WD 2011/ 041232PCT/ US2010/ 050250 ORGANI C ELECTRONI C DEVI CES, COWPCOSI TI ONS,
AND METHODS RELATED APPLI CATI ONS This application clainms priority to
U. S. proweional41zppl i cation serial no. 61/246,913 fil eg#Chapst@niosrs@9, 2009
and incorporated herein by reference in its entirety. BACKGROUND
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light emtting diodes (CLEDs), polyner light emtting di odes (PLEDs),
organi ¢ photovoltaic devices (OPVs), flat liquid crystal displays, touch
panel s, and the like. TranspREEAMTHDABBEIOATIANSed on conductive nanowires
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i ncl udifgd sgreab&EDedo@NaiiaReNhoREd HEPin BPtefbldned inQR cniitdty Wi t h ot her

materi al s. SUMVARY Enbodi nents descri bed herein include, for exanple,
conpositions, both liquid and solid, devices, articles, nethods of mnaking,
and net hods of using conposition%A£§&5k6kﬁq and devi ces. One

enbodi nent provides a device conprising: a]?irst | ayer conmprising a
plurality ofinpr@cdmaadidly abiudutghitions bdmawriaBaroncdes disirgateclearshia second
| ayer dj sposed. on the nanow res conprising one or_ nore, polyners or

copol yrisrEes Which cmdoiransprisntandpepis. Bich 3g prgapicdieht enifpng dicdes (i) at | east
one conj i I : p
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Py (o) e res o DEOHIBEEY B Mo heCoany G par i helhtge
conposihitefaldisaBPSEHdRM iR 6xida MavW)! eﬂo&@y@!t‘ra’ﬂsﬁeﬁe&%n@ﬁct&@riﬁclﬁ_@ﬁ\%‘ﬂ%EEd

pol yners or copol ymers, wherein said device conprises an GPV with 11

gr eat erbaséthon rdnoutire.umay not funchio tiredl widhibibdi metetialsr ovi des a devi ce
conprising: a plurality of electrically conductive nanowires on a
substrate, and at | east one conposition di sposed on the nanow res
conprising a water sol uble or wat eudiNRRYSI bl e pol yt hi ophene conpri sing
(i) at | east one organic substituent, and (ii) at |east one sulfonate
subst i t uent Izabastimsnts deseuibedhered igelpde forxaaiptry compestions, beshdiguid and

pol vt hi gnhenc;dackhane s, . 3P HA41 232 RATLSAALALAS0RRR dous, arichDRhfeT
enbodi nent’ provi’des a’devi ce conprfFsing: a conductive layer 'conprising a

pl ur al ideyice§. conducti ve nanowi res and a non-conductive matrix, and an HTL

| ayer di sposed on said conductive. |layer, said _HIL |ayer conprising ope or
mor e pol yt hi SpHERReBFYHEPYdeTa s Sprprsing: a first 136(%?9{%?“%%0%3]@%%1’ of
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Anot her™ enbodi ment provi des a device conprising at | east one conductive

| ayer amdmate dfadwtcroasl gohers drgyeinaivkiph sebopart dfce pdmivlenine | ayer, said
at | east one, conductive |ayer.conpsising a.plurality. of.electrically
conduct i ve raleNEaLodieT EEviteR ekte foRr Mo ieliple ! TG v om ¢ he
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collection | ayer, wherein said at |east one other |ayer conprises at |east
one corfPBYTISINGIPNE OFPIONS FaguSHtseRABYMES of BPRo Ly Reria bgreid sgidedes|dg cemprises

regi or I i rising (i) at least one organic substituent,
and (i%%HgfﬁWﬁggfb%ﬁgpgﬁpggﬁggg{substituent conprising sul fonate sul fur
bondi ng di r efidtlertembiodango pydvides phienec bamishicng:. a plurality dfredddaecallgnbodi ment
provides a device conprising: a first layer conprising a plurality. of

el ect r | CAMNGHVE JAMIKT A %%Wéwt?,e@d@h{eastwsgtbma%t,loraﬁlap%eé 88 Shfchangyraes

di sposed oniiie NABOWIIIAS oCOMRE HiSHUbRHD RhioPRER BRIYIRESH)AF 1GGRALY TeT S,
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pol yaryl ani ne,.are optionally.linked. through a keto group or a fluorinated
alkyleﬁﬁﬂgégéWSG .K”£ep&ygf%ﬂﬁﬁggm%ﬁgn%dvantage of at |east one embodi ment

i ncludes sol ution processing of electrodes. Use of vacuum can be avoi ded.
Use of traditional |ITO can be avoi ded. At |east one additional advantage of
at | east one enbodi nent includes high conductivity el ectrodes. At |east one
advant age of at |east one enbodi nent includes efficient charge collection
and/or injection. At |east one advantage of at |east on enbodinent includes
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WO 2011/ 041232PCT/ US2010/ 050250 DETAI LED DESCRI PTI ON | nt r oducti on

Priority U S. provisional application serial no. 61/246,913 fil ed Septenber
29, 2009 we 2nieiser at ed herein by reference in its entipcetugomonsi2sdi ng
wor ki ng exanpl es, clains, summary, detailed description, and all other

enbodi nment s ref erences de criped herei.n are i ncor por.ated by
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whi | e rmai satdadonidngiviedagorall T payee adbmpmnsing pae enoygre mlchiopherncgodyneanduct i ng
transparen]1 conductors can be used as transparent electrodes in, for
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efficiencies can be injurious to the nanowire ne Accor di ngly,
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|ncorpg&rre?tggozyl?);lelesrcg’?I eprngn eal?l%rat1 elthr%{eg?tat% et ?Iitagllu |ng f%auilaﬁllmemrkl ng
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directed to. a t%ﬂin?%?r ent conductor based on a conductive | ayer of
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Nanow rA&Sleast Be ABlahiage BRAEEdsAbnEbddPEaEhIMddsaPaEiEntCRhitodicB]l &dtidRTa8 dor
mechani cal and opti cal (g {)ertl es to the conposite structure.
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ratio of & Nanow e 0 a cross-sectional
per i rretaehvaﬂtegegctﬂht taast mrmﬂthenem; adchsdes flekibilas i 1n thasglestragesqelahe ¢lattrate, can be
favored for obtaining a transparent conductor %ﬂer since they may enabl e

mor e efafVPtst%tela@aﬁl@r&étttlwaWe@ Atéea%oreea%mﬁ%f‘do 1538t oM Bodiment] ower
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W th h|g rati os are us ensity o e nanow res that

achi evasclading medatctteilyvhighefﬁ@eﬂcycpamhdarﬂy)ﬁ)r@rgnngjrphohatoltaic@ehmwdhdntgh/e net wor k
is substantiall arent One method to define the transparency
of a l é&?@‘iﬁrf%n‘ie%l af?lg °B%Yi ts absorption coefficient. The illum nation of

| i ght passing through a | ayer can be defined as: =10 exp(-ax) in
which 10 is the illunination | evel of Z2he incoming light on a first side of
the layer, | is the illumnation level that is present on a second side of

the |l ayer, and exp(-ax) is the transparency factor. In the transparency
factor, a |s the absorptlon coeff|C| ent and X |s the thlckness of the
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WO 2011/ 041232PCT/ US2010/ 050250 concentration, aspect ratio, size and shape
can be selected to provide a substantially transparent conductor. The
term "t erwDnait/o4tmn i ncl udes contact pads, conducti on nedegasand/osnnpo ot her
starting and ending points that may be electrically connected. The distance
between term nals may be such that the desired optical properties are not
obtained with a single nanowire. A plurality of many nanow res nmay need to
be linked to each other at v@pQUSEPPHOREERIPTION®VI de a conductive path
between term nals. The nanowi res can be sel ected based on the desired
optical properties. Then, the nunber of nanow res that provides the desired
conduct.i on th and overall resistance on that path can be selected to

achi evel—tg%%*&g'%bl e electrical properties for an electrical conduction

bet ween t er mrftp U.S. provisidhd aBpi@sitibh G&Hal @ONEIUTA6, v 3t ¥lc@ Sepibbér 29069 RNt

| ayer can be controlled by factors such as a) the conductivity of a single
nanow riscorpyrated dicrpiirbe Feferenerainatnicpirst dncheding werkingerasplemglaghs.t he

connect j vi b - i e I ertain nanowi re concentration
(al so csgﬁlr%%y’r(ge}a\é\gggagc?@tlg@n‘}%ﬁngﬁﬁzl}%gﬁggﬁ{ggﬁﬁﬁr eshold, or electrical

percol ati on Algvetencdshiesceibod beteinvirt Yieleby Weerpordted beféfeioadSinahgir beiragr o or
close to zero, i.e. there is no or substanti al Ify no continuous current path
provi ded becHARWAHECHIHEM @8 refebtodpacadedycims §papd on Mgdve thi s

concent i ' t t i e

cur' ont S Ramet QREEe! & kR TR Pal! Sl DR A BEM PRt (30F

decr eassarface condu@onyueliileveaintamong reasonahkel aptiealmemsparerayowiuclie suréaed ot her
conductive particles havi hi gh aspect ratios (e.qg.,, higher th 0) .
e coontRR s, e gt P PR b Bt S dreider e faer g Rl dear bon
nanot ubggid %ﬁ]) dispIBysatouk bA 1) 3ReWb LB IncsANALGLEY thif Al FBRStolb1RRE SciRNd t he
i ke. used herein, "netal nanowire" can refer to a netallic wre
conpr i sAnteptasicdmynns, angd patlectranagnett Wayssloeldingtlayersonpounds (i ncl udi ng net al
oxi des). At Jleast, one cross-sectional .di nension of t.he nanQw re can
o | 6sb t hart RS BEHFRARROAEH P Bt TET - Dem i S B BREN Lot
100 nmindgtryQtaadadnaeriall kepridabophcn @Mhsﬁﬁreﬁa@g aR@YIBctAbaladRGEd vitdld O
(length: di aneter) of greater than 10, preferably greater than 50, and nore
pr ef er ali¢lgctye serfaces ﬁlrfgrﬂsg@@.s ag]pelsmrac fEng| Howeew nes! edde Bingaads on a

vari et y..of ' i ' ilye d,.C :

ni ckel ,fra%ﬁﬁ gg%?%?%ﬁ |té3.? éjﬂyge: (ﬁl\%%l\gl.bw&}lﬂé & ngt @é{sgcﬁl Sr%rsl%e\\/é\j ';Fgg@g%lnal%oer% {r?lgépar ed
by kgovuibwﬁeidh hiépssiiciidjh tﬁh@eﬁﬁﬁres a:lﬂd/(p&ﬁgli ﬁruieaﬁng ﬁ‘gﬁfpe@&&@io@,ch'&ivlla Yisph nalnovvi( res
can be synthesized through sol ution- se reduction of a silver salt (e.g.,
si | ver SPwcaivaly lgvils: pdieymay ayf dﬁﬁ@ﬁ%@cﬁ@@%@ SOMGBIPRICOT QISAEH ) and

pol y(vidyli-dpyr rol i done). Large-scal e production of silver nanow res of

uni form size can be prepared WO 2011/041232PCT/ US2010/ 050250 according to
t he et hods Idsscbéddedeinnre enlgpdimiita which wst cahductiGhemowiies éx ranspeRa; 14,
4736- 4745, and Xi.a, Y. et al., Nanoletters, 2003, 3(7),.955-960. .
ConductiOPEIGAY M IheIdiTSEe i e@mbination With ey oLt el RRTE0at AR par ent
conduct,Red GARRbhGRSVE nSRRARSG ChY Suff@WRIm GRAEht QRardb c@ﬂ&%&i"'aﬁ@ir?é&i@ﬁ,s ed on a
substrate. The conductive |ayer can conprise a plurality of nefal

nanowi rlexlingredowetesice gffrwicrass Qhar ovorcnatamatonals otténded tetmgypke device | n sone
embedaaro GRRE GGG o RGP RTR TR (bl MefefF Bl BT o

" subst rap&idrovertehiaRaterigld fhak ederolide AR Charbe ool Rtivh bfdlof ifcaomduct i ve

| ayer is coated or |am nated or otherw se di sposed on. The substrate can be
ri gi d ovithquésacsifisingthehighwendustizity: arpvised Mydhe n@ovaisa§tsorkThe ter m
"substrate of choice" can be used in connection with a |am nation process.
Suitable rigid substrates include, for exanple, glass, polycarbonates,

acryl i ddndaativet XMendwikee. Sui tabl e fl exi bl e substrates include, but are not
limted to: polyesters (e.qg., .polyethylene terephthal ate PET(? and

pol yet hyl end’hAERN2APETIL a@all%l&rl%fh%ltn@s§0/§%h§£q éﬁ%&”@é‘ﬁ%ﬁ?, li near,

br anchefhun AARNEYShAe RO HRU Sctdbel 12.PR0% ¥ AYIH, (€4 Ius RotMEhMppEIkiOhT de.

pol yvi nyli dene chl oride, polyvinyl ‘acetals, polystyrene, poly grylates, and
t he |i keligl meb0/Al 5888 eNsmwitraddmsed Eragpsparee|Candosterstanid sgppliastenns ddkteofose

acetate), ,pol. I ne uch ol yet her sul phong, pol yi.m de jlicones
and. ot itk RERY EAB0RGT RbR kel e® Biotiioie] PeRipnic RE ¥l oRat0 LRkt os o
sui tabl e substrates can be found in, for exanple, U S. Pat. No. 6,975, 067,
whi ch is hereby incorporated by referénce inits entirety.

"Conductive |ayer", or "conductive filnt, can refer to a network | ayer of
metal nanow res that provide the conductive nedia of the transparent
conductor. When a matrix is present, the conbination of the network |ayer
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As is understood by one skilled in the art, the nechanical and optical
properties of the matrix can be altered or conprom sed by a high | oadi ng of
any partiwbesitiaga3ei n. Advant ageously, the high aspect rafriusgolonsi2he net al
nanowi res can allow for the formati on of a conductive network through the

t th h f | oadi | evel ) I f ab 0.,05
ho) cnp gD w10 Mot 8 CoRdogys St siieg At D aieS 618 pEg piite t o
about Sinfiay it ABEIERIO sRihE! ADkY F610M AR 908 Trlrb BN drRuaBAUL 3

[tg/cn? for nanow res including silver nanowires. These surface | oadi ng
| evel s aid Aqgiliceticng dthetc€’ ﬁrled Iﬁhvmb@alﬁ 3003t Aﬂamalpd dpérare bercby inchworeed i x.

These aIu S can gﬁg g Pg{dr nsronﬁﬂand tial gﬁgﬁersron of the
nanow ras’ eﬁ%ﬁﬁ? Teyy e S W H%E}f Hng e el ectrical
conduct i Vi t YCdr@in &MbdEments @8dcibed hénkin 20diredtd ©al tridsparsMedoanedoCiRede
provrded by adjustrng the |l oading levels of the netal nanow res.

" VAt r i »on c¢pidpetverlayes of nangwies sireetioar ethp gpndustive WpcdencRBIDAEE APDIENOW 1 es
are di SRRLSEde Al ATRSOeL: 1P IAN i lonlliGiAANAMLLES. TR, RERL AUdfnam the
matri x materi a e access con t1Vve ne matTTx can

be a hash ifadidet 40 écagiinz! suﬁammrlesomﬂnw avéaies cdatellys ladhattdome etritthe
conductive | aye The nmatrix can protect the netal nanow res from adverse

envir orﬂ#éﬁl?%qa¥eﬁdeeleﬂ§lg flexee ad rigigsulpstiatas) ‘Bhe candpgiiedpyes sen alse famoprtt | n
partic .LHf%rc’orrtplaﬁter@EJchffe Ed;}ﬂ%n\/??é Maﬁ%@ﬁllaﬁérlhﬁ arthe Hﬁlogﬁfegeﬂ@ ﬂlhﬁl& rﬂiterlal

corrosive elenents I1nt onnent, suc S noisture, trace anount

aci ds, mmygﬁmﬂbsnmﬁﬂmeHMdchhnmhihﬁmhmncdando@ﬂddp@pﬁﬂpsuhhenumpommcan offer
favorabl e physi cal and nechani cal properties to the conductive |ayer. For
exanplélup@‘%an provi de adhesion to the substrate. Furthernore, unlike

met al oxi de dyilaBR naROW¥EBEhRally cA 1231 e@ﬁlta’flb;@ﬁlsth@ %%QQFQ“OF‘é)@aHlﬁF@ta%ut

nanowi res can be robust and flexi bl e. | exible matri ces can make it
possi bll® tp aboethi00HA0 e The tammpasmct ratioh ducmerrsthiematep dfovnanostrezrdngih grhits
t hr ough tical rt es

[ OCESS., th f the

conduoribe P ER Simsirepia Br G5y e d ot PHG I G praEH e Lerest paneet

mat er i ahtiosth bRX¥avmRéEfor bbfaifed b eBndpafet aftdutiovaRtednd tAEemaaBndte more
effectively reduced by using a matrix of a desirable refractive index,
conposiaffiganteeadydiive paesks to be formgdyyviilg pgymitfing 1qv:;rtrrquzrail§eaﬁtya§twwr ly

cl ear r C i r r

Copt1 capl § i ren TS, W @aRRNERIRGHEESRn BB o et Bl ¢ o

| east &Qi}{sltybﬂthenmo&nﬁb ¢hat emlerbs(a%ﬁdmg @8twurk carl be BonEoaphddt thent s, al |
t he | ayer including WO 2011/041232PCT/ US2010/ 050250 t he substrate and
the narfORYRIVASEREk Y spetaytially tanspaseidpar ent conduct or described herein are
optically cl & Arahe LA fdfd tih s 3% B m ned by a
mul titude of a%?%?gup@%é% ?ng &F%ﬁdﬁé %12??gf§ons hg ?S ég{lve i ndex
(R, tdmaﬁicmssTheobmmnmtlem o¥/light pR¥singhthoughaubyer lven bhidekredsss; surface
(including i 5er ? ﬁ? reflection, and haze (a scattering Ioss caused by
surface roudﬁ &Nd/ or enbedded particles). In certain enbodi nents,
the matrix GaR/H& B iPOLYIIBhinatbd ©helioF 1 1%@0rﬁ§1fgeﬂg'h€9n b Gir@side om{eyr {8 Y
matrix. Optically cl ear pol ymers are known in art. Exanples of suitable
pol yrrerip theriuminatdign iavel thafids pagentame ssoend Sidg Qfetbe tader pod ym(ra}b iscdesuch as

pol yrmt hacr !?ﬂac:[lyl act&r 119 t&nﬁa{r%ﬂcg %%?rngtlsg F gl AL & (}IP c‘(ogpfo 01é/n% l at ﬁ?l and

polyacrﬁn vin o ye ene

ter ephtthﬁk@éseofﬁaayeandlagef Nalifyh edesparaby th@toatnear,l bt Mmrlb)@m@alese pol yners
with a hig ree of aromaticity such as phenolrcs or cresol -fornmal dehyde
(hbvolé@§@¥ﬂeég?9%@9$@%@§h”§HEQWPWyItoIuene pol yvi nyl xyl ene, pol yi m des,
pol yam des, I 0 | f ones,
Bol yphenyt eni S B O S P T BRI G o R pHE L e LY

pol yol efanowirfecay. bepoleyed apptosive, thqadésymébbwqmemd eleetncaqﬁomemésr Th@hﬁhbens)
acrylonitrile-butadi ene- styrene copal yner (ABS), cell ul osics, Ircones and
ot her €f |SP%WH%W@5W§P §vids pyehendepgity rrfeteawgrr fs&%s Ade p%wr

pol ysi | ap&dul 919&&&\551%&1!%5'pd%e&wc)pm %!nﬁﬂ& o fhs Ay &qraxmrr@soéaﬂ%&ead
synthetic rub ers uor polynmers (e.g.

pol yvi rhehvaberiernfihaletd peyidpal lywet:mmﬂa@(@rl@mmytc&miect@ﬁﬁ&)th @nd the

pol yhexaf | uor opropyl ene), copol ynmers of fluoro-olefin and hydrocarbon
olefin (e.g., Lum flon0), and anorphous fl uorocarbon polyners or copol yners
(e.g., CYTOPO by Asahi dass Co., or Teflon AFC, by Du Pont). In

ot her enbodi nents, the polynerrc matri% described herein can conpri se
partially polynerized or partially cured polyner. Conpared to a fully

pol ynerized or fully cured matrix, a partially cured matrix can have | esser
degree of cross-Ilinking and/or polynerization and Iomer nDIecuIar merght

.



