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30 The buffer layer is typically a conductive polymer and facilitates the
injection of holes from the anode into the EL polymer layer. The buffer
layer can also be called a hole-injection layer, a hole transport layer, or
may be characterized as part of a bilayer anode. Typical conductive
polymers employed as buffer layers are the emeraldine salt form of

35 polyaniline (PANI) or a polymeric dioxythiophene doped with a sulfonic
acid. The most widely used dioxythiophene is poly(3,4-
ethylenedioxythiophene) doped with polystyrene sulfonic acid, abbreviated
as PEDT/PSS. PEDT/PSS is available commercially from Bayer, as
Baytron® P.
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said composition. In another embodiment o he invention, the
30 composition further comprises poly(acrylamide) (PAM).

In yet another embodiment, there are provided high resistance
buffer layers and high resistance films comprising PANI/PAAMPSA and
PSS.

In a further embodiment of the invention, there are provided

35 electronic devices comprising a low conductivity buffer layer. In a still
further embodiment of the invention, there are provided organic light
emitting diodes (OLEDs) containing high resistance buffer layers
comprising PANI/PAAMPSA and PSS.
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30 (PANI/PAAMPSA), and an amount of poly(styrenesulfonic acid) (PSS)
sufficient to reduce the conductivity of the composition. Invention
compositions are prepared by dispersing a given amount of each
component in aqueous solution. The weight % ratio of
PANI/PAAMPSA:PSS in a polymeric film cast from solution can be
35 controlled simply by varying the amount of PSS dispersed into the
aqueous PANI/PAAMPSA solution (weight % (wt %) refers to percent by
weight of the total solution). In one embodiment of the invention, the
weight % ratio of PANI/PAAMPSA:PSS is in the range of about 1:0.05 up

to about 1:2. In a further embodiment, the weight % ratio of
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In accordance with still another embodiment of the invention, there
35 are provided methods for reducing conductivity of a PANI/PAAMPSA-PAM
film cast from aqueous solution onto a substrate to a value less than about
1 x 10™* S/cm, the method comprising adding an effective amount of PSS
to the aqueous solution. In one embodiment of the invention, the
conductivity of the film is less than about 1 x 10 S/cm.
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may be used. As used herein, the phrase “mixed oxide” refers to oxides
having two or more different cations selected from the Group 2 elements
or the Groups 12, 13, or 14 elements. Some non-limiting, specific
35 examples of materials for anode layer 110 include indium-tin-oxide ("ITO"),
aluminum-tin-oxide, gold, silver, copper, and nickel. The anode may also
comprise an organic material such as polyaniline.
The anode layer 110 may be formed by a chemical or physical
vapor deposition process or spin-cast process. Chemical vapor deposition
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nmetal oxide or m xed oxide. Suitable materials include
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injection/transport, and also serve as a confinement layer to prevent
guenching reactions at layer interfaces. More specifically, layer 140 may
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Al ternatively, the buffer |ayer can be patterned using
a nunber of such 25 processes, such as ink jet

w@eoan2ese2 The el ectrol um nescent (EL) | ayer 1BOT/m82003/026756
typically be a conjugated polynmer such as
pol y( paraphenyl enevi nyl ene) or pol yfluorene. The
papronmié ateatmnembbilitycand ezdueeyihediselipashot aguepelingi c
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mat eria

or e puids.(dioy 2 @ﬁﬁ%@"@ﬁ%@ﬁ@uw@’“ DRt dPagiasole

po("PBE" orttheilike), B 4Hyphe@ylvlbr& -phreryt-Hel4- ts'@lm"@@eﬁfl) -1,2,4-

exfr%%?l%' gﬁzgg)%e( Iﬂieg,l othét §in*ﬂ|aﬁ’ cohtiBuris; élVany one or more

radi-a er 140 can

t
10 { aeombigtibns Marep b AterRAEvely JPpHaNEh LSBT A0 HeY hediSraanic
SeéN@c@ﬁlpﬁsécB’g@ NErFenLO), ayie Kik@. prevent  quenchi ng

s $3e Rain DL 50EBieclBAB RBGS FRHEAIA efientfor

pr injadtiegedlectrorsnommdndtive\change cadtiere The dathasle layer129 can

¢
o1 Y 2115 thOgL bFAGHnBIl My s e ok Tnebh il tle frst

15 f oelesricabpentachipyer (iathis @@sad@e@me laper 11 Qe A %seﬁ@f@harem
COfROIAAS v?er%ork%ﬁétlcﬂf' i§ hﬂehdé&lo mean a material having a

phenant hr gl | ne- base

500K W9 1 GFSa1agHRAY AR b er AR 58 afein. "higher work
(" RIPRAON; isdnendiedte mydarl a rﬂat@ﬂahlemﬂng larwbrkrfan¢tidPel at, least

or the llk%‘f %)é\ée compounds (e. g
y1 (4-t-butyl phen{) 4- oxadi azol e
20 ( PBD Matenmalslfmkth)a cathode layer can be selected from alkali metals of

3- Qﬁo@*ﬂ rBI/. '}\r @Wﬁﬁf‘tﬁé‘ @H?yhgﬁ?é‘gé@ MG, Ba, or

triazo er S| m

ke heBaity 12 ey idaTaas & Gole, SATEL, oihe
A ilﬁéﬁ@hd‘tﬁe éctlﬁliﬁé‘s Qé‘@' Trﬁ)U?forJEH@ nnay Wetdriats S@cti as

