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use in display technology [J. H. Burroughs, D.D.C. Bradley, A. R. Brown, R. N.
Marks, K. Mackay, R.H. Friend, P.L. Burns, and A. B. Holmes, Nature 347, 539

25 (1990); D. Braun and A. J. Heeger, Appl. Phys. Lett. 58, 1982 (1991)]. Patents
covering polymer LEDs include the following: R.H. Friend, J.H. Burroughs and
D.D. Bradley, U.S. Patent 5,247,190; A.J. Heeger and D. Braun, U.S. Patents
5,408,109 and 5,869,350. These references as well as all additional articles,
patents and patent applications referenced herein are incorporated by reference.

30 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.

35 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
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25 Despite the advantages of the polymer LED's described in United States
Patent No. 5,798,170, the low electrical resistivity typical of polyaniline inhibits
the use of polyaniline in pixellated displays. For use in pixellated displays, the
polyaniline layer should have a high electrical sheet resistance, otherwise lateral
conduction causes cross-talk between neighboring pixels. The resulting interpixel

30 current leakage significantly reduces the power efficiency and limits both the

resolution and the clarity of the display.

Making the polyaniline sheet resistance higher by reducing the film
thickness is not a good option since thinner films give lower manufacturing yield
caused by the formation of electrical shorts. This is demonstrated clearly in Figure

35 1, which shows the fraction of "leaky" pixels in a 96 x 64 array vs thickness of the
polyaniline polyblend layer. Thus, to avoid shorts, it is necessary to use a
relatively thick polyaniline layer with thickness ~ 200 nm.
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conductivity greater than the second layer conductivity and less than the first layer
conductivity.

The multilayer structure provides sufficiently high resistivity to avoid
25 cross-talk in passively-addressed pixellated polymer emissive displays; the
multilayer anode structure of this invention simultaneously provides the low
operating voltages and the long operating lifetime required for pixellated polymer
emissive displays in commercial applications.
This invention additionally provides an improved configuration for
30  electronic devices such as pixellated polymer emissive displays. This
configuration leads to high efficiency, long operating life PED's while at the same
time avoids excessive cross talk. This invention relates generally to the use of the
multilayer anode structure in such devices. Thus, in one aspect this invention
provides an improved polymer emissive diode. This improved diode is made up of
35  an active emissive polymer layer having a first side in contact with a cathode and a

second side in contact with a transparent anode. The improvement involves a
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As used herein, the term “organic electroactive material” refers to any
organic material that exhibits the specified electroactivity, such as
electroluminescence, photosensitivity, charge transport and/or charge injection,
electrical conductivity and exciton blocking. The term “solution-processed

30  organic electroactive material” refers to any organic electroactive material that has
been incorporated in a suitable solvent during layer formation in electronic device
assembly. The term “charge” when used to refer to charge injection/transport
refers to one or both of hole and electron transport/injection, depending upon the
context. The term “photoactive” organic material refers to any organic material

35  that exhibits the electroactivity of electroluminescence and/or photosensitivity.
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
4
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Fig. 4 is a graph which shows the stress-induced degradation of devices
having a PANI(ES)-PAM/PEDT double layer with different PEDT thickness at

70°C. Solid lines represent operating voltage and dashed lines represent light

output.
30 Fig. 5 is a graph which shows the stress-induced degradation of a series of

devices having PANI(ES)-PAM/PEDT double layers with different
PANI(ES)-PAM blends at 80°C. Solid lines represent operating voltage and
dashed lines represent light output.
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01/ 99207 PCT/ U usmphmmmpmeﬂampmhqymﬂmﬂam f seen

in Figs. 2A l%%ﬂu?af a”&de@mte&rﬁfaklnom&lxdﬁyheend&ﬁv@ﬁrst luysullomfggtgna)n
corrprlsesa ayer. O gactl ve a e

mul ti | ayer SandHe 18y 003@\ guty, JOWr?G?iE‘EPe’é“% S%C(S’Hgﬁaé'ﬁ {a/]ezC %FWB% als%cy?gfl?%ff)
having a 5 fi r@hd&&ﬁoﬁp aﬁ@a@htghtdomdwl,vng thisilagaridddiiingtayhiséyed | ayer 112
having a second ‘g;élrvnyé;g%?% Ctl capcggﬁlgr chI Gct?v t&%&rléswtﬁ&% tﬁéﬁﬁfsfilag,@ryer 114

having a t hi r ¢°P4 é secon

conductivity apddheivityt Aaode Ih@e4 a’mdrthe ovm%dlodc@nwuneuoanbycamnd)dea104 and the
overal |l diode ?}B&%ﬁ% %% can be carried on a substrate 108. 10 Organl C

pol yner - based |l oys a relatively high work functi anode;

thi s hi gh Mork fun@ngemcavn r-beﬂﬁd@dﬁ]rﬁ)@@é@lwﬁaef@latlﬁ?}V@g}i HeX P‘Ffélon

otherw se fillgdqd: Qh@qa'fgh »Q&ktfﬁﬁctﬁﬁ%@wmmgekﬂﬁ td ffecnesiesito el ymer 102

Rel atively | ow work functi O%ﬁte” al.s %{1 TF erred as t he 1Bzxthode 106;
this | ow wor Kotheiése lpdenb hetepnieqpdpgi %FMG%’F?—J NBRE 1%t 0 t he

oL he [1 vv: se e ﬁpt};{elétﬁ/dl}ﬁfoubﬁﬁtk i@ﬁﬂ:ﬁdﬁ&nﬁemhlc arduefeirad as the vathedc HI tlpsﬁloy\ner ) 182
The hol es i nj ect node. and. t t he cat hode
reconbi ne r adi'%%} %&E’i’%’l%"?ﬁﬁoﬁe SERRE RIS g Eﬁgcgés 1§n§h%; Qﬂhﬁ&lg‘ge tted. The
criteria fﬁl’ sih-baakdl of ted oticadesting iriaeseent pcéyreerdlé)gc hdeeles injegtedat | by | .
D. Parker, é@?gljlode alﬁxzhdﬁ glé Fﬁge&érfgc‘%%e ca%ﬂodgef&&@ol@ﬁtﬂaﬁ%@t\m% As best

seen in F|g each | el ectronjc V|ce 100

an orga
i ncl udes an eltbeaotie layqrée@ ilalgt ig emitted dEhe SURHREY S @%’f‘a%‘e%@ewet@? F“g

the front of a,pRALAREL inVEtAl HANDC PAREENT Abpll OBysIRRASSE €D a nul ti ] ayer
anode 104 of the invention to serve as the second (transparent)

el ectron-w t hdraw ng 25 (anode) el ectrode. The multilayer anode (nmade of
| ayers 11020 1 N. deposited on a substrate 108, which is

partially coated w }&ngst fsée&ﬁh Fkge%%',’ eélci'LQndlwdual pixel of an organic electronic

device 100 includes an electron injecting (cathode) contact 106 as one electrode

on the front of a photoactive organic material 102 deposited on a multilayer anode
104 of the invention to serve as the second (transparent) electron-withdrawing

25  (anode) electrode. The multilayer anode (made of layers 110, 112 and 114) is
deposited on a substrate 108, which is partially coated with a first layer 110.
Deposited on top of first layer 110 is the Jow conductivity second layer 112 and
the high conductivity third layer 114. Cathode 106 is electrically connected to
contact pads 80, and anode 110 is electrically connected to contact pads 82. The

30 layers 102, 106, 108, 110, and 112 are then isolated from the environment by a
hermetic seal layer 114. Where the electronic device is a light-emitting device,
upon application of electricity via contact pads 80, 82, which pads are outside of
the hermetic seal 70, light is emitted from the device in the direction shown by
arrow 90. Where the electronic device is a photodetector, light is received by the

35  deice in the direction opposite the arrow 90 (not shown).

6



Deposited on top of first layer 110 is the | ow conductivity second | ayer
112 and the high conductivity third layer 114. Cathode 106 is electrically
connect edv® 01/920nt act pads 80, and anode 110 is el ectri caPCyusarest ed t o
contact pads 82. The 30 |l ayers 102, 106, 108, 110, and 112 are then
isolated fromthe envitonnent h her et J. : I he

el ectroni c device iMSAGSPRpHONS %’f‘htafflﬁ%dee g?dé%?ﬁtgzgp%r%ﬁﬁ%‘%’l %%ciﬁd}ngﬁgéﬁesg

el ectricity Vias@oslonRadsSMBE spBaficiltyi i€ orpads therfellovingiseteions: t he
hernmetic seal 70, light is emtted fromthe device in the direction shown
by arrow 90. Wer &hethhotdaciivaloyir€1@avi ce is a photodetector, light is
received by the 35 deice in the di tion opposite the arrow 90 (not
shown). 6 WD 01/ 995%’7‘@@#%%@?‘1%4@§®Thi s description of preferred

enbodi msnt? i's organi zedriacEHdditne Hifkt LAR$€11yar i ous conponents. More
specifically it contains the follow ng sections: The Photoactive | ayer

(102) The Multil ayer Ariigd dwl0dddiustiTiteS@onddayérv(éldi rst Layer (110) The
Low Conductivity Second Layer &15) ) Th% Hi.gh Conductivity Third Layer
(114) The Cathode (106)TheHdighlioadnctivity Ihyd)layg tact Pads (80, 90)
Optional Layers Falrl i chni ques The Phot oactive | aver (102)

Dependi ng upon thealg%p(?aﬁfé%#ir(})q&of the el ectronic device, the photoactive 15
| ayer 102 can be a THe(Hubsieart (108hg | ayer that is activated by an applied
voltage (such as in alight-emtting diode or light-emtting

el ect rochel®i cal cel¢9n,tacéPFléS/@paQﬁ) material that responds to radi ant energy
and generates a si LW w thout an applied bias voltage (such as in
a phot odet ector). gg%fﬁ)vqeféggg phot odet ectors i nclude photoconductive
cells, photoresist @gricatptTehhigedses, phototransistors, 20 and phot ot ubes,
and photovoltaic cells, as these terns are describe in Markus, John,

El ectroni cs anthdRtertvehydi @0onary, 470 and 476 (McGawH I, Inc.
1966) . Wiere the electraoni c dewice J. | eght Iob ol 4305 L 6BotobI&
phot oactive |ayer ﬁ?n\%nlglupg%ﬁle ﬁ?%ﬁ%t%&ﬁg%@s% |0%|fcedr%? lcg’ledaésﬁvolot a g IS

appl i ed t o015t helagdrdOf i bt a light-enittingdaydr shes isactisgied f e appligdygltage (Such
I ght - em tting, TRL§HALSHRE hiddE oPf SRRt HB cBetbemical cell), a layer of
material that responds to radiant energy and generates a signal with or without an
applied bias voltage (such as in a photodetector). Examples of photodetectors
include photoconductive cells, photoresistors, photoswitches, phototransistors,
20  and phototubes, and photovoltaic cells, as these terms are describe in Markus,
John, Electronics and Nucleonics Dictionary, 470 and 476 (McGraw-Hill, Inc.
1966).
Where the electronic device is a light-emitting device, the photoactive
Jayer 102 will emit light when sufficient bias voltage is applied to the electrical
25  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
et al., U.S. Patent 4,539,507, the relevant portions of which are incorporated
herein by reference. Alternatively, such materials can be polymeric materials such
30 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
which are incorporated herein by reference. The light-emitting materials may be
dispersed in a matrix of another material, with and without additives, but
preferably form a layer alone. In preferred embodiments, the electroluminescent

35  polymer comprises at least one conjugated polymer or a co-polymer which
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mat eri al s such asant hracene, butadi enes, coumarin derivatives, acridine,
and stil bene derivatives, see, for exanple, Tang, U S. Patent 4, 356, 429,
Van Sl ykavoet/9ebr, U. S. Patent 4,539,507, the rel evant poPCT/@R&/19#820Ni ch
are incorporated herein by reference. Alternatively, such materials can be
pol ymeric materials such 30_as those described.in Frloind et al