In addition, the netal nanow re di spersion may contain additives and

bi nders to control viscosity, corrosion, adhesion, and nanow re di spersion.
Exanpl es wb 28uitsadske WO 2011/ 041232PCT/ US2010/ 050250 adtdirttiSe@s/os02do bi nder s
i nclude, but are not limted to, carboxy nethyl cellulose (CMJ), 2- hydroxy
et hyl cellul ose (HEC), hydrox ropyl nmethyl cellulose (HPMC), nethyl

el | ul GOBOTHEOn SopeH Gy 1ot KomBre Ve 05 B prEsI ThG and
xant hanrgymrént@ndpist. surfactants such as ethoxyl ates, al koxyl ates,

et hyl ene oxi de and propyl ene oxide and their copolyners, sulfonates,
sul fat es, diEhglttmmndcenigal’tcan ichides sergadt pade sondricbephedes and tey gtheand

nanowi PETHTE e QB D aR AT e es ey s megiogh e MidiCe 5098% 1 o 0. 196

sur f actaiindls nfhy,bedudt Bhethe @_esife@r@ﬁcalq)r%@e@ms&.r@ﬁ&%%di@e&w%%angre Zony10
FSO 100), from0.02%to 4% viscosity nodifier (e.g., a preferred range is

0. 02% teNEWEY,A purFENICf many sAROUTBINTY [Obs Hokardncacnetherab vanows% t o 1. 4%

Jony10 TEuRy KBRS RAREE bR ARt Y b BT i ARG o o
(604, Ghihe desildadedydl peoportiss) Tingi, the nartbeNotednowizsatat pvifes sl desipdd
viscosity nodifiers include -hydroxya/{ﬁropél . net hy] cel | ul gse (HPMC), net hyl

cel | ul FOBIUGHRRMDRHYANG PYFT YIS} HRRRFION g1 cancharsBloRipd iRt Hyev ckriNitS e, and
Y dr OXYe) @ikl pfefloidh i JRKAARY EARLGHBARBLEARIYRNT S | nCl ude vater and
i sopropanol . The nanowi re concentration in the dispersion can affect
or det er m nellpadamitad condsathityast thhirekapeseat laganciudeicentryllodi ycthodisagclsur f ace

conductivity), tical .transparency, d nmechani cal properties af the
nanowi 1% MUt EsPRIGEer & TRERGERBEIT dydnoRITRGS o BRRHIC R 458 5E bt ed t o
provi deng c§laRi doffe&HNG §htwWeah M BbwiBE BMRPWcERsn hindWhie: AindffatioAfalsd N
preferred enbodinents’ the relative ratios of the other ingredients,

howev ercan bamcfewediornsttheperaetation thrgsheldi endlegtrical percokatipo 160"&811111@ surfactant to
the viscosity.modjifier. is preferably in the range.of ,about 80 to about
0,01 OIS RS ER A FuREh BT R dorp te b oRe L TRES 1 BRI RO T oo 15

pr ef er abstantiully e coaBiHu tudba PathDrbeidadbetausd HOQSRHvirane: {faced @bifar of the
metal nanowires to the surfactant is preferably in the range of about 560

t o aboubas. Al thigicppeenintienn iisse sritt seagfonerrarrgnisisdt a7adableedys BOrheHIMt ed
dependi . r . ication used. The

prefer rﬂe&%s\%? esé%g}(%gqrﬁ%ﬁgéerglfl gérggstt %ggﬁgﬁltg\?m%%é%lll ?g@%éés?on can be between about

1 and 100 cRonductive f@abivisainclude lveal iuhewirat o dedler kenducave padickes hivangr epar e

a surface to better receive the subsequent deposition of the nanow res.

Sur f acgﬂ%ﬁr ePeFidatondfites Neghoy haml0yfpampaned nppmectal e panopdrps e uon BY &habl e
the depps lifﬂit%& t@Tcafbol Mhh QLA et YRR 8 i&é%@ﬁduc'ti@e ﬁ&'l%{ek Aerst hEY
can i mobi l'1ze tthe nanow res on the substrate for 'subsequent "processing
steps. dwditeoller, the pre-treatment can be carried out in conjunction with a

atterning step to create patter.ned deposition of the nanow res.
Pre- treat mertSiADRS B51) BHOGR CRRATEAP ABUATAG I HORITRIE TEPDY ¢ on of

an optipaal étdals r&%thl%ﬁ{ggﬁﬂaﬁ%&ld@%ﬁﬁa@_oﬂa_@ss.em 1c8d1 0B BFoRRESRbRal

chem cal or WO 2011/041232PCT/ US2010/ 050250 ionic state to the nanowire

di sper glioansigsoiibt megad nhugwiteeansherlessgban shoat Mhnm, eniess than gloas A0 nmeart nent
UV- ozone. treat.ne or ¢oron i.scharge. . Following th eposi tion,
the T1 b EEiEE 0 lh, SGRES at o PTG reamire SRR AP S SE TR

accel er@hngth:OymbeALIMEeaf@ tBan 100pKIfE1Gbly céui@ahd D), nd Hivee prREWBLY REraRRNOW T e
network layer may require post-treatnment to render it electrically
conductthye! 00rgugabie mctal pangwitgsicae b bied anpraeistysofsmeisls, mebidingyiteBosure to
heat , ; : [ r r.ipr.essure as described bel ow
In cerﬁgﬁlﬁlﬂ%’l&bggg{eﬁ%ﬁ%ﬁ,ﬁ Ei@%eh%agéggﬁﬁ%ggﬂﬁ%rei n a nmethod of fabricating
a transpar eritheanetdiucihowircoogr beprogiredeplisovin mgthadplnuhakbitt I paktidmedrafor

nanowi res on a_ substrate, the netal nanowi res being dispersed in a fluid;

f or m nFXamRes: sl VR ARRANIFSS CH%PWI}%h?SéF;?thTBHgIE Wiu s Fupiionsefi pvRgSdthe
fluid tqdr i I j i et wor k

| ayer, Gad R TR e (R oFE P b I TN SR Rl 17 X

mat er i glytrotiddm)sLarge-acatmp@diictionmf sdverinehowwesodf umifoen isek sat baprepamdcure i nto
the matrix, as defined herein. "Cure", or "curing", refers to a process
where nonomers or partial polymers (fewer than 150 nononers) pol ynerize
and/or cross-link so as to forma solid polynmeric matrix. Suitable

pol ymeri zation conditions are well known in the art and include by way of
exanpl e, heating the nononer, irradiating the nononer with visible or
ultraviolet (UV) light, electron beans, and the like. In addition,
"solidification" of a polyner/solvent system sinultaneously caused by

o, o o o o B " N - Y



Patterning and ot her process steps can be carried out as described in, for
exanpl e, PCT publication WO 2008/ 046058 (Canbrios), including at, for
exanpl e, wages/M92329 and associ ated figures and exanpl e®CT/US2010/050250
preferred enbodi nents, matrix materials conprise sulfonated regioregular

pol ythio nes As descri.bed i pat.e ap a

11/ 871, SR g Pethedsdegerhedis pag ente: - G Rtilot e 72383? Frefhs Ther eot
filed Quebgy id, Y2QQ7, MendbiSiands et 7aloss-gkhe transparent conductors can
be fabricated by, for exanple, 'sheet coating, web-coating, printing, and

| am nati on. Anot her enbodi nent conprises use of slot die coating. The

ink fornulatio cancp a ted for the deposition nethod, including use of
sl ot dég£@%g¥%g%ﬁlﬁg%4§¥§&%£e, vi scosity can be adapt ed, whet her i ncreased
or decr easedn ctedif chibaBmRAf, atﬂaﬂd&}ﬁﬁénlt Bdhduefor €OIpAES 2N @Yt SaykPEodse Wt h
Nanow r e- Based El ectrodes I n sonme enbodi nents, nanow re based

el ect r oWeas ofieswise dispasasiane sbhiite T hepeswetivd layesicap mpristpplarabiey Pect i on

| ayer ( I I L Ls are less acidic
and cofﬁ%%%%@B%H.g’gﬁgg#%F&ngmégé%{ﬁﬁﬁi &X@E%%%qg‘?ﬁkganomnre based

el ectrodes. ThRo®Bemdob@EinAE Blcon R layart c&fm;a{sss aprraxebiithetl nBiefiesr ed HTLs
conpri se one or nore |nherently conductive polyners (1 CPs) or hole

t r ans pSPieAGe R Ofheryise miked Witkg@patiir s can enabl e devi ces with nanowire
based el ect radpsri . HELBRASITHORE Xoah O] CEHCHE i hiheheGhiader: HTLS
may include, in addition to S, Suc nponents as
pIanarszngsa@&WUElmnmmkHQWaﬂmswmddm@mmdonsﬁhwmmmsmeamdbehg@kﬂﬁbmeole
Transp terial Hol e ran Qrt materials (HT re conductive
o S H BT g L a7 9P e THEIERT  roBhie GEAES S OF Ual s bet veen

adj acenfonh&Yigh %w{waoraﬁﬁﬁdt%n%lr&%&g QARaAD o RINGuBSENE 1héﬁi§é Sor @Janﬁ)hee‘gtawde and
photoactive |ayer. HIMs can be organic or inorganic based materials.

Exanpl ewlhrionalgs.tacomiah, aod demlile. Baidde ﬂHNble| substiatks ihdundy, bar k nanlimaed

d | udi d d |
T o Bttty Mo s Bl BB R PO P A RRe Rl et o
known &blﬁdﬁﬂ)@ﬁﬁes poBlefimr(e. gXﬁﬁéurebraMmeénd gchc glgallaﬁﬁs)Lpdlwhyls z@gs\o 8,

21, 47 4706; Fukase et al., Polymers for Advanced Technol ogi es,

2011/ ompmmhlggéemﬂmwﬂsbnqshlowqpebmm9@2918 rohisEEeRE, PYlyagylaigs, | Chem
Rev 107 S I ng
Mat er i aal,né1 %lgenczjk %lﬁtl:ﬂtjaogég ?%T‘Hf/l %é?@gﬁet (rgacne,(lzllufsa’S éEtyﬁe)LkﬁI%%ul c?gg Rat on
(2007) saaldasrpcﬂ@dstﬁmlﬁphddaaep@mmda’djeﬂlamydsauffd I@ﬁleﬂbd)rexteh&ﬁnaﬂ:@ﬁlyﬁ&ﬁb ot phipti¢ se at

| east one nltrogen atom and at_ | east one benzene ring non-limting
exanpl dMsh@gditare! caippics el BHablsenberiesPRge HIddD fpbe@mnl%r%ée%ata%m t Wo
benzeng §75\ky, pands hér%b indb o%@d‘bﬂeﬁb %1 lLBGreRENZENe rings bonded to a
nitrogen atony or three enz ne rirngs bon ed to a itrogen atom The repeat
noi ety can b@oadacptveday ,pr baundecthwlfém”maaa’efeom ancivork lagtreoftumaalspor t

properti | e f aryl am i ncl ude but are Ilnlted to

Dr T ry s et P RaTA conte B eSueti SETR R A e SN B HBITHe. ar !
am ne rgrBQ@st, myco%lmfaqwtﬁeqle%ﬂkq@ﬁ 0P ARt LRSS wiRdsYend FhdWGatRr@HARo e di T ect
coval ent bond, or linked by a roup conprising one ore nore carbon atons,
one or rnf@rr@d@o(m reoatlettive layer'o Rgnce condict vitaisachicoed by Floq:trle&laﬂmnge t he

|1 nki ng, O QR G, BS atetahﬁe?nst N8 fbder ”ﬁ‘c%% 3l %%¥L§n”e°1%< A B Breflnedh ket 0
group. MRon= T PHY CHG "E0ap1 8 A Aty “at N&s™ G "appraprt Bt "hki ng
groups t@bor@chiauagrit rédSh Bh @Lelcﬁic@n@ércomm thRkhsl10Snd ﬂ)écb%&&%hduétideeﬂhéxt ober
27, 2008 to Seshadri et al. (see also US Publication No. 2010-0108954), and
61/ 1158itace GanductNayeriig copductpedayar sashe Hayaiselyaropdrtionad ipitaus Bces

applic )

|ncorp§%%§ﬂg%2&) F%%gﬁ%gkgﬁ)%fgﬁgggﬁ %%?f%@%%CF%ﬁeﬁgbﬁ§?¥?%pﬂenes

| nher enhéthodsandhcirt.ve pol yners are organi c polynmers that, due to their

conj ugat ed backbone structure, show high electrag? cond%ﬁt|V|t|es under

some condi t ildkEViEF-Yhnia/maty it Rsstdnc Ml sanditat! oy ihBrechePesi al s) .
Per f or TRRGEie§ totﬂéeérﬁe G@ﬁdélch@é S\ sARe@n&RRd %Fe@ﬁol&floéglﬂlgel%}z&r rGhREg Lons is

i ncreased when they are ped, oxidized or reduce orm pol arons and/ or
bi pol armtr@ntagb eﬁthrelm@tall nangwdulcy wvgh‘paftqr ritmdmgxpfethd e&uirumm'eﬁlayen aldrich

Encycl of Pol r Sci.ence neerl

265> 5000 PR SaregV SR A G gHearus N sia) A PRyt (Oh sk B aEdne
sulfide) polyanlllnes pol ypyrrol es, pol ythi ophenes,

pol yet hyl enedi oxyt hi ophenes, and pol y(- phenyl ene vi nyl ene)s, and
derivatives thereof, which is hereby incorporated by reference in its
entirety. This reference al so describes bl ending and copol yneri zati on of
polyners |nclud|ng block copolyner fornatlon Polythlophenes and

o o 1 NN o o S



Regi or egul ar Pol yt hi ophenes Exanpl es of I CPs al so include
regi or egul ar pol yt hi ophenes. US provi sional patent application serial no.
60/832,09&0%&uﬂﬂunation of Conducting Pol ynmers and OLEDramaiSB¥o60260 t ai C
Devices" filed July 21, 2006 to Seshadri et al. is hereby incorporated by

refere n |t ent| |nclud|n ures, sworkin npl es,. and cl ai ns.
In addi P’E?ﬁypl%‘ as%gﬂma&%ﬁtn PRk 14 ettt Rt &4 292

" Sul f OﬂﬁéﬂeQﬁhnOf O@Q%Hcﬁd Y BLY 580 &/R/N8r ke tﬁﬁ'&fl@o’ Q'/sfqa'Tfhe tRRghdrPD
Devi ces" filed Septenber 18, 2006 to Seshadri et al. is hereby incorporated
by ref dpahinglevel depsndsromi fa@mss sugle hutdie agpekt Gipethe dwﬁkpﬁ@ilmmpldegree ahd
cl ai nms. U; a%entnggﬁllc ﬁ n %ﬁrla no. 11/826,394 (US Patent Publication
2008/ 038§ @g¥a“%iﬁ ‘ats Vi ﬁHﬁ%?Pﬁ ‘ﬁgﬁyners and CLED, Photovoltaic,
and ESD Deviges unfiérk®dd dylope 381le200Fe b, tﬁ@ﬁﬁ@ﬂiﬂwa@hn@bpﬁdaﬁpﬂb@é@@yofthe

i ncor por at ed bg reference in its entlrety including figures, working
exanpl gsatriggan be altered owmgmlaeé bire haghelopding jeé pnyipgEelch Bgrdi@r ei n bel ow:

B N T T A

from 1 d& @ndlctivemetwarntiirotigh the nedtrik aoanhieshold&uﬁfacdoleadlag (153131 prEfur:soly efmis
exenpllfled by groups such as fgr exanple nethyl n-prop

i s0- pr PNt 063 BEE to fhayf§ pg/chy ﬁ@ﬁ%@;ﬂrefe@thyfrﬂ@@Put%ﬁaé/@m fo P‘%Q}bént yl, and

the |i id at o

functi :}%/‘fmgarngunﬁos%éfgﬁﬁj ﬂ% sﬁlgs({'?'tﬁ?e E)Orébﬁﬁtsﬁggt ?1?5{)121{ ngy add| tional

f unct i ondhdigg eilyps nakowirex Ahpleanrfadednading tavaks dosnotaedd shid mmlmdlcblyoran

addi tional 0 it can be.referred to a roup nane, r _exanpl e al kyl
BRI S Rt A R TR A Lo AN A O G
MRy MOT s ERGH biGak hyno%rerseA@&arn@%ex)@slgsram%éﬂt fcaﬁcﬁfét&é Bf/ﬂunéme subfchtt ut ed

aryl . Substituted al kyl" can for exanple an al kyl group having
from 1 aood@tivity cﬂormueﬁaefr ebistvity)tapd Rptieal renspateany sarskd provisidd by ediustiee deoup
consi Stll (g % }zLﬁe u[gv}ltut ed al kyl, al koxy, substituted al koxy, aryl,
subst i t OtEYE V;lrgo Yo%y 2 "80Bsti t ut ed aryl oxy, hydroxyl . "Aryl" can
be for exanpiMataxTepONedr €hh salidomicinkat &l 6 Weidtcthe it n@howir&nar to 14
carbon atons having a single ring (e.g., phenyl) or multiple condensed
rings (dspgrsed papmbedded oforiimmspiythg nagemares esaspEeds from g malyixanatedl ot be
aromat i A rbon
atom . BaPE BT S Endlf R Dol BT REN R | foufhorfe AERTRbR ife

" Subst |atndtpe@inaers>al physianl foemfob theexvadpdtie taycanmtarmydtrigicauprotéct thefmean 1 to 5

substituents, or optionally from1l to 3 substituents, or optionally from1
to 2 sd}ﬁg?w’craﬁeﬁ% adyepeeapnieaid tastors westpert iqr@z;?m@p@wwé/ag%m gr oup
consi sty 4E

o Koy DERLIEHAL B Gl RD Lk peCHb iR bsi S URRIhEth B

subst i telntv'ednracmj el as anodstera) tframanemnt of acidspbky@ey, sutfanarakthe dke.exanpl e t he

