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20 In their most elementary form, these diodes employ a layer of conjugated
organic polymer bounded on one side by a hole-injecting electrode (anode) and on
the other by an electron-injecting electrode (cathode), one of which is transparent
to the light produced in the conjugated polymer layer when a potential is applied
across it.

25 In many applications, especially in displays, arrays of these diodes are
assembled. In these applications, there is typically a unit body of active polymer
and the electrodes are patterned to provide the desired plurality of pixels in the
array. With arrays based on a unit body of active polymer and patterned
electrodes there is a need to minimize interference or “cross talk’” among adjacent

30  pixels. This need has also been addressed by varying the nature of the contacts
between the active polymer body and the electrodes.

The desire to improve operating life and efficiency is often seemingly at
cross purposes with the desire to minimize cross talk. High efficiency and long
operating life are promoted by the use of high conductivity contacts with the

35  active material layer. Cross talk is minimized when the resistance between
adjacent pixels is high. Structures which favor high conductivity and thus high
efficiency and long operating life are contrary to the conditions preferred for low

cross talk.
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- thick PANI(ES) layer with thickness ~ 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 10* ohm-cm to avoid crosstalk

and inter-pixel current leakage. Values in excess of 10° ohm-cm are preferred.

25  Even at 10° ohm-cm, there is some residual current leakage and consequently
some reduction in device efficiency. Thus, values of approximately 10° ohm-cm
are even more preferred. Values greater than 107 ohm-cm will lead to a
significant voltage drop across the injection/buffer layer and therefore should be
avoided. To achieve high resistivity PANI(ES) materials with resitivities in the
30  desired range requires reformulation of the PANI(ES).

Thus, there is a need for a formulation of high resistivity conductive
polymers such as PANI(ES) for use in high efficiency pixelated polymer emissive
displays. Conductive polymers with resisitivity greater than 10* ohm-cm is
preferred; more preferably in excess of 10° ohm-cm; and still more preferred in

35  excess of 10° ohm-cm. To be useful in polymer emissive displays, the high
resisitivity conductive polymer layer should give long lifetime without significant
current leakage between neighboring pixels.
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20 ‘depending upon the context. The terms “conductivity” and “bulk conductivity”

are used interchangeably, the value of which is provided in the unit of Siemens per
centimeter (S/cm). In addition, the terms “surface resistivity’” and “sheet
resistance” are used interchangeably to refer to the resistance value that is a
function of sheet thickness for a given material, the value of which is provided in
25 the unit of ohm per square (ohm/sq). Also, the terms “bulk resistivity” and
“electrical resistivity” are used interchangeably to refer to the resistivity that is a
basic property of a specific materials (i.e., does not change with the dimension of
the substance), the value of which provided in the unit of ohm-centimeter (chm-
cm). Electrical resistivity value is the inverse value of conductivity.
30
BRIEF DESCRIPTION OF THE DRAWINGS
Certain embodiments of this invention will be described with reference

being made to the drawings. In these drawings:
Fig. 1 is a graph which shows the fraction of “leaky” pixels (in a 96 x 64
35 array) vs thickness of the PANI(ES) layer.
Fig. 2 is a schematic diagram of the architecture of a passively addressed,
pixelated, polymer LED display.
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: DESCRIPTION OF THE PREFERRED EMBODIMENTS

While the formulation of the invention is useful in non-pixelated as well as

200 pixelated electronic devices, the advantages are especially applicable in pixelated
devices, such as, for example an electroluminescent display.
DEVICE CONFIGURATION
As shown in Fig. 2, each individual pixel of an organice electronic device

100 includes an electron injecting (cathode) contact 106 made from a relatively

25  low work function metal (for example, Ca, Ba or alloys comprising Ca or Ba) as.
one electrode on the front of a photoactive organic material 102 deposited on a
substrate 108 which has been partially coated with a layer of transparent
conducting material 110 with higher work function (high ionization potential) to
serve as the second (transparent) electron-withdrawing (anode) electrode; i.e. a

30  configuration that is well known for polymer LEDs (D. Braun and A.J. Heeger,
Appl. Phys. Lett. 58, 1982 (1991). In accord with this invention, a layer 112
containing at least high resistivity layer of conductivity polymer such as PANI(ES)
1s interposed between the luminescent polymer layer 102 and the high work
function anode 110. Cathode 106 is electrically connected to contact pads 80, and

35  anode 110 is electrically connected to contact pads 82. The layers 102, 106, 108,
110, and 112 are then isolated from the environment by a hermetic seal layer 114.
Upon application of electricity via contact pads 80, 82, which pads are outside of
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?,S st ty Laye D(epen tng upon the application of the electronic device 100, the

photophotoactive layer 102 can be a light-emitting layer that is activated by an
applied voltage (such as in a light-emitting diode or light-emitting electrochemical
cell), a layer of material that responds to radiant energy and generates a signal with

20" or without an applied bias voltage (such as in a photodetector). Examples of

A photodetectors include photoconducﬁve célls, photoresistors, photoswitches,
phototransistors, and phototubes, and photovoltaic cells, as these terms are
describe in Markus, John, Electronics and Nucleonics Dictionary, 470 and 476
(McGraw-Hill, Inc. 1966).

25 Where the electronic device 100 is a light-emitting device, the photoactive
layer 102 will emit light when sufficient bias voltage is applied to the electrical
contact layers. Suitable active light-emitting materials include organic molecular
materials such asanthracene, butadienes, coumarin derivatives, acridine, and
stilbene derivatives, see, for example, Tang, U.S. Patent 4,356,429, Van Slyke

30 etal, U.S. Patent 4,539,507, the relevant portions of which are incorporated
herein by reference. Alternatively, such materials can be polymeric materials such
as those described in Friend et al. (U.S. Patent 5,247,190), Heeger et al. (U.S.
Patent 5,408,109), Nakano et al. (U.S. Patent 5,317,169), the relevant portions of

5
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cont ai ns segnents of t-conjugated noieties. Conjugated polyners are well

known in thBaphthalqngegnthracene, furylgne diewdenpeopXadiizele, and the lige 798¢ 9hd R.

SiIbey eqt. . yKl HWEfes with functionalized substituents at various positions;

(iv) derivatives of poly(arylene vinylene), where the arylene maybe as in -
(iif) above, substituted at various positions on the arylene moiety;

(v) derivatives of poly(arylene vinylene), where the arylene may be as in
(iii) above, substituted at various positions on the vinylene moiety;

20 (vi) co-polymers of arylene vinylene oligomers with non-conjugated
oligomers, and derivatives of such polymers substituted at various positions on the
arylene moieties, derivatives of such polymers substituted at various positions on
the vinylene moieties, and derivatives of such polymers substituted at various
positions on the arylene and the vinylene moieties;

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

(viii) poly(arylenes) and their derivatives substituted at various positions
on the arylene moiety;

30 (ix) co-polymers of oligoarylenes with non-conjugated oligomers, and
derivatives of such polymers substituted at various positions on the arylene

moieties;
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moi ety; (v) deri (Balt)ln\gaisrodfpoﬂwhgré anahl aspely(p-phéreyieap;2 &vbem@btslﬂaamieﬂ ene may

be as in (iil ove t|tu ed at_ varjous i,ops on t nylene
moi oty 20" (YRRt ar oY ER FohgE BRED e De S ol

non- conj ugat geh their i fves; 88 dRikd vatives of such polymers substituted at
various positions on the ’arylene nvieties, derivatives of such pol ymers

substituted at vaMowspepﬁ‘Eaﬂy,cthSphntoadtﬂvematamlsemw moludt ibesareand deri vatives
of such pon IS subst d at i tions. on the arylene and the
vi nyl ene noi Brigd o @@Y@W en&a}ny bﬁ’ﬁ?(y P%Cﬁ%@(mé}h%eqvtaeveﬁeqf AR

substi t ut ed S <O udi ng | adder
pol ymer deri \?/c;rate?(%/ﬁe1 l%s °12@Z‘§“£"’8§?§f 9(9*916%%} 216?% n@%%ghgﬁer i ke;

(viii) poty(avigEHePRE (Iannd:dtSteties Pakent NaitS L@sl%mlinHAkRIéd isdlsovar i ous

positions on the arylene mojety; 30 (ix) ¢ nmers of oli rylenes with
non- conj ugat é"EFa%ﬂ‘ied’Gﬁﬁ ¢ mategigh (Cygh quga?tlaxll’eISEgA‘ngfb atgin Wﬂé(g{?ﬁgtl tuted at

vari ous posi bbp0ss A Ll 1t Afns TPLICS ARG, W0 83( A0 B PRS0/ 16189

(x) polyquinoline and i'ts d yqui nol i ne
wi t h p- phenytheren. }arlﬁhmmeseent&snjmgwedgolymt whldhlaze mjulﬂelmwmmon ()rgam)c rigid
rod polynmers such as pol y(p-.phenyl ene 6- benzobi st hi.azgl e)

pol y( p- phenyfAREL szﬂepﬁéﬁz%ﬁ%%@bﬁ@le Helatiyely SMI@%QP‘éﬁ%fa?ﬂsatH’é‘r@r ni dazol e) ,

15  Heeger and D. Braun, U.S. Patent 5,408,109 and 5,869,350].
Even more preferred photoactive polymers and copolymers are the soluble

PPV materials described in H. Becker et al., Adv. Mater. 12, 42 (2000) and
referred to herein as C-PPV's. Blends of these and other semi-conducting -
polymers and copolymers which exhibit electroluminescence can be used.

20 Where the electronic device 100 is a photodetector, the photophotoactive
layer 102 responds to radiant energy and produces a signal either with or without
a biased voltage. Materials that respond to radiant energy and is capable of
generating a signal with a biased voltage (such as in the case of a photoconductive
cells, photoresistors, photoswitches, phototransistors, phototubes) include, for

25  example, many conjugated polymers and electroluminescent materials. Materials
that respond to radiant energy and are capable of generating a signal without a
biased voltage (such as in the case of a photoconductive cell or a photovoltaic
cell) include materials that chemically react to light and thereby generate a signal.
Such light-sensitive chemically reactive materials include for example, many

30  conjugated polymers and electro- and photo-luminescent materials. Specific
examples include, but are not limited to, MEH-PPV (“Optocoupler made from
semiconducting polymers”, G. Yu, K. Pakbaz, and A. J. Heeger, Journal of

7



and their derivatives; and the like. Mre specifically, the photoactive
materials may include but are not I|imted to pol y(pheny_| enevi nyl ene),
PPV, andvedkosyorerivatives of PPV, such as for exanpl e, PCT/US01/18189

pol y(2- met hoxy-5-(2' - et hyl - hexyl oxy) - p- phenyl enevi nyl ene) or 10 " NMEH PPV"
(United States Patent No. 5,189,136). BCHA-PPV is also an attractive

active mat er Edctrohic Mdieaniy, Vel. 23] pp R5-FAD9DNandMIBH-PPV22ompdsted 1993) ) .
PPPV is al so suitable. (@ Zhang et al, Synth. Met,, 62, 35 (1994) and
references WHBLEREV € iﬁﬁ%@ﬁé’&%o%‘&ﬁf ﬁ@ﬁl@@%ﬁ%@?‘gWV@ﬁr%@@’% ‘ubl e in

common or gan e vely sinple
device fabri gglt }\@%aﬁl}%{ i‘s@—%ﬂﬁqg %@ﬁgﬁa@}gﬁlﬁﬁ hﬂ%ﬁ%@??ﬂo L'%ES 109 and
5, 869, 350] . EueBlctRIRLIDE Sxfg_aﬁfceﬂataﬁbﬁﬁ eacid tigorpd typeviicandssiapalvwiiigis are the
soluble PPV materials described in H Becker et al., Adv. Mater. 12, 42

(2000) andl W@V@ﬁﬁﬁhﬁto herein as G PPV s. Bl ends of these and ot her
sem - conducting ners copgl i I um nescence
er 1 c:‘t?_lmboq1 efitd t?l Vpg'ghﬁtgﬁcﬁf% ntl)été ﬁo(?gg

can be used. 20 rbnl I's a p oto ector t he

phot ophot oachiot®ulat piiétbackié &4 ﬁﬂpreaesm e phdtopitabtive el epraXinces a
signal either with or without a biased voltage. Mterials that respond to

radi ant ener g@m@mﬂe iﬁirpntﬁ%atbﬁé%)ﬁw b@@ﬁél@@ﬂ X aire jof ARiTienpigAnia nkﬁt‘?wéd vol t age

(such as in case of a tive hotor Si

phot oswi t che ? ?roég@ll‘g{n@ %C“E@n?ﬁ%f‘a%%% Ordﬁc?el gonfoéfh 2% exarrpl e, nany
conj ugat eg p@f rrﬁatém afd BCfolleWHTHRAAAEM] sHRLIE hiléh For B ESHialibs of t hat
respond to radiant energy and are capable of generating a signal w thout a

bi ased vol t agsciianicaly sghérentt flmscaidew spneenphiganscanideprinsatde i SOé\renss

h I | | h h h d
OnOt YOl 1€ e B 3 b O DL R o B, "

material s i ngleytld. Lecv %S aBondSIBATRD nEddH 0t pEbIBedd/iBrgerand el ectro- and
photo-lum nescent materials. Specific exanples include, but are not

linmited to, WEMORRAPIOCGSngcoffishiies.iwdexsassinely igh Genrediiy of thy fooajinnr s |

Yu, K Pa baz,. and Journal of 99192 )/ 18189
El ect r oni’ I\/Bf%rlofsalpglon\?@lenelg% 5‘8‘6613‘3%1“‘9%“(‘%‘@825‘ ogé‘ﬁ} E&[P&S%&I tes
with CN-PPV gq cE{JgBlt& hR&W f@mmmmohér@m stilE@rdReWRefethe RekriRpis)amer

Net wor ks", M Halls et al. (Canbridge group) Nature Vol. 376,

498- 500, 1995polym15ne n@lt@vd,rma%nﬁd earsierpeniymenvaredrigamolecater ieeigha (MoWed to
provide em S?b&&O(ﬁ fleXiblé Chitiin polymers, such as polyethylene, isotactic polypropylene,

polyethylene oxide, polystyrene, and the like. Under appropriate conditions, which
20  can be readily determined by those skilled in the art, these macromolecular
materials enable the formation of coherent structures from a wide variety of
liquids, including water, acids, and numerous polar and non-polar organic
solvents. Films or sheets manufactured using these carrier polymers have
sufficient mechanical strength at polymer concentrations as low as 1%, even as
25  low as 0. 1%, by volume to enable the coating and subsequent processing as
desired. Examples of such coherent structures are those comprised of poly(vinyl
alcohol), poly(ethylene oxide), poly-para (phenylene terephthalate),
poly-para-benzamide, etc., and other suitable polymers. On the other hand, if the
blending of the final polymer cannot proceed in a polar environment, non-polar
30 carrier structures are selected, such as those containing polyethylene,

polypropylene, poly(butadiene), and the like.



