin thead @iy apent 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

reacti on. These dopants have been reported to result
wonodshsedsor mat i on of stable, conductive fil nms. PTHIUS2008/004446

primarily acconplished through the treatnment of the

cast filmto a solution of the netal chloride, albeit
M&A@%@Mg of doped films is possible but is rarely
TBPR6H-88heols Rilént ?é'lgﬁg%wgﬁﬂy 'liﬁﬁfegaﬁifﬁ%)%hm%nn e art can be

benzenesul foni ¢ aci erfvatives thereof, _
used. Qyeapé erliventaicdndhe wed srchwlingpimlogenatet aalykits, letuhes, Hilicgiatkanes,

woma o SpeiBe 251 B S8R GoD8 P e S e e one
solvent &dlytfaciftaehdig IR rGnd BenpERRht, 4ng aRothe s8RRMA: hdy 4RARAte
| CPs bcﬁga reacti on which produces the stable nitric

dissolutipg ¢f@ difpisatsaaponenty Kurtheseare,itpesssingthe qosstittiénds from common

. i i d i . . .
B
potentiablyicdadegradeioiganis réapdnis ythbreby ensti@illg affeSdlediieerformance and

i I be used to dope | CPs. These dopants
shortenil%lgf;t% ) g:tg)gq.?‘gg@gq g‘iﬁt%si,s g@ﬂerq}yﬁg}tgqvog%éiﬁmed@uwgiﬁg of water may

be presdnl? 8] JonfP&SE b GtbNER fe@kaniy %@%g%ﬁgggeﬂiéé? Fid? al‘r‘ig%,egvmatteﬁ can be

t hese dopants may form or as conpl exes’
present irhameunds efbpvedétor dess,anptdnentesgfor DHewtdh br fess. NDhatdnows thy

compos i WO g TS ek GRen g emh Bt o e
ability ofia@idictm bRkt ¢ SxidBt HRYEREbYmes Eﬁcg%ﬁesﬁn%r%de,%hiapﬁ%motes OLED

ot her agent in the anbient air or
degradatipp.rtheinasagg s genatsils highdp pidegirabie (Begler ferfabamecloriV. R.; Rost, H.;

facko l.e;r the presence of sol vent
Holmes, A28 ek Ko, 190, SIABIEL 'Vashl 1577761 oNon:

IAchis dreenBlon) mghyTitdized Pola et Bdsol $idk 6 Entk ﬁren@:rr% hydro?hilic, polar,
articularly limted, and solvents known in the ar
and Pfo‘g“a PRCYFEH SOBF Gasss cinaddifien fa dissplvipe theseastitgents in thg non-aqueous

solvent tdlﬁb@%ﬂ'ﬂ@&aﬁ%elﬁq %el%gﬁ)ﬁ is KRUANRT &/et{x{bzgfﬁ Iﬂﬁ:é%t'f%ﬁlgfyu?nel% highly

aromatics, alco , esters, an
dispersesuie\oe atl of thercobmoussl. F(ﬁmxampta;ﬂiedntrmﬂkaﬁsobmﬁlnttiv@%blymer may
acili.tate di ssolutiop of one conponent, and anot her
only be b3l dib iy % 2BrFe it BrirnuSines T indhemer-eushys solvent.
HomogerRbidy aitbendedsbi@y SRAEICE fb@&feiﬁ%d!ﬂ drREpAPRSHiL UGl ghfe

. from common organi c solvents | eads to suppression
planarizipg gegarteandiibe eeragb femtle non-giutous sxstani thas canidbe eiily processed and

ooticd BPABRLLE o oG PORGG,00020)1 E AR oh LR banc s
interfaceshdiffusionaldirhitatidns bebothehe Albkiiae ahd WatEIED Sof8Rend drY eliminated.

not fayored, limted quantities of water may be
Furthermgorgsit glowhorgigeithgicoptrobthg capmentrgtionsof itheatsimatitgenss ar

manipulRfeRRRfE fh%?ang%@,ror%ﬁﬁaldﬁtabX@to?ﬁale‘ﬁaﬂlg%%periments 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 amounts of 5 wt%or less, 1 wt%or |ess, or
0.1 wt% or less. One can test the conpositions to
wdebwmrose4se t he | npact of water at these concenPCatliSeNs/004446
In addition, due to the ability of acidic conponents
to oxidize the ymer and the cathode, which
present iy shuds 5o el T&ggér‘g‘g}&taigg e dapant candadeesent igamsuatsiof 0.5% to 5
wi%, with @ 3611dnE8&ht G014 (cK981184 in oFgani ck, W R Rost,
o es A OB Ghem Ph squRIESS 10, 391)
Farmwation andi depesitioromethods)yinaiedihg nddepainting ard idssgibed fgfor
| re.very hydrophi.lic, polar, and protjc. . o
exampIF SARRIOS o Pl Rl PO it iRt fouialc ol et printing
such as f@rshinpleedtost 1 Mot dbeumcggueous sol vent (al though the
present invention is not linmted by theory), the
latter may only highly disperse one or all of the
DEVICESW%]?RICFA’TI&W"W! e, the intrinsically conductive
polymer may onl'y be highly dispersed as opposed to
Methuvids gnewh inhe aietl odh bensddro tfﬂﬁic@&rOEEDQEUi%e% OF f&hmple, the

mogeneousl uspended solids of the | CP, both
methw%&’éﬁagﬁﬁ&ﬁﬁ%@aﬂ%@%@f SRR OR Usete rthads knavgindbent can be used
to measa@%rigﬁﬁleggemencgpgr@nlge B aqueous system that can be
a

easi |y processed” an p%?l ed to fabrication of novel
Briglkingsscab&or cxpuwle, at tehet 23D sdmc’e ovit ledt 800 &/@ANbat least 750

2 SO ' erfaces, diffusional limtations of both
cd/m ’(?rhgé\fegagtéls{)wa‘f Mynd the OLED constituents are

Efficteneptadbe, Foud T E€leadt 0.28| COWS 0LRGedsP0 85 WA or at least 0.60
control the concentrations of the constituents ofr

CA/A, opalrlpast P dP&IHA; ersat lease] PARES, or build a dat abase of

oraps 09 XLkl o, Achi eve the best %ED
peﬁhgér Erfkglnc e. @%g&ﬁgt( g%’%f‘%/? 0 q”&ﬁlbda%ni’g’ ESURPLe; 3 least 900
hours, onatdeast 3,000 houBsYort 21 125t W0Whoufe oPAtdsRE 2 DDOHo@E s at AR 5,000
h be present in amounts of 0.5%to 70 wt% and the
OUIS. dopant can be present in amounts of 0.5%to 5 wt %
@brhBink s IbHENGOR! SRk %4 e
sol vent . SAI t elrgnat [ \’/gqﬁyl,e%}ﬁeH?%E&fg%egca\@tebepdrcggg%ga%{ example,

brightneaheanrhesat ddas01,600 cdfm25efficiincy ben il adasi Z00 G dAgemd IFaime can be
pounts of 0.5%to 80

SH 1537776.1 2 0 t ]
at least ﬁﬁ%o LSy ﬁ?&s@o%o;? ough A i Qﬁé&@ﬁ#“’?’ﬁ- amounts of 0.5%
Cont®l Walbria¥d dahl be FSrnsAtbd s & PED T mbterdid st ) (g%gﬂ; Patent

o;fgslani c solvent. Fornulation and deposition ne
No. 4.959B00a I erpsichrl jrbagolernompgunds are desscibedidfor axdngple WO

2@”@' 069,1 19 to Lyon et al. Inlc viscosity

2004/()F]%an eEﬁ?or ﬁl%?éllt ed to allowink jet printing such as
Therinesnsiop i efuathendesdibddoviabdedstor 26 ﬁﬂéwi@a@nqgﬁitﬂggvorking
FABRI CATI ON Met hods known in the art can be used to

examplef.aprj cat e OLED devi ces. For exanple, the methods
described in the working exanpl es can be used. Methods
known in the art can be used to nmeasure brightness,

