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HIGH RESISTANCE POLYANILLINE
USEFUL IN HIGH EFFICIENCY PIXELLATED
POLYMER ELECTRONIC DISPLAYS

FIELD OF INVENTION
This invention relates to a formulation of high resistivity polyaniline in the
emeraldine salt form for use in high efficiency pixelated polymer electronic
devices, such as emissive displays. The high resistivity layer provides excellent

hole injection, prevents electrical shorts, enhances the device lifetime and avoids

inter-pixel current leakage.
' BACKGROUND OF THE INVENTION -

Light emitting diodes (LEDs) fabricated with conjugated organic polymer

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

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)). _

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,
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demonstrated polymer LEDs having bilayer electrodes with long operating

lifetimes.
Despite the advantages of using PANI(ES) in a bilayer electrode of
15  polymer LEDs (as deséribed in U.S. Patent 5,798,170), the low electrical
resisitivity typical of PANI(ES) inhibits the use of PANI(ES) in pixellated
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
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since thinner fimhathigiavgcl, feBFesent invention provides an 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.
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Fig. 4 is 2 graph which shows the light output and e'xtef,nal qumﬁun
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).
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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
compc;hént 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 accbrdance 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.
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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.
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ti me woul d beblendige the PANSEAAMP KX indozeor mare witerdifyersisld add/opwatee sol uti on
| eted, the enul sion

to intiate polynerization. After polyngerization is co
of PANI - PAANFS) u@a%atwﬁ\@&% %ealmerom‘eb% HOW%%“EP“S& byygiept acet one.

The resul ting; Al i Af A t i | spersi on
into water a%ﬁ%ﬁfﬁgﬁl t at iWﬁo@#ﬁF%@b@%}%{?@g@t@ne, >to renove
unreacti nig anpdiyEgramnifoaic znd), goly@ant pyaoliddyepPydd);tacofiamidel yneri zat i on

were elimnated from PAN - PAANPSA. Suitable aniline solvents are
wat er - sol ubl ecapglvmsss. sciiviese dsgvatbies srprkexyinyl palymes poliebyiens glyeplneni cal

one. et or - sl Sns kR RO, Sy i aco by (MU0 oy YRV el ot | ET3,
R? >|il tu (r]I :a ngI h%(ﬂfﬂﬁﬁl&,?o@immﬂolﬁﬁﬁﬁpﬁ(ﬂﬁﬁ( pbSEAcchaide, Mdpdlngedhngat er with
, yl formami de (DVF) or nixture of water with
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.



ot her solvents mxable with water. Suitable oxidizer useful to formthe

PANI - PAAMPSA conpl ex incl.ude, for exanple, ammonium persul f afeMapod@si um
di chromate and ferric chloride and 30 hydrogen peroxides. 14 May 2004 WO
01/ 41230WPO HGBGIEWS00/ 32545 The resisti8ity of |ayer 60 canPEa@/useassed by,
for exanple, the r@at.l it %ﬁyr f NT PAAMPSA
conpl ex, the thi céﬂieté@eq‘gﬁﬂﬁgiy‘}é’?%&?&?s we %géﬁ?%g&d&?gggi?gggg%tﬁét her

~ conponent s i Bléndyedkif@processandy el te sane endifgrentfrom théeniliee géiventgtand of
aniline to PAAMPSA used 5 to formthe PAN - PAAVMPSA co Iex is . from2:1 to
0.5:1. Mre maaﬂﬁérﬁﬁpymwﬁeaﬂddﬁwﬁ%é%%@mﬁ@mm% b G W‘E“%‘bout 1: 1.

W have found that ng: ﬁé@@?&r f&rakg

conduct i vi tygegﬁtaongl‘ggpygé%l%bﬁggl?gﬁg AN EE%WF ecr éase pendl ng on the
~anount -angl t yiemed olstes wnnaimaﬁymﬁams (DMS@yef mtture of Svatérywpitic al

t hi cknesses for |ayer 60 can range from about 100 A ug to about 2500 A. In

one enbodi nehLNt—ﬂienertbﬁf@mamidq/ ) exmpxtarg of svaterifeethersel yeats raxably

ool ubl ouat or MiNEFe THadretsird REpSdiaiRl S BARLPAAAPS AR I LARIE P10
not lim tEdathn—pF:@lé{@@ EiétedHid BeviE M haR AR ca PRI FiEY dﬂpgfeafbﬁltﬁaﬁ (PAA),

15 pol y(styrenesulfonic acid), poly(vinyl pyrrolidone)(PVPd), acrylam de
. copol yners, ¢é dhrh-ose hiemothatp ed@aﬂiod@mtdyyerpw w{andes pblepderhyl ene

%Lgﬁ;’l ls) e S8} “ﬁyiﬁ%ﬁﬁ%&«#ﬁh@ S Tt R SR
];@&ql( e@&gl - d

Zﬂouﬁ? g:‘”gb@% é/ﬁ%str?? to form a%[%ll en %?%gﬁgiqu%ng&?lﬁﬁﬂlsg;gr 60

depends upon, %ﬂ%& Gﬁ&er ?éfbﬁabmdsyohmbﬂlee% rh&% prifably éreffepten 106

processi ng cons rations, including the nol ecul ar wei ght™ of the host

pol ymer and ohh&rﬁleSuwlehicmdssmdq:ol)j}l@ﬁs oA BANIFAANIPSPodrg bbeftind n one
preferred enbodj rrent the weight ratio of PAN (ES)-PAAMSA conpl ex to host
pol yrer (s) i pixgliaed elsoiranio deiEem 1: 0.1 to 1:9. Wiere the PANI -PAA TSA for ns
a blend yith one ARd, iPiOsRgMIRdIcan be
used to gsrepare t%@gﬁ%%qhm@%ﬁnd@w% NI (IgES) PAAMPSA i s dissol ved:

in a suitabl ﬁlaY\ﬂIeQ?ANDPAlAMPSA(ﬂWﬂff&hémeémmmﬁm stay alsb beipetiernehe host

"pol yner(s) is/are dissolved in_a suitable
The High Work Function Electrode (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



30 wat er-sol uble solvent to forma second solution, and a blend solution is
formed by conbining the first and second solutions in the deq Kegooad i o.
14 May 2004 WO 01/41230 8 PCT/ USOQ 32545 Suitabl e water-sol uble sol vents
for the fwOodl4magl second sol utions ingthe bl end-naking prorassyssyde the
same or diff egreilierdai08\einbOdinidnk (Hoe s e Bw Wodt fufi@ionfectib@é 2@5anpl e, and
I nclude, for exanple, water, mxture of water with at |east one

wat er - sol ubl etl’%ﬂsnaiﬁ@l@ Selilﬁ‘mﬂép%enifwhlé@@PCWPWQH&‘F%ISQ@I@’DW@WG(@FW 5

m xture of w _A s | f oxi de. (DMSO), or mxture of water with
N, N' - di net hyl+-GtTretr 5+=m xture of ~water with other solvents
mxable wth wat G31',a eiB‘O éaxpn'h@fuﬁé bfFlogaiie dirBBdcent MgeRANIcROMdpelyhayer 60
is useful in a non-p| xel ated el ectroni c device and has an electTical
resistivity oﬁndgxrmlmularﬂ@l—ermﬂmmumm I n anot her pref erred enbodi nent ,

| ayer 60 incl udes bl end or eéll;l end of PAN - PAAIVPSA | east one
wat er - sol ubl ewat er’X281& eé’rﬁ’?“m é EP‘E)T“'éWﬁ(;@EerSdBI é—% nd has an

electrical r 5 ohmcm
even nore prefte éP&g%ﬁ% g:g?g? jr%@%%%d %%ﬁ%ﬁmﬁb%%ﬁ@%%%‘g p% ybl ends
of PANI - PAANFﬁAmpfeepolyéﬁ-nieﬂlybxﬁ-S (pLetb&lLl&kyldxye)L]aﬁphemylmmnylem) 15 Wil e

| ayer 60 in the illustrated device 10 is un-patterned, it is .understood
_that the PANMEHARPSAR wmﬁ?rtﬁuq%pq}mﬁ@mth AR GRETEY S#P ﬁay FMPserimetepat t er ned.