010 L D LB A0SR . S SEETRL BB SR

1- et hyl dagfucliv¥ |1é3>é¥ Fod @Qﬁﬁpﬂle 0K Yan proCREBENdsRIMo tmdlb&thﬁe |Fu'ﬂ%ermo$€ hatikk ut ed
aI koxy" can be for exanple the group "substituted al kyl -

ky
" Al kyl enetal axade flns pelyexaapl ergenicanaghiccseieticddedhelith meted m@b\fdmsmaeh@ al kyl
gr oups Vi n roml 0 ca r bon at oS r carbon atons, or
Pt om 1 DB B bR pididte n iR C PRE o bR SR e B SRRPC et s
exenpl |d°oh@t§bt&¥ 1@5@»@@0@%@@@ tH%hFNﬂlﬁ@%ce@t hyl ene, n-propyl ene,
i so- propyl ene, n-butylene, t-butylene, n-pentylene, ethyl hexylene,
dodecyl ene, Yewsges We@@técala)ﬁwemﬁé of Th@econductwe laysr kethie teileed bysclostingxanpl e

an al k y fr r

prefera a;ppg)rp? H{%ﬁ? %2%%%&a oﬁg%gﬁgpﬁa%ﬁhal&&qogeaagtﬁwgﬁg%gﬁe? er aﬂvy from
1-2 si t&&cm‘felﬁkddangd byms@g alratrixoer. a d‘amh]blglr@:frqmvarmlee,mrrqiosﬂtmﬁdndby vi nyl ,

al lyl, E L 3-en-1| - and the |ike. "Substituted al kenyl" can be for
exanplé KWrERShy | groups having from1 to 3 substituents, and preferably 1 to
2 substit Ue“ﬁﬁmaﬁ | @ehedii ﬁ%‘ﬁ‘o&gﬁ@al&f aéla[? RO SA Iferpfl céﬂ BOXonsiRphst i tut ed
al koxy, acyl,” acylfam no, substituted am no, am noacyl,

aryl, s ubtsd;alhyu:ﬂ@d' ar yptlcaélryytanxga,remubﬁthlethghemaranystsm(wf th@/matm;rlahlalao@am

hyd b te |k bst it
Sycl oatityh M HEELBEFGHOT LnpERT AT HecBPBargbaRatS Ay Gafyine

substituted het erocyclic with the proviso that any hydroxyl substitution is
not attached to a vinyl (unsaturated) carbon atom "Aryl oxy" can be
for exanple the group aryI -0 that includes, by way of exanpl e, phenoxy,
napht hoxy, and the like. "Substi tut ed aryl oxy" can be for exanpl e

substl tut ed ar yI O ~groups. AI kyI ene OXI de" or aI kyI eneoxy or

o I M —~ ~\ . —~ -



In substituted groups descri bed above, polynmers arrived at by descri bing
substituents with further substituents to thenselves (e.g., substituted
aryl haviwga11sdio8i t ut ed aryl group as a substituent wrCThIS2&10i056266 f
substituted with a substituted aryl group, etc.) are not intended for

i nclusipn herein. In such. cases, the nmaxinmm nunber, of such.substjtuents is
threo. U SHbralepad AR ORI Bgev | e Han ABGPAERIE E2195€1%8 ﬁsm\h;tﬁ’ RSein'at

2011/ 0423 ARCHLAISAL QBN 2B L HND B oGNS I REGnieddy d MlRbdT g, for
exanpl e, substituted aryl groups are limed to -substituted

aryl - ( sodsding withgualmtytieybetrctratteod iadeoxl (RI), thickneSi, npisasténgy of Ré above

description re not intended .tq incluyde i 1.SSi bl e substitution

pat ¢ er narepaneyt i Biord TREE bR tule RIS E B0 B dR St iae 81 gr oup
al pha t@ueidhgnylfate RgRess ¥ E6 Gnisaded paratlcodn) . Such i npernissible
substitution patterns are well known to the skilled artisan. One
skilled in tlnecH#in cabadiamgitsothetpgrik sen bop pelymer evltigh sslsoyefaiedie ast i ce of

t he varj i . escri i - rti | references
doscr | DS IREE PR REIEt bRSMATIE Shawhdh BEh EXUBR SAUSEDe T Conence.
subst i tpsl @terromytriceoipbiRdehut arcoOlilbed B bl yaandicP¥cti ey ipo s diiaepasted from
them and these can be used in the practice of one or nore. of the present
enbodi st Polmethybmethag viatod mebeerigieidnpkyachdpmitriles golyxing! elgpholt.so

pol vt hi TSRt iDL BLER B ATRS) BBl e At
appl i cgtolymart®entcspolNaners 04ith b2 ight Gedred ethrGapticity2ich 20denbbedid dresatrs et al .

("HETEROATOM C REG OREGULAR PCOLY(3- SUBST] TUTEDTH OPHENES) F :

ELECT w%géé@ms sm)lysaﬂagftﬁspagw 9111%_1351&&@ bl s _
11/?34qﬁﬁﬁmﬁh&§9m§%ﬁkﬁﬁﬁﬁk&%@1e%@ﬁﬁﬁ&ﬁ?p&?&ﬁﬁ&mlﬂ&?&ﬂﬁ%&i%@b@ﬂmﬁ@&%&ence In
their entirety 1nCluding the description of the polyners, the fi'gures, and

t he cl| aindwolyphenyl cthersy pelyoregianp 4R hteperp m'i')kyateifm (s mokiprogyle®0/ 612, 641
S ek B SRR BT
appl i cakilesiessilton&Oandbthe? 3ticdd-Bohtalngth &ﬂﬁh@@ﬁ@gd&ﬁysi@@@aio&aﬁes%aeby

i ncorporated by reference in their entirety including the description of
t he polnphestlanesy,melyvingtehderideRy Gheolyacgtates, polynorborpgaesysyntlgiigirapbers (c.g.,

appl | P%ﬂ@@Bﬁ%@lﬁM%%ﬂd ﬂ%éfo%é%?%@%?q%}hﬂme?ltu?lqéie can be al so used to

practice t'’he various enbo erern for 'hole injection and

t r ans pqrolyttdafRiosocthytédleE TFNY G101 O xERAMNS PR ch &Y Ebp SDRVEIOGI T eNSo1 AfNDand
DEVICE%ggﬁ)AnotEEr ref erence which can be uaed is WIllians et al,

11/ 376,55t catiop ERS - CRTSEOU). En e mioepIERECHPILP WPROESRFEERON C
PERF v 0Qp- 2l LRRhenes can be

honDpoIg%&?g?f%g%g?gg%@29%%?Cérggge%%béF?ggigﬁﬁggﬁthetic met hods, dopi ng,
and pol yner lghéreaetmbpdizanisothe pohyohardi mgfrikelgsaibed bbmm @al cptiprispphateldy wi t h

si de groups, . rovided in, for exanple, U. Pat ent. Nos. .6, 602,974 to
Vel | guisized of balTE Cuish patySier  RRRH (LRI POHEriZo E TR Hor oby

i ncor papatieda PitikIef &lr8NERI A NRVE 18R LY of c¥B-linking and/or polymerization

2011/ 041232PCT/ USZ010/ 050250 Addi tional description can be found in the
arti cl end'iawier ropleenlat weightf Thaw thearartwdlyReilymérizsg mestax can byetrhashaddr D.
McCul | ough., Ady.. Mater. 1998 .10, .No. .2 ages 93-116,..and references cited
Uher ei noRaim<ORtigMhRlmut i iR By PERERand ahvtBEtehf TEE) 4 Aot her
r ef er engepaMpoLin@netiGkidndatnl thetpaftiadlk lcufedmAtER na§ Helfarth@ndb@okh@éby
Conducting Polyners, 2nd Ed. 195%, Cgapter 9, by MCullough et al.,

" Regi orfagergrossiimking ad palymaizateeereparrigdput i movidpiaspienes higher it s

Deri vat j ; - ' ' by, f.erence in
s entTyERyer RREGNEPRC: pHi by ARt PRSRAPESL AN LR

" El ect randhied] folswedhbe aifirtieo hitigastepl t@ptopidey spat@tncdage $ulB23ur8d Gansphrenh i s
hereby incorporated by reference in jts entirety. Pol yneri c

semi corf@newsysilgy Exguples opgytap ,parf“fe)arler% ymergyinclpes bt agp Bptdirgited to

Serm CONANENON hiodr I Zsiilorlepox ASABUI S RloI NG HroERERNERguiYRhne 34, - NO-
5, 2oo§9/pa e 359 fnclﬁ%iﬁg’ﬁgagé‘365-367,0ﬁhi ?élﬁeréﬁy %%ggrpgfated by
ref er enoéyimnda.ts entirety. Bl ock copol yners are described in, for
exanpl e, Bl ock Copol yners, Overview and Critical Survey, by Noshay and
McG at h, Academ c Press, 1977. For exanple, this text describes A-B diblock
copolynmers (chapter 5), A-B-A triblock copolyners (chapter 6), and - (AB).-
mul ti bl ock copol yners (chapter 7), whih can formthe basis of block

copol ymer types in sone enbodi nents. Addi ti onal bl ock copol yners

i ncl udi ng pol yt hi ophenes are described in, for exanple, Francois et al.,
Synth. Met. 1995, 69, 463-466, which is incorporated by reference inits

o o o A NN A A LNESN A A PN O VRTT O 1



exanpl e a bi-thiophene, providing for exanple regioregular HHTT and TT-HH
pol y(3- substituted thiophenes). In particular, substituents which
can be usw020u0/eod3abilize conducting polyners with sidePchaisealoiopbude

al koxy and al kyl including for exanple d to C25 groups, as well as

het er oat om systens which include for exanple oxygen and. ni.trogen. In

par t1 cul ar, QTR ATCa H0p i Cepentas ottt drseqalmobinctizgiian md 1apadlcast
five capbeRhmbRBRdiAEEN(BRITeAPEdMVEES BY P%hwg@ltyﬁleﬁ% Retrised/or The
substituents can be nonpol ar, polar or tunctional organic substituents. The

si de grmopwoancanalissalviee fyricallyh gei highen theRlaghicsit pobmdsigafiar, thexmaons| dffwky| |
per hal oal kyl i nyl,. acetylenic, alkoxy, aryloxy, vinyloxy, thioalkyl,
thioarQFF%%SF@E??%WW%ketyI, and optionally can be substituted with atons
ot her than BtefeR®®N the partiallyTdlir@PREMR HQla) ABIcptabRdddfecSIfPphySiBa @Rty Mer s
wi th the nunber of branches being for exanple nore than tKree and

conpr i direigcttthe apteaviees ovithin Thnis desieable hrshysesnsnd ancryaaienit Qudesowisee f or
exanpl : I t | i June 30, 2003,
a504 4guhIRERR OF nEhe o B ST Y BNl S SondiBror

Het er ocycl i dnpettyinehbodingena el roattianisylf parehetonddetivl. Par dxiagipltheymprief er r ed
systemis _ the pol ythi ophene system and the regi oregul ar pol yt hi ophene

syst emC2PEE YFEPQUCENR PRYMSH EaTdE Yo RMYIPPIS 2 WRli kKRown Hithe apy inglydinggh, pA

i ncl udi g\ Plin AN pB 1RO UV ARARRS TG EH RBEWIFSpciysiAs, for exanpl e

Pl excore, Slégéoatjpaﬁg %i#&%ar na?g?%§|§?q )%%OY er ehbodi ment

i ncl udg®lfikbphoey.cnd pobyalgcagyhkines Popadmatsrivkicahbansdrithaticd.el y

regi oi rregular. For ex | e, the degree of regioregularity can be about 90%
or I ess, or SR SOUPEIIES SOnETRERRIFOAPBI T GE2SLiBieEUERRBRRNRE | ess,
or abow sp@Ghadd pdtsthiopRttd BP@AMfoARe e TOLYINEBF SolythiophendS@hY BENSed tBcl udi ng the
af orementioned polyners can be subjected to sulfonation. Sulfonation
schemegleareasckthowprosion thet mey o¢qur which fusing sechopmivinensian §EPS) : narasldiion to

het erocycli.c types nduct | ol.ymers, including those which have a

net o ocyEPHEn GBS BEDEFITBHARL\IRDSIMTEN g HHePR 5 Pt iyt

subst i taaeibsmi©elctthmis dévi) atchdling fyt b@Phe et OLED W an DRV CBbradxlapipld, M t ed
but can be, for exanple, a group which provides a solubilizing function
such agnaprgemppdigiartsxgne may makpgp prganisphsienisy devaessw o REPCS. 9§ 81@f onat e
groups r qﬁgp I rovide a conposition
conprigﬁﬁgJﬁgﬂxgygggg%ﬁéﬁﬁgggPt&§%§¥ |§%g§§?%§gﬂregioregular pol yt hi ophene
conprising (i) at |east one organic substituent, and (ii) at |east one

sul fonat ed substituent gonprisino sul fur _bondi.ng directly to the

pol yt hildgheanrs Iicpogitign and Transparentiygadugtor Brigalde)| ar pol ymer is subjected to
sul fonati on, i, 8§ iR A HIBIm ] %Pﬁﬂs QBsckiB B@reﬁﬁeém%bli %ﬁfa‘%ﬁ%tﬂf(ﬁﬂu! ar for
present purposes. Additional Polynmer Enbodi nents In addition, an
enbodi nemspdrent cohducpwlcpmprisingi ddpositing b e lgalbjyed tredhl nenswirdsomat substrate, pr oduce
sul fonated substituents op the pol ynmer backbone can, be represented by

F or ml dng metal ppowires being iinsrer Y B ik b B TEGh Iy MOBGH Tout O oyl

opt i onajyl the SHREL It Bdwl @ YuikRdirgpt i onal Iy substituted aryl oxy. Exanples
of substituents for the optional substitution include hydroxyl, phenyl, and
addi ti onal oljteiroetal napowirbs eant bet prepaitk axdesenlndpbovaHaic adidopngwisespc can be
in turn optional ly substitut AM hydr oxyl , ..phenyl r.al kox roups; or
wher of P REUE B eered ATl Sk telscor Hteion 1 R atiin® S RERYRS s can
be for "gupispicn" Aydreshg" abendd intcddhadbd®ky AyAHRSorrdkive liquid i@ the R can
be optionally substituted ethyl ene oxide or optionally substituted

pr opy| endtalgiangwirgy cas fleen a) st dispaesipl (rbexsalladh ' metal mestises dispesiogakcape f or
exanpl g 1 ionally
cubsti (oSt B srebRa A era lerBl SRk BIRE bt an a1 BHEEH BRBTLORY

subst i thyenicarboas agarf avmaya syl entdidnzomalkdlyereubdtnd, stced Mk plebnraldxythsuch as

et hyl eneoxy. or propyl.eneoxy; substituents can be for exanpl e_hydroxyl,
ph e%yl Tile%lg(y ié|vpg&%§p_, %gving a o%/hng po?nt of no more than 200°C., no more tggn 150°yC., or n%

more than 100°C.

In addition, the metal nanowire dispersion may contain additives and binders to

control viscosity, corrosion, adhesion, and nanowire dispersion. Examples of suitable
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In addition, the substituent group Rin (1) can be linked to the thiophene
by an oxygen atom as al koxy or phenoxy, wherein the substituent can be
char act erwoediiis113de correspondi ng al cohol or phenol, r@espastinvasozso The
al cohol, for exanple, can be linear or branched, and can have C2 - C20, or

4 - C18,.. C6,1.0,Cl4 b . T I hol be f I
Syl ANk bR SohieoRs G Yugimitrio cagsynahs clyest (CRIETR- 2"
di et hy1i806g! N5 el A6sAHEI! BRI NSl MAGhy! Qllufsd HPURYHENS! GhyGRL -

Addi ti onal éxaripl es can be ‘nonoet’hyl ene gl ycol ethers and acetates,
di et hyl(&He), gblycwiyl etcebelsP¥iA0, tipeerat@s,gylool EFRMY), endxgithanodune (Xe),sndnd

t at the |ike. f hol s. whi ch be |ljnked to th

b T A R R 3 o S e D T B L e

PnB, Etdéﬁblgﬁf@b{lltﬂnate@oéwﬂa, 2k, dRnBnakheny lsuladubéihébs, pRoiphbteGelctpsmd ve, butyl
wano

carbitol, DPM diisobutyl carbinol, 2-ethyl hexyl alcohol, nethyl
i sobut yiluogegupiaefants (DewdasylCEphDubRWANnol PnP, Dowanol PPh, propyl carbitol,

hexyl car bi tgl - I . caf bi , nol 0

2011/ 041232 ﬁ%?&éﬁ%@%o%%%g’“%gd\kﬁ’ﬁ%g%ﬁ%m@ﬁI‘/’EEII By sy GII%II’, o 2e103r "8,
Trade raMmssusicamet k., knposforrediranbe & fadrh 0.0028%ft010.(B¥a | 2n@NFROsH0).es and
E-series glycol ethers. . ..The structure shown in (1) can stand alone as
a pol yrm §0274 tockys Visoplrhodific (e gorelesigaranesis 02t tafot’hder BeMient .