Examplaesf f i ci ency, and |ifetines,
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 ghtness can be, for exanple, at |east 250 cd/nR2, or
at |least 500 cd/n2 , or at least 750 cd/m2 , or at

woOeast08d48000 cd/ n2. Efficiency can be, for exaRpraS2@b/004446

2)

3)

4)

5)

6)

7)

WASH_1537776.1

Ieast 0.25 Cd/ A, or at Ieast 0.45 Cd/ A, or at | east

838 Cd/ A__or_ at | east 70 Cd/ A, or at least 1.00
maldrich Chemical GR-» fis- ﬁ%‘éﬁ?ﬁ &utheut Butheppwificatiomothis was used as

Qn&%ugg Sg%‘n R ar@ eI eRred 35 a c?ﬁ%& 8%81% ?ﬁjlrgsagerﬁ ?Qfecula{ iodine.

ours, or at leas
E],e@&ﬁe MRy rassoludvle mgwlrmﬁr 3551mﬁlﬁutwlyog/th16p]ﬂﬂrlle {Blekosic Pittsburgh,

). Jee e e Ml ari@ine bletathe e moBod e =. .
Khéﬂs@ﬂsﬁ?cy MaMé@llﬁ)ﬁlgﬁ gash. A]dvoﬁla%/ f999a71_;d 2!5'05 ét('iéiﬁraﬁ@*nthe

be at | east i 000 hour's, at | east 500 hours, or
Teaetsan @ndlwnh Qmpbyed:@mld@itlcnﬁp gt aplshadaﬁor the pfolmmxizatlmml of

P Ge ool SRR T o 5D WASHh b° stmpefGule gpibives he

ﬁ%ﬁﬁéhﬂlﬁf@ 3- ﬂlbﬁ&ﬁO-@X@Bﬁit@&M@ﬂ% %ﬂ%cﬁiﬁn&bﬂm&in’c oF Grlgnald
al. The i nventl on is further described wth use of

Y386V AS R 6YhetE Y eanrhy sikberBrer €haMpos additien ﬁf)Né@PPP)Clz, the

I S L e R

ﬂmmhemyfol affoné a\l@l;dl‘elg&ﬂeglm&r(mmjthdn 98%d Head-tb tai)]rﬁouphngs) polymer
S S et ST Bl S v
ﬁwti%@f%ﬁgh MoRiduhe %%ugtfu@ ge]g 204 EnQmoflsH: ek C &indddhe

and used wtho her purlflcatlon I's was
p@emea@t@nmrmads yaa clovin-gyevth meghahisth $G) §h¢m@,d3 &; Iy, J.; lovu,

B R WEORYBARSE T gyl b B M, 92353 ) Yoloyama,

RoINiyak B ROEY OIR A%k PGS onBidch P 3064) .3 7P69 Ggé\w%%lymers of
pol ynmeri zed using the Grignard Metathesis (

Yasyme dnqle@ig weghtscan kheasBp auitlesized. Morewmum:m@ﬁtmmof

BerefiQY suﬂ\s{mu% sidd g)glynile} ’oa&%g)le rejséltsggﬁ%%lﬁ i a%rg %hdatt Fx% argachly soluble

reacti on Conltlo erloe are |1
apphnyegbnimeon diganioGblverts iaddpowessaikcelRpt filegodndng poilisies.

Rt 0Ban e b len ithor o Pt bt s et 8 charged
Hih PRXeHR MPI(@ 981 W%ere ;ggﬂilﬁé (4%%@ irPvhich N @nt wag, added via

reagent, can be ei't er Br or ).
Mdlﬂ&tﬂbwlmﬁeﬂ\h (dppp)Cl 2, the

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.

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

The containers were sealed with electrical tape and sonicated for additional 10 minutes at
62 °C.
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polymer is formed by the selective coupling of a
nonobr ono- hal omagnesi 0-3 -substituted thi ophene to
wafhbwrodeso hi ghly regi oregul ar (nore than 98% headAlS2006/004446
tail couplings) polynmer as dark purple/blue solid. In
ggneral, the GRIM polynerization yields Plexcore MP of
relatlvely hi gh nol ecul ar wei ght (e.g., M= 18,000 Da;
General Middedurk. f6) spirGiing of the enpcswamrfblzﬁbh@amowdf%@m{ms a
ha| gmﬁh mechani sm ((a) Sheina, E J.
Iﬁ q{ thesteps prepetednn tlws ex%@g |sh@g@ ke ppzfergjoly performed in a clean
room atiNB lgi@l ecul es 2004, 37, 3526. (b) Yokoyama, A ;
oshi, R ; Yokozawa, T. Macronol ecul es 2004, 37,
Bafe®)the ﬂzﬁlypmt blved solafiow Brdepogjtetohtcan 110 sefaghtge-camditiéning of

easily s the i zed... Moreover,, jncorparation of
the 1T §fiFpcste AR CUEHELD i 1 pBIpr OHeHDOHo SRSt 20 minutes
long): in polynmers that are readily soluble in many conmon
organi ¢ solvents and possess excellent filmformng
1) itvaponi¢ €43) ajtationipfths sebstrates mithrdlcwatet with defetdenta f I at

qu W Lh nd was charged with
2) @?%g@f’\é}% géaq ’a‘ilﬁg%lzﬁ?%?rdl ne (441 mL), in which
3) [ﬂ$laglsaﬁoneifithm%tﬁdébe\dlth{A@et@ﬁ@dUat ed cylinder 4) The

[ﬁg ymer solution was sonicated for 40 mnutes to 1
4) Y agitatighof the sybsteasen wish Isepropat slcolod. preheated to about

red t hrough
) By At B eaObieR AOLMISIIAR ol B o S pvp.
6) 'l(lﬁnﬁér the sﬂas]:radten 'ta)mutlm ollem s¢ttat 020 U, kiebeuadyr altfal WaSium (stream
ed in i ons f1tohe corrponent S were stirred
q%élll Fﬁfeflﬁg get? et%")‘?n EFG heHEtilesh additions for 1

7) OddhdiRhmeB) fdP Iﬂma?es pﬁé?{% &gémﬁ&*&er gl ass containers
were flushed with were charged with 100 nL of

Rus@efngre hedore H?!lld_PQiEm@t bloltrd so?l)tlome deposited netosind@desurface,

I N LY T KL S

3 f
e O 5 D

replacedsteps presented in this exanple should be pr efer ably

e Rl T G —

determnﬁ:d rbf}/aeﬁaralmaearﬁélﬁdlsmm spéh @feed @ﬁm' tihd, SUbStAESsikS quality of the
{?or med according to the follow ng procedure (‘Note,
substratees(% cg,tag tl‘,lesdeg(gnrﬁ %lm Win-reiey) Therefore, providing general rules for

obtaining certain layer thickness is omitted. As an example, the following conditions were

Exampl

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 agitation of the

weoeubsitosatses with DI water. 3) US agitation of PO®US2006/004446
substrates with Acetone. 4) US agitation of the

) DHEHRER S Lot B R Gl e gl p 88 cossive
chugksfigeh bilevalioirsdliesn A0anvand WPpRUaDr B8 kubrakl G spin-

keep under ,Farti al vacuum (stream of nitrogen purges
qogting heldingti st fowseandryr experi ment. 7) Ozone treat nent

g s L0en t her nor
) 180 B L 8500 A A RS TE Bt BT pgfome o
IbWex sataticas ger hiihute (RANI)ab allbe 0aifordyr sps&idittel ethe R6RLUEH over the
PTFE Q. 45mm ftj I ter iis perfaornmed. |f an increasjng .
15 Ssuae Sup é%fuﬁeergead £ 350888 at HR0 B8M)mekhepegond spinning cycle was
2Pleyt | ugh ' I | r C
RO B RPN, WAED IR UURR aros e
spstrateoat i ng onto the | TO patterned substrates is

term ned. by.s ral para er.s, such as LN speed,
2 @ P PR-FREtng: 58 L veehis 8{15@ |1?>tr§}ma%estaﬁé8@-&’§%t<? &Qp hot plate on
@atrface, and the design of the spin-coater. Therefore,

]fr ovi ding general rules for obtaini n% certain |ayer
6) Layee hidasss of ot nedwassweanrasikbing Dk TelhBrafidometas syl was found to

A ' hi eve unifarmy .di spersed
R 0RO it h o2 Y S5 AR S0 TS BFR S
7) Ineganktal the dilorwes peddparghty(epy. eaaishiflancd ) (%Newas above 83%) and
substrate size was 2 x 2 inch I TO patterned gl ass
P&%€s (Pol ytronics) pre conditioned as descri bed
above. 2) About 1 to 2 nL of the polyner blend
sol ution was applied to the substrate such that the
ADDITIKBY AL i WWORKINGEEAMPLBSIst of the substrate surface.

