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Mul'tilayer anode structures (104) for el ectronic devi ceEgA:? 653’239 h as
polynmer light-emtting di odes are described. The nultilayer anodes include

a hi gh condygbimeedyy organi c |ayer (114) adjacent to the phoipacikye | ayer
(102) and a |l ow conductiv- ity organic layer (112) between the high

conductivity organic |layer and the anode's el ectrical connection |ayer
(110). Thi's anode structure provides p8ilgBer |ight emtting di odes which

exhi bit hi gh bright ngag,TIAYRRYTRUGANGS ASYTABDE HSE AYypraTiG! eti me. The

esi stivi Ly to. abbPEPYES i b iy HUEHARERES HEGENE L HERRBNY o O

pol yner emissive displays; the nultil a§€YICESode structure of this invention
si mul t aneouslsy provides | ong | | fRELeFE m@g\}ad pol yner em ssive
di splays. VO 01/ 9920¥h15 mvenhon relates to organic electronic devices. More particularly it
~ concermns multilayer hole-injecting electrodes (anodes) for electronic devices.
DESCRIPTION OF PRIOR ART
Organic electronic devices, such as light emitting devices, photodetecting
10 devices and photovoltaic cells, may be formed of a thin layer of electroactive
organic material sandwiched between two electrical contact layers. Electroactive

organic materials are organic materials exhibiting electroluminescence,
photosensitivity, charge (hole or electron) transport and/or injection, electrical
conductivity, and/or exciton blocking. The material may be semiconductive. At

15  least one of the electrical contact layers is transparent to light so that light can pass
through the electrical contact layer to or from the electroactive organic material
layer. Other devices with similar structures include photoconductive cells,
photoresistive cells, photodiodes, photoswitches, transistors, capacitors, resistors,
chemoresistive sensors (gas/vapor sensitive electronic noses, chemical and

20  biosensors), writing sensors, and electrochromic devices (smart windows).

Light-emitting diodes (LEDs) fabricated with conjugated organic polymer
layers as their emissive elements have attracted attention due to their potential for
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

* acrossit.

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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Bradl ey, A R Be@yde's fdm bh volfype. ks, K. Mackay, R H Friend, P.L. Buns, and

A . B. Hol r‘reslgSNat ur (;H%liérgi%%gg m%g%gé%%gl@nblu% co%d@éﬁge ?ng%rﬁlrﬁgfg ovid gaer. Appl.

Phys. Lett 198 ude the
fol | owi ng: R H. suffi¢iently high registigify twg#ddih%eﬂd\@tqae Oéﬁfséﬁtél}‘mmx@ atedat ent
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These references as ¢es is noﬁl?ﬁment ' ra.mly% ol nce%c?a‘?l a%qlfegﬁo%gtﬁlo%gge Pat ent
rpo

appl i cations reP%l ence(ﬁleﬁerel n-are h the
nost el enent ar y d¢vigeafabripasedowith Eﬁ%ﬂ@ﬂ@ﬁ'ﬂ)ﬂygy‘m&tap&l}&?mé% regiiedighorerating gani c
pol ymer boungedvéiugene side by a hole-injecting el ectrode (anode) and on

e £ LA S AR R S,
pot ential is appq:ly@éjme dlreetly between the ITO and the light-emitting polymer layer, C
Zhang, G. Yu and Y. Cao [United States Patent No. 5,798,170] demonstrated
polymer LEDs with long operating lifetimes.
25 Despite the advantages of the polymer LED's described in United States
Patent No. 5,798,170, the low elecirical 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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vol tages. Additional devel opnments using a l-ayer of polyaniline or bl ends
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Pat ent No. g 798,170, the |l ow electrical resistivity typical of polyaniline
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The multilayer structure provides sufficiently high resistivity to avoid cross-talk in
passively-addressed pixellated polymer emissive displays; the multilayer anode structure
of this invention simultancously 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 electronic
devices such as pixellated polymer emissive displays. This configuration leads to high
efficiency, long operating lifePED'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.
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lower resistance (higher conductivity) than the second layer.

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 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 contexti The term
photoactive" organic material refers to any organic material 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




efficiency, long operating |ifePED s while at the sane tinme avoids
excessive cross talk. This invention rel ates generally to the use of the
“mul tilayer anode structure in such devices. 19 January!'2éaman2®ecor dance
wi th anot her aspect of the present invention, there is provided an
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resi stance tBanniatb@laﬁﬁcwrﬂéesmemgéﬁm@ﬁlediﬂfﬂnblenbﬂmemﬂstand:ea,ybﬁvahie@ftrode of
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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
PANKES)-PAM blends at 80°C, Solid lines represent operating voltage and

dashed lines represent light output.
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(S/'cm. In addition, the terns "surface resistivity" and "sheet resistance"
are used 4 19 January 2005 WO 01/99207 PCT/ US01/ 19482 interchangeably to
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20  Device Confieuration:

_ As best seen in Fig, 2C, each individual 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 low 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 séal 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