The Hi gh ;gorls g??%%('}n LAAE 38880 :%P&re f}{%fs.oéat%rﬂ?fogsagﬂsp dgpterials

havi ng eI ectric unctirons sim e uséd Tn conponent

50, incl udi n@thésuitebde Bolyenersinchde, Q)Gcﬁﬂhﬂ@&h@f)olvﬂ-ﬂkﬁltﬁlélﬂﬁh@)@slp 1A (Be,
My, Ca, Sr, Ba, Ra), other netals from GrouEs Ga, TlI) and

metals from @MQSW@B@H, QB&HSS#?SORH:? Me IaééAef H@ﬁ&eébﬂ 4pmr gani c

gglt ;E ga[lse?ﬁ &r %@‘g@%ﬁ%ﬁﬁb&n% ate(drlgs%ﬂ% v r’?s esﬁf‘i?%‘?ﬁ%{\@%&%ﬂr ol um nescent

device, the @'Hﬁ%@ﬁs . Gl skd1 %8bn, T Riasrhagter, MIR.| Aﬁ@érssoﬁ5T5QIJérﬂ)eﬁg’ﬁfder abl'y
| ess than about 100 ohms/square. As such, the pi cal thicknesses for

| ayer 50 1&an Q.aWgmetstoom; ab@dparwbewlcm) abdfas lza@onm |G, Liedzley,| ust r at ed

Cubstr at o 40 B QBB CekeBhE - vsper s R RN s R el R
the emtted Idh%ﬂ)easyzamgm s&&frﬂtgpﬁ RQERz FiPMReRSIEculh, 38,1388 parent " or

30 "semtransparent' " 'material is a material that passes at least a
fraction of t(tﬂ%l),mgﬂuqumqhncmgédscupqhble Barker, &s Pat andddsMamboeast 48006 and

preferably at Phys i%ltt géj % (Hb%) Blends of conjugated semiconducting polymcrs 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.



light emtted by the light emtting layer 30 at the wave length of this
~emssion. In 14 May 2004 WO 01/41230 9 PCT/ US00/ 32545 an al t ¢f mayi2e64
enbodi ment (not shown) the | ow work function electrode 20 is trahsparent
" or senit rANPI4EBHL vvhi | e the conponelts 40, 50 and/or 60 BEBUSHAGHS. The

Li ght - Em tting Laygly6l) erhibiine &Omemt-aﬁtggﬂz@ 1awsom%auhymgmcent

mat erial, includi ng po ymer 5 and/or “nol ecul ar 11 gh-emtting materi al s.
Anong t he pr anbktuigs sueh enthedcend, thiadiszoladeriratives; ahdyansarimdgrivayives arkEDs  ar e
poly (phenyl ene vinyl ene PPV, and so b| e.deri va i ves_of PPV such as, for

exanpl e, pol MWPﬁmyfesﬁwmwwmh ama %ﬁ%?& ene vinyl ene),

MEH- PPV, a s (] mat el
10 2.1 eV. Tﬁ%ﬁﬁa%ﬁ"ﬂgyl gﬂhescrl @Hdé?aﬁ&se len ﬁgﬁ%‘%%ht No Y

5,189, 1365 (Exf@&w&lyilisad)hﬁelwommsdeﬁﬁddmtﬁmeﬁm asdmamipémdisbheed in, for
- pol y(3-al kyl t hi ophenes) as descri bed bg D. Braun, G_GQustatsson, D.
McBranch and %aﬂlplﬁp—@@&?tﬂJU&aBNeﬂt BAYZ6782 In padicplen dBo-tgtd 1 el at ed

Rasmicson. MR grdit ConBE IR fine RS SHiBhgplh SURHE ERS"

pol y( par a- phesytRRelkviss. A@ueroh aiamﬁom Appl. B4 e, 3999, B, 41 | ri ch,
and. G Leising, Adv. Mater 4,36 (1992), %&g]lts sol ubl e der’i vat :}Jves as

. descri bed by 'Jmep\faﬁognance1&1mmlmd\ﬁhdﬁth8(mtagmqommd@hmﬂemmesho&% 1188
(1993), | yqui nol j ne as cr| bed b D. Park M _.Marrocco,
ol " s, Spaticve gk Toroghen habFEfE FrES AFVIGRR Ba BN IEGHITR L | g

polymers in %%"JP%}LOE%?‘HQ?%R’HE% d@ygw Bicatig[Rigs9-useful as the active

| ayers in poI escri y C. Zhang, H von Seggern, K Pakbaz,

B. Krsabel, %ﬂ;ﬂ%ﬁ% cﬂﬁ'tdcﬂl‘vi]m&i'ﬁﬁ@m) (BYiDHBr PPé%hnts 2000, $11,¥984) . Al so

useful are blends si ng or nore conjugated pol ymers as descri bed
by H. N shi n@he@oW,orHﬁﬁacﬁheElectrRidIZORl eke and A. J. Heeger Synth Met .

48, 243 (1995 f d. 25 '
bl Loation 15 decuitbieaclagay loFEr picrngs MRRIRE e % GaEioRE e “eifi?i
P. Bum a g A. @fh@‘gﬂ{ahﬂ?%mﬁasgﬁéh C‘fk@cguﬁZKam%r‘%{oﬂhhﬂ, aﬂaqiaﬁréa&hs for use

as acti ve | ayers in poly e Sem conducting conj ugat ed

pol ynmers, nomgetslpeadhfdsgatkibjums.c Alllogsiofloti work fnociargatats, poftyasdbs whi ch
exhi bi t phot ol um nescence, and still nore spec al | 0 sem conducti ng
conj ugat ed p&rgRBlealiars W%¥‘Bﬁ“tlnﬁﬂlﬁ?rcﬂng ]ﬁﬁ%%{:]htg‘ HATRYn. e 8lse | ubl e

and processi Blg. PPkt i PPatb RS04 B8R 5 D50 H6H afr.u'sz@s,lw)%é1230
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 continuous film (full
'coverage) 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. Appl. Phys 79(1996)2745
25  LD. Parker, HH. Kim, Appl Phys. Lett., 64(1994) 1774).
Electron-injecting cathodes comprising ultra-thin layer alkaline carth

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



14 May 2004 10 PCT/ US00/ 32545 In anot her enbodi ment, the |ight-em ssive
| ayer 30 nmay include organic nol ecul es such anthracene, thi adifgaleoos
derivatives, and coumarin deri vatives are known to show

el ectrol wwoopsemce. I n addition, npl exes of 8- hydr oxy®girasbesas4si t h

6 Z?Lﬁ[‘ﬁo{*ﬁ%ﬁm&n@ e@%rﬁffpmfééw@bﬁﬁ}ﬁg@h%@w e S
Tang et al. rist g&ﬁﬁ&ne‘iﬁlﬁﬁadm?m hiveRado Beet Haderibbdby VT Caé I PCT

phenyl pyri d| ne) i um can be used as the active conponent in organic
light- enittiW@ (lﬂéﬂﬂé@ésforl(ﬁumpobgiwehglammmhaldpsbﬂ Appl . Phys. Lett. 1999,