5 wavel engths. In some enbodi ments, the polyneric photoactive material or
organi ¢ nol ecul ar photoactive material is present in the photophotoactive
| ayer 103vOn1/9%adm xture from0%to 75% (w, basis overall PCRUSOEBIRYf
carrier organic material (polymeric or organic nolecular). The criteria
for the selection of the carrier 10 organic material are as follows. The
mat eri al shoul d alTlypivaf filin tHicknbssesraf the phatbactive dhyars wagd fromehewent fil ns, at
| ow concentrations, and rennin stable in_sol venté_‘_1 that are caga%!ée of

g he film

di spersi ng, BRIdIPd daesirory vt (208} ie severr! Saausrst Angssions whiks (A0

Low concentraf i = I - prd j mnimze
processi ng d?# fxﬁgﬁfot%ifl gsiﬁl il.og. cnﬂ?&@éﬁ@h&%?é&}#gf E&\E}{}l gcgggéis%yﬁ%g&{%rgﬁ%r mat i on
15 of gross devibopagenantd &m; typioalBMer inipheyed dyasitigrtainnenfilads. Plredr ri er
shoul d be high, enough to allow for. formation of coherent structures.
Wher e t heS caftiflaess aye drom 3Q0AAE/08 Arat erial , preferred carrier pol ymers
are hi gh nol %g%dwﬁg& (MW > 100,000) flexible chain polyners, such
as pol yet hyl ére;— rsotacti c pol ypropyl ene, pol yet hyl ene oxi de, polystyrene,
and the |ike. Undeithapewiplof eetnemfich bh@#sctrotdiis traddpateantoxable ight y

determ ned by those skilled in the art, these macronolecular nmaterials
enabl e t he f empssiondrrmthedsyigeandight reerptign by the davice. Magecopamprlyythe f

| i quids, includin ter. acids uner.pus pol nan-pol ar._argani c
ol vents. - i riileqy etgbeadf ol AGHR! Rt et Bvelioh B8RS Dave

sufficient machipdthbalimeht WRGE thedathoak WBE tafparnt ERtkaRs as low as 1 %
even as 25 low as 0. 1% by volune to enable the coating and subsequent
processi ng as dedhe esodeEki&nip pesseralily sipdh of slaterialstcostainiag amesalapxed hose

conpri sed of L yGvinyl . .al.cohol pol.y{ et.hyl en xi de) .. pokyspara
(phonyt ene.t BRI By BE 3P trheeaBRe{ 0 GREORRER IpAIIREN 2.1 o o
pol ymers. OnGré\® Pt fiefald)@tfmetals ih BRoupdl4ePHHAG, ahd tH¥eGLpBL1 Aednyit®eh cannot

proceed in a polar environment, non-polar 30 carrier structures are

sel ect ed,  sudistals HiHesanode it taibsilight-panspdttingl mired-mefel gradesmfiGroeps 12,

| b i d li,ke.. 8. .01/99192 PCT/,\JS01/,1818 Tv.pi | fil,
Do Lnes a8, ChF hag Bl shir SsinfhueiRbidR e bl TR RAER o2 ™
units (200 AhuhBers@Vgktin isheebmichghogsvheibirbipd A0mAROPAodid Tatdgst rom

unit = 10"8 cm. Although the active filmthicknesses are not critical,
devi ce per f opreeeerashirompett i vight ge 11 1%t CB¢edansipogk iof ghemistrend f i | ms.

Preferred

Physics, 81" Edition, 2000). The anode 110 may also comprise an organic
" material such as polyaniline as déscribed in “Flexible light-emitting diodes made
20  from soluble conducting polymer,” Nature vol. 357, pp 477-479 (11 June 1992).
Typical inorganic materials which serve as anodes include metals such as

aluminum, silver, platinum, gold, palladium, tungsten, indium, copper, iron,
nickel, zinc, lead and the like; metal oxides such as lead oxide, tin oxide,
indium/tin-oxide and the like; graphite; doped inorganic semiconductors such as

25  silicon, germanium, gallium arsenide, and the like. When metals such as
aluminum, silver, platinum, gold, palladium, tungsten, indium, copper, iron,
nickel, zinc, lead and the like are used, the anode layer must be sufficiently thin to
be semi-transparent. Metal oxides such as indium/tin-oxide are typically at least
semitransparent.

30 As used herein, the term "transparent” is defined to mean "capable of

transmitting at least about 25%, and preferably at least about 50%, of the amount

of light of a particular wavelength of interest". Thus a material is considered

9



5 thickness are from300 Ato 5 000 A, The Anode ( 110) In the device of
the invention one electrode is transparent to enable [ight em ssion from
t he devi o®oo1r9491pght recepti on by the device. Mst conmonl pCTAURE/1888%0de i S
the transparent el ectrode, although the present invention can al so be used
10 in an enbodi nrent where the cathode is the transparent el ectrode. The
anode 110 i s"tpispaeemh eyernmddte abilitymattainkaltdighoviridsns agurtioRbivavelenettd net al

al l oy, netal_ oxide or m xed-net gl oxide. Suitable netals include the G oup
11 metal's, tpi degs mest thy 2&yeRipdYecriteria ghageigen wavelength of iigpess-Asdst r ansi ti on
nmetals. If t %p&g i . |y ASKYLL I ] - | des of

G oups 12, 1@%1 ag[goéféslw (t'r)rle% 1%918‘[}'1%%%2)%@1?1?@&# %jr% F?\Imi‘)(;@?egg, %S?%ergg%%\eral |y
used. The | URAkeesiitiagsjangcs yathanrtals ifthe thybRrae (i sioughher exdnlige f oups from
the Periodic Table are nunbered fromleft to right as 1-18 ( Handbook
of Cheni st r ythgsase ofisilyprand pidbelyabeus 300 Ao @oyt esprsially figarabout2¢dytoal so
conpri se an } o h . i . I i.n,"Flexible
Tgnt - o 11 5GP s AT SV b FHERrARRE (BB BRSSP ur o Vol

357, pp 477- 18 tdnllingltertav kI8 ransmissinCe yel 6@t 26t wavedngttisal s whi ch serve as
anodes include netals such as alumnum silver, platinum gold, palladium
tungst en, i ndi um Teoppsductiye matal-meiat peide nyikiyees dan g trangparanbay widbat net al

oxi des such as,l ead oxide, .tin ind i ndi und ti n- oxi d nd the |ike;
o aphi ter  doAnFRg: BN E i Ao S Imnea T BRI e B30 fhns um
gal | i um g senedEmebd) @xideqot dkRctridNRPeri® £bH HYGDLAH abahtWPOD Bwhéd | ver,

plati num gold, palladium tungsten, indium copper, iron, nickel, zinc,
| ead and t helratisRaengyisgessited- t he anode | ayer nust be sufficiently thin to

be sem -transpareni. .Metal oxides such i pdi um tin-oxide are ically at
| east senitrans pﬁ’l«g AgYer ig Oﬂgu‘gggﬁn(ﬁg?o@?‘il?ef erelsgi%ca'tp %f%%B@#%Sﬁ?%u s
defined to nmpEohmkARARlECad motepidTermbiytibfRdhat 100estEhs/@pat 25% and
preferably at | east about 50% of the amount of |ight of a particular

wavel engt'h ofhd Bafferedsdyer 1lThus a material is considered 9 WO 01/99192

PCT/ US01/18189 "iransparent” en if.i43s ability to transm.t |ight varies .
as a funi%i on of M}@? geﬁ]ﬁﬁﬁﬁy Bﬁergﬁ'&l%gtﬁ?ﬁg bﬁé’“ Oegltheéa)g/eor?F M a at a ‘
gi ven wavel emgtehiabf02 andenede 110ds i s known to those working in the field of
thin fil ms,‘ one CaflisIHRE SYRIFONShIR N ity layer and shall comprise conductive

polyaniline (PANI) such as PANI(ES) or an equivalent conjugated conductive

polymer, most commonly in a blend with one or more nonconductive host

20 * polymers. Suitable conductive polymers are usually doped polymers and may
include materials such as poly(ethylenedioxythiophene) “PEDT”, polypyrolle,
polythiophene and PANI, all in their conductive forms. Polyaniline is particularly
useful, particularly when it is in the emeraldine salt (ES) form. Useful conductive
polyanilines include the homopolymer and derivatives usually as blends with bulk

25  polymers. Examples of PANI are those disclosed in United States Patent
No. 5,232,631. The preferred PANI blend materials for this layer have a bulk
resistivity of greater than 10* ohms-cm. More preferred PANI blends have a bulk
resistivity of greater than 10° ohms-cm.

When the terms “polyaniline” or PANI are used herein, they are used

30  generically to include substituted and unsubstituted materials, as well as the other
equivalent conjugated conductive polymers such as polypyrrole or polythiophene
or PEDT, unless the context is clear that only the specific nonsubstituted form is
intended. It is also used in a manner to include any accompanying dopants,

particularly acidic materials used to render the polyaniline conductive.

10



degrees of transparency with netals if the |layers are thin enough, for
exanple in 5 the case of silver and gold bel ow about 300 A and especially
from abowo 2099910 about 250 A with silver having a rel apCveRy1/Bod%r | ess
(uniform transmttance and gold tending to favor the transm ssion of
yellow to red wavel engths. The conductive netal -netal oxide m xtures can be

transparent as weln gebral,lfolakRes &S peBmicds &fd SpBRimass DM dhdl N SOME Ccases.
Preferably,u{ihe hickneﬁge of . ]tO rretcﬁltr- rrﬁéal X de éor dielectric) |layers
i s from aboutiPBgorpingRolEcuaGright deryed fron fgpolymetzation gL upsubsfitutedi 5 | ayer
i S conduct i vandasntstithtedladilines bbilve Fesnslhdnce: preferably |l ess than 300

ohns/ square and nore preferably | ess than 100 ohns/square. The Buffer Laver
112 15 A high resistivity buffer layer 112 is placed between the |ayer of
active rmaterial 102 abemadalle 110. This layer should be a high resistivity
| ayer and shall conprise conductive polyaniline (PANT) such as PAN (ES) or
an equi val ent conjugated conductive polyner, nost commonly in a blend with
one or nore nonconductive INIf 20 pol ymers. Suitable conductive polyners
are usual ly doped polyners jJand may include materials such as

pol y( et hyl enedi oxyt hi ophe "PEDT", polypyrolle, polythiophene and PANT,
all in their conductive f fohyaniline is particularly useful,
particularly when it is i eneral dine salt (ES) form Useful conductive
pol yani | i nes i ncl ude t ohopol ymer and derivatives usually as blends with

bul k 25 pol ymers. Exa B4 of PANT are those disclosed in United States
Patent No. 5,232,631. The preferred PANI blend materials for this | ayer
have a bul k resiﬁhgr\gnty of greater than 104 ohns-cm More preferred PAN
bl ends have a bul resistivity of greater than 105 ohns-cm When the terns
"pol yani | i ne" or AN iategetBe@d Oterdei n, they are used 30 generically to

i nclude substituted and unsubstituted materials, as well_as the other

equi val et conj ug@tiean ¥pern &M bty Mthdhepreisn thad theauppehn #idan éy

pol yt hi ophen%}r FERT. unless the context is clear that only the specific
nonsubstitute a?%)rm I's intended. It is also used in a nmanner to include

any acconpanyi ng Rapaidbpendpatst setustedrsb s achatibe same er didfesentisiedci o render t he
pol yani line g:c(glrllgg&[ei a\lll?l'is sejl'gctevcﬁ"roon%/t}?egg]iggp Eocl:l-g{sgﬁg ]64' 31'1%%1{,3 glkenyl, alkoxy,
cycloalkyl, cycloalkenyl, alkanoyl, alkythio, aryloxy, alkylthioalkyl, alkylaryl,

15  arylalkyl, amino, alkylamino, dialkylamino, aryl, alkylsulfinyl, alkoxyalkyl,
alkylsulfonyl, arylthio, arylsulfinyl, alkoxycarbonyl, arylsulfonyl, carboxylic acid,
halogen, cyano, or alkyl substituted with one or more sulfonic aid, carboxylic acid,
halo, nitro, cyano or epoxy moieties; or carboxylic acid, halogen, nitro, cyano, or
sulfonic acid moieties; or any two R groups together may form an alkylene or

20  alkenylene chain completing a 3, 4, 5, 6 or 7-membered aromatic or alicyclic ring,
which ring may optionally include one or more divalent nitrogen, sulfur or oxygen
atoms. Without intending to limit the scope of this invention, the size of the
various R groups ranges from about 1 carbon (in the case of alkyl) through 2 or
more carbons up through about 20 carbons with the total of n Rs being from about

25 1 to about 40 carbons.

Mustrative of the polyanilines useful in the practice of this invention are

those of the Formula II to V:

11



I n general, polyanilines are polyners and copol ynmers of film and

fi ber-formng nol ecul ar wei ght derived fromthe pol ynerization of
unsubst i two ed991and substituted anilines of the Fornul a |:PET/BSewmsig | NH2
(Rn (Hmwherein nis an integer fromO to 4; 10 mis an integer from1l
to 5 with the proviso that the sumof n and mis equal to 5, and Ris

i ndependently selected so as to be the sane or different at each

Y,
i al kyl am no,
rylsul finyl

occurrence and is selected fromthe group consisting of alkyl, alkenyl,
al koxy, cycloal kyl, cygl oal kenyl, al kanoyl [~ al kyt hi o, gryl

al kyl t hi oal kyl, al kyl 5 aryl al kyl = am no, kyl amno,

aryl, al kylsulfinyl, al kyl sul f o arylthio,

al koxycar bonyl , anyl @ WH: & - or al kyl
substituted with one stfonic ai fd, fa ylic adi hal o, nitro,
cyano or epoxy noieties} or _carboxylic afid haﬁ?ﬂen, ni cyano, or
sulfonic acid noieties;Lor any two R grodbs_loge er may fortfi an al kyl ene
or 20 al kenyl ene chain conpleting a 3, 4, 5, 6 or 7-nenbered aromatic or
alicyclic ring, which ring may optionally include one or nore dival ent

ni trogen, sulfur or oxygen atons. Wthout intending to limt the scope of
this inventign, the size of the wvarious R groups ranges from about 1
carbon (iy the case of alkyl) through 2 or nore carbons up through about
20 carbons with the total of n Rs being fromabout 25 1 to about 40

carbons. Illustrative of the pgyanilines useful in the practice of this
invention are those of tHe E la Il1"fo V: 11 WD 01/99192 PCT/ US01/ 18189
(Rn Il fNHNH X fz Ohy N
(-H)m Z
or
s 3N
[ R ] [ R 7
I\ H | ‘< >:
B (Hm 1x (450
L B - y; Z
or
C A
B ] B Rn 7]
\ O\ _H - _< >=
3 QN \\/:/>—N— N——
L 1 X (H)m
\. - - yJ Z
10 wherein:

n, m and R are as described above except that m is reduced by 1 as a
hydrogen is replaced with a covalent bond in the polymerization and the sum of n
plus m equals 4;

12



5 (Rnlll --C-NH+ "MZ or (Rn (Rn NNNNYz or (Rn VNNN x
(HHmz 10 wherein: n, mand R are as descri bed above except that mis
reduced wotl/gm9n hydrogen is replaced with a coval ent bpPaTUSeL/ 188

pol ymerization and the sumof n plus mequals 4; 12 WO 01/99192 _

PCT/ US01/ 18189 vy is an integer equal to or greater than 0; x is an integer
equal to or greatyﬁsgﬂg&ggpeqmlttb ok Becapdr@ydns® that the sumof x and y is
greater than 1; and z is an integer equal to a reater 1. 5.The

Pol Lowi ng |1 st ] ng Y ASHHIFSEH S ia o8 BEeAtH Jubsh it Heb o1 e e fin o x

I 1 [ ustrati veamfy ishgpementharch andn be used to prepare pol yanilines useful in
the practice of I S, .l ti 11 ,2-Di met hyl ani line o-Tol ui di ne
2,3-Di met hyl ani | | %gﬁ’fb{%}g‘%?‘%n‘Sf’ﬁgwftégﬁﬂ%blut yl ani |'i ne o- Et hyl ani | i ne

2, 5- Di methoxyani | Thefollewing lisfingreif sibstiteed anslunsubriiptiehgnitingspse

o- Et hoxyani | {jfgir#ivedIRe Whidkean be used to prepare polyanilines useful in the

practice of this invention.