H) 537776,.1 2 33) Th j | t
v RRRERLETS e S e
A 8B S6IMBOIC BB x cotMPNinadPVB 8% By RlePht)dfasdBe@ldd. This stock

. around support for the substrate during spincoating
solution fyss dieafgd ta 1 3t °G tou B heowvrsrimder. a nifrogereatgyisphrre gndihien allowed to cool

oo S0 oL SR SERESSHL D GoYBkSRs RS B Ebgoe v
for 30 mahuteswv yaTolnbhaulfomp aeid dongDBIS A s sednuddded aty g sbRfion was
entir e1 subst rat g} surface (e.g., 1.2 seconds at 300
returnedF@,I%e_ u trppé)ng,etggh rég!rwﬁ}rﬁ@ é)}ga (d-vimdpw igding) (gqar prdy@edryighenol))
was dissBlved $PPMIPM IMED TRIANBLPRILARAL Shik @Y% and BlaS& S ultrasonic

across the
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 MmP? P4VPyr* | PAVPhOH® | pTSA® | DDBSA’ | DDQ®
1| 14.67 0.06 0.21 0.057 0.017
14.63 0.06 0.21 0.098 | 0.017
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substrate. 5) After spin-coating, the HL layer is

dried for 10 m nutes at 100-120 OC on a hot plate on
wai2ne6/08448h.ayer thi ckness of 60-65 nm was neasuPew/USY08/004446

DekTak Profil ometer and was found to be uniform across

the sybgsrpte with a grall |rb:éfase at the edges 06'142

L r e Ay A~
Engr Sl.]l&)%éldle I) III“EEBCI :tll, l”c/rlvl-rl\d-IZLZ-vc i o098 0.017

B

0O\,
TS [797) VWS Ao VT

ol »,Efglfnmn?ég ADD &d Wtk NG EXAMPLES: 0.008 | 0.017

P

R esent ative rocedure for si ngl e-conmponent HI L inks
Dowangl Fﬁ‘.ﬁ]éé'fl}et gxy-A-pserseiR!l acstale.-i on of Pl excore MP in
DMF (0.8% by weight) was prepared. This stock solution
was heated to 110 OC for 3 hours under a nitrogen
trms here and then allowed to cool to room
Device 3ﬁg?ure 7.5g of this stock solution was renoved
'ﬂh@d@l@cﬁﬂnédﬁoﬁ Aesbr i@ 8B HAs Iﬁﬁérﬂiefi Q5 arp gngllxeﬁlél Eug %es not in any
/ ?-Tol uenesul fonic acid (or DDBSA) was then a
way imply ¢hesimijetiorofithe inventignedhe wid faérladtttqnaxocﬂss; dewich afohrtecture

enen 0 b 1 EOL RV RE) S0 sy cpin i

inventidBowanol PM Acetate mi xture) and placed in the

| t bthfor 30 mnutes. The two sol utions were
J{JIP‘F'e{?ﬁE_E? %ff@g desqribeslherpia were fbrigated op indiwmitin cmﬂeh(IT@% surfaces
S: a t hr.o
dePOSIte%icbrf.@ﬁs% %ﬁl&#ﬂ‘g&né P%E%'T’g(}?fs%fg%e' \?&' I%ﬁ@}a&%ﬁgd e?’%g t plxglgarea of 0.9
cm’. Thei deivicosoblitieyea voge i laared byadtrasoattaticdcsobp fdlhﬁvd‘dl Hytcﬁitﬁléd water

I added to
for 20 g R oRf Thi e lon TS WESscHiein s & besker AGSyprovpigh The
substratd53dé tBied uﬁd@ql\fm'_géh 1M, /faﬁkﬁhgwm{ thgi'?(;v@%)‘% afedARBAMON -Ozone
acetate. Device brication he device rication
Chambe’d‘él%eé?ti%@(ﬂ 30@Voderi29 mimuisaded as an exanpl e and does not

I t the invention to .
R A T ARl LU et B Sk P oing
process (\aedoieNQes spinobaer Wil chiayi$ b@tsﬁnﬂar@racﬁﬁ*b@d W?th%pl%ft&@étmg, ink-
than the HL naterials clained in this invention:

] emn& @%t BdQingsr anx sther Berpsitonansthodeavablgiof iresalting inan HIL Silm of the
t I

i 39500 9 7 RSP )5 i

exampledemcnmntem@a]mokyﬂv p}menyziema‘ Vlﬁylgncﬁ)r(?PV)'bﬁed&lﬂoEéScent polymer. The

bstrates we | ea | trasoni cation in soap
pdymers%ﬁ%m@eﬁf/uraﬁﬁgig 28 1é‘i";ﬁf or 20 nminutes each. This

’M@%uf)ﬁkdt&\/vl@&e Bentitdns RECIEAVARN hathtREAKGhicR by means of
i sopr opano
physical Vapgr de%osmon 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/em? 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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substrates were dried under nitrogen flow, follow ng
whi ch they were treated under a UV-Qzone chanber
woperese4sy at 300 Wfor 20 minutes. The cl eane®#CT/US2006/004446
substrates were then coated with the hole injection
| ayer. The coating process was done on a spin coater
AIL §Jleme AN T EaS Ny PE—SHMHar-y—aeh er?d wi-1-h SPERY.
coating, ipeksigtt n\gouagg)nt@g[?htpgsgn IAficRly 415% r
deposi t i omAretZhod capabl e eddmizpsul t ie@ay n |an @)l fli | m
PEDOT:B5S#89€0 ¢lesi red t hi ckness| This was followed by the
Cogfieln _coat i ndlof fhebBjght eb2ting | &ger whi @92in|this
Exagpladn| eli s Wlconmer 82al [pal wOd- phleny.8he Vi nyitne)
._B%%chﬁﬁm pol VA®r  [TheOA®| yier 288yer| was
Examnle 3,y od + o198e __ 68 run t KiK. [The0.&ibstlr aflBd were
Eizrp : % *”S‘i%)oﬁ'e“ o, 497 nhpm.g% wihi_ZBP00By
freaftsol—physteal—yaper—depdsi-ti-on %iaﬂmde% “ayer
54%4 7
Zf"f’el%@%éga’&?f’%‘zﬂ% ﬁoﬁnéﬁﬁné %QQ% e, the cathode |ayer was
Lifetipe s sxbapqipted Monsingind velugy andetbbsin essimagons wo net al
| ayers, the first being a 5 nmlayer of Ca (0.1
nm sec) followed by a 200 nm | ayer of Al (0.5 nm sec)
with the base pressure at 5 x 10 7 Torr. The devices
t hus obtai ned were encapsul ated with a gl ass cover
slip to prevent exposure to anbient conditions by
nmeans of a UV-light curing epoxy resin cured at 80
] ' A us obt ai ned
e e D N B addr ) 01 Tl e
Embodiments| i fetinme Data fromdifferent exanple HIL materials

sclibed in this,i.nventiaqn: WASH 1537776..1
P BBt PP piniiacc Gobadiiners af thp nsation which can be
practiced b ©hé BE11bSirekE hapol ated frominitial values and thus
an_estimation. A series of preferred, nunbered

1) aAnbdlisysemsompripingan deB, a Pahaitingagest, TnepinswWhoet arg soluble in a

D t jtional preferred enbodi nents of the
ll{oﬁlv%qﬁltgﬁ%nso\%%g%h can be practiced by one skilled in the

2) Bmbodithentdh1 bl Whik§shelCBAREFiBIp]ad Polly CRsutRtifth&INRIdpRERY or one
Q;‘q(gent,, a, dopant which are soluble I n a non-aqueous
iS\ISHYatves. Enbodiment # 1 in which the ICP is a

s i SO e R g e
#) Tpohodiwhkniobhénelicbihel Qo potytpymiers) by oyabieydeivilive
; , t - (. role). or a
5) TR o} iy Phisf s o By gr henb A detingtir.
Eiodifent #51 ROWH{cARhd 10PEk pBly(SheR§lené HHyldnBFdr a poly(phenylene

derivative.
vinylene derivative).