BaO,
I aﬁ&ml%m |"§d"éﬁ‘ W@%’lnl’ S‘Hg CPH%R'“?@']&&&‘FF%% %%E/f‘fs% B Sea.
25 ef fSpebH?l@tndrplimltlth e@hplgs ef actterials fartheegihodeclayent 5@

o e PR Gorh Afcashl, ol AR o

15 nedgnetsiin agand samadtm.ayer (in this case, the anode
layer 13 cAifods eP‘fSG'lé‘usuél ohﬁéH‘by'éMﬁém%! br physical

function" is I nten mean

mwapom@msﬂmemﬁe@a ém geRasal atlae&@ % 'éver " willbe,gatterned,
3pherg@i d?scus‘@,eé oV kefefatirt todhe anedenaymdﬁd) t I thveedaviee lies

ol e iR AR e Rl bR o Rk g pstantaly
| ayairalishstrips, stlees thesllehgths af thelcathstealayenstrips extend in
substantially the same direction and substantially perpendicular to the
lengths of the anode layer strips. Electronic elements called pixels are
35 formed at the cross points (where an anode layer strip intersects a
cathode layer strip when the array is seen from a plan or top view).
In other embodiments, additional layer(s) may be present within
organic electronic devices. For example, a layer (not shown) between the
buffer layer 120 and the EL layer 130 may facilitate positive charge
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Goup 1 (e.g., Li,, Na, K Rb, GCs,), the Goup 2

nmetals (e.g., My, Ca, Ba, or the like), the Goup 12
woreaoaloz050t he | ant hani des (e.g., Ce, Sm Eu, orP€T®S2003/026756

like), and the actinides (e.g., Th, U, or the like).

Material s such as alum num i ndi um yttrium and

cotranspart,dend-gap swtching pf #he ayses, dgretionss gpselertive layer,

nogr JtHe”l}{? r‘glnﬁr‘eﬂgpéﬁﬁtl@ﬁal@?%' (AbBsHUn) BetweBhREEL layer

cod 30 AN the wBiaERYoR 150 1Y TaRMLRIE S1P0RHVa RhSiR aHSRer
Th@aﬁ | Cgﬁa{oﬁw l?étﬂiédnsthéﬂal?érbyfufn@ﬂmésbi/pr@t@chwla?ér or
OCES

5 iRl Cansrs Thatarg KRR ib He BHCSE B4 u5Hd B 8681on. &y of
abmeeabmwer-démrdmdelayerstdm be ovlld aiytewo driord layetse

o ALfhathv e, St & Alomhbbanic dfodEtyRf 310 el bufed 147k
whér?@ thecEll layer H30o0and netrmeﬁaw f) @@énaxbeusygfaéﬁttmﬁed to
| NinctaRsd 8drge 'éaYn%rﬁ?aﬁszﬁ?tt Qﬂr&@% OThahokdehsit matdriald tor

per pendi cul a to t

10 st eppR of tecompanenidegmsT §’§| Jeé%rwnﬁa%yebé@%eg the goals
f oofpEbvding laedeVi wwnh%gﬁ ae(mb efficiemcyanitd¢hd eystrofst ri p

 sshita P SRR e v e Bl bal o Gr e
alddl t i ondtholigh @of s)eamijo hmitpthesdifferant {ayers maygeanethe
bty fartt b fldlnpabes™ %Ha%“h%%iyﬂq& ﬁ%%%“i)
15¢ a(gmateatf@r\oamrpxwteh/a’i%bnm fan 260w @ngmate y
PCﬁ/oLﬁﬂﬁg&{] Qtaﬁé% yef nzoslmréu H@ag@a@nhanbpbrmnafely he
oSBT, o S Pl @bozdciﬁﬁ{nﬁ)t Buetibdh, ushity no
EL gr@a/ter thalﬁébmndlmdtelycmﬁmdm faryeami@e, agprokiatatelyt at e

(04 i€ SBfal AR A0 yrsypliP B PRRCF RIS SRR BT

20| | K0 rrayfer example, ap@rammmelyriotmnmtandaaatmdml@yer 1p@,
shb@‘?(m rt%ﬁ;c)r}éﬁ?pﬁ%wﬁatg eor ﬁlzld férﬁé@nﬁ‘plé aé‘p[?r%mmately

I 1160 nmaokfgaﬁwaeo%@y@r|149@rthqgathq¢@ I8V 150 Peges to

12@ranshft &ueé@wﬁmé Bght, Biwithickreed of kayk laybh Pnay'Ryt deeed
sur f ace., tr%%[_ﬁg dW& I ncrease charge carrier transport
i

ef APOIRHTR ce of materials for 10 each of the
25conponerDeﬂeatwmgsupmtytlti£ap§ﬂtcmtlnn rméméagleb&bamodeme tilee EL