Aniline 2,5-Dimethylaniline
o-Toluidine 2,3-Dimethylaniline

10 m-Toluidine 2,5-Dibutylaniline
o-Ethylaniline 2,5-Dimethoxyaniline
m-~Elthylanilin Tetrahydronaphthylamine
o-Ethoxyaniline o-Cyanoaniline
m-Butylaniline 2-Thiomethylaniline

15 m-Hexylaniline 2,5-Dichloroaniline
m-Octylaniline 3-(n-Butanesulfonic acid)aniline

4-Bromoaniline

2-Bromoaniline

3-Bromoaniline 2,4-Dimethoxyaniline
20 3-Acetamidoaniline 4-Mercaptoaniline
4-Acetamidoaniline 4-Methylthioaniline
5-Chloro-2-methoxyaniline 3-Phenoxyaniline
5-Chlor6-2-ethoxyaniline 4-Phenoxyaniline
25 Ilustrative of useful R groups are alkyl, such as methyl, ethyl, octyl, nonyl,

tert-butyl, neopentyl, isopropyl, sec-butyl, dodecyl and the like, alkenyl such as
1-propenyl, 1-butenyl, 1-pentenyl, 1-hexenyl, 1-heptenyl, 1-octenyl and the like;
alkoxy such as propoxy, butoxy, methoxy, isopropoxy, pentoxy, nonoxy, ethoxy,
octoxy, and the like, cycloalkenyl such as cyclohexenyl, cyclopentenyl and the

30  like; alkanoyl such as butanoyl, pentanoyl, octanoyl, ethanoyl, propanoyl and the
like; alkylsulfinyl, alkysulfonyl, alkylthio, arylsulfonyl, arylsulfinyl, and the like,
such as butylthio, neopentylthio, methylsulfinyl, benzylsulfinyl, phenylsulfinyl,
propylthio, octylthio, nonylsulfonyl, octylsulfonyl, methylthio, isopropylthio,
phenylsulfonyl, methylsulfonyl, nonylthio, phenylthio, ethylthio, benzylthio,

35  phenethylthio, naphthylthio and the like; alkoxycarbonyl such as
methoxycarbonyl, ethoxycarbonyl, butoxycarbonyl and the like, cycloalkyl such as
cyclohexyl, cyclopentyl, cyclooctyl, cycloheptyl and the like; alkoxyalkyl such as
methoxymethyl, ethoxymethyl, butoxymethyl, propoxyethyl, pentoxybutyl and the

13



m Butyl ani | i ne 2-Thi onet hyl aniline 15 m Hexyl aniline 2,5-Di chloroaniline
m Cctyl ani li ne 3-(n-Butanesul fonic acid)aniline 4-Bronpaniline

2- BrombawO nng9198- Br onpani | i ne 2, 4- Di net hoxyani |l i ne 20 3pé&resarisdsani | i ne
4- Mer capt oani | i ne 4- Acet am doani |l i ne 4-Met hyl t hi oani | i ne

5- Chl or o- 2- net hoxyani | i ne 3- Phenoxyani |l ine 5-Chloro-2-ethoxyaniline

4- fﬂelnoxyiiﬂi llikél%r%l%}‘aﬂl&)ﬂ&ﬁ(li aitylok§ 181 sub:[h%}cs @helf&@pmaltnplls pﬁétﬁm@hiéﬁiyllens ded gst |
met hyl , ethy ct non terf- . _nheopentyl . isopro sec- butyl,
dodeoyi and® Hrdtet st varPRE apperllid ARy A apl GBS eas IERRERBRI S 0O
% Ehexenyl : hl—alrmp@lnmm 1-h¥drogylproplyl, drlaydytoexyberés, 1-hadfidomyactguch as p(r:I ongy,

ut oxy, met hex ( : Xy 4. an e

li ke, cycl oa?&ﬁﬁ@g@gﬁgﬁtﬁet@ﬁ’o g@é}e{)%oy , C %f‘ggzé’g{%fy?’§/|cy§%‘%ﬁ%%§’ 30 like;

al kanoyl SucA-chbrepropylofnitrqpaandnbyyanopbenynepfl thediheasbipnic gidpanoyl and t he

i ke: al kyl s rbdivda ol bl 9ftbs afd Eatba Y@ acRibbhE ML ardlathisul 11 ny1
and the like, such_as uiykt 10, . neopegtxyl t.hi q, nmet hy%su finyl’,

benzyl sul f i nFIouPHFHAS SEYISIHORIC acidy Brapyishifenic et utHPHonLI s ul f onyl
oct yl sul f onyphenyiiutfghichicid, andstbp copydpohdiag cabbeyliclasidsf onyl , net hyl sul fonyl ,

nonyl t hi o, phenyl t,hi a,, et hylthio nzyl thi o,. 35 phenethylthi

napht hyl Chi b and £ gtV pEbBnude ot Mefuyridy BRI Sl Bomgny

et hoxycai®onyo Rignoupsysuelr iromyictienef thbéoriniukee, cycl oal kyl such as

cycl ohexyl, cyclopentyl, cyclooctyl, cycloheptyl and the |ike; al koxyal kyl
such as nmethoxynet hyl, ethoxynethyl, butoxymnethyl, propoxyethyl,

pent oxybutyl and the 13 WO 01/ 99192 -#eH)t801/ 18189 | i ke; aryl oxyal kyl and
aryl oxyaryl such as phenoxyphenyl, phenoxymnethylene and the |ike; and

o L SE S A S HER SRS, LB
1- hydr oxyet hy(CH,2-nid F@H )l or duch tloieties weidtydptioBaldl impludy heteydatonsyefnomet hyl
5o 01 GRon U DFLY v Sreapeen ool il o © o
aryl  groupsusafelR geups hgldsyalens alkenglencichaprsapsindiog fl o pleovd Sicgnjuiseied| sul f oni ¢
aci d, double bond unsaturation such as divalent 1,3-butadiene and like moieties. ‘
Preferred for use in the practice of this invention are polyanilines of the
20  above Formulas II to V in which:
n is an integer from 0 to about 2;
m is an integer from 2 to 4, with the proviso that the sum of n and m is
equal to 4;
R is alkyl or alkoxy having from 1 to about 12 carbon atoms, cyano,
25  halogen, or alkyl substituted with carboxylic acid or sulfonic acid substituents;
X is an integer equal to or greater than 1;
y is an integer equal to or greater than 0, with the proviso that the sum of x
and y is greater than about 4, and
Z 1s an integer equal to or greater than about 5.
30 In more preferred embodiments of this invention, the polyaniline is derived
from unsubstituted aniline, i.e., where n is 0 and m is 5 (monomer) or 4 (polymer).
In general, the number of monomer repeat units is at least about 50.
As described in United States Patent Number 5,232,631, the polyaniline is
rendered conductive by the presence of an oxidative or acidic species. Acidic
35  species and particularly “functionalized protonic acids™ are preferred in this role.
A “functionalized protonic acid” is one in which the counter-ion has been

functionalized preferably to be compatible with the other components of this layer.
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phenyl sul fonic acid, and the correspondi ng carboxylic acids. Al so
illustrative of useful R groups are divalent noieties formed fromany 10
two R grovpsi/guueh as noieties of the fornmula: -(CH2)-n* RMOIBPUSITISMEY | S an
i nteger fromabout 3 to about 7, as for exanple -(CH2)-4, 15 -(CH2)-3 and
-(CH2)-5, or such noieties which optionally include heteroatons of oxygen

and SUl{ Ur *Suugls@her GhESOBronNdic Goin Q1A prof A S Yoidfni AR rorhSel LI R

groups are dival ent alkenylene chains including 1 to about 3 conj ugated
doubl e bond ARLEPIF MhGHERRIYRIAENG | val ent 1, 3- but adi ene and |i ke noieti es.
Preferred for useld genthg fHfiddhhEfdgirotohicsicids famist ditharisvde@oy afkithbees of the
20 above Forngﬁ?s I\}od%¢ﬁ}WMich: nis an integer fromO to about 2; mis
an i nteger fP B if’ i ththe proviso that the sumof n and mis equal
to 4, Ri% alkyl or alkoxy having from1l to about 12 carbon atons, cyano,
25 hal ogen, or al RyR substituted withI¥arboxylic acid or sulfonic acid
substituents; x is an integer equal to or greater than 1; y is an integer
equal to or greater than 0, with the proviso that the sumof x and y is
greater than about 4, and z is an integer equal to or greater than about 5.
30 I'n noge preferred enbodi ments of this invention, the polyaniline is
derived fromunsubstituted aniline, i.e., where nis 0 and mis 5

(mononer) or 4 (polyner) Rjeneral, the nunber of nononer repeat units
is at | east about 504 ri bed in United States Patent Number

5,232,631, the polyanili\W rendered conductive by the presence of an
oxi dative or acidic species. Acidic 35 species and particularly
"functionalized protonic acids" are preferred in this role. A
"functionalized protonic acid" is ongpn which the counter-ion has been
functionalized preferably to be conpatible with the other conponents of
this |ayer. Whewi:01/99192 PCT/ US01/ 18189 As used herein, a "protonic

ML UE NERT G RER RGN RE R0 A
i nventi-on ar g;f BR®B; or hydrogen sulfate, hydrogen selenate, hydrogen phosphate;
'nis an integer from 1 to 5; |
15 R 1is alkyl, alkehyl, alkoxy, alkanoyl, alkylthio, alkylthioalkyl, having from
1 to about 20 carbon atoms; or alkylaryl, arylalkyl, alkylsulfinyl, alkoxyalkyl,
alkylsulfonyl, alkoxycarbonyl, carboxylic acid, where the alkyl or alkoxy has from
0 to about 20 carbon atoms; or alkyl having from 3 to about 20 carbon atoms
substituted with one or more sulfonic acid, carboxylic acid, halogen, nitro, cyano,
20  diazo, or epoxy moieties; or a substituted or unsubstituted 3, 4, 5, 6 or
7 membered aromatic or alicyclic carbon ring, which ring may include one or
more divalent heteroatoms of nitrogen, sulfur, sulfinyl, sulfonyl or oxygen such as
thiophenyl, pyrolyl, furanyl, pyridinyl.
In addition to these monomeric acid forms, R can be a polymeric backbone
25  from which depend a plurality of acid functions “A.” Examples of polymeric
acids include sulfonated polystyrene, sulfonated polyethylene and the like. In
these cases the polymer backbone can be selected either to enhance solubility in
nonpolar substrates or be soluble in more highly polar substrates in which
materials such as polymers, polyacrylic acid or poly(vinylsulfonate), or the like,

30 can be used.
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of Formulas VI and VIl:s 5 ARIV or 10 Rn A~ ~ VIl wherein: Ais
sul fonic acid, selenic acid, phosphoric acid, boric acid or a carboxylic
acid growpo oo991bydr ogen sul fate, hydrogen sel enate, hydropenuphiospdvat e; n
is an integer from1l to 5; 15 Ris alkyl, alkenyl, alkoxy, alkanoyl,

al kyl t hi o, al kylthioal kyl, having from 1 to about 20 carbon atons; or

al kyl aryl, ar yI al Ryis thadidnw eruliffenand at cadhkaneyaenogland isdlkyl, sliserfybrajkoxy,

al koxycar bon ar box | he al k from O to
about 20 car éffpm @fy&rfﬁ’c}/o&h(eg}’ ?&@P&@ aﬁ}ﬁ'l'i‘}oﬁ{yéo’%/yo %&@Weﬁaﬁ% at ons
substituted Wyerh‘?kﬁEulﬁHj?lealﬁHUaW Qallé}@élﬁfonﬂaﬁﬁ@wlﬂﬁo aa?yl%lﬁﬂﬁ' ogen,
nitro, cyano, di azo, or’ epoxy noieties; a“substituted or

unsubsti t ut eallk@:,cycarboﬁyl @r}dsulfbnyﬂenarb@adicapxdnhalogempy@b; ayadkyleulsdihbbed ri ng,
which rin i ncl ude on re dlvalen tero oms of nitrogen,

sul fur, o2l fﬁwwne gmﬂpaw fogfe %i%@w%ﬂwc ha ﬁF’bﬁ’lﬁ %0180 O © £ ur anyl |

pyridinyl . i a pol yneric
backbone 25&%rom ?%ﬁBgae en q{mﬁ{rﬁg ﬂs?@&ﬁtpga%%g?euarﬁlg%}%g%A " Exanpl es

of pol yneri calkagilehe growp cataplstihd mBn,a¢,éd6 po¥ ynembreestbaromatié onaicgdicpol yet hyl ene
and the like. Jn .these f es. the &gl&%rrer backbone .can_be sel ected either
to enhance sEiTo® TiRg 9F PHIURIRS{pePeh é}qga&réglgam%fén Bl HIeLT M or e hi ghl y

pol ar substr i b ff'“[?'e I 615 acid or
pol y(vi nyl su %gﬁgt}ﬁ)t%ot?ﬁisﬁgﬁ | e{il’ S%gﬁfégllri:lﬁgzl use mﬁ%g% ?gtg%lgéﬁy
PCT/ USO01/1d 8 1R% frd#h absuttlhe abame2Oorartebing tgreeiatly dtto éa(ahd aocel especiakty foth 1 S

al kyl, al kenyl, al koxy, cycloal kyl, cycloal kenyl, al kanoyl, al kylthi o,
aryl oxy, al k%%ﬁé%@%j?rbo%ﬁ kylaryl, arylalkyl, alkylsulfinyl, alkoxyalkyl,

al kyl sul fonyl, aryj, o Biybddé Qbov‘?:rfbéhﬁfﬂlag V1%hd VII are preferred in which:

A is sulfonic acid, phosphoric acid or carboxylic acid,;

n is an integer from 1 to 3;

15 R is alkyl, alkenyl, alkoxy, having from 6 to about 14 carbon atoms; or
arylalkyl, where the alkyl or alkyl portion or alkoxy has from 4 to about 14 carbon
atoms; or alkyl having from 6 to about 14 carbon atoms substituted with one or
more, carboxylic acid, halogen, diazo, or epoxy moieties;

R'is the same or different at each occurrence and is alkyl, alkoxy,

20  alkylsulfonyl, having from 4 to 14 carbon atoms, or alkyl substituted with one or
more halogen moieties again with from 4 to 14 carbons in the alkyl.