Pat ent 5, 247, PeBRIns;sEEyents of n-gpnjuggledmoiqhics.{Anjugajedapoliasrs a’fﬁa%%lh%“"e“{n al .
(U.S. Patent 5n33lie7arfi@;9é .4 heorjedacsddtilymens] J. dnBrafas amlthﬂﬂlaﬂyeedt nKbrvpar at ed

herein by refere din a
matri x of anot % ?jo%e%}ﬁri'g% Iﬁpﬁg%ﬁ& ‘%d‘ﬁ%l ves 8‘?41%’?1§¥‘§§ab| y form
a layer al one.bwtaremoeﬂlﬁnheédoélnﬁdihwmgts the el ectrol um nescent 35 pol yner
61/ 50207 PeT/ Usoy) {HETERLHARAEBALATERa B afERBEUERGN Fiichs O
Conj ugat ed polppsisioss an thepbienylgieonpielin the art (see, e.g., Conjugated
Pol ymers, J.-L. Br gﬂ 019«@?& yiehé bi%ﬂeﬁé} and it§l de¥RitiveA\Gaskenited Rrasdus

e €

Dordrecht 1991), res tlve. asses of materials include, but are not
limted to thé’oﬁkﬂo%w VIEY $1OMYEYy ( p- phenyl ene vinyl ene) and its

derivatives substi t(ﬂi)%l}f(hrylbﬁélvﬁiyﬁenep&&lete maametdwwmnlyhmmlems ety; (ii)
bosi {1 ons. - CREMPRIDF AR e Y30 ANSE ARG e B SPLAENE .
aryl ene may bethsumhetmmﬂlnfemctlasallz@dmawﬁmwe'anamﬂm&mﬂe f uryl ene,

thi enyl ene, oxadi az@l)eserighil el BF%AIHQO Fylerf¥ vit{iEn fwhér@?nerﬂ?jd@ﬁé Ray Bé hdlin

functionalized substi tuent s at us . positi (iv) .derivatives of
pol y(aryl ene \iipyabere subsijiEedatigaoRs RIsEiRaSs o fb%ry%%e iety5 i i) above,

substituted at var I(Q)lder[iﬂaﬁk/éé @p@lﬂﬂytehevafyydnepevmm B yyldne)majesd asgni ves of
poly(aryl ene (iii) above,

substituted atl li}aﬁlb%%ssmb%’é‘iﬁ?ﬁ} n&UgR° %lcf*?gmmsﬁf}?ﬁé%vmﬁﬁp Wle% Vi) co-pol ymers
of aryl ene vi nyl engvildogwitenss of arlene miybame @Qg@rects voth npenesmgigatedd
derivatives of %'dﬁ%rsp by g&'fvscitl%étlﬁ{shé (ﬁ @ls s\ﬂ@srtft%é aPRRiolit POSHAS diBe

aryl ene noi etie erivatives of suc ymers substituted at vari ous
posi tions on Q%nwmmt@ﬁéieﬂﬁté’ﬁi égsuchrﬁ’@l)@éf‘ﬁ gubstitpied 8y aQusPOBIoPHER 5

substituted atpmyanyRine ndfletRS) sanald@ﬂsath bhsuchrolydings anbdtitulial ativaybene

noi eti es; oziﬂyl %ﬁgmn %B }%he yI ened) n *et S doe;rtl vatives substituted at

various poditi tt ea"gﬁ’é‘?n% eth‘é Wi BEYI € udi ng | adder pol yner

derivatives such as(viidpylf@-shengliend)lentl ifsldecvaive} swurstitutddent viakieys fositiony

poly(arylenes)  and pha%jlerneqﬁ;ijaty,aﬁli:l\ﬁgﬁg%m} b&l%%fjdaﬁvaﬁ%é QR 2PPSEd NS
dialkyl fluorene) and the like;

(viii) poly(arylenes) and their derivatives substituted at various positions

25  on the arylene moiety;

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

(x) polyquinoline and its derivatives;

30 (xi) co-polymers of polyquinoline with p-phenylene and moieties having
solubilizing function;

(xii) rigid rod polymers such as poly(p-phenylene-2,6-benzobisthiazole),
poly(p-phenylene-2,6-benzobisoxazole), poly(p-phenylene-2,6-benzimidazole),
and their derivatives; and the like.

35 More specifically, the active materials may include but are not limited to
poly(phenylenevinylene), PPV, and alkoxy derivatives of PPV, such as for
example, poly(2-methoxy-5-(2"-ethyl-hexyloxy)-p-phenylenevinylene) or "MEH-
PPV" (United States Patent No. 5,189,136). BCHA-PPV is also an attractive
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25 on the arylene noiety; (ix) co-polyners of oligoarylenes with

non- conj ugated oligoners, and derivatives of such polyners substituted at
various poaptdans on the arylene noieties; (X) polyqui noPCTVES@Ind482t s
derivatives; 30 (xi) co-polymers of polyquinol | ne with p- phenyl ene and

noi eti es haV|n solubilizing function; XII rod ch as
pol y( p- phenyl &%@YQW%@higng%n& gz'ag)ﬂeﬁlec ron. Mater g22 413 (19%2)) ggl!’é is a'ijl

pol y(p- phenyl epgasle G onE ?&t&ﬂ”@ﬁﬂl Blet., 62|ﬂ@9%%ﬁ&ﬁhﬁn&sﬁh&emz)l m dazol e),
and their deriyvatives fical y

material s nay L’Wﬁ%f@nwl%ﬁgg% ynTeirr‘Pf%’t‘@darFBOIH I“flf%rﬂlé]ﬁ% ? he) PPV,
and al koxy derdry pidfaresl spicePRY, enabiehelativelp simpladenpdectabrication [A Heeger and

pol y( 2- net hoxy. nevi nyl ene) or "MeEH PPV"
(United St tengg{agﬂtﬁ&}satg&e%%dgo@é)anan} IS aIy$o a)n attractive 8 WO
01/ 99207 PCT/ US01/ mzmmtplrafa'rﬂhaoawa énght—@rmttmwmigneretanépopqum@s@r,ettlhen
Mater., 22, 41{% a atéifdi’é/désénﬁécﬁ H k&R 8. A&, Miangaeb @bQO)Synt h.

Met . 62 35 ( erences therein Lum_nescent. conj ugat’ed
pol ymer whi ch andgetsoedio berpin aé&%ﬂsomjﬁﬂﬁ% thesevaad other seral-gmdReiited since

they enable re} %rhé’x‘é"a}i deh eféi%&ﬁexfhﬂﬁféle@idlﬁﬁm[eéx\,enbmwem 5 D. Braun,
U S Patent 5,40

109 an en nore preferre tiv
i ght - emi t 14 ngWhereythe plectzpmc g‘b"r}?ﬂ Vﬁ)]éF é ng@d?tﬁ%tor b4 R}’(ﬂt(@cgﬁ i al s
descri bed in HesiRedk & ra@lanénergy’sthd. prodices a sibal eftBer(\2id) 6y withod arbezised red to
herein as G PPV these ot t rs and
copol yners whi %ﬂég%%?e[nagqg% PPl reag%:aéqggrger (%88%’%8% df%g V\ﬁﬂ%yfhe
el ectroni ¢ devsigrel %0 4 ased pbiegedetabctsan the dase @fmplm@qond@cuvayelﬂs 102
responds to r 312:1 s@tgﬁr ?Hot@ﬁﬂtoﬂéé) gﬁ%ﬁ‘aﬁslﬁbﬂ ot@libda§ IncMdefoP %XM’h}sleOUt a

bi ased volta t o, radi ant enerman LS, capabl e of
gener at i nglsa @ﬁ’@h@'ﬂn]%aﬁﬁ‘ nolypnegs agd %‘th%lb@“{eé‘iféhmé?n?ﬁ sthabt g

phot oconduct i vl%sp“&lhlw radi@f? @ﬁ&gfs&h&i@ lcSpabhot g%ﬁwlatlﬁ@@&gnﬂmtmt abgisad or s,
phot ot ubes) incl ude

n onj ugat ed al y/
el ect r ol uni nestige Fﬁ%ﬂfﬁ?‘?‘é’ltge WBP«E?PQ?@C%@FNI?%EI 1 L d an@ energy and
are capabl e of inglde natdriatp thatsihgméadallyir¢aobtot light bmda&:extbyg@hqr@tge sigwakSugh in

the case of 2 RIRLSSSAMGLYEIS Sl nraRRY RURe g)g%xﬁﬁﬂ)ﬂs)maﬂ Jncl ude

materi al s that ener at e a si gnal .
Such 1 gh20 seemijugaied pplhsémre and 9le¢t€a@pwh0ﬁ9atl@meé¢ Fﬁ&%&e Spgsifigy anpl e,

many 20 conj uggt.aehiaahyiEs, Subie nél Balte®to, MEH PO COpttbusiscaade framer | al s.
Speci fic semiconducting polymers”, G. Yu, K. Pakbaz, and A. J. Heeger, Journal of
Electronic Materials, Vol. 23, pp 925-928 (1994); and MEH-PPV Composites
with CN-PPV (“Efficient Photodiodes from Interpenetrating Polymer Networks”,
25  J.J.M. Halls et al. (Cambridge group) Nature Vol. 376, pp. 498-500, 1995). The
electroactive organic materials can be tailored to provide emission at various

wavelengths.
In some embodiments, the polymeric photoactive material or organic
molecular photoactive material is present in the photoactive layer 102 in
30 admixture from 0% to 75% (w, basis overall mixture) of carrier organic material
(polymeric or organic molecular). The criteria for the selection of the carrier
organic material are as follows. The material should allow for the formation of
mechanically coherent films, at low concentrations, and remain stable in solvents
that are capable of dispersing, or dissolving the conjugated polymers for forming
35  the film. Low concentrations of carrier materials are preferred in order to
minimize processing difficulties, i.e., excessively high viscosity or the formation
of gross in homogeneities; however the concentration of the carrier should be high
enough to allow for formation of coherent structures. Where the carrier is a
9



exanpl es include, but are not Iimted to, MEH PPV (" Optocoupler nmade from
sem conducting polyners", G Yu, K Pakbaz, and A J. Heeger, Journal of
El ect roniveO Ma9®20T al s, Vol . 23, pp 925-928 (1994); and MEHPEBUSGormsrsi t es
with CN-PPV ("Efficient Photodiodes fromlnterpenetrating Polyner

Net works", 25 J. J. M Halls et al. (Canbridge group) Nature Vol. 376, pp.
498-500, 1995)polfiheric mhiedbl padiriedecaonganlymensare highl oleaidabecighi (MMed t o

provi de eni ssigp %gg{&ggﬁaﬁ\% Oﬁh&@%@}?as ﬁ%ﬁ%éﬂ%%ﬁ?@ﬂfyﬁ P pyRe,

pol ymeric photoac C e materi al

is present in pdiﬁeﬂpsﬂ@tecm@dq, pelyptatese, aJI@Z q=hk%@néarrﬁm<mr@ § SIS+ BRI9B 01 (w,

basis overall gmfeyesl %teﬁﬂﬁfea% tms%lamed [FPhe hitdhese(p@ry@lecalapr  Or gani ¢
nol ecul ar). The cr|ter|a the selection of the_.carrie aor}Jc mat eri al

are as fol I‘owsMateFals faghly ‘ih§| O‘gli’?éi?PcPf&P}PeGWtisHPCtPWE fipg} Wt‘# OY‘?'HS%
mechani cal | y Cﬁkhﬁds?ﬂichfdhﬂgrmateﬂfaclldevmﬁmumfﬂws@blaoaﬁd na@mpolaeomamcst abl e i n

solvents i hat, e, cARADLe oL SREASIAGBE Losal Mahbe e ugat od

pol ymers for f conce I ONns arrirer materials
are preferred suffidetenechanicatistiemgth et mlm@smnnglt@tlﬁlﬂs asUbwiasd o,ieven as

excessively higfy, éé'OS??S bg¥o@5nettg%n£l§l5 %tdogﬂng £ sﬂE%ﬁeﬂt@;r@&@Qﬂ%ﬁ?ﬁ' ties;

however the concentra carrier enqu to .all ow

for formatibn ddsiredsemplesof ﬁ\lféltftﬂhé"sem &)Wé%e%%ﬂ@é? ?%Pﬂ%e PG 1/ 99207
PCT/ US01/ 19482a196HoY)”‘§W€étH§Eé Rdxade), Ul qﬂdsnﬁjﬁﬁé te@éphltlmllata);rs are high

nmol ecul ar wei ght 00 exi hai n
pol yet hyl ene, P¥% a@fheez p&%pi‘}}%‘ﬁger su 5‘1198 IW]Iefégn ﬁ? 8%‘61‘ PO ylgtﬂ?er ene,
and the like. bleading apthe dinel Imlﬁnexomlnbupmmpd iha péiar eriirobmente acki-bglar

determ ned by thosesn%kl ]Irels ﬂ éeﬂec% @Jht ’stﬁcﬂgﬁﬁﬁ ﬁg@ycf@[%% 5 materials

enabl e the forHYToN erent structures e variety of
| i quids, itel upkplmgol?ﬂm@r, poh@u@sher@h,cﬁnd@hﬁelﬂkms pol ar and non-pol ar organic

sol vents. Films or g @il%lmﬁh%%é&é&r&fﬂh olﬂgmﬁm?er@aa&fgbqfonp@rmrs have
sufficient machanl cal strength ngﬁgy t‘ ncen tlons as bgw%o%s 1% even
as |l ow as 0. 1hwpdr Frﬁﬁ’eur’clg( EHerRc et r%‘ﬂb’é‘gﬁ bcessi ng
as 10 desi red (1 gsurif = $0'€ b oAlicigh tist actied ﬂtmﬂnelmssehwmomonmal,sed of
pol y(vi nyl oho ol y(eth I

t er epht hal at e) aevt J%e Og‘ﬁ?’%gﬁgﬁ% &313% rggl)ove(gﬁ MSI er su?l?rﬂﬁl e poFyrrer s. On
t he ot her mandthlqmessmeﬁbméwlﬁng) 5000 he fi nal poI ymer cannot proceed in a

pol ar environnmgpt s QA Rle (GRAKrIer structures are selected, such as
t hose contai ni

e ot ook R oA g LA IR o 1

conductivity second layer (112) and a high conductivity third layer (114).
The thickness of each layer 110, 112, 114 is determined by the desired
25  transparency and resistivity of such layer, such transparency and resistivity factors
are in turn dependent upon the composition of the layer.

In the device of the invention that contains a photoactive layer, one
electrode is transparent to enable light emission from the device or light reception
by the device. Most commonly, the anode is the transparent electrode, although

30  the present invention can also be used in an embodiment where the cathode is the
transparent electrode.