?%)Zeir Js gy@e[ﬁ%} g |{§P.t 2 Osﬁmgqué(}‘t %ﬁvgfé\ﬂ' ya signal (such as
rranlmfad@trehh’@m.cdm%mrta leyer of m@@r@iﬁhaﬂ regpmdfeto radiant
facdnrgy aft gﬁﬁéﬁﬁiﬁé‘ Qtsgé‘f?a?%tﬂ &r Withodt: arF @@pl@dfﬁcﬁéﬁfﬁl (such

i ﬁé%rgcimeet%%‘éioua@ eplshs GxamIlap ) stonis dpeReaihal gy
30?Bnégﬁ¢rgﬁito€t*€‘ggﬁ(rén|@ggy ey s@é@t@ﬂfmlm phptavondatitye/ cells,
Rkl moronRihes, Mol Bies, ApdeRlalpbs dhd
Zo-mﬁﬂb\mitaldfd:ellsaylla‘terréadlngstbml spedification, skilled artisans will be
capable of selecting material(s) that are suitable for their particular
applications. The light-emitting materials may be dispersed in a matrix of
35 another material, with or without additives, but preferably form a layer
alone. The EL layer 130 generally has a thickness in the range of
approximately 50-500 nm.
In organic light emitting diodes (OLEDs), electrons and holes,
injected from the cathode 150 and anode 110 layers, respectively, into the
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greater than approxi mately 1000 nm for exanple,
approxi mately 10-80 nm optional |ayer 140, usually no
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10 pos:‘lﬁ?‘\?én\’/‘?ﬁf{%‘@n Bﬁéjeéﬁ b in grapter detail by reference to
sultise folibivind molimitiey eparneldsi al or zero volts during

t he operation of the elec vice. A battery or

ot her power source(s) myfgg&gﬂ?g&i cally connected to

30t hEXAMBEErbni ¢ device as part of a circuit but i s not

35

T A R G )
in WO 01/41230, more specifically, as described below.

PANI/PAAMPSA was prepared using a procedure similar to that
described in the reference Y. Cao, et al., Polymer, 30 (1989) 2305, more
specifically, as described below. HCl in this reference was replaced by
poly(2-acrylamido-2-methyl-1-propanesulfonic acid (PAAMPSA) (available
from Aldrich, Milwaukee, Wi 53201).



15 are provided methods for reducing conductivity of a
PANT/ PAAMPSA: PAM fil mcast from aqueous sol ution onto

wa2adboztspat e to a val ue | ess than about 1 x 1PECHUSI003926756

the nethod conprising adding an effective anount of

PSS to he aquequs s ' I n one_enbodi nent of the
i nventio %'8 “ﬁé)yfgﬂf‘ waseverifiad bysthedypicahargen

abcmﬂori First, (.')5(56 §/(0r622200le) oft 16¢8 PARAM reshqﬂ wERSE (M8ridH)8vas

cordittadfu2 o Bz BRI BIREREF e Rugkid ohd g @.022m)

sutaniling waaagded intodhe RAAMRSA $olation.Far01ex amoosaM) of

5PAwrﬁr%ﬁW§§eP§§ragé Y £6 ?»nm/{,e&e%se RECHAONG ih e

I nventl on. c eratures

abARIINSHICAAMR2A sely @@rumqruvmro@ﬁpbmmu (e (qastian invisture
t 0 Was tithed fr Zir Noue ét?ﬁ@t‘ﬁrt@hiﬁe?étu?é gb%ﬁ‘é(%bltéféatﬂe product,

2oaTANEPRENESE 2650 b Benienyas sued e senctiumidire.

gr ddosirof deptorne/vgterafay dacmtéd ant e ahd P)NNMPAAM PSA

10 Bnpr Bt e KARNS g rS b BRI v st

15

PAMGNPMIUFES Wi apetoperant! duedgt 4010 undeudnamici vemuutrofor
thatg gleigeri bed in WO 01/41230, nore specifically, as
descri bed .bel ow. PANI / PAAMPSA was prepared using a
procedur'd$ Eeﬁam'e gemoRsiratessanexenplasy synthepis of

r efRANIRAANMPSAO, et al., Polymer, 30 (1989) 2305,

mmﬁ%i cally, as descri bed below. HC in this
re s repl aced by

poI y ( 2- &3mey gearn 0.029)naftthg IPANIP AARIRSA bbadet a8 prébared in

(o504 A O Lo

Mgl mixiereswas rqteted atgoamidesnparature dor 4;5/ hotes. t The cal

" s:d r %@gttrggm{fréﬁzéj?@% wé’r@ tﬁergﬁ& ggtﬁrdﬂy %W@eé

30

35

”t&%PﬁPV?ws qu éAb} B\ I a\rﬁtet A fasgnely
ad geeparati byt creanghRMAB qurmitity bePANi’/PWAMPSﬁ P&t Pthed

ammp m persul fate in 10 m water was added slowy
into The aniline/ PAAMPSA sol ution under vigorous
sti rri nghisThsamplecdémonsiratesteat RAN I/PRNAMRSAfcan B4

h°ﬁL~°7°f’8§’EﬂE‘§%§‘éff§§Eﬁ Rkt g STTCR SRbEA Pl iPE's%ds

€i-on m xture. Mst of acetone/water was decant ed
anExAmpLEh;e PANI / PAAMPSA 10 precipitate was filtered.

