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Abstract: A filmincluding polyaniline in the eneraldine salt form (PANI)
and pol y(2-acryl am do-2 -nethyl-1-propanesul fonic acid) (PAAM§ Gy 2604 @
counterion and optionally a water-soluble host polynmer, the filmis useful
in an el e&br l&a.devi ce such as pixellated displays. [err Jerr]
[err] [e r“?}}k%Pr]' 14 May 2004 WO 01/41230 PCT/ US00/ 3254&1‘%&@%%
RESI STANCE POLYANI LI NE USEFUL | N H GHIHEM Cl ENCY Pl XELLATED POLYMER
ELECTRONI C DI SPLAYS FI ELD LS [ relates to a

formul ati on of high resist %@%ﬁ#%ﬁgowmmr aldine salt form
for use in high efficiengsEriyaidiet] PRFIOIENCY BIXBI2MKED devi ces, such as

em ssive displays. The high resistivity |ayer provides excellent 10 hol e
i nj ection, prevents el ectriROLYNMER EEECARERACIISPRAYfevi ce |ifetine and
~avoi ds inter-pixel current |eakage. BACKGROUND OF THE | NVENTI ON Li ght
emtting diodes (LEDs) fabricated with conjugated organic polymer |ayers

have attracted attention due to $tipey OPINYENTAON Or use in display
technology. 15 'In the field of organic polymer-based LEDs it has been

taught in the art This invenslonyrelates ¢d aforumilationiod highoesistivityqobmnilinstinitheas t he
anode; said high rk nction anod rving.tq inject holes i.nto the

ot hervi se 11 FrERR R o See e SR AP R Datef hEGinen Sl Botife.
Relatively | @ueiaey, kudhtR Ghdigdive ®isihys, AR high ieéishvigdaps provddesdkatta mat eri al ;
said | ow work function cathode serving to inject 20 electrons into the

ot her wi s&0empole injectiomgrayents elecreal shond.rnbanngs the devieedidetime and avoids

inter-pixel current leakage.

BACKGROUND QOF THE INVENTION .
Light emitting diodes (LEDs) fabricated with conjugated organic polymer

layers have attracted attention due to their potential for use in display technology.

15 "In the field of organic polymer-based LEDs it has been tanght in the art to
employ a relatively high work function metal as the anode; said high work
function anode serving to inject holes into the otherwise filled n-band of the
semiconducting, lJuminescent polymer. ‘Relatively low work function metals are
preferred as the cathode material; said low work finction cathode serving to inject

20  electrons into the otherwise empty n*-band of the semiconducting, luminescent
polymer. The holes injected at the anode and the electrons injected at the cathode
recombine radiatively within the active layer and light is emitted. The criteria for
suitable electrodes are described in detail by LD. Parker, J. Appl. Phys, 75, 1656
(1954). :

25 Suitable relatively high work function metalé for use as anode

| materials are transparent conducting thin films of indium/tin-oxide (H. Burroughs,
D.D.C. Bradley, AR Browﬁ, R.N. Marks, K. Mackay, R.H. Friend, P.L. Burns,
and A.B. Holmes, Nature 347, 539 (1990); D. Braun and A.J. Heeger, App! Phys.
Lett. 58, 1982 (1991)). _

30 Alternatively, thin films of conducting polymers such as polyaniline (see
P. Snuth, A.J. Heeger, Y; Cao, J. Chiang and A. Andreatta, U.S. Patent 5,476,505)
can be used as demonstrated by G. Gustafsson, Y. Cao, G.M. Treacy, F. Klavetter,



pol ymer. The holes injected at the anode and the electrons injected at the
cathode reconbine radiatively within the active layer and |ighiay 2004

emtted. The criteria for suitable electrodes are described in detail by
| . D. Par K&0013123ppp! . Phys, 75, 1656 2(1994). 25 Suit abl e PEI/HSIMNRF4 hi gh

wor k functlon netals for use as anode materjals are transparent conducti ng
thin films dN- Colanarhengd dbHegger Maonme 358 GT(199D), by & Yopgahdy, A R Brown,

530 (1000} ; by PRl At PioS 1ka, Dods (U iy US" Bt EEE PRy N 668 T
30 AlternatiVeYang, Ethfetwhéme @f. Zhang U Siith 4d A FEHSegRH dppl papyani | ine

(see P. Snuth, A J. Kgl Y. Cao,_J. Chiang and A eatta, U S
Patent 5, 47@95(1@,995)9'%1 oudded Heseaeh¥ dscead Sy@bsmf s%%%ﬂ Y. Cao,

G M Treac t [4]1 545 N.
Col aneri; 3 yr&]jg%) g}gg;ab ﬁaﬁl}yl\/e% g@%’? K\% ?’1@%‘%?‘125?%; éﬁd A Jd.
Heeger, App'LetPW$19le(tzD9‘§4 Thi fibnd dBAdMneia okide. andakiaFimd 0?23 873, by Y.
Yang, E. Westerweel e P. Smith and A J. Heeger, J. pl . Phys.

77, 694 (19@5Pmlwmthwralﬂm§: saltifergewith gervain souatarons, (PARﬂ(ﬂ;“:S nth. Met.

82,221 1996 G Y Zha d He
ot pnye. w4 pfiredtbedinge 3 tainatctc el fAR Hhen SpaltE AT e el B0

~thin filnms qfe PPOYE RAdike Eolthk MevRER defiNG eld! UsihghMyet bIPARIHER) or
counterions (PANI(ES)) are preferred because, as transparent e eCtrodes,

bot h end8l e bl¢nds emmpnsmg PAYI(ES); dimectlyibetwded thol FQdnd the lighbeniittieg devi ce i n
useful |evels n er of. PAN (E 0 b] nprising PANI (ES),
directly bePROBHFT t]‘ﬁ% ’acl'(%%éﬂ%(? r\%% éé?ﬂﬁisl @teﬂ'pgqgﬁf& ayer C. Zhang,
G Yu and Yde&%ﬁs&%@golﬁﬂ%@ﬁD?h&%ﬁg ﬂ»ﬂ@er efé@l’?@&]ﬁt\ﬁﬁ{ BﬁgB LEDs havi ng

bi | ayer "el ectrodes | ong operattng fetinmes. Despi e advant ages
of using PAMif¢tE®)s.in a bil ayer el ectrode of 15 pol yner LEDs (as described

U.S. Patent 5,798, 1 the | | tivity t | of
PANI(ES) | nhi bi t DR (eatwiotiossel nape PANIIRD inalasersiceimlivel For use i n
pi xel lajed o, e@mnst(pgté:@waﬁﬁmsam&n@@ﬂ E7d)2i8 16w Blefftical ect | cal sheet

resi stance, "ot herw se conduction ¢audes’tross-tal et ween
nei ghbor i ng r¢sisitivity typicel of FANK ESpinhittie theunseedf PAINI(ESR) inlpreddbatel si gni ficantly

reduces ,
} displays. For use in pixellated displays, the PANI(ES) layer should have a high

elecirical sheet resistance, otherwise lateral conduction causes cross-talk between
neighboring pixels. The resulting inter-pixel current leakage significantly reduces
20  the power efficiency and limits both the resolution and the clarity of the display.
Making the PANI sheet resistance higher in a bilayer electrode by reducing
the film thickness is not a good option since thinner films give lower
manufacturing yield caused by the formation of electrical shorts. This is
demonstrated clearly in Figure I, which shows the fraction of “leaky” pixelsina
25 96x64 array vs. thickness of the PANI(ES) polybiend layer: Thus, to avoid shorts,
it is necessary to use a relatively thick PANI(ES) layer with thickness of about
200 nm.
With a film thickness of 200 nm or greater, the electrical resistivity of the
PANI(ES) layer should be greater than or equal to 104 ohm-cm to avoid crosstalk
30  and inter-pixel current leakage. Values in excess of 10° ohm-cm are preferred.
Even at 105 ohm-cm, there is some residual current leakage and consequently

some reduction in device efficiency. Thus, values of approximately 106 chm-cm



20 the power efficiency and limts both the resolution and the clarity of
the display. Making the PANT sheet resistance higher in a bilayer el ectrode
by reducing the filmthickness is not a good option since tRungs2dgd ns
give | ower nmanufacturing yield caused the formation of el ectrical
shorts. This is denonstrated clearly in Figure 1, which shows the fraction

of "l eaky" aéeh amwpra‘eﬂ&i 624 grabtbra HanV1D omﬁmﬂead &fa i@ dBANL{fe)

pol ybl end | ‘%ﬂ .. "/F‘ gshorts IS necessary to use. a

rel atively ‘F EIPROS Fr{]@g? "hffofé y%@ﬁthemf%ﬁﬂeg@bﬁﬁv%@féut oadygyehigh Wth a
film thi cknessiviey PANAES MaErA W@ REitivitifan Ble@6difel fbke fe@ififes tfdtidulatiof oft he
PANI ( ES) Iaé?)};%ﬁﬂg | d be greater than or equal to 104 ohmcmto avoid

crosstal k nter-pi xel current | eakage. Values in excess of 105
ohmcm gre pref ﬂﬂhgdherﬁdelﬂeéﬂtfor%nﬂhm%ﬂhxgﬁ Rekgvel 5P OIES) & Siselmdigtc ur r ent

| eakage anrfﬁonseq]é%p sone redu(g@kﬂn in device efficiency. Thus, val ues
of approxi fate> ¥ abﬁﬁ:?@lé’me&%mﬁw 53 are even nore preferred. Val ues
greater than 107 ohm cmw | gieasARY oFSHEINVIEBANONVOl t age drop across the
i nj ection/buffer er and. t her ef ore shoul 3 beP avai ded. Tg achi eve high
resistivity PANII{’E t AEdy thepresel inyentigproyiges@ RANGEAAYIBS 4 Bl psppriswgde
requires r afANIRAAPOA cehplet &Iq)oR/ANllﬁeES)the emeldMifo salt REMEPANDAvilkGRE,(J-Or a

formul gt.ion o g tivel f or e in high efficjency

pi xel | 3bed aﬁ%ﬁ%‘}ﬁéﬂr%ﬁ@%ﬁ%@%ﬁ? &55@ %ﬁs TRRERRERTPEER P a fir st

?)Z RHECtP ’AA}\/E%XWBS Q;rfbnneﬂ;bfjl me:pa@nglh_@aabﬂesmu%i\{ﬁe EAéHMPl d &@AIAL{/IMJ??QH@M 1%%2[% a ]
- co anili eneral dine salt _form wi t

pol y(2 10 &&f thﬁﬁlhﬁﬁf%l?r%ﬁﬁ% P”?‘er-ﬁfg‘?% BRlcadedyyidpthy 84 a

count er i on,coipRk.€i N the corrpl ex is formed by the poI ynerization of aniline
In the present nd at | east one water di Eerm bl e_and/ or

f
wat er - sol ubl e hﬁ%?S??ST‘ ??B?Ct a]Feéﬁ‘c'fé’Ef iRyeppen previgsarmeBRA ppgRning s EANL . 10 a

second 18s pEAMP S fiph &SEBdribedatRRé tdﬁ@r@fn@‘#ﬂe@%ﬁs G ﬁe{qhmga@ﬁbsiraé rprmxl@g PANI 15
PAAMPSA fil m as descri bed above co

ﬁ g the S%I%b? owdln
subst rat e; 2BPBYCH AP Py tRwLPgs! %%t ?P‘o‘?’i‘Fé"@Teﬁ ISR5FSL %‘i‘ﬂﬁ%‘ ?anSOA'e 1‘I’ east
one wat er dios:@;e]’yﬁiebﬂalemﬁﬂdrlitﬁ Ehe WRINIPAYVIPHA ComplO8 bndebdsifiz thd RastRsl Wi th the

PANI - PAAIVP?EA r’rBJ (g and gefruﬁf iting t hﬁ %ggeous di spersion/solution onto
the substr dtB“PEF PlifnREe the Justrajs o lorpype Mg hect | the present invention
provi des an el edh h eiddQsgber the @re8@ii RiveiRiol @rdvideSan electronic device comprising first
20  and second electrodes, and a PANI-PAAMPSA film between the first and second electrodes,
the PANI-PAAMPSA film comprising a PANI-PAAMPSA complex of polyaniline in the
emeraldine salt form (PANI) with poly(2-acrylamido-2 methyl-1-propanesulfonic acid)

(PAAMPSA) as a counterion, wherein the complex is formed by the polymerization of aniline
in the presence of PAAMPSA, and at least one water dispersible and/or water soluble host

25  polymer blended with the PANI-PAAMPSA complex.

In a fourth aspect, the present invention provides a light-emitting diode comprising first

and second electrodes, and a PANI-PAAMPSA film, the PANI-PAAMPSA film comprising a
PANI-PAAMPSA complex of polyaniline in the emeraldine salt form (PANI) with poly(2-
acrylamido-2 methyl-1-propanesulfonic acid (PAAMPSA) as a counterion, wherein the

30 complex is formed by the polymerization of aniline in the presence of PAAMPSA, and at least
one water dispersible and/or water soluble host polymer blended with the PANI-PAAMPSA

complex.