Among the particularly preferred embodiments, most preferred for use in
the practice of this invention are functionalized protonic acids of the above
Formulas VI and VII in which:

25 A is sulfonic acid;

n is the integer 1 or 2;

R is alkyl or alkoxy, having from 6 to about 14 carbon atoms; or alkyl
having from 6 to about 14 carbon atoms substituted with one or more halogen
moieties;

30 R'is alkyl or alkoxy, having from 4 to 14, especially 12 carbon atoms, or

alkyl substituted with one or more halogen, moieties.
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al koxycar bonyl , aryl sul fonyl, carboxylic acid, hal ogen, cyano, or alkyl
substituted 5 with one or nore sulfonic acid, carboxylic acid, hal ogen,
nitro, cyamo194dpmzo or epoxy noieties; or any two R subspCT/usesig9aken
toget her are an al kyl ene or al kenyl ene group conpleting a 3, 4, 5, 6 or 7
menbered aromatic or alicyclic carbon ring or multiples thereof, which
ring or rings mayPiafigtaddendgivnalizedippotenicdicidalasnergimet sulbmiomidsesfucmas r ogen,

sul fur, sulfinyl,. sulfon or o n. R ically 10 has fromabout 1 to
about 20 car‘lti)%%gylgg‘bzéf}?élk%?l%acf‘i;&%gmBWd’rﬁ%@’ﬁ%spegi ally from about 8 to 20
car bons. Ma_tﬁgly@L&@qu_W_lFﬁgg%}egﬁfo\ﬁc /0@ MpAAdEs enef erred in which:

A is sulfonic acid,” phosphoric aci r carboxyliic acid; n’is an integer
from1l to 3; 15 RThsambiuytlof fimickemlized atdtaxy acii amiphayefl canvBy tlepealdmgt 14

carbon atons; Qr , aryl al ky], .where the_al kyl _or .al.kyl rtion_or al koxy has
from4 to ap‘&}h%@fl&g{%,ogBﬁtﬁuﬁ}lm}{;ﬁeqweﬁmﬁf%ﬁé_ uﬂ@”? té‘ﬁ‘? Of’ﬂlzﬁgou_t 14 car bon
atoms subst !ﬁﬂ&cﬁﬁ'c Xdi& by L9384 B the g@&gni%igi%&%%ﬁﬂg%dﬂﬁmre fabpgen, diazo, or
epoxy noieties; R 1s the same or "different at” each occurrence and is

al kyl , al koxgondBétingd taylessl. fldruyglly theawiongt 6f fometbrabzetidprotmntzanidat ons, or al kyl
substituted wth ope o nor.e . hal ogen noi eti.es ain wihthfrom4to 14
carbons in tHBPIRVRY/IS 2t KashiytioiRnt igive @ gp HCPV%P&g@FF@& SBSAIUHERPE, nost
preferred fop g ﬂ)ﬁn_the practice of this invention are functionalized
protoni c acids of t gabove Formulas VI and VII in which: 25 Ais sulfonic
acid; n ies the inThgpslydnilime &y bR coavaidaylly wsed al tho psactideani thig idveatio® t 0 about
14 carbon atons; or al kyl . having fromg to about 14 carbon_atons

subst it ut ed ¥i%¥ obMe PBYSIGR famsalliggiEative pbnatiiblormsprefrose desgriped iy, ) koxy,

havi ng from SRPRO 2z car I ubstituted with
one or nore ﬁfﬁﬂtegg%f\@ nmoi et nggé.ax’ll%' %\09'01 Q%QNE%T/Q Elgogild}%il@ Preferred
functional i ZKdbprashipetial., Adilelsraank Chenai7e, 231-9 01984 R eihith @¢ihdreias

dodecyl benzene sul fonic acid and noregﬁ]r'teferabl_y

pol y( 2- acr yl BfP@erased st 1g{arencepis yasestitt et dyaneling usefip Amppgpclpde
: 15 leucoemeraldine, protoemeraldine, emeraldine, nigraniline and
tolu-protoemeraldine forms, with the emeraldine form being preferred.
Copending United States Patent Application Serial No. 60/168,856 of Cao,
Y. and Zhang, C. discloses the formation of low conductivity blends of conjugated
polymers with non-conductive polymers and is incorporated herein by reference.
20 The particular bulk polymer or polymers added to the conjugated polymer
can vary. The selection of materials can be based upon the nature of the
conductive polymer, the method used to blend the polymers and the method used
to deposit the layer in the device.
The materials can be blended by dispersing one polymer in the other, either
25  as adispersion of small particles or as a solution of one polymer in the other. The
polymer are typically admixed in a fluid phase and the layer is typically laid out of
a fluid phase.
We have had our best results using water-soluble or water-dispensable
conjugated polymers together with water-soluble or water-dispensable bulk
30 polymers. In this case, the blend can be formed by dissolving or dispersing the

two polymers in water and casting a layer from the solution or dispersion.
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The amount of functionalized protonic acid enployed can vary depending 5
on the degree of conductivity required. In general, sufficient

functi onav@aseb19protonic acid is added to the pol yanili nePCOUB@EI1818%g

adm xture to forma conducting material. Usually the anount of
functionalized protonic acid enployed is at |east sufficient to give a
conducti ve pol ymeOrg#iid §dventscad bk wk¢dOWith brganit-sddtilelof @pagic dikPeriFhlsle

pol yani | i ne can be conveniently used in the practjce of this invention in

any of its pespsvgased plymers apd bulkpobimsre kraddiiony, blendsyoag bslemedgsiedescri bed
in &een, 3 912) and
IK(r)]bay agﬁin, é[hglzﬁ 95@% '%ﬁggﬁ?egsa%@y LEhngr%] l}quﬁ 5%8%5 Tr %‘%é%%)%\ﬁﬂ |(O(J:f h az ean

hereby i ncompouit ssiybiyr wafcarieabesquEatly pulgmbsiddtartcartdintoythnddsiraé, usef ul

fornms include 15 | eucoeneral di ne, protoeneral dine, eneral dine, nigraniline
and tol & prBndematedaldi ne forns, with the emeral dine form being preferred.

V."and Zhang, & Bt Seroestn bR Gl MRl PN S S ends of

conj ugated Roley ARpSsublE Bnd R CRRELIRE davithp PANTRERr &0h drSaque@sr por at ed
herein by reference. 20 The particular bul k polymer or pojyners added to

t he conj ugat sdutinsl, firebulk patymes shpuldrbrowsier edduble ot wrtcrdispersiles laghchhe based

th t f. t ductive pol h Lend th
polyrer s and PRe THsCRBH=T 0l e eRparD el PANS B R Bl
mat eri al gp cafp L) Pb19RGRH phitoBdonBPIPSIFY, RAgamile\apslymersi baludsber, either 25

as a dispersion of small particles or as a solution of one polyner in the
other. The gaivatizes, spdoryying aolynesdaly(edylene glyepls). aohreiBdenarkiddle | ayer is

typically | aj ut of . | ui e. ;. have,.h r . results usin
mater-so|ub|Qg%ﬁaﬁﬁﬁé‘Pﬁf@ﬁﬁﬂﬂégpgi1%%%?%%@?%%”@%?%’ P@ﬁﬁgﬁéﬁher with )
wat er - sol ubl go19fmi¥yes, potHiBmsrRiaRk S oPshichald o hydBdlurethand ﬂih}]ﬁerﬁaﬁsa, t he

bl end can be fornmed by 'dissol ving or dispersing the two polyners in water
and casting a | aybrthercasn whese §a$ dasirod tosastithe pasies from. a non-ayoeody Yhtpn

PCT/ US01/18189.. Or i t b it ani G-
organic & spgﬁ(y%ﬁrg%g%% l?}g%¥§lgn%5ﬁ]3%? gelgﬁe?g\émﬁnk?oﬁge%%? gllre gl.qﬁ%lri]a%g‘%jgi '? |r on,
bl ends can bﬁol&&h?]éﬁeé}?dgfh%ﬁg ?sllyf)@pyxtené,rpemwe@pbm@ﬁ@meom, using a liquid .

(D

prepol ymer or nonomner ) i
poly(ethylvinylacetate), polybutadienes, polyisoprenes,

" ethylenevinylene-copolymers, ethylene-propylene copolymers,
poly(ethyleneterephthalate), poly(butyleneterephthalate) and nylons such as
- 20 nylon 12, nylon 8, nylon 6, nylon 6.6 and the like, polyester materials, polyamides
such as polyacrylamides and the like.
In those cases where one polymer is being dispersed in the other, the
common solubility of the various polymers may not be required.
The relative proportions of the polyaniline and bulk polymer or
25  prepolymer can vary. For each part of polyaniline there can be from 0 to as much
as 20 parts by weight of bulk polymer or prepolymer with 0.5 to 10 and especially
1 to 4 parts of bulk material being present for each part of PANI.
Solvents for the materials used to cast this layer are selected to compliment
the properties of the polymers.
30 In the preferred systems, the PANI and bulk polymer are both
water-soluble or water-dispersible and the solvent system is an aqueous solvent

system such as water or a mixture of water with one or more polar organic
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t he bul k polymer which is subsequently pol ynerized or cured into the
desired 5 final material. In those presently preferred cases where the PANT
i s wat er vobuiie2z or water dispersable and it is desired poOT/@WasH1818%e PANI

| ayer from an aqueous solution, the bulk polynmer should be water sol uble
or water dispersible. In such cases, it is selected from for exanple

pol yacr yl ani tetsrigBANgh aplowief axyhyiliocarhensifor eRampiadywerailsphplsyketpnesanfli done)
(PVPd), acryl anmi de copol yners, cellul ose derivatives, carboxyvinyl

pol ymer, pol §{@thyl ene gl ycols), poly(ethyl ene oxide) (PEO), poly(vinyl

al cohol) (PVA), pohye\haialdBihub, Wwiksae imiRaby aMtBafixed MthhethAR,

pol yvi nyl pyri di nes, polysaccharides, and pol yuret hane di spersions. In the
case wher e i tthamoldespropahol,aicetane metgyl ¢thyldretdnesmd shenldike. aqueous sol ution 15

or dispersion the | .k | yner be selected fro fo xanpl e
" auer abte. pol yEhtehBuY el bot e Erdt Shyih Altenof paf S
pol y(vi nyl al goahed dould BOLYdet hyl vi nyl acet ate), pol ybut adi enes,

pol yi soprenes, ethyl enevinyl ene-copol yners, ethyl ene-propyl ene copol yners,

pol y( et hyl enet er epphthhabstof condotivg polymessatk pePANI ahdbek pahthanywbivh such as
20 nylon 12, nylon 8, n 6, nylon 6.6 and the like, polyester materials,
ol yar des . B 0R. Haleh st YRERy MO RS AREPP RIS 4 0ot CRUB her e one
pol ymer is bgiqg dispersed in the other, the common solubility of the
various polynmers may not be required. The relative proportions of the

pol yani | ithe and blIilustratdteyofeisefol caimpn epalojaresolvents avathy folkovingach part of
pol yani |l i ne there panbb.e féomo to.as, nmuch . g@ 20 parts py }\gvei ght of bul k
pol ymer or ple{sHrlmsroshititRd o wnspbstifged prpmalis F‘%?ICPSP?O“SLS“P WOFLHRS of bul k
material bei pgpL §380knd, M-xSRAEL nBRHithatee, BAMben ey Hefie, fRllink AR L er i al s
used to cast ?ﬁ?sﬁfagg?’aré§§e’3@@253t5%0§§%$?he§f g%ﬁ%aprgberties of the
pol ymers. 30likey higher plkefiesrsnedaspeatapashexhinmg hBthile, antind wokanpotgoane amt e bot h

wat er - sol ubl e or wat er-di spersi bl nd the so| vent systemjis an aqueous
sol vent sys&@gﬁkgi@l‘?ﬁ‘ééﬁ‘\ﬂié‘%éﬂ“ﬂb?s %C%?xéma@h@f{%;t ORI BKESTbr o pol ar
organi ¢ 48 W &%r%ﬁﬁ—ﬁﬁ b%ﬁéﬁﬁ%%%&ﬁ&%&eﬁfy% Qﬁ({l(ﬂﬁilé}‘ﬁ'ﬁo ate@Wmatic
oxyhydrocarbons for exanple | ower alcohols, ketones an esters.

hydrocarbons such as chlorobenzene, o-dichlorobenzene, m-dichlorobenzene,

- p-dichlorobenzene and the like; higher alcohols such as 2-butanol, 1-butanol,
hexanol, pentanol, decanol, 2-methyl-1-propanol and the like; higher ketones such
as hexanone, butanone, pentanone and the like; heterocyclics such as morpholine;

20 perfluorinated hydrocarbons such as perfluorodecaline, perfluorobenzene and the
like.

The thickness of the conjugated polymer layer will be chosen with the
properties of the diode in mind. In those situations where the composite anode is
to be transparent, it is generally preferable to have the layer of PANI as thin as

25  practically possible bearing in mind the failure problem noted in Fig. 1. Typical
thicknesses range from about 100 A to about 5000 A. When transparency is
desired, thicknesses of from about 100 A to about 3000 A are preferred and
especially about 2000 A.

With a film thickness of 200 nm or greater, the electrical resistivity of the

30  PANI(ES) blend layer should be greater than or equal to 10* ohm-cm to avoid
cross talk and inter-pixel current leakage. Values in excess of 10° ohm-cm are

preferred. Even at 10° ohm-cm, there is some residual current leakage and
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These materials include, without limtation, water m xed wi th nethanol,

et hanol , isopropanol, acetone nethyl ethyl ketone and the like. 5 If

desi red, voobi/gaaeral |y not preferred, a solvent system of PODUSI/BIgYaNi C

| i quids could be used. In the case of conducting polyners such as PANT and
bul k pol ynmers which are not water-soluble or water-dispersible, nonpolar
sol vent s ar ecomsduendpsant yedutis@din dbDicklefficséncat Mhas, vhluas ef appraanmmaedy nonpol ar
solvents are_the followng materials; substituted or unsybstituted

aromatic hydtOdarifoRRm fresyerRsprstertet o Viadise grogtekfaanil)” obnsgm sild
ht hal , b , . i i i -1l | k
Cath ho pont WEARY: BERARAR RGP oAl (eI bl 1dykla MhAREE | (ones

cyclic al kangsutdishaasdedecahydr onapht hal ene; hal ogenat ed al kanes such 15 as
chl orof orm bronoform_ dichloromethane and the |ike; hal ogenated aromatic
hydr ocar bbnsIBaicathade €90y obenzene, o- di chl or obenzene, m di chl or obenzene,

p- di chl orobenzene ike:  hi . i
1- butanol, hex angﬁﬁgééeﬂ&%?h%‘g?oﬂggg %Egét,h gl}g&n%%h%ﬂsag&%ﬁggﬁ% %Egﬁﬁl%tallle like;
hi gher ket onksvisgls lbvas wiek Aetien tHadtteafite clepieibilasnnnet lans (inlislcakes an

het er ocycl i cs such as _rm[fphol ine; 20 perfluorinated hydrocarbons such as
per f | uor odec#ddgk, Metarip]s for e eathadrlagerdl 00K this qege thyisecopdictaehitcss of t he

conj ugat ed polYIIeY .| 1ol lr REIEIPRENS B LS R 9REAY] 3 byd hie di ode

in mnd. In Situations re € conposi

transpar ent, (dlkaling eg@anéhlsy - po@irhabdeitn®, baiten, shentiai the GrodpAI as thin
as 25 practically possible bearing in mind the failure problemnoted in
Fig. 1. Typi®gtals, the rereresthes commealy yttsabiame the lagbanidesoandhiba ectgods. A, Wien

transparency,t.s... desi hicknesses_of from. ut 0..A ah 3000 A
or o oo or'r oMalersToRIR RS b S SRR e BcoRbATHRE Kottt heRBRHA PO00 M
or greater, ¢dibiahesisiwitadaldigsiantioy bhnumf Ll BRgnAnPANF CESbe tdegnd | ayer

shoul d be greater than or equal to 104 ohmcmto avoid cross talk and
i nter-pi xel cur r eAtloyeeafdayavorydinesionmetals.cugl apfor epmnplpglleyfdre preferred.