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

35  "transparent" even if its ability to transmit light varies as a function of wave length
but does meet the 25% or 50% criteria at a given wavelength of interest. As is
known to those working in the field of thin films, one can achieve considerable

degrees of transparency with metals if the layers are thin enough, for example in
10



hundred Angstromunits (200 A) to several thousand Angstromunits (10, 000
A (1 Angstromunit = 10.8 cn). Although the active filmthicknesses are
not critiveabi/992aevi ce perfornmance can typically be inprovRPdI/Og0u®isey
thinner films. Preferred 20 thickness are from300 A to 5,000 A The
Mul til ayer Anode (104) The nmultilayer anode (104) includes the conductive
first layer (1l#@)cascoflsiiver aﬁldrgdld:belwwfayoﬁeﬁOdd ahdiys;rec@]]l)’kﬁ)onaﬁhi)uw@lz\gb

o et er m nod. Byl ped Hekich HlybyiPLa RS FRERuT Y Bhertihoetd | J00
such transpar epdy tendihg teSawrriths trgdlemsSlercsf yelatr\é tQ rﬁdtvrrrvrrle@eﬁ@n dantarlipén t he
conposi tion of \Lhe.|ayef as yL0) tﬁ}g\l CEUIBEDRfirah e!n@ et bé’ﬁbﬂlé\%ﬁ wadelgs a

phot oactive | ayer, one gct Ii trarfspare o enabl e i ght enission
from the devi censmg|iogni0d Aded0id98 Aby t he devr ce Mbst comnonly, the anode

is the transparent g fiticdds ,thé‘cﬂésﬁ@&'ﬁﬂnsﬁﬁ?reh@ﬁtri%rd%ﬂﬁﬂkltﬂoﬁ\tﬂﬂdyeﬁﬁnﬂwl al so be

used in an enbod nt wh h de,is th rent e ect ode.

used herein, n‘f‘ﬁéﬁ&ﬁﬁ?‘éﬁt& Cbgr%ﬁaﬁi#@%gﬁﬁ Chp ugt“g Y18
transmtting alesé maﬁtheaﬂreuhyétfm%]dlmmdutpmd mbadihynﬁiesbmsltlapdmumdlﬁﬁ%y of the
anount of lig ti engt ! terial
is considered Eer%{orregrt]lg %Péc%tﬁi@%a\}gﬁa\f% Orﬁtglgleggﬁﬂl? %?raar?-sg%y? ‘ﬁ ght varies
as a functi®n Dwomveompmﬁlw ofthe Oﬂ@é@}’ﬂ‘é@lthﬁh@m}le sousseendiBgi a at a

gi ven wavel engE(khdﬁf:tNlHésle%ﬁéh othr 1a§ers k@%@? féc@br& SRR ROmpBsitibearki €l d of
thin filnms, one can achi eve cansid egyof transparency with

metals if the fesgabed below ihsestiapsig ngr“b eéR ¢ 10 WD 01/ 99207

PCT/ US01/ 19482Th@eomﬁv@Flr§uLaweﬂf(mg}j goI d bel ow about 3001, and especially
fromabout 20 Ato bout, 250 ver h VI Ju | orl ess
(uniform transm ttgﬁ%‘éonalﬁﬁnveﬁs a?’eerrhﬂs 19 161 %?af ra%[}ﬁlae%lsst%r}s%(ﬁgn of

yel l ow to ngd mhmsa“scmagizhrslm&erprﬁarablyleﬁdhan mm%qﬁua@dch as | TO PAN and
PEDT, transparency & P0d)ReRidQ01 to
10,000 A. In addi tlgﬁ\pto tﬁt?\tgdﬂé?fr;g%‘ Eirﬂba?%sflﬂger/%%nggzt ﬁrﬂﬂiceg asi tllon of
layers in the eclaeifiealicapiagt \ﬁ%é@e&f@mabﬁéﬁnwlé?%e télrﬂy%@rﬁnédsehat the third

| ayer conducti ¥éddvctive 1a&&$1§adtemra rﬁgrﬁwwkrfaﬁctioayﬁdteﬁam@uattymbany and more t han
t he second | ayer conductl Vi gﬁ efore, the ‘?(;‘g%' o@? rial one

| ayer of the nihofgapiyBateny] ‘?ﬂ‘é‘ﬁ(‘—’z"ﬁ e ¢hosri b CSC?E% et‘foél u%]fvetﬁﬁ% ot her
| ayers in the myadd Odsdrefdreblyonadeof aratkiriaty coutandnrgamﬂtalr esxedfmatalchllayt her

| ayers. Qher In%&‘i Phide ﬁpm%?éd%gaarb}pae COfRRT hb lgaﬁde Bblpefrkelow | 0

sections relatin rst Layer (110)
the metals in Groups 4,5, and 6, and the Group 8-10 transmon metals. If the

anode 104 is to be light-transmitting, mixed-metal oxides of Groups 12, 13 and 14
metals, such as indium-tin-oxide, are generally used. The IUPAC numbering

25  system is used throughout, where the groups from the Periodic Table are
numbered from left to right as 1-18 (CRC Handbook of Chemistry and Physics,
81" Edition, 2000). The first layer 110 may also comprise an organic material
such as polyaniline as described in “Flexible light-emitting diodes made from
soluble conducting polymer,” Nature vol. 357, pp 477-479 (11 June 1992).

30 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
silicon, germanium, gallium arsenide, and the like. When metals such as

35  aluminum, silver, platinum, gold, palladium, tungsten, indium, copper, iron,
nickel, zinc, lead and the like are used, the anode layer should be sufficiently thin
to be semi-transparent. Metal oxides such as indium/tin-oxide are typically at least

semitransparent.
11



The conductive first |ayer has |l ow resistance: preferably I ess than 300 15
ohns/ square and nore preferably | ess than 100 ohns/square. The conductive
first | aweoo0(/9920) of the conposite anode (104) provi des PBRCEUSI/BaS2 cont act
with an external electrical source (not shown) and is a conductive |ayer
made of a high work function material, nost typically an inorganic

material wth a woryhEMnsd ameqpﬁm ﬁléﬁtuthe‘boﬁdﬁ:‘tﬁe]}Malf‘rﬁétdl-&luﬂélxﬁlﬁtm%éit 20

| ayer 110 is preferabl y made o ﬁ{% rials cont g‘bﬁq’enﬁ%@ r@t m xed nmet al ,

alloy, netal GRibacrapipParintas Wit eht i PYfEs Uiy 38 0181 P EESt he Group

11 nmetals, therefeRdbdy,shd ﬂh1dﬁhesse§oﬁknet51-mamdoﬁde éordli¢lbariCy loygrs B-fidnt r ansi ti on

net al s. If t he e S ng, m xed-netal oxides
%mfk tr'rie%% 1&) wl?n%n rﬁgéﬂtarehé {1 cfglu%éd

of Groups 12, af@ suc d| umtin-oxide, are generally
used. The ILJPAC nunbering 25 system i s used throughout, where the groups

from the Peri ofiy fabhfadhiginy RusRRdel am | of t to right as 1-18 (CRC
Handbook of The first |ayer

Chemrstry and
110 nmay al so conpriB Sﬁ?Pf@rle}é\fﬁllézﬁh‘?l@ﬁi haye S%@@W@ég%b@ﬂﬁéﬂmtpﬂée"ﬁgt descri bed
:\lgt Fl exi PI ESE%QQttalﬁ%%ﬁfr&ﬁ léﬂfﬁg@ﬁoﬁ&?ggﬁlﬁﬂﬁ%%ﬁg_ﬂdﬁﬂnﬁ ﬁ@xﬁd&lﬂifﬁﬂgntﬂ@lthmerl
ure vo - une anic materials
whi ch serve asmEﬁ Eal?Sﬁeﬁng ‘Yﬁ?%dugﬂ%‘ﬁ) %‘?gonda ﬁ?%.ﬂ%%?{albg‘folﬁg/ a%uﬁ(pl ati num
gol d, pall E(dl wandnm\gstoélﬁnom atebiuti )™ Spperl07i Sam. Moiegiteferably, Hie,se¢awdd and
t he | | ke; }/e?)ﬁ Qgﬁu&é&%ﬁdﬁw‘nﬁ%ﬁﬁ% A5 skl 8 @8 Fey. i ndiunt tin-oxide and

the like; grap norgani ¢ sem conductors, such as silicon,
ger mani um gal | i um aTlsféé?ﬂC@l@i 133[Wd1 12182y qomprisneyaniding (BANDGs 28 9Kalglt ni num

silver, plati ugdRliGondaiva@blyer Tslkﬂhga%tpSI}lp?ddI@d)ﬂﬁﬁlytﬁmﬂ@{e,, miokon,  ni ckel ,
zi nc, Iead and the |ike e . us t he anode el shoul Sl f|C|entIy
thin to be se‘?ﬁmr{l‘?lﬁﬁérb%ggﬁfl IOIB}HIEIB%HCQH@%C 1S pof?’&i‘ ?‘r?) WoRP e are
typically at |gasgdularbenseful aopatoemhonlyt it iVND tﬁ&bﬁ@ﬁWn@@W(@S@IdrmghBquWer e
the anode is tro%ﬁﬁc[‘%ﬁfre%gg%mh s ﬁl%ﬂgilé(fﬁé qﬁndﬁﬁ)ﬁher%B%IeEQﬁlﬁgumaﬁgl yies can be

transparent as nesses INn_SONe cases.

Preferably, hldemdswclliln@dk@@}@iefms@lknﬁﬁ’ﬂéﬁ h@%m@é&'ﬂ(@?) Eranpies pf RANL &fers i s

from about 25 &es@é?%!&seam@nﬁemgl&stﬁaee%mrsragzlss‘p‘ desired. 5 The Low
Conductivity Secon Lay&)@ é %% The seco have sufficient
htmoet

a
high resistivity toPFne peat thy Sﬁc%’% ﬁ%tlnaéiﬂaod@“‘f?voerﬂ‘?‘ﬁ% als
mul ti | ayer 2;anogeh and,pr aipteaylsNiN i@ ahethylbkenyl)Ajl €l thiphrehyi] s phamine The | ow

conductivity S&‘i’%%nld %}/s%-ﬁfl\?—ﬁ%&fﬁ?&lﬂinﬁﬁﬁ-&ﬂpﬁﬁﬁnyl](4—methy1pheny1)methane
(MPMP), and hole injection/transport polymers such as polyvinylcarbazole
(PVK), (phenylmethyl)polysilane, poly(3,4-ethylenedioxythiophene) (PEDOT),
and polyaniline (PANI);electron and hole injection/transporting materials such as
25 4,4°-N,N’-dicarbazole biphenyl (BCP); or light-emitting materials with good
electron and hole transport properties, such as chelated oxinoid compounds, such

as tris(8-hydroxyquinolato)aluminum (Alq3).
When the terms "polyaniline" or PANI are used herein, they are used
generically to include substituted and unsubstituted materials, as well as other
30  equivalent conjugated conductive polymers such as the polypyrroles, or the
polythiophenes, for example poly(ethylenedioxythiophene) ("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.
35 In general, polyanilines are polymers and copolymers of film and fiber-
forming molecular weight derived from the polymerization of unsubstituted and

substituted anilines of the Formula I:
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10 conductivity of from about 10-4 S/cmto 10-11 S/cm More preferably, the
second |ayer has a bulk conductivity of from10-5 S/mto 10"8 S/cm . The
second | ay@pr1/99227 may conprise polyaniline (PANI) or an eqRCTaREro482

conj ugat ed conductive polynmer such as pol ypyrole or pol ythi ophene, nopst
comonly in a blend with one or nmore nonconductive polyners. Polyaniline is
15 particul arly usdfarmuldbst comonly it is in the emeral dine salt (ES)
form Useful conductive polyanilines include the honopol ynmer and
derivatives usually as blends with bul k polyners (al so known as host
polyners). Exanpl egpf PANI are those disclosed in United States Patent

No. 5,232,631. In gnother enbodi nent, the second | ayer may i nclude
conductive materi 20 such as

N, N - di phenyl - N, &Qnethylphenyl)-[l,l'-biphenyl]-4,4'-dianine (TPD)
and bis[4-(N, N-dle ho) - 2- et hyl phenyl ] (4- met hyl phenyl ) net hane

(MPMP), and hol e /""fection/transport polyners such as pol yvi nyl carbazol e
(PVK), (phenylﬁﬁmhyl)poly5|lane pol y( 3, 4- et hyl enedi oxyt hi ophene) (PEDQOT),
and polyaniline (PANl);electron and hole injection/transporting materials
such as 25 #4,4'-N, N -di carbazol e bi phenyl (BCP); or light-emtting
materials with good electron and hole transport properties, such as
chel at ed oxi noi d conpounds such as tris(8-hydroxyqui nol ato)al unm num
(Alg3). Wien the ternms "polyaniline” or PANI are used herein, they are used
generical |y towh¢féitude substituted and unsubstituted naterlals as well as
ot her 30 eqU|vaIenﬁuﬁﬁnhugaﬂﬂﬂnQGadpctlve polyners such as the

pol ypyrrol es, or the h|o hen f exann
pol y(et hyl éonedl oxytrﬁl ?E E%% wﬁh ﬂées%ro ﬁgthaé(t)hr?tsgmt()flnsangl%ésr t hat

only the spe0|&pmlm0h$ndst|tuted formis intended. It is also wused in a

manner to include agy ﬂ%ﬁ&l@ﬁw& %Q@’&E%b@@i@%bﬁ@b@&ﬁﬂére%%@a@h material s
used to render the po yani l'1.ne “con uctl ve. ﬁ@p’@é{hﬁ 3% %igm lines are

pol ymers and c%ﬁéﬂ?@ﬁ@r@ddf sqleqted Gerg the gapp C?’%ﬂﬁ‘i‘l‘lﬁ@ PBht deri ved
fromthe pol y c7a cwalmﬂﬁumﬁandyutaﬂ@tmohrylsmjmmuhtoa&yamiuynams of the

Formula 1|: r.nul a PCT/ LUSQ1/ nis an

i nt eger frbsm (Va4 1 aff)mﬂ’l Efl lﬁrﬂmioh légi&}ﬁ“}‘?%r%&l‘] g %&%gﬁhxﬁlﬁgﬁ@ow so t hat

the sum of n aadklylﬂmllf@lyl arylthio, arylsulfonyl, alkoxycarbonyl arylsulfonyl, carboxyhc acid,
halogen, cyano, or alkyl substituted with one or more sulfonic acid, 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

20 alkylene or 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 ofn Rs

25  being from about 1 to about 40 carbons.