- 20 and second el ectrodes, and a PAN - PAAMPSA fil m between the first and
second el ectrodes, the PAN - PAAMPSA film conprising a PANT- PAAMRpA0GHNPI ex
of polyaniline in the eneraldine salt form (PANT) with pol y(2-acryl am do-2
met hyl -1 propanesul fonic acid) (PAAMPSA) as a counterion, wherein the
conplex is forned by the pol yrrerizatitfn of aniline 1in the presence of

PAAMPSA, and at |egst one water dispersible gnd/ or water sol uble-kost 25
pol ymer bl ended wi "f#;mprNIt-ﬁ'ﬁfRWJSW"éUﬁtb‘f‘E&aﬂﬁin%‘é\lkf"%#'{cﬁwéﬁ’p@ew?edt he
present i nvenjnitqthdae6d g8 ' et ' 4ising first and
second el ect rodes,ﬁgnd }g PA‘ﬁlﬂdéﬁﬁ%%g\k#?ﬂ?a?ﬁgquﬁ?%ﬁ)ﬁg’gp‘frl | m '

.conpri si ng a cahtinetdAMRBAIncaidition thefterntd ‘sarfhde Bsstivityt’ Agd esmee@l di ne sal t
form (PANT) with poly(2- acrylam do-2 nethyl-I -propanesulfonic acid
(PAAMPSA) as KSISBAGR ¢ Wisd intFrshangsablydo piferde st tesistance waluretiatiy at he
pol ymeri zati ik LDe -] resence of PAAMPSA. and .at | east one
wat er di s%er gl:ﬂgﬁgo an ,1 %ér?%l{}‘g%y%ﬁ%‘feg 'ﬂ%glfal’ptg?y%@f’ ."BWgng‘éEIPW"! he

- PANI - PAAVPSA the aiiiob£4hm bor'sqlvdiy (SRfAqf ARS, ﬂi&i‘éirr@.@‘ﬁﬁlkriesiétﬂ‘?g"gﬂﬂﬁ
"conductivity" and "bul K conductivity" are used interchangéably, the value
of which is praesiradreststivify’ arausedonteBitengmblye refectorthe resisdvicy faciz)a | n
addition, the terns "surface .resistiyify" and "sheet _resistance" are used

inter changeaglfa;‘c/"ctp(go?ﬁg%e?f_fatsge‘f‘hﬁ ‘gfa!?ér\éego??%h@’ﬁ“ﬁﬁfmfléh%@@%ﬁéﬁfon of

sheet -t hi ckné subistince), Giewale BFwHiéiRprovidB® i@k kit 8F oM icEkidnSteP iy ded 10
the unit_of ohm per square (ohm'sq). Also, the ternms "bulk resrstivity" and

"el ectritl rem) fileafrieal resigtivity yatwe inithe inveeseyebibiof comlucti¥iey. t o t he _
resistivity that is a basic property of a specific materials (i.e., does
not change with the di nmension of the substance), the val ue of which

provided in the unit of WMﬁoh%(@mel%%ctri cal resistivity
value is the inverse val ue of conductivity. PTION OF THE
DRAW NGS Fig. 1 i $ig Igsagmphhwhich shxovsthe frectionasft fleskyqfixeld @alsy pixels (in a
96x64, array) o¢S.,thi ckness. of t nown PANI(ES) layer. 15 Fig. 2 -is a
pr oj ect ed scﬁ§ﬁ%-?%ayéivﬁgtﬁﬁh?ﬁf°?ﬁ§ﬁ%ﬁﬁ&’ "I9S of a  passively
addresseds pixel atpgsl2 B lpYdfBEted ERefia @p | | i ch shows
t he dependence of the corlll)ductiv%:c?y 0 W%ﬁ&@é@?@%ﬁ%é@on
PANI - PAAVPSApessivebnddréssel, pikelaed; pglyaeh LEDI displghows the | i ght out put and
external quantum F203effici nct}i fci_lr a deyice, fabricated wth the '
PAM PAAMVPSA | ayer - 1g. 3 1s a graph which shows the dependence of the conductivity of PANI—

PAAMPSA polyblends on PANI-PAAMPSA content.

Fig. 4 is 2 graph which shows the light output and e'xtef,nal quanfum

20 cfﬁciéncy for a device fabricated with the PANI-PAAMPSA layer.

Fig. 5 is a graph which shows the stress induced degradation of a device
with PANI-PAAMPSA layer at 85°C.
Fig. 6 is a graph which shows the stress induced degradation of devices
 with PANI-PAAMPSA layer at room temperature.
25 Fig. 7isa graph which shows the stress induced! degradation of a device
with a PANI-PAAMPSA blend (Examplé 9) as the layer; the data were obtained
. with the device at 70°C.
. Fig. 8 shows photographs of three passively-addressed displays (96x64)
that were identical in every respect except that the display in Fig. 8a had a low |
30 resistance PEDT layer (rcsistivity 1s~ 200 ohm-cm), while the displ:iy in Fig. 8b
had 2a PANI-PAAMPSA polyblend layer, (resistivity is ~ 4,000 ohm-cm), and the
display in Fig. 8¢ a higher resistance PANI-PAAMPSA polyblend layer
(resistivity is ~ 50,000 ohm-cm).



Fig. 5 is a graph which shows the stress induced degradation of a device
wi th PANT PAAI 1+t PSA | ayer at 85C_ Fig. 6 is a graph which shppfaybgogtress
i nduced degradation of devices w th PANT- PAAMPSA | ayer at room
t enper at UWe.018%238i g. 7 is a graph whi gh shows the stress | FCRACSD0/32545
degradati on of a d%\ﬁ.lc SAEIENY FhEXamEads as the
| ayer, the data weré 0C g. 8 shows
~ phot ographs of thr'ﬁ@emaeﬁioneéuaseaddﬂemeloplmemmoﬁeﬂxﬁa)ommam:mre

i dentical in eve espect excet that the display in F| 8a hadalow 30
resi stance PEBitd b’ﬁmi)lﬂés?m(ﬁ )qur@arggdar(bhrﬁ?“é}# Watop.ay in

and che o<y B IGRARRAR  pR o i S

| ayer  (r@si sidvdeb utﬁad\ﬁlﬁaa@a%om emsszvu\@i Jdy4.1 B3&i ditlorlyR ymetRéithas 5
PCT/ USOQ 32545 DETAI LED DESCRI PTI'ON OF PREFERRED EMBODI MENTS The invention

is based on theendevalopsdifordepositing p dtintreaaparsnt Him @ﬁh’fgbll‘ﬂﬁlﬁéVtYsPM@fﬁ

. | il | MPSA _ f whi ch
PO aa™ b bt o et Bispaionioafo s i caph ol ARG Rprd Bl one: Wi ¢
el ectronic 5 [de)bsghss mgeat%o@ré%h@érﬁai NO-¥ADlasHf bitstoates IByRIsg Fhe | N

addi tion, a nmethod has been developed for depositing a thin transparent
film of high higls resistivity PANNRS) fig)r ddscuibadan ﬂaquwueomﬂ@pgacvm@mgdrfw a

substrate, such a e er_a -patte JO ags._subs tes or

pre- pat t dPne A l&Fé%fPFEQ‘&EHg)PWHEéﬁ \5‘%‘?"&@1"19'??@3 i TGRS {f’é stivity
PANI (ES) | ay aﬁg%ﬁ@{ vention, long operating life is 10
enabl ed in hi I'n rma‘?l on gﬁrﬁgn? di spl ays wi thout the need for
registered patterWhﬂgﬂﬁffoﬁhnﬁam\lbf(tEﬁinvbmxs ui¥firl in rionepikelatedkawelbas of the
invention is useful in non-pixelated as well as _pixel ?g%?%e' ect

devi ces, t he nixelaiad glgsonis ee‘eseﬁeéueaﬁvap%sweeam%lmﬁpa xel %@I ces,
such as, for 5 Device

Cont i gar at | o g sig S, RrERainBle B NERERRINGLER laz® (%LTF g 156 (12019)
pi xel s. As shown Dhévidd Qonfiburidah i ndi vi dual pixel of the deV| ce 10

i ncludes an electron 1njecting (electrode) contact 20 nade f
rel atively | ow worBigf2shows@polaner emissive device 10 having 156 (12x13) PIXGIS s

shown in Fig. 2, each individual pixel of the device 10 includes an electron

injecting (electrode) contact 20 made from a relatively low work function metai as
one electrode on a emissive film 30 deposited on a glass or polymeric film

20 substrate 40, which has been partially coated with a layer 50 of transparent
conducting material with higher work function (high ionization potential) to serve
as the second (transparent) electron-withdrawing (anode) electrode. The
compehént layers 20,-30, 40, 50 are common components in a known polymer
LEDs (D. Braun and A.J. Heeger, Appl. Phys. Lett. 58, 1982 (1991). Tn

25 accerdance with this invention, a layer 60 comprising high resistivity PANI(ES) is
interposed between the enﬁssive layer 30 and the high work function electrode 50.
Electrode 20 is electrically connected to contact pads 80, and elcctfode 50is
electrically connected to contact pads 82. The layers 20, 30, 40, 50, and 60 are
then isolated from the environment by a hermetic seal layer 70. Upon application

30  of electricity via contact pads 80, 82, which pads are outside of the hermetic seal
70, light is emitted from the device in the direction shown by arrow 90.



one el ectrode on a em ssive film 30 deposited on a glass or polyneric film
20 substrate 40, which has been partially coated with a |ayer1pQapho04
‘transparent conducting material with higher work function (high Ionization
pot ent i alYOOH4238ve as the second (treansparent) el ectron-RET/HSRGMAg
(anode) el ect@aNIIPE AVENRD shavers 20,30, 40, 50 are conmon
conponents i a Known polyner (D. Braun and A.J. Heeger, Appl. Phys.
Lett. 58, 1982 (1®%9idcordanc@te the prasetnumentivn fayeh6@ inchvdenaiPedNi-a | ayer 60

conpri si hi gh istivity.PANI (ES)..is. Int d .th | SSi
PR I G I b
el ect 1 cal 1Y aGonaRel Snkyo0pioRSheshifc A0 a8l cfliigiande 5O is

el ectrically connected to” cohta ads 82. The | ayers 20, 30, 40, 50, and
60 are then i sol The® ANIPAANP SXvomplerrefithetpventioarcar bé prepexdd byaygr 70.

Upon application 30 of electric] I a confact ,pads 80, 82, I.ch pads are
outsi de of t KBowRmehq oggmmng?%&éﬂfomefczéﬁwﬁ g, Rt P %U’iccepi n the
. direction Sh%c’l&xdw\%‘ Wy 4, %@ﬂh_égg@%er% g%ﬁ)@% &L LP0/ 32545  The

PANT- PAAMPSA Layer n accor o the present fnvention 1ayer 60
i ncl udes a PANnes RA¥WREAoId AMdissin. ki SopoCHeni Comeui.n 98Be8&nkraal di ne sal t

formw th poly(2- acryl am do-2 _nethyl-|-propanesul fonic acid)_as a

count eri on. Bré%?f@dmomwl sselved in o suitahlespiipgsdeenthdher epar ed by
any kno t r.f ' 1 | LI exanpl e
the ot Rods T oR0HPs Rsan Aty dadil e Bt o 4 St ahaiisa 00

- Steven P.  Agdle®hikRds SbIe titlwalefli Ofite anilind ReBmphaely dissbived iftormnen, 1989,
88. In a preferred enbodinent, aniline is dissolved in a suitable aniline

sol vent . TherezoticeavesheiSan beplac¢binthhermosat imerdenio neglateithe saptiamt to get
ani | i ne- PAA. MPSA sal i i s soluble in ter...Once anidine i.s

conpl etel y dl"SHSTAR 'M@“g&g?‘é’ﬁ temp F(S‘ﬂngg%eéil the oyp ZpBl:yg}ggaat}oHt 0
thernostart té&:ﬁ%ﬂ&%&ﬁbéﬁﬁiﬁﬁh@dh&%&ﬁ@@ﬁﬁazﬂ Y k thperAbicpprah 1 owver

tenperature can be used the typical polynerization -tenperature can be

mai nt ai nEd  bpolyedtin®withdigh B6le@:lat worght, betyractontime gronbkbd Bngerd yAani | i ne
wi th high nol ecul ar_wei ght, but ction time would be |longer. A, .strong -
oxi di zer canSYMEPz (ngd‘h?’bg? ﬁé‘ﬁaéﬁ) the %’ﬁf‘t{%‘ tPﬁ’f‘ti'ag? B&W‘a?g%tfqnz B, After
pol ymeri zati S E e Is ARAN 4 LORNRSAN sgpar at ed
fromreacti pﬁ&%"i?ﬁ@@ﬁghgﬂ%lfﬁg’ g‘%%&?\%&%ﬁg resul ting PAI\I'?'{%%AC,@&N%S% can be
purified at fremstadtivhaaixhye ti sgding acetona The wesibimga BANIAARRSA gantbet | on

frommxture | ) ) L . )
purified at least twice by dispersion into water and then precipitation from mixture

20 by acetone, to remove unreacting aniline monomer and oxidants and byproduct of
polymerization were eliminated from PANI-PAAMPSA.

Suitable aniline solvents are water-soluble solvents that do not adverseiy
affect the desired chemical reaction and include, for example, water, mixture of
water with at least one water-soluble alcohols, mixture of water with

25  tetrahydrofuran (THF), mixture of water with dimethyl sulfoxide (DMSO), or
mixture of water with N,Nidimethylfonnamide (DMF) or mixture of water with
other solvents mixable with water. _

Suitable oxidizer useful to form the PANI-PAAMPSA complex include,
for example, ammonium persulfate, potasium dichromate and ferric chioride and

30  hydrogen peroxides.