75, 4. Th f h d
o hbst 10 bond Bt hedish ot P ANGASHEerdsr P it GOV Biey oo | 1
whi ch t hegacgéﬁgqpemﬁghfé& B%@Fﬁﬂlﬁﬂﬁé&ﬁﬂ&%@hﬁ}ﬂ &gﬂsﬁ withdut the

fac-tris| | 'uor opheny ne-C 2 trididam(1i1). (Polyrrer

Preprints ZO%edlﬁ:(riégstErEﬂp}atterﬁh@ of dve RMNKESVlagen on El ect rode (20) Suitable
. rel atlvely | ow work function netals for use._as catq:g t?a n?.gﬁrl als 15 are
the al kaline eart M@Péll'éﬁ@ﬁdaéewleﬂiﬁﬁsc%%ﬁdlaﬁh‘ﬁe bAUBHITHHYUDE are earth

tals h e f
ggaﬁplsesgfl o%%SpyafS’ naég)%lléﬂs%slﬁ%dl tﬁthtP?bxée%&gg‘gﬁg oys o ?ﬁlﬁ%}sﬁﬁgfﬂ%a?\umor

are al so kn@x\t\ﬁﬂﬂeﬁelﬁditkdiﬁc a¢vicesinckddingnfor Exﬂﬁﬁleﬁﬂﬁtosa;sefsgpﬂﬁadamors
5, 408, 1095 The thickness of the electron inj ectlon cat hi)de | ayer has
m

ranged fABm 2OcosaGLy, AlegEically mampadnalynednd ergamic i3scrpas el ﬂfe%ﬂ%ﬁ ent Nos.
5, 151 629, 5,2 90 I do, H. Shionoya, K. Nagai Appl.
Phys. Lett. #P?Lé@?f Eggiigeli@% lgt%rs " of 200-500 Angstromunits (A) is
preferred i ng@,hgy@rpaag)(gfooggg a conti nuous fi I m (full cover age) for cathode

| ayer (US. Patent 512,654; J.C Scott, Kau Br ock

Lman, R
Di Pietro, J. Sal edAnyrRentRchpads S0 $%“Se§“1A®ﬁ°nneF‘h‘-§)§ elec“i‘-’@’(aﬂf% displgy 10405 |

Par k t
Cat hodes. corf B Ries ¢ Shotdichn be 450 Prthlaind KlexadpfeC bRk BP0 0
stronti ugs anghdpas klk’dlilas@@ltﬁ(ﬁbgeﬁlvéﬁédcgjl hiexe] (8D), mipmeu) bi gliimin@mi(Al) ng

di odes with high brightness and hla%r; effici eng%t npared to conventional -
cat hodes fabri cat é‘dﬁfﬁl’ablﬂ coract pads $fh 82 heve ahel t(ﬁ’éerhP\YW proigetesibayaptt i on

Wrtrastnin | Rymickoeshar M AR BRTRREEH bt PR K SAUERPTE 1100 5

provi de si gq}hgh;@gg”aﬁr overrents in stabl lity and operating life to

pol ymer i ght emtting-14 2004
Preferably, the imensions 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,



WO 01/41230 11 PCTI USQQO 32545 di odes (Y. Cao and G Yu, PCT WD 98157381).

El ectron-injecting cathodes conprising thin metal-oxide |aye{smaaggodl so
been described by Y. Cao in PCT WD 00/22683 for use in polyner |ight

em tting WPOHERI0 By using the high raggistivity PAN (ES) | R(H&UMNBBHSbed i n

this inventi Q:Hmtact?;_rinﬁﬂg afPRicaikeNét dnlytBmbmafibR Bieébfl An RijEHbuk BbALAMbI ON
content displays without the need for registered patterning of the

PANI ( ES)- | ay @aqueowhilispersion cohtaining BANI-PAAMESA eniplexiersablenddolyblendef ul f or
alight-emtti di splay, it is.u t hat t he ese RPANI - PAAMPSA
materi & 1o 4t Bggue i b end PANERRASRSA sl SR bR S Aoy

exanpl e, PROLaRBIRifont MAROS PAAGLOKAMPL BICERTBV Nk LastleGhbdesbate) Y PUnPed

pol ymer and organi c sers, as as organic and polymer FETs (field
ef fect transwatepssiubleCand incluBader €:80npl& 2Yyatdnnixtordsad watadad 3@Gter82 useful to
connect the electrode of the display 10 to the power sqgge Hot shown)

~ can be used, sPlHblealfohgls, mixtureod wtes withoRidhanixpare of watqrayi as gol d

- (Au), sil . ' ol N .2l uni - bly,
Cont act pads "0 6 B, o ARREke bkl b R BURbNE b ™" 201 ¥
thi ckness of whahe AlEBugHMdE nbebasd, Qe SingCidiRaesdlvét as@DolfomPANIe t ot al

t hi ckness of |ayer. Preferably, the dinensions of |ayers - 30, 50, and 60

are such t haPAAMP34compled qands usdl tarcestibs PANSRAAMISA 881 i on of the

bstrate,40 not d b 0, 60 | ddition, th
Ziurr:n;?oﬁg of n?ayég\{s%",‘eo“gb‘}/‘ tg%,xg’;"ﬁﬁlﬁ%ﬁmﬁ?se&gﬂ% E‘?‘Pﬁﬁ{‘] b?ﬁ%ﬁ:ct'gﬁﬁ,lﬁgq%gngt h and
w dth el ect r@fiﬁmlthaeﬁc@sﬂy,%ﬁd%bﬁtiéﬁﬂ REchentiBS cethpdsivien aF thedamkone | ayer

30, 60 intervening between the el eCtrodes 20, 50, while electrical
connecti on dipersion wrdguebes swletore| A typical Vi@ sy thngo ix Fiom Joaadstipse 25

Fabri cati on tho he various, el emepts. ot her than the PANI,-P | ayer
of the devic 5) %%Ogﬁeé-p‘rse%lé the Wéﬁ‘?‘[' F"B’rg%ﬁﬁi‘otfgh pfg?ﬁqqréﬁﬁtfé‘aalﬂb‘%@f t he
~techni ques WA NPOANddlwhEA Bre8ér, the #C1Rast 8né BbstiPoRinérdibisBirenti8RF%
deposition, screen printing, contact printing, $sputtering, evaporation,
pr ecur sot5 polwimio 5126 (esgi Pyoceseditls puohas yiicog)ty madifisradmanelsd bkeddedr any

conbi nation thereof. The PAN - PAAMPSA fil mlayer of the present invention -
i s provided IfSHREIERYS ORPINAMCINEPR P FRHME s,  such as sol ution casting and

drop casting, scregliBichfbt BerforhitdMiYoor? Mnperature, although lower or elevated
| 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.



WO 01/41230 12 PCT/ USOCQ 32545 contact printing and the |ike, or any

conbi nation thereof An aqueous solution or aqueous dispersi oy papeosai ng
PANT PAAMPSA conpl ex or a bl end/ pol ybl end of at |east one host pol yner. and
PANI - PAANWOX01402801 ex can be nade withjany suitabl e sol venkCT/Bsiot3as5 e

PANI - PAAMPSA sol vent for the casti nmare 5 wat er-sol ubl e and

I ncl ude, for exanple, water, m xtur r and water- sol ubl e al cohol s,
m xt ur e -of %THF m xture of water with DMSO, m xture of water

wi th DVF, or f water with other solvents m xable with water.