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

those of the Formula [T to V:

13



equal to 5; and Ris independently selected so as to be the sane or
different at each occurrence and is selected fromthe group consisting of
al kyl, alwenyb920ml koxy, cycl oal kyl, cycl oal kenyl, al kanopCT/Uusbéikssri o,
aryl oxy, al kylthioal kyl, alkylaryl, 15 arylal kyl, am no, al kyl am no,

di al kyl am no, aryl, alkylsulfinyl, alkoxyal kyl, alkylsulfonyl, arylthio,
aryl sul fonyl, al koxycarbonyl, arylesul fonyl, carboxylic acid,y hal ogen,
cyano, or al kyl substituted with ¢gne or nore sul fonic acid} |carboxylic
acid, halo, nitro, cyano or epoxyj|noieties; or_ carboxylic acjid, halogen,
nitro, cyano, or sulfonic acid nmpiegi RR gropps together may
forman 20 al kyl ene or al kenyl ene , 6 or
7-nmenbered aromatic or alidycliT) onal Iy include
one or nore divalent nitrogen, st OB, hout i ntendi ng
tolimt the scope of this inventi f the varjous R groups
ranges from about 1 carbon (in the case of alkyl)~ through¥2 or nore
carbons up through about 20 carbons with the total of n Rs bei ng from

about 1 to about 40 carbons. Illustrative of the polyanilines useful in the
practice of this invention are those of the Fornmula Il to V: 13 WO
01/ 99207 PCT/US01/19482 Il 11 IV5 V NHz NHY z Y Jz 14 WD 01/ 99207

PCT/ US01/ 19482 wherein: n, mand R are as described above except that mis
reduced by 1 as a hydrogen is replaced with a covalent bond in the

pol ymeri zati on and the sum of n
R)n
m - NH——
B 1 S
C® | [ @ ]
H
v \\l// TN L 7 N:<:>:N f
| @ [ | @ y
N ‘JZ
5
- 1 ®
- ﬁ - N N N
v \ 7/ \ 7/ N (
kL ey
\ - )Z
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plus mequals 4, 5y is an integer equal to or greater than 0; x is an

I nt eger equal

y is greavent/9f2zen 1; and z is an integer equal

to or greater than 1, with the proviso that the sum of X

following listing of substituted and unsubstituted anilines are 10
illustrative of those which can be used to prepare polyanilines useful
the practice of thwsereinvention. Aniline o-Toluidine mToluidine

o- Lyl ant| e " m & YLADK i e el YAy BB, 106

m Hexyl ani | i ne

ani 't ne romoani | i ne

3- Br onmani | i nehydsogasdt weniageshith peevalanthoad anihg pehmarization and the sum of n
5- Chl or o- 2- methgxpadyuhisae  5- Chl or o- 2- et hoxyani line 2, 5-Di met hyl aniline
2,3-Dinmethylaniline . 2, 5D but#dzni | i ne §1’a5- Di met hoxyani | i ne

Tet r ahydr onapht hy| S8 IEEEPY

PPY Bfter

%Ht onet hyl ani | i ne

and

to or grearer/Ustizn4s2. The

in

2, 5-Di chl or oani | i nex is3m(inteBrteguaisobf grebter B d) withithd previge thabDihestimoodyani | i ne
4- Mer capt oani lén%eyis%%e'\a{?érwgntlr;“a&fm' | ine 3-Phenoxyaniline

10

15

20

z is an integer equal to or greater than 1.
The following listing of substituted and unsubstituted anilines are
illustrative of those which can be used to prepare polyanilines useful in the

practice of this invention.

Aniline 2,5-Dimethylaniline

o-Toluidine 2,3-Dimethylaniline

m-Toluidine 2,5-Dibutylaniline

o-Ethylaniline 2,5-Dimethoxyaniline
m-FEthylaniline Tetrahydronaphthylamine
o-Ethoxyaniline 0-Cyanoaniline

m-Butylaniline 2-Thiomethylaniline
m-Hexylaniline 2,5-Dichloroaniline
m-~Octylaniline 3-(n-Butanesulfonic acid) aniline

4-Bromoaniline
2-Bromoaniline

3-Bromoaniline 2,4-Dimethoxyaniline
3-Acetamidoaniline 4-Mercaptoaniline
4-Acetamidoaniline 4-Methylthioaniline
5-Chloro-2-methoxyaniline 3-Phenoxyaniline
5-Chloro-2-ethoxyaniline 4-Phenoxyaniline

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, cyclopenteny! and the
like; alkanoyl such as butanoyl, pentanoyl, octanoyl; ethanoyl, propanoyl and the
like; alkylsulfinyl, alkysulfonyl, alkylthio, arylsulfonyl, arylsulfinyl, and the like,

15



4- Phenoxyaniline 15 Il lustrative of useful R groups are al kyl, such as
met hyl, ethyl, octyl, nonyl, tert-butyl, neopentyl, isopropyl, sec-butyl,
dodecyl amaot/dmeoti ke, al kenyl such as 1-propenyl, 1-butepgl/usd/¥pent enyl,
1-hexenyl, 1-heptenyl, 1-octenyl and the |ike; alkoxy such as propoxy,

but oxy, nethox , . 1 SOpropoxy, pentoxy, t ho , .and the

li ke, ycycl oal k%ﬁk} ps E@&Hﬁasg@?gq‘%{ﬁ]é‘ﬁgw hyﬂe%%ﬁ E%‘Wnyir{g‘ %éulgﬁ%ri ke:

?!tanoy:ksrchl ; ﬁ?ﬁ@n?gmhup?nmﬂ?ﬂﬁh?l0@@&@&@%&1amhmemeommpﬂﬂmmy:fandlthe
i ke; al kyl sul fi i Sulfin

and the |iKke, ﬁ‘?%ﬂ“é%@@%#ﬂg‘%%g‘fﬁ .yllghg”f%en H{}'fltp Iﬁy lbﬁnz%itx d
neopent yl t hi o, Phesethyltkiol faphipylthioeandytheslike; ﬂ}kyxycaphmw@h @8i nyl, propylthio,

octyl thio, ﬁonﬂlgﬁﬁi{iﬁaﬂ%ﬁ?’l}e embyYy o%%d‘x@mbhtox Myl B Dthe ulkemy@w kfyh&déh as

enzyl thi o, pHERBER GRS N SHIA TP ?@watyfﬂ%&%?bg  SheiehobTsbs such

as 5 met hoxycambmhbyymetayihekycandibyly butokythekylc pioboxmethyd pentdrgbiitykand the

The Pike. ai kolgarrymdEah s gt ORR b et KmneRy: oo o BERE Hla h0V
propoxyet hyl , thehikepandwasibuseaubistithted alliyk end anyl/gronysadukly ks digdexybyxlyaryl such

as phenOXyWenYBml&%ﬁR@ﬁY%%Wi&B%l?T yg%ljag#elnéglﬁngméggh@us substituted

al kyl and aryl groups “suc

1- hydr oxyl prop ydrszxyg;w;?onyw@ﬂw|tr1ﬂ101ﬁwﬂwkﬁd{:@gﬂxybutxh ﬁy%iwaa@w hyl

;2), nlhlt roet hyl, E -temt)} t @Mﬁﬁbphélyﬂ ﬁ@%ﬁh@h |ancpﬂ’1@'ﬁ9€'%:hﬁ¥hw a01d|f .
chl or opr opy nitr anop he i sul.f oni ¢ aci

term nated al k¥ fm’élﬁﬁd& rr&fﬂ'ﬁlp%r Hgﬁj Mﬁ? 14, [t Eﬁdrﬁ?MIaEﬁ Bl kyl and

aryl groups sgotipasicktbythgletifanc acidcprdpylpulfimid mid, batylsulfeaictcidut yl sul f oni ¢

acid, 15 p nyIsqu i I rboxylic acids. Al so

he&glg&g hgl cid, atnd%'éjcélpe%p c{ g?%%@gmﬁg

illustrati groups are ies formed fromany two
R groups such as nohAbpiilbstretive efarse i Rugraups-ariivplent moicfipefosingd from anyan

integer from aboug ng&Jﬂ%%cﬁm&%ﬁtﬁHfoﬁ%ﬁﬁP' e -(CH2)_4, -(CH2)_3 and
-(CH2) _5, or such ties which optionally i1nclude het eroatoms of oxygen
and sul fur such as -CHZSCHZ and - CH2- 2-. Exenplary of other wuseful R
groups are dival ent al kenyl ene chai ns Tdithg 1 to about 3 conj ugat ed

doubl e bond unsaturation such as divalent 1, 3-butadiene and |ike noieties.
25 Preferred for use in the practice of this invention are pol yani | i nes of
the above Fornmulas Il to Vin which: nis an integer fromO to about 2; m

is an integer fromwghdreind* ivhid htddee fiRROM0R03 tdidout NeasFoinexainpte 408, i S
-(CHy).3 and -(CH,).s, or such moieties which optionally include heteroatoms of
oxygen and sulfur such as -CH,SCH,- and -CH,-O-CHj;-. Exemplary of other
useful R groups are divalent alkenylene chains including 1 to about 3 conjugated
double bond unsaturation such as divalent 1,3-butadiene and like moieties.

25 Preferred for use in the practice of this invention are polyanilines of the
above Formulas II to V in which:
n is an integer from O 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;
30 R is alkyl or alkoxy having from 1 to about 12 carbon atoms, cyano,
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
35 z is an integer equal to or greater than about 5.
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equal to 4; 30 Ris alkyl or alkoxy having froml to about 12 carbon atons,
cyano, hal ogen, or alkyl substituted with carboxylic acid or sulfonic acid
substituemd81/99287 i S an i nteger equal to or greater than 1PCYUR&l/@M82 nt eger
equal to or greater than 0, with the proviso that the sumof x and y is
greater than about 4, and 35 z is an integer equal to or greater than about
5. 16 WO 01/99207 ﬁ@ﬂo&&@r&e&&ﬂ&&ﬂoﬂlmmmeﬁmamm ehbpaliyamlitsisalerivéd s

:I\E\e/rezt |no|n . Bh Ol}#ﬁu? tgu%fjr'éaﬁgﬁ;g' Ve&h%em?%) Hﬁ'dsl%tﬁ"s ({n%&%e@%& 4'(5'&P4m'er3 e
of mononer reﬁagbnenmtﬁlsnumbaltoifmammqlremﬂatmts 1$\St @@éé‘wlﬁé@ in United States

Patent Number 5, 232 631 ifelién mht\é@@utésrreaten%Nuélbelemﬁ 63 Qﬁaﬁtuy‘atmmee iy the
presence of an OXI ative or acidic Specl es. ecl es

parti cul ar By edeeqd ondnstive by thopisssnee QE?IH%XIdaé’r"é %Iag?l PEefes- ?‘CE‘HFS role. A
“functionali Z%e@ésoérﬁrﬂaﬁlo@!?drg;"'flhtﬁ:tl@ﬂﬂmeﬂ m@ﬁb adiie® goprfaredinthibasebeen

functionali zed ef era atl bl e t he .ot her onents of
this |ayer. %tboq“}g?%% WOtOQIG'?S’P BﬂP%lna%lillﬁb H\e SOUPIELIOR P at%'% pr ot onat es

t he pol yanili rtﬁncttmnﬁl@rempréferahl}aorhﬂlcempumblh withithe ptbbyemipongats of thigksier al |
functlonallzed G 8

Formul a0 V1 ~arta G Aekfh R°ifor byt shidekifor UG e B Babife o ol

sel enic aCHU,éphmgﬁﬁowﬁhsﬁémﬁb@béﬂ$c acid or a carboxylic acid group; or
hydrogen sul fate, hﬂ%&%ﬁnf@edlm&@d Ryshioaen phesthaeinvettidnarathobat eger
froml to 5; 20 Ris ab&g kenyl , al koxy, al kanoyl, al kylthio,
alkylthloalkyﬂ’ Fospiiag, %%yhl to about 20 carbon atoms: or al kyl aryl,
aryl al kyl, al kyl sul finyl, al koxyal kyl, al kyl sul fonyl, alkoxycarbonyl,
carboxylic acid, whe the a _%—M% or alkoxy has from 0 to about 20 carbon
atons; or al kyl havigg from about 20 carbon atons substituted with
one or nore sulfonic acid, carboxylic acid, halogen, nitro, cyano, 25

di azo, or epoxy npieties; or a substituted or unsubstituted 3, 4, 5, 6 or 7
menbered aromatic or Qilcycllc carbon ring, which ring may include one or

nor e
'n

wherein:
A is sulfonic acid, selenic acid, phosphoric acid, boric acid or a carboxylic
acid group; or hydrogen sulfate, hydrogen selenate, hydrogen phosphate;

15

n is an integer from 1 to 5;

20 R is alkyl, alkenyl, 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,

25  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

30  from which depend a plurality of acid functions "A." Examples of polymeric acids
include sulfonated polystyrene, sulfonated polyethylene and the like. In these cases
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R' is the same or different at each occurrence and is alkyl, alkoxy,
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.

25 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:

A 1s sulfonic acid;

n is the integer 1 or 2;

30 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;

R'is alkyl or alkoxy, having from 4 to 14, especially 12 carbon atoms, or
alkyl substituted with one or more halogen, moieties.

35 Preferred functionalized protonic acids are organic sulfonic acids such as
dodecylbenzene sulfonic acid and more preferably poly(2-acrylamido-2-methyl-
1-propanesulfonic acid) ("PAAMPSA").
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The materials can be blended by dispersing one polymer in the other, either

as a dispersion of small particles or as a solution of one polymer in the otehr. The
polymer are typically admixed in a fluid phase and the layer is typically laid out of
a fluid phase.

