WD 03/ 075370 PCT/ US03/ 05707 PE0641 TITLE | MPROVED POLYMER BUFFER LAYERS
AND THEIR USE I N LIGHT-EM TTI NG DI CDES Field of the Invention 5 This

i nvent i orwpaBArs30to a transparent el ectrically conducti veChufSo®ns7ot ayer
conpiEggdof a conductive polyner and a surfactant and to light- emtting
devi ces containing such a |ayer. Backgro f the Invention Electrically
conductive polyners have been found to b ful in 1o organic electronic
devi ces that enit IMRROVESUROLYMER BUFEERILAYIEREBIANBSTHEIREDSE 1 n all such

devi ces an organic active emﬁ\F I%(]"gl_mﬁﬂﬁ(; 6§§\§E’§Ched bet ween two

el ectrodes which serve as the a t he At | east one of the

el ectrodes i fieldmithe bwvention material that transmits light. The active
en ssi on Layer eniigs |iv@htiod %Iﬁi&goté‘ﬁaﬁéﬁ%nt]frﬁeéﬁﬁaﬁ}%é ddtﬂnv@'&ﬁi’e‘i‘)de

typically an indiumtin oxlde ano I catl on votagetothe
device. It idayRsiqomprisng ofa eerdugtive pelymgr anda sudarciaat aad}%g -such as a

pol yani | i ne @mlﬁlr@fﬂéﬂﬁébé)wtainﬂ‘@@tﬁtﬂh layegt ween the inorganic anode and the
light-emtti Eg : a}/er Hﬁ (ion gct ive polyner layer is variously referred

to as part o njection 20 layer or a buffer layer. Such
systens have been Bie@tncallyecbnductlf/@lpolyermmﬂe bzmefount! talbe, usefidl.in Pat ent

= 708, 1700 LORRINC SRRAT HC s (il BlC Yt St™8% i g 99500l yani 1 ne
(ZEAHL)ED%[I' a HoEREHI bxait siciptievieds anonganic potive Bnﬂssmrhdﬂyemeﬂjl oxyt h: gphene)
con’grer Ci al) I 3 %Q&ﬁ/’ g#ﬂ%éﬂ%B?&%d&%%@@%%Sﬂfzeeaéﬁ? oégéﬁa ltrE’)‘_{r)ocess for

i ncreasi ng t §athasiedudt |B@$1t9ﬂ%f’f therpiegtradas is copmmisedsl rﬂ;}“@tﬁftaéma ng the

pol yani | i ne vanBnia lighfi trhétarcheéteaﬂésuoﬂﬂave%nﬂis |f§htﬂ% H%ﬁé fged the
process 30 m and subsequ cont acting the

pol yani | ilhe ¥ﬁn§m'W8@?%PqJ§% '%%@faéb'ﬂ"gﬂ’tm timpxjde,pa Qil Mose that the

treat ment of abbﬁcatiwi Meanvbltam athe devicey | IERERePKhOWN tO ubé@clé?éhﬂlg into the
e anl oni C

|
f :JII:]? Lth g;‘{n 131?’8%'6% %OIVWeE;?euc Orﬁﬁﬁlt { tpgg’?ﬂﬁméﬁog:%bo é{(fﬁ 3}”1' 'for each of
the pol yani | betvaen theaindrgaric ahodeand the ligltseraitting Iayer.sTdeSJondhb&vé ofind a
pol ymer wi th pB r}ﬁ‘r‘f '58%{ |sWa?p§§I& rS%rH&atto aPBAY bRfiR BESIE REETRLERYSE as a

buffer |ayer
20 Iayer or a buffer layer. Such systems have been described in, for

example, Jonas et al.,, U.S. Patent 5,766,515, Yang, U.S. Patent
5,723,873 and Zhang et al., U.S. Patent 5,798,170.
Useful synthetic procedures for the preparation of a polyaniline
(PAni) or a poly(dioxythiophene) such as poly(3,4-ethylenedioxythiophene)
25 (PEDOT) are well known and these materials are readily available
commercially.
| Kinlen et al., U.S. Patent 5,840,214, disclose a process for
increasing the conductivity of a polyaniline comprising contacting the
polyaniline with an ionic surfactant. Kinlen et al. demonstrated the process
30 by forming an polyaniline film and subsequently contacting the polyaniline
film with an ionic surfactant. They also disclose that the treatment of the
polyaniline salt in xylenes prior to processing into the final form is possible
where both the polyaniline salt and the anionic surfactant are soluble in an
amount of at least about 1% w/w for each of the polyaniline salt and the
35 ionic surfactant.
It is desirable to find a polymer with electrical properties that
provides better performance as a buffer layer in a light-emitting device.
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1 WD 03/075370 PCT/ US03/ 05707 SUMVARY OF THE | NVENTI ON The present

I nvention provides a |light-emtting device on a substrate. The

| i ght - emWDioag733ewi ce conpri ses an anode, a cathode, an ®CUIUs83/63TWBSi on
| ayer positioned between the anode and the cathode, and 5 a buffer |ayer
posi ti oned between the anode and the active em ssion |ayer, wherein the
buffer layer is conprised ofSHMMARYtQF JHE INVENTION ng” pol yner and a

surfactant. The am relbnt Qe Rt ?deﬁﬁséﬁ I’ﬁt@rﬁ]tﬁ\@éléw@e%nvﬁ%to about 15
wt % of the total sur

actant and t ectr conduct i ng
poI yner and tsh'@s?ﬁ’?ef gE'?%ﬁthr%mgm%@?\é'BePPmﬂr'ée?@nfquﬂﬂeo&m%&%‘{%
pol yoxyet hyl %i@ﬁv@'eh)ihﬂbﬁm@}erqid?,ﬁro,nedrbeaweemhé anddeandfthe cathoslei andnt i on

I d h tt
devi cb compr PSBIPRVel RO ActHERE 8 Rgls B0 B Fotus SrBIARIL || oned
bet ween t he avlweteiratne hdfbrda}dlweamndeaob_anmctneglbrrcqmdyctl??)pewlnm ween
th d th er layer is
e anode, and L ARALERCThashitloh o e sutualifs iy bbgeul o Laver 12
t o whi ch has h2ani%atidabbut 1Suwt%aof the totalhweighteidheisvifactant eaddbeer i zed by a
surface tensighgifital Rﬁémr&uﬁﬁgwne@éqdwe“éurm%a@%gsﬁbf&tfrem #f the

electrically con uctlng from he total

di spersi df. ~ Thieresitasckant aﬁ.p&lvqxvethyée@oalgwbh%@laﬁther o1 pduixtyredhetadbut 0. 4%
ww of the total dfti®aven@bnad prlofidesH i fgﬂte&ﬁ’tthSdé\ﬁb@@h%dsdwswmt@

thoreor . T theioaPelituNe eéreff@?y&i@iws'a' S EReSR oy catntele. ahastunl s the use
;)1;1 | r]a2I5| Iggt e';emalesmntlaye‘rgodmﬂlm_ betm@é:a_thelapbdsemldcth?a:atfm@, ahdyer agg_ gcent
to the bulf &8?@%2?&’5%‘?53@‘#'%?2‘%%‘%%&}’%@Wﬁbg\ﬂt”g’g‘?gﬁ%ﬁ%@ﬁg?ié’@ﬁﬁesrefJul f or
form ng ds bu‘ihasreiﬂ tnpdruffendayer i tafmeet vaieg anraqueods dispersionat@inve eni ssion

| ayer of gl&?ﬁcé’lﬂ? 6ddiﬂ:tlﬂ§‘b'o)f>f?neli %ﬁ@ﬂﬂ%%'bte'eﬂréo%%% Wﬁ ﬁ&ﬁﬁf‘ aqueous

di spersion 3 ectric conduct | as been added

a surfact antThawépersg%mf@ﬁaﬁ@nmbﬁ@twﬁa@@dewoa oilbetva%@ ga@idon of
bet ween 25 argh I%N/M\V Me Elfbﬁcémfmntdfaﬁé erécﬂfcam%oﬁae@ﬁﬁg sagnaer iCRBFUCt i ng

polymer is fro OfV t ot erS| on. concentration
of the surfad g]itﬁ’ 5]@ °I"\é’¥‘%°ft 3%88@96@'91% ﬂ/"@chF' ?W@t{%%ﬁ 85 di spersion
and the surf attfaptaritds mbehaledbbumm% iwwof grutdtaladigpeérsion ampihgoxyet hyl ene

SHyLenere! St By fn g RiBlordSalt SN Felhydhe torm tota
alkylphenol ether, or a mixture thereof.
The use of the buffer layer of this invention also enables the use of
a light-transmitting bilayer anode comprised of a metal layer and a thin
25  layer of an inorganic dielectric with the dielectric layer adjacent to the
buffer layer.
This invention also provides a composition useful for forming a
buffer layer positioned between an anode and an active emission layer of
a light-emitting device, the composition comprising an aqueous dispersion
30  of an electrically conducting polymer to which has been added a
surfactant. The dispersion is characterized by a surface tension of
between 25 and 35 mN/M. The concentration of the electrically
conducting polymer is from 0.1 to 5.0% w/w of the total dispersion. The
concentration of the surfactant is less than about 0.4% w/w of the total
35  dispersion and the surfactant is selected from a fluorosurfactant, a
polyoxyethylene alkylphenol ether, or a mixture thereof.
As used herein, the term “total dispersion” indicates the total of the
solids and the liquid carrier of the dispersion. In addition, the IUPAC
2



solids and the liquid carrier of the dispersion. In addition, the | UPAC 2
WO 03/ 075370 PCT/ US03/ 05707 nunbering systemis used throughout, where the
groups frwmoBlessReri odic Table are nunbered from |l eft toPCTgisn3/esol

t hrough 18 (CRC Handbook of Chemi stry and Physics, 81St Edition, 2000).

Th h S
The pirase " Ak BeAHb Sl g Lol RAR hL A aBub b Ronpe bengtel s
provi ded bet fakle aray‘ﬂ.rmbemddmm léfeto dightaaseh througbddh(GR é‘landbEDKIQIEDh

DESCRI PTI ON lﬁ?@g Mﬂﬂl elm% (6] s t he
formation of% Hﬁﬁgﬁg Eubtlved 28@? tSWat rgz\e}l E%ﬁttt% dbes

per f or mance &8t &eQﬂﬁﬁﬁéW maggethatpne llavghks 'W%ﬁf?fﬂy R g\ﬁr\pg'leq ﬁyﬂ’as been

found thai apRUhfcpedmitelafe? oraslats ity Pmbéwmmy@rs seid tobean
electrically onduct ive @8&%{ r and speci surfactants, and therefore

conpri sed of 2€IRSER IOLRC ituents, provides a buffer layer with the
desired inpr OVGQWILEDTBESQRIBEWDNC@EﬂTHE EREFERREDEMBOBIMBENTpuri ti es

that ad | t. devy i fi
Surfactante i e THRBYEStT HRten 0 T Tt On At Rl L AR el ot her s,
not only facpblynaerdhahpros/mmg bejtenfperfoemancrias asbuffergayariinm lightf or m L he

buf f I f kidtate the use
of frexi e guiithoede RRAYBeER Youfy «pe = QR Mferitinedfeig s ° 1 0° 120,
of a light- enomrlppa@onemm@lsed ofrafeelecticatly eendurtiveaialymapaod sgepifiet or mance.
The present Eaxeabh@) aAlSRe e?&@&?néﬁ’sét‘ﬁoﬂt ssmetédrr&u%mg GSroviRIeapr i sing

an organic active em'ssion er sandw c hed etvveen ectrical contact
| ayers, wher @itvfer fayer &ith té\)eea/e%rs AMPEoYRY c%q?ﬁ@n tapls i ng

pol ymer and aes;i@hfsm@tr@dﬂmp@nmsﬂhtat aa@&sémmat a@ﬁcélp@tfonﬂén@énttl ng | ayer
and the el ectrical.

éﬁ V\A"_lr.l %% unct i,ons as a%@g ngde. The device
has an ||]1%rg HiR Me Pﬁ?e‘ﬁpe G SyragEby e I’ VQ'T'OSUHHF %Prto the anode is
the buffer | pplyoxyeitiyerendlkylphéms etlaerspnet ordy fercilkitpte theadodtiagesf the onpri si ng
o et on, WABAREAoRRGH \otamFEL IR 1 MLk YR Aiod 1 oL hode
devi ce gener pefforraanes andrfamlﬁsteatr@ummftflexwhlechbe’raatese It igdjrificalfo to the
anode or thee@ﬁha@gbumﬁiﬁy@%@ glt(t))f?’a Iqmeeéﬁ%%‘)&éwbém 8flierggnt to the

anode. The support can eX| organic or 1norganic.
General | 0 gP‘ﬁg‘éDnéFra¥q Bxpneved pey QFWEWFGFI ns, such as pol y(ethyl ene 35

terephthal ate), aTpelreSemsindertiopPalss reldtts torpdighteritting @slic@de that is
particul arl yce%fp'rlgfn%net\n foPgran'lcp égt?vte Sfisdion layer sandwiched between two
electrical contact layers, wherein a buffer layer comprising an electrically
conducting polymer and a surfactant is positioned between the light-
25 emitting layer and the electrical contact layer which functions as an anode.
The device has an inorganic anode layer and a cathode layer. Adjacent to
the anode is the buffer layer. Adjacent to the cathode is an optional layer
comprising an electron transport material. Between the buffer layer and
the cathode (or optional electron transport layer) is the active emission
30 layer.

The device generally also includes a support, which can be
adjacent to the anode or the cathode. Most frequently, the support is
adjacent to the anode. The support can be flexible or rigid, organic or
inorganic. Generally, glass or flexible organic films, such as poly(ethylene

35 terephthalate), are used as a support.