N0 SO VG b AT 3 L GAB Tl LRI 2 ey
Thus, val uesthadknafufapé eldtRInYinjecting cathode layer ranges from less than 15 A to as
much as 5,000 A. This cathode layer 106 can be patterned to give a pixellated
atray or it can be continuous and overlaid with a layer of bulk conductor such as
. . silver, copper or preferably aluminum which is, itself, patterned.
20 . The cathode layer may additionally include a second layer of a second

metal added to give mechanical strength and durability.

The Substrate (108)

In most embodiments, the diodes are prepared on a substrate. Typically the
substrate should be nonconducting. In those embodiments in which light passes
25  through it, it is transparent. It can be a rigid material such as a rigid plastic
including rigid acrylates, carbonates, and the like, rigid inorganic oxides such as
glass, quartz, sapphire, and the like. It can also be a flexible transparent organic
polymer such as polyester - for example poly(ethyleneterephthalate), flexible
polycarbonate, poly (methyl methacrylate), poly(styrene) and the like.

30 The thickness of this substrate is not critical.
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105 to 108 ohmcm are even nore preferred. Values greater than 109 ohm cm
will Jlead to a significant voltage drop across the injection/buffer |ayer
and t her efone991shoul d be avoi ded. 5 The Cat hode (106) SuipablUsowmsisr i al s
for use as cathode materials are any netal or nonnetal having a |ower work
function than the first electrical contact layer (in this case, an anode).
Mat eri al s foCohfae: Mk (®Ig2) ayer 106 (in this case the second el ectri cal
contact) can be selected fromalkali nmetals of G oup ﬁ\g Li, Cs), the

Group 2 10 (al kal Aﬁ@cwwtmydm §leseﬁﬂtq:wmﬂﬂ}e@%ﬂt¥9de thﬁaﬂei"lﬁﬁn 08t ronti um
the Group 12, tﬁe Ewgf solf8 rgmg{s%o&ﬁ‘i)g{}asbe us &’QHBH(#%}{%ZM ?:Ea?ﬁptf@‘coha?c

| ant hani des, erial's 'suc al 'um™nu 3| um and

copper, sil vsfetalmabwg@m AS), tsh%rE(Ng) Eld’lékel (Nlmopgérl(@il)iorvulﬁﬂmrﬁmi @lym and/ or

barium Li, magnesium LiF can be used | ow work function netal s,

such as for exain@f%tBIPlMy@ntﬂm pags %%b@\mﬁqlghtémqt\sb@wa)rmwmeé%ymi l'ithium
| t.hi t
cat hode 1 ay ePREiSES0pF B bkt dfund s ekRRe Bhes IO RIS IGRE! o o7 09

cat hode | ayethid@BssCanayRe patterned to give a pixellated array or it can be
continuous and overlaid with a layer of bul k conductor such as silver,
copper or pref er aBteferablysthe dimensionh of kayerst1 98] ¥10, prut t &rare guchtbatThe cat hode

| ayer may addit naII i ncl ude a,second. | a of a.s nd et added to
o ve. mochan: Coted g P ARCRH roRd B A pion dheibs B TP B el BieR b
enbodi megg s, 1488 l@Q,OﬁQSanﬁr1@4prIﬁB§ﬂ1@i@n0tﬁe dinSeHRiht of Ryer 0Bl €64, l1¥0,t4ha
substrate should be nonconducting. In those enbodi nents In whi ch | i ght

passes 25 t hiBligh siich that the entinedengtinamhwidth electzoletimes 106 gidicladdrodei al such as -

arigid plast.ic udi.n e car bonat es d, t I rigid

i nor gani ¢ oxi §193@ﬁeg§€g% %kymﬁﬁ{rh n%ﬁﬁ ffgtwgﬁﬂhfﬁ% cfrp globt can

al so be a fl exd RhiflcldlRBRRRESIMECRINARRNIVE ¥R RIen SHEHodS 1 PAedhEEL - f OF

exanmpl e pol y(et'hyl eneterephthalate), flexible polycarbonate, poly (nethyl
thacrylatepmhﬁ@ly(styrene) and the |like. 30 The thickness of this

substrate_is not critical. 20 WO 01/99192 PCT/US01/ 18189 Contact Pads

(80, 82)1Any contact pads 80, 82 useful to connect the el ectrode of the

device 100 Other Optional Layers (not shown)

An optional layer including an electron injection/transport material may
be provided between the photoactive layer 102 and the cathode 106. This optional
layer can function both to facilitate electron injection/transport, and also serve asa °

20  buffer layer or confinement layer to prevent quenching reactions at layer
interfaces. Preferably, this layer promotes electron mobility and reduces
quenching reactions. Examples of electron transport materials for optional layer
include metal chelated oxinoid compounds, such as
tris(8-hydroxyquinolato)aluminum (Alq3); phenanthroline-based compounds,

25  such as 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline (DDPA) or 4,7-diphenyl-
1,10-phenanthroline (DPA), and azole compounds such as 2-(4-biphenylyl)-5-(4-t-
butylphenyl)-1,3,4-oxadiazole (PBD) and 3-(4-biphenylyl)-4-phenyl-5-(4-t-
butylphenyl)-1,2,4-triazole (TAZ), polymers containing DDPA, DPA, PBD, and
TAZ moiety and polymer blends thereof, polymer blends containing containing

30 DDPA, DPA, PBD, and TAZ.

It is known to have other layers in organic electronic devices. For

example, there can be a layer (not shown) between the buffer layer 112 and the
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to the power source (not shown) can be used, including, for exanple,
conductive netals such as gold (Au), silver (Ag), nickel (N), copper (Cu)
or alum meown{/#1y2 5 Preferably, contact pads 80, 82 have BChEs@l81§N0t
shown) projected beyond the thickness of the high work function el ectrode

lines 110 below the total thickness of |ayer. Preferably, the dinensions
of |ayers 10photph@oaciivg layepl Qe fg@l&itﬂtq mthechiﬁlrgaéltaQSH@mdﬁﬂ bané-gawsi t i oned

t f th t te 1 t 102, 112 and
T1a% T aadi FRSHS N AT A diastoh 25 8P i S st O kSR PR are such

that the ent iﬂt&fdmgﬁdbeﬁydsmu%ty s tdnastadiitions! 18R8s @w BdwaDeReRn | i nes

110 have at | east one | ayer 102, 112 interveni ng between the el ectrodes
106, 110, mﬁhelréloéiaet@verlamlloa@n@d@tqaﬁmdeéayebbo&mdeclb@tmtm& ¢ergeode 106

d contagct _pads 1 t .sh An opt |
yer i nef udRGFPRH B0t BrGhE B b G RP LY LY st &t FECARYS & be pr ovi ded
between the phptH6 ldy¥e ﬂa@&%rthalt% Rl HEnE &k Bafise &4&@ Id Qacﬁu&pfahyepl | ayer

can function both to"facilitate electron injection/transport, and al so
serve as a @@ aibuVﬁf-écvscnheyblayezrs cgobd naderen twé anympret loyqos. eAHamamﬂéy;chl ng
reacti ons at n erfa Pr er ronDte el ectron
mobi lity andscfné% ‘“éL fta(’.i’ﬁg‘?] ]glor g’fﬁ%“‘?‘%ﬁg“y&éﬁgﬁ?g otgp Oé?%:é‘f’? % r ansport
material s foqoz)rahaeﬂﬁ&dé fBY&106! Iﬁﬁilﬁgﬁ’urf%%?ﬂeat%@ﬁ%ﬁtsfe%é)&ﬂa F?é?fmounds,
such as tris(8-hydroxyqui nol ato)al um num phenant™hr ol | ne- based
conmpoundsq Zﬁmxmoﬁeﬁknan@'dhﬂamhyéoﬂmﬁkﬁabm@mwmhmfﬁﬁcpm@naﬁﬁMQahﬁme ( DDPA)
or 4,7-di phen hen roli.ne and .azol e, conpounds, such as

2: (4- bi phenypéféra Y%‘ate in Ef}yp PARGIDS § heﬁos s pf Bravifmea devios iilhalsa

3- (4-bi phenyhmlides &nbReRY! - 5- (4-t- butyl phenyl)-1,2, 4-triazole (TAZ),

pol ymers contai ni ng A, DPA, PBD, and TAZ nDiety and pol yner bl ends

t hereof, pol ynmer bl ends containing containing 30 DDPA, DPA, PBD, and TAZ
It is known have t er Iayers in organic el ectronic devices. For
exanpl e, the 0 (not shown) between the buffer layer 112 and

the 21 Y0 01/9919g, P&Uuy%ﬂe%%%?ﬁhe @M&e@*&?%}fé%ééeﬂ@inlfé}){% miAd 0 facilitate

positive charge transport and band-
fabricated by any of the techmques well known in the art, such as solution casting,

~. screen printing, web coating, ink jet printing, sputtering, evaporation, precursor
- polymer processing, melt-processing, and the like, or any combination thereof. In
the most common approach, the diodes are built up by sequential deposit of layers
20 upon a substrate. In a representative preparation, the inorganic contact 110
portion of the composite electrode is laid down first. This layer is commonly
deposited by vacuum sputtering (RF or Magnetron), electron beam evaporation,
thermal vapor deposition, chemical deposition or the like methods commonly used
to form inorganic layers.
25 Next, the buffer layer 112 is laid down. This layer is usually most
conveniently deposited as a layer from solution by spin casting or like technique.
In those preferred cases where the layer is formed from water-soluble or
water-dispersible material water is generally used as the spin-casting medium. In
cases where a non-aqueous solvent is called for are used such as toluene, xylenes,
30  styrene, aniline, decahydronaphthalene, chloroform, dichloromethane,

chlorobenzenes and morpholine.
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mat ching of the layers, or to function as a protective |ayer, or to inprove
the interfacial property. Simlarly, there can be additional |ayers (not
shown) bevewey191 he photoactive |ayer 102 and the cat hodePCEY801/BOO t o
facilitate negative charge 5 transport and/ or band-gap matchi ng between the
| ayers, or to function as a protective |layer. Layers that are known in the
art can be used. Nextathginhotmactiemipyesfl 02tofieonibgaied plsmer thaldposatpdr Shean be

made of two or .nore | ayers. Alternativel . S or al]. of..anode |ayer 110,
the buffer | PP EeTsmcs RRrast vt el o sl TR Gt My er
106, may be guhig6Liston8HiBeh Wl diBLIRARE pSHA D SnF AdtthRFfertQyitf RONSPOrt
efficiency. The Choice of materials for each of the conponent |ayers is

preferably dethseqrentdepositioal Bepénting wngbabativefpopmesrivdéchthe soldenticar wi t h
hi gh device, effici encg. Fabri cati on Techni ques 15 The various el ements of
the devices B PHAIYPESHA9CA%nti on may be fabricated by any of the

techni ques well KkfouRanbRGqEdus s@Y&Hls ARIRIBMEToh9MoE@&BbANGich a$Cr €eNn
printing, web coating, ink jét printing, sputtering, evaporation, precursor

pol ynmer pr ocestliylege chieritle prhbmefsinnand cniobnt thradhldale, anonmhy hydmbarbaitsi on
thereof. In the nost common approach, .the diodes are built up.b

sequenti al dé"p?gsa?f‘y e T @g‘Peﬂf)’cﬂ%Q%‘{ hé’grﬂé’? 8?%5.“‘3?}&8 de B?’élggm%ti ve
preparati on, li%é:'eM'i)&Qirsgmhﬁ GARBEA6dd, Qo1 PPEE Qitvits LRRR a6 FARLSIcCEBNE! ect rode
is laid down first. This layer is comonly deposited by vacuum sputtering
(RF or Magnetcidnand the Bkt nay bbeaitabde dfiersabreanerelytdreprea¢ntateeor deposi ti on,
chem cal depositi .(%n Qr the |Iike nmethods co nl sed to. form.norganic
layers. 25 NeXquplication spdthesalyent cin be seleged fro .Oﬁmager‘lakj@?et‘fﬂg usual |y
nost  convenpntkyiderRsintgdvas a layer fromsolution by spin casting or

| i ke technique. In those preferred cases where the layer is forned from
wat er - sol ubl e or Wiehekpdhitpeyaioos polyateesared subatrate, ths sgjetier ednlbe used as t he
spi n-casting rire [ case erecg%%on- agueous . sol vent called for

oreueed sucrIsebGliLn guch3n e ;1 9@l e sencertpiieh gopectally 0.215
ey oo gL U SR ol rong il rabepenes ond
of .conj ugat edsgdol yner i s deposited. The conjugated pol ymer can be deposited
or cast directly fF {nglqgf %h%l lg\tavi v(x?onrk flII‘rl](.‘%Olsl %{e\étergrg-inj ecting contact is added. This’
- contact is typically vacuum evaporated onto the top surface of the active polymer
layer.
20 These steps can be altered and even reversed if an “upside down” diode is
desired, so that the cathode, rather than the anode, is the transparent electrode.
It will also be appreciated that the structures just described and their
fabrication can be altered to include other layers for physical strength and
protection, to alter the color of the light emission or sensitivity of the diodes or the
25 like.
The invention is based on the development of formulations of conductive
conjugated polymers such as the emraldine salt (ES) of polyaniline, PANI(ES),
which leads to high resistivity films for use in high efficiency pixelated polymer
electronic devices such as emissive displays and a method has been developed for
30  casting transparent thin films of the high resistivity conductive polymers onto
pre-patterned ITO substrates. In addition, a method has been developed for

depositing a thin transparent film of high resisitivity materials such as PANI(ES)
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enpl oyed is one which will dissolve the polymer and not interfere with its
subsequent deposition. Dependi ng upon the active polyner used the sol vent
can 5 baveomvaeueous or aqueous. Typically, non-aqueous BOTASMY®1$INC| ude
hal ohydr ocar bons such as nethylene chloride, chloroform and carbon
tetrachloride, aromatic hydrocarbons such as xyl ene, benzene, tol uene,

ot her hydroc énonmsa@a@w dispedaombning, eltémwrcmettemcd@Tme@@ss susirates or can be
used, as wel

| v h t d the lik
oy be sui - abre oPct b, B0l P IR0 asnpPH PR on and 1 he
sol vent can hf.ehfh%iider BpeatoylifhOBaBRISH h@ghsnmm@gcoﬁtaﬁdﬁma gria set

forth above. Wen dep03|t| ng vari ous polyners on a substrate, the solution
can be rel awmhehlwhdnﬁﬂsﬂtfe? registéredpattaming of thethiglpBeistivibnlageancent r at i on,

especially 0.2 to 5w. FE i cknes 400 aIIy
1000- 2000¥A are ty B? &YFP on WQL@%&%‘T%@%@Y tg&?‘ﬁﬁ‘r“ﬂ“% Eﬁ S%WH“’%

el ectron-inj eeddrB@ne@Md Afitstrhte tRIESEntiohHus not tﬁq‘ﬂﬂh@ﬁé sdopef ypi cally vacuum
evaporated onto the top surface of the active polynmer  layer. 20 These
steps can be al t etatesanthesvienspeeiftadsdierdentages’ arp petentegasby whiighde i s
desired, so that the cathode, rather than the anode, is the transparent
electrode. It will also be appreciated that the structures just described
and their fabrication can be alterggkigpingl ude other |ayers for physical
strength and protection, to alter the color of the light em ssion or
sensitiviley GXAMBIHilodes or the 25 |like. The invention is based on the

devel opnent of fo of conductive con at ed pol rs such as the
enr al di ne salt (Eé ﬁjﬁp‘glp@)é‘ﬁ W?%Brep@’ﬁ‘i’tﬂlﬁ%? pr C\ﬁﬁﬁlréﬁmillgﬂg(jé r¥l“?if) hi gh _
resistivity {jid-HBed Althé'ife dﬂeﬂcehY 9Bas et élCPﬁgﬁ)ér B'()El@'S@L%bspgloYémr el ectronic

devi ces such as em ssive displays and a nethdd een devel oped for 30
casting t ranspmrfmaﬂy,talsldasm'bbdrbebfav tH€1 inithyk refeened wes teplacediblyict i ve pol yners

onto pre-patterned |1 TO s tes di.tian, d has.been

Gevel oped | oPOSEBURTIIL Bhathin ProRHSsRI et 01l (R AN AHar b e 1am ¢y

mat eri al g5 5“9@&?&1 Wﬁﬁ& %@Ié@ 09y/ 99192 PCT/US01/18189 from an aqueous
et

di spersion onto pre-patterned | TO on-gl ass substrates or
The emeraldine salt (ES) form was verified by the typical green color.