25 We have had our best results using water-soluble or water-dispensable
conjugated polymers together with water-soluble or water-dispensable bulk
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.

Organic solvents can be used with organic-soluble or organic dispensable

30  conjugated polymers and bulk polymers. In addition, blends can be formed using
melts of the two polymers or by using a liquid prepolymer or monomer form of
the bulk polymer which is subsequently polymerized or cured into the desired
final material.

In those presently preferred cases where the PANI is water-soluble or

35  water dispersable and it is desired to cast the PANI layer from an aqueous
solution, the bulk polymer should be water soluble or water dispersible. In such
cases, it is selected from, for example polyacrylamides (PAM), poly(acrylic acid)
(PAA) poly(vinyl pyrrolidone) (PVPd), acrylamide copolymers, cellulose
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preferred syste e PANT th water- sol uble or

mer . ar
wat er - di sptsi bl e akidhe B@f@Eﬂd\ﬁé{ﬁﬁm@ﬁE? ,Ign%hulg(m LGPIBARLY st em  such
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such
such as water or a mixture of water with one or more polar organic materials such
as lower oxyhydrocarbons for example lower alcohols, ketones and esters.

These materials include, without limitation, water mixed with methanol,

25  ethanol, isopropanol, acetone methyl ethyl ketone and the like.

If desired, but generally not preferred, a solvent system of polar organic
liquids could be used.

In the case of conducting polymers such as PANI and bulk polymers which
are not water-soluble or water-dispersible, nonpolar solvents are most commonly

30 used.

Tllustrative of useful common nonpolar solvents are the following
materials: substituted or unsubstituted aromatic hydrocarbons such as benzene,
toluene, p-xylene, m-xylene, naphthalene, ethylbenzene, styrene, aniline and the
like; higher alkanes such as pentane, hexane, heptane, octane, nonane, decane and

35  the like; cyclic alkanes such as decahydronaphthalene; halogenated alkanes such
as chloroform, bromoform, dichloromethane and the like; halogenated aromatic
hydrocarbons such as chlorobenzene, o-dichlorobenzene, m-dichlorobenzene,

p-dichlorobenzene and the like; higher alcohols such as 2-butanol, 1-butanol,
20
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lead to a signifd GRARCHRLEALE HERPLayer (114)
The material for the third layer 114 should be chosen to match the energy
level of the photoactive layer 102, or to improve hole injection/transport of the

multilayer anode 104, or to improve the interfacial properties of the interface
25  between the multilayer anode 104 and photoactive layer 102.

The third component of the hole-injecting electrode is a very thin layer of a
highly conductive organic polymer having a resistance that is lower than the
resistance of the material of the second layer 112 and higher than the first layer
110. A representative conductive organic polymer include pure PANI in its highly

30  conductive forms, the polypyrroles and preferably polythiophenes such as PEDT,
and any of the other organic materials described in the previous section for the
second layer 112.
The material from which this layer (114) is formed should have a bulk
conductivity with is from about five times to about 10° times as great as the bulk
35  conductivity of the second layer (112) is formed. Similarly the bulk resistivity
should be from five to 10° times lower. Where transparency of the multilayer
anode 104 is desired and the layer comprises PEDT, this third layer is typically
very thin, often so thin as to likely not be a completely continuous layer. The
21
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metal added to give mechanical strength and durability.
25  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
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

30  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.

The thickness of this substrate is not critical.

Contact Pads (80, 82)

35 Any contact pads 80, 82 useful to cormect the electrode of the device 100

to the power source (not shown) can be used, including, for example, conductive

metals such as gold (Au), silver (Ag), nickel (Ni), copper (Cu) or aluminum (Al).
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L darani 11 oo s Bl G B e o e T dndn LSRR JSesoad
prepared og a J%nem &@so é‘%@bﬁﬁbﬁéﬂ dhEsechbR 6f thekebsiaruUIos e caepabnduct i ng.

In those enbo i ght passes through it, it is transparent.
It can be a rilgyets mﬂ,éﬂilalhd Blﬂchhlaasidalqn,Qledilmbmwnsmflamtll%jllﬁ@ ¥i0g

acryl ates, car bonat es, and the |jke r uch,as 30

gl ass, quartz, %aﬁpwchéhatmnprfelepgtkénd 19@ ggg%ll‘beéol§6faflifl%ﬁIr%de
transparent on I I

pol y( et hyl enet glrgglbﬁ? ﬂ%%aa%(e . Oﬁjlgg% ﬁ?%jp’ql%qi%g{egmﬁfg?@e%ﬁ@flfcrtrreogﬁsﬂlll%

met hacryl at e) ,11poWkils éMétﬁBﬂkoﬁﬁH&t1bﬂﬂ€aﬂ bdmaddbewedri dkotedls 106 ahdicentaaibst r at e
is not critical. Contact Pads (80, 82) 35 Any contact pads 80, 82 useful

t o connectlOt hepaé$ 8¢trode of the device 100 to the power source (not shown)
can be used, including, for exanple, conductive netals such as gold (Au),
silver (Ag), rgeOptiegal Layeshner (Cu) or al umi num (Al). 22 WO 01/99207

PCT/ US01/ 19482 Pr ef &% aptiohal layé"rt meludpcsh SetroB Injbeticey/trankspirghiatefiabiag hown)

jected b kn f I
D10 bel ow ¢ ne Bearaided hebvgsibas pbfiopdp@ enad Bt yASHETu (B el "o
| ayers 102, 1l@yerasnd fﬂﬂﬁloatbethstucfdfmhtlaaateléctmnnjacttcsl/tpéadgor&@nélabopgmetaisoned on

a section (;J)f t(:b éegﬁ)%,te{&tc Pﬁf@n@?tl%gYoeé‘gge&‘flﬁ?skmﬁﬁgéa"wgs atjlé')% and 114. In

addi ti on, the MENsS’’ons o 112 are such that the
entire | engt h intecfacdsd Prefetablyt ﬁléﬁdléyfIrmii@@OtP@SleéﬁﬁQp wpbidity yygrediqepes 110 have

at |east one | dobd. ERLAHMEBE B8 tﬁﬁ‘{fﬁﬁﬁ 1t hfteelaRabF G¥iRMall@fer 110,
while electric éhl&%%@%l on can. be dec ﬁoﬁl ect raode ?%6 and cont act

10 pads 80. Cxlﬁ@rm‘@jé@@ ekl c}}_eéatgi{ﬁmgm compoun S, sucC

tris(8-hydroxyquinolato)aluminum (Alq3); phenanthroline-based compounds,

20 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

25  DDPA, DPA, PBD, and TAZ.

Alternatively, some or all of anode layers 110, 112, 114, the photoactive layer 102,

and cathode layer 106, may be surface treated to increase charge carrier transport
efficiency. The choice of materials for each of the component layers is preferably
determined by balancing the goals of providing a device with high device

30 efficiency.

Fabrication Techniques
The various elements of the devices of the present invention may be
fabricated by any of the techniques well known in the art, such as solution casting,

35  screen printing, web coating, ink jet printing, sputtering, evaporation, precursor

polymer processing, melt-processing, and the like, or any combination thereof.
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An optional layer including an electron injection/transport material may

be provi ded between the photoactive | ayer 102 and the cathode 106. This
opti onal woayenoran function both to facilitate el ectron PCT/US01/19482
injection/transport, and also serve as 15 a buffer l|layer or confinenent

| ayer to prevent quenching reactions at |ayer interfaces. Preferably, this
| ayer pronotes el ednthmmasiisomnan aphepachdhe diodesare Bt yrby wabentishs. Exanpl es

of electron t r&e@%ﬁ%ﬁlaﬁ@i& gpdred subk@éite ORtal rEpr@bent A8 hrephfioh NGt BokeIuaEY Al
chel ated oxi noid co

ph

mpounds, such as  tris(8-hydro ul.nol at o) al um num
(Al g3); phenan’ff"lii?]@y‘?rr}églﬁ’ggﬁ Omﬂa‘gfo‘iﬁdgélh% lda‘g)ywa first This Yager 15
i, ibdi EEt hY![ ;1 %ornﬂbmﬁggpdsitecﬂb}a ﬁaoﬁlmlihf‘@[laﬂﬁﬂg’ ((RI(? M4 EIORAY), elecdorybatinpheny| -

, 10- phenant hr ol i ne,. nd azol e.. conpounds .such. as .

2. (4- bi phenyl y?”ﬁap%@t‘éﬂ’ E@I’Bﬂﬁ‘fﬂpﬁﬁé?ﬁﬂsﬁt@f:n@{eﬂl‘%i Saﬁ’oﬁg&neor(ﬂi’;éﬂie meigods
3- (4- bi phenyl ydommierihased te Fertlirborgabidt lgygohenyl ) - 1, 2, 4-tri azol e (TAZ),
pol ymers containin . T i . ends
t hereof , pol yner blq\én 5 %})On Q?“r%ﬁﬁg"%%?%?dnﬁ%@g?%@%zﬂ%r %’;md TAZ.
Al ternati vel y, ussalipemost cahvenidntlydplesiled pea dayen fiomisolution by spmrastpigcroact i ve
| ayer 102, anﬂqect@éﬁgcglgt m)eigs;e.p%%mmse hgméﬂﬁ&ﬁ@&%@& el ot har-ease

charge carrier trans ) i’clency. The choice” of materials for each of
t he conponbht §odyhde er wateidispessihlsimaterdd veaten if gencrllygised AL ihg §Pinresyial s of
providing a demt&emMid dsdy Wikere 8 ibsaqedus klveitenealled Fature agddi sash dechni ques
The various el epents of the devi c]gg \c}y‘@q&\h& Béﬁeqﬂt i&len&.i on maybe
fabricated by t&ﬂ&%n?afxyqqﬁs’ts%wﬁiﬁﬁ e, JeFahyHBaRTtRAlenen ghigroform o h” a5 sol uti on
casting, 35 sditigeronpthant; chiprobelzemsani ngyrphaiiae] Ehis payentanrig, hesputatat i ng,
evapor ati on, pregcursar .pol [ i - - i.ng,..and the |ike,
or any conbi na%si%ﬁcqaﬁg%rgg?rggg%%@?é%%&}%? %@8@? ?gﬁg)% h the nost
comon approact)/212:¥4di odes are built up by sequential deposit of layers
upon a substrate. INed th@Hfgﬁé%ﬁﬁétﬁﬁt{g%s%PQﬁ@lé RPositddeAsAROMELE Wically T st
[

| ayer 110 of the conposite e|l ectrode s, lajd down .first. This layer is
commonl y depos‘ilqnécff%‘}'s‘%}‘éfé‘ﬁh‘f‘ﬂt%Hl?tspg‘ﬁlhifk(cﬁd %?feiﬁg)ﬁ@f"‘f‘@rfffer%’l"ﬁ&&%n beam 5
evapor ati on, td@bﬁabfmy@qnz_deposi tion, chem cal deposition or the like

nmet hods conmonly e 0 rm.j nor.ganj ayers t. | O uctivity
second | ayer 112 i gs‘fxgi tbe 8%9\%8?“‘?’???@% 2%?11 § SJF%ECSEAI% ﬁéﬂeﬁﬁg&pggl\rqévdgﬁﬂgnt ly
deposi ted 25 acdnjygstedipotymes chubé depdsitedsei aasiodisctly ooy solutioe Thegdvangue. | n
those pref err et 686t HERichRAI ABvel s SAUITBrd RIIMELSE vifl igO! Ubl e or

wat er - di sper si terial water 1s generally used as the spin-casting
subsequent deposition.

Typically, organic solvents are used. These can include halohydrocarbons
such as methylene chloride, chloroform, and carbon tetrachloride, aromatic
25  hydrocarbons such as xylene, benzene, toluene, other hydrocarbons such as
decaline, and the like. Mixed solvents can be used, as well. Polar solvents such as
water, acetone, acids and the like may be suitable. These are merely a
representative exemplification and the solvent can be selected broadly from
materials meeting the criteria set forth above.
30 When depositing various polymers on a substrate, the solution can be
relatively dilute, such as from 0.1 to 20% w in concentration, especially 0.2 t05%
w. Film thicknesses of 500-4000 and especially 1000-2000 A are typically used.
Finally the low work function electron-injecting contact is added. This
contact is typically vacuum evaporated onto the top surface of the active polymer
35 layer.
These steps can be altered and even reversed if an "upside down" diode is

desired.
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medium | n cases where a non-aqueous solvent is called for are used such as
tol uene, xylenes, styrene, aniline, decahydronaphthal ene, chloroform

di chl or ove® hasep7 chl or obenzenes and norpholine. This | ayePCT/aR01519482
heat-treated as described in commonly filed U S. provisional patent
application no. 15 60/212,934. Next, the higher conductivity layer 114 is
deposited. Again, tlhwgll also bypprratipted thps the struotresdnidpeenibal end thes sol vent

sel ected as deggridieH o bbak&ELiERERAL BthbRyers €RPhySicAllstrkAgBEnd 12. Next,
t he photoactive Ia%(er 102 of conjégﬁ%ﬁg@%g{iggner

s deposi ted.. The 0

conj ugat ed pol BIREFIR O plEer dlgendot tﬂnr‘&sﬁ?%’“‘ﬁ?yoﬁ’tétgﬁfhé?}?%‘?{tﬁerhe