The anode is an electrode that is particularly efficient for injecting or
collecting positive charge carriers. The anode can be a metal, a mixed
metal, an alloy, a metal oxide or a mixed-metal oxide. Suitable metals
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collecting positive charge carriers. The anode can be a netal, a m xed
netal, an alloy, a netal oxide or a m xed-netal oxide. Suitable netals 3 WD
03/ 075370WB@3/0U80B/ 05707 include the Goup 11 netals, thecwaisases7hn G oups
4, 5, and 6, and the Goup 8-10 transition nmetals. If the anode is to be
Ilght transmtting, mxed-netal oXides of Goups 12, 13 n%é% met al s,
such as i ndi inaludentheoGrenp (1 Ttalsathe Getls i) Gjoured, 5’53“#:% t he

buffer |ayer G?Bu%@'—’?o ‘tr‘&%@ﬁ'bh‘?ﬁet%lssolf ﬁf@éﬁ&iie Fsht@ b@lﬁgmftrar%mlttmg,
light-transmtti

ayer angde co er and..a thin
| ayer of an W&?‘é‘ﬁfﬂﬁt@ ax*é@%@f?ﬁreum?g {i@”ﬁqél@e %rng B@nt to the
buf fer |ayer oxie @O tare;fnefrzﬂlwushcel ectric |layer can be dep05| ted on the

substrate bef ore e nmet 8%}/@@”@@???@5&@%&“%%&& rﬂ?é(;eg‘?&o

conpri sed’of two enl('ﬁeeo
metal - di el eatlrgm-tnwismlﬁldgdjllayelramod&ccmprlsmhOﬁamefbeiaygeand"aﬁé"'rmt al in
the bilayer r alt, alloys
t hereof and I%ro%?gﬂdbéﬁ%gi%q%ﬁc‘éﬁw@ﬁ%}é‘ﬂé&%&hﬁ%@%I'ég ec#ﬁocﬁ?ﬁ t he
bi layer is couffer byer. éin agditonaléniprdielectiglayersagrba depegiathen thauch as
silicon, Indigygkir éﬂfelﬁéfbkéﬁhelrﬁeidlnhyewaeﬁbsl@dawmtﬂ auamods a fluoride

m

such as nmagnesi u uorid referred e %he butfer layer is

provi ded 18 r@@mwlseﬁ of twgj qriraeler such bilayers,ef me Ia{‘plcﬁ?@f" NenbBe "&%ﬁ Fai ni ng

gt | eatsf[ one dliléle@t)’@fmefhaﬂfdleﬁé’étdg ?\t& @H?ﬂlédbé@ﬂ?ded' H&ymetamiwﬂ'leclalayteapor
eposition process. erm Si ¢ or de 0 various

deBosi tion pﬁC%rBBF'ﬁﬁgﬁg§ﬁ‘ﬁeérg?lgdxﬁ’}j?ﬁlcn ‘ifﬁ&'m; Co%ﬁﬁséﬁq%'grthg%é’?rﬁ?’g physi cal

vapor deposi tiloys bhtHeseeanetld withinos. cfhesgieteotric imgtheihilayedisrepm@isegeam

sputtering, oi%gv@&%ie 3ﬁa§rJPH1BOIf3"§rhﬂt elEfrEHt QL?CH'P%%HHB& %Hﬁf&rﬁ%ﬁ&{nﬁﬁ{ ron beem

evapor at i on. SIcal ~ vapor osit’ion tha useful is
radio f requerhmygeugamurmandahxmleurmg)r azfl.ucrlde Stu!i:hfaﬁ magpesiupafiuerideappl i ed
using any cof AR n and
printing, sugﬁ%;lsrb ravdu;gﬁﬁlaralnr]lem ﬂ{é*%f%} I%ﬁ%ﬂs?‘?@%%@dl%ﬁ@a})@% be applied
by ink jet pphleiectﬂg |@Yert9f@( Wb.'lt"%rtaéloﬁiﬁr@”ta"lflﬁ‘é aidﬁaﬁimei kilaysf. t hi s

i nvention that isTHeedbdd eruélenvnapgn@d Byfaf;ﬁf s'i(ﬁl'%porp@épéelﬁmﬁd bet ween t he
anode and the activ

e . ttin VI C cO I ses
O aous pessass crialera Physeaf vassin dbrasint BeterataA e SaRs SO has
been added a apyréasHedndarridtheuelreeiouoc aliys, forcadineplenphysitalvepor s pref erabl y

ol y( o oxyt ntspaRBphyiféiufes %ﬁﬁg&f@e{?ﬁ%@@ﬁﬁowmkih@%rﬁ%e%% N9rrhe

oxi dat i ve polagneell aaildornssopvane daposition suchdscelegiran peagani 1 i ne or a

pol y(di oxyt hieQBBBRtiohA A BBecific form of physical vapor deposition that is useful is
radio frequency magnetron sputtering.

25 The buffer layer can be applied using any conventional means,
including spin-coating, casting, and printing, such as gravure printing. The
buffer layer can also be applied by ink jet printing or thermal patterning.

The composition of this invention that is useful for forming a buffer layer
positioned between the anode and the active emission layer of a light-

30 emitting device comprises an aqueous dispersion of an electrically
conducting polymer to which has been added a surfactant. The electrically
conducting polymer is preferably a polyaniline (PAni) or a
poly(dioxythiopene). A preferred poly(dioxythiopene) is
poly(3,4-ethylenedioxythiophene) (PEDOT). The oxidative polymerization

35  processes for producing a polyaniline or a poly(dioxythiopene) can be
carried out in the presence of a poly(acrylamidoalkylsuifonic acid)
(PAAMPSA) or a poly(styrenesulfonic acid) (PSSA) and result in
complexes such as PEDOT/PAAMPSA, PEDOT/PSSA, Pani/PAAMPSA
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carried out in the presence of a poly(acryl am doal kyl sul foni c aci d)
(PAAMPSA) or a poly(styrenesul fonic acid) (PSSA) and result in conpl exes
such as PEDO@IOPAANMPSA, PEDOT/ PSSA, Pani/ PAAMPSA 4 WO 03/ 0 PE3AG03/05707

PCT/ US03/ 05707 and PAni / PSSA. As used herein, the terns polyaniline,
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sur f act ant spe?@@o ?’éﬂ‘ym&y&gﬁ’ %rﬂ% é%%v\,ﬁ gvﬂg@tdtgﬁgatgo aﬁpﬂﬁ%{mim on
Preferably, tdoataiosegrrflueioatkybgraupevish ée farewla (Chatetedss- nésl?ﬁﬂ"s’lﬁbr is
fromO0.5 tO@ﬁ?@rréM 1 Pthl chﬂwatéibﬁp@ﬁmb%lm@khwéﬂegemmwaie on of the
surfactant i ess han a of the total rﬂ rmg@ The anmount
of a par t1|5culaé}*°n'§l§luff§§’iaz§'ﬁt Ki]b@@t%f BdRctantsgyeh as reriypiaalkyl Netypecal Iy
conducting p@dﬁiﬂés%wdl&éﬁbﬁ@@uﬁb@taﬂtﬁﬁﬁﬁfﬁ agpednondalkyiatnnedréatr i cal |y
conducti ng pgﬁ{arer int s%ﬁry on. The amount of the surfactant is
chosen to prdA'dESaCANP Qct?? U$%hsi on of the dispersion of between 25 and 35
M/ M Thi s invent iThe porssrdestioa df itigh eleetrically mgndestingspolymenisctiomh@ 1buf f er

| ayer is nmad h at-.co i rsion
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l'i ght tt 0 |
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i s from aboutW/w ef thesotal dmloqgnﬁ,ttb)@ spnegpiration of the surfactant is less
than about 0.3% w/w of the total dispersion. The amount of a particular

surfactant used depends on the particular electrically conducting polymer

25  used and the concentration of that electrically conducting polymer in the
dispersion. The amount of the surfactant is chosen to provide a surface
tension of the dispersion of between 25 and 35 mN/M.

This invention provides a light-emitting device in which the buffer
layer is made using the composition that comprises an aqueous dispersion

30 of an electrically conducting polymer to which has been added a surfactant
as described in the previous paragraph.

The buffer layer of the light-emitting device of the invention is
comprised of an electrically conducting polymer and a surfactant wherein
the amount of the surfactant is from about 0.5 wi% to about 15 wt% of the

35 total weight of the surfactant and the electrically conducting polymer. The
surfactant is a fluorosurfactant or a polyoxyethylene alkylphenol ether as
described in connection with the composition of the invention. Preferably



35 total weight of the surfactant and the electrically conducting polymner.
The surfactant is a fluorosurfactant or a pol yoxyethyl ene al kyl phenol
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mlat eE |U aISsls(I;a{admelemﬂcygaihbde.rrﬂ'herligat-enﬁ’lting amtive leoyssion dayer iMAYCOMAMY | end et
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ol ymer o An RatanA G285 dhe FEIpG mortons ofsasn B RuRP R Astefe)
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forma |ayer @P@ﬁ@%ﬁmbg&qtgga%@S%%Pﬁqrﬁ%géfe”gggé%grﬁoﬁgsﬁ sap[ ﬁr grkﬁglsg in
the range of AlGerh@fively) suah matérials cambepehimerit sederials Buplkeadeese i nes or
Paer S Shou SEREATE A8 oL S PUER. 5 YT Hihar Sfal Qeshutfer
Patent 5,408,109), Elakano et al. (U.S. Patent 5,317,169), the relevant
25  portions of which are incorporated herein by reference. LEDs with an
active emission layer comprised of polymeric (P) materials are common
referred to as PLEDs. Preferred electroluminescent materials are
semiconductive conjugated polymers. An example of such a polymer is
poly(p-phenylenevinylene) referred to as PPV. The light-emitting materials
30 may be dispersed in a matrix of another material, with and without
additives, but preferably form a layer alone. The active organic layer
generally has a thickness in the range of 50-500 nm. In order to prevent
cross-talk between lines or pixels of the patterned anode, electrical
conductivity of the buffer layers should be as low as possible without
35 jeopardizing the light emission properties of the device. It has been found
that when the buffer layer comprises an electrically conducting polymer
and a surfactant that is a fluorosurfactant or a polyoxyethylene alkylphenol
ether, the light-emitting diode shows a higher light emission efficiency,
6
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confinement Iayér to prevent quenching reactions at layer interfaces.

25  Preferably, this layer promotes electron mobility and reduces quenching
reactions. Examples of electron transport materials for the optional layer
include metal chelated oxinoid compounds, such as
tris(8-hydroxyquinolato)aluminum (Alq3); phenanthroline-based
compounds, such as 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline

30 (DDPA) or 4,7-diphenyl-1,10-phenanthroline (DPA), and azole compounds
such as 2-(4-biphenylyl)-5-(4-t-butylphenyl)-1,3,4-oxadiazole (PBD) and
3-(4-biphenylyl)-4-phenyl-5-(4-t-butylphenyl)-1,2,4-triazole (TAZ).

It is known to have other layers in organic electronic devices. For
example, there can be a layer between the buffer layer and the active

35 emission layer {o facilitate positive charge transport and/or band-gap
matching of the layers, or to function as a protective layer. Similarly, there
can be additional layers between the active emission layer and the
cathode layer to facilitate negative charge transport and/or band-gap

7



exanple, there can be a | ayer between the buffer layer and the active 35
em ssion layer to facilitate positive charge transport and/or band-gap
mat chi ng Wb mleessrayers, or to function as a protective | aper/usgs/odbarly,
there can be additional |ayers between the active em ssion |ayer and the

cathode |l ayer to facilitate negative charge transport_ and/ or band-gap 7 WO
03/ 075370 POmatiSing beRegen the layersy obta M‘é‘goﬂl@éaaﬁpé@@!Ved?Y%ro lf3Y§EE i on as a

protect  ve | gyelre kAYGHIn thd'glt HrhdBe imaddiforldnycathbabosed. In
y o e a

addi tion, an _ ove- descri bed Ia%ers C%& be de ﬁf ltworﬁr nor e

| ayers. Al t eflaseribesl layersoran bemagds offiva ¢amaffo efsaygﬁ‘?m? LCBUIFEP | ayer,
Ehe_ active eHLéﬁ'behé ANSde 12988 the bufief RiyapdRe laaties emissiohtayeurdrdte treat ed
0 increase C

arge carrier “transport efficiency. Th i . materi al s
for each df th?ecabﬁé%r@fﬁr’ may g U %Cep’if%ﬁ"‘sﬁ&%|"ﬁ8%§%$ﬂ$@§a§a§§}8{>a| ancing the
goal s of prowhakpart afficientyc eThe thoibé ohndesiiale ferf éadh efitbg.compporeabi ce can be
prepared by sequenti all e L34 Lo QG Vi | ~¢l a suitable
substrate. S %{%ﬁg@f@épﬁ(fg%agﬁfggg byrﬁalé@%bgghegpgggiqfr@&?gﬁg% used. In
nmost cases t Hevieeadth highajgvideeefffictenciie substrate and the layers are built
up fromthere. Ho At | | !a@@‘g i thode to a
substrate and add%%gcrﬁvgidye?ésﬁPg%?%é}lreg\%seg%@rﬁg%r. IdnSIﬁ@;tﬁl, he
di f f er entlo | ajreshieiduall layerswan aﬁé"’tﬂbbl%&bisﬂgter-aﬁ%s'ﬁfﬁtei?ﬂ?*ﬂ%él&i%%% ! anode,
28 52588 nm FPEW&H ’%i’l{ry']so@ar?gg_u@gﬁ. PUhbsy cdsléiéethe an@rljaiggﬁmied)to?ﬂhefrablb?/

- nm ght-emtt)ng active em.ssiqgn er, - J r ra
10- 80 nm opﬁubﬁtﬁﬁteé'&fﬂﬁﬁdﬁy%fﬁaﬁ@gbﬁﬂfupg’fr’@? ,%“3- HRyveus' '8%9%53%5 °20¥80
nm c?t hOdlei fi?éiab@ﬁﬂthéfﬁatpé@?ﬁia@bstr%maMhémyEmth%vé?’se fol | owi ng
exanpl es illustrate certai tur n resent
i nvention. TREFalB 9SHE d&‘f‘ﬁ © é‘?%x{%ﬁg@gy%ﬁ%%!lﬂ@ng}%@ggtoﬁon, but not
limtingisAl thiperessesagesde rid-600 wei,giieferably d98-20thempbulfer fayer,cat ed. 25
Al'l neasure ' r r : 2 i with a
i gital K us pb0i, DrEieiifly 20RIct, Rpomitif bpive ARiidFRGer M L
Measur enent s Twid@naiprefesaliytl 0280 e eptieng@legtionstransrort \W¥85el cont ai ni ng
liquid to besmgs H{rﬁ%gé@iau;}%ébae@hﬁﬁ c8ihoBle8205M0oaN S aprefériaglit of 10.0 cm

The neasurenent _ne e Kruss 11 (P/SFT) with 30 a m ni mum standard
devi ation of 30-¥W I m Light emi ssion neasurenent perforned on flexible
i ght-emypting diodes (LEDs), i.e. EXAIPLESM tting di odes on flexible
substrates, repor Lﬁ\% following examples illustrate certain features and advantages
of the present invention. They are intended to be illustrative of the
invention, but not limiting. All percentages are by weight, unless otherwise
indicated.