20 by acetone, to rempve_unreacting aniline nononer and oxi dants and

byproduct of polynerization were elim nated from PAN - PAAVPSH Maybed! e
aniline solvents are water-soluble solvents that do not adversely affect
t he desi r®@@mardocal reacti on and incljude, for exanple, wapErsovzsssr e of

water with at 'easﬁ,@)g%SW&fﬁg‘Jf‘%&n%%ﬂ%bﬁe%ﬁé’fﬁ@ﬁfmm BlofWM th 25

tetrahydrofuran (T m xture water wt ’foxi DVvsO), or
m xture of watsilinatd PARMPSAduseditd forirothedANIEP A BMIS o complek Lthe thi¢knesst er Wit h
ot her solvents _m xable with vvat er. Suitable oxidizer useful to formthe
PANI - PAAMPSA 86 IR¥Fes, anwel awth ePf%Fﬂ%&&'r?ﬂl@écoﬁlﬁﬁ’éﬁWﬁﬂﬁn iper 801 f ate, pot asi um

gll;:zrlgggt? ?’2:?’/ ng(r)zﬁ %B%gdg%[?egﬁr gis?’?es iV typg’r(l)]?gﬂqayer canAééﬂ% ec%](e)gélby}/\o

for exanpl®, tdRnhahkd pAm—PAMSAQohfp]MAIﬁBﬁﬁzu&sostp Iekdprehpatitf\fle PAAVPSA
conpl ex, the thickness of layer 60, as well as the presence of other

conponent s i n@@?@mwﬁawggbfﬁtlﬁeﬁambbdp ¥ afhave feundiagivith ati o of
~aniline to PAAMPSA. use t he PAN MPSA Iex | rom2:1to
o5 hore phEFEeng e f PRANEESA oo, B caneANS agf ApERR e bout 1 1.
V¢ have foundphRates)wisbllecréder easing aniline to PAAVPSA ratio, the

conductivity and di spersion of the PANI (ES) al so decrease. Depending on the
anount and type of Depridingemthe smopatrasdttgpe of dddifonald®@mponénts in/ajerdi0,

t hi ckness for er 60 c n ran from about . 100 to.abo 00 A In

PR [ IR l@?sg?% O 1y et pan rapesCRomabp kA B bt 200y

bl di th PAN— ter-
ending t he S Y e

sol ubl ewat er - sol ubl e ost yrrer Sui t ners i ude, but are

not limted blenmpgwmmms@mge &Aﬁbﬂa%texphtge(‘sahleyhd/or wated ) (PAA),
15 pol y(styren | f oni c i d pol y(vi,nyl rroljdone) ( PVP ), acryl am de
copol yners, W‘&i?‘éﬁ%‘%"@é‘faﬁ%@%‘%ﬁt%@%a%ﬁg@%% PopBeghBFludpdiny el ene

Tel ! et hefi’f‘ LK, Sl (PR, P A KPR EIS A by Dot oo

and pol yurset mo‘lﬂ(stﬁhmﬂﬂfommld)ﬁmﬂy(@mmpmbhdm-&)(l’h@ﬂ;;mi:rywni'ﬂbe desired
anount of such host polynmer(s), to forma bl end or gxbl end in |ayer 60

depends upon qopelysss, celiplossdegivativesycayboryyinyg P?Ib@eﬁ ipehi(ethyipng &lﬁﬁpls)
poly(ethylene oxide) (PEO), poly(viny! alcohol) (PVA), poly(vinyl methyl ether),

polyamine, polyimines, polyvinylpyridines, polysaccharide, and polyurethane
dispersion, and combinations thereof. E

20 The desired amount of such host polymer(s) to form a blend or polyblend
in layer 60 depends upon the desired resistivity value of the final film and
processing considerations, including the molecular weight of the host polymer and
the desired viscosity of the blend or polyblend. In one preferred embodiment, the

. weight ratio of PANI(ES)—PAAMSA complex to host polymer(s) in Tayer 60 is

25  from 1:0.1 to 19,

Where the PANI-PAAMPSA forms a blend with one or more host
polymer(s), the following procedure can be used to prcbare the blend or |
polyblend: the PANI(ES)-PAAMPSA is dissolved in a suitable water-soluble
solvent fo form a first solution, the host polymer(s) is/are dissolved in a suitable

30  water-soluble solvent to form a second solution, and a blend solution is formed by

combining the first and second solutions in the desired ratio.



processi ng consi derations, including the nolecul ar weight of the host
polymer and the desired viscosity of the blend or polybl end.14 mappeo4
preferred enbodi nent, the weight ratio of PAN (ES)-PAAMSA conpl ex to host
pol ymer ( 0 01i123her 60 is 25 from1:0.% to 1:9. Were the PCUUSMFRSISBA f or s
a blend with one t QlsbOMNd e can be
used to prepare t%ﬁm%@ @%lubiﬁog%‘fﬁﬁdﬁ}ﬂﬁﬂ}g&hl (SES) %%ﬁw%%%ﬁﬁgédl ssol ved
- in a suitabl glendirrikis®prooess m@,diezthakaxﬁ@on‘&xﬁereat fromsthe suiling saiments,ked host
pol yner(s) is/are dissolved in a suitable 30 water solu | e sol. ent to form
a second sol mayds, fosgyarapls) adnclyde;forrxappls, sraias FST G $he fir st

~and second s | g@% TREL30 8

PCT/ USOO 325%?5[]@ azbt lnsotl‘h{qergﬁ?é lé(ﬁ{sr%?\f;g%@rwt éd? ?@gg%and)’zsecond
~sol utionssi npdifare M@ﬂérﬁﬁkdﬂﬂetﬁ?l%ﬁ&ﬁd@@bﬁ@)h&r sirereaf whitérfweitlent from t he
ani | i ne sol vents, and be, for exanple, and include, for exa Ie

wat er, mixt uMoﬂlmﬁhﬂfommd%@Wé%mlw ofatar vai8) etberesolyeatsaixabl em xt ur e

f t th t h
QU foxt de (DA iatreteaes fmbidiment, Bie P ARERAAMRE Rt oD b o
m xture of Wﬁ%l@ﬁ Vi difte@LIRESForROUMARYE SdMaX R leRctrital FEsidBVi6)f of Efeater thaf erred

enbodi nment Al\ﬂ' PAAMPSA | ayer 60 is useful in a non-pixelated
. el ectronic dé¢i denand ]hleanoﬁnnrmtc&nedleuéjodmmtslayﬁri wxmfudgw lesdorhan 102

h I th ud b. d 10
oy bi end of PRARIRERRIHN EAANTESA MaT A et R - SOIBY B8O ubl e o
wat er d'sperwa&lrar%%m@é BEfke Rt lﬁﬁ%naaibc&kc%msisﬁa&ygﬁ%tesmawty or eat er

m a

than 104 ohm<¢ re prefe mcm even nore preferably greater
than 106 oh %ﬁ?%@ﬂe?‘i’&&aﬁﬂﬂlm}h&%&”é@m@ﬁo FoRORMISACAMEn 1T Ul i N
a pixellate ectronic device. 15 Wiile layer 60 in the illustrated
device 10 i SOhm-qm.t Sea:lnﬂdnd& andipelybimes of BAM—HMMR%E@AB\#@MVPSA film of
t he present invent | o] al so be patterned. The H gh Wrk Function

El ect r ode 50Peelaed 6 'Eiﬂ'i“E 8¥Cf-nor gani ¢ materials having el ectrical work
function simla &nm or
exanpl e, fsm xed 20 0OXx légéspﬁgqunﬂgﬁg rom‘ér Q%ﬂ aﬁ%néxeﬂ,%iélﬂcgl@&tsoro@ Ba,
Ra), other ngfagile FANIPSAMPSA IfilinfA (i prebent Giafenffdn) mapdisobeglatethedm G oup NA
"(C, Si, Ge, Sn, Pb). Exanples of suitable organic materials useful in
place of IT iFlgctrode (50

‘Other organic or inorganic materials having electrical work functions

similar to TTO may be used in cormponent 50, including, for example, mixed
20  oxides of metals from Group IA (Be, Mg, Ca, Sr, Ba, Ra), other metals from
Groups IITA (B, al, Ga, TI) and metals from Group IVA (C, Si, Ge, Sn, Pb).
- Examples of suitable organic materials useful in place of ITO include polyaniline
and poly(3,4-ethylenedioxythiophene) (PEDT).
In a pixellated electrolux;linescent device, the surface electrical resistance of layer
25 50is preferabljr less than about 100 ohms/square. As such, the typical thicknesses
for layer 50 can range from about 100 & up to about 2500 A.

In the illustrated embodiment, the component layers 50 and 60 and, when
present, the substrate 40, can be “transparent” or “semitransparent™ so as to permit
ﬁle emitted light to pass out though these components. A “transparent” or

30 “semitransparent” material is a material that passes at least a fraction of the light
impinged upon it, such as at least about 10% énd preferably at least 20% of the
light emitted by the light-emitting layer 30 at the wave length of this emission. In



and pol y(3, 4-et hyl enedi oxyt hi ophene) (PEDT). In a pixellated

el ectrol um nescent device, the surface electrical resistance ﬂbeﬁY@ﬁM 25
50 is preferably |l ess than about 100 ohns/square. As such, the typical

t hi ckness¥® 014180 | ayer 50 can range fpom about 100 A up tqrcahmobfsﬁ@O A In
the il ustratgthiepyede @Eﬂbbdmiéh@(zﬁf?ﬁm&@riﬁc lbﬁW?‘dS& ﬁﬂctﬁiﬁ%l&ﬁroﬂé‘go xs\/\/ﬂen
present, the substrate 40, can be "transparent” or "semitransparent" so as
to permt t higansparemntey stemgmnspaserpiawhﬂ@thp componpnts Hb S8 20d/op 60 atstopaqus.
"transparent’ QorI,lBﬁ %se‘gt ans ent' 'material is a material that passes
at least a fr | npi nged-upon it, such as at | east about
10% and pr ef er abl w,a%rs@aﬁmaﬁ%regﬁysﬂgsmcmnescemmmgamwwamgl Heitheren {1 ng
| ayer 30 at the wavé length of thi's emssion. In 14 I\/ay 2004 01/41230 9
PCT/ US00/ 325 4mdéam nxtleanardighvemigtirigodatesals. (not shown) the | ow work function

el ectrode 20 is rent or semtr ar ent ile the, co ents 40,

50 and/or 60 are a&a}a{aﬁﬁiepfﬂ@lsmglﬁeteﬁﬁ‘?? 3558 S 1988 BOET B an

ol ude any. ofgaal Roliiche S e PP il ol HlEhUﬁvd?ﬁe?@fW%uch%s%flor
teria S a use as

nmol ecular lig Arh)n e promsing nmateri

active |layer SBxElﬂprbg’ll}'@’-nieE@Sxy—éF(E' qzlbj(lyheﬁcplbey)yl é«&pﬁemylmel \anﬁme),PPV and
sol ubl e derivatives of PPV such as, for . exanp

- pol y(2- met hy MFHERY: 2 ganpigendueting B%Wlﬂlwkih ﬁ%ewgvég@ g p{rpreyimaehis PPy, a
sem condygt | ng; pg| mfm%wegsa léﬂes%ﬂﬁécg dﬁ&lﬁﬁgﬁ@gz@ ,\%i%yll 2.1 ev.

This material "1S déscr i'n nore d a|I 9, 136.

Qt her sui t abl@heduitable polynedrs hide Ofor excaift, @he p&l9(3pﬂky1(fﬁo ekyd)abi ophenes)
as described by D. Braun, G _Custatsson, D. MBranch and A J. Heeger, J

Appl . Phys. describsdhy DL gayn, £ Gustatssond.oMcPranchvad Aek Heeger.vbdeplby M

i er thery and BSa2orotlosd) S e iR A HRR AT R HOREBEE P by
Gem G Ledi¢.zhgias, B Giddilsb&d) J. R@gknuéao%uﬂu@nﬁder&ﬁ TMefj@tbefy 2 (1992),

and its soluble derivatives as described by Z. Yan okol1 k, F.E.

Kar asz i A5Madd.oMennscaftony; pommmylm%()escpbﬁ#mﬁnﬁmﬂné} 619”@516“ bed by

|.D. Park Lett 1994

B onds of - cor T ARG LeREn aa ot Wk s R shiokle gl oot

pol yner s ared@é&mealsgtumag It BEKAK! L Klade S MabrdI IR, 24:388 as descri bed
by C. Zhang, H von ern, K Pakbaz, B. Krsabel, H.W Schnidt and A J.

Heeger, Synt {1999itpoly OIIBIB aéilm))edbykb Darkéni Q. Qmeanldll‘énblbrrommﬂpﬁﬁ ng
Phys. Lett. 65, 1272 (1994). Blends of conjugated semiconducting polymers in

20  non-conjugated host polymers are also useful as the active layers in polymer LEDs
as described by C. Zhang, H. von Seggem, K Pakbaz, B. Krsabel, HW. Schmidt
and A.J. Heeger, Synth. Met., 62, 35 (1994). Also useful are blends comprising
two or more conjugated polymers as described by H. Nishino, G. Yu, T-A Chen,
R.D. Rieke and A.J. Heeger, Synth. Met., 48, 243 (1995). The use of conjugated

25  copolymers in electroluminescent application is described by A. Holmes,

D.D. Bradley, RH. Friend, A. Kraft, P. Burn and A. Brown in U.S.