)

T ®©

1 a4
T

T+
D

PP QID

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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Enbodiment # 1 in which the ICP is poly(phenyl ene

vi nyl ene) or a pol y(phenyl ene vinyl ene derivative). 6)
wanhwdisemsnt # 1 in which the I1CP is poly(thi enpCemns2006/004446

vi nyl ene) or a poly(thienylene vinylene) derivative.

] ' 1 i ch,. the, | CP i
11)%%)?5?@%? 'f?ﬁﬂ}e%vgﬁ"éﬁ%&\%@ %8”&1 gtg}angpljﬁg?lwe% °5#hi enyl ene
polpgiscemenapheialena) dordati®y. Enbodi nent # 1 in which the
[ LacetyleneéPor a pol y(acetyl ene)

i | |
12) Bi@bpyaent b 1 Uy nertuirdeP 15 ooy e ivnifiB Seézmentend a polymer or

| . i i . —
GRS Lm0 RN LRI BEELNEL OB AL ygor -
alym:ryl_y((rdnmtg]m:ﬁz_edewjfl}md)ﬂp( éhsocjli&ggcd_s,]éiﬁﬂgﬂeﬁoﬁdé%@ ddnjugated dienes.
i n.whic e is
13) %@@%ﬁlﬁf FilahapHtHe W Isbra eoRobren of onfiCR sepREHand agplymer or
Slegonid kb ptRent bahpSEAQH BB A erdforitt b M&pﬁ&b&%ﬁ!@qﬁ%’(w&re R, =
a copol ynmer of an I CP segnent and a pol yner or

dkylgatrbror sikyler funstipesisdamt R sotlyateyls Chir| F, ®Hpester, acid, or

CHAr .. where Ar,.=@any aryl. or
%ﬁ%@tﬁ%ﬁ%ﬂ%@ 4>d WFarﬁP’cﬂﬁls ,A?%%Eéﬁrr%f{l]s%t?rset hyl ene
14) Bxb0dismentsa1Rugahethich @Bespolidr EACI®Pblyhet o dlikdher.
i ch the#JCP is a copolymer of an | CP Segnment and a
15) églb%lgwn@ 18r1i3g19m§}wfs§@ FEPRLYBETIS 68 alfempling tgpekymsermyioligomer.

. > = abk I,
16) SRS SR e U B Rl - 2"
17) BExdpodistents, #18€li3dn witiclethh @opolyhacis al’gradiélﬁ;cogﬁl%/mgr.
[ , ATRP croinitiators. 14 odi nents
18) %ES @{égﬁ #\/@l[]]gﬁnt"\%c}b GPE’/‘ﬁié‘ine‘i i§ agandome ROROBEBSYy mer  or
: Edo . 5. . .
19) Rhb8@Rts #1218 ERah Hﬁg)ileﬁlaﬁ%g %gfﬂtrfs X\g}hﬁ‘f}fkgﬁ hea I}?Eglly@e{ 8§

copolymer is an alternating copdlyner o I go
digoowrnent s #12-13 in which the copolyner is a graft

Yer...17). E dj,ments .#12-13 .i.n ich th
20) SARRIEE 411 RGP B 23 D LR LS et tyene
detidafivesi n whi ch the copol ynmer is a random copol yner.
19%) Enbodi ments #1-18 in which the planarizing agent .
21) Ergbedimspisdid ol i vehigfothg panarizing lapepsaes polgO)inebetdichenits
&Q—ﬁhv é’sn whi ch the planarizing agent is a
pol'y(styrene) or poly(styrene) derivatives. 21)
22) anbodlineat# 21 #ilwhish ithe Mb]ﬂlarhirfjgf@eﬁﬂ isagolygéthgleAgesvidys adetate).
Vi | t at it [ ti .
23) ]Qrglbgcgu\{lleg S #l?lCSeln%vh?c):h ’81re pllanzrizi(relgg Iaggnt Iisv e(le Soly(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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22) Enbodiment # 2 1 in which the planarizing agent is
a pol y(ethyl ene-co-vinyl acetate). 23) Enbodi nents

w6 ebBse480 Whi ch t he pl anarizing agent is a PCT/US2006/004446
pol y(ethyl ene glycol) or its derivatives. 24)

[ - . hch .th I i,zj.ng .agent is,
26) EEBORLIRN - I s bt G aBr JaCho S S B
deé#ativeswhi ch the pl anari zi ng aglent [ ts t 26)

- Vi lid - CO- acet at e.
AT e T
W i dj ' i ' o2
Bktnsr B o ol ik b RGN R E el o
Pottyynabizéddryhsbhpcryl ate) or its derivatives. WASH 1

6. ) i . #1-1 8 .in which th

30) B dFieny B r s o eaeng |a§%ﬁ§/$1hts@§ygaatte$-te s

31) BRbbdialehi46a -1 PR)wiEsD ﬂx@ig?a“rﬁhﬁng ag?riltg’s etﬂ@%ﬁéoﬁiﬁgs.
pol yme

| anari zi ng agent is conprise . s or
32) gmbqbwn@ ol § in Whicibephoasrisg sgett inconfitfa€id deneswher e

= or functional.ized aryl .5 30 _

3 R R e e R S PaCHE m SehereiRs o

drgooy ARV A$1 fudddorRIBOMITERTS afld, 18, BR PMOIE RsteR®icid, or ether).
| anari zing agent is an ethylene oxides. 32) _ .

34) %ﬁgﬁgmﬁﬁ‘ﬁﬁ&g -iBinydhighthgtplanarizing agerd s polymgr tigbistdeiized from a
G ugat ed di enes. 33) Enbodi ments #1-18 in which the
planari zi ng agent is CH CHRIR (where Rl = al kyl, aryl,

35) Kmbaditghis #il yl8 ihuwtith theldnbyiziapdgditt a polivler thed is dBFivedfrom a
OH, _ester, acid, or ether). 34) Enbodi nents #1-18 in
I8P t he pl anarizing agent is a polymer that is

36) BgpbMSents #Q Mg | : : Cie :
iR e AR SRR Sk Bl 8 o
silosanca | act one. 36) Enbodi ments #1-18 in which the

iz .1 a.polynmer that is derived froma
37 Rl S AR P B agorts el g,
38) Hxhbotimbcats oL - 88 BWhick the dopaht is AP R6HIR halRBin ENDOdI ment s
1-1 8 in which the dopant is a nol ecul ar hal ogen.