Mol ecul [ f I 25 - : n
sone e rIﬁ(gIé Iglgrn:;5 %{1{5059 %@Iﬁﬁggmtltl %I%Isﬁaé% %rs %sIonlgéI%) n?let%?%ﬁ%gr?sf %eglg}%g%&eh i ophenes
and r ecdoxmgtep ahtistabbysub@ctents imohedt Zanyl® é'SM, ZooplrRibEl. FEONZond® Kdscri bed in

US Provj si onal | i catiqns 6 44, 38 iled rjil .11, 08.ta Brown et
ol andgen w9086, £V IdBNDE07 n esdssy sl g Novess Byiens U
Appl | cajrisgRblel#aRick Bbdifid B1ARN rol0pio09chgl SRRRALIHPRIC) Shoyal | of

whi ch are incorporated by reference in their entireties. Fornulaylon and

Bl endi rgllulose, xa@hpe guo opipyient dcahah chdoyy awthyd celélpsepamsl/hydieoxecsbidd
properties, suych as pl.anarization,. for the hole injection or hole transport
ayor s Rl E PR B PAREIS ShirgRipefie MR A SrBhERLTn " e hoi o

i nj ection cormaiaskire Wbhdenfratdn inttiad ﬁ%&ﬂﬁoﬁ Qa0 Br @dterblife parh@cich LEhi on

| ayer (HIL), hole transport |ayer ( ), or hole collection layer (HCL) in
a devi c thigktesasondncayep(ielupyg ganfieeecondyctipiity), ogtiesd tigaspaetngll a@di n t he

sol vent . t . term
T U b hhichpriton & PRt drichet SR e et BP e Bidpeah B8 L
gener i caldsyed t?ﬁpﬁfveda:c wﬁeﬂ ﬁbr&eﬂ‘?@ﬂcﬁl@af@]ﬁe ﬁb;immles ﬁoﬁn& idggpedianoh pie&gredo_t
require use. of one of .the specific terns, re than one npon-conductive

pol ymercrebadingenty thedelativeg reos of the oder &g.redlentsl\,/%%mrt FagTamap thesaneilhg agent s
useful Jj.n: [ r I i: : 1 iications,
cach ot e it RTRAC I RRA, B e REANy I er PG hia M U BRI
Provi siabnai 804ppbbetdl.0 hrilse Glid b &e84stobity maddier fo0h? 7ilc20 @8nawitrésael ptoBARGE

| NJECTI, AND TRANSP I NG L SI ONG CON | VE P MER M XED
WTH A (SHH CPREREPPNG PACPHERORGR S PR EIEREPROTFE] BETGES © s
Provi si sgfta&taﬁapgi&@faﬁlg%thfélré@g%ﬂof%@utfsbb%l aBout 3/ @h@&gi%s ancbriysorRak @M the

Application 12/399,006 filed on 3/5/2009 each titled "MODI FI ED PLANARI ZI NG
AGENTS divorsBvingrbe modiicardspéemsiimnen thappbsteess dndribe settoddf 9pplidatipedsadn

2 25120800 B0 AR RO R L 00 BT OO v

agent and t h@pth@hBy,ithd Qkired ce0BPpRaRdatdiad |piepate 4 QRFRS &Nb&r hiteediRpol yner
that contains an I CP segnent and a non-c%g! ugated segnent wth a
T

conposistbwguentidepesitian efrthe panowates dug tace b ty serve multiplg fungiags. For
enbodi I Z1.0G:: : " - it Ve, S I
nol ecuIEE(I‘Jl I’;Ief III%E eIsIIiI) gEIeed?teﬁgIlﬂgggan% [ canagIIwg gldgs ﬁ]IgI%%blIﬁIj&d%ea\s‘I&rIlgP " evapor at e
upon r eanvaobilizt e s@bwéns on tHe sabytrapofs eslscquiiday brocagsitlg, staps. MonsiveQ e

al kyl or aryl character. . In addition to facilitating the providing of
a snootMe-SErMEAECHNPS a1 qut R GAPUNGIRR gt at’@HH%%ﬁ%PlfoscrE%ﬁ Pé‘IteéBedpr ovi de
ot her ugghiliod HIRE hARVIRUCPreaReaf SIS IcHide Yo GO i RherARd] SAMNSPREARGY
control. Planarity can be determ ned by nmethods known in the art i'ncluding
AFM neakposnenofan optionallyThwteswidvetetmedistt daper tr presiny engproémratelcispacadiong

pol ymers, can be a mxture of water and organic sol vent, including water

m sci bl e sol vents, and solvents that conprise oxygen, carbon, and hydrogen,
such as for exanple an al cohol or an etheric alcohol. Additional exanples
of water miscible solvents include al é8hols such as i sopropanol , ethanol,
and net hanol, and ethyl ene glycols and propyl ene glycols from Dow Cheni cal
and Eastman Chem cal. See for exanple Cellosolve, Carbitol, propane diol,
met hyl carbitol, butyl cellosolve, Dowanol PM In sone enbodi nents, the

o, e o o - o



| f desired, the fornulation can be fornulated to include crosslinking
agents which provide crosslinked structures which may swell but not

di ssol ve wpaentionoess! i nki ng Optional Iy, additional pPcagrsediomni2so can be
m xed in including for exanple a second type of polyner. In sone
enbodi nents, the H L system can be a in castin op casti ng,

di p- codPHAg B MEGRICPT L papell vﬁ}eaéa? ° dsanags, "o BPBF ach ng,
and t hardairként, U\é\Qz%QéﬂréQﬂéﬁﬁgP%ﬁLS&QéM 50250 The HIL filmin some
embodi ments can be provided that is about 10 nmto about 50 gmin thickness
wi t h typi calFalllewvekatds depasitginn thefliqord cndgtreBOverbyt evapbation. [Ihgravapaeraterot her
enbodi nent, thickness,can be about nm.t o,,about 500 n and r

par t1 cUFAPE T B S Rats BB bbes doPii Bt 3¢ kaPraed Rt nTBed: ang

i nt er f agyeRimayrroPard pRs trastthehMBAEARR it-clectrically lBnAREVE MR R REatnRnt can
conposition such as an HIL, HCL, or HI L conposition does not conprise PEDOT
or PEDGF:aABScespaigp duglving exposyIg te Beds. RiARd ichEone dischuae.ddVerzers. obdes can be
used i r&%ﬁ ag%eé)&gg&lb&ogfased el ectroni c devices, for exanple in

mul til ere structures which can be prepared by for exanple sol ution

pr oceSS| ng dh ceAgitembdepasid, itdnNthuaddesveibed Aseiprd method ofifsliripatdgesr ni ng
processes, or conbinations thereof In particular, the enbodi nents descri bed
her ei n tEANEPAIEE ANy cOBIPHFINghdsPOsiEiag & PHERdYiof Ml ngrowiieR RN TUPstIEf.gani c

el ectrqpi ﬁlegtﬁﬁhﬁo%ﬁres%e &% \é§seéﬁﬂ ?gﬁD?ormm ameﬁ%aﬁ&%@%’#&wo&% é}‘b‘ﬁ' taic

devi ces are known 1 n t Vi ces c n conprise, for exa

mul ti - Itheyarbseatelbgztaﬂlowmg the fludi toglry, moaten@amﬂammmEﬂdl anbdewstal mpmowmal 'y
addi ti onal ? | e | nj,ect.ion or hol e tr ort |la ers; a P/ N bul k

het er o] TSAELR dRer P ering ths iR GRtSTR (0 lPel slitki*as’ Li F: and a cat hode such

as for exa”p‘ll\@atgﬁ maf¥rial'OfcfdB@to %‘dﬂeﬁﬁﬁorcaarﬁlxl@&e%@ﬁfﬁfte@ﬁlsttﬁataéah‘%ﬁ{re Mo tﬁé” rent
densi ty ver sus vol tage nmeasurenents. Inverted structures can be nmade.

A var i engtrigf asglednedbercne”" Cay's "@a:mgbeeﬁesem 4 prrogpy wiherd roepmdph ot pardilt ai c

devi ces ¢an be repar gwthp ct|ve risin fulleene
Gort o amofaenreRETRER 750 BlonrRRg bR Bl A e R PR L b a1 1 or
exanpl q)ollﬁné?fﬂ Bt ixNSSitabs ]ﬂtﬂﬂm&%‘[lbhjfdbfidltl&@ arg wefl k8édwn 39 e aaf tﬁ]dan&ﬁ@e 436.

e

Phot ovol tai ¢ devi ces can prepared with photoactive bul k heterojunctions

usi ng riatvey off axapeles hedsag thaymppemerp lrashiating thtsmaa@eﬁtt walp msﬂ&%\@ﬁ Whaviolgs

nool | odE e 5RoR BBl ALY B 1RD) Brrgihh, ol ot R ety plyshet o
12/ 040,s§z§t6mfslﬂleldamauszjz 281Us2D 08 solkett lremevet iglsd w&hmwﬁe meamhgu of haridgt.i vati ves

conpri sing |ndene or. the PCBM ful l erene derivatiyv can be used as an
n-type materiigd doctes rsHrss Fgeompld By solectiag §tt&a59%§entaa§10%épf as

encapsyhatdnigs e GE 'aﬂloﬁn&?fﬂhf@rok'ssﬁ&ers maﬁ%%ﬁ%ﬁéw&&ﬁ@ 18

Simlarly, OLED devices are known in the art ces can co |se for
exanpl euring k)ananieaa]esuchtas tiot time sllowed fod thegof pneresetiophied the a¢reperamodesier

optional | ddi ti onal .hol ] ecti |l e tran rt | ayers,

el ect ro"i’lﬂﬁ]i‘ﬁ@ er}zﬁf}‘é? ta@%ﬂr’;\a ‘?ﬂl&‘qgkﬁgﬁ e em HB‘?TH? li‘%li’ﬁrﬂ%& ayer such
as Li F,cueémnemsz%faﬂ 8dquaitbd ﬁqsorﬁ&rto QXRIRhEcirihg Iﬁ\bcesé)rThBQiegree of cur¥if fods
known in the art can be used fabricate devices including for exanple

OLED anmdlyomyizgtion easbe mbritdd fkm@mnlm by lec mplecelanwbightisfelic terimgasur e

bri ght ness nd.lifetines pat.ent s |nc defor xanpl e US
A R N A i S B IS o T
| i ght as@emggescrl bed in for exarrpl e US Patent Nos. 5 247 190 and 5, 401, 827

(Canbrl dge Display Technol ogies). See al so Kraft et al.
"El ectrol umﬂé@c@ﬁ@ﬂe@ﬁp@gét%ﬁﬂ: QIREFIS MateisdiCARDPEISRY ¥NET WAIREWMLi ght |

Angew. ice architecture,
physi ceh pm] ncﬁ%flaelgfjcure é%locﬁ %Flgce&ﬂ%&s awlﬂ %&32??% bl ends, and
mat eri al s sylnbktes bmbamdlefntsc thelradtiio matavtal cdsrnplsseberpeépolyrm@oAp@r@bEmhday

referenc§|n its entirety Light emtters kno in the art and

conmer dFRIY & agpityrs 9f eoeaweﬁé)rageamrﬁef VRSV A 15U POSRIE thehef ol yrrer s as
wel | as,q eCanHBk BrodbifRe tosfbﬁhth%? &ld ﬁétﬁxaé’sadekél«bdeﬁ hEfeHMISY RR?}{HuPﬂm Mer ck
Yel | ow, rck Blue, Anerican ources (ADS), Kodak (e.g, ALQ3 t he

li ke), koodleigenf Anmklkid:d muhehamsa EEdP—lPPMw ﬁ@adqsirelsle pblymm‘ﬂq rmartga,m c

suitable monomer or partial polymer.
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el ectrol um nescent materials include: (1) poly(p-phenyl ene vinyl ene)
and its derivatives substituted at various positions on the phenyl ene

noi ety; WO 2011/041132 pol y( p- phenyl ene vinyl ene) and its @€TiUS21006ER50
substituted at various positions on the vinylene noiety; (i)

pol y( p- phenyl ene vinyl ene nd its derivatives substituted at various

posi tions on"tRE® SH@H%‘%H%% ﬁﬁipé?gﬁ&ﬁ%r 3P %towf?ﬁq,f-av dif MEPAYPPous posi ti ons
on the yiyNirERE af®betrdss-links upon ékﬁ&shlféﬁb?ﬁ(r@dié(ﬁcﬁ{‘%‘ékm LRBBdimeenR the

aryl ene may be such noieties as naphthal ene, anthracene, furylene,
t hi enylreemlyosaditezohlesurard t he |ike; (v) derivatives of

oly(aryl en i nyl en where the arylene e as i.n (.iv) abov and
iR AR el SR R A R S bR R R o

(vi) derdwphblcato®V®boL/ed6058 NeambAyd)eneludinghefBr éaenpde, Yafetorsyarle as in
(iv) above, and additionally have substituents at various positions on the

vi ny| erfesociated figurgsard)exgepisiat i ves of pol y(aryl ene vinyl ene), where the
aryl ene may i i V). V. L I [ tuents at

vari ous posilsagridenhddinfhR a5 ERHL AT LR ELRUBILIHET P RS o
t he vi molghiephend® 2011/ 041232PCT/ US2010/ 050250 (viii) co-polyners of
aryl ene vinyl ene oligoners, such as those in (iv) v), (vi), and (vii)

with non-coH?%@ﬁ?@ﬁﬁdpﬂﬁbﬁﬁ@Eﬂpa@ﬁmonS@“ﬂnPikygﬁbﬂﬁgi WyiceRsednd its

der i va_tfrx#ﬁ@gﬁggrés%% tida dép@'iéa%ﬁs PRFLS % Oob szbmﬂo%fenﬁqu%& X,

i ncl udi ng yner vatives such as poly(9, 9-di alky orene) and
t he | i Kkb¢ transparent ¢ondugrotsyfaniby lfdmesicd \wyefoe ckdreplay sheetroeatingy wWeb-wathg, moi et i es
as napht hal ene,. ant hr.acene, furylene, thienylene, oxadiazole, and the |ike;
and théFW“H%ﬂW@é@fU@EO%ubstituted at various positions on the arylene

ol ety; AnothétembRirRdk ¥oRpasRfus@bf goadiy tengg. such as those in (x) with
non-conj ugat ed ol i goners; (xii) polyquinoline and its derivatives;
(xiii) co-polhenek sorofulgtiony can broddanedvpt the depivistopi regtbod ubdudinginssdiciott he
phenyl epne wi.th, .for example, .al kyl or, al ko roups t ovi de, sol ubility;
and 41§ coa(tgggvf op ?Wﬁ?, gascg%%yﬁ%rbg aéifﬁlgtﬁ& é}gxl}/etl%r REasePoPd RN daSS.

pol y( p- phenyl ene- 2, 6- benzobi st hi azol e),

pol y(pphenyl ene- 2, 6- benzobi soxazol e), poIyphﬁhegﬁLene-Z,G-benzinidazole),
and  t hdilele deanspent.jlyisstion, or Collgntiondayery for ¢sgiVith ewirgdBased Eleetradesnc| ude

SU!VATl O\I Li qntsoﬁﬁiehltbio?&é?]ﬂ, X%rv&ﬁre(b l'sch @l&tr&a%@ﬁreeéaita{ed%iﬁleepholg ?rq?s %h“e’ or
white |ight or elrr famlTes, copglyners, erivatives, or mxtures

t her eoflaydr (ETEYMAT N ctiitslagsrg HEO Riok Ablk énjtctm [SurgHION SikablOHELs gpol yer s
i ncl ude pol yspirofluorene-Iike polyners avail ahbl e from Covi on Organic
Seni co&%é@@%a@ﬁﬂf{“ﬁ@éﬁ*ﬂ&@?(ﬁ@éaWOTG%WPSQHEWW%@WHE ascd _

ALt er nahlorglve, hBhPEmbbERARNEHEITT at IR dro BXURIIAC PRULACH AT s BRbrigM ¢ DY
fl uorescence or by phosphoréscence can serve as the organic

el ect r aingmir nesc eherehtly eondueskinapdlgsicof(IGPw ok hololteospoeting gateiiels (HTMs).

el ectrqlu scent teri.al s include: (i), tris(8-hydroxyquinolinato)
o1 ot natHED A ERcareniBly G&ighsSy i Rerts Ao B R T AN ST Gazo o
( OXD- 8)devicks hQin%PP@Ql&&&é@?ﬁﬂ%‘rﬁaﬂ%bl‘%@é,‘ inali@ish WihBWTMS h¥d/or ICPs, such
bi s(2- et hyl - 8- hydr oxyqui nol i nat 0)" al um num (V) '
bi s( hy dooyppbers egplamsizingagshtsbeariactanisndgBe®, salixngy, and the)like.
bi s(di phenyl vi nyl ) bi phenyl ene (DPVBI); and (vii) arylam ne-substituted
di styryl aryl ene (DSA am ne).

Hole Transport Materials

Hole transport materials (HTMs) are conductive or semiconductive materials that
facilitate conduction of holes between adjacent layers typically electrode and emissive layers,
or electrode and photoactive layer. HTMs can be organic or inorganic based materials.
Examples of traditional organic based HTMs include heteroaryl amine compounds and
polymers, including arylamines and or doped arylamines, aryloxys, and organometallic
complex moieties. Aryl amine moieties are known in the art. See, for example, Lim et al.,

Organic Letter, 2006, 8, 21, 4703-4706; Fukase et al., Polymers for Advanced Technologies,
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Such pol yner and small-nolecule materials are well known in the art and are
described in, for exanple, U S. Pat. No. 5,047,687 issued to VanSl yke; and
Bredas, Jweoloi1/@ii3key, R, eds., Conjugated Pol ynmers, KPORaS2loasess c

Press, Dordrecht (1991). Comon el ectrode materials and substrates, as well

oS5 BBl a2 B R T S s s o

nmeasur &0l Bl pas E@F @FyﬁttmEMat%@%h@De%@ss WRRNBRES T%?Ibr Bg Feacls Gduput at 10
mAy cnR Vol t'age can for exanple about 2 to about 8, or about 3 to

about 7Lh(E1)c Buda Ratoh ¢2008 an@teéeram the2eino Thbegtarsine moicties Bam gmhrregs)rlsan be,
for exa Ieast 250 cﬁdﬂﬁm’t orbat | east 500 cd/.nR,. or at ,least 750
cd/ ne, % eaé‘ioﬁeé‘éé?gef 43P andtfpast one benzggqing. s & ngelinffing gxample, theyj can™ o
| east Qodfpricelbhs b&@ze@d rih€BSided tdtd nftbebn adi; &ho bedghe AnBPodadedo #1 at | east
0.70 Cd/ A, or at least 1.00 Cd/ A, or at | east 2 5 Cd/ A, or at least 5.00
Cd/ A, GHiregen|agem: orthisg bepyenc riggs b@ndleé&@nmgemaf@m Ar three benzengrrngsne can be

or at a8t B TeEHad, iRl ER Ay Bl TAERY o 1Plq hERR, g =
hours, Mole @inshe@ptoptde. hours, or at |east 2,000 hours, or at least 5,000

hour s. Conbi natl ons of br| ght ness, effl ci ency and lLi.feti pe .can be
achi eved. Fcﬁvxa@;pé%m &ry ﬁmngﬁmég% bubpremet gmltr:%épsmaay YOBCH PISPAYRIFRGS ency
can be I s, at

| east 23%%1(1)16 our ﬁ’hgﬁl%{z&feeaggge STlf(l)eg%ij u@giﬁn%?nﬁsfyg %?ﬁgedjl\}gtod ﬁ%ggsmﬁl%om in

t he ar tothbanryeinggkdugio a teaswoeal OR\bopdy @rtatked by a group coﬂrqmsu@l amesm( mitec )
can be faqr exar’rl)le at |east 6, or at least 7, olr 2[? 8, at |east 9,
or at |5 Q. Gfie gF MOELRYYEFH atog)s, Q4 onet dporg ba O?ﬁ‘?én% Be3a8 tB% for
exanpl QHQ{ ro§p Efh B Wasddne Morﬁ‘l%kltalléllétﬁo%b?‘éhp%éak@ﬂb Abgyt 5 to about
20 oc values (V) can be for exanple at |east about 0.5, or at |east
about 0.6, oYomatimitergstxamiptagtof @ry? amanes and bpprepriath boking g&ups cambe foelaétm about

or abou[g %mg’gsq‘?%al ZQBH%M%H%EM 18§§ﬂdh[}g @3?‘{?@26}{:@9% tgg()%{?gﬁﬁ?%l tst 1agout

0.2, orusipubleasibn Rd0O 1000 DRSH), ahd b Bassg7abalt Nbvémb@msatzobgassesﬁ&)&u&t 0.5,
or at |east about 0.6, or at |east about 0.7, includi ng al so for exanple

about O HsecrlyhdSeppi@tiond 2486814 61 Neveathsul 7.¢.093), cach of whigh pgy  val ues can
be for at | east about 2% or at |east about
3% or a@@a%’fi%gggﬁﬁ&ig/ﬂp%?ﬁ fr%l)eggsgt about 5% or at |east about 6% or at
| east about 7% including for exanple about 1% to about 8% or about 1%to
about 7% or apout 1% to about 6% or about 1%to about 5% or about 1%to
about é.—%—%—%LhQ%QJEZ%tO about 3.4% Sul f onat ed pol yners and

formul at i onsynf hefifplond tﬁ% ihGd hifl FEYRA FRIGud BliRciRRriiuidat can
be used to p?o ucg}p‘%n C o}?gnangeetﬁ%egg ?ractlﬂgtﬁ or ‘hol'e colTection

| ayer ftacklmmgatictumh sitomvbﬂghaierctrd:allcccﬂuctivities under some conditions (relative to

those of traditional polymeric materials). Performance of these materials as a conductor of
holes or electrons is increased when they are doped, oxidized or reduced to form polarons
and/or bipolarons. Electrically conductive polymers are described in The Encyclopedia of
Polymer Science and Engineering, Wiley, 1990, pages 298-300, including polyacetylene,
poly(p-phenylene), poly(p-phenylene sulfide), polyanilines, polypyrroles, polythiophenes,
polyethylenedioxythiophenes, and poly(p-phenylene vinylene)s, and derivatives thereof,
which is hereby incorporated by reference in its entirety. This reference also describes
blending and copolymerization of polymers, including block copolymer formation.