Patent 5,401,827. Generally, materials for use as active layers in polymer LEDs
include semiconducting conjugated polymers, more specifically semiconducting
conjugated poiymcrs which exhibit photbluminescence, and still more specifically

30  semiconducting conjugated polymers which exhibit photoluminescence and which

are soluble and processible from solution into uniform thin films.



two or nore conjugated polynmers as described by H Nishino, G Yu, T-A
~Chen, R D Rieke and A J. Heeger, Synth. Met., 48, 243 (19954 mdheopse of
conjugated 25 copolyners in electrolunm nescent application is described by
" A Hol mesWORIM23Br adl ey, R H Friend,10A. Kraft, P. Bum andP@I/UBRGAFISi n U. S.

ratent 5, 401, 827. fi3REhE! colbodRER! tnBl1iphi Ohisde 1der 30 Y AncBiLbRahie POl Y er

f
LEDs i nclude sem conducting conj ugat%(tj1 polynmers, nore’specifically
semni conduct i ngolecuies sugh tinthirqoeney thadiazdhe dérivativesyiand ptoharindenmesivesare, and
still nore specifically 30 sem conduct]ng, conjugated polyners which exhibit
phot ol uni nesddge@ taﬁiép‘ﬁﬁlee‘i@l“@i@sg%‘ﬁrbp’ea%r{aF%E‘BE%F’%? fromsolution into

uni form t hi nt%iéﬁ}lﬁx %Bo?&éﬁ&tﬁ%a}ém%&}%%;pm%%ﬁggdﬁ%%ﬁ%% fhdgnanot her

“enbodi nment , -em ssive | ayer I nc organi ¢ ecul es such

ant hraceng, tdxtendivapalsed aoglectdlintip8scet cbnRyunents] 45 I besradisviesedingforknown to
- show el ectrol um nescence. In addition, conplexes of 8-hydroxyquinol ate
with trival erxampleaTangetal, Har Patent 252:6728.ukn padiculinfec-B864r 5 ext ensi vel y

, d | ect r ol um : t has. b i scl D
oxampl e, - Tandrgwifding i PR RkEas B8 o0V ARTRAIER FE80; g 0 .
phenyl pyri di nejitiidel ddiieBR. C@RridRehés A8d TholnpSord Appl.PHS AN 499, 75, angani C

light- emitting dévices. (Burroughes and Thonpson, Appl. Phys. Lett. 1999,
75, 4.) The Therfedbrmace is maximizad wikn thih inditimecompotind as presgnd imahost pr esent

in-a host 10 conductive terial. }2{2 on has fart.her. r ed devices in
whi ch t hdOaccoDductivagitertal TBArRSan AR JITtich FBOEH B ViGeiBavaiFk e sctve
fac-tris[2-(4..,5% | A ' l3di g g Edium(111). (Pol ynmer
Prepri nt[s 266‘@"’3?("1@@%9; Tﬁgieig%(éé\ﬁl\b%g?&ugn%?%(#’fél ecﬂ ode) ( 2(()) Sﬁi tabl e
relatively I%Mﬁﬁh%mm-@ﬂwﬁdipﬂms ?%ﬁﬁn%ﬁi’ﬁﬂﬁﬁts@ﬂﬁ!hﬁ'l% 7785 are

the al kdli ne eart such as calcium barium sStrontiumand rare earth
met al s such &hetaveWairki fancAbn Blestrode {26\ wor k function netal s, such as for

exanpl e al |l oys of esiumin silver_and alloys.of |ithiumin alym num
are also known ir#T“?fg&SFdé‘i“fe&Xlﬂg’Wﬁ’E oIt ?,r“?,ﬁﬁ,ﬂ%?@f“%ﬁmqs
5,408, 109). ° thi e ' : Lok ectd oAt r has
ranged fr?%m %%é%ﬁﬁggagﬁ]fgé e%tﬁ)ﬁg%f%?% flﬁaﬁ‘ﬁg’ dpt)ltra,iB gfr;ﬁaér}lftaq?rdse%ggtent Nos. -
5, 151, 629, 5 m2«tals $&h, asyitdbiyni 6 A llapslof ldw WorkafunttionrShnetalsoyuch aé. foNagai  Appl .
Phys. Lett., 67(1995)2281). Alower_ limt of 200-500.  Angstromuniis (A) is
preferred i nesagale allgys Qﬁ‘ﬁ?@eﬁwlpﬁﬂlﬁﬁ?“fiial?]ﬁ“‘( @&nﬁuum in altiminum, are afso

known in prior art (US Patent 5,047,687; 5,059,862 and 5,408,109). lThe
thickness of the eleciron injection cathode layer has ranged from 200-5000 A as
20 demohstrated in the prior art (US Patent Nos. 5,151,629, 5,247,190, 5,317,169 and
i Kido, H. Shionoya, K. Nagai Appl. Phys. Lett., 67(1995)2281). A lower limit of

£ 200-500 Angstrom units-(A) is preferred in order to form a coptinuous film (full
dcoverage) for cathode layer (US Patent 5,512,654; J.C. Scott, J.H. KauLman,
P.J. Brock, R DiPietro, J . Salem and J.A. Goitia, J. App!l. Phys., 79(i996)2745;
25  LD.Parker, HH. Kim, Appl. Phys. Lett., 64(1994) 1774). _
Electron—injecﬁng cathodes comprising ultra-thin layer alkaline earth
metals, cajcium, strontium and barium, have been described for polymer light
emifting diodes with high brightness and high efficiency. Compared to
coﬁventional cathodes fabricated from the same metals (and other low work -
30 function metals) as films with thickness greater than 2004, cathodes comprising
ultra-thin layer alkaline earth metals with a thickness less than 100 A provide
significant improvements in stability and operating life to polymer light emitting



coverage) for cathode |layer (US Patent 5,512,654; J.C Scott, J.H KauLnman,
P.J. Brock, RD Pietro, J. Salemand J.A Goitia, J App!. Phy§ mav 2004
79(1996) 2745; 25 1.D. Parker, HH Kim App!. Phys. Lett., 64( 1954) 1774) .
El ectr on-waopwst2smg cat hodes conprising ultra-thin Iayer abtmluswsmt h

gt em t OB BGe éad‘ﬁaﬂpgﬁf‘i’%@ﬁ@ﬁ?é@ a i el ° S e
to conventi %Bﬂxhnﬁﬁ?'iﬁﬁ%ﬁetﬁl&ﬁﬁd&l@&&@hwﬁﬁ&ﬁb@n despEbeEbylsChamdPoTher | ow
wor k 30 functio | ms”with thickness greater than 200A,

cat hodes conMOSOGﬂZjZGSGIfmrwseuﬂnpquhmyhghtaehkuingld@tbarth metals with a

t hi ckness |-ess thanp 100A vi de. .si ts.in. stabilit
and operating |i féa}f‘ff’“}ﬁ)‘lhﬁ fﬁ%‘fﬁy&gmggaﬂ%%%ﬁhﬁlw nEPPe 30 11y
PCTI USCO 3 254(’1:&{%(1 g Ca (h\fe i<aabRA%, ﬁghYMon?ﬁBn\éQnﬁﬁtjtﬁgpq without the

El ectron-injé hodes conpr hin nmetal -oxide |ayers have al so

been descri b@ded)ﬁ)rYeglﬁa@dlpatt&ﬁIﬁgo\ﬂthMEESBla&m use in poI ymer |ight
. emtting diodes. B usi ng._the hi resistivity PANIéﬁ% er descrlbed in
& T et

gei @ is desgribad) as gss

this invention, é%'éﬁ*laiqdn K& i on
content di spl QER&. f

PANI (ES) | ayéi? V‘Qﬁ%&’{h‘n P;egénéew C(L}I; ?irhscr ?Ib@glsgsu Slgjiglgf ul for
a |ight-enitihBher élb&ﬂhﬁ:ydeméesj mchmii;grﬁﬁ-eminltlb,anhotdsmsprsepbmtbdﬂérkﬂbrsPAANPSA

material is also useful 1in other electronic devi ces, lncLludl ng, . for
exanpl e, lﬁhomg@ﬁéﬂ%e eptrisatbrpiBpadrolymersndioggagiclasers, as well @ orgaRiq y punped

pol ymer and qrgan I ganic and polyner FETs (field

ef f ect transf‘ggg? ) %gﬁfg%elgggéﬁf%ﬂgﬁg%' Any contact pads 80, 82 useful to
connect t he eopeicrads W, sehe di spI ay 10 to the power source (not shown)
can be uUsed, including, for exan&)e conductive 15 netals such as gol d

(Au) si lver (Ag) Amyicsrtact pads)B0, Sbpsséy te commeefthe plgstradaaf g Jisplapl@fer abl y,

ontact pads 80, 82 hav t he
t hi ckness of ﬂﬁﬂ%o“ﬁelrﬁﬂuﬁgp%tg |°81E1‘%glﬂméc{?ﬁygg)du% ‘r?]%r;%(ﬁé:gglg For\j&vmtgh‘éé t ot al
t hi cknesgsof nidmegach%%mgm)ys11v5h@agjlﬁemmr)scopbeﬂ(@pgmsamﬁmmmn and 60
are such that contacts 20 pads 80 are positioned on a section of the ‘

substrate 40 not Posferably, b«;ntaqyaed%S(B& hgve aheishidnoy shownpoj&Sied hayand
. di mensi ons Of the t%}/c?mess o‘ftl%oihgl'? waoﬂca dc gn at &ro%l%cfllﬁeé g@lt)el&b?he total

thickness of layer
Preferably, the dimensions of layers 30, 50, and 60 are such that contacts

20  pads 80 are positioned on a section of the substrate 40 not covered by layers 30, 60
and 70. In addition, the dimensions of layer 20, 30, 50, and 60 are such that the
entire length and width electrode lines 20 and electrode lines 50 have at least one
layer 30, 60 intervening between the electrodes 20, 50, while electrical connection
can be made between electrode 20 and contact pads 80.

25 Fabrication Method
The various elements other than the PANI-PAAMPSA layer of the devices

of the present invention may be fabricated by any of the techniques well krown in

the art, such as solution casting, vapor deposition, screen prnting, contact

printing, sputtering, evaporation, precursor polymer processing, melt-processing,
30 and the like, or any combination thereof.

The PANI-PAAMPSA film layer of the present invention is provided using any

known casting process, such as solution casting and drop casting, screen printing,



entire length and width el ectrode Iines 20 and el ectrode lines 50 have at
| east one layer 30, 60 intervening between the electrodes 2014 @y 20b4 | €
el ectrical connection can be made between el ectrode 20 and contact pads
80. 25 Féﬁﬂioyaﬂﬁ'_bn Met hod The variougzel ements ot her than RCF%UWS“PAAI\/PSA
llayer of the .ggyéiGRMmitingbnd IR HkeESARY chRbRiatibR het®f. AR ahddus sstufien By any of
the techni ques wel'l known in _t_he art, such as solution casting, vapor
deposi ti-on, squeesdispémionggptainng BANIPAANMPES, commiex end bignd/polyplsndef on,
recursor pol I processjng, (s ihg, 30 and.the Jlike or an
(F:)onbi nat i oﬁ taﬁgef“%(?g‘? gﬁ@iﬂﬂ%ﬁﬁkﬁé@fﬁﬁ%ﬁ@@%ﬁ cﬁﬂgeﬁ?aé%é’ﬂﬁi ernt?/on
is provided ysi t AL SSivertUsiha SasiRloWrb@Ws £ast i ng and
drop. cast | ng bk slven :gr%??‘ﬁr}ge T e MRS Solvett for the 2adt P B 39548
contact pbi niwarg-salnble med inclode, for example ondtem atixtmrestofl aratarfandiwatgrueous
solution or aqueous djispersion containing PANT PAAMPSA conpl ex or a
| EI end{j pol y?LéﬂHb]SﬁlmaPlsi 1@&%‘?"3&%’3%é‘tlﬁ’.p'&ﬁ;f?}‘.tﬁl'ﬁlc!’fﬁmr-"ﬁ : :corrg)ll ext (r:]an
. be nmade wi ﬁl”h : EQBIMMB -for e
casting process 5 %@ﬁ%%@xﬁ%ﬁl nct?ﬁ €, Opgrrsexarrp?@, m\/\gﬁvér,

m xtures of wvatepr A@tﬂéu%iscﬂhec@ﬁrﬂhh@s@h&ﬂﬁﬁh@solﬁémhwtﬂo%rmw-Wi th THF,
m xture of water with O, m xture of water with DMF, or m xture of water

with ot her s8AAMPSA orplexeanibe usediatcest thaPANIRAAMES AnBlessary, the same

ili | t d f 0l PANI :  PAAMPSA : d.t t th
PANT PAAURSA i 1 e TokReT T i S0 he G ok PEAREbT Bl Ao | m can
be af f ect ed BihersAROPHc) Hofid dBfte, BE@Adnical @hinds oA 0F Mo aqhsusehen cal

conposi tion of the aqueols dispersion or aqueous solution.” A typical

vi scosi ty radiypersionfor equed0s suntionp ol ¢ypigat pajcosivy 20@e tpkom/A) esntipgset he

typi cal "wei ght ratiqg of pol material . (i.e.,. PANl - PAAMPSA when
present, the(@f ‘P@Q@PPME* ‘ﬁ%gtatgbgﬁ’ W§§gh.{{f"§’d?f\f’8ﬁfmqr§"%‘?%% &%? to 5 %
(W W, ProCeRs ANBisA Stidfinficn MlesaRShl ¥t RAGhE Bbst pRInGT8 sBRveAtidodo, Lo { he
aqueous di spersion/solution Tor casting. Casting can be performed at room

t enper at b5 e, (vetwt) o §h (Wiwie Praceseiidy sitchdis viseogity modifess hapalso baadded art can

be used. Athin filmcan be tﬂ/he(‘}‘ .be casted fromthe aqueous sol ution or
aqueous 20 1 BpATSOBRIEPRIHON SREAR T @8- as an thin | ayer of anode

material that is gpgéing}g% lggpe&&nﬁdsaw&&rﬁ tfpebtuft, 38FoughIGRE! 6o el&RlAN C. O

silicon, or flexi
temperatures known in the art can be used.

A thin film can be then be casted from the aqueous solution or aqueous
20 dispersion onto a support such as an thin layer of anode material that is optionally
on a substrate of glass, plastic, ceramic, or silicon, or fiexible support.
The present invention provides a method for obtaining long operating life
by using an anode coated with a formulation comprising PANI-PAAMPSA.

Unless otherwise specified all percentages are percentages bir.weight.