s b o Bt 7 0alor R sriam i SRUE o el 000 -
va6ia00, ﬂ)@ﬂ av2lableurom Polysciences (Warrinton, PA 18976)) was mixed
with 400 ml deionized water in a plastic bottle. The mixture was rotated at
room temperature for at least 48 hours. The solution/dispersion was then
filtered through 1 pm polypropylene filters. Different concentrations of
PAM are routinely prepared by changing the quantity of PAM dissolved.
This Example demonstrates that PAM can be dissolved/dispersed
in water and subsequently filtered through a 1um filter.
EXAMPLE 4
20 g of a PANI/PAAMPSA solution as prepared in Example 2 was
mixed (at room temperature for 12 days) with 10 g of 1 wt% PAM solution
as prepared in Example 3 and 2.0 g of 15% PAAMPSA solution (available
from Aldrich). The solution was then filtered through 0.45 um
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Thi s Exanpl e denonstrates an exenplary synthesis of
PANI / PAAMPSA. 15 EXAMPLE 2 One gram (1.0 g) of the

WE2MMORAAVPSA powder as prepared in Exanpl e 1P@EES2003/026756

5

10

20

25

30

35

m xed with 100 g of deionized water in a plastic

bottle. The mi xture was rotated at roomtenperature
f oPOlMPreRylese Titees. g Weidhiisal eper si ons were t hen

f i IRANEIARMPSAPAMEDAMPI A RESAYD @nﬁsmwféréﬁteménd ratlos of

rDl o&%g Egtw/ 'S%R&Eﬂ;%%%@ %BE@'?E&%?@G g(epared %y

PAhaRgitgRBA cungentratidrs inlthe stating soltioasExanpl e

dew&ngﬁs t hat PAN / PAAMPSA can be

d spersed in water and subsequently filtered
t hr ough 3 @08 selutiph ds preparedivERIEPE Zuias yixedavitul19 g of

9) deioRfay @t ?’HEL?’% é of B{W“W 50@@%(5@)006 ,000,000, a}ﬁllable

6, 000, 000, avali sci ences rrlnton
186%1)1qulqn%ébunmwrnwaﬁfocem.t@npgéaiuwafpéﬂ1 days. The

pl astio of PANUFQAAMF@NIO(PANEInWﬁé bléiPEEdtien wie 1:20Blend
or_a

te rature 48 hours. The
S o RGP aferpapisd BrPRAIEY BT Frcanientaf PANYPAAMBSA was
poIQ;ﬂOoﬁ&laml@G%l tespectii@ly.f er ent concentrations of
IQPY%I nely prepared by changing the quantity of
[ npl e denonstrates that PAM can

A hi s
be di ssd@%g/qfuaslﬁéNé/E’d\AMHSmcdutl%as Prapargd énExgmple 2 was
fi ImiRe af idopy tinSerktute bt izwrda §)5wﬁ¥AUF’|L§o41?@7 HRPAV

ﬁAgbﬁJpp&“épﬁsﬁﬁ?ﬂ%%%i&ﬁ?é@mpgf gnd %%aé@ﬁ%pﬁlyi@m@nssulfomc

NPSS) ol stion (asamm@mpb sEPeﬁchbeWérﬁhﬁtanPA 1B976).

Col %ﬁ@%&@%ﬁiﬁéf? NG tﬁfﬂﬂh""ﬁaﬁ £V b et The

200vgighiBitio aPEANIE2AABIREEPSS: PAM MEMeolutlbmwaﬁ 1:4:1.

Th?l’@@l‘&\?bléﬁﬁ# #aﬂoé’fof tl'gfﬁh NI/PAL Oﬁsﬁ@'\bgﬁAWﬁé\ Bl8rid solutions

PARIE preparsd: hyghangingibe eanseatrabiens inthe siadingrsobdions.
by ExAyfaPgiETg the concentrati ons in the starting

P Bxanpited o aa e aMir s M Solon s Biepaess REewamble 5
anadvds mipgedofat Rédvh ((dnperatufdfor @004 dags ORith 0B85 g of 30%
AR e o S Sl e i
t o The\salutiomwas then fikeredtthroughe@ 45:1Mm pelypnepylene filters. The
weight ratio of PANI/PAAMPSA:PAM:PSS in the blend solution was
1:0.2:2. Different blend ratios of the PANI/PAAMPSA : PSS : PAM blend
solutions are prepared by changing the concentrations in the starting
solutions.
EXAMPLE 8
An alternative treatment of the solution as prepared in Example 6
was performed. In this case, the PANI/PAAMPSA:PSS:PAM solution was
subjected to sonication in an ultrasonic bath for 1 hour prior to filtration.
EXAMPLE 9
Glass substrates were prepared with patterned ITO electrodes.
Using the blend solutions as prepared in Examples 2, 4, 5, 6, 7 and 8,
polyaniline blend layers were spin-cast on top of the patterned substrates
and thereafter, baked at 90 °C in a vacuum oven for 0.5 hour. The
resistance between ITO electrodes was measured using a high resistance
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10 solutions were also prepared in which the content

of PANI/ PAAMPSA was 0, 10, 25 and 40% respectively.
WEXRMPLEIS 16. 7 g of a PANI/ PAAMPSA sol uti on aBCT/US2003/026756

prepared in Exanple 2 vvas m xed (at roomtenperature

for 2- 4 days F%pvvlth 10. 1 of 1.67 wt % PAM 15 sol ution

as Keithey & qRmmpter, f{oahléeme%lrgst@mmi%lnc (Cleveland,

polms.atzwm;s%ﬁm ShoWs thid céﬁcﬁ%t.vﬁglowm tﬂéﬂ@h‘n«?@wﬁh

r om.Pol ¥B ences, \\rri H& e so ution
iferent plendLanPesiiongy $can bsEgsH Jdipledethe
fl | doridactivityecanee gbhtrokdd ovérfa Wil fany@VPSA: PSS: PAM i n