25 All measurements of surface tension reported herein were made
with a Digital Kriiss Process Tensiometer K12 (Kriiss GmbH, Hamburg,
Germany). Measurements were carried out at room temperature. The
vessel containing liquid to be measured has a diameter of 6.65 cm and a
height of 10.0 cm. The measurement method is the Kriiss 11 (P/SFT) with

30 a minimum standard deviation of 0.02 mN/m.

Light emission measurement performed on flexible light-emitting
diodes (LEDs), i.e., light-emitting diodes on flexible substrates, reported
herein were carried out in the following manner. A flexible LED sample for
the light emission measurement consisted of a flexible substrate, a layer of

35  indium-tin-oxide to serve as the anode, a buffer layer, a layer of active
emission material, and an array of aluminum dots 1.0 mm in diameter to
serve as the cathode. The programmable voltage source of an HP 4155A
semiconductor parameter analyzer (Hewlett-Packard, Palo Alto, CA) was
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attenpt to "%%ﬁ-ls%r I'ntha @%&gg‘?l ode. The erX| bl e substrate used in this
80

Oorrpar ative eri’nment ST504 PET 7-m | t hyl ene
t er epht hal at e) shéémles%@thefW@%lﬂé@aéﬁ i reeaHYS W&Eé%@‘pr X‘S@ E{%Ki n | ayer

of 50 ohm peryq gg%hggerb{[@e gbé@iaeed from CPFilms Inc. (Canoga Park; CA). A
6 inch x 1 inch .2 cmXx r TvuththeITOIayer was

cut into 1 inch (25CW) s re then cl eaned and
dried in ghe foll orhis Comparative Expeyimant defrionstrateisdtheadsuits dbtaingid ut e
dei oni zed Watvxe/rrmen C)lrll%llllé) 2\ bc{jffer layer by spin-coating an aqueous polyaniline
dispersion with no surfactant onto a flexible substrate containing an indium
tin oxide (ITO) anode in an attempt to make a light-emitting diode.
The flexible substrate used in this Comparative Experiment is
25 OC50/ST504 PET 7-mil (180 um) poly(ethylene terephthalate) sheet, on
one side of which has been deposited a thin layer of 50 ohm per square
ITO, obtained from CPFilms Inc. (Canoga Park; CA). A6 inch x 1 inch
(15.2 cm x 2.5 cm) strip of the PET with the ITO layer was cut into 1 inch
(2.5 cm) squares.
30 These squares were then cleaned and dried in the following
manner. They were first cleaned with a dilute deionized water solution of
Liqui-Nox® from Alonox, Inc. (New York, NY) in a sonication bath for one
hour. The squares were placed on a rack and were then rinsed with
deionized water. They were placed into the sonication bath with fresh
35  deionized water and resonicated for one hour. The squares were then
removed from the rack and rinsed individually with deionized water first

and then with isopropyl alcohol. The squares were then replaced into the
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the square.  Fhliddy)!SHediiSPersith Whd bigetchior 1ileagsarke!Bedvet i | i ne on

the flexible sSu 8 surfactant is used.
EXAVPLE 1 Thissirfaramsferedzninming the ebueknat 2,600 rpx fopBRisesands iman, | i ght - 20

gg} ty ; 'ng ggogﬁt ﬁgatstlagsgweo%thefénﬂrné aaetgghéé WO%é?Bbrgﬂ)l?b . | Pehén | aqueous
i sooctyl ﬁﬁenﬁheépmng;\ﬁ’ﬁﬁéé@m , HRTE Was ne ragpéﬁ {V@fﬁ/ QFISW‘ng an

| TO anode. Atﬁauauare)fTh.bendét.@teénir% RECuky bS tepositing pblyahiine TR thay er

The- aqueous BSIAARPRECR LR BEh o R uneD foshsbtert3E Bsdi w pol yani i ne

aqueous
in water, to mhlch was added Triton(r)EXAMPLE dol yoxyet hyl ene (10)

| sooct yi pheny| et i e3-RAl LB SFUIARG B PBAGNRR R 3AERE. SI o

Al drich Corp., oui s concen rat Ion o rton(r) X-100 30
was 0. 35%w/ wnnttmg)dlpd;a cRNiA0INg @ fﬁ@rdeyercﬁ@ongmbywmrceamg AR of the

aqueous di spefyeBiis YN HiH WishERicHH WhichAHasierCaddddColgakydtRyleagent i al |y
(10) isooctylphenyl ether surfactant onto a flexible substrate containing an
ITO anode.
A square of the flexible PET substrate with the ITO layer cleaned

25 and dried in Comparative Experiment A was used for spin-coating the
aqueous polyaniline dispersion Ormecon® D1002W, 2.6% wiw polyaniline
in water, to which was added Triton® X-100, polyoxyethylene (10)
isooctylphenyl ether, a non-ionic surfactant (product # 234729, Sigma-
Aldrich Corp., St. Louis, MO, USA). The concentration of Triton® X-100

30 was 0.35% w/w Triton® X-100 in Ormecon D1002W. Spin-coating of the
aqueous dispersion containing the surfactant was carried out in essentially
the same manner as described in Comparative Experiment A. The result
was a smooth coating of the electrically conductive polyaniline and
surfactant on the ITO layer. The coated-ITO-PET square was placed in a

35  vacuum oven and the coating dried overnight at room temperature before
being spin-coated with 1.50% w/w polyfluorene in p-xylene at 2,500 rpm
for 60 seconds. The polyfluorene, a green emitting material, was GB001
(Cambridge Display Technology, Cambridge, UK) and serves as the active
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ight-emttin i_ode e
Exper i ment 1 SOmRETEpn ok tis cesifl Bl oTat e i thBantBiE ReBeliet A SRR el
sheet, on onadsanlhgefoftﬁépv%semehﬁsth@eerfadapbm ted a thin layer of 25 ohm
per square | TO obtained fr%l@ﬁ’-’ﬂl@ﬂﬂ\}E E%MEN?% Inc. (Palo Alto, CA).

1 inch (2.5 cm sg_uare e cleaned and dried in
essentially the s @ﬁ‘rﬂ%ﬁtl\%EMIé%r@ﬂﬁb%ﬁmﬁnﬁbﬁﬁﬁrﬂa% reits,ghiaingdnt A

Spi n- coab ngmﬁfentﬁaﬁmrfg%l%aﬁér ROLY BY lsbirfn@oailn@w 850801 ﬁ@l?éﬁl(mé D1002W 2. 6%
W w pol yan | I e esion s th o rfwatan%ontoaﬂemgesu%s?ra egct)ntaImX (?Tf)am9 ranner
as descri beddjspersion wi G si ga
anode in an attempt to make a light-emitting diode.
The flexible substrate used in this Comparative Experiment is Alt-O-
25-B-G-7 (180 um) poly(ethylene terephthalate) PET sheet, on one side of
25 which has been deposited a thin layer of 25 ohm per square ITO, obtained
from Southwall Technologies, Inc. (Palo Alto, CA). 1 inch (2.5 cm) square
pieces cut from the sheet were cleaned and dried in essentially the same
manner as described in Comparative Experiment A. Spin-coating of the
aqueous polyaniline dispersion Ormecon® D1002W, 2.6% w/w polyaniline
30 in water, was carried out in essentially the same manner as described in
Comparative Experiment A. The aqueous dispersion formed a high
contact angle on the substrate and therefore resulted in only spotty
coverage on the ITO surface. Spin-coating the surface with an
~electroluminescent polymer solution to form a cathode and complete the
35  light-emitting diode was not carried out due to the spofty coating of the
polyaniline.
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Conpar ati ve Experinent A. The aqueous di spersion fornmed a high contact
angl e on the substrate and therefore resulted in only spotty coverage on

t he | TO swofeames37Gpi n-coating the surface with an -el ectr @carisogsrent

pol ymer solution to forma cathode and conplete the 35 light-enmtting

di ode was not carried out due to the spotty coating of the polyaniline. 11
WO 03/ 075370 PCT/ US03/ 05707 EXAMPLEXAMBLE Zxanpl e denonstrates the

oty sal e ol Rl e BfikirideRing heclfsAthmion ith 8 igHE-L of | By er

formed by spin-coati yani spersion t0 which has been

added pol yoxﬁmlﬂmIQ@@gﬁ cpm’@lnlng@d@quarm@{iprr@@%éy spif-eeRingh@Nont o a
flexible SUbt%{?Uébﬂs ?ega%nmerwwé}s.dnﬁ@m@ﬂﬁas&e%ﬂwdedoﬁowmemmm@l e PET

bstrat th | t B
vas_used For (4 HoeeR(ANSgYL Fber SRegac Beyh b RSUERTRE CruAmyS8ton 1) D
002W 2. 6% WITOHauni line 1o in water, to which was added Triton(r) X-100,

I t hyl 0 t he. ' T t
pol yosyet ! ene (10 donshy HBRBIN bt dBra B RO Aty e oLoating of
t he aqueous aidsgridsincDomparativei Expearinecrd B fvastused foaspineraatiag tbat in

tially t A. Th
Fosult nas 15°0e0RBGENRALE 48Py PRIFOtptoy T DYBRAI. 2w pERLHRRE , 1C°
and surf aet an wager, tmwhndtwaaMdedﬂﬁéom aKr'lQQatnOMXME’(thQﬂﬁ (& tting diode
was compl et eqeodd)ibAhPethe ﬁﬁ@e&@;grﬁra%n@fwr@ﬂmdo #5S 040 B/

measur enent s _were car i %t emiti n? di ode essentially as
described in E!t@'i*er(emQ'n @ﬁ@eﬁ@% PA0REAW - a SRin-coBtingG 8 theRAWIOUE 0 Vv and a

phot odi ode Cltrérﬁ?éloﬁfco?@alﬁﬁlb tnésumaatatrhm@ewrﬂ@d vot InngssemtiglE the ent  wer e
i ght when t FEMe:TERGEY B8 S0RHDSH (N GRTPERUNE ERF ISt A TS el RS ey
i ght when t es use
of | an i’iqeeowssnmetbea:&tmg offthareledtbcdllyi ccomldu;ztlwpdlyamlmg aoall surfaciant

ol yani |l i ne 10
eovctyl phenyi™ 98 EFBYBES THE R RAHGH o i @ﬁ*@éiqoﬁ%‘%%‘ﬁﬁo@%ﬁﬁoé hat
buf fer |ayer follovangsoe precedure iof kxample fi hlg ernmmasumemts wefest r at e.
The conpar| S%rrﬁ’édo Db tHiE Y ht efgqtflﬁ%e Sur%seﬁﬂﬁmﬁééﬂb%n@@ﬁ@@ﬁl\gee’ shows

t he advantage o e prese act ant

E
COVPARATI VE EXPHERe fexies hads tun-an efaaeof#.8 d%’ﬁ‘i‘)ﬁs}m%@‘g Sﬁéur'@@hﬁ s
obt ai ned 79 t R4AALERWhetPiheal aVidiOvditdgeaind avest ieren®d \bang i mAcoat i ng

aqueous pol yan:'sééc'llvely The emission was wsnbly bright under room light when the
photodiode current was 100nA. This Example illustrates use of an
aqueous dispersion of an electrically conducting polymer, polyaniline, to
which has been added a surfactant, polyoxyethyiene (10) isooctylphenyl

25  ether to form a buffer layer and the performance of that buffer layer in a
polymeric light-emitting diode on a flexible substrate. The comparison of
this result with that of Comparative Experiment B shows the advantage of
the presence of the surfactant.