Al t hough not necesRANI-PAAMPSA weas ariphied asinglapgocedusesimilar fodheh PANI - PAAMVPSA

conpl ex can E’:A,[)\II',3 w »f known in the
art, the thi (q:%ness g\aﬁ} \{- DF%]?can bé gﬁé d§d6®892%9§ Ig?rﬁer s the

vi scosityS scopeeifiedin mlesc@ﬁd hefayri HEH uﬁbﬁg@&rqmcéﬁvaéfwn Pfé’dei’d{ueous

di spersi on orp aﬁ SfoH Baritidb 2L h &Ryl piopRh &l foiic S6IATPAANRE AF (dvailale ok

centipose ( h, the typical weight ratio of polyner
- material (i. f51g Pﬁ(l\mwgﬂaﬁg%ﬁﬁs when present, the at | east one host
pol ymers) to sol Ve‘l’ﬂednSerﬂdﬁ%;ﬂlB(ESMfUﬁnMsSeﬁﬁt(dl%w\ﬂmetﬂnMgs&n&bﬂn such as
vi scosity no | r ol ution
for casting. CB&E’?°§&@%B%€?#?%§W?%&% ngeracg‘r)zp&@t outéh | ower
or el evatl®d 23%sbyraddimgd30 kndovateri ﬁNhlltﬁectJamng,d’amg @ 0220 aniling wap addedm can be
then be castgg, f E t nto a

Sho'the PA AP UAHS, Phésl b oA gﬁg%ma%r%ﬁe,@fsﬁtf B

support such as an anode tionally on a
substrate of l§mbwatenwasaddec S’@éﬂ!&%ﬁ%ﬂw@m@eﬁ’ AAMIPSA) sqlition ”H}dér support . The

present Invegﬁg&ausfdﬁgﬂﬁgi?ﬁh@m?@mqﬁmMéw@b&mén 08 24 %OBrseUp escRk | NY IIU fle

usi ng an anode coat ed \ a.formulatio ri nl ess

ot herwi Se spdePPsaRre To peripiisie fparodyet ﬁ‘t‘%ﬂg %ﬁﬂfacgéﬁem/“%o
13 EXAVBBES wigh aisd idQ0rkactidn thidBme) BRSUGT doxdkBuiatdr viaMecAddedthem s

prepared usi e, rence Y.
Caor et i o DARPAIOMES gy Bl bl hites. $REFiSLRER o hiEpioBhatl PPCT

bel ow. HO i wastwashedfererhtmesbys agetqsieand drisg at 40°C under dynarmc vacuum for

pol y(2-acryl aiydos2- met hyl - 1- propanesul foni ¢ acid (PAAMPSA) (available from

, 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.



Al dri ch, leaukeé, W 53201). The eneraldine salt (ES) formwas verified
by the typical green color. First, 30.5 g (0.022 nole) of 1594 MRSA i N

water (Aldrich ) was diluted to 10 2.3%by adding 170 m water. ile
stirringWQO0R43Q 0. 022M aniline was agided i nto the PAAVPSATEGRBIMA. Then,
+2.01 g (0.00 mroni um persul fate in 10 m water was added slowy

I nto the ani SA solution under vigorous stirring. The reaction

m xt ure vvas sti rrAcPAHI—PMI\Mﬁéilmtwascﬂmp-chﬂeﬂaﬁomtm w/w)o. precipitate the

pr oduct, L on

m xt ure. Olgfﬁg@gﬁé cﬁ\lex?glo‘#er ‘was can%éaw%s{n%gm tﬁ%%ﬁf{ﬁﬁné&%%\
preci pi tat e M@CG prafdewmeter (Bdpha-Etep| X00N (rvgilzhle fiem KEAdTrecor, Ra8 Jowshéd
several g WE951@4 Ogﬂﬁncﬁﬂﬂx%y%&'m ﬁaeﬂpwiaelaﬁ 1@nﬁﬁaatfonvcﬁ for 24
hours. This Exa nonst r at H\ﬁlhe | rect of PA | - PAAMPSA. 20
EXAVPLE 2 OnéV ‘(’&S fekepo Aﬁ‘o&\'ﬁ) R385 ed in
Exanpl e | WaghoWeded cidafabtediSit af@écndﬁpeﬂts;aﬁ dueamalcauadmaptmﬁlmwb@t tle. The
m xture was rotated at roomtenperature for 48 hours. The

sol uti ons/ di ¥pFPIPHhs were then filtered through 0.45 pm pol ypropyl ene
filters. D ffer enThic@xamplerdetiomsisatesthat the A A filmeasirfromi e routinely

VPSA d to th t
D2 Y PRRE R bty M RN 1 G L TG St

in water andEXADERIEdnt |y filtered through a 0.45 mfilter. 1 4 May 2004 WO

01/ 41230 14 PCT/ UsgpY (E%W\fP qr‘fhrﬁ’iﬁ I fai otRs. dr op- cast ed
froml1l%ww) soluti n/dlg ersi gr?ﬁlmg \/vaterIél The ,evmsfdrg@ckness was neasured
to be 650 nn$.890,800,ayayah dolyssisaces (Warip @@O’Yas(rﬁk?‘&iil‘vé‘l?l e from

K_LdA- Te nclor dﬁﬁhﬂd\ﬁ@mz@wﬁ% 25alsi4stic BH1E0TR ﬁibd.ﬁfedvﬁégbmédféﬂ dhgmrent , a
u doangle oLpLaction O\S A (. vag, (oKED 00, Lae AN ANPSA 111 m
dat a i ndi catthebughdtphipelyptrdpyiena siltessrdDiffecant conidentationavpPAMIereonst r at es t hat
the PAN - PAAfI(\)/Et?r'?él;' i)lregaféﬁsn& chrﬂ?éﬂlg 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 ratic 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.



10 water is anorphous (crystallinity |ess than 10%9. EXAMPLE 4 Four grans
(4.0 g) of polyacrylamde (PAM (MW 5,000,000 - 6,000,000, mvgayabbe from
Pol ysci ences (Warrinton, PA 18976) was mxed with 400 nl deionized water
in a plaswooiBel e. The mixture was yptated at room 15 t eamparsad/suses f or at

| east 48 hours- The solution/dispersion was then filtered through 1 gm

pol ypropyl enEXAMRIEEZE. Different concentrations of PAMare routinely

prepared by chan P?/QMV %S@gi

denonstrat es t_hagé%ﬁ]carﬁg?a}cfhssb%e di gg'zsr%gg go\flgltAyEﬁgggisubsequently

filtered thristighf BANRAAMPSA/PEQ (Weawastl/b Ten grans (10 g) of the

PANI - PAAMPSAegahiiifippg as prepared in Exarrpl e 2 was mxed with 20 g of 1%

(W w) PAM solUTt1on_as ared in d.at room. t.enperature for

24 hoursy. The so@aﬁ%‘ﬁsm%sswsrprw eﬁéﬁ‘gﬁg QeI UHBE Hr opyl ene

filters. TheplEiNohRdAVESHrepare@AVEREmplas 505m1s7 IbbBramﬂmb biendllgets wekeut i on.
Different blend ratips t he, PANI - . PAANPS prepared by

. changi ng thest‘bﬁ%‘g ﬁ}gtq?f%%pa‘g}e EH,&N‘PS%M @/ﬂf ﬁgk%ﬁ(ﬁﬂ?ﬁﬂ élrtl ng

sol utions i macutioyger for Of ohdupwilhg resistnsd bewatPE) planrodeswjasaeasyred and 1/ 1.

Thi s Exanpl eusﬂ*#%ﬁ%ft FlisBmct ﬁiﬁeﬁ'ﬁh? Bﬁ%%ﬁé?%ﬂllféw&mn@ﬁcpr epar ed

wth a range 0 concentratil ese bl ends

di ssol véd di Ghesielpad. Phiod4il 39)- Jadle hanov‘tsnb«'ycc@alﬁc%‘ébm IH‘%&Z@ Yeeadgh a 0. 45
m  EXAVPLE §nfxa@fiodiffereny\8lnd ea0pbégtonsd Ws RABYESA frés Tabkeihenst ead of PAM
The bl end rat| 0 of PA| PAANlneiA/ PAAMP, A vv/w) was, respectively, 110.1,
1/ 0.3, 35 1opgductivity gampgcqteplied over “denonstrat es_ t hat

PANI - PAAVPSATIR\E xavmsin demengizatesdhat m@Pmﬁmmmwswaaa@ of PAAVPSA
concentratl arémithbh&%n&ﬁ@ﬁﬁiesqadaﬂlmmdlssf&ﬁl aridveh dpe tlead 0°n wat er and

(het they e B decel, IR ] P sl gan b e IC (T 41250

i nst ead of Rkt foiipettérningithe PANIP AAMPANTbIPRWWRSA/ PEO (W W) was 1/ 1.