First, 30.5 g (0.022 mole) of 15% PAAMPSA in water (Aldrich ) was diluted to
2.3% by adding 170 ml water. While stirring, 2.2 g (0.022M) aniline was added
into the PAAMPSA solution. Then, 2.01 g (0.0088M) of ammonium persulfate in
20 10 ml water was added slowly into the aniline/PAAMPSA solution under
vigorous stirring. The reaction mixture was stirred for 24 hours at room
temperature. To precipitate the product, PANI-PAAMPSA, 1000 ml of acetone
was added into reaction mixture. Most of acetone/water was decanted and then
the PANI-PAAMPSA precipitate was filtered. The resulting gum-like product
25  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.
EXAMPLE 2
One gram (1.0 g) of the PANI-PAAMPSA powder as prepared in
30  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 pum polypropylene filters. Different concentrations
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| TO-on-plastic substrates. By using the high resistivity |layer described in
this invention, |onger operating life is enabled in high information
content ovaepl/esms2 wi thout the need for registered patternP@yusél/ssie hi gh
resistivity layer 5 The invention will be further described by the

foll owi ng Exanples which are presented to illustrate the invention but not
to limt itsoSPAN@PAUNIRSS iatvieeriirs Brusinelg iptdparbddlyl chpeging ieamastitgof

per cent ages by weight. EXAMPLES 10 EXAMPLE 1 PANI - PAAMPSA was prepared
usi ng a pr oc BANIEAAMPSA mixediiptgthe Wateeri bed in the reference Y. Cao, et

ol Polymer, 30(1958):.2308, 0Bt S 8085k PASAAAMPS Aleatid bed bel ow HO i

this reference was reﬁ%

pol y(2- acry! ggksiPedldispiridl in hwadérQna Ressel il GilRedddhlonARNBSH) ubh @ttei.| abl e from
15 Aldrich, MIwaukee, W 53201). The enmeraldine salt (ES) formwas

verified by EXAMPbESal green color. First, 30.5 g (0.022 nole) of 15%

PAAMPSA i n wat er i ch) i.luted,to . 3% by, ,adding 170 mM water.
Wil e stirring, 2@@'@%‘&31% W?Fedrﬂﬁ"é’asi%(ggam ll/ﬁ?’vgwy he PAAMPSA

sol uti on. Thegytidy/@idpdsicl iPAERM TARE HRAIRAINAN WEY BbAsuAddaobl 630 nddoyd  wat er
was added slowy into the aniline/ PAAVPSA sol uti on under vigorous

stirring. Theunfeaptifiomaiex (Alphatep ¥10) (avetlalilo fropKhAdFencat, Sendose, CA

t enper at ur e. recipitate e product, PANI - PAANPSA, .. 1000 ni of acetone
was added i nlgg%r‘@aﬁ?”il ﬁtaﬁ%&@?w ABPMmesh _a%‘g{?’&ﬁ%? \%@?tl% “g8Tant ed and
then thegg PAQ\W‘ABM%@%aE&?Sﬁ RietiGT-PRAMPS A €il8d Thd B &S fadtegh gum | i ke
product 25 was washed several tinmes by acetone and dried at 40C under
dynanm ¢ vacusioweino ddractenistic diffractioBymalgs; ehediatroindicatet dleat tieefilti west

synt hesi s of PANI - PAAMPSA. EXAMPLE 2 One gram (1.0 g) of the PANT- PAAMPSA
powder as pr @MY n 30 Exanple 1 was mixed with 100 g of deioni zed water

in a plastic bottlirgi E%g;lé‘ﬁé‘rﬁéﬁs@rab@é%a’i feat Ad-PA ANDOIA tiRRGS G0 € for 48

hours. The sol utions/dispersions were then filtered through 0.45 m

pol ypr opyl enevatdrlis eneph@isf (Cesiliniydessdéhar % ons 24 WO 01/ 99192

PCT/ USO01/ 181 0 NI - PAAMPSA in water are routinely prepared by changi ng
t he quantl?ty%z(fMii ’

Four grams (4.0 g) of polyacrylamide (PAM) (M.W. 5,000,000 -
6,000,000, available from Polysciences (Warrinton, PA 18976) was mixed with
400 ml deionized water in a plastic bottle. The mixture was rotated at room
- temperature for at least 48 hours. The solution/dispersion was then filtered
20  through 1 pm polypropylene filters. Different concentrations of PAM are
routinely prepared by changing the quantity of PAM dissolved.
This Example demonstrates that PAM can be dissolved/dispersed in water
and subsequently filtered through a 1 pm filter.
EXAMPLE 5
25 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
ratio was 1:2 in the blend solution. Different blend ratios of the PANI-
30 PAAMPSA/PAM solutions were prepared by changing the concentrations of
PANI-PAAMPSA and PAM in the starting solutions including the following:
PANI-PAAMPSA/PAM (w/w) at 2/1, and 1/1.
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PANT- PAAMPSA mi xed into the water. This Exanpl e denonstrates that

PANI - PAAMPSA can be dissolved/dispersed in water and subsequently filtered
t hrough avootmwigin filter. 5 EXAMPLE 3 A PAN - PAAMPSA f i PaTAuaG1/ B189p- cast ed
froml %ww solution/dispersion in water. The filmthickness was
nmeasured to be 650 nmby a surface profiloneter (Al pha-Step 500)

(avai | abl e from Kliis Bxampie deBammstiatsethaCAPANSBAIYIPS A A tderaindam e X- r ay

i t, i de-angl e diff ti di 1 D t ak th
PN " PaavpoEpiE Sdhaafes EEE e R R v o R R r i ot ¢
di 1 acti on Begeua/diliersalif viald AR REID 4 bERIELL v o BEDRANOUS.  Thi s

Exanpl e denonstrates that the PAN - PAAMPSA fil mcast from water is
anor phous (cEXAMPLEGity | ess than 10% . 15 EXAMPLE 4 Four grans (4.0 g) of

Pol yaci ericas. (vir EHREUR S 198 eaes) DRI RIS et T BT BaMinbea v er
in a plasticylpd #*i%-ofﬁ)ﬁﬂ@é/kﬁﬁ%ﬁb@%l\%@&@/@ WE‘Q?&}’%‘%@%@S%’@E Upgp §or at

| east 48 hours. e solution/di spersion was then fil rough 1 gm
pol ypr opyl en®0f5, ltlemsl. 1/Di f f erent concentrations of PAMare routinely

prepared by changing the quantity of PAM dissolved. Thi I

denonstrat es that T@g\ﬁxé‘a‘ﬁﬂeofg“?ﬂnééﬁ%@a%zwsnggé&?%%‘gﬂ%gequent |y
filtered thr f fr.t he

PAN < PraVPar e dted Wil d Ijf#rl %%%frpe’g ol g%@ﬁ%ﬁ Eaag’ﬂ\sﬁgfslarﬁqﬁefgﬁg\?u@% patps g of 1%
(ww) PAM sodisdolved/dHspepsed jmmatkr iand tHak thiep can e filteneé thratghr o045 penfikerat ure f or

24 hours). The solution was then filtered through 0.45 gm pol ypropyl ene
filters. TheEBAMEIEAAVPSA to PAM ratio was 1:2 in the blend sol ution.

D Lonent ! end e Sy B A NERATI et o sypggercpac
sol utions i natiodf RGNIHRA AMHSMWPEQ: (w/WpiMhs PAAMPSA/ PAM (W w) at 2/1, and 1/1.
25 WO 01/ 991]%)2(A|1:\./IC1;|-1/,EU§01/ 18189
15 Glass substrates were prepared with patterned ITO electrodes. Using the
blend solutions as prepared in Examples 5, 6 and 7, polyaniline blend layers were
spin-cast on top of the patterned substrates and thereafier, baked at 90 °Cina
vacuum oven for 0.5 hour. The resistance between ITO electrodes was measured
using a high resistance Keithley 487 Picoammeter, from Keithley Instruments Inc.,
20 (Cleveland, Ohio 44139). Table 1 shows the conductivity of PANI(ES)-blend
films with different blend compositions. As can be seen from Table, the
conductivity can be controlled over a wide range.
This Example demonstrates that the PANI-PAAMPSA blends can be
prepared with bulk conductivities less than 10™ S/cm, and even less than 107
25  S/cm; i.e. sufficiently low that interpixel current leakage can be limited without

need for patterning the PANI-PAAMPSA blend film.
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Thi s Exanpl e denonstrates that PAN - PAAMPSA/ PAM bl ends can be prepared with
a range of PAM concentrations, that these bl ends can be

di ssol veava@ospassed in water and that they can be filtereBCT/hsaugngda 0. 45
m EXAMPLE 6 5 Exanple 5 was repeated, but PAAMPSA was used instead of
PAM The blend ratio of PAN - PAAMPSA/ PAAMPSA (W W) was, respectively,
1/0.1, 1/0.3, 1/0.5, 1/1 and 1/2. Thtgi&Exanpl e denonstrates that
PANI - PAAMPSA/, PAAMPSA bl.ends, can e _prep | r e, of PAAMPSA
concentrat i one & Ctefi‘ﬁﬁlswvé@é‘aw@rﬁ?ﬁ‘&% 1%@?%%}%§M§é\,a@?gq§er sed in water
and that they can be filtered through a 0.45 mfilter. EXAMPLE 7 Exanple 5
was repeat edplebdt olger US eThitigete adAM raffiM Suthiee bl end  rati o of Electrical
PANI - PAAMPSA/ PEO () was 1/ ga) EXAI\/PLﬁr/‘% ) 15 Ré&®tansdbtdnab@sier EREYISBRAY ed
with patterned | TQigl@ety odes. Using t bl enénsHt | QB&aGS Pr epafoRh-dnf)**
Exanpl es 5, fpoand fonepol yani | gqpe bl end | ayers ywefi@® spiyngast on tgopgief the
patterned suffgtratggeand theregfter, baked at 98,1@i n & 2Matuum ovgl xi@r
0.5 hour. Thayresigignce betwegn | TO efectrodessyas nmeassyngd  usi ngryaidt gh
resi stance Kgjst hl eyad87 Pi coaggeter, fg,pm Keithbgys | nstgauggnts | ncy 9,140

(G eveland, {gyi o 44439). Tabl gyl showsl/g he conglbigctob vi t y» 9fioPANI (ES) 3Rl end
films wth didferepmbl end cogposi ti onﬁl As ca@O)pl%xoseeq 1M Tabl e 3tie
conducti vi ty ontrol | eshover a yj de range ®his ms)l e denp§§w4at es
that the PA bl ends gan be gpar ed Y‘h nbul uct| Vi gl | ess

than 10-4 S/ Iess ohan 10-5, 125 S/g . e. hCI ent |

t hat |nterp eaka can b mte hot 4for p i ng
the PANT-P SA Eﬁ%gg ? §192 :@801/ Tabl e %P
Surface res IVI tly uI k nduct| ¥ of P hends Bégng@ host
pol yner ThIC ess o* rface Eﬁfgtr cal’ gB) (4) w) Resk§ Lapce

Conduct i vi ty esi A (|f oddf esent)ll ‘ohnt sq { cm 3(é)xq cm** 2.6 x10°
114 PAAMPSA 1280 1/1 6.7x107 1.2x10° 8.3 x10*
115 PAAMPSA 1740 1/2 2.5x108 2.3x10* 43x10°.
116 PAAMPSA 3060 12 8.4x107 3.9x10* 2.6x10°
117 PEO 250 11 3.0x10° 1.3x10* 7.7 x10°

* A being PANI-PAAMPSA
5  ** Electrical Resistance (i.e., inverse of conductivity)
EXAMPLE 9
| 20 g of a PANI-PAAMPSA solution as prépared 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 pum 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

33wit%, 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
27



100 none 350 1.2x108 2.3x10"3 4.3x102 101 none 200 2.2x 108 2.2x 10-3 4.5
x 102 102 PAM 300 2/1 2.3x109 1.5x10-4 6.7 x103 103 PAM 230 2/1 5.3x109
8. 2x10- 5WO0AaKdA%2 104 PAM 510 1/1 8.2x109 2.3x10-5 4.3 x1PdT/USQBISPAM 264
1/1 2.0x101 1.9x10-5 5.3 x104 106 PAM 220 1/1 2.2x101 2.1x10-5 4.8 x104
107 PAM 285 1/2 1.4x10" 2.5x10"6 4 x105 108 PAAMPSA 260 1/0.1 2.4x109

1. 6x10- 4 6. 3PlygEencesrdapgirpg gggonytempergtups fad -4 dws.0The miip o103 110

PAAVPSA 230 4/ 05 4 8 10"4 A 630 110.5 3. 7x108
4.3x10" 4 2. é&%%“@%‘&&%ﬁéﬁ%% b%?‘@%@@x‘%@@%%?ﬁs fi oS W3 113
PAAMPSA 950 Qléd—%l%p&’é&@ﬁ\ﬁﬂ@%ﬂl@émﬁerﬁ oX RART- PAAMPAAMRRL0, 12895 dddlad®s 7/ x1 07
1.2x10-3 8.3 x102 115 PAAMPSA 1740 1/2 2.5x108 2. 3x104 4.3 x103 . 116

PAAMPSA 3060respeptigelyx107 3. 9x10-4 2.6 x103 117 PEO 250 1/1 3. 0x109

1.3x10"4 7. 7@3@%@%@ bei ng PANI - PAAMPSA 5. ** El ectrical Resistance
(i.e., i mver uctivity) EXAWMPLE 9 20 g of a PAN - PAAMPSA sol ution

as prepared in EX"EH@i'e%is_?an‘d@ﬁleﬁéul‘@fﬂents(@ﬂEimBW@fe?Eétéd% buPthel2 days) wi th
10 g of 1 wm % PAM solution as prepared 10 in Exanple 4 and 2.0 g of 15%

PAAMPSA sol uPADIKESaJayer ateb spificashiimithe bigndebutivos prepaned wnExamglas £1.1 t er ed

bl end ol ut 1 H8 el eoef R P PIE AUt avpon -
PAAMPSA ' PAMMY R 0IAWdaR BE séthSrddh BRafed HRYconbadE it 3an bhEoRRMEEM r at i ons
in the starting solutions. 15 EXAMPLE 10 Exanple 9 was repeated; the

content of PriderBigtMPIhedt disklagrequirem@aiat Gonthudtivitieraluas less dian hOSS/cpol yrer's
E%%Eé/ T]A_\M &Y\gc&cail\?essisggﬁyr) g{e gregt(e)r tha%rll ?05 o%'mS—éI]fl). C]é{’l JE)e %gt%inoeld.z ’Wili}? i%ﬁgrt Hvely.
concentrations of PAM in the blend, the conductivity dropped below 10° S/cm
(electrical resistivity of greater than 10° ohm-cm). .
This Example demonstrates that PANI(ES)-blend films can be prepared
15 with conducitivities less than 10 S/cm and even less than 10° S/cm.