The present invention provides a nethod for obtaining |long operating life
by using an anode coated with a fornulation conprising PANT- PAANMBP2004NI ess
ot herwi se specified all percentages are percentages by weight. W0 01/41230
13 EXAVPRESIAR2NBY 2004 PCT/ USOO 32685 EXAMPLE 1 PANI - PARCIPE3005515

prepared using a procedure simlar t%}@l&gescri bed in the reference Y.
Cao, et al, Polyner, 30(1989) 2305, pecifically, as described

bel ow. HC in#gﬁ%iﬁerence was repl aced by

pol y(2-acryl & =Z=tret hyl - 1-propanesul fonic acid (PAAVMPSA) (available from
Al drich, M| waukecPANI-PAAMRAIA Wik prapared alsihigracprecedurg $ig)laf torthatnas verifi ed
by the typic ' gmgg(;. 12835 Qhork®% PAAMPSA i n
wat er (Al dri fgdﬁs%{@g@ |Irg{elée(?c%:gr' é%%%gléj/;oy a’d"g)i%ﬁ%gg%m M ater. Wil e
stirring, 52. zpgeificalyz2nesemhad betowaH Chindais referance fas pppdagsdRYsol uti on. Then,

2.01 g (0. 008 BioUfEBOL- Bpkdpah@uifBnic hBid(P AWRVIPE AYesvailblsie trofil oW Yy
into the aniljne/ SA sol ut i nder vigorous stirring. The reaction
Alprhg Wiy

~ m xture was %:h room tenperature. To.precipitate the
product, PAN - PAANBAmetal0ie shlt (HS)domt ovas varifisttsy thedgrdcd] prezncelet | on

1 Xt . Mbst... t { . { P = MPSA
or oci pitate VESLON b{ONE2 WD) PRETR FRA L sl eie: SRidrsin) i byt
several tli0ne<L.3% tyaddingd 7amd whtére While stiding, g (#0A2MY) eniline wasadded 24
several _th ‘ : - Sl BANERAMRSA. 20
EXAVPLE 2 &?@@%ﬁﬁ%ﬁ@?‘w@@%mﬁﬂﬁa Rnicid Peesthh
Exanpl e | wadOmhkwaferivasa S@%Ylm%m@m&rp Shsofutieriider bottle. The
m xture was rebctbh@dstiting, OPRE refiHA Ak e whoEtirdé 39 24 hourkh# room

oL 0oL Lkl e Satmc el ot AL SR T PSRBT e
prepar ed 18y cran@ddedintdactioarhixhye.oMosPaddcefeAdNMATA wisxdedanted and then wat er .
Thi's Exanpl e depRagpiahapshilefiihl wEAMNERS TR ARfithg gum-like product
was washed several times by acetone and dried at 40°C under dynamic vacuum for
24 hours.
, This Example demonstrates the direct synthesis of PANI-PAAMPSA.
20 EXAMPLE2
- One gram (1.0 g) of the PANI-PAAMPSA powder as prepared in
Example 1 was mixed with 100 g of deionized water in a plastic bottle. The
mixture was rotated at room temperature for 48 hours. The solutions/dispersions
 were then filtered through 0.45 pm polypropylene filters. Different concentrations
25 of PANI-PAAMPSA in water are routinely prepared by changing the quantity of
PANI-PAAMPSA mixed into the water.
' This Example demonstrates that PANI-PAAMPSA canbe
dissolved/dispersed in water and subsequently filtered through a 0.45 pm filter.




di ssol ved/ di-spersed in water and subsequently filtered through a 0.45 m
filter. 1 4 May 2004 WO 01/41230 14 PCT/ USQQ 32545 EXAMPLE 3 #4 boGAAMPSA
filmwas drop-casted from 1% w w) solution/dispersion in water. The film

t hi cknesWQAY¥4#hsured to be 650 nm byga surface profil oRET&SHAIMRa- St ep
~500) (avail MLA— Tencor, San Jose, CA 5 95134). Using standard
X-ray equip > t=de- angl e diffraction diagram (WAXD) was taken on the
PANT PAAMPSA fi | mA MANI-BAAMBRA ifdun mtdrep—raastemﬁmdl%w/whar act eristic

di ff t Thi
Bcarp o denonai Ay SSPFRER b yheh £ i giaekd fas ko bOUIRRARYZS [ ©
anor phous ( csyrfcapraidpmyter Gdpha-fitep S00)favaibpbde/fom KLATancey, §ﬁ% JQ&F, 0Ag) of
pol yacrylsam 6 s4PAbing NﬁrWa:@XQQ é@é}i}ﬁmm@a%@e—% dmai@bh%%%m ! ed vat er

Pol ysci ences_(Warrinton, PA 18
ina pl astlc(‘& )ewasl*ﬁ%eqﬁw& a%ghat Séﬁg‘i@ Mature for at

| east 48 hougtpwedme chatadleHoit Alffatios peikyir dabeindicaled efaeehe filed @gh 1 gm
pol ypr opyl ene fi bt ers. Different concentrations of PAMare routinely

prepared by Th Yy the quantity of PAM di ssol ved. This Exanple
denonst r at es t hat THABxemplduenmbinstratbs/ that meMEBAAWSMaﬁhn castrftbnsubsequent | y

filtere ‘%tg is I'B?lgds#rg%tgl}lé%y %Elrgg/ en grans (10 g) of. the

PANI - P, SA'SOl Ut on* as e 2 was mixed with 20 g of 1%
(W w) PAM scEXAMINE4 prepared in Exarrple 4 (mixed at-roomtenperature for

24 hours). The soj:(%&ﬁ msogm %M%%ﬁww S%OR)(J@ pol ypropyl ene

filters. The PANI - rrat1.o he bl end sol uti on.

Di fferent bl &R0, jaxatlable frora PolysriencesWespanionp s’ éd|88?6)d¥§ e “ﬁ'ihepar ed by
changing t hmmﬂp@éibﬁ;aéd ﬂﬂt&r i 2 plRAN bo?&é\l\rﬁ%nmdrewrbﬂatddm rédmdr ti ng

solutio i ncl udi n PANT- P. SA/.PAM at 2/1, and 1/1.
Thi s Exalipl demerALe ALl DS TR AR o
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 fiitered through a 1 pm filter.
20 EXAMPLIES
Ten grams (10 g) of the PANI-PAAMPSA solution as prepared in
Example 2 was mixed with 20 g of 1% (w/w) PAM solution as prepared in
Example 4 (mixed at room temperature for 24 hours). The solution was then
filtered through 0.45 pm polypropylene filters. The PANI-PAAMPSA to PAM
25  ratio was 1:2 in the blend solution. Different blend ratios of the PANI-
PAAMPSA/PAM solutions were prepared by changing the concentrations of
PANI-PAAMPSA and PAM in the starting solutions including the followmg
PANI-PAAMPSA/PAM (w/w) at 2/1, and 1/1.
This Example demonstrates that PANI-PAAMPSA/PAM blends can be
30  prepared with a range of PAM concentrations, that these blends can be
dissolved/dispersed in water and that they can be filtered through a 0 45 pm.
EXAMPLE 6
Example 5 was repeated, but PAAMPSA was used instead of PAM. The
blend ratio of PANI-PAAMPSA/PAAMPSA (w/w) was, respectively, 1/0.1, 1/0.3,
35 1/0.5,1/1 and 172.
This Example demonstrates that PANI-PAAMPSA/PAAMPSA blends can
be prepared with a range of PAAMPSA concentrations, that these blends can be
dissolved/dispersed in water and that they can be filtered through a 0.45 pm filter.



30 prepared with a range of PAM concentrations, that these blends can be

di ssol ved/ di spersed in water and that they can be filtered thromayp2e0. 45
m EXAMPLE 6 Exanple 5 was repeated, but PAAMPSA was used instead of PAM
The bl enslonatizee of PANI - PAANI PSA/ PAAMPSA (W w) was, respeciiosedy2s4s10. 1,

1/0.3, 35 110.5, 1/1 and 1/2. This Exanpl e denonstrates that

PANI - PAAMPSAERAMINEESA bl ends can be prepared with a range of PAAMPSA

concentrations, l?aﬁ agﬁggﬁ ed/o jeflgWat er and
that they can be ?e%hr oggﬁ E'RrOi)ngw ﬁs\érq ? %yigggf WO 01/ 4123U
15 PCT/ USO4/ 1316 06P ANEDBLAMPS I(&/%) Wassl/tepeat ed, but PEO was used
instead of PAWWMBIE®Iend ratio of PAI\FI' PAAMPSA/ PEO (W w) was 1/1. EXAMPLE
8 5 d ass substrates re prepared w att O.el.ectrades. Using the
bl end solSuti ons a@%%@ﬁ‘i"@ﬁsw 53 %‘ Pat@ﬂﬁﬁglq?e?féwg% PR ™5 end

| ayers wer e pl&ii sdh@tidak a9prebared ot Emﬁplaas tﬁamleu pslyaﬁiﬂmabmdazydrstmaeeaf ter,

Deked 2t 90 St PR NGRSt IR erd R SR AIREE g voen 1T
from Kei t hl eyaciurs ovemfemt0s5 hour. ',l"hmes(s@mebetamm l"mr:bchtmg‘)as measired 1 shows
the_conduct | i s PANLAESehh 207 b iithd S S nR g o,

COI’TpOSI tions seen

duct t
o 1160 cavelond, Qleiorh1g0: TARI esisshe CoHENEt of HANIESEDepg

PANI - PAANPS%]BJs%ﬁﬁdﬂ@fbanlen@bﬁﬁﬁéﬂﬁoﬂM mdaﬂbk s€fibia Tablel fhes | ess than
10-4 S/cm and even Iesgﬁt han . 1 i.e. sufficiently |ow that

i nt er pi xel ugiivity gam B conteoll Qv?ran‘f‘”t aa t hout need for patterning the
PANI PAAI\/PSAbe‘ﬁ Eﬁ@wlﬁ demonstratasthatdhe POSIEAAMPEA blendser b800132545 Table 1.

Surface resigtparéd witRBlkiiohBudtivitkisqéds thanyl 00fS/BANINdRABYRSAHna0ds Bl endhost
poly mer -ghl C§§n651 e. sufficiently low that interpixel current leakage can be limited without
need for patterning the PANI-PAAMPSA blend film.



A/ B ratio* Surface' ConductivityEl ectrical (B)(A)(wW w)ResistanceResistivit
(if present)(ohm sq)(S/cm (ohmcm 100none3501. 2x1082. 3x10 34 43maP2004
101none2002. 2x1082. 2x1034. 5 x102 102PAM3002112. 3x101. 5x106. 7 x103
103PAMR3(PQ OH41230. 098. 2x10" 51. 2x104 104PAVE101/ 18. 2x1092. 3¥FF/B00/32543 04
105PAMR641/ 12. 0x1011. 9x10- 55. 3- x104 106PAMR201/ 12. 2x1012. 1x10-54.8 x104
107PAMR851121. 4x10" 2. 5x104 x105 108PARNBEA260110. 12. 4x1091. 6x106. 3 x103
109PAANPSA35@1L: 3 8si 2RO dDaEIOndudihae oF PARAAMERARAOA benBé. 5x1089. 5x1041. 1
x103 111PAAMPSA6301/0.53. 7x1084. 3x102. 3 x103

112PAANPSA9201/ 0. 56. 8x1071. 6x106, 3 x103 113PAAIVPSA9501/ 12. 8x1083. 8102, 6

x103 114PAANVBEAG 2glst nadyirst 107 Thizkeess 384/ ntigh Surface Electrical
115PAAVPSAL7401/ 22(B3x1082. 3x164) 3 x 103(WwhPAANVRESIGES0 1 198dugtivity3. o REESt
x103 117PEO2501/ 13(ifpre®et). 3x107. 7 x103 * A bei PRAWPSA 5 EI éfhmpmy

Resi stance (il0®., naweerse of @&hductivity) EXA E) 9 202&KF a PANFR SA
sol ution as ﬂ)ﬁbparmmhel n ExanpR@ 2 was mi xed (&t?-x}(bom t%??plé’r ature flerx1@
days) with 1002y of PAMM % PAM 860 uti on A3 prepaZélle 10 i h5E>9aan e 4667r?doﬁ 0
g of 15% PAAMESA sPAMt i on (avas® abl e f2om Al dr 53k)0°The &aﬂﬂt i on was-2xH¥n
filtered thropgh OPAE Am pol ypt®pyl eneldi | t er s8.24H8 con2.3xit0 of 4.3 x10°
PANT- PAAVPSA1651 t leABtl end sol @64 on was1/B3wt % DeDkEYEnt bPeld rati 0$.30f10f he
PANI PAAMPSA 10PAANPSA © PAM bkemd sol ul/ions ar 22ptbar ezl 1o changl ng;xloﬁe

concentratiompg7in pAMI startingssol utions. 15 EKAWRLIE 102. 5x107° 4 x1¢°
108 PAAMPSA 260 1/0.1 2.4x10° 1.6x10™ 6.3x10°
109 PAAMPSA 350 1/0.3 9.2x10° 4.6x107* 2.2x10°
110 PAAMPSA 230 1/0.5 4.5x10° 9.5x10™* 1.1x10°
111 PAAMPSA 630 1/0.5 3.7x10° 4.3x107 2.3x10°
i 112 PAAMPSA 920 1/0.5 6.8x10’ 1.6x10° 6.3 x10*
113 PAAMPSA 950 /1 2.8x10° 3.8x10™ 2.6 x10°
114 ~ PAAMPSA 1280 1/1 6.7x10’ 1.2x10° 8.3 x107
115 PAAMPSA 1740 172 2.5x10° 2.3x10* 4.3x10°
116 ~ PAAMPSA 3060 12 8.4x107 3.9x10™% 2.6x10°
117 PEO 250 11 3.0x10° 1.3x10* 7.7x10°

* A being PANI-PAAMPSA
5  ** Electrical Resistance (i.¢., inverse of conductivity)

EXAMPLE 9
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
10  in Example 4 and 2.0 g of 15% PAAMPSA solution {available from Aldrich) The
solution was then filtered through 0.45 pm polypropylene filters. The content of
PANI-PAAMPSA in the blend solution was 33wt% Different blend ratios of the
PANI—PAAMPSA : PAAMPSA : PAM blend solutions are prepared by changing
the concentrations in the starting solutions.
15 EXAMPLE 10 |
Example 9 was repeated the content of PANI-PAAMPSA is kept at
33wt%, but the ratio of host polymers PAAMPSA/PAM (w/w) was changed to
2/0, 0.5/1, 1/1 and 0/2, respectively.
EXAMPLE 11
20 30 g of a solution as prepared in Example 2 was mixed with 15 g of
deionized water and 0.6 g of PAM (M.W. 5,000,000 - 6,000,000, available from
Polysciences) under stirring at room temperature for 4 - 5 days. The ratio of
PANI-PAAMPSA to PAM in the blend solution was 1/2. Blend solutions were




Exampl e 9 was repeated; the content of PANT- PAAVPSA is kept at 33wt % but
the ratio of host polynmers PAAWSA/ PAM (W w) was changed to 2{QOMap2604, 1/1
~and 0/2, respectively. EXAMPLE 11 20 30 g of a solution as prepared in