EXAMPLE 8 5  ass substrates were prepared with patterned |ITO el ectrodes.
Using the blend solutions as prepared in Exanples 5, 6 and 74 malyaod | i ne
bl end | ayers were spin-cast on top of the patterned substrates and
thereaft 3¥QO0pARBY at 90 C in a vacuum oven for 0.5 hour. FFUS088248 ance
bet ween |1 TO el ectrodes was neasured usi ng a high resistance Keithley 487
Pi coammet er, from Keithley Instrunent$alad. 10 (d evel and, Chio 44139).
Tabl e 1 showgubhe €H8EHE! dnditutk &ndBANifRIPANTEPAAMPS ArBlentis h di f f er ent

bl end conpositions. As can be seen from Table, the conductivity can be
controll ed over a wide range. This Exanpl e denonstrates that the .
PANI - PAAMPSABEsindndkostpaiyis  pAdjskeesy el kSedassuct i viti es | ess EiaqHieal
10-4 S/cm and eve®)l ess than(AD-5 15(wévin | Resistangef | Epiyenvity] owRepisfvit

i nterpi xel current(ifmektade can be |inited withtlsged Somhat t er ni®lgERe
PANI  PAAVPSALB) encndnel m 14 ME§0 2004 WO 01/ 41238x105 PCTA88)132545 48l e 1.
Surface resi 301 vi tyonand bul k @8hductivity of PARKIBAAVPEZ I ends BHendAOst
pol ymer Thi choess PAM rati o* 300face' Zbnducti 2Bk ect bl 6.7 x10°
(B) (A) (W w) Reed st aPwMResi stivEso (i f pr@sent) (ohdxby) (S/ 823103hm cn) 1.2x10°
100none3501. 264.082PAM10 34. 3x50R 101noh&2002. 28 288P. 2x 123105 x102 4.3 x10°
102PAMB002112083x 10HAKIX106. 7 x268 103PAVP30211528x1M0308. 2k3£M051. 2x104.3 x10*
104PAVG101/ 180@2x1082M3x10" 54. 32104 10BPAMR6412.22103% 10121900T0- 55. 3 48000°
106PAM2201/ 122X 1080M1x10- 54. 88%104 107PAVR851124104% 10" 2560004 x103 x10°
108PAAMPSA26(dgl0. 184 AxPRA1. 6x266. 3 x1080.109PAABRSAB501/ D63 *2x 1094 663102, 2

X103 110PAAVPSA23084 AMPEA5X 10880 5x10411/0.3x103 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 6.8x107 1.6x10° 6.3 x10°

113 PAAMPSA 950 /1 2.8x10° 3.8x10* 2.6 x10°

114 ~ PAAMPSA 1280 111 6.7x10’ 1.2x10° 8.3 x107

115 PAAMPSA 1740 172 2.5x10° 2.3x10* 43x10°

116 ~ PAAMPSA 3060 12 8.4x10’ 3.9x10™% 2.6x10°

117 PEO 250 11 3.0x10° 1.3x107 7.7x10°

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

EXAMPLE9 ,
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




111PAAMPSAG301/ 0. 53. 7x1084. 3x102. 3 x103 112PAAMPSA9201/ 0. 56. 8x1071. 6x106. 3
x103 113PAAMPSA9501/ 12. 8x1083. 8x102. 6 x103 14 May 2004

" 114PAAMPSA12801/ 16. 7x1071. 2x10" 38. 3 x102 115PAAMPSAL17401/ 22. 5x1082. 3x104. 3
x103 116RAGVPHAN601128. 4x1073. 9x10246 x103 117PEO2501/ 13 pRrARIds R4 07. 7

Conduct 1 vi t JIO BRRRCHT I 2 gpiet G srliB¥ea i

Exanpl e -2 weespedtively. (at roomtenperature for 12 days) with 10 g of 1 w %
PAM sol utiogmpg%ged 10 in Exanple 4 and 2.0 g of 15% PAAMPSA sol ution
(avail abl e ch) The solution_was then filtered through 0.45 Am
‘pol ypropyl ene fi Theresistange measrements ol Exsmple Bagvpgmenteds by the end sol ution

- was 33wt §6 DphreN)aft @adlspifich@SraRh tﬁehﬂend%‘NhP g{PI g epared iR 1PAM Dbl end

sol utions are repar d by changl n ncentr ns.int start| ng
sol utions. e Fondig &N&@%@E@& flgps wighed ‘z:%Fﬁﬂéhien Bf

PANT- PAAIVPSeom shtfs. a&s caﬁswsaén Mﬂié’tﬁtﬁ, akd ébrﬂﬁctha@tcaﬁ%mﬁmlda%\ABN PAM
(wWw was ch ed to

511, 1/1 MPLE 11 20
S0 o1 SHIGR Qandt disab Bedtireieinn Lipnguaaly aRies 1ans Ern g g
dei oni zed wédetriahresBtibitgobireisMhéd/l O ol Qef). 64Dbe otfaifed), With highegi | abl e

arto ofd” PR EAMR e hﬁﬁ%%%r el ERp R Bhe feb g g ™ T

sol uti ons wlestrcsl msistipitpar saepterthan 245 011171 cm)TI US00/ 32545 al so prepared in
uhl b, e cont ety Blp B EANER-YGS: PN %'i»emﬁmg%bes, (ively.
S

EXAMPLE 12 . The resi stance neasurenents o wer e répeat ed, but
the 5 PANI (&ih cprdnsitivipes %l%‘b&tmﬁm@‘iﬂ@ﬁéﬂ lﬂs%ﬂ@ﬂég ${G®ns prepared in
Exanpl es 115)(%533%0\/\5 t he conductivity of PANI(ES)-blend filnms wth

differ e{‘§ blen The resistance measurements of Example 8 were repeated, but the

PANI(ES) layer was spin-cast from the blend solutions as prepared in Examples 9
and 10. Table 2 shows the conductivity of polyblend films with different blend
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 lew that
interpixel current leakage can be limited without need for patterning the blend

_ film.
25



conpositions. As can be seen fromthe data, the conductivity can be
controlled in wde range to neet display requirenments. Condugf sy bhoyal ues
|l ess than 10'5 S/cm (electrical resistivity of greater than 10"5 ohmcn).
can be obwaimgw3ioWth hi gher 10 concerg rations of PAM i n tieT/bsenesdst he
conductivity dropped below 10-6 S/cm (electrical resistiyvi tzl of greater
‘than 10- 6 ohrhable)2. BulkrmissuHkeangsistanksenfon BANI(ES blends wirkndifferent gommesitions ard
can be prepatlidknesst h conducitivities |l ess than 10"5 S/cm and even | ess
than 10° S/cm EXAVPLE 13 15 The resirstance neasurenents of Exanple 8 were
repeat ed, but £n§§)5*l S |HAn &8s ciNignd inPNS as
prepared in ms f;Magd 1%%%%%?53 g?dslﬁﬂo)hws %%&gg%ﬁiﬁﬁty(ﬁﬁwbl end

f||rTB Wt 1:fICI CTrt T CTITU bUIIpUDILIU[TD, L 1IcT bUIIUUbLIVILy vdlil Ut
controll ed over a wide range of values. This Ex £ d jrates that the
PANI - PAAMPSA bl end¥08si ng 20 PAANBSA/ Pﬁ\ﬁ"algfhoéig‘g‘gl ng@)? -an bel';dﬁlgpar ed
‘with bulk conductivities less t#8n 10"50dPcm &% % i edg*lhan 10-*4Pcm and
- for specific formulations less than 10" S/ em The .conductiyvities of,the
PANI (ES) 1®1 ends &¥® sufficientl %Ogloow t Hef®x10j nt &5p1%el S %&nt | elaﬁi‘égg can
be linmted without need for pati¥ning %%OLI eRdx1¢i | m3 7380714 ved7d804 WO
01/41230 18 PCT/ USCQ 32545 ' Table 2. Bul k ans surface resistance fo

 PANI (ES) bl ends W-¥h different ¥fposithdg an§4xit ckdesi0 Rati o-bl0host
pol yners* Thi ckness R(ohm) ** ohtfi08q CorfefrdPi vi 8ypxHesi s2i®ity 5 FAPS/ PAM
(A) (S/'cH) (ohmcn) 10 15 20 25 1.510.5.21009. 8xl 065. 2x1089. 0x1011. 1x104