Polythiophenes and derivatives of polythiophenes are examples of ICPs useful in the
some embodiments. Polythiophenes are described, for example, in Roncali, J., Chem. Rev.
1992, 92, 711; Schopf et al., Polythiophenes: Electrically Conductive Polymers, Springer:
Berlin, 1997. See also for example US Patent Nos. 4,737,557 and 4,909,959.
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WO 2011/ 041232PCT/ US2010/ 050250 Control materials can be fornul ated such as
PEDOT naterials described in US Patent No. 4,959,430 to Jonas et al.
Baytron rwibenitzl4s23can be obtained fromH C. Stark. Degr &dattisemonai2éo and
degradation tine for a cell can also be exam ned. Inverted sol ar devices
can be made. Roll-to-roll processing can be carried out. Solar nodul es can
be prepared. See, for exanple, Sun and Sariciftci, O ganic Photovoltaics,
2005. Aggdiidtanal paesphBidson is provided with use of the follow ng
non-limirng working exanpl es. WORKI NG EXAMPLES Exanple 1: Preparation of
Patt er ned Silixaglésarid(Ps elso Dickplogeglowgui8ubslythaspdenes. US priysemabpaedt i ng
solution availabl.e fr X Techno i £S,. oratio r epar ed

cont ai rAPRGeCer gt ngr STRFEEY (e R SO AR FARER P ERARE ™ T ¢ on
X-100, RHebWwakRMDevidesafllcdaghye 120065 © tsBadslARl. i Sherblyy os@siatedBECi Si ONn

G ass Inc. was used to prepare silver coated glass substrates. The d ass
was 152clerenge byita guirdy pgliding figeres, erkmgezamples, gdelaimat Eyadsitiasilisy uv
Qzone f 10 m . I A% < -.PS- . way
Resoar CTIREn AR ERpyeRiTh GRELRL BRaS E FARLOTREPARELabb P HRRNEY Lce
t o obt aind QUKD drthvteeihicngsl EJD Ddvice$” filee Sep@ibbg]l & Q006 toofeshadi e gpensed on

the gl ass substrate on the spinner spi nni&g at. 500 rpmfor 60 secaonds. The
coat i ng'“liEky RHEROTAICH S raCrameeT Gt cpirty M wling HeweovrkegicsimBlreriidnd baked
at 180%1{1181%. %%'epa%&lQ aﬁ@fc‘aﬂ sdM3] fo. QVSZ%',%G(USTI*L%I&‘Pﬁtlg&ﬂoﬁ‘%?%?@ib to
have a sheet resistance of 15-17 ohns/sq (‘as neasured by Del com 717
Conduct‘&ntfendtonidf ¢iondwdtinig Polymanand &4iEbn Pbbto¥6BAit raad HEEBevineshiftltd aulhaze of

3% as a d by e rd Pl us. To pattern.the.silver coating, the
Fol Fow no i Heardg e it bt iabomarind Brshittctor I ERWOH TR hat o  al
was usegh s, RBALRE &8nHles, And AYRs. of photoresist was spun on the silver

coating at a spin speed of 2000 rpm for 60 seconds. The photoresist was
pre- baked atVarkwstams3reunthtiedesombes heotipbelow: A fil m mask was used for

Ceconds. azerabn ey sto el RuEh el it 68 rRBRE o b8bar op 1 ne

resi st HaRingrficih 1 td 2ORSBOE adMsNbifrérh 1EbARaREbohYREnH oVasmUB &A1 (ASr Abmhadt for
the silver nanowires. A DI water wash ste‘pfvvas i nvol ved after the devel op
111

and et chosfrep | orbeprbemeomsy dbis tahtresemplified hegropmauch apdey afg@alet o strip

Subst r a7 ST Pkt AIEROARES e -G PEPRE AR SRR ol OIS o

coat i ngmdake dlescri bed in Exanple 1 were coated with H L nmaterial as
prepared in Exanple 5, which resulted in non uniformhazy filmon top of
the coating &pt@ml@@u’bﬁ%ﬁm EEIDS $HEbOr epieplgifynational grormsithat Yapbear t s
met han I i il i

pat t or g P o P e LR ) e g Sutery Oy ToP SR AER RS LR | e
by a drupssiisgputed bp@Cadditiorl pionptitesindedefarrbdkoeasahe gHOE nhme, 25 e&npte nut es.
This resulted in 70-80 nmcoating a asur by a surface profilonetry
ool . | T8 B HOHD LG e SERERE 1og s ARIOHES BrRBUREEH Lt o
coat i NG, NBScalB 3 YERHedto BAUbALLH Ik ONdupstitieanplie 3: Preparation of Active
Layer Inks ~ PLEXCORE P3HT was prepared as described in US Patent
Publ i cat i on "S0bg8itesd 8kgl danlbs foweaxempleagraalled drowumhavdidtiremd HJl ket ene

deri vati ves in 42 of the solids to 23.5 2-di o nzene.
The | oSl L RS s i T Bl M B 0% bhsiing o Byl iR SR80 T
cool . bRl sudtitubddemiargt 49N sEbstisutbd &ata@doxy, substituted aryloxy, hydroxyl.

pol y(3- (et hoxyet hoxyet hoxy) t hi ophene-2, 5-di vl) kPLEXCORE MPX)
"Aryl" can be for example a monovalent aromatic carbocyclic group of from 6 to 14

carbon atoms having a single ring (e.g., phenyl) or multiple condensed rings (e.g., naphthyl or
anthryl) which condensed rings may or may not be aromatic provided that the point of
attachment is at an aromatic carbon atom. Preferred aryls include phenyl, naphthyl, and the
like.

"Substituted aryl" can be for example to an aryl group with from 1 to 5 substituents,

or optionally from 1 to 3 substituents, or optionally from 1 to 2 substituents, selected from the
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A 0. 7% aqueous di spersion of sul fonated

pol y( 3- ( met hoxyet hoxyet hoxy) t hi ophene2, 5-di yl) was prepared as described in
US Pat entwBubit/aatszon 2008/ 0248313. WO 2011/ 041232PCT/ BEZ0HE¢1058250
Exanpl e 5: Preparation of four H L fornmnul ations (1) ApH3 HL

5 g Ao sy st 8T Bufiost P it o doaory bR b Ena 1100
g 'soprapanelq alee ymabt%eedveg &MJX@eﬂlb'éf'ﬁl’teld etlbxpfana heIfSiRkd ds di ssol ved.

To this solution was added 1. ol y(styrene sul fonate) 18% aqueous
sol ution (Si "g%tthow"dam bhfor\mxampbtthfr gnong "'alk@ieOg' \ghlpltEX@(déE byPXay0of7 % aqueous

sol uti on wa n ropw se wi.th stirrin wat er

Saded RaTPEOE TRy By & 3¢ 5 Pranshi Dtuselp g kg G Fopeiody e
2,4,7, 9~ ttﬁyml@mtﬁway aod@? 103§; BopendlOty,i dhddh@rirpanol , Air Products), both
vvlth stlrrln unti | ormul ati on was honogeneo 2) ApHS5 HL

f or mul at i on "wabstpwtedatkeyy' b@}mé@cfph@(am%thﬁﬁ@tpﬁéh@tl&#?%elké’lsﬁgSm Al dri ch)
d i to.d t el
oo o o 4l 40 L AP GRSV PR

3.2 g dfavpgl f‘pt(rﬂ-l ty O yhipbe awys, (Csanttodn oSttg)mw%sj bt 6bin T ® B, 0pfibal ner

cont ai ni ng _49. g3 of 1, 2-propanedi o] and 39.2 of |50ﬁropanol The m xture
was stid Pétirount 103 @rboibfiomhe TRl P ISER Bl by FoupHHeh 8o M IHenas added

0.2 g < u I ch),

foll owecéftdh %%%2?%6%%13&%% olﬂe)s ﬁﬁgﬁ%&fgﬁﬂﬁ%@l’%@?ﬁﬁg‘% ng%’lggé’r esin

( Si gna délddeyilate) isapdritylstd, ranidrilye likd4. 5 g PLEXCORE MPX 0. 7% aqueous sol ution
dropwi se with stirrin er was the ed. an e fornul ation
P rea unt RS dis S et an FhSiA LR RO DO T 9 oy I, was
pr epar ego Ry atﬁgﬁb%rgfe%bgy oto @@e!trl%ﬁlatoiﬂsrb)ﬂh FHQ%HQ b 1c6dPIRRR G GEraBlydiEn ALAr i ch)
to 17.2 g of 2-butoxyethanol (Sigma-Aldrich The m xture was 'stirred until
al | of sitheoakéngsunhagsatiore Sucligraupss eres@qeumlhﬁnd brgingt ddgl, buB3-gnPEEXGORE MPX
0. 7%aq[ﬁeﬂgs solution dropwise with stirring. 22.4 g of water was then
added and't%e fornulation stirred until honogeneous. Exanple 6: OPV Devices
made from PERGEISS] blkbn@dndarbafor WeEnS!S alkenyl gross M@IngTedioWité 8§ substrat es
of Exanple 1 were cleaned in a Cass 10,000 %ean room by sonicating for 20
mon i n sAdYBEts endipiciailpdde Acekstipents sclcgted &pm the grayp cpeyistingefeligayoni zed
wat er), ) m n of
soni catslu{(%‘ﬁ telt(r%a\g%gg %’ a%91 ea@L 05%’5}]@ "n\%glroé \Q’g{r.tu?%ix%%@é %gﬁ&y “ozone for
10 m n.substituted Afy @l’ryl@kﬁ@lﬂbﬂgute& uﬂ&dxyabﬁlo\/\mﬂ&g@oﬁy(&dxw ﬁlt‘roacdmt;@ll nj ection
| ayer (HIL) corrprlsm gwgroxwra ely 30 nmthick

| ayer
pol y(3 C&rwwsethwelﬁ fgd cys a}lfyé’tlﬁ%%é’h ﬁt@ﬁ&t@} hemrem/ PSS)
agueous, lig] 0 YRR Eroc AllicA0RBH it h ARl PR ARL I ng i
air for egérés clgta ggﬁ@rﬁpm ]l)og\i: 4)%))iy 1fe %r?&e?t aO PBFC)XY %ub% ot &

2011/ Omzaﬁd?ﬁé'dw&mw@lﬁmﬁ@tedbearbmgmbstrat es were then anneal ed for 30
mn on a 175, ,C hot, |na en at rmsphere box, the
nctive | ayer ATHRSY oferiieai P et Y EBa D06 robides diaviy o g ko
substre};heﬁopj}pﬁaﬁltm@ Qﬁdgﬁé@iképm in a nitrogen atnosphere. The coat ed
substrates viere then annealed for 30 min on a 175 C hot plate in a nitrogen
at nospher e. "Atb#itutadh aediiyi gan bhérearhpldsubrisutappivil-€t eseusop of the active

| ayer by fir 8posi an ,.appr ,,eI nmth | aygr and
thon vapor SRR RaBERaS sl BRe Rl AR OB el pE o bl SR80 ces
wer e tt(m@peémuteawetd aWyldhe an@ | RIS alkgV e oplonlly Sidblstitvesl adnadl Wahh a

UV- cur abl e adhesi ve (EPO TEK(3r) 0Gl12-4 fromeeﬁ%oxy Techno y) and cured
under URtegerdyemildn of @rrfremrhtﬁ atAlBplcRg/PE e cam §P¥3}npl¢ﬁ@u@é pgdongaes wer e
then w nove the organic |ayer fromthe

el ectro g&ﬂ&?d@%@%%ﬁ%&@ﬂﬁ?gﬁ&a&%cegi?sce conprised |ight-sensitive pixels
on the Substlhah‘@stﬂm%groabeﬁésbﬂ‘d@samxéqmliym«:rtsatrdedtahby dexcapimygl at ed regi on of
t he devi lge, The t%/ |caI @hﬁea of e !é,xel was_ 0.09 c The photovol taic
char act¥PHEHESWY YIHST geRpfitusats g f Stifes) Yostiyicd asylaxingdqui pped with a
Kei Ll Yo B4R AH] Gy ek &lauBlifud wiidHSl i3PULSRLAK L fhfhyedased on a Xe
lanp with 2 output intensity, using an Air Mass 1.5 gl obal

spect r arylfgrbtectc. vdne oot 1ata:pd@i<fonutce$ldnﬁmrﬁunlrsswb@atesuhe niﬁlxenlllrarrp intensity
was calibrate n NRE cert fied Si- ) 0 hot,odi .o The
Sour oo BB SbuBRE kY 8 g0l S PRl RS S CHRU S SREDLT TS o1

nanow re el ectrode, while the alum num el ectrode was grounded. The

resul ti ng photocurrent was neasured ad>a function of the bias vol t age
applied to each pixel. The power conversion efficiency of a solar cell was
determ ned for four pixels per device as 11=(FFlJscl Voc)/Pin, where FF is
the f|II factor, Jsc is the current density at short ci_rcuit Voc is the
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TABLE 1 Experinment and Device #s Jsc Voc(V) FF Ti (% Best Ti 6-1
(control)* 9.88 0.60 0.54 3.27 3.66 6-2 2.51 0.09 0.25
WO 2011/041232 PCT/US2010/050250

can be constrained by a limitation that, for example, substituted aryl groups are limted
to —substituted aryl-(substituted aryl)-substituted aryl.

Similarly, the above descriptions are not intended to include impermissible
substitution patterns (e.g., methyl substituted with 5 fluoro groups or a hydroxyl group alpha
to ethenylic or acetylenic unsaturation). Such impermissible substitution patterns are well
known to the skilled artisan.

One skilled in the art can employ the following references in the practice of the
various embodiments described herein. In particular, several references describe conducting
polymers, polythiophenes, regioregular polythiophenes, substituted polythiophenes, and
OLED, PLED, and PV devices prepared from them, and these can be used in the practice of
one or more of the present embodiments. In reciting a conducting polymer name, the name
can also include derivatives thereof. For example, polythiophene can include polythiophene
derivatives.

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

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

The US regular application, serial no. 11/350,271, to Williams et al, can be also used
to practice the various embodiments described herein for hole injection and transport layers
(“HOLE INJECTION/TRANSPORT LAYER COMPOSITIONS AND DEVICES”).
Another reference which can be used is Williams et al, 11/376,550, COPOLYMERS OF
SOLUBLE POLYTHIOPHENE WITH IMPROVED ELECTRONIC PERFORMANCE,
filed March 16, 2006.

Polythiophenes can be homopolymers, copolymers, or block copolymers. Synthetic
methods, doping, and polymer characterization, including regioregular polythiophenes with
side groups, is provided in, for example, U.S. Patent Nos. 6,602,974 to McCullough et al. and
6,166,172 to McCullough et al., which are hereby incorporated by reference in their entirety.
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0.06 0.08 6-3 2.56 0.10 0.25 0.07 0.08 6-4 2.89 0.12 0.26 0.09 0.13 6-5
3.30 0.16 0.26 0.14
WO 2011/041232 PCT/US2010/050250

Additional description can be found in the article, “The Chemistry of Conducting
Polythiophenes,” by Richard D. McCullough, Adv. Mater. 1998, 10, No. 2, pages 93-116, and
references cited therein, which is hereby incorporated by reference in its entirety. Another
reference which one skilled in the art can use is the Handbook of Conducting Polymers, 2™
Ed. 1998, Chapter 9, by McCullough et al., “Regioregular, Head-to-Tail Coupled Poly(3-
alkylthiophene) and its Derivatives,” pages 225-258, which is hereby incorporated by
reference in its entirety. This reference also describes, in chapter 29, “Electroluminescence in
Conjugated Polymers™ at pages 823-846, which is hereby incorporated by reference in its
entirety.

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

Block copolymers are described in, for example, Block Copolymers, Overview and
Critical Survey, by Noshay and McGrath, Academic Press, 1977. For example, this text
describes A-B diblock copolymers (chapter 5), A-B-A triblock copolymers (chapter 6), and -
(AB),- multiblock copolymers (chapter 7), which can form the basis of block copolymer
types in some embodiments.

Additional block copolymers including polythiophenes are described in, for example,
Francois et al., Synth. Met. 1995, 69, 463-466, which is incorporated by reference in its
entirety; Yang et al., Macromolecules 1993, 26, 1188-1190; Widawski et al., Nature
(London), vol. 369, June 2, 1994, 387-389; Jeneckhe et al., Science, 279, March 20, 1998,
1903-1907; Wang et al., J. Am. Chem. Soc. 2000, 122, 6855-6861; Li et al., Macromolecules
1999, 32, 3034-3044; Hempenius et al., J. Am. Chem. Soc. 1998, 120, 2798-2804;

The following article describes several types of regioregular systems beginning at
page 97 and references cited therein: “The Chemistry of Conducting Polythiophenes,” by
Richard D. McCullough, Adv. Mater. 1998, 10, No. 2, pages 93-116. In a regioregular
polymer, including a polythiophene, the degree of regioregularity can be, for example, about
90% or more, or about 95% or more, or about 98% or more, or about 99% or more. Methods
known in the art such as, for example, NMR can be used to measure the degree of
regioregularity. Regioregularity can arise in multiple ways. For example, it can arise from
polymerization of asymmetric monomers such as a 3-alkylthiophene to provide head-to-tail
(HT) poly(3-substituted)thiophene. Alternatively, it can arise from polymerization of

monomers which have a plane of symmetry between two portions of monomer such as for
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0.17 * control device is glass/ITQ PEDOT/ active | ayer/Ca: Al/glass WO
2011/ 041232PCT/ US2010/ 050250 Exanple 7: OPV Devi ces nmade from PEDOT/ PSS HI L
and i soprwpybtlial4chol washes The procedure of Exaoplus2@omwsRsused,
except for the substitution of isopropyl alcohol for soap solution during

SO e, LA e e P TR PRL A TRl T 2
0.61  gybstituted thiophenes).