Sof t he AR EsARAST st tos pat e fﬁéﬁ@k’fwﬁﬁé\@ A gan

pr dyeprepabsd withyillngonduectiviliesdess tiainotG* Sfent,hand even less

%&%ﬁ,ﬂgﬁkﬁb’g&qﬁc?r fa ;ES%H@% a{[ﬁggifler?d Thesg gonductivities

wa@rmswé‘wlqraw lpwdhat sitgreixel gueenideakage gap byslymwot without

0. Jfocd fof §ﬁ%mrﬁ%’cﬁd PANIPWP‘SNEI%@%H) (PSS)

sol ution aval e from Pol ysci ences).

Osol ution was then filtered through 0.45 pm

pol ypropyl ene filters. The hedlgyht ratio of

PANI / PAANPSA: PAM P8gugtiyity df BAMYRAAMPS bl caymrigegstSS

1:Q. 2.2 Different blend ratios of the PAN / PAANPSA

PSSPANIBigndh| end  sol ut i onSerepogition: e p Baking Gopdigiam n Jihiglgness  Conductivity
I3t he concentrations i n the(®®ating sol utions. BGA) (S/em)

pre%ared in Exanple 6 was perforned. In this case, 4
t he PRI SA: PSS: PAM $800ut i on RACA%HBj ect ed2fo 5.1x10
sonication in an ultrasonic bath for 1 hour prior to 4
205 i | PANFRANPSABAMPALMES A5 185d9s suBSiG/2hms wer e 2030 1.4x10°
prepared with patterned I TO el ectrodes. Using the
bl e RANERAANRSGAMs pr epar é8:0i n Exadffl €80min 4, 5,198 7 7.4x1077
and 8, polyaniline blend |ayers were spin-cast on top
of PMUWM%&M@@ substrat ¢2:0 and t Ber@fmier, bakldép at <7.5x108
2590 Cin a vacuumoven for 0.5 hour. The resistance

bet RASHPAANDP R BSStPAdHes was:1i5®asur edo tFdmgina hi ghl702 7.8x1076
resi stance 11 WO 2004/ 020502 PCT/ US2003/ 026756
Kei PANEBA MBS SSPANTEL €1, 1fij10m Kei bhb@3o thinst r umersss 1.6x1076

Inc., (Ceveland, ©Chio 44139). Table 1 shows the
30conguRipAANDYS AOfssiPAM bl englifii | s wigh besdhih f er entygld end  42x10°7
conpositions. As can be seen from Table 1, the

CONgb VAN ACRR:PART CONTT @hls§G OVelgy &Y fip fangess?@
Thi s Exanpl e denonstrates that the PAN/PAAMPSA bl ends

ignzAgf%m and}%‘% Pt bul k,ognduct iy bifsg, | ess than <5.5x10°8

even | ess

1.3x10-3

PANI/PAAMPSA:PSS:PAM 1:0.05:1.95% 90 °C/30 min 641 1.5x10"7

* with ultrasonic treatment.

40 EXAMPLE 10
Light emitting diodes were fabricated using soluble poly(1,4
phenylenevinylene) copolymer (C-PPV), prepared by copolymerization of
phenyl-substituted PPV monomers (H. Becker, H. Spreitzer, W. Kreduer,
E. Kluge, H. Schenk, 1.D. Parker and Y. Cao, Adv. Mater. 12, 42 (2000),
45  as the active semiconducting, luminescent polymer; the thickness of the
C-PPV films was 500 -1000 A. Indium/tin oxide was used as the first layer
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than 10"6 S/cm by incorporating PSS into the bl end.
These conductivities are sufficiently |ow that

WO paoeopisael current | eakage can be |imted w tPOINUS2003/026756
need for patterning the PANI/PAAMPSA blend film 10
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Co m;hin-tcbatéwfrorhfthéﬂd#ﬂt%{difber&ﬂ%ih)wat@ﬁb“%@ﬁﬁ thickness
L0 x10: o~
ek et Yo oA, 40 terédiors paksdgt 49 Ciggeuum
1. 20VED-for OFA\NUIPAANRSdevisRatcliitegtieeOonvas 30 nmin 1986
. i . . 3 3 .

5 AN T R ALY e . 2BellicBs Wehd saicatea
17048179 Betolld Opm$mHWW@§uMé§$§§%§§i Iigjailaggisagré%rgamg
284TOlo@plditie, i.éiOpB’Qb‘t : a T)as t ate

' ' 1 PANI/ SAT PSS PAM 1:0.5: 1.