10001. 0x1085. 3x 1081 . 9x105. 3x10416200208011x4%° 10?93532}0“ 5:06&01‘;0- 51.%651@3)4
13003. 9xI 072. 1x1093. 7x10- 52. 7x10400. 51 216801, 2% #6YE" 4x 6630Y" 3x 10t-5%101x 106

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
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in 10x10 configuration EXAVPLE 14 Light emtting diodes were fabricated
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EXAMPLE 15 10 The resistance neasurenents of Exanple 8 were repeated using
comrercial l'y avail abl e poly(ethyl enedi oxyt hi ophene), PEDT, poj4mhengos

solutions available from Bayer AG (Pittsburgh, , PA 15205). Table 3 shows
t hat the WPAWBE) bl ends prepared byt his invention (see E‘@(WEZW yi el d

Ex[a%?tra \iVISt QTMCC? r%?%@eﬁiﬂ@%gﬁ%ﬁc\éﬁ%gg{}l Vi F Oy@%&%ﬁ&ﬁ@r{sgg h| gh t (EE) >

used in -passi 3 .
current will lead to cross- talk and to reduced eff|C|enc 14 May 2004 WO
01/41230 5 10THse Mpiéperd PUTkNSO0/ BF545 Tl e Gondustivityie QSlsmdty

conducti visty of new PEDT- PS@{PM)corrpe(n&l)son(Momh) PAdlirplsg) (S/emd TypemSmn

speed Thi ckn€SSRFRS CONAUCITVITY RESISLIVITY ( H PM (A ( Mbhy) (MohnT sq)

(S/cm) (ohm PSS60028 2 2

80025000. 311?%%%%@%0134 2x10%2000%§ %22 ghLP 33. % 6&3% ig"}gz

140017000. 3819. 43. 0x10- 33. 3x 13 200 b. 4 0- 34

~ 400010000. 7741. 02. 4x10" 34. 2x102 PEDT- T8860010000 168. 51. 2x10- 28. 3x101
10007600.10910. 11. 3x 10-27. 7x106 PANKIOBS) 100321009 7% 229, 8:9x167 51. 14x1¥4

bl end2000150029. 015504. 3x10. 52. 3x104 3000120084. 044801. 9x10" 55, 3x104

40001000100. 053001. 9x | 0 55. B400l04 R700r esiG3gnce I9et ween 3t0ad03adj aBBr10%4 TO

lines in 10x10 configuration2ggon Neges30 0.57 30.4 2.5x10°  4.0x10°
4000 1000 0.77 410 - 24x10°  4.2x10°
15
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.




ohns); Rs: surface resistance (in nega ohmsq) 30 EXAMPLE 16 Exanple 5 was
repeated, but the host polymer was, respectively, poly(acrylirmagboos

PAM car boxy, pol yvinyl pyrrolidone and pol ystyrene (aqueous enul sion)

i nst ead oWoORAMMI23PANI - PAAMPSA/ host polyjer sol uti or | / di sper seaeusoosss4pr epar ed
as indicated in Exanple 5. 35 EXAMPLE 17 The devi ce neasurenments sunmari zed
in Exanple 14 were repeated, but the PANI (ES)-blend | ayer was spin-cast
fromthe bl end sol utions as prepared Tible Exanpl es 5 and 16. Table 4 shows

the device perf or FerisiEnaite bffdevideaibticat@ dith| diGBRcROP ARI(ESY blehligs Wi th
di fferent host poI ynmers. 40 Th| S Exarrpl e dermnstrat es that the use of

PANT- PAAMPSA™ AL BT tr—
b §#<é$gnl SR ol by

signifi ngr::t ly hig ertie¥5f| Ci ency; th| s hi

because inter-pixel current Ieange has be

usi ng the hi

May 2004 WO 01/41230 21 PCTI US00132545 Tabl e 4. Perfornmance of devi ces

fabricated wWPAM@P9Akrent PANI (ES9 bl ends#3Bost poI yfBr Perfor#dnce at 8.3

mA/ cn* I\DQEI’W(QWOQ&)I’EMWPAI\/( 3002) 4.9 3.516.3 4.1 450 PAM 2083A)** 4.3

3.1 4.5 3.3 poly(acrylic acid)(300A) 4.4 3.7 7.0 5 0 PAMcarboxy --- ---

--- 0.04 1%&8@&9{@3&9}(@3@@%} dongg. 6.3 1.971.3 0.6 7pol ystyregg(aqg.

enul sion) 6.1 * Best device from5-10 devices **

Concent r at edPAk/I ter maki ng_the blend_sol ution, some solvgnpy was
z’%rRe S

renmoved ol ution nore viscous, and thereby provide a thicker
film. EXANPLE 1
polyv mylpyrrohdone . 6.3 1.0 1.3 0.6
polystyrene(aq. emulsion) 6.1 0.6 c.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



The device measurenments summarized in Exanple 14 were repeated, but the
PANI (ES) | ayer was spin-cast fromthe blend solutions with dlﬂﬁggggm

PANI ( ES) PAAMPSA/ PAM rati os (see EXAVMPLE 11). Table 5 shows the device
per f or TaNt@UBHBEDs fabricated from (2l yblend films with FGERASIPANI 30
PAAMPSA/ PAM rati os. The higher efficig my correlates well with higher

resi stance in the }P hﬁﬁ@e(o%ﬁ)eﬁ ﬂ%ﬁ&fﬁg@%?fggg{%g)b kgl ency is

obtained with the Nl g ~resistance I'n end Iayer
because t her Losgme kage. 35
WO 01/ 41230 BA! AVESAIAM , by u500/§ ; BA/BY fo%nce of
devi ces fiabri cat e@V/EYDf ferent PANT(ES) Vbl end&ﬁ(ﬁ’) cd/A

PANT( ES) PAANPSA/ PAVPer formance at 8.3 mA/ cnP (wiw) VQE(% cd/ Al m W

1/.99. 15. 010. 73. 7 WH35. 65. 012. 67. 1 1/ 29.124. 959 07. 8 1A8.755. 24. 837, 17. 3
1/04.64. 411.68.0 1/5 EXAMPLE 19 The deyibce nsgdsur enenfi3.ésunmmar i Zﬂd in

Exanpl e 14 were rgpeated, but 59 4.9 13.0

pol y[ 5- (& (3, 7-di hyl octyl oxy) pheny phe ene-1, i nyl ene} 3( DMOP- PPV)
and its 1;bandom comtgl ymer with DI\/DPPgl)zwer ei%ﬁsed ms%%d of DI\/]é3 PV. The
device performanceé data are listed in "?abl e 6. 20 Thi STEXAMPLE denonstr at es
that di fferen%—ee#e#—&e&—m%ee%——%&nge—e%e)—e&n%&e—#a%&rea%ed usi ng
. PANI - PAAMPSA as the hole injection |ayer. 25 30 35 Tabl e 6.