In particular, substituents which can be used to solubilize conducting polymers with
side chains include alkoxy and alkyl including for example C1 to C25 groups, as well as
heteroatom systems which include for example oxygen and nitrogen. In particular,
substituents having at least three carbon atoms, or at least five carbon atoms can be used.
Mixed substituents can be used. The substituents can be nonpolar, polar or functional organic
substituents. The side group can be called a substituent R which can be for example alkyl,
perhaloalkyl, vinyl, acetylenic, alkoxy, aryloxy, vinyloxy, thioalkyl, thioaryl, ketyl, thioketyl,
and optionally can be substituted with atoms other than hydrogen.

Thiophene polymers can be star shaped polymers with the number of branches being
for example more than three and comprising thiophene units. Thiophene polymers can be
dendrimers. See for example Anthopoulos et al., Applied Physics Letters, 82, 26, June 30,
2003, 4824-4826, and further description of dendrimers hereinafter.

Heterocyclic polymers are particularly preferred. A particularly preferred system is
the polythiophene system and the regioregular polythiophene system. Polymers can be
obtained from Plextronics, Inc., Pittsburgh, PA including for example polythiophene-based
polymers such as for example Plexcore, Plexcoat, and similar materials.

Another embodiment includes heterocyclic conjugated polymers which are relatively
regioirregular. For example, the degree of regioregularity can be about 90% or less, or about

80% or less, or about 70% or less, or about 60% or less, or about 50% or less.

Sulfonation of Polymers

Polymers including the aforementioned polymers can be subjected to sulfonation.
Sulfonation schemes are known in the art for different conducting polymers and heterocyclic
types of conducting polymers, including those which have a heterocyclic atom such as S, N,
Se, Te, and Si. The organic based substituents on the sulfonated polythiophenes are not
particularly limited but can be, for example, a group which provides a solubilizing function
such as alkyl or alkoxy.

Polythiophene systems comprising sulfonate groups are known. For example, some
embodiments provide a composition comprising: a water soluble or water dispersible
regioregular polythiophene comprising (i) at least one organic substituent, and (ii) at least one

sulfonated substituent comprising sulfur bonding directly to the polythiophene backbone.
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When a regioregular polymer is subjected to sulfonation, the polymer composition

can be yet called regioregular for present purposes.

Additional Polymer Embodiments

In addition, an embodiment for the polymer which can be subjected to sulfonation to

produce sulfonated substituents on the polymer backbone can be represented by formula (1),
R

/

m "

wherein R can be optionally substituted alkyl, optionally substituted alkoxy, and
optionally substituted aryloxy. Examples of substituents for the optional substitution include
hydroxyl, phenyl, and additional optionally substituted alkoxy groups. The alkoxy groups
can be in turn optionally substituted with hydroxyl, phenyl, or alkoxy groups; or

wherein R can be an optionally substituted alkylene oxide. Substituents can be for
example hydroxyl, phenyl, or alkoxy groups; or

wherein R can be optionally substituted ethylene oxide or optionally substituted
propylene oxide or other lower alkyleneoxy units. Substituents can be for example hydroxyl,
phenyl, or alkoxy groups; or

R can be an optionally substituted alkylene such as for example methylene or
cthylene, with substituents being for example optionally substituted alkylencoxy such as
cthylenecoxy or propylencoxy; substituents can be for example hydroxyl, phenyl, or alkoxy.

In addition, the substituent group R in (I) can be linked to the thiophene by an oxygen
atom as alkoxy or phenoxy, wherein the substituent can be characterized by the
corresponding alcohol or phenol, respectively. The alcohol, for example, can be linear or
branched, and can have C2 — C20, or C4 — C18, or C6 to C14 carbon atoms. The alcohol can
be for example an alkyl alcohol, or an ethylene glycol, or a propylene glycol, or a diethylene
glycol, or a dipropylene glycol, or a tripropylene glycol. Additional examples can be
monoethylene glycol ethers and acetates, diethylene glycol ethers and acetates, triethylene
glycol ethers and acetates, and the like. Examples of alcohols which can be linked to the
thiophene ring through the oxygen atom include hexyl cellosolve, Dowanol PnB, ethyl
carbitol, Dowanol DPnB, phenyl carbitol, butyl cellosolve, butyl carbitol, Dowanol DPM,
diisobutyl carbinol, 2-ethylhexyl alcohol, methyl isobutyl carbinol, Dowanol Eph, Dowanol
PnP, Dowanol PPh, propyl carbitol, hexyl carbitol, 2-ethylhexyl carbitol, Dowanol DPnP,
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Molecular weights can be, for example, 25 — 5,000, or 50 — 1,000;

In some embodiments, compositions comprising 3,4-disubstituted polythiophenes and
redox dopants may be employed in the HIL compositions, as described in US Provisional
Applications 61/044,380, filed April 11, 2008 to Brown et al, and 61/119,239, filed
December 2, 2008 to Brown et al., as well as US Application 12/422,159, filed April 10,

2009 to Seshadri et al., all of which are incorporated by reference in their entireties.

Formulation and Blending

Other components can be used to help provide needed properties, such as
planarization, for the hole injection or hole transport layers. For example, planarizing agents,
when blended with the hole injection component, will facilitate the formation of the hole
injection layer (HIL), hole transport layer (HTL), or hole collection layer (HCL) in a device
such as an OLED or PV device. It will also be soluble in the solvent that is used to apply the
HIL system. (Note that we use the term “HIL” in this application to refer to any of the terms
HIL, HTL, or HCL generically, where a specific device or device configuration does not
require use of one of the specific terms.)

More than one non-conductive polymer can be used in the formulation.

Additional planarizing agents useful in the HIL compositions are detailed in the
following applications, each of which is incorporated herein by reference in their entirety.

US Provisional Applications 61/108,844 filed on 10/27/2008 titled “CHARGE INJECTION
AND TRANSPORTING LAYER COMPRISIONG A CONDUCTIVE POLYMER MIXED
WITH A SEMICONDUCTING POLYMER FOR USE IN ELECTRONIC DEVICES.” US
Provisional Applications 61/034,476 filed on 3/6/2008 and US Patent Application 12/399,006
filed on 3/5/2009 each titled “MODIFIED PLANARIZING AGENTS AND DEVICES.” US
Provisional Applications 61/032,905 filed on 2/29/2008 and US Patent Application
12/395,327 filed on 2/27/2009 each titled PLANARIZING AGENTS AND DEVICES. In
some embodiments, the planarizing agent and the hole injection component could be
represented by a copolymer that contains an ICP segment and a non-conjugated segment with

a composition like similar to that described herein.
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the solvent. It may possess alkyl, aryl, or functional alkyl or aryl character

In addition to facilitating the providing of a smooth surface to the HIL layer, the other
components can also provide other useful functions such as resistivity control and
transparency control. Planarity can be determined by methods known in the art including
AFM measurements.

The solvent system, or solvents for dispersing polymers, can be a mixture of water
and organic solvent, including water miscible solvents, and solvents that comprise oxygen,
carbon, and hydrogen, such as for example an alcohol or an etheric alcohol. Additional
examples of water miscible solvents include alcohols such as isopropanol, ethanol, and
methanol, and ethylene glycols and propylene glycols from Dow Chemical and Eastman
Chemical. See for example Cellosolve, Carbitol, propane diol, methyl carbitol, butyl
cellosolve, Dowanol PM, In some embodiments, the amount of water can be greater than the
amount of organic solvent. A wide variety of combination of solvents can be used including
non-aqueous including alcohols and other polar solvents. The composition can comprise a
first solvent and a second solvent, different than the first solvent.

In particular, water soluble resins and aqueous dispersions can be used. Aqueous
dispersions can be for example poly(styrene sulfonic acid) (i.e. PSS dispersion), Nafion
dispersion (e.g., sulfonated fluorinated polymers), latex, and polyurethane dispersions.
Examples of water soluble polymers include polyvinylpyrollidinone and polyvinylalcohol.
Other examples of resins include cellulose acetate resins (CA, CAB, CAP — Eastman).

Surfactants can be used including for example ionic and non-ionic surfactants, as well
as polymer surfactants, fluorinated surfactants, and ionomers.

Resins and HIL inks can be dispersed and/or dissolved by any method known in the
art including for example sonication.

If desired, the formulation can be formulated to include crosslinking agents which
provide crosslinked structures which may swell but not dissolve upon crosslinking.

Optionally, additional ingredients can be mixed in including for example a second
type of polymer.

In some embodiments, the HIL system can be applied by spin casting, drop casting,

dip-coating, spray-coating, ink-jetting, gravure coating, doctor blading, and the like.
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The HIL film in some embodiments can be provided that is about 10 nm to about 50
um in thickness with typical thickness ranging from about 50 nm to about 1 um. In another
embodiment, thickness can be about 10 nm to about 500 nm, and more particularly, about 10
nm to about 100 nm.

Good surface smoothness and interfacial properties are important.

In one embodiment, a composition such as an HTL, HCL, or HIL composition does

not comprise PEDOT or PEDOT:PSS.

Devices

In some embodiments, coated electrodes can be used in various organic based
electronic devices, for example in multilayered structures which can be prepared by for
example solution processing or vacuum deposition, as well as printing and patterning
processes, or combinations thereof. In particular, the embodiments described herein are
useful for solution process depositions of anodes for organic electronic devices, ¢.g. OPVs
and OLEDs.

For example, photovoltaic devices are known in the art. The devices can comprise,
for example, multi-layer structures including for example coated anodes; optionally
additional hole injection or hole transport layers; a P/N bulk heterojunction layer; a
conditioning layer such as LiF; and a cathode such as for example Ca, Al, or Ba. Devices can
be adapted to allow for current density versus voltage measurements. Inverted structures can
be made.

A variety of photoactive layers can be used in OPV devices. Photovoltaic devices can
be prepared with photoactive layers comprising fullerene derivatives mixed with for example
conducting polymers as described in for example US Patent Nos. 5,454,880 (Univ. Cal.);
6,812,399; and 6,933,436. Photovoltaic devices can be prepared with photoactive bulk
heterojunctions using materials described in the following US patent applications: US
Provisional Patent Application 60/812,961 filed on 6/13/2006, US Patent Application
11/743,587 filed on 5/2/2007and US Patent Application 12/040,776 filed on 2/29/2008.
Fullerene derivatives including derivatives comprising indene, or the PCBM fullerene
derivative, can be used as an n-type material.

Common cathode materials and substrates, as well as encapsulating materials can be

used.
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hole injection or hole transport layers; an electroluminescent layer such as a polymer layer; a
conditioning layer such as LiF, and a cathode such as for example Ca, Al, or Ba.

Methods known in the art can be used to fabricate devices including for example
OLED and OPV devices. Methods known in the art can be used to measure brightness,
efficiency, and lifetimes. OLED patents include for example US Patent Nos. 4,356,429 and
4,539,507 (Kodak). Conducting polymers which emit light are described in for example US
Patent Nos. 5,247,190 and 5,401,827 (Cambridge Display Technologies). See also Kraft et
al., “Electroluminescent Conjugated Polymers — Seeing Polymers in a New Light,” Angew.
Chem. Int. Ed., 1998, 37, 402-428, including device architecture, physical principles, solution
processing, multilayering, blends, and materials synthesis and formulation, which is hereby
incorporated by reference in its entirety.

Light emitters known in the art and commercially available can be used including
various conducting polymers as well as organic molecules, such as materials available from
Sumation, Merck Yellow, Merck Blue, American Dye Sources (ADS), Kodak (e.g, AlQ3 and
the like), and even Aldrich such as BEHP-PPV. Examples of such organic

electroluminescent materials include:

(1) poly(p-phenylene vinylene) and its derivatives substituted at various positions on
the phenylene moiety;

(i) poly(p-phenylene vinylene) and its derivatives substituted at various positions on
the vinylene moiety;

(ii1) poly(p-phenylene vinylene) and its derivatives substituted at various positions on
the phenylene moiety and also substituted at various positions on the vinylene moiety;

(iv) poly(arylene vinylene), where the arylene may be such moieties as naphthalene,
anthracene, furylene, thienylene, oxadiazole, and the like;

(v) derivatives of poly(arylene vinylene), where the arylene may be as in (iv) above,
and additionally have substituents at various positions on the arylene;

(vi) derivatives of poly(arylene vinylene), where the arylene may be as in (iv) above,
and additionally have substituents at various positions on the vinylene;

(vii) derivatives of poly(arylene vinylene), where the arylene may be as in (iv) above,
and additionally have substituents at various positions on the arylene and substituents at

various positions on the vinylene;
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(viii) co-polymers of arylene vinylene oligomers, such as those in (iv), (v), (vi), and
(vii) with non-conjugated oligomers; and

(ix) polyp-phenylene and its derivatives substituted at various positions on the
phenylene moiety, including ladder polymer derivatives such as poly(9,9-dialkyl fluorene)
and the like;

(x) poly(arylenes) where the arylene may be such moieties as naphthalene,
anthracene, furylene, thienylene, oxadiazole, and the like; and their derivatives substituted at
various positions on the arylene moiety;

(x1) co-polymers of oligoarylenes such as those in (x) with non-conjugated oligomers;

(xi1) polyquinoline and its derivatives;

(xiii) co-polymers of polyquinoline with p-phenylene substituted on the phenylene
with, for example, alkyl or alkoxy groups to provide solubility; and

(xiv) rigid rod polymers such as poly(p-phenylene-2,6-benzobisthiazole), poly(p-
phenylene-2,6-benzobisoxazole), polyp-phenylene-2,6-benzimidazole), and their derivatives.

Preferred organic emissive polymers include SUMATION Light Emitting Polymers
(“LEPs”) that emit green, red, blue, or white light or their families, copolymers, derivatives,
or mixtures thercof; the SUMATION LEPs are available from Sumation KK. Other
polymers include polyspirofluorene-like polymers available from Covion Organic
Semiconductors GmbH, Frankfurt, Germany (now owned by Merck).

Alternatively, rather than polymers, small organic molecules that emit by fluorescence
or by phosphorescence can serve as the organic electroluminescent layer. Examples of small-
molecule organic electroluminescent materials include: (i) tris(8-hydroxyquinolinato)
aluminum (Alq); (i1) 1,3-bis(N,N-dimethylaminophenyl)-1,3,4-oxidazole (OXD-8); (iii) -oxo-
bis(2-methyl-8-quinolinato)aluminum; (iv) bis(2-methyl-8-hydroxyquinolinato) aluminum,;
(v) bis(hydroxybenzoquinolinato) beryllium (BeQ.sub.2); (vi) bis(diphenylvinyl)biphenylene
(DPVBI); and (vii) arylamine-substituted distyrylarylene (DSA amine).

Such polymer and small-molecule materials are well known in the art and are
described in, for example, U.S. Pat. No. 5,047,687 issued to VanSlyke; and Bredas, J.-L.,
Silbey, R., eds., Conjugated Polymers, Kluwer Academic Press, Dordrecht (1991).

Common electrode materials and substrates, as well as encapsulating materials can be

used.

OLED Testing
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Methods known in the art can be used to measure OLED parameters. For example,
measurements can be carried out at 10 mA/cm?.

Voltage can be for example about 2 to about 8, or about 3 to about 7 including for
example about 2 to about 5.

Brightness can be, for example, at least 250 cd/m?, or at least 500 cd/m?, or at least
750 cd/m?, or at least 1,000 cd/m>.

Efficiency can be, for example, at least 0.25 Cd/A, or at least 0.45 Cd/A, or at least
0.60 Cd/A, or at least 0.70 Cd/A, or at least 1.00 Cd/A, or at least 2.5 Cd/A, or at least 5.00
Cd/A, or at least 7.50 Cd/A, or at least 10.00 Cd/A.

Lifetime can be measured at 50 mA/cm? in hours and can be, for example, at least 50
hours, or at least 100 hours, or at least about 900 hours, or at least 1,000 hours, or at least
1100 hours, or at least 2,000 hours, or at least 5,000 hours.

Combinations of brightness, efficiency, and lifetime can be achieved. For example,
brightness can be at least 1,000 cd/rnz, efficiency can be at least 1.00 Cd/A, and lifetime can
be at least 1,000 hours, at least 2,500 hours, or at least 5,000 hours.

OPV Testing

Methods known in the art can be used to measure OPV parameters.

Jsc values (mA/cm?) can be for example at least 6, or at least 7, or at least 8, or at least
9, or at least 10, or at least 11, or at least 12. The values can be for example about 5 to about
12, or about 5 to about 15, or about 5 to about 20.

Voc values (V) can be for example at least about 0.5, or at least about 0.6, or at least
about 0.7, or at least about 0.8, or at least about 0.9, or at least about 1.0, including for
example about 0.5 to about 1.0, or about 0.55 to about 0.65.

FF values can for example at least about 0.2, or at least about 0.3, or at least about 0.4,
or at least about 0.5, or at least about 0.6, or at least about 0.7, including also for example
about 0.5 to about 0.8, or about 0.5 to about 0.73.

n (%) values can be for example at least about 1%, or at least about 2%, or at least
about 3%, or at least about 4%, or at least about 5%, or at least about 6%, or at least about
7%, including for example about 1% to about 8%, or about 1% to about 7%, or about 1% to
about 6%, or about 1% to about 5%, or about 1% to about 3.4%, or about 2% to about 3.4%.

Sulfonated polymers and formulations thereof as described herein can be made into an
ink that can be used to produce high-performance hole-extraction or hole collection layer for

organic photovoltaic devices.

25

9.36 0.60 0.44 2.46 2.63 9-8 pH 3 8.55 0.85 0.51 3.66 3.79 9-9 pH



* control device is glass/ITQO PEDOT/ active | ayer/ Ca: Al /gl ass Exanple 10:
OPV Devi ces made from PLEXCORE OC H L B and using tol uene pad cl eani ng
The proceaoreligisiBzanpl e 9 was used, except for the sub®Cirtustélonsaso
PLEXCORE OC H L B of Exanple 5 for the pH 3 and pH 5 HLs. Results of

36 Voo(v) I pygeraban P e e o DG SR Breot st b8 TR 10. 2
HL 9. 4%, 4,959,430 to Jonas et al. Baytron materials can be obtained from H.C. Stark.
Degradation rate and degradation time for a cell can also be examined.
Inverted solar devices can be made. Roll-to-roll processing can be carried out. Solar
modules can be prepared. See, for example, Sun and Sariciftci, Organic Photovoltaics, 2005.
Additional description is provided with use of the following non-limiting working
examples.
WORKING EXAMPLES

Example 1: Preparation of Patterned Silver Nanowires Disposed on Substrate

Aqueous coating solution available from Cambrios Technologies Corporation was
prepared containing silver nanowires, Hydroxypropyl methyl cellulose (HPMC),

Triton X-100, and water. Clean Eagle 2000 glass supplied by Coresix Precision Glass Inc.
was used to prepare silver coated glass substrates. The Glass was 152.4 mm by 152.4 mm in
size. The Glass was pretreated by using UV Ozone for 10 minutes. Spin coater Model #
PWM32-PS-CB15PL from Headway Research Inc. was used to prepare the substrates. A
recessed chuck was used to obtain uniform coatings. 10 ml of the coating solution was
dispensed on the glass substrate on the spinner spinning at 500 rpm for 60 seconds. The
coating was then dried at 50°C for 2 minutes in a convection oven and baked at 180°C for 90-
120 seconds on a hot plate. The coating was measured to have a sheet resistance of 15-17
ohms/sq (as measured by Delcom 717B Conductance Monitor) with a transmission of 95%
transmission with a haze of 3% as measured by Haze Gard Plus.