39) I%@'?Odi’_jﬁ%té Feltis whichyte dapagtisdiron erezodidistehtorids. i ron or

40) RbShiknbAS B A1 il Svhich 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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40) Enbodi nents #1-18 in which the dopant is arsenic

pent afl uori de. 41) Enbodi nents #1-18 in which the
wdapmwrsedss an al kali netal salt of hypochl orit @eCTAR2006/004446

Embodi ments #1-18 in which the dopant is a protic

n whi ch the dgpant is an
1) Bfledaieyils FTRP SOWGRh B leih EGbiines fost-Ghn secht for the ICP.
52) Wil ¢ihm$ bt GopaMbhbodim@nRiA LAISONi um sal t. 45)
53)§n‘%od| ments #1-18 in which the dopant is an organic

adiment 43 newhish theelisis prepasdiby sphi eastingie dopant i s

5o BURSIERSTl | 18 S AT Fupflnt o 71-18 i
55) Emibo«liimman#S’Z #lﬁwllﬂlzh thgl: fWhi is Ipregrpg&dréigbaﬁgrcbmﬁgg ;# i 48
t I t
>6) gﬁg@ exeg#%ﬂ[ lté‘n‘ﬁ@&%}]?gﬂgg‘éﬁfepéﬁé hy@?:raé(rg)gpgg ned asI 2
57) ERBOUIMER 45 PR)wIRER HIAIRNG ékf’;‘feﬂ%gg% i Mndiige. M -

system contal ns a Ccross I Ng

58) Eméﬂ@zmezt #Y iagenich theaSiHlisg IRt dls hiG6tyridfingodi ment s

ch t.he H L. syste Q ns a cross-Iinking
>9) %éte)g}?n}eg]; #@h ff?é}““ﬁ% moi%slse <Pt PHRYHCENDOdI nent s
60) Eib&imeﬁﬁ%ﬁﬂhﬂﬁblﬂﬂf&tprﬁﬁﬁg hi2theddi i€ B tla&erf hrbBRsk S
61)6re pared by spin casting. 54) Enbodi nent” #52 i n which

ﬁ‘écqsnrl?ﬁrp@,raﬁmgmb@éuwt%# Gasting. 55) Embodi nent
[ pared by di p-coating. 56)
62)1@%@‘ gy %&ﬁgg%%\%ﬂgrﬁ?ﬁé?fl I mis prepared by
63) Epr efiEmbatiment #87) Enbodi nent #52 in which the filmis
prepared by a printing nmethod. 58) Enbodi nent #57 in
which the printing nethod is ink jet printing. 59)
Enbodi nent #57 in which the printing nethod is off-set
printing. 60) Enbodinment #57 in which the printing
nmethod is a transfer process. 61) Devices
i ncor porating Enbodi nents #52-60. 62) Methods for
form ng Enbodi nents #1-61. 63) Use of Enbodi nent #61
WASH 1537776.1 2 9The foll ow ng 33 enbodi nents were
described in priority provisional application
60/ 651, 211 filed February 10, 2005: Enbodinent 1. A
bl end conposition for use in a hole injection | ayer or
hol e transport |ayer conprising the follow ng
conponent s:
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(i) at least one intrinsically conductive polyner or
copolyner; (ii) at |east one dopant for the conductive

weoabosrosé4sor copol ynmer; and (iii) at | east one PCT/US2006/004446
pl anari zi ng agent; wherein the conponents are sol uble

' - fornulated to for .
O B e T VB B B Bl D o
60/651,2F1 fileth Felrunry] KGR0 | ayer or hole transport |ayer |ess
Enbodi ment 2. The conposition

han..abou nm t hi ck. 2., TI
%‘E‘gwlmeﬁb{ 't éq%f’é‘d@ir%ﬁkﬂom Torge iep holetinieptinny lpyesics pleytransport

layer cofREHG the/ & 11BN | pol yt hi ophene. Enbodi ment 3.
d %%21 c%rrposi ti cl)lnéglzrcl:ﬂoor%gﬁtﬁg to Enbodi nment 1, wherein the

({retd¢assorsahtrinsiceliyl catduvtveymlymer oricopelymegi or egul ar
6&3 bs%ituted Eg&g{hio hene. Enbodi nent, 4. Th
YA RS Ao D PP RSN TR A CRPOLREF 8RR t he
@'ii@tatildasﬂ&@Iﬂlma@ie{ﬂ%wgéﬁtye pol ymer is a regioregul ar
e

. al kyl / al koxy-, eric, poly(etheric), or .
whereinhg faapnenistagg sduie inndn-apkenssobtentsand apofoymetated to form

. i Si Ak aph Kk —
T R R A T R M ———
layer lesa cleamrathomigl G0onriciiiicldi ment 1, wherein the planari zing

]gg ng. is a Ségthetip,polyney. Enbodi ment 6. The
ﬁ‘p‘%@ie{l‘i onl hgcewrasitigniascedBsde Frrbodumen eyherain the intrinsically

conduct®e L b O v b 1SHHiShit formof a filmabout 2 nmto
ucabgﬁg§%oé nﬁ1?ﬂ?@%%ﬁgnbodinent 7. The conposition

Emb@ﬁmiem.lt’?l@mqmﬁsitbntacdgrdiimg% Einbotlingena :Irpwhérﬁinctfﬁe i@nsically

intrinsically.conquctive.polynmer or copolymner, the

conductiy palyimies ilsn@le\éboé?ﬁu?ar%ﬂl\{’tgﬁ@ted@g’i}ﬁblopge%bout 0.5 wt%to
FaBBstimaRt M OPhealdibosBioR avho¥ihe t@ﬁ&ﬁz&&diﬁ%n @h&éﬁ? tg@ﬁﬂlinsicauy

0,
0.5 wt%to about w % respectively. odi men
conductiyp golysies ds? raginie gt alldilatkoxy-, Bferidi poby(etheric whears]-subistigted

. 0 intrinsically conductjv | ymer or_ .
polythioBRH ki Monb e Bl R poyBRRHE I E BT fSine Hepigphens
block. about 25 wt % about 70 wt % and about 5 wt %

espegctivel y. Enbodi ment 9. The_conposition according
g(l%b%%%ﬁ ﬁmﬁle cpmpgRisiopapcartiag soFpbedimenh L f wherpiarthe planarizing
agent is § (YRAARED 1AL aqueous sol vent, and wherein the
intrinsically conductive polynmer is a WASH 1537776. 1
B3y astinentery Ul Tercoalpoyitioalakanging teEh®odignenpd) whatinghé edmposition

s in the Rionf% 58 A 2t focut IAMLRR Sifer ei n ¢ he- canst i { bent s

B 88N THe Lol PRYIRbA adording 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 wi% to about 70 wt%, and about 0.5 wt% to about 5 Wi%,
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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about 1.5 wt%to about 5 wt% as the total solid

content in non-aqueous solvent. Enbodi ment 10. The
woangasédsion according to Embodi ment 1, wherei BCTUS2006/004446

intrinsically conductive polyner is a regioregul ar

oo, ey BT o B LSRRt piten. o

planariziugwmeisisagyathpiid polginen vereeih km(ﬁionﬁﬁderﬁs ?re pﬁesenthin amounts of
on- pol yt hi ophene bl ock, and the_ non-pol yt hi ophene
about 13,24 ot S e 4 fofal solid goment én RopeaqieanBAlvanhg
BA8BdimETDe drRe mﬂo:ls»itio-ﬁh c%‘@ﬁ‘%‘%é | RiAGE S Hhifid Be intrinsically
Enbodi nent 1, erein the dopdnt I's present "as  an
conductiyetriobymerds p aggiore gnbodkyléatkoxiz,. etimicepag(etiniria)rionast e ubstituted

polythicefole Y5, el P s i Pis e G Hogfaind aamirmshpaene

block, ai@ ki rion-RLY thdPhémybclok siRMtialIABBRRK to IRYBaR2RRLbSRS
o aa bl er?g}%%ﬁpg?i tion ?‘ors Suse iln ggﬁ% e ci’ nj é)ctniaonﬁggger

Bmbediment } b nEhroramnosifion agerrding$o Hinbatihenidt whereinthe tibygant is

ﬁﬁ\ﬁl onents: (i) at least one intrinsically
presentésgér]d uc llglste& ol ymer or copolyner; (ii) at |east one

Biopaditefinl2. t Ar cleoncluatineseend QR @i cofPRiging Mrano@d)d cathode,
i) .at _least one planarizing agent wherein the
and a h(ﬁ%ﬁ% eRtayenpia 8P iiansporifayrsnvherpadhe helinjestion laym onhele
' . . t i
vansport DL el 01160 RpRTIRL e B0 BB S ol g
layer compribiok et lenjtent iob thel fallewinateomipoRernsn t 0 about 100 nm

Lhi,ek. . Enhodi ne 13., The EL device according to
@r%ie(fl‘sw}?tln ]él,smé]\#%?@rdﬁc?‘ﬁep YFICE CRPYRER conpri ses a
i keidt ORé ki "rgelﬁ) . ce
%23"3'?%%‘ ﬁgé y %’dgﬁbﬁ%gwﬁ?ﬁ gélﬁz, At OﬁEtB ﬁ‘gﬁﬁiﬁ??‘?{%m cal ly
@Qr?@lﬁﬁﬁﬁ%%a?m agentcopol ynmer is a pol yt hi ophene.