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



‘Devi ce performance of different |um nescent polyner on PANT(ES)- PAAMPSA

el ectrode Pol yner Conposition EL peak p05| tion Device perforanmgy 2004 or

( DMOP- PPV) n_ ( DMO- PPV) m( nm) VI uni nanceef fi ci ency nin(V) (cd/ n2) (%
10005105.8001/4230 een 9825304. 8. 1303. 2¢el | owi sh- gr een 50503RA6USHATHAS Qor ange

. 01006103. 31603. 9red * at c t density.of 8.3 mAl¢c NPLE 20 The

devi ce of ExCamiast 19 Qe\’/?tﬁgs‘@ﬁ&gﬁg ﬁé‘ﬁé‘e %Vé‘?""g‘l% S OESRERT ched by
~1JV curable ﬂmsxa,mghelfhfe:@fmielﬂahe&\dﬁvﬂﬁﬂmmayaremmsmaﬂt current
of 8.3 mA/c @%Sﬁﬁy 2% 50, 70
and 85C. Th(;i? Wﬂﬁg rrelrc\'t%; g%ghﬁ%taﬁg(szmw ce %Oﬁ" lglﬁéqfu%hm nance of
- appr oxi mat ellyapmﬁdmwahglvgmecmrcm dapy tgﬂlc@te@atsﬂb\m and859G,¢bet  out put
(curve 5%0) @ [ on at 85 C 1In
14 May 2004 V%gsféﬁﬁlﬂolgg ???USOOlé%&agé%ér??%gsmto g\a/tlmées with I TO as
anode, whi cEx¥@pplaigd sipsstifp argopptepparaturg tvag fetegnined to tpapprovimaili f | i fe of

the devi ces 49,60 Houes. 1 TO PAAI\/PSA bi | ayer exceeds 450 hours with a very |ow
. vohage increase ( | ot s of | um nance decay

. gg// hour% From Ahr enni us szl
. and vol tage i ncr 48 %?%EF’@&‘IQQS at Foprg tenpasesure; 1Rt BUPEper at ur e
accel er at i oncliaetc00) amisvodiagd ﬁi&fﬁﬁ.de &mrdbesmaat thé Operdtioisat 26P€. Agxhsi bpol at ed

t L, f t det erm,ned t b I 40, 000
hours. Al. SRR AT It R e o TR B SRR ¢ 1 gt
out put (curapprcﬁ:ﬁlﬁ;ttcbmﬂ%ol‘hag@ltagednﬁe@e ifleerrthan 810)m¥&howhe operati on at
25C. As b i gh

can be 1§E§£}ng1@ d'éfngnst?atesatiﬁtﬁbp %g&% J%ﬁ%%bﬁlgeggﬁl; %c%l?xﬁelj | ght

out put has decreased oX1 ma e volt ease is
| ess than 0.LEDSfabricated ﬂ%wﬁﬂf@eﬂéﬂﬂi A@ess that long lifetine can be
obt ai ned f orgAMETH 21 LEDS fabricated with hi gh resi st ance PANI (ES) | ayers.

EXAMPLE" 21 I5 EXxamples 14 and 20 were repeated,. but the hi r re5|stance
PANI (ESI> Er;pamples 14 and 20 were repeatedpbut the higher resistance PgAq\lI

PAAMPSA biend (Example 9) was used for the hole injection/ layer. Fig. 7
shows the luminance (curve 700) and voltage (at constant current) (curve 710) vs
time during stress at 16.5 mA/cm2 with the device at 70°C.
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 prepared 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.



PAAMPSA bl end (Exanple 9) was used for the hole injection/ layer. Fig. 7
shows the |um nance (curve 700) and voltage (at constant currshiay @004 ve
710) vs tinme during stress at 16.5 mAcn2 with the device at 70C. This
" Exanpl e d¥RMPhtes that long lifetiZe, high perfornmance XrHEPMPISS20 can

be fabricate tzge PATH- PAAMPSA/ PAM bl end as hol e injectionl ayer.
EXAMPLE 22 s repeated, but 1.7 g of PAM (Polysciences, MW,
4-6M) was added ngpmnwelmdmwmlmme fabxicated, ea«hmemﬁﬂ@w@né
stirring andss &ARLE 5@%nuéenqﬁo%1£ﬁ¥£w&§dﬂﬁmr A3Ghkie ﬂ@liﬂak”e the
reaction mxture her™ s S were the sanme

oxi dant was. added
as Exanpl e 12ddpe F‘?SJNF‘(? oy display,aPhgtesraphs af dhg yesplling grsgian e idtﬂ’we‘hmz was
pr epar ed 5di rhgm yménmecnqilwerzﬁieh@m uﬁmejatbspa@bu&dpewtﬁas m@iartﬁ;ﬁtgns (for

The Tesul 11 i BotAisr el foedpihe bulf iatiop 15 56 RIPIRRTE SR89 8005, Pour <

in a plasti cesistanes PEDT 13djke(renitivityapprasndtelyteqnaldo 200 chmeaghsueh@hat5 m

- filter. The QullGEoRDNCHIY I:é‘lmg]}xf @m%gﬁ;{}o{lkrla%l Eb %Oﬁ%ﬁlfgf g[%g‘}i‘iéﬁr;?ay ;ﬁesu' ting

aqueous di spersion was neasure rox1 mat e

three order SFigf membkh@hywslﬂhWWﬁPWﬂ@tﬁW%ua tof4,099rre
i g o ad e e A e O ter (see”
" Exanpl e 5). b %hesds%i égd;éﬁ?’ﬁﬁéthiglgé%eslsﬁéﬁ:e? @19@@%@9‘@9%& st ance
PANI ( ES) - P/mmﬁﬁ rbkﬁ?rmﬂcl & S0,000'6teh-2a1) sdeh gt the registancei ngl e
process. NE%/ ZOO?ﬁV\D‘(,c ?41230 é% &@Téoled %2545 EXAr\I\/PT_E 23 Three

passi vel y ad’ %cgé:&‘ﬂ?%sp PIRYBAE Yy o ch with 96 rows and 64

col ums. The gap Amadmmtrhf&d)xmﬁigu&a;mﬂvmm«gms Petwicaytaupng gherads

addr ess [ fing em ssion are

di spl aygg | %@?@h{i&%ﬂé %k ﬁﬂ?%@%%@{)ﬁam enfical in every respect
except. for the (lég'ﬂsﬁ xeselutign anﬁfclmﬂﬁﬁﬁéhmhy @s@@amaslmteﬁ@bréhﬁ nj ection
ayer. The di spl aYerbiy fajd gﬁ&ﬁﬂﬁ?%e%dp@i#m'ﬁé'S%t@ﬁﬁﬁrﬁg@zothgﬁ‘é%g%lj\gz' stivity

approximately equal to resi stan
col utms was approﬁWéh?dléﬁlaEGDFEh%doeﬂﬁ'@tm*ﬁ#ﬁlﬂ‘Pfﬁss"tﬂkd’ oblsihad a

PANI (ES) pol ybl gdricemmeichdéyestithé mwhy(mgmmmrme&as rédli¢all by ehet, 000 10

ohm cm Buch t hat 1ne$-p5:??ie%f(§grécc%rre§tt ween col ums was approxi mately 400, 000

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. |



ohnms. The display in Fig. 8c had a higher resistance PAN (ES) pol ybl end

| ayer (resistivity approxinmately equal to 50,000 ohmcm such that the
resi stance between colums was approxi mately 5,000, 000 ohns.14Aday 2004
denonstrated in Fig. 8a, with 20,000 ohns between colums, there is 15
significant cross-talk. This cross-talk 3ad two inplications: (i) The

resol ution %Afﬂ rity of the display (Fig. 8a) was limted by the
cross-tal k. that the display in Fig. 8b is inproved conpared to Fig.
8a and the display in Fig. 8c does not exhibit the cross-talk problem (ii)

nter-pi xel T eachb Conhe whicotorare SPRNEPRANTR Aot e tvandai ol oy

required norge @wﬁﬂmé Bt ForinD@ANTY @b R abiflabli®-1 MeRill 1padpaktisSiRinayacldyi 9. 8¢)
wher e the cross-tal k was negligible. Because of inter-pixel current
| eakage,” t hdP 4P YEIS4Y asheRNpteren P!f#*@femélaf temlex is foppgd;byit @rﬂ?@wzetwﬁpéwm ely

hal f that ofinteGredlrRbAYAANPYA, bl af ekt o&qxatJfaﬁpe’réue%&y&tw&.sbmbefh&tC' ency
due to inter-pixel |eakage current can be a factor as large 3-5 tines

dependi ng orpobvimer blepded it thaRANL-BAAMPSA pereplely and pi xel size. Using these
data, it was estimated that displays fabricated with a PANI (ES.) pol ybl end
| ayer with resistivity in range from 104 ohmcmto 105 ohmcmw ||l not be
subj ect to % eduldedilmff tleieh byvifig amldctricalregitiviy gﬂeﬁakh;g:elOf:uhnnemt 30 This
Exanpl e .denonstrates the inportance of using high resistance PAN (ES)

pol ybl end for the hole injectionlayer in passively addressed polynmer LED
di splays. 1% Ivamlema@fa&na,whbﬁm aileas@\oﬁb%ﬁtcﬁ%m& antlorvarendohibs Hagr a