S_0| vent enpl oped Itivell GightbeGPpitciateddha 366 preésenbivetion e fudled usedul ihnt er fer e
with its su sequent detgosi i on. .Tﬁg&@awﬁy %qg(ani C sok ents ar.e used. These
can incl ude hat'§fyuFSEEPBe AL ICeS fRHIRS e Ry aye Tod O e PreiGReT ol and
car bon t et r achdwomndtdentamroptrttoacti2s ldyyd subans ansstetsc bapasitory) esigiprsbenzene,
toluene, ot herch@ﬁ%F %Psﬁég ?&%oéggz&/\%?)or &%&gﬁ% Qﬁctr&{f&jnéisj%? th'teﬁ?cal Mcf(?d sol vents

el U Pars nts such as water, dacetone

can be used, asS I ve ' ) ne, acids and the
li ke may be subibsepbas), Fiidisg sensersyendelpctrochraspe dswiness(sinas veréew). i fi cati on

and the sol vent cann%qxvlgﬂnggk@ﬁ ebgr eprﬂci&%@&byﬁfe%ﬁé\ggﬁg%%fy% rﬁﬂ;&

criteria set forth above. ] ositing various
subst r at e, 1 hears grasenteshtodHustinée thedivanfion byt net fliait i§§e9P%s from 0.1 to 20%
w in concentration, especially 0.2 top¥werElLl mthicknesses of 500-4000

and especially 1000- are typicalTy u eg. Fi nal | he | r

function el ectron- ?Prﬁ%gjggﬁﬁﬁa%w &t ageor H%lgcﬂt. eﬁ%’@lﬂ%ﬁ?ﬁﬂ&&?@ &g%’p‘%cal ly

¥ ﬁc uum tev apor ajlgﬁblmﬁ)w I(Iar98l99)9361)r TE&ana‘bldﬁrL@a?féEsy?npo#asmnﬁe&?y t}_mygr .
dosired. 24 WO BERBSDoerT Rt TS BAe Yo o b BBRL B ARAaT PhS ' Tie
st r uct ur es1y ustettigls-pidpenesatfdnicaeidr(P ARNIPS S a¢Aldriclabirge3 &b gdp.822 meld)ncl ude
ot her layers f BIWRIAGAPS At i i ol or of
the light em sés)frggsr{;%é h3s q?nss@{li?zf%g%@ﬁtg iﬁéwﬁﬁﬁgﬁz? ég)ﬁﬂ&%{eg f@g;nﬁn |1
further be appWVeel AR, 2ies K- Q&AL anilincsties asided gte tha baAMESE¥ ul in 5
organi c el ect rmﬂtfbndﬁr{érg@mig@loo@mg,ommmrﬁ baxglfaté ROMEmPRatth@apr esent

nventon_ G BBk 001 B MRt R N e S GBS,
el ect r oni camosesctionmeriwcaivas siitredfon 24 hews 83 roowr fetipagtigeribopseipdated the
el ectrochrom Cprglecit,(\iﬁﬁNf(ngrlbOM %?\Q@e‘tone was added into reaction mixture. Most of
acetone/water was decanted and then the PANI(ES) precipitate was filtered. The
resulting gum-like product was washed several times with acetone and dried at
40°C under dynamic vacuum for 24 hours.
25 This Example demonstrates the direct synthesis of PANI(ES).
EXAMPLE 2
Four grams (4.0 g) of the PANI(ES) powder prepared in Example 1 was
mixed with 400 g of deionized water in a plastic bottle. The mixture was rotated at
room temperature for 48 hours. The solutions/dispersions were then filtered
30 through 1 um polypropylene filters. Different concentrations of PANI(ES) in water
are routinely prepared by changing the quantity of PANI(ES) mixed into the water.
This Example demonstrates that PANI(ES) can be dissolved/dispersed in
water and subsequently filtered through a 1 pm filter.
EXAMPLE 3
35 A poly(ethylenedioxythiophene), PEDT (Baytron P. special grade,
commercially available from Bayer), solution was diluted with an equal amount
deionized water. The solution was stirred at room temperature overnight. The

PEDT content of the solution was 0.8%. PEDT solutions were also prepared in
25



The invention will be further described by the foll ow ng Exanples which 10
are presented to illustrate the invention but not tolimt its scope.
EXAMPLE WOAMLES) was prepared according to the foll ow npCT/@herome (.
Cao, et al, Polyner, 30 (1989) 2307). The enmeraldine salt (ES) formwas

verified by the typical green color. HJ in this reference was repl aced by
pol y(2- acr yl anwhigh hei@niant b PEDTpyasihth &2 arfddhl @eareppectipdamdSiesg Al dri ch) .

First, 30.5 g {futfdd caPbE FilterRhi t&é?{ﬁff@yﬁ%ﬂ figpat er (Al drich) was diluted
to 2.3% by adding 170 m  water. ile

irring, 2.2 g (0.022M aniline was
added into the PAAMPSA sol uti on. Theng—é (0.0088M) of ammoni um
persul fate in 10 mTheyeramBS0 disted SNIBE)olbbe at pepasi i RedAANRGA

sol uti on under_vi gor. sti.rrin The 2 eactipn m xt ur irred for
55 houre sy gAY adbkoni wAlE Al EEITRE HhiinED PRRUTHEY °°1000
m of acet one 3280,a0He6l 000000, Podwticocesundetstarinastoonf tempeetwea firdat er was
decanted and t : ey i . Tha .5 R tin
gum | i ke pr odu&(.:b? erfaﬂs%%mggﬁ'eréggé{/g%g?&@@ W ﬁhééfgb@%@gté%%ﬁgle.e%aﬁ 480
under dynani c sphtiongiviess alsapiepeied in whickitheweighimptie o BADBEES) 42 BAM wes di r ect

synthesis of PAN (.ES) 1.2 XAVRLE 1S TRunddraisspbdiyyg) Of the PANI(ES) powder
prepared in Exanple 1 was m xed wth_400 g of dei'onized water in a plastic

bottle. Th¥ mixture was rotated at r rature for 48 hours. The
sol uti ons/ di sper si aBksy@ibetritbEweiel prépareldyidiDpdtteiaddr Oleleotvdby Rystythene

filters. Dff en ons of . PANI (ES) in water .are,routinel
pr epared by c?dﬁ@#’m%mggm |%Pe§r/ld8?lu Ia%@ aﬁ%@’ﬁawpbestzhé aﬂg%’ella}.'ergThi S
Exanpl e denonsweratsps-dakiagn BANI (HeS)attenned bebstiates and tatteditep balsddit PO°Gvat &r and
subsequently filtered f trdatA ; b
pol y(et hyl ened\l}agx%hi S%ﬁg;dé??o‘%Eﬁqg [E‘%lés \ﬁ%ﬁgeg ’ specl\AFgﬁoog:r%%eﬁy 8?6%%% cially
avai | abl e ¥r orA0Bayaies; Thetesistane heiween THQ elactipden wap meguaed vsiwambighdei oni zed
wat ter » Th e tsﬁl fé&ist?ﬁkiev@&_ tﬁﬁﬁd&éor.e@g/i@knersggm @m?%ma@waﬁu@a@ kigbh DethBac _F’ED;5
content O e SOl utl . 0 soLutl.ong, wer SO ea 1 n
V0 01/ 99207 PEH BRORTOTEAAB TR TR HESBGHE EIRTIGh TBRRT asnle) GO hing
0. 16% r espectdoviglayes thé toridnesety sl thickwsss o ERANDE S PIANI (ER)-R Avidulghl and0. 23 1
mfilter. EXA éﬁT i q@g . ( i par ed
in Exanple 2 V\'\gs éﬂ%gx}é%g%q{eh g&g}fﬁa e grr?i C?BE%‘&E_ %gg‘?ﬁ éﬁs@ QBQ%P %)Igl y
(acryl am d29) (iPAR4(ard\L0-3 S/cm respectively. Both values are too high for use in pixellate

displays. The high temperature treated PANI(ES)-PAM blend has ideal

conductivity and thickness for these materials to be used in pixellated displays.

This Example demonstrates that a high temperature-treated PANI(ES)
blend has ideal conductivity and thickness for use in pixellated displays; i.e.
25  sufficiently low that interpixel current leakage can be limited without need for

patterning the PANI(ES) blend film.

Table 1: Bulk conductivity of PANI(ES), PANI(ES)-PAM blend and PEDT

Blend Baking Condition Thickness Conductivity
(A (S/cm)
PANi 426 5.1x10™
PEDT 1221 1.8x107
PANi-PAM (1:2) 200°C/30 min 2195 7.4x107
30
EXAMPLE 6

Light emitting diodes were fabricated using soluble poly(1,4-
phenylenevinylene) copolymer (C-PPV) (H. Becker, H. Spreitzer, W. Kreduer, E.
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5, 000, 000 - 6, 000,000, Polysciences) under stirring at roomtenperature for
4 - 5 days. The weight ratio of PANI(ES) to PAMin the blend solution is
1: 2. Bl emdoosg20ti ons were al so prepared in which the wei BOT/US@19¢820f

PANI (ES) to PAMwas 1:1, 1:1.5, 1:2.5, 1:3, 1:4, 1:5, 1:6 and 1:9,
respectively. 10 EXAMPLE 5 d ass substrates were prepared with patterned

| TO el ect r odesKlupsiHigSdhbek, IPANEkePEIITY aGab, AaN Muten 2, 431(200®) as thesicpvepar ed

i n Exanpl es 2, d
Subst rares. and® ﬁ%ﬁ*@g ng, MR eaiofgRlh fie@ineatol B8 COPPVHImPRLE] 00 1y e
filnms were theWot-r988atke cC«&’fVm@ yeHow-gresn ligh withremissignpeakiali-e$0 mhe
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el ect r onet er ness m was neasur ed usi ng
surface prdfi IRANAP ﬁ%blsﬂ@r}’astf@ngﬂﬁ’lfeéd@“ﬁrtg‘? 59 B’PO ?R?S?d Wr&?’tﬁ’ﬁé% s).
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PANI (ES) and Fy}é%?lbélfﬁdn %%oéhn ANRFUNEL ¥ oB o i tfh\‘i’éf ate% :%]do Q %8? are
too high for uUse fon3@imieiteaTad actiliedpjenysd a ﬁmal kathhd¢ wapepaliet. &ht deated

PANI ( ES) - PAM bl h d

mat e$ i al) s to b qﬂgegtél?efs I ?)ﬁi(l)/ﬁ)f)g' gﬁ%?fse}{WPW%éth' Eéa%éfw&gg?r%ﬁg rates that
a hi gh tenmder atsingbotl EED o ghasi(Amded IB@@WSW IT§xen Pléﬁmgelwtw]@;&e and
thickness for ﬁht‘h?’la&! PE'T' Al sﬁﬂs&@e?@%rtéul@s IT@@’ECT‘)”c B'b%t%”sés%’ el ow t hat

i nterpixel curre eakage’ can Imted wtho nee or rning the

PANI (ES) bl endTﬂ/Pq%vamhm blelid bwekWé%Wa&e?fie\ﬁﬂ@;}ﬁ%PolpANP@E@ ODBEN| ( ES) - PAM

bl end and PEDD&f&R&HRRK hide Wathdi Ibyep DT bitieds Cass Bam@dhm&atwodeyme%ﬁl cg) o3
X

PANi - < < = oo o e 1104 PEDTa- - e mn i m o we e - - -
PAN; - PAM (1: 2)%86’&?@6‘“&‘(%%6@%‘7‘ o etgor oS SRR S UPOE N Y¥Chg di odes
wer e fabrimat ettpusiiogasmbssotes bplowy(x104-Tophgeldineremictiyé bye) witoprsh pfrer

C-PPV) (H B ,
(PCT/ U\S/)O 15 1948?% T ﬁ%%é%h}éﬁﬁag “10\%0‘[%%!% sg%l@?th%@és/rgt%%&&er ter. 12, 42
(2000) as the (Byeanisstremantadna 208G 000

e
oh alsEREmFEsyisResited na tarpitkpess of
the G PPV fil ng A®hGum layer. For each of the devices, the current vs. voltage curve, the light

vs. voltage curve, and the quantum efficiency were measured. The measured
20  operating voltage and efficiencies of the devices with different blend layer are
summarized in the Table 2. As can be seen from the data, the lowest operating
voltage and highest light output were achieved from the device with the PEDT
layer.
This Example demonstrates that highest performance polymer LEDs can
25  be fabricated using PEDT as a hole injection (buffer) layer.

Table 2: Performance of devices fabricated with PANI(ES), PANI(ES)-PAM

blend and PEDT
Blend Baking Condition Device Performance at 8.3 mA/cm®
\4 cd/A Lo/W
PANi e 4.7 7.4 4.9
PEDT e 4.5 7.7 5.2
PANi-PAM (1:2)  200°C/30 min 6.6 7.2 3.6
30
EXAMPLE 7

Devices produced in accord with Example 6 were encapsulated using a

cover glass sandwiched by UV curable epoxy. The encapsulated devices were run
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700 - 900 A. CGPPV emts yellowgreen light with em ssion peak at - 560 nm
Indiunitin oxi de was used as the anode contact |ayer. A |layer of PAN, PEDT
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Condi t i onDévi ¢k Fper¥56€ niha denparatgrecagigraion {astr Afasjegtimated to be ca. 25 at

(P?NIZ) Hond 30 7‘0“’(63S ’iélgus; ﬁlede&trgp(g%?a' streEss %ife D%t‘rpom‘tempéra{a?e \35@ FetdPNh ed?AMet ]

; m n6. 67. 23. . Vi ce uced in accord wi
Exanpl e 6 wer eapg’f?é%lﬁgtﬁﬁ’a?’@ _W%g%ewewh &e}@i’ 8w ched by WV curable
epoxy. The encapsulBtieHxsteple desonstracesthin 1@zl BlheOeM befebladddds 19482 at a
constant current of 133s BRLEIL, WAKPRIOY Bl HBWESHPRLAN s 8 ndQGve The

t ot al
20 resistance sufficiently high to avoid inter-pixel current leakage.