N : : i mhodi
e o B R

compatiblebiindnetieni the Bormpesitureig ih the 5105 itk oRAnelidt RiySRReRE: injection
Errbzodi ment 16, The EL device according to Enbodi nent
layer abquf. %é?g?%ttlﬂ%nmﬁ?’@knsi cal ly conductive polymer is a

ErR6d eS8 I TIR!BYY h ALk ¥r néﬁlfoh%{lﬁ&&mgﬁl 1)%S Gl £ dedke further
aryl -substituted polythiop e ock copof ymer
comprisesongamidgiomingalapal yt hi ophene bl ock and a ;
- pol yt hi aphene .bl.ock. Enbodinment . 17. The EL device .

R RPRR PETot M AccoB AR A 1) Shaimmagronsically
conducti®@ @Blyniet oRcSpUNMEis & pBRANBEene.

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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WASH 1537776.1 3 1Enbodi nent 18. A nethod for making a
conposition for use in a hole injection | ayer

woanproseisng at | east one of the foll owi ng conmpBaABMISS006/004446
whi ch conprises conmbining: (i) at |east one

| NS I Ve Nno r _copol yer,, . (1) .at
BLRURTAE B4 X 2R B o b o8 G ool ik tayer
comprisingat! lyaveone aftte fdlloiv@in@toﬂ_q?ﬁ&?’gs@)ﬂﬁcl{)bcgﬂ%ﬁsﬂeg ')k;&ﬁbﬁ'iﬂ%r:‘t :
erein the ¢co nent ), (i), an iii) are
&PHJB?SEOPWHH&W?%EM é%%él°§8¢ DANmST onmepelyimAEnt 19, A
i . . S . or or A
P R e doit e Lol SoHREESi RIS Do
(i0) dtdedshonecplaproizény agent;, i Wheatin teastmmments 1)) (iilsind &lii) ¥re soluble
. conductiv | ymer, wherein the intrinsically
10 DR AUTFOS %@V%g‘f'ymsr is covalently bonded to a

Bhdbdiieat 19 AIBHposiBBA fériuse irfd hdIE E?xgEctRﬁﬁaﬁ? RRAthofeFansport layer
t he conductive gglyner; wherein thé conponents are

comprising afti¢ast pue ofdhe Ejlosdugcaaponentss and t he conposition is

Bt J . e, 1njection |ayer abaut. 2. to .
(8 o iR o Bl Bt o e Tt oD pehyptive
polyheer isisseralentlq bbaded tb ajpkatatieing gyl afdr hol e transport
.ayer wi thout substantial presence of water consisting
é@é&%@?té’lnwbﬁnttﬁﬁéh? erndyghivrgpdpnpionent s: (i) at | east
: ' i Nsi ' r wr .
herein APl e ioIG A CAE bGP VR o BRRT s i e form
of a hole opesitipndayer alpalit Qirim Jo attout B¥sim dltiek.pl anar i zi ng agent ;

. | uble in, :
B8R0t 2 BB R0R Aot ok hold dmettiam s opbelepansport
layer witlRfu€ utis@ntigl R RneOoPRAtEPL st stm%ﬂytotﬁ%e%ﬂgﬁgigtdoﬁ{bonents:

is in the formof a hole injection layer or
@+ atdensbene inginsically sendubtive pdipmer GOOpokytehi ck.

= ' . | ectrolum nescent device cqnprising
(EQJE gﬁhgg}agg Fﬁﬁghé%ﬁfqgﬁe ?Wg?tlvoerpoéyrﬂ%q%wpglﬁg’ﬁ’éraflgl ayer a
(it e deas DR artarieheC@ems | Si ng the fol | owi ng conponent s:
. (j) at least one intrinsically conductive polyner or
Whefemé{a%crrpwmsm joluhle repen-agisausiwbeants andrare framulatefliwithous
Il ' ne to
substanP B e 30 K TBinpaif bienlt whefl (iR RIRERGRE i of a bote
injectionl myendr; holhizarsport fdyer eenthamebdis 180 amsthickbl e i n

BRSSPI SOHLSR SRR TR 22 6 COMPOSL LR 190 o
hole transp¥&layeP a 8lendlcBRpbaLMIEARSEERS (Y SFing BRLbEMARY t he

foll ow ng conponéents:

(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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(i) at least one intrinsically conductive polyner or
copolymer; (ii) at |east one dopant for the conductive
woabosrosedsor copol ymer, and WASH 1 537776.1 3 2PCTIUB2@6/004446

matri x conponent to forma blend with the poI ymar or

SRR B o JOHE i AR s LRSS e cop

wherelmlxhﬁpmapdbmeﬁms A€ sslublle MY nd1P>aduidd a8 b Rdtts. 22, Wher ei n the
conductlve pol ymer or copolynmer is a

% %Pms%g?%n he eappppsitipBraccadingth Emhodipoeit22owherein tIhT
intrinsically
1ntr1nsm%ﬁ9@6ﬁ’dd’&9vé BOIFH;?fer %I&B{yo oIls %&Wl&a Ee:gl or egul ar

conducti ve

Embg@ment ut. eﬁhq)mrypdmmmhemdm@ﬁb Gehboditherd 32, Whérein the
ccordin o Enbodi pent 22 wherein the

1ntr1n31caﬁ?‘§ tlg? PRIYRET, plyngsé 3 Frgrorpgulay q’r@)éqs@wgglmogfthlophene

B
aﬂp??délﬁ%???ﬁt(ﬁtffe}he%ﬂo{sﬁﬁog gﬁ@rﬁ‘gﬁ% @@EEﬁ%dl nt %%, wherein the

111tr1ns1C@Hy}ﬁqmdycﬁge golpmplylslm rggihmgalab by Kal&oxiy- aetherlc poly(etheric), or aryl-

iSRRI GRREDS e e ARSI i BRTR 3L

polythicphenqeasiesd. i s a synthetic pol yner. Enbodinent 27. The
O(Po )si tion according to Enbodi nent 22, wherein the .
lglaﬁ%ﬁgqepﬁ #n The qqmlfmglorl@pmrémgéo Emboedintent 22 2whereindhe matrix
Enbodi nent 28. The conposition
Compongi?gg?gl ngett O%ﬂ%%]él ment 22, wherein the anobunts of the

Embcvdlmgnt%ﬂ I I/hmnq:mtnonacmﬂmgm Efibot ik Y284 heréiA€he
is about 0.5 W% to0

ucomposglﬁgbst 1%@0%%0%“% nqqy e do?agogﬁo]&g)tnn? thicl. o and about
Einbodin¥rt 18. afRWMoniobidh aﬁ&?ﬁﬁﬁ%%}ég{b}ﬁdm@ﬁg gﬁi Vﬁfﬁlém%}% amounts of