R S B Shy

(D) s th d 'Hole-te AN EMVAEISD RESe Hdt d
1029%912233533 f%a%%?@ﬁhegfﬁzﬁ“ 1 fathod€lhih orcated
ul t1asoni e 17 &4 e.gétgo PeENg E?weé_ N Was, fpbricate
dLd?fe@n/@‘rtbef&ﬁ’ﬂ\bWeduamgn@caum»gim)rmtelppsmpn a2t t|)3re$sures
o R E’ﬂ"ﬁﬂﬁ?ﬁﬁ’i Ao (dyeF i aldefiy G the .
(H. f%ééﬂ@“, was magitered with a p Thd-80Q Bhickngss/riqimetendavailable
Sc otk SycoR. InStirentsat. YEdspSyralise, N¥ £3057)2.2 660 A to
5 28 o el 69 b A For o
_ 108 6he\deviods Limetcumrent wdevwmemde,aaegigat {s.rvaitageoekve,
. i er

andie *%W%ﬁ%@ﬁ%@é@%ﬁ%@%@@ ReokSeg Gty of the
s pideviceavila bilayen ITRY(RANUPASMRBA RS S PAM) anads: isrsignificantly
| TRighdrithhRiLda\BES with3Te) drsbdd. 0m 1000 to 3000 A, and

t her eaf I n vacuum oven for 0.5

Wnour - THAEIREBIS SEmonstaischaLop periormance polymer LEDS

| T@ah iRP B AR AAMPRA: PSP AMPRY e Se¥dtElayer of
faq j % 3?(% %s' ng both 1 TO on glass as the substrate

(Ap %I@é 'I@é#eass) and using 1TO on plastic, i.e.,

pol #1terephthal ate (PET), as the substrate

I('CI'JOOl’JE tpi j P‘Z?&%\'/%%KP%@ | E/th% EEATRS 1 OEWe.re repeated, but the
25 PANI blend layer was spin-cast from the blend solutions as prepared in
Examples 4, 5, 6 and 7. Table 2 shows the device performance of LEDs
fabricated from polyblend films with different host polymers.
This Example demonstrates that the use of PANI/PAAMPSA blends
can be used to fabricate polymer LEDs with significantly higher efficiency;
30 this higher efficiency is obtained because inter-pixel current leakage has

been significantly reduced by using the high resistance PANI blend as the
buffer layer.
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bi | ayer was the anode and the hol e-injecting contact.
Devices were made 10 with a |layer of Ba as the
w@ atohoeis02 The netal cat hode fil mwas fabri cat ePCT/ORMBMR6756
of the C- PPV | ayer using vacuum vapor deposition at
pressures below 1x10-6 Torr yielding an active |ayer
with area of 3 cn2. The depositifablevéas nonitored with
a STM 100 thickness/rate neter, available from Sycon
| nst r unefesformance of Easmestatamm witty diffosni PANI bBmda”
to 15 5,000 A of alum num was deposited on top of the
calraNIBidnayer. FOr eacQomgkitibie diking@enditidhe Cudtagent  Efficiency
5vs. voltage curve, the (Wwinght vs. voltage curve(V) and (cd/A)
the quantumefficiency were measured. The external

efficiency of the device W|th bi | aye

ITC?WM"%’W BAMPSA: PSS: PAM) L8ode |%‘}/§(3le1?| cant*’y 74

hi gher an ice with anod Thi s Ex(’a}'rrpl e

deWﬁQP@§A€%§¥ hi gh per# nancegor?oﬁg?rﬁlf‘n LEDS® can 7

be ing PANI/P SA: P, s th econd
iﬁ@ﬁﬂ@ﬁ\@%ﬂﬂﬁ PANPSA: Praciifips Lhes 03

| ayer he br'l ayer anode. e devi ce

NeagAANBMIsAlRRSEXAMD| € 1014858 T epe@y@ehin DUt tde 25 101
PANI bl end Iayer was spin-cast fromthe bl end

sol panmmsanasApsspaved i n Exanpl esoskc/Hmi® and 44 8.8
Tabl e 2 shows the device performance of LEDs
f abrPANIAtARXMESAASSPAMY bl end fliliins w ehrCHiomfier ent 4¥ost 7.8
pol yners. This Exanpl e denpnstrates that the use of

20 PARL/SBAMEEA bl ends can be used to fabricate pol ymer
LEDs with significantly higher efficiency;, 30 this

hi gher efficiency is obtained because inter-pixel
cu%ﬁ@tﬁ%ﬁ%ge has been significantly reduced by
usi ng t thddl@hice e Exampie1 PNss dricapdulated bisingtauddver glass

ELIMER TR Gt T TCE

25bl enclsrstat\eLrgint inlacavposit téropeddliesBCuRdiThiedatal current
LR e O B
20@d@r13 Frign 2@h@wx= the lighippipra(Eetid: lipeland xolfage ingrease
ddsiedli Mo a8 €AY Jeoih_trﬁspt% c%in&!s’iﬁ)ltﬁﬂ n
A ARt ok L b e
307 &vhigl deyrdtie3wiWihct0 hours of stress at 80°C, the half life of the devices
with the PANI/PAAMPSA:PSS:PAM (1:1:1) dried at the same condition
exceeds 100 hours with a low voltage increase (10.0 mV/hour). From
Ahrennius plots of the luminance decay and voltage increase data
collected at 50, 70 and 85°C, the temperature acceleration factor was
35 estimated to be ca. 35. Thus, the extrapolated stress life at room
temperature was determined to be approximately 3,500 hours.

This Example demonstrates that long lifetime can be obtained for
organic LEDs fabricated with high resistance PANI/PAAMPSA:PSS:PAM
layers dried at 90°C vacuum oven.