To pattern the silver coating, the following procedure was used. AZ® 3330F product
of AZ Electronic Material was used as photoresist. A layer of photoresist was spun on the
silver coating at a spin speed of 2000 rpm for 60 seconds. The photoresist was pre-baked at
110 for 3 minutes on a hotplate. A film mask was used for exposure @ 220mJ energy. The
photoresist was then post baked for 60 seconds. AZ® 300 MIF developer was used for 30-60
seconds to develop the resist material. Transene Aluminium Etchant Type A was used as
etchant for the silver nanowires. A DI water wash step was involved after the develop and
etch step. Propylene Glycol Monomethyl Ether (PGME) was used to strip the photoresist.
Mask design:
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Example 2: Coating Silver Nanowire Substrates with PLEXCORE OC HIL A formulation

The patterned silver coatings as described in Example 1 were coated with HIL
material as prepared in Example 5, which resulted in non uniform hazy film on top of the
coating of silver nanowires. The HIL was diluted 3 parts to 2 parts methanol by weight.
This diluted formulation was spun coated on the patterned film of Example 1 at 1000 rpm
for 30 seconds. This was followed by a dry step at 50°C for 5 minutes and a bake at 160°C
for 25-30 minutes. This resulted in a 70-80 nm coating as measured by a surface
profilometry tool. The combined transmission of the conductive coating and the HIL top

coating was measured at 86% for film only.

Example 3: Preparation of Active Layer Inks
PLEXCORE P3HT was prepared as described in US Patent Publication
2008/0319207. Inks were prepared from P3HT and fullerene derivatives by adding 542 mg

of the solids to 23.5 g 1,2-dichlorobenzene. The inks were stirred for 2 hours at

approximately 60°C, then allowed to cool.

Example 4: Preparation of sulfonated poly(3-(methoxvethoxyethoxy)thiophene-2.5-diyl)
(PLEXCORE MPX)

A 0.7% aqueous dispersion of sulfonated poly(3-(methoxyethoxyethoxy)thiophene-
2,5-diyl) was prepared as described in US Patent Publication 2008/0248313.
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constructed. TABLE 7 Experinent and Device Layer "1 Layer
vinylphenol) (DuPont or Sigma-Aldrich) to a container containing 49.0 g of 1,2-propanediol

and 39.2 g of isopropanol. The mixture was stirred until all of the solids dissolved. To this
solution was added 0.2 g of poly(styrene sulfonate) 18% aqueous solution (Sigma-Aldrich),

followed by 1.2 g of 10% aqueous dispersion NAFION perfluorinated resin (Sigma Aldrich)
with stirring. 104.5 g PLEXCORE MPX 0.7% aqueous solution dropwise with stirring. 2.8
g of water was then added and the formulation stirred until homogeneous.

(4) APLEXCORE OC HIL B formulation was prepared by adding 0.9 g of poly(4-
vinylphenol) (DuPont or Sigma-Aldrich) to 17.2 g of 2-butoxyethanol (Sigma-Aldrich). The
mixture was stirred until all of the solids dissolved. To this solution was added 9.5 g
PLEXCORE MPX 0.7% aqueous solution dropwise with stirring. 22.4 g of water was then

added and the formulation stirred until homogeneous.

Example 6: OPV Devices made from PEDOT/PSS HIL and Soap Washes

Silver nanowire substrates of Example 1 were cleaned in a Class 10,000 clean room
by sonicating for 20 min in a soap solution (Deconoex OP 162, Borer, 1 drop per litre
deionized water), followed by 20 min of sonication in water, followed by 20 min of
sonication in acetone. The substrates were then exposed to UV and ozone for 10 min.

After cleaning, substrates were coated with a hole injection layer (HIL) comprising an
approximately 30 nm thick layer of a poly(3,4-cthylenedioxythiophene)-
poly(styrenesulfonate) (PEDOT/PSS) aqueous dispersion (BAYTRON® AT 4083 from H.C.
Starck) by spin coating in air for 5 sec at 400 rpm, followed by 1 min at 6000 rpm. The
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coated substrates were then annealed for 30 min on a 175 C hot plate in a nitrogen
atmosphere.

In a dry box, the active layer inks of Example 3 were spin-coated over the HIL-coated
substrates for 3 min at 350 rpm in a nitrogen atmosphere. The coated substrates were then
anncaled for 30 min on a 175 C hot plate in a nitrogen atmosphere. After annealing, the
cathode was applied on top of the active layer by first vapor depositing an approximately
10 nm thick Ca layer and then vapor depositing an approximately 200 nm thick Al layer. The
devices were then encapsulated with a glass cover slip that was sealed with a UV-curable
adhesive (EPO-TEK® OG112-4 from Epoxy Technology) and cured under UV radiation for
4 min at 80 mW/cm? intensity. The contact pads were then wiped with isopropyl alcohol to
remove the organic layer from the electrode.

Each encapsulated device comprised light-sensitive pixels on the substrate whose
electrodes extend outside the encapsulated region of the device. The typical area of each
pixel was 0.09 cm®. The photovoltaic characteristics of the devices were measured using a
system equipped with a Keithly 2400 source meter and an Oriel 300W Solar Simulator, based
on a Xe lamp with 100 mW/cm? output intensity, using an Air Mass 1.5 global spectral filter,
which approximates the Sun’s spectrum. The lamp intensity was calibrated using an NREL-
certified Si-KG5 silicon photodiode.

The source meter supplied a bias voltage that was applied to the silver nanowire
electrode, while the aluminum electrode was grounded. The resulting photocurrent was
measured as a function of the bias voltage applied to each pixel. The power conversion
efficiency of a solar cell was determined for four pixels per device as n=(FF1JscIVoc)/Pin,
where FF is the fill factor, Jsc is the current density at short circuit, Voc is the photovoltage at
open circuit, and Pin is the incident light power density, with “Best 1 being the best

efficiency measured among the four pixels. Results are summarized in Table 1.

TABLE 1

Experiment and
Device #s Jsc | Voc(V) FF N (%) | Bestm
6-1
(control)* 9.88 0.60 0.54 3.27 3.66

6-2 2.51 0.09 0.25 0.06 0.08
6-3 2.56 0.10 0.25 0.07 0.08
6-4 2.89 0.12 0.26 0.09 0.13
6-5 3.30 0.16 0.26 0.14 0.17

* control device is glass/ITO/PEDOT/active layer/Ca:Al/glass
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Example 7: OPV Devices made from PEDQOT/PSS HIL and isopropyl alcohol washes

The procedure of Example 6 was used, except for the substitution of isopropyl alcohol

for soap solution during sonication. Results of device testing are summarized in Table 2.

TABLE 2
Experiment and
Device #s Jsc Voc(V) FF n (%) Best )
7-1 (control)* 10.36 0.61 0.58 3.44 3.76
7-2 6.95E-04 0.51 0.23 8.26E-05 1.02E-04
7-3 7.78E-04 0.52 0.23 9.51E-05 1.33E-04
7-4 6.39E-04 0.49 0.24 7.52E-05 1.17E-04
7-5 8.30E-04 0.53 0.23 1.01E-04 1.30E-04
7-6 2.29E-03 0.58 0.24 3.21E-04 | 3.63E-04

* control device is glass/ITO/PEDOT/active layer/Ca:Al/glass

Example 8: OPV Devices made from pH3 and pH5 HILs and using isopropyl alcohol pad

cleaning
The pH 3 and pH 5 HIL-coated nano-wire substrates were cleaned in a Class 10,000

clean room by blowing with compressed, dry, particle-free nitrogen.

In a dry box, the active layer inks of Example 3 were spin-coated over the HIL-coated
substrates for 3 min at 350 rpm in a nitrogen atmosphere. The coated substrates were then
anncaled for 30 min on a 175°C hot plate in a nitrogen atmosphere. After annealing, the
cathode was applied on top of the active layer by first vapor depositing an approximately
10 nm thick Ca layer and then vapor depositing an approximately 200 nm thick Al layer.
The devices were then encapsulated with a glass cover slip that was sealed with a UV-curable
adhesive (EPO-TEK® OG112-4 from Epoxy Technology) and cured under UV radiation for
4 min at 80 mW/cm? intensity. The contact pads were then wiped with isopropyl alcohol to
remove the organic layer from the electrode. Results of device testing are summarized in
Table 4.

TABLE 4

Experiment and
Device #s Jsc Voc(V) | FF N (%) | Bestm

8-1 (control)* 6.43 0.51 0.54 1.86 2.70

8-2pH 3 6.03 0.55 0.55 1.83 1.90
8-3pH 3 5.69 0.55 0.58 1.82 1.91
8-4 pH 5 5.61 0.55 0.55 1.68 1.75
8-5pH 5 5.64 0.55 0.55 1.72 1.74

* control device is glass/ITO/PEDOT/active layer/Ca:Al/glass
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The procedure of Example 8 was used, except for the substitution of toluene

(anhydrous, Sigma-Aldrich) for isopropyl alcohol in removing organic layers to make

connections to the electrode. Results of device testing are summarized in Table 5.

TABLE 5
Experiment and
Device #s Jsc Voc(V) FF N (%) | Best
9-1 (control)* 10.08 0.61 0.60 3.71 3.77
9-2pH S5 9.84 0.60 0.49 2.87 3.02
9-3pH S5 9.65 0.60 0.46 2.70 2.92
9-4pH 5 9.44 0.55 0.38 1.96 2.10
9-5pH 5 9.36 0.60 0.44 2.46 2.63
9-8 pH 3 8.55 0.85 0.51 3.66 3.79
9-9pH 3 8.45 0.85 0.54 3.86 3.92

* control device is glass/ITO/PEDOT/active layer/Ca:Al/glass

Example 10: OPV Devices made from PLEXCORE OC HIL B and using toluene pad

cleaning
The procedure of Example 9 was used, except for the substitution of PLEXCORE OC

HIL B of Example 5 for the pH 3 and pH 5 HILs. Results of device testing are summarized

in Table 6.
TABLE 6
Experiment and
Device #s Jsc Voc(V) FF N (%) | Bestn
10-1 (control)* 9.58 0.61 0.62 3.63 3.69
10-2 HIL 9.48 0.60 0.58 3.32 3.37
10-3 HIL 9.21 0.60 0.58 3.20 3.28
10-4 HIL 9.48 0.60 0.58 3.32 3.46
10-5 HIL 9.64 0.61 0.58 3.38 3.48

* control device is glass/ITO/PEDOT/active layer/Ca:Al/glass

Example 11: OLED Devices made from pH5 HIL and optionally PLEXCORE OC HIL B

pHS5-coated substrates of Example 2 were cleaned in a Class 10,000 clean room by
blowing with compressed, dry, particle-free nitrogen.

The PLEXCORE OC HIL B formulation of Example 5 was spin-coated over some of
the pH5-coated substrates for 5 sec at 350 rpm, followed by 40 sec at 600 rpm. The
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The devices were then tested at a fixed current density (30 mA/cm2). The voltage,

efficiency, and color coordinates were measured using a photoresearch camera (PR-670).

Results of device testing are summarized in Table 8.

TABLE 8
Device CIEy Cd/A (Efficiency) Voltage (V)
Average of 11-1 and 11-2 0.22 5.18 9.36
Average of 11-3 and 11-4 0.23 3.65 8.41
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ADDITIONAL WORKING EXAMPLES

Example 12: Preparation of Patterned Silver Nanowires Disposed on Substrate using Slot-

Die Coater

Special aqueous coating solution suitable for slot-die coating processes was supplied
by Cambrios Technologies Corporation. This solution included silver nanowires,
hydroxypropyl methyl cellulose (HPMC), Triton X-100, and water. 1.1 mm thick glass
(Corning 7059) supplied by Precision Glass & Optics, Inc. was used to prepare silver coated
glass substrates. The glass was 152.2 mm by 152.2 mm in size. The glass was first cleaned
in ultrasonically agitated 2% solution of DI water and Detergent 8 (by Alconox) for 15 min,
followed by ultrasonically agitated DI water (17.5 MQ) for 15 min, followed by rinse/dry
cycles in Spin Rinse Dryer Semitool (Model 280S), Program 1. Prior to application of the
nanowire solution, the clean glass was pretreated in UV Ozone cleaner (by Jelight, Model
144AX ) for 5 minutes. The solution was applied on glass substrate by slot die coater

NexTech FAS (Model Advantage 11) using following parameters:

Priming Rate 60 ul/s Priming Duration: 10s
Priming Gap: 75 pm

Coating Gap: 100 pm Dispense Rate: 70 ul/s
Head Speed: 10 mm/s

The coating was then dried at 50°C for 2 minutes in a convection oven and baked at 180°C
for 90-120 seconds on a hot plate. The coating was measured by handheld 4-point probe
RCheck+ (by Electronic Design to Market, Inc., Model RC 3175) to have a sheet resistance
of 7-9 ohms/sq with a transmission of 85% at 550 nm measured on UV-Vis
spectrophotometer.

To pattern the silver coating, the following procedure was used. AZ® 1512 product
of AZ Electronic Material was used as photoresist. A layer of photoresist was spun on the
silver coating at a spin speed of 2,500 rpm for 60 seconds. The photoresist was soft-baked at
95°C for 2 minutes on a hotplate equipped with vacuum chuck. An ABM mask Aligner was
used to expose the photoresist through a photomask with 120mJ energy dose. AZ® 300 MIF
developer was used for 60-90 seconds to develop the photoresist material. After
development, the photoresist AZ® 1512 was hard-baked at 110°C on the same hot plate.

Transene Aluminum Etchant Type A was used as etchant for the silver nanowires. A DI
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FF E(% | TO®he78g nanoparticle transparent conductor was deposited and patterned as described

in Example 12.

The patterned substrate was exposed to a flow of N, to remove particles from the
surface. Each substrate was then coated with a about 30 nm thick layer of HIL (formulation
below) by spin coating for 3 seconds at 350 rpm in air, followed by a 30 seconds at 1000
rpm. The devices were then heated on a hotplate for 1 minute at 120°C in air and were then
transferred to a N atmosphere glovebox and annealed on a hot plate at 170°C for 15 min.
The formulation information for the HIL is shown below. Methanol was added to the HIL in

order to improve the wetting on the Ag nanoparticle surface.

o Wt. % in

HIL System Composition formulation
HIL Sulfonat*ed 0.204

polymer

P4VP 0.948

PSS 0.012

Nafion 0.036

Water 32.340

1,2 . 14.700

Propanediol

IPA 11.760

Methanol 40.000

* sulfonated poly(3-(methoxyethoxyethoxy)thiophene-2,5-diyl) was prepared as
described in US Patent Publication 2008/0248313.
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The active layer was then spin-coated on top of the HIL layer on a Headway spinner
in a N, environment at 300 rpm for 3 seconds and 400 rpm for 200 seconds to obtain the
required active layer thickness of about 200 nm. PV2000 active layer formulation is
available from Plextronics, Inc. (Pittsburgh, PA). The active layer films were then annealed
on a hotplate in the N, environment at 175°C for 30 minutes. Finally, after annealing, the
cathode was vapor deposited from a base pressure of about 7 x 10”. The cathode for the
devices was a bilayer of Ca (10 nm) and Al (200 nm). The Ca and Al were deposited at rates
of 0.3 A/s and 4 A/s, respectively. The devices were then encapsulated using a cavity glass
with one SAES Dynic getter and the edges of the cavity glass sealed with EPO-TEK OG112-
4 UV curable glue. The encapsulated device was cured under UV irradiation (80 mW/cm?)
for 4 minutes and tested as follows.

The photovoltaic characteristics of devices under white light exposure (Air Mass 1.5
Global Filter) were measured using a system equipped with a Keithley 2400 source meter and
an Oricel 300W Solar Simulator based on a Xe lamp with output intensity of 100 mW/cm®
(AMI1.5G). The light intensity was set using an NREL-certified Si-KG5 silicon photodiode.

The table below (Table 9) summarizes the resulting performance for the standard

devices with ITO as the TC versus the devices with Ag nanowire as the TC.

Table 9
TC Jsc Voc(V) FF E(%)
ITO 9.70 0.84 0.64 5.23
ITO 9.84 0.84 0.63 5.23
Ag hanowi 6.94 0.84 0.60 3.48
Ag nanowi 7.42 0.84 0.66 4.14
Ag hanowi 6.87 0.84 0.66 3.84

Finally, additional embodiments 1-57 are described in U.S. provisional application
61/246,913:
Embodiment 1. A device comprising: a first layer comprising a plurality of electrically
conductive nanowires on a substrate; and a second layer disposed on the nanowires
comprising one or more polymers or copolymers, said one or more polymers or copolymers
comprising (1) at least one conjugated repeat group, or (ii) at least one heteroaryl group,
optionally linked through a keto group or a fluorinated alkylene oxide group.
Embodiment 2. The device of embodiment 1, wherein the conjugated repeat groups

comprise polythiophene.

35



6.87 0.84 0.66 3.84 Finally, additional enbodi nents 1-57 are
described in U S. provisional application 61/246,913: Enbodi nent 1. A
devi ce cowprosi/odm32a first [ayer conprising a pluralityPofi/usb@onsizeal | y
conductive nanowires on a substrate; and a second | ayer disposed on the

nanow res. conpri si one. or .nor.e pol rs or copol yners, said.one or nore
pol y merl<mbdtEEo 1y ke Risf i S RgIEe Jap hrgshe BRettigneig SBRriss g e gr oup,
or (iixn@QH$§@§§mgﬂﬁ@heteroaryl group, optionally linked through a keto
group or a fluorinated al kyl ene oxi de group. Enbodi ment 2. The devi ce of

enbodi nembodimenihéh eThe dhraceodngmbedimdnt b pdrteiy thewpbstdoenpid aealkgbyt driidphene.
WO 2011&04123ZFCI/¥§ 010(050250 Enbodi ment 3. The devi ce of enbodi nent 2,
mhereiﬁ”?ﬁ@rﬁggyfw eht conprises at |east one organic substituent.

Enbodi refibodimedihg, dend ieeiceof embodiimant, Rherohahe bblytepieHbRtd fcdpRtguls an
al kyl ene oxi de, al koxy or al kyl substituent. Enbodi ment 5. The device of
enbodi mghtthiephéiiser ei n” t he pol yt hi ophene is a regioregul ar pol yt hi ophene.