EXAMPLES 3-5 AND COMPARATIVE EXPERIMENTS C-D

30 Examples 3-5 demonstrate the resuits obtained with PLEDs
containing buffer layers formed by spin-coating aqueous polyaniline
dispersions to which have been added various amounts of
polyoxyethylene (10) isooctylphenyl ether surfactant onto flexible
substrates containing ITO anodes. Comparative Experiment C

35 demonstrates the results obtained with a light-emitting diode containing no
buffer layer. Comparative Experiment D demonstrates the results
obtained with a light-emitting diode containing a buffer layer formed by
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di spersions to which have been added various anounts of pol yoxyethyl ene
(10) isooctyl phenyl ether surfactant onto flexible substrates containing

| TO anodew0 oGonsar at i ve Experinent C 35 denonstrates the prezutsnsozIbt ai ned
with a light-emtting diode containing no buffer [ayer. Conparative
Experiment D denonstrates the results obtained with a light-emtting di ode
cont ai ni ng a dpiri-ceatinggr ragueous polyaniire\iis[B3 50NN nPCUIfastait 0610

spi n-coati ng . Wl i rsion with no surfactant onto a
flexible subsf%%é egggﬁﬁ%@%&rﬁ]ﬁgwgﬁog@&he flexible substrate used for

t hese Exanpl es ande@ﬂ@lestSl&gF@traB(\é@d frsAbeseVryamplesornd Sootarative | (130 m
pol y(et hyl engmygdriphéerB il RY/8)0d278TH04 Bafl (130 %ﬁ p%l;gétwfenwi ch has been
. 0

deposited a thin _|ayer 40, oh er square |I. ained fr.o oVac
(Santa Roda, t%Phthé\gteﬁc(ﬁ&-é]ég%&’gpn? ﬁﬁ%ﬂé‘@?'cm %&%@S&ﬁ?% d in
essenti al | yI tibger (ﬁmglﬁmmrsq@%r@lmmﬂitamédﬁr@an (Banta Rosaned). A. The
aqueous pol yani line di spersiqn used in thes e arative io
Experiment D f?cbsr%'@éﬁ Bf{hﬁlwege é’&%)@@ Wh %ses%:ﬁﬂa&{ﬁ%r_ The
di sper si on usszgine maspian-asatesctihed inCoepdratjve Experiioepbhatlihecadbgosisi nent D
cont ai ned no rf.ae L j b - khe buffer
| ayers of Exﬂp&%@@a§?8%g%§&%®ﬁggﬁwgggnggds}ﬂpgggtvgnt of 0.05, 0.1
igd_ 0. ?és%()wl vrgmermmtrl) lexome,coEQ%@Qg&f\%ﬁzﬁ%\@m@powa;gasgm Walefenlhe et her,
i n O meconyi&)eriHNORAN oosiHs: i i HERNS D
di sper si ons ccl)%'%eai ni ng ﬂ]tro surf%%_(le:‘Yar?t/buand @{ﬁsﬁwdt?ﬁ%ut tlt h%xﬁgr actant were
carri ed out iwr%%lgeﬂtn%urgaqtmi- Jdiadigpersiansdiseddesninyeaat e&ﬁ%&rati ve
Exper | ment. Alajére cffaﬁxdn@pibis %r:g@nd HirattcohbermFatiarisns sirfodsanad 0BT ot ed
ol | owi ng the r . : e sqguare, for rativ
Eeper | mont - C XBHDSDARG TER | B G0 iolyeae e (105 ook BBaBeEsT. « ne
pol yf | uor@ne ih @rerecuns DILOC2W, respectivelnt Spirreoaflig bitherdthueons! yani | i ne
di spersi on w § . the factant  di I fficiently in
Compar at  ve. (IO GebtbiG B2 syMelielf bpd that A e irdbbl bl
surface and taaeried outinressantisly the sarsemanneiad descohedémEomparativeer 25
| ayer. Howev i L S$Sq : mn?m_ C 14 hode
wer e deposi t?(f(qetrn_mg%ﬂg%’t Zﬁ%?ﬁ%@%@@ﬁf@%{’&ga I gﬂ?g gir%!c'lﬁi ng %ﬁ’ig!?gé& Li ght
eni ssi on neadoi@magitbe nspecdiae of Exagiple 4s The sapptseler nsrarativel the results
are shownyi n Bgdrinént G 2oMAINEYH Rd Daffer Béf $68%H AR Spin-dditirg df the
polyfluorene layer was done directly onto the ITO layerThe polyaniline
dispersion without the surfactant did not wet the surface sufficiently in
Comparative Example D to provide a complete, smooth coverage of the
surface and therefore resulted in a spotty and inhomogeneous buffer
25  layer. However, the active emission layer and the aluminum dot cathode
were deposited in an attempt to fabricate a light-emitting diode.
Light emission measurements were carried out as described above
and the results are shown in Table I.
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Exanpl e or Buffer Layer Turn-on Photodi ode Device Conp. Expt. Quality

Vol tage Current (pA) Voltage (V) 5 (V) @1 mA device @1 mA device current
current wWorpparsre ve No buffer 5.5 0.62 10.5 Experinent @CIajses/o07

Conpar ati ve | nhonogeneous 4.0 1.07, 0.72 5.8, 8.2 Experinent D Exanple 3
Honogeneous 4.0 0.90 5.6 15 Exanple 4 Honobgeneous 3.5 1.10 5.6 Exanple 5
Honogeneous 4.0 0.66 5.5 The PLED wi t hOBLEd buf f er | ayer of Conparative
Experinment C had 20 a higher turn-on voltage and operating voltage then
those of Comibampleer ExBeffémemterD andlUErarplRiwtadibdeal | Deviaghi ch have

buf fer |ayer ComhpeEsdst a ety | n Tabl\folageorCifrrsntanA) i v&/ditager(Virent D are

the resul s for two of the dots of the gat he@etmfng @ PhRldesicede
current of 1.07 A when the device voltage anfh/@atrent Wa{gept8 V and 1 mA
—The 25 other ttad a photodiode current of 0. /2 A Wien t

respectively. en t he

devi ce voltage and  current re 8.2 V 1 spectivelLy.z The
variability %2;3%@%2 }:p\ﬁﬁer i nhom)gggi tymc@féfhe buffermr5ayer t hat
resul ts when PSRt ant?YPS used. The PLEDs of Exanples 3-5 all had

| ower turlf-on vol ta%_es, hi gher phot odi ode currents and | ower operating

vol t ages t harfCemparmiEp ohhemagsmearat i veét-Bxped i0feft7L and Bhd2consi st ency
from one cat Hogerdeenttld another in contrast to the PLED of Conparative
Experiment D. The photodiode current increased as the anmount of surfactant

i ncreased fr @RarApl8®o W MoRivgenebadt i n 40e aqeens di spersi@n in Exanple 3
to 0.1 %/ w surfactant in the aqueous dispersion in Exanple 4 and then

decreased as é@#,ﬁqg @muﬂbnﬁ;geﬁ%ﬁém antg pas i q(_:{(gased to (@,._iS%w/w
t he i .

surfactant in aqueous spersion in Exanple To get the greatest
oo il | AYBleBRE e e, ppboeL Y g (10)
di sper si on0 of theskhe E}E@EWV'élsolllttawbuf&rdamr foC@ppaéi\/:erﬁxpﬁie@Brﬁﬁbhadee iat
b o a0l B I} Ooe f1d OperBERRads BOSE 108 AEARESRONAT Y | oo
PCT/ US03/ 057 (xperipentilend -Eaxampite mtofiwhickErprebvERTRYErss The data
shown in Table | for Comparative Experiment D are the results for two of
the dots of the cathode. One had a photodiode current of 1.07 uA when
the device voltage and current were 5.8 V and 1 mA respectively. The
25  other had a photodiode current of 0.72 uA when the device voltage and
current were 8.2 V and 1 mA respectively. The variability is a result of the
inhomogeneity of the buffer layer that results when no surfactant is used.
The PLEDs of Examples 3-5 all had lower turn-on voltages, higher
photodiode currents and lower operating voltages than the PLED of
30 Comparative Experiment C and show consistency from one cathode dot to
another in contrast to the PLED of Comparative Experiment D. The
photodiode current increased as the amount of surfactant increased from
0.05% w/w surfactant in the aqueous dispersion in Example 3 to 0.1% w/w
surfactant in the aqueous dispersion in Example 4 and then decreased as
35 the amount of surfactant was increased to 0.35% w/w surfactant in the
| aqueous dispersion in Example 5. To get the greatest improvement in
buffer layer performance when polyoxyethylene (10) isooctylphenyl ether
surfactant is added to the aqueous polyaniline dispersion of these
Examples, the amount of surfactant used should be at least 0.05% w/w
40  surfactant in the aqueous dispersion and preferably less than 0.30% w/w
surfactant in the aqueous dispersion. ‘
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These Exanpl es and Conparative Experinents illustrate the anmount of

pol yoxyet hyl ene (10) isooctyl phenyl ether surfactant that nust be added to
an aqueouwopaloysme | i ne di spersion to provide the surface PCrarsss/es10T equi red
for coatability of a buffer layer on a flexible substrate that wll result
in inmproved perfor I N | ed in these
Exanpl es and Co an 'Q,E?%ﬁ uu”\iE 6% W w
polyaniline in wJhese BS&mpiespedﬁmpamtnv@cﬁwlmentel"mtrete thent E,

Exanpl 6- 8 f
Surfactant of UGS 8&‘%%9%%8185@WWQ’#@W%&W@“??P%@? o0 °
pol yoxyet hyl deeaddes)to ars squegusppeligniliae gispersian ¢ pERNE the $i

respectively o dhign ?é%l?é&f&%ﬂﬁé%lt%ﬁamﬂ [Rr 29 éjﬂé)ﬁblb@ﬁ)s@rbﬁyﬁ\at The

surface téensions o spersi ons Conpar ati ve Experinent E, Exanples 15
6-8 and ConpaYithresyst lE)dﬁW@Y%’nP% @MANFSG were 41.9, 34.1, 33.7 and 33. 3,

fl 9 andf31 8 mV n{rhémms@lye}mmfeeme s@tor] used mmbee@e(amplesanﬁace )
ensi on or s acC oncentr.atl ,

0°18 wi'w sur TRDAEIR np@nmmm%nss@asﬁahaﬂmﬁg%&&%’b§w§pwbs% oY
sgrf?cg agg /t hadtes hﬁ?éditlstmrﬂeﬁsi ofCompdrativeaExperimedt EpExainpies 6-8zand egst 20
abou . 05% wl w surf.ac t

0. 40% wi Weu i STaPRTE oL E AR Bl Conaifi By ERRn 60 PRO0L o
0. 3f0%W/W sur.@6,t;hn6, 016 B aniddls vﬂwSTrdoau 10 mWwe&M@mn(%)tuons of
sur f act ant |l ustrated
ourfactant b pBNEnaiee HPeninclens Engeel JespeRRglAs || |ustiated I
COVPARATI VE EXPERlTWE\ﬁurfacmt@gélM%n@@Sé@ a5 Heseried ab S e f Nerent
illustrate the REBY8hsioRS opaisbeigi@ww €ompaitive BRssriré B Examplesr

surf act ant thaé s éqmpﬁr%wﬁﬂé@%%?@ﬁ??wm‘é’ﬁﬁ $h -1, GRebBH pss)

pol y( 3, 4-16t hyA-
di spersi on t @38,1.darid®1.8unNan erespasiively.r Theie wds little dangedhabi ity of a

buf f | fl bl h
per f of mance. SHECRJRETRS Pt Grogiiatils abdl et PREXEMBIEHC S ane
Conpar ati ve I‘ahm@/elomﬁtw/wss@m:ﬂﬁm(l the agyasusrdispesjoroblbe aswunt oftiBayer AG

cthyl onedi ox%%rﬁﬁyifﬁﬁﬁ%'fgh@' Pyt fis Sl RRp e o e

di sper si @fs nfri’érﬁ e paHARUERIsReIsian gnd fessdhan about

concentrati 0@4@‘/ W fsaﬁéé@ht fhfth@ a 'és o@splé?suand &fdlalyews fhidrt on(r)
X-100, 15 WO 03/ 07537 PCT/ US03/ 05707 & }/I ene ]h@ i sooct yl phenyl
ether, in thabasd ntin the a ue s Ispersion. H r

concentratlons of surfactant would adversely impact device performance

as illustrated in Example 3-5 and Comparative Experiments C-D.
25 EXAMPLES 9-11 AND COMPARATIVE EXPERIMENT H

These Examples and Comparative Experiment illustrate the amount
of polyoxyethylene (10) isooctylphenyl ether surfactant that must be added
to an aqueous poly(3,4-ethylenedioxythiophene)/poly(styrenesuifonate)
(PEDOT/PSS) dispersion to provide the surface tension required for

30  coatability of a buffer layer on a flexible substrate that will result in
improved performance.

The aqueous PEDOT/PSS dispersion used in these Examples and
Comparative Experiment is Baytron®-P (VP Al4083) obtained from Bayer
AG (Germany). The Baytron®-P contains 1.5 to 2.0% wi/w poly(3,4-

35  ethylenedioxythiophene)/poly(styrenesulfonate) (PEDOT/PSS) in water.
The dispersions of Comparative Experiment H and Examples 9-11 had
concentrations of surfactant of 0. 0.05, 0.10 and 0.15% w/w Triton® X-100,
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di spersion, respectively. The surface tension was neasured as descri bed
above. The surface tensions of dispersions of Conparative Experinent H and
5 Exanpl ew093p0153mere 42.6, 29.7, 30.4 and 30.8 nlNV'm resp@criusesysiomhere
was little change in surface tension for surfactant concentrations above
that of Example 9, i.e., above 0.05% w w surfactant in the aﬂ/ueous

di spersi on. payoxyehylenst(1Dhisoostyighanyhather Hathe paueaus EERQ@HRIS h t hi s
aqueous di spgj b?é]ohsre%be about 0.05% w w surfactant in the aqueous io
di spersion an S 'thah about. 0.40% w w surfa tan i,n the ueous

di sper si on, prefer’éSI%”"ia&%eFﬁﬁﬂ“éﬁ?om?aéu@ﬁ’% A& "8 the aqueous

di sper si on. EYANES Bhlohsl6f W&Mﬁa@ﬁ?&ﬂ%ﬂﬂf&dtHdndExanpl es 12-16

W th PLED chHBRIRERG- BLVPEr 5?%2?? 3P4 AR 3RyP B cdanscieA BB o

pol yani | i ne/ pasyiitte ehaygain siofasentenhiph-for sprfagianksandentriations abdpve

( PANni / PAAMPS o] (’qgﬁg]q urfactants
onto glass su sﬁgg(% c'gﬁé%ma\#&\’%tpoéwng"’ﬁ% Q;[@ésgggta?it es were 3 cm
X 3 cmwith dispessiom khe amaiit o msuafectaﬂtthabsmwr@ wsechviiRAdiss of 100 to
casental |y (Ha oo %ﬁﬂéﬂ"*%12"@922%‘?@*'WWVN‘B“'%@?@%@E?H%H?A' and
subsequeﬁn@l y dispessiaq afdlass thapyahryli0A0y WWﬂﬁ%@@'? th@ RYBOYe factor of
wetability f ars Bl prefsrabRf lebs gitn S50 HD. 8OPNAPSIIFactantintthet he vari ous
surfactants. The aquequs di spersion used to spin-coat a buffer layer was

1.0% ww el @89??%%@' S Gucti ve pol yani | i ne/ pol y(2-acryl ami do- 2- met hyl - 1-
propanesul f oni ¢ agXAMPPRSI 1221 8AVSAQMPARKT IME BXPERIMENTS M Jni ax  Cor p.