Exanpl e Avopegsmsied with 15 g of dei 19ni zed water and O. GPQTﬁfsoaﬁ\m(MW

5, 000, 000 000, 0 es I st ng at room
terrperatureagg %é“a@\}@“ﬁﬁ%‘ﬁ ?@Wﬁﬁ%&@?-“ﬁﬂﬂﬂ >t he bl end
sol ution V\IaSCSH!MweBL end sol utions Were 14 May 2004 WO 01/41230 17

PCTI US00/ BZMr epared in which the content of PANT- PAAMPSA was O,

10, 25 and ectively. EXAVMPLE 12 . The resistance neasurenents of
‘Exanpl e 8 were r@bemsg@ncewm@n@th@leﬁmﬂ repgsted huitheast from t he

bl end sokutp tivity of
PANI (ES)5bI ?ES) % : n%fﬂ%n?ﬁnejblend fd}:‘gzr?pngy Li lﬁlﬁaﬁ@%qge seen

| [ I'mE with differ 0
from the da ﬁ tsh‘éw%%(fﬂﬁ‘i‘}%“’lwg%}ﬁ@%ég’l‘ﬁ Fbbleadge to neet
di spl ay reqmmpcmmrﬁ. P@Qﬁﬂﬁébé&ﬂlﬂ@mﬂiﬁd@tﬁ@@dﬁWW&n@e%ﬁﬁbll&QheCt rical

resistivity o ter an. be obta hi gher 10
~concentrati ‘?‘% Q‘tsﬂ]é"yﬁ?oé]ﬁ&mcf‘ﬁe th’ BN ai) E‘?Sﬁg'ﬁ@\c%o&/ I 10-6
S/cm (el ec(eiécmadal r&snsity of greatef thgn ¢t elmtdna)n ca’hﬂbrﬁohlhlﬁed: mWith highdrs Exanpl e

dem)nst te I 7

conduci (?w ?I egﬂ%aess k)ﬁgﬁ'ﬁ%tggg}ehﬁﬁtg% rgd\;lé:ﬁs 32 ﬁ% IR@AIIO /Sé?ﬂ] EXAMPLE
13 15 The r ésddctricahrasistivids of gmatar bani 0 tEelmpine). 8 wer e repeated, but the

PANI (ES). | ayer AR ng@ i Fﬁgﬁf din
Exanpl es 9 andw?ﬁl ﬁlmthlp Cn%eﬂhéﬁe i(cgon S??J\l/ﬁdm%"%gf’% déafl lms with
di ff erent bWEhGC’n%FﬁY(S%?St‘P%ﬁ%aH 1%§/e@ﬁad@wrwie§§/ﬂ1@aﬂ 68 @®ntrol | ed over a
wi de range EKA\]\@PLE§3 Thi s Exanpl e denonstrates that the PANI - PAAMPSA

bl ends Jisi ng 20 [ PAMas ho r.s.can be wi th bul k
conductilities | & l’sres"ls i REaET %‘&ﬁg%ﬂlﬁ§§v?ﬁﬁc§%&q§f and for
speci fi c f oPANE@S) taysr wesspit-ast frotlthe Blawh sofhiene anphpared ini Eramples Phe

PANI (ES) bl %&f@ %%ﬂngé%ﬁa lﬂ%;ga()%l udtf) to??hlgbﬁ%%&ﬂsﬁﬁ cﬁﬁ%fe?i{‘ﬂleh&akage can

be limted or erni
compositions; the conductivity can be controlled over a wide range of values.

_ This Example demonstrates that the PANI-PAAMPSA blends using

20 PAAMPSA/PAM as host polymers can be prepared with bulk conductivities less
than 10° S/cm, even less than 10 S/cm and for specific formulations less than
107 S/ecm. The conductivities of the PANI(ES) blends are sufficiently lbw that
interpixel current leakage can be limited without need for patterning the blend
film.

25



film 25 14 May 2004 WO 01/41230 18 PCT/ USOQ 32545 ' Table 2. Bul k ans
surface resistance for PANI(ES) blends with different conposi{4mag 2004

t hi ckness Ratio of host pol yners* Thickness R(ohm)** ohm sq Conductivity
Resi sti viwg 0181BAAVPS/ PAM (A) (S/cm {®hmcm 10 15 20 25 PCT/US00/32545°

1.510. 5. 21009. 8xl 065. 2x1089. 0x1011. 1x104 10001. 0x1085. 3x1091. 9x105. 3x104
12/ 020801. 6x Tabk. % Bulk smserifaceesiganceoior PANIES)Ulgrs wislndifigentcommsitipry aad
0.51118501. 2xHitiafessix 10109. 3x10' 71. 1x106 10006. 8x1093. 6x10' 1. 2. 8x10" 73. 6x106
1/116201. 1x1095.9x107101. Ox101. ox106 1I00Z2. 6x10" O1. 4x 10126. 5x10-"1.5x107/
01212002x 103401 Q¥ ndP1dGma* HndhestX10% Jﬁ@& 451:119,5%1@%1,95@& Axi QB x 108
’t; Ratio of poI §palp, Lot aI(A ost po is 1/ e%ﬁﬁ_gﬁ e

et ween two adyaeer - . e

em tting diodes werefabrlcatedumg polyg( 7 on
5- met hoxy- 1, 4- phe‘rﬁ/f’ nevi nyl eneiongND %18 gi"f 9 ctl cogg ;ng,
lum nescent polyner; the thickn of tlt'n@‘lﬁlvo I513?5’I i m>1 Fe 50 00 A

- 30 Indiumtin oxide was used as_the first |ayer of .the bilayer anode PANI
PAAMPSA 1&f Exam® 2) was spi n?®at ed k¢xdfy 1 8538 ut i GFM sper s %ﬂ
water onto I TO with thicknesse®®angi APHPom 2d81¢o 839*K” and %%Peafter
baked at 90 C in vacuumoven for 0.5 hour. The deyjce archjtecture

~ 1TQ PANI (ES) - PAANPBAI DVO- PPV/ mbi581 . DAvAdfs wérsld’ gbrPé"aler usﬂn?‘lﬁé\?h | TO

on gl ass 1000 6.8x10°  3.6x10'
1/1 - 1620 1.1x10°  5.9x10'  1.ox10° 1.6x10°
1100 2.6x10"°  1.4x107  6.5x10° 1.5x10°
0/2 1200 2x10'° 1.0x10"7  8.3x10° 1.2x107
20 : 750 34x10" 1.8x10"°  74x10° 1.4x108

* Ratio of polyaniline to total host polymer is i/2(w/w)
** Resistance between two adjacent ITO lines in 10x10 configuration

25 :
. EXAMPLE 14

Light emitting diodes were fabricated using poly(2-(3,7dimethyloctyloxy)-
5-methoxy-1,4-phenylenevinylene) (DMO-PPV) as the active semiconducting,
Juminescent polymer; the thickness of the DMO-PPV films were 500 -1000 A

30 Indium/tin oxide was used as the first layer of the bilayer anode. PANI-
PAAMPSA (of Example 2) was spin-coated from 1 % solution/dispersion in water
onto ITO with thicknesses ranging from 100 to 800 A, and thereafter, baked at 90
°C in vacuum oven for 0.5 hour. The device architecture was ITO/PANI(ES)-
PAAMPSA/DMO-PPV/metal. Devices were fabricated using both ITO on glass

'35  as the substrate (Applied ITO/glass) and using ITO on plastic, polyethylene

terephthalate, PET, as the substrate (Courtauld's ITO/PEI); in both cases,
ITO/PANI-PAAMPSA bilayer was the anode and the hole-injecting contact,
Devices were made with a layer of Ba as the cathode. The metal cathode film was
fabricated on top of the DMO-PPV layer using vacuum vapor deposition at

40  pressures below 1x10° Torr yielding an acting layer with area of 3 cm®. The
deposition was monitored with a STM-100 thickness/rate meter, available from
Sycon Instruments, Inc., (East Syracuse, NY 13057) 2,000 A to 5,000 A of
aluminum was deposited on top of the calcium layer. For each of the devices, the



35 as the substrate (Applied ITQ gl ass) and using I TO on pl astic,

pol yet hyl ene terephthalate, PET, as the substrate (Courtaul dea}Qbﬁ’El );
“in both cases, |TO PAN -PAAMPSA bi |l ayer was the anode and the

“hol e-i nj ¥OOGI28bnt act. Devices werel9rmade with a | ayer ofP(BAISEIINHS

cat hode. The netal cathode filmwas fabricated on top of the DMO PPV | ayer
usi ng vacuumcHEpehVsdeERBse cvya, the light s é@l&ﬂgpégwseﬁfd\ﬂiqgﬂ@mﬁﬁimy di ng an

acting layer kuréhmagl@@d (Flffﬁﬁﬂﬁvstﬁ@ﬁ (dur@ 4O End BXteHAT §thotink h 2

STM 100 t hi ckpness/ r r‘{%—g&%‘ ggbfmmmmgﬁﬁpﬂ? t ed on

(East Syracu$ ,C’Wy
top of the cakte'malmfﬁa:ymcy ofthe devich wifh HilagerRANICES) PARPMSANEQ 00sHsVIO

01/41230 49 Egguanﬁ%%?gﬁéﬁh%&éﬁggwﬁﬁﬂﬁ%a&ge curve, the light vs. voltage

curve, and t Iclency were neasured. Fig. 4 shows the |ight

out put (curve 400%@&%&%@5@@%%@%@&@9 pebymey 4.EDsxpn bt

| TQ' PANI ( ES) fatpRad a4k AR b & e sdd¥ad 1@)}&%8!‘1‘11@511@% r'aﬁb@émy of the
. device with bilayer PAN (ES)-PAAPMSAI I TO anode’is signitTicantly higher

than device with 1 TO anode. This Exanpl e denpbnstrates that high performance
pol ymer LEDs EX®AMBEE Ifabri cat ed usi ng PANI - PAAMPSA as the second | ayer of

t he bil ayger anode..EXA NEW‘ISE 15 10 Th ance measure nts of Exanple 8
were repi‘gt ed usi H'Be b ?g}eg?qrg,mg@tgpfggﬁp 8§I y?rgfm?g‘ﬂg’a'ingxyt hi ophene),
PEDT, pol ybl esrmimsiailyi availablepoliy{etinflencdioxythilaphene) APEDP; palyblend bolution®A -

15205 Tabl E S IS invention
(see )EXAI\/PLEQVS aﬁéfé lg Bg?éay%d?% rr’u’? A F%ﬁﬁ? ggﬂggg??‘gftaﬁ hﬁ'an t hat
obtained fro IW%%‘?&%(*QW&E%H@ BIRYECViItNi ty of
PEDT is too Hiuﬁﬁldﬂﬂerb@ndi&ﬁdltyﬂlaﬁmlo‘bﬁﬁﬁéd feaﬂmmednm Eﬁhﬁpﬁd di spl ays; the

L P YSRNEACH hlGp  55pR e SRl

addresscd pixelated displays; the inter-pixel leakage current will lead to cross-talk

and to reduced efficiency.



25 20 PCT/ US00/ 32545 Tabl e 3. Thi ckness and conductivity of new PEDT-PSS in
conparison with PANI(ES) bl end Type Spin speed Thi cknessR* Rs1£aagpeh4 vity
Resistivity (RPM (A (Mohm) (Mohmisqg) (S/cm) (ohmcm

PEDT- PSS6 9218{‘!@5@02211 73. 0x10- 33. 3x1Q® 80025000. 3116. 52. 4xACL/YA00ZRI4S2

100020000. 33 =33

200013300, 57> S Ao iRl bR Pt £55 el g panices
PEDT- TSS6001;J ’mR S1l2x%10.2 . - '

PANI ( ES) 100021009. 85229. 0x 10-51.1x 104

‘bl end2000150029pe) Bpir0zhesd 1ThisRneBx 10R*3000 1R9084CoahR0Yity x Resighityx 104
400010001@0. 053001. 9x | 0 55.RRM)04 Ri(A)r es(Molanr@iblenisgpn (Stompdj dokemicnh)TO
lines in 10xIOcontiguratiron (1n nega Ghrrs) 5. surface re5|stance (| n

mega ohni sq) LE 16 Ex |l e ted, t th po
was, respect i%?%%ygol y(acrn)jdgcj aC|52 %E?r b}d % .@yrrgg
and pol ystyrene (agqueous e on) Qt ea §3AN SA/ h

pol ynersol utiorl/di spersion was prepared as i nd| cated in Exanple 5. 35
EXAVPLE 19 The devi ce neasur é¥ftht s sfﬂ@ﬁa P in Bddhpl e i@x\lﬂre r dAstled,
but the PANI (ES)-blend | ayer was spin-cast fromthe blend solutions as
prepared in Exanples 5 and 140 Tabl 508 shansg t he I¥evi ce Pax0T mnand8x i’
LEDs fabricated from polyblamd fil ngs3pith @sffer aag host 2@x1gter s4.0400%Thi s
Exanpl e dermonstrates that thggggse of1ggoNT- RAAMPSA flends ear1oPe ugedid®
fabricatggspolymer LEDs with significantly higher efficiency; this higher

PEDT-TSS 600 1000 0.16 8.5 1.2x10%  83x10!
: 1000 760 0.19 10.1 1.3x107  7.7x10'
PANI(ES) 1000 2100 9.8 522 9.0x10°  1.1x10*
20 blend '

2000 1500 29.0 1550 43x10°  2.3x10°
3000 1200 84.0 4480 1.9x10°  s5.3x10%
4000 1000 100.0 5300 1.9x10°  5.3x10*

25 '
R*: resistance between two adjacent ITO lines in 10x10 configuration (in mega

ohms);
Rs: surface resistance (in mega chm/sq)