40 EXAMPLE 13

Examples 10 and 12 were repeated, but a different
PANI/PAAMPSA:PSS:PAM ratio (Example 6) was used for the buffer
layer. Fig 3 shows the luminance (dashed lines) and voltage (at constant
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EXAMPLE 12 The device of Exanple 10 was encapsul at ed
using a cover glass sandw ched by UV curabl e epoxy.
wab@4emsepsul at ed devices were run at 25 a coPGI/ER1003/026756

current in an oven at tenperatures 80 C. The total

current through the devices was 10 mA with |um nance

of cuppnbxsalid ines) ¥sdime dung stresg at Z.4smévwith e deyae at
oufgpet. (solid line) and vol tage i ncrease (dashed

l'i ne) duri ng operation at 80 C t. to devices

with PAKIS Pxamplsdempngiiates that 'eagiz? ligis, g PEIRITBYRGE

f oidisplay® cuii B fabiftatéd obingabe M\IIVPA)\MPSNHMPSAMJBIend as
t 80C, the half |ife of the devices wth the

stres
SPAF\F‘?MWF@X ebss: PAM (1:1:1) dried at the sane
cotHAMPBLE Bkceeds 100 hours with a | ow vol tage

i ncr eas%)&é;@)lgs W/e{?‘u‘&lu'f? WeFé PéB a%&'i%m' us plots of the

| um nan I'nCr ease data coll ected

ot PRI BAMREABES:PAM sobion dExampiadnvas ueedfon hedtufer
Wagaydp. fﬁé | BR&Hs tie Qﬁi‘n|ﬁ§ncé’>gdasﬁ'éb!5]rne"s}‘ﬁn@%ﬂ@é@ ka’%tc%ﬂstant

stress } 33 era det er
10apﬁ“€ﬁﬂ9&(§@|'(§a/ ine 06 1o A ng ieSE 2 Pawse at
t h&@p° Cong I |feti nme can be obt ai ned for or gam c LEDs

| ayers diehael@yiofRiries s aB it ith peoRfithos

Exaiiqnl@yss aan ba(ﬂabm:ahed asingdbatRANI/BAAMP SAFSSH:BAM blend as
% WF PSS: PAM ratio (Exanple 6) was used for
the er ayer. Fig 3 shows the |um nance é)dash ed
15| i nes) :Wbllafmetlag@nfm has heea feseubemdriall witheterence to
PCHeHar N E#Ed embodlitheRttthefed) it dml b @ﬁbier\éfﬁodd fHat

duéﬂ“@&n fic q;%r ess@}a \éqrélo(nﬁaﬁrewgw ﬁ]q %}/lhf@nc? ﬁp@@.ﬁ gftha?w%mh is
perdestribed eand daimledys can be fabricated using the

PANI / PAAMPSA: PSS: PAM bl end as 5 the buffer |ayer.
EXAVPLE 14 Exanples 10 and 12 were repeated, but

PANI / PAAMPSA: PSS: PAM sol ution (Exanple 9) was used for
the buffer Jlayer. Fig. 4 shows the |um nance (dashed
lines) and voltage (at constant 10 current) (solid
lines) vs time during stress at 8.2 mA with the device
at 80C. This Exanple denonstrates that long |lifetine,
hi gh performance displays can be fabricated using the
PANI / PAAMPSA: PSS:. PAM bl end as the buffer |ayer.
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15 While the invention has been described in detail
wth reference to certain preferred enbodi nents

wo b@enoafs92it will be understood that nodifi cap¢DnS20881026756
variations are within the spirit and scope of that
which is described and clai ned. 15 WD 2004/ 020502
PCWHASP 08 I0AMEIB ISWHAT IS CLAIMED IS 1. A
conposi tion conprising polyaniline (PANI), poly(2-
acryl am do- 2- net hyl - 1- pr opanesul f oni ¢ acj d PAAMPSA) ,
and an Amounf CONRASItiR) 9@@99?@9@95&/%'}116&%%1}1@) pel ))
SUé&hﬁdrﬁﬂb-z-ﬁ\étﬁﬁupgrdﬂtﬁ!e@;gWQM@@CW)%PAWMPSA ,and an amount

5 gggggs&{shg{gasglygﬁpg %E@ﬁ&#ﬁﬁ Sufficient <i) Pe%utc% tﬁeaciorrr\]d&ctivity of
pgbaiﬁ%cmnpqéiﬁm'i.do- 2- et hyl - 1- propanesul foni ¢ acid) as
the counteri : L : -
pol y(styt eneg&?@ﬁ&ﬂ'g@?@?@@%&qg'@ﬂf ? W[eémd)é%lyamhne.

r edlitbepaiy{(@-ansylamido-2-mpthui-1spropapesyitenic aeid) ag thecounterion

co | r [ IS

o [PARIEYOIESKYg e TRy petsticacis oo
10¢| ghfficient i Eaciics thgcongugfivity Qe P‘F@Boﬁlgpaht %ratio

|5 s in the ramﬁamboah@gbcémtﬂir@tldmaWLﬁmﬁh@bcutnpﬁismg

: CONPOSI { i cording to claim1, erein the

pAﬂé}V@ﬂﬁﬁﬁg!&fe@é% ght %ratio is in the range of

about 140. 2 Apcdamposibomactordingio daim §hwherdigthence

bu f i Sl G, é‘W‘ﬂ?r .