(Sont s Barbar e, Hranies d2 AP CoRBFE B BRI URRYS I sporsi on used
surfact anf adeésibnstrate the mgutis obtainegpwithi RIEDS edntaining buffevkayetshe buf f er
sur factant R HESERSANTE auboR Dol N SFEREUY R Zncty B 1
concentrati oﬁrQnanasuifpwmasw@d@%rymwesﬁéglspemwwwfodwmm laeen
dodecyl sul f abgded cbh@urﬁﬂﬂfé&én@%ﬂté %é"éi’ﬁéiraf@s%ﬂélhﬁ@ ITU@no&ég f act ant
g(jged to the aque%l1 (1 erkil 0 euse M coalg th195%Uff‘é Bﬁé
mpl e 12 was Trit6rRIA§S KURKHREH VS Pyt MVt 8)1-5 cabE & Q PrHENGT et her .
The concent r af ITtD halviniya thicKrigss>6f OO toethOnrh> hafsw sLibst@xd3nity a0
PCT/ US03/ 057P¢0 layers were cleaned and dried in essentially the same manner as
described in Comparative Experiment A and subsequently treated with
oxygen plasma to purposely remove the factor of wetability for comparison
of light emission properties with the various surfactants.
25 The aqueous dispersion used to spin-coat a buffer layer was 1.0%
w/w electrically conductive polyaniline/poly(2-acrylamido-2-methyl-1-
propanesulfonic acid), PAni/P(AAMPSA), in water obtained from Uniax
Corp. (Santa Barbara, CA).
No surfactant was added to the aqueous dispersion used to spin-
30  coat the buffer layer of Comparative Experiment |. The surfactant added
to the aqueous dispersion used to spin-coat the buffer layer of
Comparative Experiment J was lithium dodecylsulfate, an ionic surfactant
(Cat# 86,190-1, Sigma-Aldrich Corp., St. Louis, MO, USA). The
concentration of lithium dodecylsulfate was 0.15% wi/w lithium
35 dodecylsulfate in the aqueous PAni/P(AAMPSA) dispersion. The
surfactant added to the aqueous dispersion used to spin-coat the buffer
layer of Example 12 was Triton® X-100, polyoxyethylene (10)
isooctylphenyl ether. The concentration of Triton® X-100 was 0.15% w/w
16




Triton(r) X-100 in the aqueous PAni/P(AAMPSA) dispersion. The surfactant
added to the aqueous dispersion used to spin-coat the buffer |ayer of
Exanpl e IWowas738enyl (r) FS-300, a non-ionic fluorosurfact @atr/usosed’ai ni ng a
per fl uoroal kyl pol yoxyet hyl ene with the fornula 5 Rf CH2CH2Q( CH2CH2O) ZH

wherein Rf is a perfluoroalkyl gro%wth the fornula F(CF2CF2)3_8 (DuPont
Co., W mi ngiTditon°DE100Tindhe aavenus BANYR (DAMPEANIsRgrSIon. 3HE was™ 07 15% w/ w

Zonyl (1) 'FS- 30fabiant ha G445 ésaq ALY REAALRAAIsed tongiimcoat theafisr f act ant

i 2014“3@%“5@@5@5%@&0@36 asgg P i uptirepianiny
cé?gﬁghrllznggﬂcoﬁ%ﬁﬁlh QF Sl ﬁm i Mthhhimnimanul a e |
e er uar | e or mul a

F( CFZCFZ) ﬁ?%?‘é B CR®) ?{ﬁ%”%b% SlleuHrpUp vt S zonyi (1)
gSN— 100 was forkadta F\@EWﬂEﬁwh t(mmpsﬂxsmow;]mmm a&ﬁ)eo'[ime PONCE (AR Fal A)

i spersion I ONn use (0]
Splﬁ coat thg&gxﬁ$l§®q&é€6 1ff’a}(l%xq‘g #6%);1 ?S%tg Utﬁ Iﬂ gpgd(r)
Fl uor osur f acPaATt/AESAMIRSApdisparsiomni beileCfQﬁ’@Qtjﬂd @déﬁht EcAMEAUH ng a
Loroal | Phaliodabi REH Jo3P) r?&oeéft% aer IdyBHbT ENBpIcThg vezamjiP ati on of

FC- 430 was O aqueou PAn|/P( MPSA) di spersion. The
surfact ant ad@Nt108, amendonigflussesurtaciaecoONENREea t o spin-coat the buffer

layer of Exagl Hﬂj&@afﬁ?@olﬂﬁ QehlyTenehiith treeﬂfdrmma:Rf@Hm R J0),Eont ai ni ng

a lithium car honat %&&ﬁzﬁﬁ@ﬂ?"‘@ﬂ%’r 8%#%9,% %F%ﬁﬁq Egu)(?l?t k;}qegg?%?ﬁ tthﬁ t he

formula Rf
formul a F( CFZIE:ZV\BIHBnQﬁSn DE)dTheasdncaetribiomof Zoayill FeNy180wa26. 1% mi ngt on,

DE). The con nt n A th

aqLeous PAnI A?qu gé@l’%k&gq%%%vﬁﬁ eo@{%%wgg oné\gf)\nh% Hlﬁc%'r :Nlnt hoﬁt

a surfactant swa‘actant added 40 e agueoushdisparsiaonsedl 0 mn@batﬂ’l%bﬂlﬁﬂrr ates at a
ay th

5P 9 3Dl LA A SN fad MBS Py (e 1 ance

cont ai ni ng glierie flyamsurigctant woniaining adiviarealiphajie pelyreerdc astes B3MnShi t r ogen

at 90C for  $QMNNY €The Id¥hcBHIrAE6N bﬂwet@:awag 05T W/twncmm apated with

ol y( subst ?Ea‘g@ébﬁgglw%@emﬁ%ﬁ@pe@&»yﬁ'# ShiiasAYt Sedeia e Gor many)
in essenppal Ia\québes amrsmn needas s& gecoathes bltfer &geﬂaf:!aampga 16 hesact i ve
grg_l_/s 6'883 / ngp ny Ij—séﬁngn |on|c fIEQFostu ac%% ggnt%flmﬁ g Iﬁ]ﬁh}nvgar%gngg 81‘3 <Ja 075370
perfluoroalkylethylenesulfurethylene with the formula
R{CH2CH,SCH,CH,CO.Li wherein Ry is a perfluoroalkyl group with the
formula F(CF2CF3)s.s (E. I. du Pont de Nemours and Company,
25 Wilmington, DE). The concentration of Zonyl® FSA was 0.10% w/w
Zonyl® FSA in the agqueous PANI/P(AAMPSA) dispersion.
Each agueous dispersion with or without a surfactant was spin-
coated onto the ITO containing glass substrates at a spinning speed of
1200 rpm. The buffer layer thicknesses were in the range of 50 nm; the
30 thickness of each is shown in Table Il. The ITO containing glass
substrates with the buffer layers were dried in nitrogen at 90°C for
30 minutes.
The buffer layers were each then spin-coated with an active
emission layer comprised of a yellow emitter PDY® 131, a
35  poly(substituted-phenylene vinylene) (Covion Company, Frankfurt,
Germany) in essentially the same manner as described for spin-coating
the active emission layer of Example 1. The thickness of the active
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em ssion | ayer was approximately 70 nm Al filmthickness was neasured
with a TENCOR 500 Surface Profiler (TENCOR, Inc., Muwuntain View, CA). To
serve as wbaswpaishode for each of the PLEDs, first a | ayer pafi/usas/ioirmt and
then a layer of al um num were vapor deposited on top of the 5 active

em ssion |ayer under a vacuumof 1 x 10-6 torr. The thickness of the
bari um | ayer exaiss®nrayenwas anpmg@lw?oﬂm All ﬂimrthlﬁkmmwamaemeﬂ

iDﬁ‘“ngl per ‘I‘ Or@g{‘ge@gépﬁ@g%@cémﬁ @@f@ Ingi ‘I\hbtﬁr’ﬂéln \r/.ewm) shown

or %i % |en y
Bri ght ness Conp. EXxpelvelagihe C@t e"rﬂ ckness
Bri ght ness @?&@n@%ﬂ&h@%l& @f@umu(ummeﬁsénva bnaspo éiié@ ommm@frtaen ve 20

Short |25 EARPEMISSRR Ve @d‘%‘) 2 i‘fu'néﬁs'ﬁ%pﬁf ?B‘Eﬁi Thedfiskolastho °°

Exanpl e 14 5%hd baridinBiaye? s BAm-teerihicknbss &2 tHe alumiium layeEwaspl e 16 47. 8
3.2 7.2 - 35 %Fgflpt hi um dodecyl sul fate surfactant used in the buffer |ayer
of  Conparati erinent J resulted in an electrical short in the PLED
whi ch i ndi cat es t Haeviae pgrfonnbace wasrtesiedas destibedaboye, wEhdsed i n maki ng
the buffer | arrple 12, with a buffer layer nmade with 40
pol yoxyet hyl Zrﬁgﬁl S_Lgegwﬁﬁ?tay enyl et her surfactant added to the aqueous
PAni / P( AANPSA) di sper si on, shovved a higher light em ssion efficiency at

200 Cd/ n2, a conparable turn-on voltagapaE |00 Cd/ n2, and hi gher 1ight

em ssion brightness at 3. 3mA/ cnkand 80C as conpared vvith the PLED 18 WO

0o ST5STs OB S P | (S

dlsperS|on

Thickness Brightness @ 200 Cdim? @ 3.3mA/cm?,

(nm) Brightness 80°C
Comparative

20 Experiment| 59.8 3.3 6.7 204
Comparative
ExperimentJ 44.0 electrical short  -- -

25  Example 12 48.7 3.2 7.6 234
Example 13 44.6 3.2 7.6 240
Example 14 57.4 3.2 8.0 200

* Example 15 52.4 3.5 7.5 -
Example 16 47.8 3.2 7.2 --

35 The lithium dodecylsulfate surfactant used in the buffer layer of

Comparative Experiment J resulted in an electrical short in the PLED
which indicates that alkylsulfate surfactants should not be used in making
the buffer layer.
The PLED of Example 12, with a buffer layer made with
40 polyoxyethylene (10) isooctylphenyl ether surfactant added to the aqueous
PAni/P(AAMPSA) dispersion, showed a higher light emission efficiency at
200 Cd/m?, a comparable turn-on voltage at 200 Cd/m?, and higher light
emission brightness at 3.3mA/cm?and 80°C as compared with the PLED
18



The PLEDs of Exanples 13-16, with buffer layers nade with a
fluorosurfactant added to the aqueous PAni/P(AAMPSA) di spersion, 5 showed a
hi gher | iwbto3emizgsi on efficiency at 200 Cd/ nR2, a slightl y PCawuso3/e3707
conparabl e turn-on voltage at 200 Cd/ n2, and equivalent or higher |ight

em ssion brightness at 3. 3mA/cnRand 80C as conpared with the PLED of
Conpar ati ve BfGampanative Expetiment busithea buife layermade witbewt asedastast ant

bei ng added E%@Sd&&?’?&gﬁa SRR WAI@PS&%% Wisioho These Exanpl es and

Conparative strat i n PLED. performance
obtai ned with PLEIﬂ\Q:BhEBSrFP rrexamples s 1% fgqnﬁgwergyﬂng ?W"Bc?atl ng
Sﬁggglﬁ; gﬁlsy?mdréaﬁfé&émgé%@artbltﬁ@a@geaus MM(A?WS}@E@BWMWI c ac: d%en |
et hor - sur PaciSWeCa Piangr JGT Prsit oRieR Bk AR PP e T Foudtty oy P
pol %WELI Cf eStcalrmpHrablé funeonsuoltge tad 200 and@quwaﬂmﬂfdrlhngmmgw group
with the formul a PPEBR MENTS
K, L Exanpl @T?Wﬁagﬁgﬁw %I’gl ﬁrﬁéwéwdﬁonst rate the
resul ts obt aiofdtompatativeEDpetiomentil nwitly amwﬁeéﬂaye&yea@e pithpyt asurfggtant

spi n-coatin RS

pol y(styrengs@#Hg §6§QZ¥!E%64?€6 Pg\ﬁzﬁﬂmgﬁgﬁt 0 Wn%{: haveﬁage added
various slirfact ant Bhes@ bxgmales Qﬁ’@taé%“@olﬁl‘%ﬁrﬁﬂﬁgsl g therhe

aqueous (PED%(f&@mehﬁmrﬁEgrpéﬂm%ah@e%btmné@aﬁtha:mm ebntdinibig bulfes
Baytron-P(r) con;%y 0 0% w w

et hyl enedi oxy@¥e§JAERE '§99y%@gﬂ?‘?‘€ﬁ1@?l§’)’m{ é@’ﬁ@lﬁgggﬁl?w%ger and
was_obt ai ned hew-iaprepaissiiGnianoi) dispersiond wovhioh e sbisstider ahe

aqueous di spersion the b t
Beper i ment -k pomeRstiicas 1P deriReayns el B E T BrorBiRBg, 1o
Zp 11 n- c;)at 1|5]E hecdniiharg & flyeroadiphatic polypwriatester @xa duorosutfattanhsontainingim

t | sul f at 0.15% w
[t hi Um dodecyPE I"U?a&‘fé*“?f‘ﬁ}?k@w'ﬁUs@é@ﬂé%@?"“%@’f%Zt‘s. on.. The sur fact ant
added to the aqueEXAMBLES: B GOVIPARA Kilayer of