Table 3: Stress life of LED devices fabricated with PANI(ES), PANI(ES)-PAM

blend and PEDT
Fig. 3 Blend Bak%n.g Stress Life at 70°C at 3.3 mA/cm?
Ref. No. Condition

mV/h cd/m** t12(h)

300 PAN1 @ T 7.4 185 186

302 PEDT Tt 4.3 185 300

304 PANi-PAM (1:2)  200°C/30 11.3 171 168

min
25  * Initial Brightness
EXAMPLE 8

The resistance measurements of Example 5 were repeated, but the
PANI(ES) layer was spin-cast from the blend solutions prepared in Examples 4 at
30 1400 rpm. The weight ratio of PANI(ES) to PAM in the blend solution is 1:2. The
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current through the devices was 10 mA wth |um nance of approx. 200 cd/cn®.
Table 3 and Figure 3 shows the |Iight output and vol tage increase during
oper ati owoat/9920C. The |ight output 300-1, 302-1, 304-1 fpeTAisvi/ves 300,
302 and 304 5 respectively are shown in dashed lines in Figure 3. The
vol t age output 300-2, 302- 2, 304-2 for devices 300, 302 and 304
respectivel y afilm whe twkeidrat 200°Cfor B9 eBnites lnliirghmeaﬂer dried ¢ AO1CGwacutim devi ces

wi th PANI (ES) @mf%\%(h%@ ﬁé&ﬂ&?@pﬁt fﬂ%} %ﬁmﬁnﬁ"@és@ Bn ﬂ%ﬁg@?m@ﬁhﬂﬂ 160 -

190 hours of stress at_ 70 devi ces PEDT

| ayer reaches Dot lgerEomithesotipgmyenassd W(ﬁ’@ﬁ’@?? Jé%eélﬁﬁ@ﬁsﬂoﬁthﬁﬁﬁQ%r) | t

IP sé D?'l Imost twi rl@yéngﬁﬁl@ec% hram 4704 &ﬁvgoé Whe h?s]f%ghibé Ea)wet %M@Ietﬁaﬁodesldm@ed ver,
ayers al one not ha i stance s [ n 0 avoi

i nt er - pi xel’ currnfa@Hf Hl&?gl@ggﬁﬁls Cté?ﬂ“ leigﬂ" @hgﬁl%i‘”ﬁ%l | at ed

di spl ays. Fromme#snredty ustngd DécsTad surfaee pmﬁlerammmhemgomﬁutfam IPrafijer,i ncr ease

data col | ect ed}‘&fcg?ﬂlstra‘é%%tg) %Qﬂ9%%ﬁ0\¥%ﬂlee Sh&gge{eg%t%ge cel eration factor

was esti mat ed fapol ated stress |life at

room t enper at UPANKES)-blsmdMlNedoubde lager fms ot dtﬁ”te@hyPEDS’(}blchmas A amn
devices w th tﬁ'beseﬁ’lg%nl é 1heTJ&%{%c§f%§f§Palr1€e Qﬁ?@gﬁlﬁdggésgfjoléri@% Egﬁﬁ?% ors.

lifeti mes can be obtal ne pol yner LEDS
However , tWesela}’edféﬁgeﬂ‘éﬁtfﬂﬂe Ry Wil range; @9@rﬂ(9et%lﬁfqh€l/%w ydiwstips e avoi d

i nt ﬁr -P R :\I?(eIES)c %%éss Igfasmaa éfaWhge Bhe d:cﬁldkﬁés% off PEDT%?lieci:eEEé %ﬂ)élcﬁ:@% fAabr i :_ c?t ed
wi t an endBaki tress Life
at 70C at 3.3 BAF %‘?é‘ @%M%H ‘%@ aYRHSEE@Wh@d%Hﬁ%qu% i§1ded for use'n
300PANT- - - - - - - pixellafeddi§89486 302PEDT----------- 4. 3185300 304PAN - PAM
(1:2)200C 30 11.31 B

resi stance measur en@g\igﬁ %ﬂé@moﬁtﬁ%&s\,@!}te re ea)?@gﬁd/gépﬁﬂ?ﬁbélié%?{%f | ayer
was spi n- cst cfan@mp@mrqdn@rﬂucwummyrigssﬁh@p @hny/sg. Exanpl es 4 at 30 1400
rpm The weight ratio of PANI(ES) to PAMin the blend solution is 1:2. The

2
8 Table 4: Surface Resistance of PANI(ES)-PAM/PEDT double layer with
different PEDT thickness

PEDT Solution Spinning Rate PEDT Thickness Double Layer Surface Resistance
Concentration (%) (rpm) (A) Thickness (A) (ohm/sq)
1.6 800 970 2768 5.8x107
0.8 3000 192 1788 4.0x10°
0.8 6000 90 1962 5.8x10°
04 6000 ~50 2694 1.4x10°
0.2 3000 ~ 40 2025 5.3x10°
0.2 6000 ~20 1640 6.1x10°
0.16 4000 ~10 2045 5.8x10°
20
EXAMPLE 9

The device measurements summarized in Example 6 were repeated, but
the PANI blend layer was replaced with PANI(ES)-blend/PEDT double layers
prepared as in Examples 8. Table 5 shows the device performance of LEDs

25  fabricated from polyblend films with various double layers. Devices fabricated
with PANI blend/PEDT double layers exhibit the same operating voltage and light
efficiency as devices made with PEDT layers.
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WO 01/99207 PCT/ US01/ 19482 fil mwas baked at 200C for 30 mnutes in dry box
after dried in 90C vacuum oven for 0.5 hour. The thin PEDT fil mwas

spi nni ngwastouen’ the top of the PANI bl end |ayer from t heCroBY19¢82
prepared in Exanple 3. The thickness of the PEDT |ayer is ranged from 970
Ato - 10 A The resistance between I'TO el ectrodes was 5 neasured using a
hi gh resi stance el eﬁtls Efmhplédefﬁbhﬂi@mhat@fPANEblEhd/BEM&ioumbalsyHredn By usi ng

a Dec-Tac surf Al 0 Su face Pr of i e

I nstrunents). '%%gt(pfa #g\g’\sﬁ'{“ﬁ’p EﬁD? tﬁg OWO %%‘ngvhﬂéé(%hlgﬁend/ PEDT
doubl e | ayer f¢fﬁm§nwasrﬂedmfsc‘omémWItPEI?EDT\lawkrness As can be seen from

Tabl e, the surface resistance of the PAN (ES)-bl end/ PEDT double 10 | ayer
can be controlled over a w de range, from 107 to_ 109 ohm s adj usting
the thickressl#re peisrommguse. OfWFYlP%g ﬁah’écaﬁﬁ‘(‘fﬁlhgéé‘uﬁs)ﬁ@é‘ﬂ/%&%é% €t o bel ow

50 A, the conducti vlayyr@mhalmr@@pgbqﬂh@kﬁéssl s bel ow 108 ohnisq, which is
i deal for use in pixell at ed d| spl ays. This Exanple dem)nst rates that

PANI ( ES) - bl . =

conductivity Pmssctuhaﬂ 1@&@1@1}1@ P"E'a)hrlmlcléaessSurfmclee RefSﬂrrﬁﬁoaIKBEB 0A/cm®
PANI ( ES) - PAI\/EPED‘{I; do I er with dll erent PEDT t hi clcwgss PFLDT
Sol ut i onSpi f

Concentration (%1(6rpr’r)(A) Thisekness (A) fthnt sq) 1.56800970235685. 8x 1A

0. 8300019217884. @x108 0. 8609f9019625. 8x4,08 0. 46000y 502694,1. 4x109 ,0. 23000-
4020255. 3x109 0. 26000- 2016406. 1x109 0. 164000- 1020455. 8x109 20 EXAIVPLE 9
The device neasuPénents suntf@Pi zed in BRanple 6 Were repddfted, bdt® the
PANT bl end | ayer owas repl acedow t h PANLEES) - bl end/PEDT daupl e | ager s
prepared as in grrpl es 8. Tq%ﬁ:se 5 ShOV\? t he devi ce perf(r)gr mance f LEDs 25
fabricated from p6l ybl end f1 with vafl ous doubt’e | aye d Devi
fabricated w thOPANT bl end¢doPEDT doubl e2d ayers exti bit t B sane (Sperati ng
voltage and lig efficien as devi ces, made wi tdy, PEDT layers. WO

051 00907 ety UBNIE Sagy” o idbo o 2L s s

EXAMPLE 10
10 The stress measurements summarized in Example 7 were repeated, but the
PANI blend layer (incorporated in device 300 in Table 3) was replaced by PANI
blend/PEDT double layers prepared as in Examples 8. Table 6 and Fig. 4 show the
stress life of devices fabricated with a PANI blend/PEDT double layer. In Fig. 4,
the light output 302-1, 304-1, 402-1, 404-1, and 406-1 for devices 302 and 304 as
15  shown in Table 3 and devices 402, 404 and 460 as shown in Table 6, respectively,
are shown in dashed lines. The voltage output 302-2, 304-2, 402-2, 404-2, and
406-2 for devices 302 and 304 as shown in Table 3 and devices 402, 404 and 460
as shown in Table 6, respectively, are shown in solid lines.
As can be seen from the data, the voltage increase rate of the double layer
20  device with an ~ 10 A to 20 A layer of PEDT is slightly lower than that of device
made from PEDT. The half-life time of the double layer device is even slightly
longer than that of the PEDT device.
This Example demonstrates that the PANI blend/PEDT double layer can
combine the high resistance of PANI blend and long life stress lifetime of PEDTin

25  one device.
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Thi s Exanpl e denonstrates that a PANT bl end/ PEDT doubl e | ayer can be used
to fabricate polyner LEDs with the sanme | ow operating vol tage and hi gh

ef fici enoyoasdtevi ces made with a PEDT |ayer. 5 Table 5: mer/Asovmmnse of

devi ces fabricated with PAN (ES)-PAM PEDT double |layer with different PEDT
t hi ckness PEDT Sol ution Spi nni ng Rat e PEDT Thi ckness Devi ce Perfornmance at
8.3 mMAdcn2 Concentration (%9 (rpm (A V cd/A LmW1. 68009705.36.94.1

0. 830001924. 37 09 7.65.6_0.46000-504. 27. 68. 2 0.23000-

204.98. 05 1 0. 38056 Soer b0t dgvieeabrcaiabs g AN HSSANES dotbe The
stress nmeasurenents $aysnwith difterem FEGHicknésswer e repeat ed, but the PANT

bl end | ayer (| ncorporat ed in deV| ce 300 in Table 3) was repI aced by PANT

bl end/ PED 5 Ve 4 _show
t he stres@lgﬁfe of PHTSe §°r¥ abrl §%}P’€ngth EB:&NI bI%’Fﬁﬁ?b&?ﬁﬁ&ﬁﬁl 8 | ayer.
In Fig. 4,Refile |ugﬁ9ﬂ°6%ﬁ%1a? 302- 1 Ratp4- 1, Fhygkness 404mA/cmund 406- 1 f or

devi ces 'zno and 304%)k 15 shown In(W})I e '3 anﬂ&*)d(-"VI (‘P.MVQDZ cdmd ant- @30 as
shown in Table 6, respectpgvely, arggoshown i ngashed | ppes. The voldrage

out put 302-2, 304-2, 402 g 404- 2, 406- 2 or devi %s 30?1 nd 33% as
shown in Table 3 and de es 402, and 460'”%as sho in Tabte

respectivel y403re shown 0.8 solid | 60@ék. As cafObe seen3from 18@ dat3319 t he
vol t age i ncr e rate ofyjhe doubl gghpyer 20 ggvice h an 10 o 20 A
| ayer of PED‘?i'@lgs slightl I‘I ower thanéthat of device V\n% e fr(l)%% PED?’SbThe
half-life time of the ddﬁ%le | ayer 3eice is e¥en slighily [I&hger 308an
that of the RBBT device.odhis Exanphe denonstrzj es thagat he W@NI blygd/ PEDT
doubl e | ayer can 6t he high, lend Io g life
stress lite ) C 0 01/ 99207 ‘
Tabl e 6: St¥ es’élﬂlildlésrrghtxieEsD devi ces fabr| cat ed with PAN (ES) - PAIVI PEDT
double layer with different PEDT thickness Fig. 4 PEDT

Sol uti onSpi nni ngPEDTStress Life at 70C at 8.3
EXAMPLE 11

The resistance measurements of Example 5 were repeated, but the

PANI(ES) layer was spin-cast from the blend solutions prepared in Examples 4.

10 The weight ratio of PANI(ES) to PAM in the blend solution is 1:1.5, 1:2, 1:3,1:4
1:5 and 1:6. The film was baked at 200°C for 30 minutes in dry box after dried in
90°C vacuum oven for 0.5 hour. The thin PEDT film was spinning cast on the top
of the PANI blend layers from the solution prepared in Example 3. The
concentration of PEDT solution is 0.16% and the spinning rate is 4000 rpm. The

15  thickness of the PEDT layer is ~ 10 A. The resistance between ITO electrodes was
measured using a high resistance electrometer. Thickness of the film was
measured by using a Dec-Tac surface profiler (Alpha-Step 500 Surface Profiler,
Tencor Instruments). Table 7 shows the surface resistance of PANI blend/PEDT
double layer films with different PANI(ES) to PAM ratio. As can be seen from the

20  Table, the surface resistance of the PANI blend/PEDT double layer can be
controlled over a wide range, from 10° to 10'° ochm/sq by adjusting the weight
ratio of PANI(ES)-PAM layer.