B e S S

enbodi nesnt athut @0%r ei n t he pol yt hi ophene conprises a regul ar head-to-tai
coupl ed_ pol y(3-substituted thi ophene) having a degree of regiqregularity of
at | eadimbastitieniodys nedpeiek HeAmbBDMERE 2qubee (Bt pehyfiuephten LODPIiYiHar ei n t he

pol yt hi [ - S . f 1Sk

Bl ond R B e e s M BT L GATRE LS 1 e
9. The davicog abbutd®Badi nent 8, wherein the pol yt hi ophene further conprises
at | east ong organi ubstituent.. Enbodinent 10. The device of enhodi ment
o whoranipmEnS Bnd i At o4 EPBRIEIORy FaHe IR o IRBRE Ao o i

subst i tg@RhfokiPQbsiRBAt c%ilnpri;gfﬁ% sqgtl'ﬁha(?@ Slgfuﬁ eohadh aRALyL8 thobayBidphbhe

pol yt hi ophene is a regioregul ar pol yt hi ophene.
backbone.

Embodiment 9. The device of embodiment 8, wherein the polythiophene further comprises
at least one organic substituent.

Embodiment 10. The device of embodiment 9, wherein the substituent is an alkylene
oxide, alkoxy or alkyl substituent.

Embodiment 11. The device of embodiment 10, wherein the polythiophene is a regioregular
polythiophene.

Embodiment 12. The device of embodiment 11, wherein the degree of regioregularity is at
least about 90% apart from the sulfonation.

Embodiment 13. The device of embodiment 12, wherein the polythiophene comprises a 3,4-
disubstituted polythiophene.

Embodiment 14. The device of embodiment 13, wherein the 3,4-disubstitued polythiophene
comprises an alkylene oxide, alkoxy or alkyl substituent in each of the 3 and 4 positions.
Embodiment 15. The device of embodiment 14, wherein the 3,4-disubstitued polythiophene
comprises an alkylene oxide in each of the 3 and 4 positions.

Embodiment 16. The device according to embodiment 2, wherein said repeat groups
comprise arylamine.

Embodiment 17. The device according to embodiment 16, wherein said repeat groups
comprise arylamine groups linked by at least one fluorinated alkyleneoxy group.
Embodiment 18. The device according to embodiment 16, wherein said repeat groups

comprise arylamine groups linked by a keto group.

36
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conpr | satbetire AR E- Pl SRRRE R ochpet oAy D ATt Afr e o

enbodi reepblytersiduetieisa nbhecgiodeyiilpt idphoee fepaalmmﬁgs a doped pol yt hi ophene.
Enbodi rrent 21 The devjce of enbodi nent 2, wherein the pol ythi ophene

conpr i deBbediment 23y dhedlenise of Ambpdiatsat | Eﬁlﬁéﬁp tspluesdity afifdeciacallyes accor di ng
to embodi, iR e %and&?ﬁ%s%1 B S oPOLY AR A" efc%ngﬁgﬁ MBJep conprise

non-regi or egul ar thiophene repeat units. I ment 23. The device of
enbodi nmembodimenitid éitre dehiee pf ombbditmenot, velceah thacphtalitycafidentti¢ally nanowi res i s
at or aboye an electrical perc&l ation | evel. Enbodi ment 24. The devi ce of

embodi MORFUCHVC RARYVEGY ORWTISFLNNFT ty of el ectrical |y conductive nanowires

conpri s@fbedim¥sr2s. BHRQRVBRE chBodiffRat A8VAG&N A RIRREIRMkcslat IMIEKR N the
devi ce conprises at |least two el ectrodes and at | east one |ight emtting or

phot oacﬁd@ovrgdtw,l@rat |@ntodilrgbhemtng dihehotteagtivelagér. enbodi ment 1, furt her

conpri C wher | uen used to.c ai d .el ectrodes.
Enbo MBS e of DS, e SRR MeEr i pr i ses an
OPV W ttbludde gr@@d@rcléalﬂa;alda@@wﬂod&% Enbodi nent 28. The devi ce of enbodi ment
1, wherein the first layer conprises a matrix material. Enbodi nent 29. The
devi ce nbediberti 3 rkhcrlcvign of emhodiment |.rvghereinyed dewiep omprses an S bMetlict i ve
matri x gLl @l 26596l ment 30. The device of embodiment 1, wherein the
first l'ayer conprises a conductive matrix material.

Embodiment 28. The device of embodiment 1, wherein the first layer comprises a matrix

material.

Embodiment 29. The device of embodiment 1, wherein the first layer comprises a non-
conductive matrix material.

Embodiment 30. The device of embodiment 1, wherein the first layer comprises a conductive
matrix material.

Embodiment 31. A device comprising: a plurality of electrically conductive nanowires on a
substrate, and a composition disposed on the nanowires comprising one or more conjugated
polymers or copolymers, wherein said device comprises an OPV with 1 greater than about
2%.

Embodiment 32. The device of embodiment 31, wherein the conjugated polymers or
copolymers are polythiophenes.

Embodiment 33. The device of embodiment 31, wherein the conjugated polymers or
copolymers are regioregular polythiophenes.

Embodiment 34. The device of embodiment 31, wherein the conjugated polymers or

copolymers are sulfonated regioregular polythiophenes.
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Enbodi ment 31. A device conprising: a plurality of electrically conductive
nanowi res on a substrate, and a conposition di sposed on the nanow res
conpri si Nyoane/m@i23aor e conj ugat ed pol yners or copol ynmer CTRises1eios2sa@i d
device conprises an OPV with 11 greater than about 2% Enbodi nent 32. The

devi ce of. enbodi 31, . whereiin the conju ed pol. rs or.copolyners are
ol yt i SBHEREEN i st aisriinges Sabrblredrs EheBat BRreadvinaBr a1 ned ne
conj ugatgda Rt RLEEHAr copol yners are regi oregul ar pol yt hi ophenes.

Enbodi nent 34. The device of enbodi nent 31, wherein the conjugated pol yners

or copdiybmtimentrd. silicfdomat edcardigi ¢o eybddmepiol ly whicophtheewnowEabodimeet  35.
The devi ce acQFr iq& to enboqinent 31, wherein the nanowires are mxed with
a mat ri XOHRFEFUSIVE BABSIPHENY 36. The device according to enbodi ment 31

wher ei rEhb&RIiMaMoN. ek dkRe AteoRdinpitd BnBodfRAUTE, WwherdiRiteininSRirey drdimixed
Enbodi ment 37. The device according to enbodi nent 31, wherein the nanow res

are ni xeidh gnerrcendishvemadixanitosdalrat ri x material . Enbodi nent 38. A device
conpri s ng: ¢ | yral i 0 St i C - ] i I

COnEr gAY SR O LS PRSI LPed o
conpr i siubgrage, wal er lesd oudempdsitivat dispaded petiinahewired sonfprdphreneateosgiblsi ng
(i) at least ogne q@rganic substituent, and (ii) at |east one sulfonate
subst i tUSverisFE RYYEUPRIGRG ERIMBIIRRF) IR ARS efere sristitysnt. gad (ib) at

pol yt hiIQeRPSﬁ‘ee?]&gf%ggt'%%ﬂ@sﬁt@?ip9&5@?&%&%&0@@%@%{%@%%% AP0 embodi ment

38, wherein t evice conpris OPV wi t 1 greater than about 2%

Enbodi mehgthibPherthacklmnicce accordi ng to enbodi nent 38, wherein the

pol yt hi ophepe coppri.ses a regul.ar heag-.o-t ' oupl ed pol y(3-substituted
ot Sphd B RGer o hadty e "GN Bl Pl TNt ool e il toupi S0 apar
from subperatt Kith nErbedithiBMboftd2oThe device according to enbodi nent 38,
wherei n the pol yt hiophene conprises a water sol ubl e pol yt hi ophene.

Enbodi nembodientie Tdevdcr e acesudidiz hgembodimgodi Srevherc@8 theypledyteiophanise

pol yt hi ophene co i ses, a .doped | vt hi ophene., Enbodi pent 43, The device
Pecor ai Do e BB ER iy & et R ORI B RERs B s T eed G eaey
one al kybieRguRxitdes at dak0aoup90% ki fisbslifohstedtt . Enbodi nent 44. The devi ce
accordi ng to enbodi nent 38, wherein the polythi ophene conprises a

pol yt hilpbediacrttr aldieelerice dcepydian taembodityepets, sheegwthe rpbhiephdngss g KOH g
pol ymer I A davi onprising: a conductive |layer conprising
a pIuraoﬁﬁggggig%%%ﬂé?@%@°ﬁ§ﬁ@%§?§s and a non-conductive matrix, and an HTL
| ayer dispaB@entol?. SHicdlcedbduirdivig td ayibsdimsai I8, Whkerdimyerpoty@hipphaicng one or
nor e pol yt hj ophene pol yners or copol yners. Enbodi nent 46. The device
accordHW§H¥BG%%§H@ﬁﬁBHFmﬂB@“ﬁherein sai d device conprises an OPV.

oo b g, s ESPU o Rl o oo e
comprises at least one alkylene oxide, alkoxy or alkyl substituent.
Embodiment 44. The device according to embodiment 38, wherein the polythiophene
comprises a polythiophene characterized by an acid number of about 250 or less mg KOH/g
polymer.
Embodiment 45. A device comprising: a conductive layer comprising a plurality of
conductive nanowires and a non-conductive matrix, and an HTL layer disposed on said
conductive layer, said HTL layer comprising one or more polythiophene polymers or
copolymers.
Embodiment 46. The device according to embodiment 45, wherein said device comprises an
OPV.

Embodiment 47. The device according to embodiment 45, wherein said device comprises an

OPV with n greater than about 2%.
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WO 2011/ 041232PCT/ US2010/ 050250 Enbodi nent 48. The device according to
enbodi nent 45, wherein said one or nore polythiophene pol yners or

copol ynmerwoconp4izses one or nore regioregul ar pol yt hi opremaspalysess or
copol yners. Enbodi ment 49. The device according to enbodi nent 45, wherein

i d . i ophene . pol . | . i
oot or SRR piG iR CEOT g Re L TEPod BBt TN Ko vt POr Y AR | oast one
sul f onagoggﬁﬂabﬁwe PRORA0G: SirioRhdrk cplie oROLY BHARDRAS AT RARBph DO et

50. The device according to enbodi nent 45, ere said L' layer is a hole
i nj ect imotyrhexy er coreiyoets.ment 51. The devi ce according to enbodi ment 45,

wh i 7L | i mul ti .| . . Enmbodi. t 52. The devi
coor draa e T RS oS GRAPE & PB4 e S RBr eGP et i on
| ayer. Iﬂﬂﬁﬂi@}aﬂ@ﬂtp erd BECHRWIEEs 86 Prishs BEe bPmBrdRgiof@lar polythibpidner

conprising el ectrodes, where toluene is used to clean said el ectrodes.

Enbodi rohfmas or gonedymers cemnpsing phlgashone ayfmatsralfeobandaty diecctlgjethe sai d at

| east %Q@ ﬁggﬂg%quﬁx%%yer conprising: a plurality of electrically
conductlﬁg nanowi res, and at | east one conposition conprising a water

sol ubl eEEmbodimtetrs0odiEheealesicblaecaréigi @6 egtibdimepoly thicaaehETC A iissd hge (1) at

| east one organi c substituent, and (ii) at |east one sul fonate substituent
conpri SNKEI¥URYEnat e sul fur bonding directly to the pol yt hi ophene backbone.

Enbodi demj j.Si i at

| east gﬁgﬁﬁgﬁg? Hagg?q%rgggggg&%gg%ﬁ%bégﬁﬁggf?ng aygfﬁng?%ﬁgg&nggt one

conductmwl@pledyers.conpri sing a plurality of electrically conductive

nanowi res, and said at | east one other |.ayer selected t he up: hole
o oct 1gmbadPEn 2o ey Bh eprine &y BrbodiieRcea ey e 5P There S bet  on

layer, neftRinNagxai d at | east one other |ayer conprises at |east one
conposition conprising a water sol uble or water dispersible regioregular
pol yt hilopbehaceicdprihsideyice iaycaading éaembediment 4fahirthes gpmpiisingakectreded, (i) at
| east ane sul bstituent coq%rising sul fonate sul fur bondi ng

f
directfw’q%H¥W%£g%&§ﬁ%?QSWéﬁBdﬁggﬁ% ffe. Embodi nent 56. The devi ce according

t o enbagthpRhitedS4. W aEGENCI e sHeViteasENINONTe& i vaNaydr\baid dtheast éde 11 greater
t han about 2% Enbodi nent 57. A device conprisin a first layer conprising

a pl ur #ondyctiye lajceeempitng:y I&Wﬁawcqfiel@tmﬂwpm@@gwn@%@{ qgtag leagiea

copolyrorugh SRR 0D el B o R, R R p TR ROl TRt “one

het er oajoylprighn@up) adfeasttonk @agdnidu@stixabntaand @ivanleast vhe sidfonagaubstithaiter oar yl
group or polyarylamne are optionall|y |inked through keto group or a
fluori rf@p@alsal@wlf%?éﬁwﬁ@%% ng difply tp@@qmbmhﬁ@gbaczbo% devi ce

conpri st fghdiReR 347 A Héﬁcféorﬁét‘f‘s‘i\'ﬂng Aqalst éfné:éﬂﬂQH&%!e\{%ye? W 1e5P offloter
substrate, and at | east one conposition disposed on the nanow res
conpr i dayry daspostdem thotorsluetivr layert said di lspe 08¢ bdreluptteylhhérephgnisinganpr i si ng

i) at | east organi c substituent, and (ji) at |east one sulfoppate
Subst | SRR cSofBRS b Siier i b Stame SRy e s e Ro

oYL B AR o E RS0, 6 ALt
wherein said at least one other layer comprises at least one composition comprising a water
soluble or water dispersible regioregular polythiophene comprising (i) at least one organic
substituent, and (i1) at least one sulfonate substituent comprising sulfonate sulfur bonding
directly to the polythiophene backbone.
Embodiment 56. The device according to embodiment 55, wherein the device comprises an
OPV with with n greater than about 2%.
Embodiment 57. A device comprising: a first layer comprising a plurality of electrically
conductive nanowires on a substrate; and a second layer disposed on the nanowires

comprising one or more polymers or copolymers, said one or more polymers or copolymers

comprising at least one heteroaryl group or at least one polyarylamine, wherein said
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3. The device according to claim1, wherein the polythi ophene conprises a
regul ar head-totail coupled poly(3-substituted thiophene) having a degree
of regi orwgubari413s20f at | east about 90% apart from sul PomAiS2@N/050280 The
devi ce according to claim1, wherein the polythiophene conprises a mater
solubl t hi ophene. 5 The devi.ce a o claim1l, ein

pol yt hi Bqﬁ%%xl %Bﬁwli I%‘&Xafé{IaHB‘bf‘e%feﬁBP%Wgwﬁfég@f g’ o8 efpugiosd Thegones ng ng to
clai m Lk &l Brdupe pol yt hi ophene conpri ses at | east one al kyl ene oxi de,

al koxy or® al kyl "substituent. 7. The device according to claim1l, wherein

t he pol yt hi ophene conprises a pol yt hi ophene characterized by an acid nunber
of about 250 or less ng KOH g polyner. 8. A device conprising at |east one
conductive layer, said at |east one conductive |ayer conprising: a
plurality of electrically conductive nanow res, and at | east one
conposition conprising a water soluble or water dispersible regioregular
pol yt hi ophene conprising (i) at |east one organic substituent, and (ii) at
| east one sul fonate substituent conprising sulfonate sul fur bondi ng

directly to the pol ythi ophene backbone. 9. A device conprising at |east
one conductive layer and at |east one other |ayer disposed on the
conductive | ayer, said at | east one conductive |ayer conprising a
plurality of electrically conductive nanow res, and said at | east one
ot her layer selected fromthe group: hole injection |ayer, hole transport

| ayer, overcoat |ayer, or hole collection |ayer, wherein said at

| east one other |ayer conprises at | east one conposition conprising a water
sol ubl e or water dispersible regioregular polythi ophene conprising (i) at

| east one organic substituent, and (ii) at |east one sul fonate substituent
conprising sulfonate sul fur bonding directly to the pol yt hi ophene backbone.
10. The device according to claim9, wherein the device conprises an OPV
with with 11 greater than about 2% 11. A device conprising: a first |ayer
conprising a plurality of electrically conductive nanowires on a substrate;
and a second | ayer disposed on the nanow res conprising one or nore
pol ynmers or copol yners, said one or nore polynmers or copolynmers conprising
at | east one heteroaryl group or at |east one polyaryl am ne, wherein said
het eroaryl group or polyarylam ne are optionally |inked through a keto
group or a fluorinated al kyl eneoxy group.
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WHAT IS CLAIMED IS:

1. A device comprising:

a plurality of electrically conductive nanowires on a substrate, and

at least one composition disposed on the nanowires comprising a water soluble or
water dispersible polythiophene comprising (i) at least one organic substituent, and (ii) at
least one sulfonate substituent comprising sulfonate sulfur bonding directly to the

polythiophene backbone.

2. The device according to claim 1, wherein the device comprises an OPV with with n

greater than about 2%.

3. The device according to claim 1, wherein the polythiophene comprises a regular head-to-
tail coupled poly(3-substituted thiophene) having a degree of regioregularity of at least about

90% apart from sulfonation.

4. The device according to claim 1, wherein the polythiophene comprises a water soluble

polythiophene.

5. The device according to claim 1, wherein the polythiophene comprises a doped

polythiophene.

6. The device according to claim 1, wherein the polythiophene comprises at least one

alkylene oxide, alkoxy or alkyl substituent.

7. The device according to claim 1, wherein the polythiophene comprises a polythiophene

characterized by an acid number of about 250 or less mg KOH/g polymer.

8. A device comprising at least one conductive layer, said at least one conductive layer
comprising:

a plurality of electrically conductive nanowires, and

at least one composition comprising a water soluble or water dispersible regioregular
polythiophene comprising (i) at least one organic substituent, and (ii) at least one sulfonate

substituent comprising sulfonate sulfur bonding directly to the polythiophene backbone.
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9. A device comprising at least one conductive layer and at least one other layer disposed on
the conductive layer,

said at least one conductive layer comprising a plurality of electrically conductive
nanowires, and

said at least one other layer selected from the group: hole injection layer, hole
transport layer, overcoat layer, or hole collection layer,

wherein said at least one other layer comprises at least one composition comprising a
water soluble or water dispersible regioregular polythiophene comprising (i) at least one
organic substituent, and (ii) at least one sulfonate substituent comprising sulfonate sulfur

bonding directly to the polythiophene backbone.

10. The device according to claim 9, wherein the device comprises an OPV with with n

greater than about 2%.

11. A device comprising:

a first layer comprising a plurality of electrically conductive nanowires on a substrate;
and

a second layer disposed on the nanowires comprising one or more polymers or
copolymers, said one or more polymers or copolymers comprising at least one heteroaryl
group or at least one polyarylamine, wherein said heteroaryl group or polyarylamine are

optionally linked through a keto group or a fluorinated alkylencoxy group.
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