Exanple 17 was Tri E%}hgksm é?%n\ﬁ‘ @BaFém@EE}Ep’e@MélﬂsNa@d L5% w w Triton(r)
X-100 in the aqueous 3

aqueous di sped@nenstraigdhergsults ‘iﬂég‘lﬁap\‘te"hgbgg gloer]té‘g‘r f atb"l' %%adggdlgov\;g °
Zonyl (r) Pié[S)OT a?ggw @ln%aﬂ@b%@owp@W(@g nﬁﬁ?léﬁ@d@ﬂmldphbnEﬂ 300 in the
oS DO R EhaeRe) RO TS hephalio AR R HAER"S .,
| ayer of Exarq:ddedl@arvm SMfactaits wntadlasy sebstrateswdrdaining ITO anodes.
The aqueous (PEDOT/PSS) dispersion used to spin-coat a buffer
layer was Baytron-P® which contains 1.5 to 2.0% wiw poly(3,4-
25  ethylenedioxythiophene)/poly(styrenesulfonate) (PEDOT/PSS) in water
and was obtained from Bayer AG (Germany).
No surfactant was added to the aqueous dispersion used to spin-
coat the buffer layer of Comparative Experiment K. The surfactant added
to the aqueous dispersion used {o spin-coat the buffer layer of
30 Comparative Experiment L was lithium dodecylsulfate. The concentration
of lithium dodecylsulfate was 0.15% w/w lithium dodecylsulfate in the
aqueous PEDOT/PSS dispersion. The surfactant added to the aqueous
dispersion used to spin-coat the buffer layer of Example 17 was Triton® X-
100 with a concentration of 0.15% w/w Triton® X-100 in the aqueous
35  PEDOT/PSS dispersion. The surfactant added to the aqueous dispersion
used to spin-coat the buffer layer of Example 18 was Zonyl® FS-300 with a
concentration of 0.15% w/w Zonyl® FS-300 in the aqueous PEDOT/PSS
dispersion. The surfactant added to the agueous dispersion used to spin-
19




FC-430 with a concentration of 0.05% w w FC-430 in the aqueous PEDOT/ PSS
di spersion. The surfactant added to the aqueous dispersion used to

spi n- coatwole/olisid er | ayer of Exanple 20 was Zonyl (r) FSAPQITIUSO&0H07
concentration of 0.10% w w Zonyl (r) FSA in the aqueous PEDOT/ PSS

di spersion. Light-emtting di odes were fabr| u t he Substrate
mat eri al and coabthedouier layerdefdoranrle 1 %W§§ﬁ%@a é @fé 1%% r%é:\?/%a'g wer e
tested as deﬁ?&é@é@”fﬁé c%%é@i@ﬂrﬁibrﬂ@fd@ﬁ%lvh@%mﬂstﬂdaqm in 1o Table

111 bel Bu \ol ht
Corp. Bxpt . [R5eP T BEceRmRT AhersirrasianiggddiiEioiip Apieols Bl 755,
Cd/nm2 @ 3. Sm%'@a&o sp(umbaﬂhegmfm 8y B QEExampia 2aniaseZ oy BES#A M’ﬁbrﬁ K 135

3.3 7.0 202 Co el 17 154
32 7.3 270 aBneRpie '(Ii%%igéw &’ﬁ%"&i?égéi”%h?aaﬁéé%g@@(‘?EEI 212" 30
Exanpl e 20 12fis@erdioh.6 194 The PLED of Corrpar ative Experinment L, with a

butfer |ayer made L.Q‘g{ %métkﬁ{;‘bliﬂ&e%ﬁ%%%g%étﬁ {h@céaﬁﬁé sasiegtet 0 the

aqueous PEDOT/ PSS sion em ssion efficiency
at 200 Cd/ er matertairpadamo@edtue&aérdaséﬂb egin 5%3@9!?3(%@ 18, 5}‘?0‘5 | i ght

em ssi on ' §6m{ $2.CIBMathetHe et MVWLED of
Conparative Iég 'Ieerrfe%enc?é?(ae a g%ﬁﬁ%ﬁyer made without a surfactant

bei ng adddd t'l'ﬁblﬁé”m{ﬂé’!)us PEDOT/ PSS di spersion. This denpnstrates 4o again
t hat al kyl sul fate surfactants shoul d TiAaBLBdllused i n nmaki ng the buffer

| ayer. 20 WD 03/ 075370 PCT/US03/05707 The PLED of Exanple 17, with a

buffer | ayer poI eth el phen sur fact ant
added to the g;é%gB 'h S d?ﬁéﬁﬁ% (y'%.nzs frie g |g%§£§ﬁ em ssi on

efficiency at rrpar ur n- on voI age at Cd/ n2, and
hi gher i &ht . _ ) 9
Thickness Brightness @ 200 Cd/m* @ 3.3mA/cm®,
(hm) Brightness 80°C
Comparative
20 ExperimentK 135 3.3 7.0 202
Comparative
ExperimentL 137 3.2 5.7 140
25  Example 17 154 3.4 7.3 270
Example 18 120 3.3 7.5 217
Example 19 120 3.2 7.7 212
30
Example 20 120 3.4 7.6 194

The PLED of Comparative Experiment L, with a buffer layer made

with lithium dodecylsulfate surfactant added to the aqueous PEDOT/PSS

35 dispersion, showed a lower light emission efficiency at 200 Cd/im? a
comparable turn-on voltage at 200 Cd/m?, and lower light emission
brightness at 3.3mA/cm?and 80°C as compared with the PLED of
Comparative Experiment K, with a buffer layer made without a surfactant
being added to the aqueous PEDOT/PSS dispersion. This demonstrates

40  again that alkylsulfate surfactants should not be used in making the buffer
layer.
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5 enission brightness at 3.3mA/ cnRand 80C as conpared with the PLED of
Conparative Experinent J, with a buffer layer made without a surfactant
bei ng add&o oso713me aqueous PEDOT/ PSS di spersion. The PLED®CofusExeitpt es 18
andf I20, V\nltE Fuffer | ayers made with fluorosurfactants containing a

per fluoroal kyl group with the fornula 10 F(CF2CF2)3-8 added to the aqueous
PEDOT/ PSS di sper siThe PLERwéExamplg gheith ?&Hﬁzeé%:yglw ﬂﬁci ency at gOO

Cd/n2, a co | SinYIBhB-(20) is¥BtiyRIRng! cBP sGHActant addeditatheraqreatsipar abl e

light em ss.”gﬁﬁ’g?}’ m/ne;ss at B.Qrm/ d 80 . ' '

ngirrﬁgr :E:I ij\ég Z@Eq%ﬂﬁﬁe ﬂlﬂﬁﬁrW'ﬂ’rﬁ@Vf%ff%?gq]eéigﬁt ?ﬁ'g%%_gﬁﬁ‘gﬁtn\egtag&pp gcf Ia_tﬁtD °

ai Cdim. ' '

with a buffer {@a’yéers.gggﬂzgaﬁwH% z?&%rgﬁan : 'E%rgfm%xanpl ¢

f 1 uor oal |i§)haﬁﬁﬁss'96pf/' ness & oet™M %nfj?q& e aqueéag‘:&{;\tn:@%'lj;I PSS di spersion

tSBS\r’]Vegna vcr)]: ?ggorﬁ[%albg\ll)@E&(ﬁeﬁimenw,fwm arbuffeaiayeoonasty withodt @ onpar abl e ’
) S : ; oo TP TR

ol e Cohy o RO s s 20

with a buffer | ay henRideDuwiof xampies 118 fanet 2h Withdp uffer avRIg np%depyvﬁb aqueous

PEDOT/ PSS di ?Iﬁ@&%uﬁ%ﬁaﬂ?g58{1@@@%2%%0%9{@@ wigh Brepformuent s

Contai i o bIF(CE.CF D5 pegen do iy AE4e8p BEDG UbSt S alsbsioved d

pol y( 3, 4- et hy}anedi : | _ |
whi ch have b%ﬂé ag@gg&%@&?@ﬁ@énwm A00sC ¢en assdniparable) tudi-eper si ons to

surfact ant, a/oita%a&ggaﬂgﬁhﬁﬁgf\"g@%ﬂe%ﬁﬁﬁé’%@%@@h&ﬁﬁm gﬁ%@ﬁ%ﬁ%r ic

feg'; renrJ I gr F? C}‘: Idf@ré:ggﬁg&m%étorﬂﬁoq%\aé gomipaged withéhé Phbilbef €pmpgrative wi t h t he
Experi ment dé%‘%wtég iﬁgalbé'?éﬂa\s@(r)ﬁiga%féﬁw d\éa%-r%(fq?enptﬁ?%aggae a

| i ght - eni st i rig thé adaeviis PEDOTIRSS dispetsion.c hphildeld of bxagipie{ &) Wltg)?er and a
diel ectric | ayare AL fAGX RS WRSIISBHRACRIA bhiaiftg a flmoBiage | ayer of

the inv i
e O e ssiak csHod oo stnonss PERGT PSS RRpSrl el
company ’Chpg'ngﬁiéﬂ\%%ght@ﬁiiﬁgioméﬁicﬁé&@ #20CH8?, rydamparableninhioal at e) ( PET)
_ e I de ™ of t |/szshet.there as.been de gf first a
di el ectric | a@tage@t@%?dm,\é\bgdwa?fd@?ge%ﬁ%%g'g@%% | ayer, shown by
Sggggiyt ghﬁgﬁ[@.Bm&gr?%ng?Ta@WedQvibeth_e RIdED/of Gomparativé oy, has been
deposi t ed ont'gxﬁq{gnﬁ%ftjalw'ﬁh?/gwﬁé\' Pyﬁgb‘%?egﬁ@g@t%e% S a%@tgbegéﬁéaaea% been
the aqueous PEDOT/PSS dispersion.
These Examples and Comparative Experiments demonstrate the
improvement in PLED performance obtained with PLEDs containing buffer
25  layers formed by spin-coating aqueous poly(3,4-ethylenedioxythiophene)/
poly(styrenesulfonate) dispersions to which have been added a
polyoxyethylene (10) isooctylphenyl ether surfactant, a fluorosurfactant
containing a fluoroaliphatic polymeric ester or a fluorosurfactant containing
a perfluoroalkyl group with the formula F(CF2CF2)ss.
30 COMPARATIVE EXPERIMENT M
This Comparative Experiment demonstrates the results obtained in
an attempt to make a light-emitting diode with a bilayer anode comprised
of a metal layer and a dielectric layer on a flexible substrate and without
the buffer layer of the invention.
35 The flexible substrate used in this Comparative Experiment is a
transparent conductive film Altair®-M 10 (SouthWell Company, Palo Alto,
CA) 7-mil (180 pm) poly(ethylene terephthalate) (PET) sheet. On one side
of this sheet there has been deposited first a dielectric layer. A metal
21




10 ohnms per square. 5 A 12 inch x 1 inch (30.5 cmx 2.5 cm strip of the
PET with the bilayer anode was cut into 1 inch (2.5 cn) squares. These
_squaégs vwogb_yoa:dse&ned_ and dried in essentially the same n®amdarsozss7descri bed
in nparative periment A Devices were fabricated follow ng the
procedure of Exanple 1, with io the surface o{ t he subqsérat? g\}p t he
di el ectri ¢/ miaysr/ shavebyanergndispgraiye X-1a4$Pep rASFIRY 1 R 859 cg%‘ﬂ ©
g(r)ll %/1;1 ! golr iegﬁtaf"g?ﬁt?étgi ﬁggﬁgigggzi{éec{gdgﬁtr?qrgl%?eleﬁgﬁﬁg&uih_d'rmmb_xidﬁedielectriori ed Agut
i ndi cated i nlayasihasihgen ﬂ%poﬁi"@\‘i'i@goh}é%nﬁ?lﬂ?%groﬁﬁbégggsg%% érea%ebe?#gn 15 V.
ﬁif'z:}: ;/ﬁle'; Zg@amslp%rlsqggﬁﬁsed above 15 V, the al um num dot cathode burned
S any.evidence | | QU j '
Experi menf shows t 3% 'n(frhéqf'f‘@g%?'g %Bszte?g S\(/P\nﬂ% Rgﬂeng?lr@%?{éaxgde and no
té;; fE eRIr |le a[\%e{\l uilgygrr antde nasudut inta tainkh §A6-a) $4UaTGESdiTHEES SEURISRNTTS/E
; . f | iBetRinr esul t's
obtai ned in C%ar};éq %ﬂ%@ﬁpg '%E%&ga“?gﬁ% ggﬁm‘tet'ﬁgﬁgéﬁ?%ggﬁ' th |2 bi | ayer anode
conpri sed ofCampataiivel Exparinagnt A& di electric layer on a flexible substrate
and with a bufferpLaxes wieps isticated RlIBniRAlHeNsroded meusiEnampleyBvitt ne
i spersion with no surfactant onto t{1e |l ayer a ?@G'A? =) t he
f1 exi bl e PET thatssriageof 450 GubsrataviK) haﬁﬁ@'eaﬁ@a@e% igane 8000 By
Conpar ative ExReEpiARiNg %r%ﬁsoﬁwlyﬂwréﬂ@fcﬁ diysegoraigueous pol yani | i ne
ayer coul d not ba IGRLPREPE MessHBal e Aried Byl S s S eRfde U S
as ]giestcri Ped3di6de Gespatiallyi acedésaribeddn Exaripe dol Aarndicaieddn dpdles North@i th no
surfactan resent_ J | | W J |l e
dermonstrat es f?%‘}icﬁ 525&@%‘%’?3@%@9%@%@?'1 I ght - 'Eor\ng ?.htel \Eﬁé)ﬁa | odggwi th a
]E): Ie)ziiyglrearssag§|ncraé:ﬂsedsaghj:)vegl%}c/n’étaaal5 IUITWGT\H def gathodgi kujraed PEIOTEA)RIE WAS a
i ertHi i ' to th
A @Sgﬁan?fu‘@eﬁf‘? RKEITH® OFRsh4rutivP ERpSBmenathows énatt o t he

anode an aqueo ] t ' h b
pol yoxyet hyl ethe flexle issbstsaip wife erggyl%é@?‘932:6%&'%96116?%@58?\‘?-%%%% ng

di odes were f@Ryiisabadnt-ehigiwgilodde procedure of Conparative Experinent
M 22 WO 03/075370 PCT/ US03/Q 7IZ -G el S5 gsurenents were carried

out on this light-emtting d SHY #ry—as descri bed i n Exanple 1,
with the sesul ts stherComparstive Experiment demonstrates the results obtained in

an attempt to make a light-emitting diode with a bilayer anode comprised
of a metal layer and a dielectric layer on a flexible substrate and with a
buffer layer formed by spin-coating an aqueous polyaniline dispersion with
no surfactant onto the bilayer anode.A square of the flexible PET substrate
25 with the bilayer anode cleaned and dried in Comparative Experiment M
was not wettable by an aqueous polyaniline dispersion Ormecon®
D1002W, 2.6% w/w polyaniline in water, and a buffer layer could not be
formed by spin coating, in essentially the same manner as described in
Comparative Example A, the polyaniline dispersion with no surfactant
30 present in the dispersion.