The conposition according to
the intripsieallyeonducsive pokyhsr Pnearohgnaatheynaor domnpomt raal yivedopant is

sbout 0.4t 3Byt 5 Ve ofl S R B0 T05v e A ABGRRCE piFdrg about

wt%, redpebiddiiynent 30. The conposition accordi ng to Enbodi nent

wher ei n the conposition further conprises
]%21"6'?10%8@07(?3 w|cpaipositign acepiding tnEmbedinrent Ehsvlwaﬁhhyhe amounts of

the 1ntr11%@d’éﬂ9 %Ehd‘d%u%’ k)éﬂ er bxscjo%ogﬁ&éar ﬁ%’atﬁ% {:(?1'{15%( ang e dopant, is

heric, poly
about 25pm%/t aivcmpﬁéme%, tdbeumM%Xrebﬁecﬁvélynt hetic pol ymer,

t tituents are present in anpunts of
im0 P Compst o BocRrdabls Emeodioteal b otleain the

composxggﬂnpﬁg-gﬁ bén iRy R6HAGHRS %) ohiy tandEJm&gl?q}:f Dnieficall) Sonductive
polymer is a regioregular alkyl/alkoxy- etherlc poly(etheric), or aryl-substituted polythiophene,
the matrix is a synthetic polymer, wherein the constituents are present in amounts of about 1.5
Wwt% to about 5 wt% 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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intrinsically conductive polyner is a regioregular
al kyl / al koxy-, etheric, poly(etheric), or
wanylesbsoi t ut ed pol yt hi ophene bl ock copol yner PCT/US2006/004446
conprising a polythiophene block and a
p on- pol yt hi,ophene .
DR e Py 2P DEO i Rflon BXelnd o ARl P WWRSSER the dopant s
pmmmnammpmnbmntmﬂwﬁwU537776 1 3 3Enbodi nent 32. The
ﬁ é#ﬂtl? g rding to Enmbodi ment 22, wherein the
’6‘55 ek % 8 &lsetroluminescons davige %pmﬁmg Ehelsdninetivn 13w or a
hole traf¥poft! 185k E%Hfﬂlﬁgﬁﬂ}e&t g%éfﬂl?@ﬂﬁ&ﬁ%r &Pﬂl% 18 EfoRiments 22-
i Nj ection layer~ or a rans er ~compri S|%%F
EthOAifDMIt&endump osfietenoess] -46 amrouiued betemaboweodi ment s
22-32. The follow ng endnote references 1-16 are cited
her ei nabove. WASH 1537776.1 341 (a) Burroughes, J. H
Bradley, D D. C; Brown, A R ; Marks, R N.; McCay,
K.; Friend, R H; Burn, P. L.; Holnes, A B. Nature
1990, 347, 539. (b) Friend, R H; Bradley, D. D. C;
Hol nes, A. B. Physics Wirld 1992, 5, 42. 2 Shuai, Z.;
Bel jonne, D.; Silbey, R J.; Bredas, J. L. Phys. Rev.
Lett. 2000, 84, 131. 3 Shinar, J. Oganic
Light-Em tting Devices, Springer- Verlag New York
Inc. 2004. 4 Kim J.-S.; Ho, P. K H; Geenham N C
; Friend, R H J. Appl. Phys. 2000, 55, 1073. 5
Gontia, L; Frolov, S. V.; Liess, M; Ehrenfreund, E.
Vardeny, Z. V.; Tada, K ; Kajii, H; H dayat, R
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Ginsdale, A C; Holmes, A B. Angew. Chem Int. Ed.
1998, 37, 402. 7 de Kok, M M ; Buechel, M; Wulto, S.
I. E ; van de Weijer, P. ; Mulenkanp, E. A ; de
Wnter, S. H P. M; Mank, A J. G ; Vorstenbosch, H
J. M; Wijtens, C. H L.; van El sbergen, V. Phys.
Stat. Sol. 2004, 201, 1342. 8 Chen, S.; Wang, C Appl.
Phys. Lett. 2004, 55, 765. 9 Shirota, Y. K, Y.;
I nada, H.; Wakinoto, T.; Nakada, H.; Yonenoto, Y.;
Kawam , S.; Imai, K Appl. Phys. Lett. 1994, 65, 807.
10 Book, K B. ; Elschener, A ; Kirchneyer, S.
Organic Electronics 2003, 4, 227. 11 Kugler, T.;
Sal aneck, W R ; Rost, H; Holnmes, A B. Chem Phys.
Lett. 1999, 310, 391. 12 (a) de Jong, M P.; de Voigt,
M J. A ; Appl. Phys. Lett. 2000, 77, 2255. (D)
Esselink, F. J.; Hadziioannou, G Synth. Met. 1995,
75, 209. (c) Schlatmann, AL R ; Floet, D. W,;
H | berer, A ; Garten, F.; Snulders, P. J. M;
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14 Gong, X.M D.; Mses, D.; Heeger, A J.; Liu, S
Jen, K Appl Phys. Lett. 2003, 55, 183. 15 Lowe, R
we.2006kiBe1ssonsky, S. M ; NbCuIIough R D. Adv PORAUSR006/004446

1999, 11, 250. 16 (a) Sheina, L|u .; [ ovu, M
'(a) BurrgJ(%esLJaHr gradll% DVY) %Aoly gﬁarkﬁ{ I\P MRL& Lﬂ %S Burn, P. L.
Holme Katurd 19903 226530 (BFridRKR YA BRad] d\}g
4; Skaoggma cgénglecu les 20 4 37 1169 VE%%FSW@ﬂdumzj

* Shuai, ZFE[aMGe, D.; 311&%%]' Br&daCUAl MER ReSierd 2008, 82l nd conposi tion
? Shinar, §. 6 gaus &ighirEnattinpDaicesn§peioger-erlak AyedY okl Inbab@. t r ans port
Klm JBallerP. Edh‘p@m@hm%tﬂeﬁfem, Roki/ndprt Gippnemss 1076i )  at
’ Gontia, [ f3alpv, §17é; ligtps reeﬁqurui; Eg Uhfdwﬁ Ve Tpﬁbllyn?éznn &k; Hidayat, R.; Fujii, A.;

2(051““0 slla f@ aﬁuagtp 5§’tLe % for the conductive
7£a§ "gé‘g Gy Trl” dl(”? é5§92 one
ue
?XEK ter H2
Mank, A
e sswat é*tf;%,p T T

? Shirota, 'YX Qn TRGLIB OV Vler}faﬁad@rﬁj &%Bé‘-}ncﬁt&ﬁ(”kh\%ﬁ% tlfﬂalfI@ ngblaPhys Lett.
199465®mnpat|ble bl end when the conmposition is in

°Book KfB. aElkvbéner, AnjKaclmeyer, $. @y@hic BlecthRlc£2008,anRpOr t I ayer | ess
Kugler{heﬂnla@blow R2 @Ost,/HuyHdlids cA B. QhemThigs. hilztem@9,cnm395| tion
” (2) de JaregeMr%n de Otng:lI & rlrpl. Pinkndie 2000t Fe225h1()iBsslinkalf. Iy Hadziioannou, G.