hi fgﬁﬁ'@%?@ﬁﬁgﬁ ?’Enﬂﬁ\t é@g%t{d;cclor | nagl%‘%o C 33%369'65 up to
15f uebpet 1:2conpri sing PAM 8. A high resistance buffer

| ayer agcor dignebrhpositiah Bcbordintictigim 3 2ivfietdiy ie has a

co L Vi e hanp ut.gx 0"4 S/c 25.9.

i SRNirAAME A PSS vaont B Brtiisn e FapaecShatuntio 2 up to

V\h@b@hﬂ1;1$/ai d layer has a conductivity |l ess than about

I x 10-6 S/cm,..10. ' [

accor di ng tomcm'éﬂrﬁelé‘?%gr% r?éyﬁe?%%gﬁﬂsi@f’%%?%MPSA
20be addiRB®Sat tenperatures of |ess than about 90C. 11. A

hi gh resi stanc | b S EMBR B Ml,\@ P

30 12. Zi_'hi E\}rﬁgéirlsetgﬂgnce ftlhﬁfrﬁilgac)};eglrﬂgfzﬁg t @(?Flgpﬁn%%%her

f uCORWNSINGTPM-si ng PAM  13. A high resistance film

accor di By t 0 AchighPedibtantaasigion ISairéccbiding fRelain 6, wherein

Cogg%plgyglr hgs !aec%%dtugﬁﬂtnggsu %haln é(boluq"14x %mg/cm.
25 9. A high resistance buffer layer according to claim 6, wherein
said layer has a conductivity less than about 1 x 10 S/cm.
10. A high resistance buffer layer according to claim 6, wherein
said buffer layer can be dried at temperatures of less than about 90°C.
11. A high resistance film comprising PANI/PAAMPSA and PSS.
30 12. A high resistance film according to claim 11, further
comprising PAM.
13. A high resistance film according to claim 11, wherein said
film has a conductivity less than about 1 x 10 S/cm.
14. A high resistance film according to claim 11, wherein said
35 film has a conductivity less than about 1 x 10 S/cm.
15. A high resistance film according to claim 11, wherein said
film can be dried at temperatures of less than about 90°C.
16.  An organic light emitting diode (OLED) comprising a high
resistance buffer layer comprising PANI/PAAMPSA and PSS.
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14. A high resistance filmaccording to claim 11,

wherein said 35 filmhas a conductivity |ess than
W@bau250x 10-6 S/cm 15. A high resistance fiP@T/US2003/026756

according to claim11l, wherein said filmcan be dried

at tenperatures of less than about 90C. 16. An or gani c

i ght eriftti g &LEcﬂ)ea@azg_@D}; toginim 6 wireseinisgid buffer layer

I e e sompriddser ARy er corrprl si ng PANI / PAAVPSA and
PSS. 16 2004/?_&%?02 P 8208633/ 26756 17.. An_OLED
-t

accor di oG ||ng, Myl Guwherein ﬁ@'@rbUffer layer
furﬁab@rc@rmUMtlvﬁyéﬁasEAh/én BBout™ xAEDsARgording to claim

16, mher r lL.ayer ,has conducti.vit
St han aodg: 1 5 OB aEaniMy 0 pidiRee 6, ERABIT R Ber BYRr
cl diam aLecpndMoéw&y tessdhan abbéiet xIdyE8/crmas a

duct t [
ZFQC??OL%"C ﬁ&fé@"%@%ﬁ% colmiislo A oA Fesittmgtbuter

| ay@yer comrrisiig AP PP R®PSS. 21. An
el ectr ormc d@\ﬁ é@cﬂ@ﬁierdavr& é&o%lﬂg% %fb.ﬁm; Wh@réﬁ'saud

E‘g further ri ses
el QUfiER y@r %&Wlﬁe& to claim 20 V\,her ein said
buf fer [22yer Arasleatronicdievidevadoordiagto tcleim 2Mantierbinksaid

%825%\@@?%?.65ﬂésﬁé‘&rﬁa«?ﬁ%#ﬂ%é%y?ﬁé@%tﬁ%ﬂ@ﬁi%-?y"I cee
t han ab@dt 1 An elecBogicaavicesaccordimpgdo elaint 2 nwherdinvsaid
of g‘ai% Aﬁé}f@haé‘%&idﬁﬁh{?@ %%?fﬁécmabsut Agui fefTPr i ses

cbugocon uct|V|ty of a
PANI | PARIPSA fhea fleclenie devigm of Gl J¥hereinpthesipetrenic

subj@wo@t@mpn@svmﬂ@uyess than about | x 10"4 S/cm

said nme 0 ng an.effectiv t ,
PS5 to Bo- s et B B850 cBRuGHRY o A ATREAN s A fim
accastiiroy aqueciusi soliton otersesubstiatel i avaiue legs tlyaroébout 1 x

SaNBTSI, said fRhddamanh sbigind 0n 8EEAB afbunfor PSS to

tho accor ei n sai m can
20dr isai a@uqcmpe;olamn es of |ess than about 90C. 25 17

26. A method according to claim 25, wherein said conductivity of
said film is less than about 1 x 10 S/cm.
27. A method according to claim 25, wherein said film can be
dried at temperatures of less than about 90°C.
25
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