EXAMPLE 21

This Example demonstrates the results obtained with a light-
emitting diode with a bilayer anode comprised of a metal layer and a
dielectric layer on a flexible substrate and a buffer layer formed by spin-

35  coating on to the anode an aqueous polyaniline dispersion to which has

been added polyoxyethylene (10) isooctylphenyl ether surfactant.

Light-emitting diodes were fabricated following the procedure of
Comparative Experiment M.
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The conparison of this result with that of Conparative Experinents Mand 5
N shows that the buffer layer of the invention makes possible the use of a
bi | ayer awode/oogs7a his fl exi ble substrate in a |ight-em ttiPag/uososso?
COVPARATI VE EXPERI MENT 0 This Conparative Experinent denonstrates the with
a light-emtting diode with a bilayer anode conprised of a netal |ayer and
a dielectric io layer on a flexible substrate and wi thout the buffer |ayer

of the i nventu@.ﬁ emggﬁ)nfh@éé@ﬂe‘?ﬂéﬂ?%erréfcﬁmétﬁdutldhtH’SB gltcamittireg diocle

Experinment is ransparent conduct fil F

Canoga Park, esspntially gs ﬁ‘ﬁﬁcrd%mg#xﬁflﬁgé(klt"ﬂﬁ @%deﬁél%eﬁ'ﬂéﬁpl ry[rgﬁle ISIICET)

lsgsgﬁ OQS?PSH% 86mphrisém tbﬁtlﬁélﬁﬁl.llltt\nm thal @$ CoemyardtymExpedmentssi and hi n
ctrig iis la I

| ayer. It shaﬁéhew@&ba{@ ferives e BiRatER MAERTRILRe BE fog BRas’ | 100

(15.2 cm x 2.8ilaye) aﬁbdepndhnstﬂwﬂé@ubsﬂratetlh@ light-@yittingediode was cut into 1

inch (2.5 cm squares. These d dr| ed |n essenti al |
t he sane manner as descri be COMMARA B NTa@ y

light-enitting di oﬂmsmmaltatwezﬁxp@@mem demangtraias ’ﬁbﬁd’&@?jar"@hbﬁm'ttmg

Conparative
this |i ght e%ﬁ?gékl\nﬁ i (%)é eéBrﬁ l{% MMQH&%@I’Y@Q@I&@@&ICEC‘ out on

t
resul ts showlayer QIEa'Ifﬁ%I'Qie |s€:t832%’qelsar&)w~5 ‘éﬁﬁ@i’r @b%ryﬁﬁﬁﬁﬁ’%ﬁdﬁgt'qmm t [] htehe
}‘ : S)r(\ It ereﬁ ts ?Pf\t r gt ggg%éialtbté@uﬁétiandese@nvﬂﬁs CompdrativenEapeimenpisrd or ni ng
- | W
COVPARATI VE Ige é@ﬁﬁ%ﬁlﬁ‘f @Eﬁ?ﬁf@ﬁm@eﬁ#ﬁﬁ Patk. CAN
lr3 elsul ts obt glzmednn ro18(39marpcay(emmene ereptitbalate) (FHET)aheet.i Op anesidewift h a
| ayer anode, conpr i
Plex bl e subsisieeifts bas BeShhpposiEhslainf IS S A BcEaRE o
aqueous pd yalayer has beepelepnerhed\pnto thscsﬂyalr lagier. ahthasrﬂ sheetée@sta@yero anode

A square of t%§h C@’ ET substrate with the bil ayer anode 35 cl eaned
and dried in ara periment 0 was not wett abl eﬁ&y eous
n

pol yani | i ne di sperélﬁ)mchxm%mh((ﬂﬁ amopb empship/althe R Wlthl%e %y%t er,

and a buffer t fi n 075370
and a ouf 0570%@&{% \g@gﬁug M8 1 lheh (2518 SyuesN TREss shdardswaR M&aﬂieti 075

Exanpl e A, thand 6?9&%?5?‘?’%‘%'V§B%IS§WPW ﬂ%dgﬁ‘frfcb[fé{) |3d901ﬁpg@g${%rl n the
di spersi ofy EXRD&irkeRA.

A light-emitting diode was fabricating following the procedure of
Comparative Experiment M.
Light emission measurements were carried out on this light-emitting
diode essentially as described in Example 1, with the results shown in
25 Table IV. This Comparative Experiment shows that the flexible substrate
with the bilayer anode results in a poor performing light-emitting diode
without the buffer layer of the invention.
COMPARATIVE EXPERIMENT P
This Comparative Experiment demonstrates the results obtained in
30  an attempt to make a light-emitting diode with a bilayer anode comprised
of a metal layer and a dielectric layer on a flexible substrate and with a
buffer layer formed by spin-coating an aqueous polyaniline dispersion with
no surfactant onto the bilayer anode.
A square of the flexible PET substrate with the bilayer anode
35 cleaned and dried in Comparative Experiment O was not wettable by an
aqueous polyaniline dispersion Ormecon® D1002W, 2.6% w/w polyaniline
in water, and a buffer layer could not be formed by spin coating, in
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Thi s Exanpl e denonstrates the results obtained with a light- 5 emtting
diode with a bilayer anode conprised of a netal layer and a dielectric

| ayer on wWOfoB®xi3dmd e substrate and a buffer |ayer formed byCIfisas/ozzoati ng on
to the anode an aqueous pol yaniline dispersion to which has been added

pol yoxyet hyl ene (10 %MI sooct yl phenyl et her S ct ant uar f the

fl exi bi e PET essestialiyt thegame mannsiriagydascrh &1 Bmﬂaé%\%ég ger

Conparative Aififed B! ge\*@én Mﬂﬁd\dﬁjrmc@mrrﬂegentlmgm dispetsiong d| ode
essentially escri In Exarrp e that the concentration of
Triton(r) X—l 00 was | ess than O. n(r) X-1 00 in O necon(r)

D1002W Light em SFthFEmﬁard@ﬁﬁmstrawmeaasuitsadbmned)mthIaItght-l ght-enitting
di ode 15 t t h

Tabl e 1V, TRMEIEAIOKNER Hirye’ i ¢ apliFed prd rital Ber Bda 0 Shovn 11
Experi nents Odigledtriclagboos atflexdble Isabstudteeand aiwffebl’ay&hf@fmﬁi\ﬁiew $RA- makes
ossible the u i | a

P ant -emi 11 g o Ble e FA R0 bolyan ﬁ‘é“ r??s' ﬂ?‘?s&“{“i%*ﬁ“%ﬂv. ce
Conmp. Expt . \,{meeragédezmpob'myﬁmbenvdﬂﬂ)a@@%tvjp hagdblce @1 mA

device 25 current gup Wl@d‘tﬂéle{?r §GI§5.tFéteW|thﬁhléQﬂeV§ﬂénM@0 Exanpl e 21
4.0 203 6.3 Conp XLl of,

g%%em%nt ? rrBIte 22 4.0 300 6 7
24 WO 03/ w753deam¢ﬂug@3msm&omweex AIIMEN %‘é(?s|u§ lQPHRAea 1
light-emtti nm;(rﬁ@m&mwnoae%sl@.éﬁmty@s S&datibedgh Example 2 exaept that the

bos 11 oneq berdientapn Arsten” kO Rbnieineil S % Bt RIE L5%r
posi ti oned beODwaeoosBDA082VAe and said 10 active enission |ayer, wherein
said buffer | Bii(;ﬁ{ e}n?ssion measurements were carried out on thisylight-emitting diode
15 essentially as described in Example 1, with the results shown in Table IV.
The comparison of this result with that of Comparative Experiments O and
P shows that the buffer layer of the invention makes possible the use of a
bilayer anode on this fiexible substrate in a light-emitting diode.

20 TABLE IV
Example or Turn-on Photodiode Device
Comp. Expt. Voltage Current (nA) Voltage (V)
(V) @ 1mA device @ 1mA device
25 current current
Comparative >15 0 -—-

Experiment M
30 Example 21 4.0 203 6.3

Comparative 14 60 24
Experiment O

35  Example 22 4.0 300 6.7

24



conprised of an electrically conducting polynmer and a surfactant, the
anount of said surfactant is fromabout 0.5 w%to about 15 w % of the
total weiwbtosofssg@ai d surfactant and said electrically comdmatSosigs7pnl yner,
and % 5 surfactant is a fluorosurfactant or a pol yoxyethyl ene

al kyl | ether. 2. The device of claim11, wherein said surfactant is a
non-ionic surfactant. 3. The device SEAMS m 2, wherein said non-ionic
surfactant i syfatid@idiierigsur factant. 4. The device of claim3, wherein

said fluorosurfactant contains a erfluoroal kyl arpu ifh.t .ormul a
F(CF2CF2) 3. 8. 5. TheAdBhi-eBsnadeyics on SBRle, st Pl feliee ! B
per f | uor oal kydopdrigmigyet hyl ene. 25 6. The device of claim3, wherein said
fluorosurfactant is ri se%&lgf a fluoroaliphatic polymeric ester. 7. The

co
devi ce of °claim 2, wher@ A" hon-ionic surfactant is a polyoxyethlyene
al kyl phenol ether. 8. Tbeadmifiade;of claim 7, wherein said pol yoxyethlyene

0 al kyl phenol et her i scpahupxyeoRfLEDS 14k bostRpetidatheaiisari tsde 0. The

device of claim!| where “Tluorosurfactant 1s an ionic
fluorosurfactant. 10. Theandsaibcahodeaamd 1, wherein the amount of said

surfactant is fromab f)albl)ﬂ‘fe()r("léyfér%moné@_bét\?fe@ﬁ shiteatcdeahnaveaight of said
surfactant 35 and said ectrically conductj ng, pol. I 1. The device of
claim 1, Mherein said el e@CHYREMISEIRR @Eﬁ‘i"h#"ﬁ%@'éﬁﬁq V&' Kol yani line. 25
WO 03/ 075370 PCT/ US03/ 057@émptled Biandsiutitiealyf coiduicting poyreeeamd sai d
clectrroal Ly conduct ing, okhien e SRSl NCS SEUAIHARSHON rokfabdin g°Vi o¢
pol y(3, 4- et hyl enedi oxyt hi edtetveibol 154nt%% lné thietataleveightobsaid surfap@néi n sai d
2 el eotric | ayer and v SREIAIPEShIGOIR  pAce ot B! LEVRY, 2N
adj acent ts0 said buffer | sydactantis afAuowmsuriastast ot pRAYOXYEtMRI®I n” at | east
i 'sposed direct 1y on sai d SPEIEPaRRE, C) acent fo said buffer layer s
2. The device of claim 1, wherein said surfactant is a non-ionic
surfactant.
3. The device of claim 2, wherein said non-ionic surfactant is a
20 fluorosurfactant.
4. The device of claim 3, wherein said fluorosurfactant contains a
perfluoroalkyl group with the formula F(CF2CF2)ss.
5. The device of claim 4, wherein said fluorosurfactant is a
perfluoroalkylpolyoxyethylene.
25 6. The device of claim 3, wherein said fluorosurfactant is
comprised of a fluoroaliphatic polymeric ester.
7. The device of claim 2, wherein said non-ionic surfactant is a
polyoxyethlyene alkylphenol ether.
8.  The device of claim 7, wherein said polyoxyethlyene
30  alkylphenol ether is polyoxyethylene (10) isooctylphenyl ether.
9. The device of claim 1 wherein said fluorosurfactant is an ionic
fluorosurfactant.
10. The device of claim 1, wherein the amount of said surfactant is
from about 1 wi% to about 10 wt% of the total weight of said surfactant
35 and said electrically conducting polymer.
11. The device of claim 1, wherein said electrically conducting
polymer is a polyaniline.
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16. Alight-emtting device on a substrate, said light-emtting device
conprising: (a) an anode; (b) a cathode; 15 (c) an active em ssion | ayer
posi ti onewoaivssen sai d anode and said cat hode; and (d) &cChuafsb&oes7bayer
posi ti oned between said anode and said active em ssion |ayer, wherein said

buffer layer is fornmed_ using an aquequs, di spersign of an electrically
conducting 20 pol y&er The W@Pﬂﬁ@”bgewhﬁfﬁ! gaid éﬁ??'&@ﬁ%ﬁ?rf‘?@'ing
di spersi on i sp6hAfeRd §iohREioRYthRoFad)ace tension of »between 25 and 35

m\/ M the concentration, of,said | ectricall nduct i n LS from
0.1to 5.0%w w of ?é-ai H-héqué’ﬂ‘ﬁ %facﬁ?‘w égnWﬁgﬁ{'ﬁéggﬁQj}‘v@llcgﬁyﬁﬂéé%@é)d%:per si on,
25 the concenpolgl3 aetioflenadidxpthidphenait is | ess than about 0.4% w w of
said surfactant in,sai i ' : | ’ S

f 1 uor osur fAact ant oﬂi'a ﬁ%éjg%%éﬁﬁ&elwgﬂq%ﬁ%%ﬁp%%ﬁ&B%g%ﬁ%%9h§9$eq'ﬁgaélevi ce of
clai m 16, whelesishosabilayardanprsead ofa metaiayeirand agicleclicdayaddnd 18. The
devi ce of cl a,!'”i:qle A ' lds | U f '

fl uorosurfactant HES%ZIOQS'\???%CQ _Blzélcgrlimm&gfjrsv\ﬁg%% tgg'aam .?lflf&e({rlg)é%rr' fact ant
contains a perfl udboal kg Heyice @ claitmi4. vehargiay ﬁaﬁ(‘lﬂﬁzéﬁﬂ'@ﬂ? eGHC20. The

devi ce of cl ajgyef8ispHEed eidfaceat th saidWusRy Idyee isdispbseddirectly on said
et hyl ene. 21. The device of claim 18, wherein said

per fl uor oal kygﬁﬁllyoxg

f1 uor osur thct BHHER 1Y€ onpri sed of a fluoroal i phatic pol yneric ester. 26 WO
03/ 075370 PCT/ US034857ATighkamifling ddeicecen afsubbtate, $@id hignteaitiingai d
non-ionic surfactant is.a polyoxyethlyene al kyl phenol ether. 23. The

devi ce of cl aPﬁY’E?,COW%PJﬂ% sai d pol yoxyet hl yene al kyi phenol ether is

pol yoxyet hyl ene (10) i sémcaryapbdelyl ether. 5'24. The device of claim 16,
wherei n said concentr at l(@rh B%th%abd electrically conducting polymer is from
0.1to 5.0%ww of said ctrically _conducting polyner in said dispersion
and said tbncentration €8) anpeliveseimfssianiayer ositiared EﬁW%b‘éﬁ'd@. w w of

said surfactant in said cgrﬁ)géiaidé%ode; and
(d) a buffer layer positioned between said anode and said
active emission layer, wherein said buffer layer is formed
using an aqueous dispersion of an electrically conducting