PANT- PAAMPSA conpl ex. of pol e i t rreral dine salt form (PAN)
with pol y(23’8£yi“§r}?§r?ﬁ}ya‘672“#ﬁ’é?ﬂ§¥ '}@,@E%%ga],y mic2ddilpss (PAAMPSA) as a
count erion, ﬂM}@d’tﬁbﬁbsﬁlﬂﬁw@@lﬂp |p$1>§'(\hr§(l Pﬁfdﬁﬁ@he?ﬁ)\i}*&? BRI o agl cefim&ei | ne

in the presence of PAAWP east one water dispersible ‘and/ or

wat er - sol ubldsriyasges, C%PHXVWEYI PB!WE@@YWWF?“@ BecanoltaplEsAxdshFESY. 2. The
fi1mohyscl aiglvlyipalbRth @9 AT BB by At Pahetf, by binpERkAheL han 102 ohm cm

10 3. The fi'lmotf™ clail east né waté i spérsible and/ or
wat er - sol ubIP@lmms'tp}’HMSyﬂ’rﬂ'ﬂ’sa%harpbl Brdorsphaaeiligeerdidaan) corbhanmShergpdl y(acrylic
acid) (PAA), poly(styrenesulfonic acid), poly(vinyl pyrrolidone) (PVPd),
acryl am de copol yners, cellul ose

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-



derivatives, carboxyvinyl polynmer, poly(ethylene glycols), poly(ethylene
oxi de) (PEO, 15 poly(vinyl alcohol) (PVA), polyvinyl nethyl ether),

pol yam ne, polyimnes, polyvinylpyridines, polysaccharide, palnyayzioaane
di spersion, or conbinations thereof. 4. A nmethod of formng the film of
claim1l, conprising the steps of: providing a substrate; 20 providing an

aqueous di spe solutjon co |sin t | as one water |spe sible
and/ or wat &FY ia(‘ﬂl%’oé E’e%]ts 'pIﬁ’BTrS‘? mﬁlaﬁﬁb@éweq ) @R SRR E‘corrpl ex;
and  deposighiy gxisfrem?e%?%o%%%ﬁh eflﬁrﬂﬁ!elﬂﬁfhepre%woﬁmmtaﬁ@meakp form

the film 5. ?he met hod” of clai m 4, wherein at | east one water dispersible
and/ or wat emne velendibpersideand/op @dagcnsﬂuhlfshqsmmw Yleaded aiath (HRAMNI-BAMNPSA,
poly(acrylic %%%d) (PAA), 25 poly(styrenesul fonic acid), poly(vinyl

pyrrol i donéf acryl am de copol yners, cellulose derivatives,

car boxyvi nyl polyner, pol y(et hyl ene glycols), poly(ethylene oxide) (PEO,
pol y(vi nyl al cohol) (PVA), poly(vinyl nethyl ether), polyam ne, polyimnes,
pol yvi nyl pyk i di riée elepmn}'«s@wh}h af ¢ldm, 6, pbérgmitles Hories 2 elgpbicsi resistiviy greater
conbinatioqg Qereof . An el ectronic device conprising first and second
el ect r odes, %ﬁ} N1 - PAAMPSA 30 filmbetween said first and second

el ectrodes, said PAN - PAAMPSA film conprising a PANI - PAAMPSA conpl ex of
polyaniline in the eneraldine salt form (PANI) with poly(2 14 May 2004 26
acryl am do-82 netTWIeleCﬂrﬂryzl}r dsyisn e BUdifnd Wberaipiatilpast mmA)Spasibla agdfornwatert on,

wherein th f d.b th
bresence. ofoBRRTRLRvR® BVRDuRat AR X ISRk et D vt er
sol ubl e howym}rmaﬂfomc%ﬁ oM{vity1 bRELLBAN) gﬁ%ﬁw&@mﬁ&r&%%ﬂé cdiidsbe

el ectronic device of claim wherein the filmhas an el ectrical
resi stili tﬁegvaéla@Se%rqumnylmlzn@hmlcy(ﬁhysme iveolw) rodyiethiiene oide) EEOBf cl ai m 6,

wherei n at st ,Q er ar . wat er - sol ubI e host pol yner
i s pol yacr)Plog "“a‘/‘a @)&W’%&Rﬁ/@@ﬂ‘% egger P?lcY, 35’1

pol y(styr eI’pelizuinirlpﬁlhdin@ppcﬁ@saccﬂ@idﬁ,(pﬁlﬁsyéthaﬂb’ EhTslﬁHm&Q BxeaonbEM?&a)s ,the?ééfw am de
copol yners, cellulose 10 derivatives, carboxyvinyl polyner, poly(ethylene

gl ycol s), poI y(et hyI ene oxi de) (PEO) poI y(vi nyI al cohol) (PVA) pol yvi nyl
methyl etngy), PAIYRAIAS: oRkYHIS uheBR e MLPY hlnes oty sRGENAT | de,

pol yur et hané dlsperS|on or conbi nations t gni ¢ device’
of cl ai m 6,thanhief ginctnhe fil m has an el ectri cal re5|st|V|ty greater t han
104 ohmcm 15 10. Alight-emtting diode conprising first and second

el ectrodes, and a PANT- PAAMPSA film said PAN - PAAMPSA film conprising a

PANI - P%I\/P%ﬁ\ Cor@ligﬁ-e%ttiﬁ)é)éix&ncjoupﬂgné Hrst 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)



the eneraldine salt form (PANI) with poly(2-acrylam do-2

nmet hyl -1 - propanesul fonic acid) (PAAMPSA) as a counterion, wherein the
conplex is formed by the polynerization of aniline in the prasasczomf
PAAMPSA, and at | east one water dispersible and/ or water sol uble host 20
pol ynmer bl ended wi th the PANT- PAAMPSA cddipl ex. 11. The light-emtting di ode
of claim 10 erein the filmhas an electrical resistivity greater than
702" ohm cm Y3 e SR LR Boas. RRParnP LT PRGN BoEp g ce

di sper si bl gofmethiRihe ¥WaleBfions &f dbBIbMalidRkherdd@l ymer is pol yacryl am de (PAM,
PAAMPSA, poly(acrylic acid) (PAA), poly(styrenesul fonic 25 acid),

pol y(vinyl pyrrolidone) (PVPd), acrylam de copol yners, cellul ose

der VAo, Co o ot Bl R R LM S LS B e

et her), polgwgm@dme, polyi m nes, polyvinylpyridines, polysaccharide,
pol yur et hane di spersion, or conbinations thereof. 13. The diode of claim
10, wherein the filmhas an electrical resistivity greater than 104 ohmcm

L TP A Pl DA LRl 1

di sposed beimweegn a light-emtting polyner and a high work function
el ectrode. 16. The di ode of claim 15, wherein: 10 the high work function
el ectrode conprises polyaniline; poly(3,4- ethylenedi oxythiophene); indium

tin oxide; ;an oxjde.of metal fram Gqup LIA (Be .Ca, _.Sr a, Ra); an
oxi de of rrel?) al sx#hre?l’ﬁ%&pgﬂ%”q 1I%I’ ﬂg%rglflé}iﬁfgﬁ B élﬂ??f%%eﬂew@%ﬁﬁ'ﬁﬁﬁg ?O?H?er an

oxi de of nmlahihivoauERHRIEMANe(C, Si, Ge, Sn, Pb); and wherein the device
further conprises a | ow work function el ectrode selected from 15 al kaline

earth netals, alloys of alkaline earth metals, and alkaline earth netal
oxi des. 16.  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.