EXAMPLE 13

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
20  compositions; the conductivity can be controlled over a wide range of values.
This Example demonstrates that the PANI-PAAMPSA blends using
PAAMPSA/PAM as host polymers can bevprepared with bulk conductivities less
than 10” S/cm, even less than 10° S/cm and for specific formulations less than
107 S/cm. The conductivities of the PANI(ES) blends are sufficiently low that
25  interpixel current leakage can be limited without need for patterning the blend

film.
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20 30 g of a solution as prepared in Exanple 2 was m xed with 15 g of

dei oni zed water and 0.6 g of PAM (MW 5,000,000 - 6,000,000, available
from 27 wWw@0099199192 PCT/ US01/ 18189 Pol ysci ences) under BCT/URIIMGG1S room
tenperature for 4 - 5 days. The ratio of PAN -PAAMPSA to PAMin the blend
solution was 1/2. Blend solutions were also prepared in which the content
of PANT- PAAVPSAe BaBullk, and Surfats résivdante Yor PANKESY bievéd with Qi fl¥édybipdsitidizeand
resi stance negSgegnments of Exanple 8 were repeated, but the PAN (ES) |ayer
was spi n-cast—fromrtie bfend—Sofutions prepared 171m Exanptes 1t — F g3
shows the conductjyvi - bl fiJ.s. wth di
conposi ti ns%a§°@°gf o FolUR! heelg@"ﬁ}ﬂj*t KN
controll ed i range-to-heet displa gL eNBHtS — Condllc

val ues less than 10-5 S/cm (electrical resistivit}/ of greater than 10
ohmcn). can be dBt&Sned. Wth H0Bher 98shentF.2tl0bns HPxIVAM i n 1tlw&0’bl end,
the conductivity dropped bel ow 0006 S/ d¥x1Qel eTdxl0tal 1.8si0St i vi S pxtA’
greater than 10' ohmcm. . This Exanpl e denonstrates that PAN (ES)-bl end
films cafd be prepéred 15 with 2080duci tli6xid’i es8.5S t hasx1D0"5 SAdritind even
| ess than 10-6 S/cm EXAMPLE 1B30The ré9ix$d’anc2lxt®asur 2iel’s of 2Ex#iipl e 8
were repeated, but the PAN (ES) |ayer was spin-cast fromthe bl end

sol utions as prepared in Exanpl 8509 andx1®. Tatie'°2 shax®’t he admtictivity
of polyblend filns with differenoobl end.s200°conpasiot'i onzgxiode condutdsi vity
can be controlled over a wide range of values. This Exanple denonstrates

t hat the PANI - PAANPSA bl ends usigag PAANRSA/ PAW-a9'°host.opot°yner s.6ee0f be
prepared with bul k conductivitigsol ess2.6kb@h 1045083/ cns.5e0én | egSxtdian 10-6
S/cmand for specific formulations Iess than 10"" S/cm The conductivities
of the PANI (ES) hlends are suffixoent| gxigdw t hpox183 i ng.exmpitxel gqukIEnt

| eakage gan be |imted w thout 713ged fon.gpad't er ngngt hey bkedd filamo28 WO
01/99192 PCT/ US01/ 18189 Table 2. Bul k ans surface resistance for PAN (ES)

bl ends w t h drfferent—conmposttroms—and

* Ratio of polyaniline to total host polymer is 1/2(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
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t hi ckness Ratio of host pol yners* Thickness R(ohm** ohm sq Conductivity
Resistivity 5 PAAMPS/ PAM (A) (S/cm (ohmcm 1.5/0.5 2100 9.8x106 5.2x108
9. 0x10"5WO 2x9092000 1.0x108 5.3x109 1.9x10"5 5.3x104 10PCT/OS@OBDIL. 6x10'
8.5x108 5.6x10-5 1.8x104 1300 3.9x107 2.1x109 3. 7x10-5 2. 7x104 0.5/1 1850
1.2x109 6.4x1010 9. 3x10-7 1.1x106 1000 6.8x109 3.6x10'1 2.8x10-7 3.6x106
15 1/1 1620 SYQinIGSIrIBn@RSL(M@, (Eagﬁmao@sql\@klwﬂzmoktmmméof 4x1012

6.5x10"8 1.5x107 0/2 1200. 1f0t8 ag . 3x10Q- 8 (29%%(})7 20 73 3.4x1011
1.8x1013 7. ARFEER VAR Beomited e R TR By Sm ot e S AR dr82e% 388 yror 15
1/2(ww ** Besditanoha df-?@'ﬂhé M‘%lt@gl #EBE cur? ahll BRSquaRtHP ¥ ency
configuration 25 EXA emtti ng di odes were fabri cat ed usi ng

pol y(2-(3, 7dw¢mmyasurﬁdy[F@<y1)shoWs phet Inght putbpl(cphe e arsléxtgrnelnpirnio®VO- PPV)  as

DD PPV 151 b ey b sione! HOPSRTTG: BRANTES D &Eyfégﬁévﬁaé’fﬁfﬂef. st

| ayer of theeﬁbﬁﬁyéﬁcﬁﬁaﬂ@fmgﬁ@%c?&»ﬁWﬁ&r&@ﬁW ; th| ik S BhéeGoat ed

from1 %solution/dispersion in water onto esses ranging
from 100 to 8@fifibanthnidghdreéhamatevere wittakidlamide90 C in vacuum oven for 0.5

hour. The device was | PAN| ( E PAAMPSA/ PPV/ et al .
Devi ces were fabr&é’é’tﬁ%‘& i‘?‘ﬁ‘?én%frﬁte % @@L&F?glgn@geggl}'{rﬁg Pﬁﬁl‘i‘gee
(Applied IT repht hal at e,
PET, as the%s%l%lg%?%%l %H%ICourtaul "STIT %égéd()ﬁdl ot hgcageég,an&ﬁ'

I TO’ PANI 1°PAAMPSA bi | ayer was the anode and the hol e-injecting contact.

Devi ces were e Wth a layer of Ba as the cathode. The netal cathode film
was fabrica of the DMO PPV | ayer using vacuum vapor deposi tion

at 40 _pressures behowstichds el ArmsliebrEyAD s3dL RfchBY BLinkd L area of 3

cn2. The deposition was roni ¢ of ed rate neter,
avai | abl e fr cemmercially available poly(ethylenedioxythiophene), PEDT, polyblend solutions

available from Bayer AG (Pittsburgh, , PA 15205). Table 3 shows that the

15  PANI(ES) blends prepared by this invention (see EXAMPLE 9) yield a layer with
much lower conductivity than that obtained from PEDT. This Example
demonstrates that the conductivity of PEDT is too high to be used in passively
addressed pixelated displays; the inter-pixel leakage current will lead to cross-talk

and to reduced efficiency.

.20
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29 WO 01/99192 PCT/ USO01/ 18189 Sycon Instrunents, Inc., (East Syracuse, NY
13057) 2,0001 to 5,0001 of alum numwas deposited on top of the cal cium

| ayer. FovOoemghInf the devices, the current vs. voltage POTAS)1/I8I8 | i ght
vs. vol tage curve, and the quantum efficiency were neasured. Fig. 4 shows
the light output (curve 400) and external quantum5 efficiency (curve 410)
of | TQ PANI ( Egle 3PRliNRSAS BMordRuBatydefnew? EDHE SSan cempatiscaf witlcPANSESHf t he
device with blehdyer PANI (ES)- PAAPMSA/ I TO anode is significantly higher
than device Wih I TO anode. This EXxanpl € denonsiratesS that hi gh pertor nance

I be fabrica ' - S . .. Of
he bi1 ayer dfbfe. 10 EXAMPLEL(E TRICEES o ﬁr tﬁﬁnﬁgﬁgﬁﬂﬁéﬁﬁlﬁt? 8

wer e repeat eg als .
PEDT, pol ybl end solutions available fromBayer AG (Pittsburgh, , PA
15205). Tabl BEBTsPSSvs t hat t 166015 PABDE ES) 0BRendslp7epar edotipt hi 8.3x10?
invention (see EXAMPLE 9) yigbd a | ages w p31 nuche.bower Tpfiddct i vizkyot han
that obtained from PEDT. This Exanple denonstrates that the conductivity

of PEDT ks too high to be usggyin p?§?6 vel y3zaddr gsged pixelated digphays;
the inter-pixel |eakage current wl ead to cross-talk and1 to reduced

efficiency. ,20 30 WO 01/99192 PCT/ /18 Ta 3. Thickness . an
conductivity of new PEDT- PSéMl%ﬂ con;ﬁ&%sonejggth PANI ( ES) f@f@_@d T?%é‘?goi n
speed Thickness R* Rs Condud®¥ity Réd¥stiOrdy 53¢RPM  (X10NphnyH0x10
(Mohmi sq) (S/cm) (ohmecm) EEBI- PSS1800 280470. 22418, 7 3.2%16°3 348%1062 800

2500 0.31516.5 2.4x10-3 4.2x102 10 1000 2000 0.33 17.0 2.9x10-3 3. 4x102
1400 1700 0. B8DIOTYS 3. 0x10" 36803x10200®200001830 0857 30. 41.219%10- 3.3410%102

1000 760 0.19 10.1 1.3x10%  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°  5.3x10*
4000 1000 100.0 5300 1.9x10°  53x10*

®. R*: resistance between two adjacent ITO lines in 10x10 configuration (in mega
ohms); :
Rs: surface resistance (in mega ohm/sq)
30 EXAMPLE 16
Example 5 was repeated, but the host polymer was, respectively,
poly(acrylic acid), PAM-carboxy, polyvinylpyrrolidone and polystyrene (aqueous
emulsion) instead of PAM. PANI-PAAMPSA/host polymersolution/dispersion
was prepared 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-cast 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
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4000 1000 0.77 41.0 2.4x103 4.2x102 15 PEDT-TSS 600 1000 0.16 8.5 1.2x10-2
8.3x101 1000 760 0.19 10.1 1.3x10"2 7.7x101 PAN (ES) 1000 2100 9.8 522

9. 0x10-5wWotx4042 20 bl end 2000 1500 29.0 1550 4. 3x10-5 2rGRU6¢/1838300 1200
84.0 4480 1.9x10-5 5.3x104 4000 1000 100.0 5300 1.9x10"5 5.3x104 25 R*:
resi stance between two adjacent I TOlines in 10x10 configuration (in nega
ohns); Rs: safficianey rs@qt@ﬂ%b@apsmnmga(ebﬁm%}e %Iekaegmécwlanpl e 5 was

d, but_¢h h I d
Pk car boxy, rgURyTES PR R RREet Futas LRHRC Aok n@ o)

instead of PAM PANI - PAAVPSA/ host pol ynersol ution/ di spersion was prepared
as indicated in Exanple 5. 35 EXAMPLE 17 The devi ce nmeasurenents sumari zed
in Exanple 14 were repeated, but thelBARK(ES)-blend | ayer was spin-cast
fromthe bl end soPetfforammcast feveqrafadicated vithadrfferest BANKES) 6lendstbl e 4 shows

t he device performance of LEDs fabricated from polyblend filns with

different host poHyEBolyméO Thi s Exanpkgogeneeats ahes/chfat the use of

PANI - PAAMPSA bl ends can be usedyto fabric o§ol ymer4LEDs wi t
significantly hi gher ef f| ci ency, th| s hi gth% @1 WO 0%9192 Pgﬁn//\lySOl/ 18189

effici en% .
significantl red ed by using the h| gh resi stance PANI (ES)-bl end as the
hol e inj ectlé ) Table 4. 54Prformanée of devi s fabricltled with

di ff erent PARINVEQ 0QAXfids# Host 4ol ymer Parfor mancedat 8.3 mABénR* V QE(%
cd/A LmW

poly(acrylic acid)(300A) 4.4 3.7 7.0 5.0
15
' PAM-carboxy - - - 0.04
polyvinylpyrrolidone 6.3 1.0 1.3 0.6

20  polystyrene(aq. emulsion) 6.1 0.6 0.8 0.4

* Best device from 5-10 devices
** Concentrated (i.e., after making the blend solution, some solvent was removed
25 to make the solution more viscous, and thereby provide a thicker film).