20 polymer to which has been added a surfactant, said
dispersion is characterized by a surface tension of
between 25 and 35 mN/M, the concentration of said
electrically conducting polymer is from 0.1 to 5.0% w/w of
said electrically conducting polymer in said dispersion,

25 the concentration of said surfactant is less than about
0.4% wiw of said surfactant in said dispersion, and said
surfactant is a fluorosurfactant or a polyoxyethylene
alkylphenol ether.

17. The device of claim 16, wherein said surfactant is a non-ionic

30  surfactant.

18. The device of claim 17, wherein said non-ionic surfactant is a
fluorosurfactant.
19. The device of claim 18, wherein said fluorosurfactant contains
a perfluoroalkyl group with the formula F(CF2CF2)3s.
35 20. The device of claim 19, wherein said fluorosurfactant is a
perfluoroalkylpolyoxyethylene.
21. The device of claim 18, wherein said fluorosurfactant is

comprised of a fluoroaliphatic polymeric ester.
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10 25. The device of claim 16, wherein said electrically conducting
polynmer is a polyaniline. 26. The device of claim 16, wherein said

el ectri cawbysooisducti ng polymer is a poly(dioxythi opene) PCTUSOTbRF0UevVi ce
of claim 26, wherein said poly(dioxythiopene) is 15

pol y( 3, 4- et hyl enedi oxyt hi ophene). 28. _The device,of claim erein said
anode is conpri seddf Th%ﬁ?ﬂﬁ?@%ﬁ'%ﬁiﬁe.‘” SinHRid B@Q‘l'%céfj%gf:@inwﬂisl%,

Y\herei n saLdlmyéﬁyétﬁlyéﬁ%ﬂHmm etifer. | east one bilayer, each of the at
east one bilayer npry si ng. a netal ye 20 _and ' | c |ayer,
wherein at | east oﬁ\g oﬁJhgéfeg'% &FCA%W #2’ \{vé?,rgljn ?@gﬁﬁﬁ\éo%ﬁm§%ﬁésai d )l;uffer

: ayer. d_30- Thglkyllghénel stherlsgpaty@getiene( 10)dsodctgphenyletbér. sai d diel ectric
ayer di sposed adjace t ' . 0 Syl Il on said
buf fer Iayser. 25 3?2 Rf %%ﬁ%@?%%fgﬁ'@iﬁfu %‘rn %6@%18'&8&@%&@1!1 f‘grgeﬁli_%yer
positi oned beleskicallpconductingpalyaer iscromd).&ie S0%wiugfsaid elagtrically
light-emttin lL.oe, b CONTR Qe i idli spersi on
of an el ectrig%l Y Iﬁ@cpr?(lj)aﬁ?ﬁ?g polay#teelrré]tar&%@haﬁzﬂéE%'gceﬁgreaﬁﬂgﬁgglcg P

surfactant, whefagtaniigiless thaaphaut §rdToavivnelsaid sprfagi@nbip $A1Cur f ace tensi on
of between 254@pdrsisn. 30 ™MV M the concentration of said electrically

conducting polyner_is fromO.1 _to.5. 0% w w of sai L.ectrically conducting
pol yner i K said di g%eriri‘%g],ev'f’ﬁé’f C%d’ﬂc&tw r?@rﬁ%‘?eg%%écagléfrqoggygﬁﬁg is |ess

t han about 0. 48tymeri®h podyahilirmir factant in said di spersion, and said
surfactant is a flygrasurfactan [ . e i ] et her.
35 32. The conposi ?é-oﬂf%? d%Y'&%rﬂtfg%m\%nGeM%gg%gékﬁ%@g%npg%on- I oni c
surfact ant. 3golyites ix amudgdicxythiapend)ai m 32, wherein said non-ionic

surfactant is a fhyor gﬂé\r,é]égﬁéee.?gfCbggzmgg{e%g%@dggm%wy&ﬁs 34. The

conposition of clarm 3 _ n sard or osur alns ‘a
per f | uor o&l kypokytbéethyienedipsythioph@ng) F(CF2CF2) 3_$. 35. The conpositi on of

cl ai m 34, wherein HauoTRsUelREIFMaiINS1R wiGEl 4600 arbly lipebrpryed by ene. 5
36. The conposifion of .¢laim 33, wherein said fluorosurfactant is

conprised of ﬁ‘d_fqrﬂé'lno%i ®hatic polymeric ester. 37. The conposition of
claim 32, wherein ggi d Therddvics of dlaint 461 wherein Sail arddeoisyoenhy risexieof at

al kyl phenol efe%%E one bilayer, each of the at least one bilayer comprising a metal layer

20 and a dielectric layer, wherein at least one of said dielectric layer is
adjacent to said buffer layer.

30. The device of claim 29, wherein at least one of said dielectric
layer disposed adjacent to said buffer layer is disposed directly on said
buffer layer.

25 31. A composition useful for forming a buffer layer positioned
between an anode and an active emission layer of a light-emitting device,
said composition comprising an agueous dispersion of an electrically
conducting polymer to which has been added a surfactant, wherein said
dispersion is characterized by a surface tension of between 25 and 35

30  mN/M, the concentration of said electrically conducting polymer is from 0.1
to 5.0% w/w of said electrically conducting polymer in said dispersion, the
concentration of said surfactant is less than about 0.4% w/w of said
surfactant in said dispersion, and said surfactant is a fluorosurfactant or a
polyoxyethylene alkylphenol ether.

35 32. The composition of claim 31, wherein said surfactant is a non-
ionic surfactant.

33. The composition of claim 32, wherein said non-ionic surfactant
is a fluorosurfactant.
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38. The conposition of claim 37, wherein said pol yoxyethlyene 10

al kyl phenol ether is polyoxyethylene (10) isooctyl phenyl ether. 39. The
conposi tiwoe 03f7837@i m 31, wherein said concentration of s&cda/ushaeinically
conducting polynmer is from0.1 to 5.0%ww of said electrically conducting

pol ymer in said di spersion and, sai oncentration of . sai ctant is
| ess than about 0.3% W coMPEsitiPnsQ]y %iﬁlggtWh?{e%ﬁl‘df%‘ 5‘?%&9@% 40. The

conposi ti on. odorthitisa garflushsdliey yrow Wltﬁﬂﬁéifdjmﬂ.ﬂé IF{CFsORg)gt i ng pol ymer is a
ol yaniline. 41. T osi tiqn of ciricall
(F:)on)d/uctl ng pol ymer gs*ﬁggﬁmﬁﬂ frﬁﬁ% ﬁ)é "‘%"hﬂ&é’%ﬁgﬁég%ﬁtg i on ofy
claim4l, wheperfloogslkypgipdyelhgenehi opene) i's

pol y(3, 4- et hyl enedy xhg&%ﬂﬂﬁﬁﬁqn éf%laﬁh%%ﬂ?ﬁ%ﬁ %lﬁqld?)froﬂr%c‘ﬂ%rﬁ% wher ei n

sai d electrlcally I's & 44, A
light-emitti n@plﬂpmsedaoba flaomailpha polysgrig @Stgfht emitting 25 device

conprising: (e) angAngfgico dgaS.tﬁ)rpafté}én§¢3z(\%e@h 351 e -RMEShreat Ry er

posi tioned between sai ano sal d cathode; and 30 (h) a buffer | ayer
posi ti oned bed@palyexyeihyesaaliaiehenal gthefcti ve enission layer, wherein said

buf f er Iayer |s C28PThe’bnMWostibredfstaim SWWMemﬂdan@ltpdm))@@lN eand a
surfactant, armua};? f sal surfa tanéd& %anrﬁ {é t 5 wt%to about
15 wt % of 1¢ hea ¥Phen @ﬁf '%'?Olé%y(? ??%1 ASOCBYRABNY FWC %l ectrical Iy
]gl()nduct ' n? pol yrer 39 arhe gbmhpostiivhaficlin 3§ verereint sald conoemtration of

uor osur f act ant ox et he xture
t hereof. 28 Vﬁéﬁ'%ﬂggViﬁ%@ég%@WXI@wgﬂ %B/%j\&ﬂf%amdew ce on a
substrate, saekctrioglly contluctingpoldmer iesaidrdispessiog:andegaid conpenteation o) a
cathode; 5 (ggalagéu?f\a)tc{éfﬁlseﬁﬁsth abGMFG 3%’?\/’/\&'?@%@ Qﬁ%é@ﬁﬁh@%'am anode —and

sai d cat hode; yer positioned between said anode and said
active enissi dispPEEjen., wherein sai d buffer |layer is forned

40. The composition of claim 31, wherein said electrically
conducting polymer is a polyaniline.
41. The composition of claim 31, wherein said electrically
conducting polymer is a poly(dioxythiopene).
20 42. The composition of claim 41, wherein said
poly(dioxythiopene) is poly(3,4-ethylenedioxythiophene).
43. The composition of claim 39, wherein said electrically
conducting polymer is a polyaniline.
44. A light-emitting device on a substrate, said light-emitting
25  device comprising:
(e) an anode;
(f) a cathode;
(9) an active emission layer positioned between said anode
and said cathode; and
30 (n) a buffer layer positioned between said anode and said
active emission layer, wherein said buffer layer is
comprised of an electrically conducting polymer and a
surfactant, the amount of said surfactant is from about 0.5
wt% to about 15 wt% of the total weight of said surfactant
35 and said electrically conducting polymer, and said
surfactant is selected from a fluorosurfactant, a
polyoxyethylene alkylphenol ether, or a mixture thereof.
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usi ng an aqueous di spersion of an electrically conducting to polyner to
whi ch has been added a surfactant, said dispersion is characterized by a
surface twoaBom3ed between 25 and 35 MV M the concentratricaruso$/oxat d

el ectrically conducting polynmer is fromO0.1 to 5.0% w w of said

el ectrically conductin olynmer in said dispersio oncentration

of said sur%lact ant 4Ps Ré‘ggt‘%ﬁﬁwnﬁlﬂ%{%’e@ﬂ‘ﬁﬁﬁﬁ&? Sgﬁﬁ hi @Qant in said

di spersion, agévis@icedmptigidigct ant is selected froma fluorosurfactant, a

pol yoxyet hyI ene al kyl ph th(g? or a mxture thereof. 46. A conposition
p

useful for formng a buf‘%eqn pa ositioned 20 between an anode and an
active em ssion |ayer off)aa ba’@lmdeem tting device, said conposition

conpri si ng. an aqueous di sp ymer to
whi ch has been added a @ %éé:t%g%vﬁeﬁbrnelgﬁ&t éb%ﬁ‘énjéé(sbéfr&gé%ﬁéé”&%n%le
characterized by a sur f aceandsaid@athgdes@ndeen 25 and 35 mN' M the

concentration of said el @c% Fhﬁé,l lbgﬁﬁﬁag%éTgeMd‘%'d laPofE AMdGald 25 to

5.0% w w of said electri y cony I n sald dispersion, the
concentration of said surf%FE't"&rﬁm'§§'°Iné§¥ert W&‘ﬁ@ﬁ&é‘i bu fo'\'iW isffoungd

surfactant in said disper Su@ﬁ%aﬁfubué@ué digpergion dfani gletfitait eshductinga
fluorosurfactant, a pol yoxa/q nehficlhkﬁ/a hgenno.ladgeé] sur%ctantn%a%(ut:lur e
thereof. 3b 29 o
dispersion is characterized by a surface tension of
between 25 and 35 mN/M, the concentration of said
electrically conducting polymer is from 0.1 to 5.0% w/w of
said electrically conducting polymer in said dispersion,
15 the concentration of said surfactant is less than about
0.4% w/w of said surfactant in said dispersion, and said
surfactant is selected from a fluorosurfactant, a
polyoxyethylene alkylphenol ether, or a mixture thereof.
46. A composition useful for forming a buffer layer positioned
20 between an anode and an active emission layer of a light-emitting device,
said composition comprising an aqueous dispersion of an electrically
conducting polymer to which has been added a surfactant, wherein said
dispersion is characterized by a surface tension of between 25 and 35
mN/M, the concentration of said electrically conducting polymer is from 0.1
25 to 5.0% wi/w of said electrically conducting polymer in said dispersion, the
concentration of said surfactant is less than about 0.4% w/w of said
surfactant in said dispersion, and said surfactant is selected from a
fluorosurfactant, a polyoxyethylene alkylphenol ether, or a mixture thereof.
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