Synth. M gﬁ,ﬁi@b ply,tﬁ}éqn @(R ,CFdﬁgb PyWE Hilpeger,gA. *ﬂ{ﬁrtylt, Bi &rplﬂéqrﬁeP I3VL,;

Kl;g‘c’l‘”lk % gp/gl oq9n 6‘!0 cI a| m 1, wher e| n
ecker
s f"“g’ﬁ%gms sgguy ah oﬁ’ ‘;*ﬁ ’ 0 §§§q8¥ o

oOwWe T
s (a) ShEIRTROSE LAON I%CW ﬂuugﬁ""ﬂ( B chrhﬁecules 2004, 37, 3526. (b)

Yokoyamia .y MHoga RI; Wora&mu'ﬁ thé;%mra@JuyeMM 37,16 990 ol ymer
honopol ymer. 5. The conposi ti on according to cIa|n11

wherein the intrinsically conductive pol yner or
copolynmer is a copolyner. 6. The conposition according
to claiml1l, wherein the intrinsically conductive

pol ymer or copolymer is a block copolyner. 7. The
conposition according to claim1, wherein the
intrinsically conductive polyner or copolyner is a
regi oreqgul ar al kyl /al koxy-, etheric, poly(etheric), or
aryl -substituted pol ythi ophene bl ock copol yner

conpri sing a polythi ophene bl ock and a

non- pol yt hi ophene bl ock. 8. The conposition according
to claiml1l, wherein the intrinsically conductive

pol ymer or copolyner is a regioregular alkyl/al koxy-,
etheric, poly(etheric), or aryl-substituted
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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 hi ophene bl ock, and
woheoervseuspol yt hi ophene bl ock is substantially BCWUS2006/004446

to the planarizing agent. WASHJ 537776.1 39. The bl end

conposition according to claim1, wherein the layer is

| ess than about 100 nmthick. 10. The conposition

according to claim1, wherein the conposition is in

f of a filmabout 2 nmto about 100 nmt hi ck.
WHAT&Q%L&&{E&%OQ tion according to claim1l1, wherein the
anounts of the intrinsically conductive polyner or
copol yrmer, and the planarizing agent are about 0.5 wt%

to about 25 wt% and about 0.5 wt% to about 70 wt %

e ctively..12.. The.conpositiopn according to claim
j'1‘, eerideqoﬁlf%ﬁlgoﬁl‘?%rdﬁteén %EBIFH@e?tfﬂnrlﬁY%ioé pleyiransprrtlayery e

comprisRl tHEBSllNWinE BRApM¥REs: and the planarizing agent are
about 0.5 % to about 25 wt% and about 0.5 WMt%to

@b easbonaintrinsicaklly eertdugiéve polyBer ditvepalynensi t i on
. 1 in the ol e ¢
@ ST e bl Rl ot GHE RS PP B B R g to
(@i )eet BBadt onetdrRkiRingR@eftORAG IR Plana®An O b SN 1Ca Shidan Eolymer;

. 15. The conposition according to claiml, wheréin th
Wheremd’g?p%’ﬂqu@ntéﬁl‘f‘aﬁﬂl‘éblﬁ Bpaaraquesus sphventsamgasd foramlated to form a
COmPaI Y gani c\mga)?i tg%g(lt)r?b %&emp anglr%i%gig%g@%ﬁfggfogﬁg%ef 55???18 transport
layer lesp thapraboyt 200enmpdhigkrer or copol yner conpri ses

i gr.equl ar | yt hi ophene, . and the anmpunts of the )
7 e ERLen Rttt iog o b har wBreeope Y Rencalkifandwsive
polymerfr 288615 HeN a Bio?ﬁﬁle?bom 0.5 wt%to about 25 wt %
and about 0.5 wt% to about 70 wt% respectively. 17.

Srheheddersbesimpositioaccendingdo tleine 1 aivhrertin thi artehsicdllyeonductive
rises organic idant. th | anari zi ng
polmer 8B BRSPS 2 2109,

4. nflrel dosipoaition acadiug td ¥inP @] WHEEInGhe RRARRYAMG condRdvE BSlymer or
pl anari zi ng agent are about 0.5 W% to abouft 25 wt %

copolymgnps POyt % t 0 about 80 wt % respectively. 18.

2 EELPRATIRERASEL Ul LSO [EREDIR S St o
copolymeer Bresqepplymeayer, wherein t he hol e injection | ayer or

é;glb%rctgﬁfpgg' 1grr1 t@?c!é)? 'eé _tc? &gipn{ I1,S eﬁergn%g igl(tjrir?s(i)ca lg)fsc:grtlcliu%?ive polymer or
copolymer is a block copolymer.

7. 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.

8. 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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19. A nethod conprising the step of ink jet printing

the conposition according to claim1l, wherein the
woanassdsion further conprises organi c sol vent PC2US2086/004446

el ectrol um nescent device conprising a hole injection

oS bRk SO ali BT BB nd B Shint ) PickSih BihapyiG e oss B Bout 100
nm thicknt ri nsi cal | y conductive polymer or copol yner sol uble

i on- aqueous solvent, (ii) at |east one dopant for
1 the Vo srmensriing 5ePrgingrto 6falredpmh9m the gARKDE$tipr) isdn the form of a

film abd1f2m RSt %%ﬂgg agent, wherein the planarizing

agent is a sy tic polyner soluble in non-aqueous
$bl Ventgmpusiion accoddimgitolchim ] edtietnthe ay@in@rof i@ i@trinsically

contuobfERRLL NS s 855 S ShouL 200 I e B e e

and abo@f 0.5 99 EBOUCIRIY, S8SpeRRYefy. N ophene. 22. The device
according to claim 20, wherein the intrinsically

Ebnlcedmpospisinaceerding te oloh yinwheiiein the amgimts @f tHegintrinsically

- |t uted pol vt hi aphene sol ubl e in non-agqueous
conducesibhér of s BhoR el i O KR e P errger e B OO pHR 2 W%
and aboaOMAvY4 teabbel S0WI% Qespgee@@ily.Ter is a honopol yner. 24.

The device according to claim20, wherein conductive

ol WH&OSE@B@FW@%&@ claing d pwheieisy the plimarfring egsnit tsean organic
polyme@ccording clai m20, wherein the intrinsically

conductive polymer or copolynmer is a regioregular

b Kl @inigmsition aetdrdinigeo claivh Y ( whérein thy dogiint comprises organic
. aryl -substituted pol yt hi ophene bl ock copol yner
c)deant'corrpri sing a pol ythi ophene bl ock and a

™ nﬂ[@do‘lﬁﬂ@&ﬁﬁh%ﬁ@ort@iﬁg G claft1, wﬁgrle{i{;etﬁé ﬁﬁ%ﬁl@ fsoa[nde{c@ﬁlc; %g[r
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18. An electroluminescent (EL) device comprising an anode, a cathode, and a hole
injection layer or a hole transport layer, wherein the hole injection layer or hole transport layer
comprises a blend composition according to claim 1.

19. A method comprising the step of ink jet printing the composition according to claim
1, wherein the composition further comprises organic solvent.

20. An electroluminescent device comprising a hole injection layer or hole transport

layer comprising the following components:
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27. The device according to claim 20, wherein the hole injection layer or hole transport

copoly.

layer is about 2 nm to about 100 nm thick.

28. The device according to claim 20, wherein the amounts of the intrinsically
conductive polymer or copolymer, and the planarizing agent are about 0.5 wt% to about 25 wi%,
and about 0.5 wt% to about 80 wt%, respectively.

29. The device according to claim 20, wherein the planarizing agent is an organic
polymer.

30. The device according to claim 20, wherein the dopant comprises organic oxidant.

31. The device according to claim 20, wherein the dopant is an acid dopant.
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(i) at least one intrinsically conductive polymer or copolymer, wherein the intrinsically
conductive polymer or copolymer is a regioregular 3-substituted polythiophene soluble in
non-aqueous solvent;

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

(iii) 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.

35. An electroluminescent device comprising a hole injection layer or hole transport

layer comprising the following components:

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

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

(iii) 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.

36. The device according to claim 35, wherein the dopant is an organic dopant.

37. An ink formulation for hole injection layer or hole transport layer application

comprising:

about 0.5 wt.% to about 25 wt.% soluble regioregular polythiophene soluble in organic

solvent,

about 0.5 wt.% to about 70 wt.% organic polymer soluble in organic solvent,

organic oxidant, and
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organic solvent.

38. An ink formulation for hole injection layer or hole transport layer application

comprising:

about 0.5 wt.% to about 25 wt.% soluble regioregular polythiophene soluble in organic

solvent,

about 0.5 wt.% to about 80 wt.% organic polymer soluble in organic solvent,
organic oxidant, and
organic solvent.

39. An ink formulation for hole injection layer or hole transport layer application

comprising:

WASH_1537776.1

about 0.5 wt.% to about 25 wt.% soluble polythiophene soluble in organic solvent,
about 0.5 wt.% to about 70 wt.% organic polymer soluble in organic solvent,
organic oxidant, and

organic solvent.
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