This Example demonstrates that PANI blend/PEDT double layer films can
be prepared with conductivity less than 10® chm/sq and even less than10'

25  ohm/sq.
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Ref. No. Concentrati onRateThi cknessm& cn2 (% (rpm (A M/ hcd/ nm2*t 112 (h)

1. 68009709. 2194221 0. 830001925. 8144300 4020. 86000903. 8189319

4040. 46000608992071350 0. 23000404. 7189303 4060. 26000204. 21POBP801/19482
0.164000103. 8190330 5 * Initial Brightness EXAMPLE 11 The resi stance
measurenents of Exanple 5 were repeated, but the PAN (ES) |ayer was
spin-cast fromthe blend solutions prepared in Exanples 4. 10 The wei ght

rati o of PANI ( o.PAM in the bl i i Z1.5,.1:2,,.1,3,1:4 1:5
and 1: 6. The 1Tl deS T dpssroont RIS b ARRRERT dorol e akitdifet | eq
in 90C vacuum oven PANIES)-PaM bledche thin PEDT fil mwas spinning cast on
the top of the PANI blend |layers fromthe solution prepared in Exanple 3.
The concent ratiton—ofPEBF—sS6ttt+on—+s—6-—16%antd—the—sptant-rg—+ate—i s 4000
rpm The 15 t hif\NEBnds t h&omgpFitioayer | Boublg@aper TheSurfese Resistercebet ween
| TO el ectrodes was neasured usi:wy a hi ghThielsiess @hce el ecfohaiimper .

Thi ckness of tge‘gﬁir_#,m\as neaia:lffsed by usi ng, 2Dec-Tac suréﬁ((i@; profiler

(Al pha-Step 50 ace Profiler,” Tencor Instifunents). Ta e97 shows the
surface resi st daM-BAMPANI bl enld? PEDT  doubl 20%8ayer fil ms 50 di fferent
PANI (ES) to PAMANRLPAM As can bejseen from tfgr20 Table, bRhe gurface
resistance of t bl end/ PEDT doubl e | ayer can be controlded over a
wi de range, frc}hr&igm/{) 1015 o rﬁsq by adj uslc@ﬂg t he wei gMXlOr ati o of
PANI ( ES) - PAM | ®4XI-PAM s Exanplies denonst r at eg73ghat PANI by ertf'PEDT doubl e

| ayer filns ca S pared with conducti vi | ess than ohm sq and
even | ess ¢ hanit ohn sq. 311‘?\/\0 01 S920 2821 oL/ 1048506 S,

Surface Resistance of PAN (ES)-PAM PEDT double |ayer with different
PANI (ES) - PAM bl end PANI Bl endConposi tdsexnfPpitbie Layer Surface Resistance

The device measurements summarized in Example 6 were repeated, but
the PANI blend layer was replaced with PANI blend/PEDT double layers. Table 8
shows the device performance of LEDs fabricated from polyblend films with
10 different double layers. When the PANI to PAM ratio was larger than 1:4, devices
fabricated with PANI blend/PEDT double layer exhibited the same operating
voltage and light efficiency as devices made with a PEDT layer alone. The lower
PANI(ES) to PAM ratios result in deterioration of device performance.
This Example demonstrates that PANI blend/PEDT double layers can be
15 used to fabricate polymer LEDs with the same low operating voltage and high
efficiency as devices made with a PEDT layer alone.

Table 8: Performance of devices fabricated with PANI(ES)-PAM/PEDTdouble
layer with different PANI(ES)-PAM blends

20
PANIBlend Composition Double Layer  Device Performance at 8.3 mA/cm?
(w:w) Thickness (A) \ cd/A Lm/W
PANI-PAM 1:1.5 1822 6.0 6.4 3.4
PANI-PAM 1:2 2078 5.0 8.1 5.1
PANI-PAM 1:3 2252 5.8 7.9 4.3
PANI-PAM 1:4 1621 5.8 8.8 4.6
PANI-PAM 1:5 2422 8.0 8.7 3.1
PANI-PAM 1:6 2078 8.3 8.2 3.0
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(w. W) Thi ckness (A) (ohnf sq) PAN - PAML: 1. 518226. 6x108 PANI - PAML: 220785. 7x109
PANI - PAML: 322522. 1x1013 PANI - PAML: 416211. 1x1015 PANI - PAML: 517349. Ox 1014
PANI - PAMW@ 2112207 6x1 0 14 5 EXAMPLE 12 The devi ce neasur enpr@r/@Seummer i zed in
Exanple 6 were repeated, but the PAN blend | ayer was replaced with PANI
bl end/ PEDT doubl e | ayers. Table 8 shows the device performance of LEDs
fabricated from polyblend filnms w th BXAMPfEerEnt doubl e layers. \Wen the
PANI to PAMratio [ ed_ w

}Mf‘ﬁe ét%sgﬁfegﬁ{l]&g rﬂt%sﬁimr? S‘Hﬂeﬁqﬁ Exar fe ’/Cw% tr%peg eghlarc'\iil ght

bl end/ PEDT doubl e er ex pera
efficiency as m@r@éawrmsaem@m Wl@MNbblémyPElDﬁeddublméayerPAMb(leES) to

AT i g s iy G
GBI aras el e Bpbranee SO0 of Qb tArid 2 S96-1

fabricate
ef ficiency as ﬂ)@‘dbﬁees 5000 602yi504 afd PEEsperyiely ateddhwn i ldbehe linBemi s ﬁiﬁnce of

PANI (£9) - pAM b e pealph @@%éﬁ%ﬁ@?%‘éﬁbﬁsﬁﬁﬁ %e{@@c%(fzpﬁéf or mance
at 8.3 mA/ cnR mkS,O)STrmp@kms@E aieAhvedl inndodid\Wneaid Fipawdls. TWhEs 2061 t43. 4

PANI - PAML: 220785 P8 - RAML: : 4 - ..88.84.6
PANI - PAML: 5242128. osfué’gs. %r%eﬁ%af@%l?éﬁ%%%.r%g?ag%r.age @N%E%Eg%‘g‘%%e

PCT/ US01/ 184 82Wesdarer thap ghateé devipes sradediosy PERE n i he Belfrlifs time af the dewblepl e 7
wer e repeat ed, labsitdetiee is BANH&@‘&} thah @08 of BYPEDR8evi&Pdt30ed Wi th PANI

bl end/ PEDT doubl e | S e
devi ces fabricated -@/f ﬁx?lﬂgl%ldﬁﬂoﬁﬁéﬁ%esghﬁltﬂ%ﬁg%wéiﬁﬁapﬁﬁm Iﬁ‘b’ersoc The
| um nance 500-dan cbObirk, thd BghTresistate DFBANI blend and the long life stress life time of

PEDT in one device.

15
Table 9: Stress life of LED devices fabricated with PANI(ES)-PAM/PEDT double
layers with different PANI(ES)-PAM blend

Ref. No. PANIBlend Compositio  Double Layer Stress Life at 70°C at 3.3 ma/ocm®:

n

In Fig. 5 (w:w) Thickness (A) mV’/h cd/m’* ti2 (h)
500 PEDT 19.6 217 80
PANI-PAM 1:15 1822 19.8 198 108
502 PANI-PAM 1:2 2078 15.7 210 123
PANI-PAM 1:3 2252 17.9 180 89
504 PANI-PAM 1:4 1621 19.5 229 81
506 PANI-PAM 1:5 2422 67.2 232 61
PANI-PAM 1:6 2087 124.8 210 53
* Initial Brightness

20
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for devices 500, 502, 504 and 506 respectively are shown in dashed lines in
Figure 3. The voltage output 500-2, 502-2, 504-2, and 506-2 for devices
500, 502wa01992and 506 respectively are shown in solid |ippepUsSow/Biugpure 5.
Wien the PANI to PAMratio is larger than 1:4, the voltage increase rate
of the double |ayer device to was |ower than that of devices made from
PEDT. The half-life tinme of the double |&¥diMSevice is even |onger than
that of the P A :..80C. This Exanpl e denonstrates that the PAN (ES)
bl end/ PEDT doﬁgﬁggﬁady}%ﬁleag%n conbi ne the high resistance of PANI blend and
the long life stresd |4 puliilayss elpptroderhP4) epraprisinges fist layas(1Talagingza St ress
life of LED deflistBFef @pdueaigda Wcbhd B@M%E@ mROMaBER I HRURSSlayd- B4EI S W th
di fferent PgANI % ES%- FAM bl end. Ref. No.. PANl Bl endConposi ti oDoupl e

Layer St ress’ Li 19O} 12y ffComprising 3 pondpgive,prganigmgter %"Wﬁ% ¥er

(A) mV/ hed/ n2* t ddnduétinitys 8RPEDTrd-layer (1 14) ir eontact with-the secodd 1521 88 third

PANI - PAML: 1. 51 { 8 NI - - 2207815, 72101 ..

PANI - PAML: 32z51?%%]“%’113%%Sé%o%ﬁﬁﬁ%s&ﬁ%ﬁ%%&%@w%#ﬁ Tayer conductivity

506PANI - PAML: 5@43tg6thap figssgorApyer pandiuct 208 7 lesethan8® firstl layer icaduBtivigit ness
20 33 WO 01/99207 PET/AISRINASLE: : i ' -Si; ltilayer
el ectrode %104) conpri si a&lfrf&rgg% %@@E%@?PS rﬁ%lgi/%?ﬁlr@gcd@iero gthﬁgymgr
conductivity, a sec nénPEf-‘??EPmefwye Fopigsing e Pholpediiveayer (102) betggaika said 5

second | ayer caentiprdesi06) aad ananode] iwheredt thaahedaBtiR haltildyavéls@rode second | ayer
conductivity, ﬂnei third layer (114) in contact wth the second | ayer,
said third layer conprising a conductive organic material having a third
| ayer conductivity 4.gribatdevice hilaith8, wbemmimitht aythodecamadurists ifitsy cathddd ess
than the TiTS!ialdXlod Qo Eiebd datcfial Ml SELAPLEE dFRRLEY Comprising ! he
multilayer electrode of Claiml. 1 .. An electronic device conprising a
phot oact i v | d%ﬁ??@@?ﬁ“lﬁ’ét%@?ﬁl hetwegn HiscrhotorgBye lasier and thinfigksathddsr ei n t he
anode is the nudr fhayest a0b&Chi@®avidk anode work function and the low work function
material having a cathode work function such that the anode work function is
higher than the cathode work function.

5. The multilayer electrode of Claim 1 and/or the display of Claim 2

20 and/or device of any one or both of Claims 3-4, wherein said second layer of the
multilayer electrode comprises a blend of conjugated conductive organic polymer
with nonconductive polymer.

6. The multilayer electrode of Claim 1 and/or the display of Claim 2
and/or device of any one or both of Claims 3-4, wherein the second layer of the

25 multilayer electrode comprises a blend of PANI with nonconductive polymer.

7. The multilayer electrode of Claim 1 and/or the display of Claim 2
and/or device of any one or both of Claims 3-4, wherein the second layer of the
multilayer electrode has a bulk conductivity of from 10 S/cm to 10! S/cm and
wherein the bulk conductivity of the third layer is from about 5 times to about 10°

30  times as great as the conductivity of the second layer.

8. The multilayer electrode of Claim 1 and/or the display of Claim 2
and/or device of any one or both of Claims 3-4, wherein the conductance of the
second layer of the multilayer electrode in combination with the third layer of the
multilayer electrode is from 1.25 to about 20 times the conductivity of the second

35 layer alone.

9  The multilayer electrode of Claim 1 and/or the display of Claim 2
and/or device of any one or both of Claims 3-4, wherein the second layer of the
multilayer electrode has a thickness of from about 500 A to about 5000 A.
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Claim1. 4. The device of Caim3, wherein the cathode conprises a first
cat hode layer of low work function material and a second | ayer of el ectron
15 transpooviHnpecti on materi al between the photoactive | pgEUS@r®482he fir st
cathode Ilayer, the first anode | ayer having anode work function and the

|l ow work function material having a cathode work function such that the
anode work functi &% i sTherpglkitaver ¢lggiradseof Caimodendmyrthe display pbRlaim 2 The

(rjml tilay fer el egyradeviet ?ﬁi@' dﬂalor;@ed{ (gfrcimiﬁ%h 3l Sphak¥inThe @irdi18Yef P?Qleand]{ 0 { ]

evi ce of any onge.or both o i - erei ids ayer o e
nul tilayer el é&f‘ﬁ%ﬂ'gr @8‘?{{%’3218%3ilggﬁﬁﬁo%ﬁo%éh?%gﬁgﬁg@&ﬁg@g fve organic

pol ymer w th nonconductive polyner. 6. The nmultilayer electrode of daim1l
and/or the display of daim2 and/or device of any one or both of C ains
3-4, wherein the second |layer of the 25 nultilayer el ectrode conprises a
bl end of PANI wi th nonconductive polyner. 7. The nultilayer el ectrode of
Claiml and/or the display of daim2 and/or device of any one or both of
Clainms 3-4, wherein the second |ayer of the multilayer electrode has a

bul kK conductivity of from10"4 S/cmto 10"11 S/cm and wherein the bulk
conductivity of the third layer is fromabout 5 tines to about 106 30 tinmes
as great as the conductivity of the second layer. 8. The nmultil ayer

el ectrode of Caim1l and/or the display of daim2 and/or device of any
one or both of Cains 3-4, wherein the conductance of the second |ayer of
the multilayer electrode in conbination with the third [ ayer of the
multilayer electrode is from1.25 to about 20 tines the conductivity of the
second 35 layer alone. 9 The nultilayer electrode of Caim1l and/or the
display of daim2 and/or device of any one or both of Clains 3-4, wherein
t he second | ayer of the nmultilayer electrode has a thickness of from about
500 A to about 5000 A. 34 WD 01/99207 PCT/US01/ 19482 10. The multil ayer

el ectrode of Caim1l and/or the display of daim2 and/or device of any
one or both of Clains 3-4, wherein the third |ayer of the nmultilayer

el ectrode has a thickness of fromabout 2 A to about 400 A 35
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