30 EXAMPILE 16
Example 5 was repeated, but the host polymer was, respectively,
poly(acrylic acid), PAM-carboxy, polyvinylpymolidone and polystyrene (aqueous
emulsion) instead of PAM. PANI-PAAMPSA/host polymersolution{dispersion
- was preparéd as indicated in Example 5.
35 EXAMPIE 17
The device measurements summarized in Example 14 were repeated, but
the PANI(ES)-blend layer was spin—casf from the blend solutions as prepared in
Examples 5 and 16. Table 4 shows the device performance of LEDs fabricated
from polyblend films with different host polymers. :

40 This Example demonstrates that the use of PANI-PAAMPSA blends can
be used to fabricate polymer LEDs with significantly higher efficiency; this higher
efficiency is obtained because inter-pixel current leakage has been significantly
reduced by using the high resistance PANI(ES)-blend as the hole injection layer.




efficiency is obtained because inter-pixel current |eakage has been
significantly reduced by using the high resistance PAN (ES)-{o ﬂ?jgg@;t he
hol e injection layer. 14 May 2004 WO 01/41230 21 PCTI US00132545 Tabl e 4.
Per f or narwe aiiadevi ces fabricated witdy different PAN (ES) mimusiss2idest

pol ymer Performance at 8.3 mANcn2* V QE(% cd/ A Lml WPAM 300A) 4.9 3.5 6.3
4.1 10 PAM 2000A)** 4.3 3.1 4.5 3.3 poly(acrylic acid)(300A) 4.4 3.7 7.0
5.0 PAMcarboxy --- --- --- 0.04 15Tgséyvi nyl pyrrolidone . 6.3 1.0 1.3
0.6 pol ystyrene( Beforaiiabsbdbvices fbPicted withQitferdft PAERES? gryitge from 5-10

devices ** Concentrated (i.e., after making the blend solution, sone
sol vent S Tenpv Ke The 5ot U o) V; RB.2and therepy provide
a thi ck-e\rl\gifi I m. %SME%E 18 The de%‘]i:rge Eéaatrge:jrgﬁenE]%msum’nari iﬁ?w n
Exanpl e 14 were repeated, but the PAN (ES er wa§ épi n- cas om t he

bl end sol uties At di ar-an D AN S PAANRPSAL PAM-r-atios aa. EXA

11). Table 5 shows the device performance of LEDs fabricated from
pol ybl end fiPAM®GPON different PARNI 30 PAARBSSA/ PAM r&8i os. The4Hi gher

ef fi ci enty cBAM{RAAGR)*Hel| with 4Bgher resBdtance in4she 3.3

PANI (ES) (ES)-bl end | ayer. The higher efficiency is obtained with the higher
resi stance:igpj AbkidR045S) - bd.gnd | ayerzhecause there is nosyasted
current due IS\l?t%(faiarrs{'?er-p}ixel current | eakage. 35 WD 01/41230 5 10

PAM-carboxy — — 0.04
15

polyvinylpyrrolidone . 6.3 1.0 1.3 0.6

polyétyrene(aq. emulsion) 6.1 0.6 0.8 0.4

20
. *Best glevice_from 5-10 devices

** Concentrated (i.e., after making the blend solution, some solvent was removed .

to make the solution more viscous, and thereby provide a thicker film).

25 EXAMPLE 18
The device measurements summarized in Example 14 were repeated, but

the PANI(ES) layer was spin-cast from the blend solutions with different
PANI(ES)PAAMPSA/PAM ratios (see EXAMPLE 11). Table 5 shows the device
performance of LEDs fabricated from polyblend films with different PANI-

30 PAAMPSA/PAM ratios.

, The higher efficiency correlates well with higher resistance in the
- PANI(ES)(ES)-blend layer. The highet" efficiency is obtained with the higher

resistance in the PANI(ES)(ES)-blend layer because there is no wasted current due
to inter-pixel current leakage.

35



14 May 2004 22 PCT/ U500/ 32545 Table S. Performance of devices fabricated
di fferent PANT(ES) bl ends# PANT(ES) PAAVPSA/ PAMPer f or mance at 4 RapB642
(W' w) V(‘ES‘?%Cd/ ALm W 1/99. 15. 010. 73.7 1/35.65.012.67.1 1/25.24.913.07.8
1/1.55. 23V@8541330 3 1/04. 64. 411.68.0 22 EXAI\/PLE 19 The deviF&dVRO83T¥Enent s

sumari zed in Exanpl e 14 were repeat ef,,iby

pol yL5-(4-(3, 7-di ”%P%hﬁ&ﬁéé'o%% anm@é} 9?@@3@@9@0@@ PPV)

mer-wth wer e used 1ns

and its random co- po PPV. The
devi ce perfo CoTS 4 = teronstrat es
t hat differ eh®dNES padl &d* green or a Om'@flﬁﬁatc BE“¥abri cat ed using
PANI - PAANPSA as’ t(l’?élwﬁol e injection |ayer. 28E#0)35 TaHe 6. Ded W
performance of different |uym nescent polyner on. PANT(ES)- PAAVPSA el ectrode
Pol ymer- Conpositib@ EL peak position ®dvice 5dkrfor mah€d* col or 3(7DMOP- PPV) n
(DMO- PPV) m( nm) VI upysnanceef fici ency ni §i6V) (cdlo) (% 10805105. 3211. 2gr een
9825304. 8. 1303. 2yghl ow sh-green 50505866. 6198%4. 9or angg.001006108.831603. 9r ed
* at curfgent densjgy of 8.3 mAcn2 EXAWPLE 3G The deypge of Exanmple 14 was
encapsul at ed usi ngoea cover gl ass 46 4.4 1.6 8.0

15 EXAMPIE 19
The device measurements summarized in Example 14 were repeated, but
poly[5- (4—(3 ,7-dimethyloctyloxy)phenyl)-phenylene-1,4-vinylene] (DMOP-PPV)
and its random co-polymer with DMO-PPV were used instead of DMO-PPV. The
device performance data are listed in Table 6.
20 This EXAMPLE demonstrates that different color (e.g. red, green, orange
~ etc) can be fabricated using PANI-PAAMPSA as the hole injection layer.

Table 6.
Device performance of different luminescent polymer on
25 _ PANT(ES)-PAAMPSA electrode
Polymer Composition EL peak position Device performance* color
(DMOP-PPV),-(DMO-PPV), (nm) V luminance efficiency
. n m V) {cd/m2) (%)
30 .
- 100 0 510 53 47 1.2 green
98 2 530 438. 130 3.2 yellowish-green
50 50 : 580 6.6 198 49 orange
0 © 100 610 33 160 39 red
35

* at current density of 8.3 mA/cm®

EXAMPLE 20
The device of Example 14 was encapsulated using a cover glass
40  sandwiched by UV curable epoxy. The encapsulated devices were run ata
constant current of 8.3 mA/cm’ in ambient atmosphere in an oven at temperatures
25, SG, 70 and 85°C. The total current through the devices was 25 mA with
juminance of approximatelyapproximately 100 cd/cm?. Figure 5 shows the light
output (curve 510) and voltage increase (curve 512) during operation at 85 °C. In



‘40 sandwi ched by 1JV curabl e epoxy. The encapsul ated devices were run at a
constant current of 8.3 mA/cnR in anbient atnmosphere in an ovehMay 2004
tenperatures 25, 50, 70 and 85C. The total current through the devices was
25 mMA w tWO OldIEdmance of appr oxi mat elpgapproxi mately 100 cdcam@soosesgsire 5
. shows the light output (cur 510 nd, vol t age increas curve 512) during
oper ati on atg%a?f.tofig"lf%‘ﬂﬁ@r@ﬁﬂ eﬂwﬁwgﬂg %WF‘%‘F/@S&&%R StESht rast to
~ devi ces ‘wi t hatISHET athe bakd tige ofmhe dbvidaowizld the i O AATMPSA0Obiluyer exceédssktS0ess  at
85C, the half_lif f i Wi h R ﬁé gi- ceeds 450
hours with aho\}usgr ﬁ%ﬁ%gﬂ@%ﬁ%{%&gg&é}@mﬁ%w rorh%lg{gr?ﬁﬁ?fs pl ots
of the | unilumimance decry and solagetingreaserdataccndlectadaicd & 30 ped 8BS, 4he 50, 70 and
85C, the 5 @peAlih&cRtaRhThabt s (ol 132 aSTdomiRg dhe be ca. 100

Thus, the extrapolated stress t roomtenperature was determned to

be approxi nef*dpolaied strets IHe at onriegeRtuyR ias deteaningd fo b IpPraximaly dat a at

room t enper af(ueod Rdutd)t out put  (curve 600) and vol tage increase (curve 610)

. at the operation at C. cap be 10 seen in Fig. 6, after 10, 000 hours

tress, The T i ontEia B e Fab Ee SUEt B Bargm AR uBYs The

?/ol talgefi ncr{emse 6'0%) drﬂS@IﬁaE@ihcfba&é(cml#m@D at ﬂéétl)bper&nﬁmlt') _ I26°@emsr¢sﬁﬁat ﬁs t hat
ong lifetinme can.be. obta or_ po o ricated,w th hig

_resista @e PARE t"%? ?’f%&@%&)@ﬂﬁ%ﬁ%ﬁ%hggﬂéuggﬁéfc%ﬁﬁﬂ e repeat ed,

but t he hi grepproxématslyal(iPe PhRAVGIERE indPéatvSAsdthem.16 Bxéhplie 9) was used for

the hol-e injecti . ) | . L.um r and

vol t age (at cons'ﬁﬁ bg%rrﬁélg rﬁl"té ?’gf'?:%artssztﬂ%% é\@?‘%ﬁ%@&?ﬁ]@ﬁ‘&%@éﬁ 16.5

my cn? vvithIGEQS%VIP@@&KWB@TCS!FW@GE%&;;@SQlﬁ@fﬁanstrat es that |ong

lifetime, highangrfosrance displays 20 can be fabricated using the

PATH PAAMPSATPAM bI'énd as hal e injectionlayer. = EXAMPLE 23)@2&5 e 1 was

repeat ed? but 1. ExgmplestAandBl yaerensated, bty highergggistangs i nto

- ani | i ne- PAAYRSSWIFSIACHIeAd [xafrple 9 waY useddor e foktinjectiong layer Figonpl et e

~dissolution of PAM.in.the {pe-act' r)1 n%xtl?qr’gg tthe qﬁtdam S ad%% into 25
reaction m SROVS thedpminange, ee’%)@ fiRq Molfqgs (&f gopstat quurEpl) (Qurie 710) vs

PANI ( ES) - bl ¢imk dwring sekyatiiclS md/¢m2 RAfld thatewaceodt 70°Q. was- prepared directly -

from -

This Example demonstrates that long lifetime, high performance displays
20  can be fabricated using the PANI-PAAMPSA/PAM blend as hole injectionlayer.
EXAMPLE 22
Example 1 was repeated, but 1.7 g of PAM (Polysciences, M.W. 4-6M)
was added into aniline-PAAMPSA-water mixture. After vigorous stirring and

complete dissolution of PAM in the reaction mixture the oxidant was added into
25  reaction mixture. All other steps were the same as Example 1. A
PANI(ES)-blend with polyaniline to PAM ratio of 1:2 was prepared directly from
polymerization. Aqueous solutions/dispersions (for example,-1 or 2% w/w) of the
final product.were prcparéd by stirring of the resulting powder in detonized water
at room temperature for 24 hours in a plastic container. The solution was filtered
30  through a 0.45 um filter. The bulk conductivity of a thin film spin-cast from the
resulting aqueous dispersion was measured to be (approximately 10° S/cm); i.e.
three orders of magnitude lower than the film from Example 1 of same thickness;
and one order of magnitude lower than that of blend prepared by mixing of
aqueous dispersion from Example 1 and PAM solution in water (see Example 5).
35 This Example demonstrates that the desired high resistance PANI(ES)-
PAAMPSA/PAM blend can be synthesized directly in a single process.



pol yneri zati on. Agqueous sol utions/dispersions (for exanple,-1 or 2% w w) of
the final product were prepared by stirring of the resultingifmageoos n
dei oni zed water at roomtenperature for 24 hours in a plastic container.
" The sol utWVOPIAES0fi | tered 30 through 28 0.45 mfilter. The BfeAKSWERMctivity

of a thin f'%@??{;ﬂﬁagﬂ fromthe resulting aqueous dispersion was

nmeasured to imately 10-6 S/cm; i.e. three orders of nagnitude
| ower than the f|TMG&DMEMMS@Mlmmr@mb@bméseachmﬂlQﬁmwmﬂér of

magni tude | BEEolal ThakaleohlAdORORRREHaDN X WNangl phYGANS. di sper st on

from Exanple 1 and PAM sOl'ution in water_(see arrple 35 Thi s Exanpl e
denonst r at esaddreseed iRsaglh displan ﬁh‘?}%l@ﬁ%ﬁﬂ?@l Pﬁ&IF{rEg)oﬁ 32 dplaxediEN bl end

ginptc):% asggtd hEig J%e’ﬂhtdtﬁi'ﬁldlkpla Ysfveze meﬂ@éaeupél ; Veeffeipect 4x ch&Gﬂélrééﬁt{vﬂyll 41230
e .passi,vely S . were

fabricat ed, %ﬁ%ﬁ%@egﬂ@ %‘ ?-‘(f’r‘?hgﬁ $ ?aadﬂpdﬂ)%t \ﬁ/g’g%(al% col urms
was 50 gm AecsistagteeP DY ddyerkresistivityrapprogimatelyequai tdi26floan-cighsaichghaphs  of
Tdent cal 1 nigfRbagReliEn g‘i@“’?*‘@ﬁ‘%ﬁ%ﬂ%@f{ 2ol efis THE SRR IEYS, P
used for t heFiBgiiuhad BANIES) pelyblend yer Giesigivity appromiigatebyeatiado 4, 106w

that  hercorLs dglgi‘?hb“‘ﬁﬁﬁ* it bﬁ@&%’f‘s’&éﬂ%@“ ﬁ'ﬂg"‘ﬁ; o
display in c;,%; SHE ée? 2 ighspresisteor sﬂ s lgyer
ol U was pioe] a’”‘?*é’f*“‘w4o’6wooom“?"°° mﬁ‘“ﬂ?ﬁ%‘r bt e smcehiﬁt a8
hi gher rems‘%ﬁ E tﬁ@%‘?& hr"'ésswtlwty approxi mately
equal to t50I 000 G’mdmx)nssmeﬂmﬁgt Sa,hﬂﬂfm(?ldnnebemm\gdnnms,lttﬁaggs \8/88 ]
appr oxi e g a, W ohns
bet vveenligol us?g?ﬁ&?ﬁcx%@?taﬂ]%sm gn%@cr hc k This cross-tal k had
two inplicati on€) The resplatiorans qlmmnfmtmlwﬁﬁgt 8@) wapdmiied Bydhe (Fi g. 8a)
was |imted by the'cro§sr QRS ﬂtﬁé bhat h’fétcﬁ’sgiﬂgqh Ftlé‘%bqk ﬁﬁ?tgﬁreﬂ Borﬁg&ed #PFigS

| nproved conpared t 8a and es, not “exhi bit

the cross-tal k pr &ﬂ@ﬁiﬁgf fisplay kg §¢ @%wepe%nblfﬂtcmﬁwﬂgpreﬂe@: 8a and 8b)
was reduced by {i)eThe?éificieh®f ofth @isplaf BNa0%h £1drgh) Ras reduced by the

20 inter-pixel leakage current.