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
30 PANKES)PAAMPSA/PAM ratios (see EXAMPLE 11). Table 5 shows the device
performance of LEDs fabricated from polyblend films with different PANI-
PAAMPSA/PAM ratios.
The higher efficiency correlates well with higher resistance in the
PANI(ES)(ES)-blend layer. The higher efficiency is obtained with the higher
35  resistance in the PANI(ES)(ES)-blend layer because there is no wasted current due

to inter-pixel current leakage.
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10 PAM 300A) 4.9 3.5 6.3 4.1 PAM2000A)** 4.3 3.1 4.5 3.3 poly(acrylic
acid)(300A) 4.4 3.7 7.0 5.0 15 PAMcarboxy --- --- --- 0.04

pol yvi nyiwgoredipzione 6.3 1.0 1.3 0.6 20 pol ystyrene(aq. PODUSIIONEY89%. 1 0.6
0.8 0.4 * Best device from5-10 devices ** Concentrated (i.e., after

maki ng the bl end sol ution, some solvent was renoved 25, to nmake the

sol ution nore viscous, and thereby prdablgeé.a thicker filn. EXAMPLE 18 The
devi ce nmeasur enent sPsnﬂommnczeﬂdavmeEXahmphtedﬂﬁfemer[tq)AN]IQES}lﬁénds#’Ut t he

PANI (ES) |ayer was spin-cast fromthe blend solutions with different 30

PAN ( ES) PAAVBRATIANPaliIPS AlSR0 EXAVPLE TlberTah ﬁceat aff? e devite

performange of L +4pbricated from pg}yble PANI -
PAAMPSA/ PAM r at i og§/ T)ﬁe hi gher effi ci cei}ncy C(r)ﬁEé:/lb‘)at es WI t h er

resi stance i n—rhe—f?PAN!—tES)—(—ES)—b+eﬁd—FayeH$he—hkgheJ—etLLeuency_A
obtained with thelty gher 35 resistancélin tmedPaN (ESPCES) - bl eRd | ayer

because there is AG wasted current dué-6to iX® er - pi xdR.6current 7lleakage. 32
WO 01/99192 PCT/ U1/ 18189 Table 5. P& forrehce of dadwices fabsi cated

di f f er entl0 PANI ( ES)/1b§ ends# PANI ( ES) PAAVPSA/4PAM Per f qpjrance at 78. 3 mA/ cn2 5
(Ww) V QE(% cd/ /LMW 1/9 9.1 5.0 3% 7 344 1/3 516¢5.0 12.Q¢97.1 1/2
5.2 4.9 13.0 7.8 10 1/1.55.2 4.8 12.1 7.3 1/0 4.6 4.4 11.6 8.0 15

EXAMPLE 19

15 EXAMPLE 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 %) (cd/m2) (%)
30
100 0 510 5.3 47 1.2 green
98 2 530 48 130 3.2 yellowish-green
50 50 580 6.6 198 4.9 orange
0 100 610 33 160 3.9 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 at a
constant current of 8.3 mA/cm® in ambient atmosphere in an oven at temperatures

25,50, 70 and 85°C. The total current through the devices was 25 mA with
33



The devi ce neasurenents summari zed in Exanple 14 were repeated, but

pol y[ 5- (4- (3, 7-di net hyl oct yl oxy) phenyl ) - phenyl ene-1, 4-vi nyl ene] ( DMOP- PPV)
and its meadomien- pol ymer with DMO PPV were used instead PET/DMD/BIBY. The
device performance data are listed in Table 6. 20 This EXAMPLE denonstrat es
that different color (e.g. red, green, orange etc) can be fabricated using
PANI - PAAVPSAluasiniive of apgrokinpatelyapprodimyiety 100adl/@n’t Figey$ sleovpathé ightance of

di fferent | um nescent po| on .25 PA S AAVPSA el ectrode Pol yner
Conposi ti on @pr’e@w&éﬁ m"%&? E’éreﬁ%er&” Wﬁaﬁ)&% durang eqeratioppb %ﬁv}ny

DMO- PPV) , , , n 0 0 510
(5 3 47 \1/)2 g?‘éﬂgfr?t tgsd gﬁ%ggﬂﬁ?gé %3‘? d%z%(% |d%a¥%“é@§%@%8‘(%‘8 g%bés .6 198
4.9 orange & &0Q, ththalf life d6e dedcesewlith Bfe ITOARAAMBESbildenstdeydsof508. 3

my cn?2 EXAMPLE 20 The devi ce of  Exanple 14 was encapsul at ed usi n}glg a cover
gl ass 40 Sanboire Had qo\gﬁrw“emlas@ @Céfaéw mykoush 3P eauRigtsddhger e run

at a consta o n oven at
terrperaturesHﬁrilgéd{cg81%&2982I ﬁ%%%/ﬂ&%% C{Atﬁaéqﬁegtgzrlrafggrl téﬁ‘?%ghd?}h% devi ces was
25 mMA with 3@@@%3@&@@%&%@%@8&3@@ to'Bevant@). Gfhus, the

appr oxi mat el yapprOX| matel 100 cd/cnR. Figure 5 shows the | i ght output
(curve 510) &Ferpebitadagiiess hierbreom eameraturs voas dgternigd dpe appreHmatelss C. I n

contrast to %@Wﬁ&r\ﬁ“h | TO as anode, which degrade within 10-20 hours of
stress at 8 alf life of the devices with the | TO PAAMPSA bi |l ayer

exceeds 400 5 houFf. Gishbwathéesd! tihRwteehdgLat ro6ihaaaperbfaraighoutput From
Ahrennius plots of the |um nance decay and voltage increase data collected

at 50, 70 an@usz§00) ped veliags drcagage cunic@l B ehithic oncrten #r25ks Assenkat ed to be

ca. 100. Th USeen it %1g 6, after 10,000 hours stress, the light output has decreased by only

approximately 10%. The voltage increase is less than 0.15 mV/hour.
This Example demonstrates that long lifetime can be obtained for polymer
15  LEDS fabricated with high resistance PANI(ES) layers.
EXAMPLE21
Examples 14 and 20 w‘ere repeated, but the higher resistance PANI(ES)
PAAMPSA blend (Example 9) was used for the hole injection/ layer. Fig. 7

shows the luminance (curve 700) and voltage (at constant current) (curve 710) vs
20 time during stress at 16.5 mA/cm2 with the device at 70°C.

This Example demonstrates that long lifetime, high performance displays
can be fabricated using the PANI-PAAMPSA/PAM blend as hole injection layer.
EXAMPLE 22

Example 1 was repeated, but 1.7 g of PAM (Polysciences, M.W. 4-6M)

25  was added into aniline-PAAMPSA-water mixture. After vigorous stirring and
complete dissolution of PAM in the reaction mixture the oxidant was added into
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

30  final product were prepared by stirring of the resulting powder in deionized water
at room temperature for 24 hours in a plastic container. The solution was filtered

through a 0.45 pm filter. The bulk conductivity of a thin film spin-cast from the
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extrapol ated stress life at roomtenperature was determ ned to be

approxi mately 40,000 hours. 10 Fig. 6 shows the real tine stress data at
roomtenveoat/eme2 | i ght output (curve 600) and vol t age i neerase/(8esr ve 610)
at the operation at 25C. As can be seen in Fig. 6, after 10,000 hours
stress, the |light output has decreased by only approxi mately 10% The

vol t age mcrmsletmgsqu@gsdtspmoﬁvﬂas mmmadrto ba'(apprOEKaatp]Iyel évionktieat es t hat

00 ance. PR BaPSERu a BR W B el LS b 0
resi stance P 1 eate
but the hi ghggg smra&mgﬁﬁ&&él%%)er tfaﬁ%%bﬁhgp%pa@%&n@oﬁvas used for

the hole injection/ layer.” Fig. 7 shows | um nance” (curve 700) and
vol t age (at amtladutspctwpnénm)EJ(mplvé aﬁd(ﬁ’)AMsomﬁom imeatdu(sea fxanpkesy. at 16.5

eI i S S ORI

PANI - PAAMPSAD RANIBS £ A N I I 4 Exanple 1 was
r epeat ed, bﬁ%’ 1. 71%9 of %ﬁﬁ(ﬁ%ﬁ@%ﬁ@%@%aﬁ%&ﬂym !{}fg ES was added into

ani | i ne- PAANBSAMBEER3mM xture. After vigorous stirring and conplete
di ssolution of P in the reaction mxture t 0 ant . wa addedl to
reaction m xture. Nlaerep PatsHEH yg@éﬁé@%ﬁ@%\@e@gﬁ@ a@ga@@a 1th 96 rogs and

PANI (E9) - bl op8 ot Py B briEer 2PANLAL 18: 90 b A WsteREEpaed i rect ]y

from polynerization. ous SO |spers ons exarrp 1 or 2%
w w) of tthe aBliessedal eaph dﬁlplay Rhotegrapbpaf thd rdsyltBigientissivn af dtsbbxyedearul ting
powder in dejoni zeg wat er roomtenperature for 24 hours in a, plastic

£

cont ai ner. TH& Sollhe fhgse %églasfsl Were Adeticalip SVIH resPect sXCpiar the &s1sitivily pul k
conductivity Pﬁleﬁlatté}{aﬁ'uéédlfm ﬁxg'hBIeClgﬁ tl&{ 91 L h'ﬁle d‘?’sﬁeﬁ% ]‘%%%:haé a low
% S sur to be

PCT/ US01/ 181 resulting agueous pers on was
(appr oxi mat etegistle SPEDTMyer (resistivityappeoximaeisequbl toR@0iohtideém) awlrthdthan t he
filmfrom Exanpl e 1 of same thickness; and one order of pmagnitude | ower

than that of tsiresidansedstvesa colimps tasgraroxmey s0D0diobmsr dihgdisplayin Exanpl e 1
chd oA L MBS PR Bt Tl SR e =
directly in ehmicaglsaciptharhs sesistance between columns was approximately 400,000
ohms. The display in Fig. 8c had a higher resistance PANI(ES) polyblend layer
(resistivity approximately equal to 50,000 ohm-cm) such that the resistance
between columns was approximately 5,000,000 ohms.
20 As demonstrated in Fig. 8a, with 20,000 ohms between columns, there is
significant cross-talk. This cross-talk had two implications:
(1) The resolution and clarity of the display (Fig. 8a) was limited by the
cross-talk. Note that the display in Fig. 8b is improved compared to Fig.
8a and the display in Fig. 8c does not exhibit the cross-talk problem.
25 (i) The efficiency of the display (Fig. 8a and 8b) was reduced by the
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
30 efficiency of approximately half that of the display shown in Fig. 8c. The
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
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EXAMPLE 23 Three passively addressed di spl ays were fabricated, each with 96
rows and 64 colums. The gap between | TO col umms was 50 gm A single pixel
was 10 addoerssmek i n each di splay. Photographs of the resuPCT/H§0ESI&Si on are
displayed in Fig. 8 The three displays were identical in every respect
except for the resisitivity of the material used for the hole injection

| ayer. The dilept dataiinwa eptindeedihat displayy fabrasicdtvatice P ANIEY ppiblandesi stivi ty
approxi mately equ to..200. ohm ¢ sygh. t hat e,resist.ance. between

ol ums was. U HREFYY saBuo R Bl St GybT i TR b SR o

PANI (ES) pol YMe&ﬁ@d'e@fY&éncgrfﬁﬁﬁﬁ&éﬂ;ﬁik&ll@dkﬁg@éﬁrf@&.a y equal to 4,000 ohmcm
such that the resistance between col unms was approxi mately 400, 000 ohns.

The display in Fi ghisSixampte dentingiretes thesinpveimwe oPAMNg BEEh mpsikiahdeend | ayer
(resistivity, appr.oxi mately equal.to 50, 000. ohm: such that the resistance
bet ween c%luhﬁ@‘@ﬁé“%gﬁ%%iﬁ @Fp“%@ﬁﬁﬁ@dﬁﬁ“@ﬂ&éﬁgéﬁgf S-denpbnstrated in

Fig. 8a, with 20,000 ohns between colums, there is significant
cross-tal k. This cross-talk had two inplications: (i) The resolution and
clarity of the display (Fig. 8a) was limted by the cross-talk. Note that
the display in Fig. 8b is inproved conpared to Fig. 8a and the display in
Fig. Sc does not exhibit the cross-talk problem 25 (ii) The efficiency of
the display (Fig. 8a and 8b) was reduced by the inter-pixel |eakage
current. The lower efficiency neans that the display required nore power
than that required in the identical display (Fig. 8c) where the cross-talk
was negligible. Because of inter-pixel current |eakage, the display shown
in Fig. 8a had an 30 efficiency of approxinmately half that of the display
shown in Fig. 8c. The reduction in efficiency due to inter-pixel |eakage
current can be a factor as large 3-5 tinmes depending on the detailed

i nter-pixel spacing and pi xel size. Using 35 WO 01/99192 PCT/ US01/ 18189
these data, it was estinmated that displays fabricated with a PAN (ES)

pol yblend layer with resistivity in range from 104 ohmcmto 105 ohmcm
wi |l not be subject to reduced efficiency frominter-pixel |eakage
current. This Exanpl e denonstrates the inportance of using high resistance
5 hole injection layer in passively addressed pol ymer LED displ ays.
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36 WD 01/99192 PCT/US01/18189 CLAIMS What is clainmed is: 1. In an

el ectroni c device conprising a photoactive |ayer conprising a photoactive
or gani ¢ maod er/pHEb2 bet ween a hol e-i njecting anode and an 5 BPCRUSIIOI189N) ect i ng
cat hode, and a | ayer of conductive organic polynmer having a resistivity of
at | east about 104 ohnms-cm between the anode and the photoactive |ayer. 2.
A net hod for maki ng an el ectroni c dewlIca&IMS he steps conprising: depositing
a high resis ht %\é& .of conductive organic polyner onto 10 an anode,
wherein the W}& ¥ i |ty | ayer of caonductive organi c pol yner has a
resistivity of atli st AelipniodayIcsIcRRPERNE d&b: BW?WY?aaﬁFrﬁH@PE%EPve | ayer

compri ST N9 2pRGAAIC LGN Rk GBS R h DS ichargst st vi Ly 1 ayer,

and depositl g an e on-injectin tactive layer. 15
3. The deyi celeciforGnjdcting cathdd@rand b&yﬂﬁmﬁmﬁdﬁﬁtwelosgamczpolyiﬁarlﬁwmgme hi gh
resistivity layer has a resistivity of at |east about 105 ohns-cm

pref erabl y afeSlSB‘élﬁf of a{henst a@glamﬁnw\l botyegn thprp@og@gmd:@e@hotep%ﬂvm 1 and/ or

the nethod o aim2, wherein the high resistivity layer conprises
pol yani | i ne. B The devi ce of daim1l and/or the nethod of Caim?2, wherein

the high resistiygitxmhaued fsramkingaselgoninddvicesthplsteps tompiidional i zed
sul fonic acid. 25 6. The device of Claiml and/or the nethod of C aim 2,

wher ﬁl N the high redSPoSitingmyhighreaistiiauiRyd of soRdpCHENDIEERIE PORTIE SRIOpO| yrer .
e, 38y ofy Bload) b BORIA el BRiGTAPHr QgD Zeni PRI GEPRANE Mg 30

yer conprise enera

01/ 99192 Pﬁfegﬁﬁaﬁ}l&ﬂ&@eassabo‘ﬁhqzoﬂﬂmmof Claim1 and/or the net hod of

Claim2, wherein the anode is a patterned |ITO | ayer.
depositing a photoactive layer comprising a photoactlve organic

material on the high resistivity layer; and
depositing an electron-injecting cathode on the photactive layer.
15
3. The device of Claim 1 and/or the method of Claim 2, wherein the high
resistivity layer has a resistivity of at least about 10° ohms-cm, preferably at least

about 10°® ohms-cm.

20 4. The device of Claim 1 and/or the method of Claim 2, wherein the high

resistivity layer comprises polyaniline.

5. The device of Claim 1 and/or the method of Claim 2, wherein the high
resistivity layer comprises polyaniline plus functionalized sulfonic acid.
25
6. The device of Claim 1 and/or the method of Claim 2, wherein the high

resistivity layer additionally comprises a host polymer.

7. The device of Claim 1 and/or the method of Claim 2, wherein the high

30 resistivity layer comprises polyaniline in emeraldine salt form.
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9. The nethod of Claim2 wherein the depositing of a high resistivity 5
| ayer carried out using an aqueous solution conprising the conductive
organi ¢ wobysmps2 10. Use of the device of Caiml as a phoT/odarsesd ng
device or a em ssive display device. 10 38

8. The device of Claim 1 and/or the method of Claim 2, wherein the

anode is a patterned ITO layer.

9. The method of Claim 2 wherein the depositing of a high resistivity

5 layer carried out using an aqueous solution comprising the conductive organic

polymer.

10. Use of the device of Claim 1 as a photodetecting device or a emissive
display device.

10
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