The lower efficiency means that the display required more power than that
required in the identical display (Fig. 8c) where the cross-talk was negligible.
Because of inter-pixel current leakage, the display shown in Fig. 8a had an
efficiency of approximately half that of the display shown in Fig. 8c. The

25  reduction in efficiency due to inter-pixel leakage current can be a factor as large
3-5 times depending on the detailed inter-pixel spacing and pixel size. Using
these data, it was estlmated that displays fabricated with a PANI(ES) polyblend
layer with resistivity in range from 10* ohm-cm to 10° ohm-cm will not be subject
to reduced efficiency from inter-pixel Ieakage current..

30 - This Example demonstrates the importance of using high resistance
PANI(ES) polyblend for the hole injectionlayer in passively addressed polymer
LED displays. |



The | ower efficiency neans that the display required nore power than that
required in the identical display (Fig. 8c) where the cross-tal k was
negligi ble. Because of inter-pixel current |eakage, the displdagaphadn in
Fig. 8a had an efficiency of approximately half that of the display shown
in Fig. 8c. The 25 reduction in efficiey due to inter-pixel |eakage
current can .actor as large 3-5 tinmes depending on the detailed

i nter-pixel spacing and pi xel size. Using these data, it was estinated
that displays fabricated with a PANI (ES.) polyblend layer with resistivity

in range fr n1104 1 ohm.cm sub ct . to reduced

ef ficiency f on1lﬁggﬁﬁfﬁgﬂﬁéﬁ' §H§65“§H$¥tﬁ#1986h$) Eﬁﬁf%lﬂﬁﬂﬁﬁ§frates

the inport ankeerdraltist B@ hing(PANTSW K G 2-acrPAMidoEShetRAl ipRipemdulfic dcfag hol e

injectiaonlayer in passively addressed polyner LED displays. 1 4 May 2004
TPAAMBEAD 2pagaupies

25 CLAI NB: ot bR Shasiorglen & RromsdNyy Mspehmmsazatiomof exlnst

pol yani | i ne jj e phdighce BEP SAPRR a?ﬁIaI le:ISQBﬂE‘\(aPe%IﬁIIs}Jer%IE hnd& Witt-s8Rbkhagni do- 2
nethyl-lpropanesulfonlc acid) 5 (PAAMPSA) as a counterion, wherein the

conpl ex i s frobmesbleyded math b rRAANPSMN coppledi [ ine in the presence of
PAAMPSA, and at | east one water dispersible and/ or water-sol ubl e host

pol ymer bl ended with the PAN - PAAMPSA conplex. 2. The filmof claim1,

havi ng an elZct rTlediimpésirist I, hirtigg graeatreal rediciviti] fRatetthancldf otic®. The fil m of
clalml1 wherein at | east one water dispersible and/ or water-sol ubl e host
pol ymer i s pol yacryl am de (PAM, PAAMPSA, poly(acrylic acid) (PAA),

pol y(styrenesul fihrifitmae tian 1, pdkielnat Rydt ofiywated dispersid)e aBPehter-dtubld e de

I | | ul b I I I t hyl
ol yool 8y, - paPprEt hppare g AR S b e PROhol) (e

pol yvi nyl  neloRydtyreids@fohic 281, YaRIVAEH pREJIMAB) m a&?IaMNde%{J&%ﬁérﬁI'c@ﬁﬁ@se
polysaccharlde polyurethane di spersion, or inati ons thereof. 4.
met hod of f GlERYaiEes PFEbexNI’lﬁYI(PPIYéIeaﬂ’ﬁIIYQFthYI?@PrﬁIWF@S)r@bt(ﬁbﬂMBicbﬁﬂ’Eo),pr ovi di ng
a substysat e; onpr|S|ng at
| east dﬁe mé?é@wﬁfg%g%gﬂgVé?;ﬁﬁgﬁﬂHﬁwﬁ?@?ﬁ%ﬁk&g%ﬁﬂhgb?ﬁgg ynmer bl ended with
t he PANI - PAANYSAYbenghesxpol yeacthartieprsdyurdtinge tigeraen) eowsbitiapetisred/ sol ut i on
onto the substrate to formthe film 5. The nethod of claim4, wherein at
| east one water dispersible and/or water-soluble host

4, A method of forming the film of claim 1, comprising the steps of:

providing a substrate;
20 providing an aqueous dispersion/solution comprising at least one water dispersible
and/or water-soluble host polymer blended with the PANI-PAAMPSA complex; and

depositing the aqueous dispersion/solution onto the substrate to form the film.

5. The method of claim 4, wherein at least one water dispersible and/or water-soluble host
polymer is polyacrylamide (PAM), PAAMPSA, poly(acrylic acid ) (PAA),

25  poly(styrenesulfonic acid), poly(vinyl pyrrolidone)(PVPd), acrylamide copolymers, cellulose
derivatives, carboxyvinyl polymer, poly(ethylene glycols), poly(ethylene oxide) (PEO),
poly(vinyl alcohol) (PVA), poly(vinyl methyl ether), polyamine, polyimines,

polyvinylpyridines, polysaccharide, polyurethane dispersion, or combinations thereof.

6. An electronic device comprising first and second electrodes, and a PANI-PAAMPSA
30  film between said first and second electrodes, said PANI-PAAMPSA film comprising a PANI-
PAAMPSA complex of polyaniline in the emeraldine salt form (PANI) with poly(2-



pol ynmer is polyacrylam de (PAM, PAAMPSA, poly(acrylic acid) (PAA), 25

pol y(styrenesul fonic acid), poly(vinyl pyrrolidone)(PVPd), acrylam de
copol ymers, cellulose derivatives, carboxyvinyl polymer, pohy@eyndoane

gl ycol s), poly(ethylene oxide) (PEO, poly(vinyl alcohol) (PVA),

pol y(vinyl nethyl ether), polyam ne, pol3g m nes, polyvinylpyridines,

pol ysacchari de, .pol yuret hane di spersi.qQn, .or conbinations thereof. 6. An

el ectronic aa%f\f%*fe@o-%ﬁf&w\[gpwaaﬂﬁﬂﬁ@fncaﬁa) QCoANHPAIPRR £uBIgRET. Warrgnhe

PANI - PAAVPSmpRQ i fodrniBa B9 iR AmR Abfioh bf #ilird Rtkhe BRtne: SPRGVIPHE Sind SatL:

PANI - PAAMPSA Til m conprising a PANI - PAAMPSA conpl ex of polyaniline in the
ener al di ne ovavatef dispersfididjor wiatehsobublle/Ho2t pbiynivia hle@d¥0 4vith Ghe PAOYIyRAAMEDA 2

met hyl - | - propanesul fonic acid) (PAAMPSA) as a counterion, wherein the
conplex is CP{S’B%é'd by the pol ynerization of aniline in the presence of
PAAMPSA, and at |east one water dispersible and/or water sol ubl e host

pol ymer bl ended with the PAN - PAAMPSA conplex. 5 7. The el ectronic device
of cl ai m 6,7 wherBicrlerhenid ¢dviee hbelainnd, whereinthecdiEin hapwi eltcincakigsigivimereater t han
102 ohm cmh8. I@_ﬁ_ﬂel ectronic device of claim®6, wherein at |east one water
di sper si bl & aélnlcg/ Wat er- sol ubl e host pol ymer is polyacrylam de (PAM,
PAAMPSA, poly(acrylic acid) (PAA), poly(styrenesulfonic acid), poly(vinyl
pyrrolidone) (PVPd), acrylam de copol yners, cellul ose 10 derivati ves,

calr b?xyvi lnﬁr poIV?@RFt;?/? qefise :qwl_a,imeﬁ, g'lhsffiolalsl)‘:ﬁlst pmﬂwgtdhlyttreih{e ami(brda?ter_( PEO),

oly(vin oho ol yvi. er L ya ol yi m nes,

Bol gvi nylywslc" N anssf?p()léfla‘lﬂﬂ/%B%IQWQXWQ&P&@E%%@%Y%%&%C@I,(E%?)P Y

conbi nat i onsldRERMIfonR acilll) oSt vasA 5@{31@0&5%(@\@@),@&%5}@&%&@%@,rcﬁhﬂbsta he film
0

has an electrical resistivity greater than 104 ohmcm 15 10.

| i ght - dffi t tderivptidesoepsbaxaviprlipelymgr, Pplyéethylene slyedDrphd¢tbdencoaide), (PEAY a
PANT- PAAMPSA, f.i | i 4 PANI - PAAVPSA f i canpri si ng. a PANI - PAAVPSA
conp ox. of Py eoRY EyRRnantietyl L BRPREHE PR i ¢

pol y( 2- acr yoB#ingpydii®] futysadchpidepriirsddhdne Biserdsi, O conbRAGE BRYeollS a
counterion, wherein the conplex is fornmed by the polynerization of aniline

in the presence of PAAMPSA, and at | east one water dispersible and/or water

sol ubl e ho 20 I . Wit he. PANT- PAAMPSA, compl.ex.. 11. The
Caht-em Lot ng. B aRriiERESE i ebBBn el W ety prag
resi stivit yhangotaingtmt han 102 ohmcm 12. The di ode of claim 10, wherein at
| east one water dispersible and/or water-soluble host polyner is

pol yacryl am de (PAM, PAAMPSA, poly(acrylic acid) (PAA),
pol y( St1¥r engs ul f}Q Hél'ﬁ-emitting diode comprising first and second electrodes, and a PANI-PAAMPSA

film, said PANI-PAAMPSA film comprising a PANI-PAAMPSA complex of polyaniline in
the emeraldine salt form (PANI) with poly(2-acrylamido-2 methyl-1-propanesulfonic acid)
(PAAMPSA) as a counterion, wherein the complex is formed by the polymerization of aniline
in the presence of PAAMPSA, and at least one water dispersible and/or water soluble host

20  polymer blended with the PANI-PAAMPSA complex.

11, The light-emitting diode of claim 10, wherein the film has an electrical resistivity

greater than 10% ohm-cm.

12. The diode of claim 10, wherein at least one water dispersible and/or water-soluble host

polymer is polyacrylamide (PAM), PAAMPSA, poly(acrylic acid) (PAA), poly(styrenesulfonic':
25  acid), poly(vinyl pyrrolidone) (PVPd), acrylamide copolymers, cellulose derivatives,

carboxyvinyl polymer, poly(ethylene glycols), poly(ethylene oxide} (PEQO), poly(vinyl alcohol)



25 acid), poly(vinyl pyrrolidone) (PVPd), acrylam de copol yners, cellul ose
derivatives, carboxyvinyl polyner, poly(ethylene glycols), poly(ethylene
oxi de) (PEQ, poly(vinyl alcohol) 14 May 2004 27 (PVA), pol yigwiayrooet hyl
et her), pol yam ne, polyimnes, polyvinylpyridines, polysaccharide,

pol yur et hane di spersion, or conbinati ons2td hereof. 13. The diode of claim

10, wherei fil mhas _ a | ectrical resistivit regter than 104 ohmcm
5 14" The dPSBS obti Rres e Bpiaor ReSRTRTH Pk P BR et PPERPHABLS ot | vi £y
greater thgphhaabitseBionl 8r colBfafibR@R:QF cl ai m 10, wherein the filmis

di sposed between a light-emtting polynmer and a high work function

el ectrode. 16. The di ode of claim 15, wherein: 10 the high work function

el ectrode nprises,. pol yani line. poly(3,4- ethylenedi,oxythi ophene); indium
tin oxide; Clgn oxﬁ“t?éh(gif Oga?f@’t]lé)l’ Wﬁ?glﬁmf‘é"ﬁﬁg'aﬂr "I‘%Q%Eg?l rﬁﬁs;t“"{%?mat rtﬁ " Ra); an
oxi de of mehaglgnfrom G oup Il11A selected fromB, A, Ga, and Ti; or an

oxide of netals fromGoup IVA (C, Si, G, Sn, Pb); and wherein the device
further conprises a |l ow work function el ectrode selected from 15 al kali ne

car 32 S A% A ReaRhr kAo BRers R e b Sttt ety Rar S 107t &
ohm-cm.

15. The diode of claim 10, wherein the film is disposed between a light-emitting polymer

and a high work function electrode.

i6. The diode of claim 15, wherein:
10 the high work function electrode comprises polyaniline; poly(3,4-
ethylenedioxythiophene); indium tin oxide; an oxide of a metal from Group ITA (Be, Mg, Ca,
Sr, Ba, Ra); an oxide of metals from Group IIIA selected from B, Al, Ga, and TI; or an oxide of
metals from Group IVA (C, 8i, Ge, Sn, Pb); and
wherein the device further comprises a low work function electrode selected from

15 alkaline earth metals, alloys of alkaline earth metals, and alkaline earth metal oxides.