19 January 2005 WO 01/99207 PCT/ US01/ 19482 DESCRI PTI ON OF PREFERRED

EMBODI MENTS As best seen in Figs. 2A, 2B, and 2C, an el ectronic device 100
of this invention conprises a |ayer of photoactive |ay#Jargan#l0keen a
cathode 106 and a nultilayer anode 104. Anode 104 includes a conductive
first | ayerwddobaving a 5 first layer conductivity, a |myyesangidgsi vity
second | ayer 112 having a second |ayer conductivity and a high

conductivity third lagyer 114 having a I or {aqu geeater
than the second Iayeﬁ%gﬁa‘ﬁp&" \‘/’%l rﬁégﬁ%éq%eoggn %ﬁ%ﬁo{gﬁgg H‘gc%r&?{%%t?
conductivity. Angsibes ddpamadts.iNiere speeifiadlly itdonthinsshe follewing sectionsbe carried on a

substrate 108. 10 Organi c. pol yner - ed di ode 100 enploys a relatively high
work function anode! qr}}ho?aﬁl‘)é#yﬁﬁﬁ@functi on anode 104 serving to inject

holes into the ot hemglqg[ﬁigyérlmde(?b@wd of the sem conducting, |um nescent
pol ynmer 102. Relatively |ow work tfunction materials are preferred as the
cathode 106;5this | ow wokhe Gondrstivedfirst bawsbdd%%erving to inject el ectrons

into the otherw se enpty 45 y7E ~Rangd S&Bﬁdﬁﬁmg‘?ﬂduc"i ng, | um nescent
at

pol ynmer 102. The hol es inject ecF t e anode "and t'he el ectrons injected at
t he cat hode reconbi ne r aditefligteCondwitivity @bird hayeatl#le | ayer and light is
emtted. The criteri fé)r 0%uit | e electrodes in the art are described in
detail by |. D. Parkel® a:fl.l 5\& * Phys, 75, 1656 (1994). 20 Device
Configuration: As bepie Substutd @08 9. 2C, each individual pixel of an organic
el ectronic device 100 includes an electron injecting (cathode) contact 106
as one el ect!fode orComast Padsk80. 89) a phot oactive organic material 102
deposited on a mul tihaygk Bhgde 104 of the invention to serve as the
second (transparent) el ectron-w thdrawi ng 25 (anode) el ectrode. The

mul tilayer anode ( neltibricftiondgehniques1o, 112 and 114) is deposited on a

substrate 108, which is partially coated with a first |layer 110. Deposited
on top of fi rst%@%ﬁ&wl ow conductivity second layer 112 and the
hi gh conductivity thDemgndiag egonticdkpplativwoithd el6ctiopicalewics, theghplogetivonnect ed to

contact pads,80 %5!,?9@3 ) erhitti LR hbtwaa BP e ilied RIGA A pads
82. The 30 ﬁgye}aggrrllg% OGHE}%%&!&% 1%%?]{3 1a2 aare ?h Iﬁ’ﬂ | at g@(tsfromthe

) . ' n.459 . .
envi ronnent by & Dpdighisppitinggiqde pxlieht-eqiting ghepyica ‘éqlf@cat P6hPt device is a
light-emtting seteriakthat respomis applinntabergyaref geptretes 2 signal with pewitont alct pads
80, 82, which padscabs Qitlaph BcHok in 4 PRotdiRIERE). Exaixgﬁés o\f;\ﬁtnotddeﬁbforsi s emtted
fr omt hga devi ce, g]gt he tdl E:SC i| oréus h8v¥n g¥ arr ow toh hel ﬁaﬁsps?omql ectronic
device is a phofistde ghqtagondyciigg celly, photare t\%gdplifgosfvﬁ& EPRITE TNt he
di recti on opposaidphotdtebesrandph@@oltaiotellsaswhgse tegns 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
layer 102 will enit 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

7




19 January 2005 WD 01199207 PCT/ US01/ 19482 This description of preferred
enbodi nents i s organi zed according to these various conponents. Nbre
specifically it contains the follow ng sections: The Ph&p@t‘?w\?@ OPayer
(102) The Multilayer Anode (104) 5 The Conductive First Layer (110) The
Low Conductweve28econd Layer (112) The H gh Conducti vigyrddetsesiayer
(114) The Cathode (106) The Substrate (108) 10 Contact Pads (80, 90)

Optional Layers Fa.brlcat|on Techni hot acti.ve | 02

Sopend: ng-aman: EREERALIsERk PSSR RiehE CoPRaBGRer SRR . e
15 layer 102 cain the ag (ep.gpiet--Conjugatph Bolymgrar I LhBredisand By Bilkey edt.. liluwer appl i ed
vol tage (such agaddmi@PlebgDbrdtidhd 19913 RbpReetBive biadbd ofdmbtdrialsifctude,

el ectrochem cal & | | material that responds to radi ant ener gy
and generates a sfg %ﬁthmﬂte%%etgl P\ﬁnhf’ﬁ Oft an %fpl i ed bias voltage (such as in

a phot odet ecfor). Ex(amﬂl:ég-pbcfnyl@h@mﬁemeéenw stifwiod &veriousct i ve

: celjl Sh phOtFreSpﬁsI@clhﬁonﬂ{%% S fld@dy; phot ot ransi ts)tors 20 and pho';]otubes,
. and photovoltaic ce e ter ar e . scr e i.n John

. El ectronics and Nucléliﬁ?l‘é@%@ﬁn(?ﬁﬁ}y e)ﬁgltﬁﬁﬂwﬂ Eﬂg Eﬁ"’ﬂ " nc.
1966). Wiere theomlmtondmvmyt@evm@t}bs a light-em tt| ng devi ce, t he
phot oactive |ayer 1@&) y(drgermﬁmhé;ﬁjmh\em& ﬁﬂ&ﬁdrﬁéﬁetsuahﬁ&ee{éala&age I's
applied to tEe eI cal @{yi(:te thb%elf Hgaﬁ@ ﬁ}‘?ﬁf\/e I |%hft emtting
materials incl uB%p Fn tb’ﬁ?ﬁ?“@t TP PG R 2] i LA
but adi enes, couthgmgictigs with Aincienslized snbaditueats abivpdouspositibeme deri vatives, see,
for exanple, Tang, Ui§ defakiofloffol 1&%%@@@; whatl the aBflen@lmay blasin Pat ent

4,939,507, the f SO0 wRALILN Bl WGl B o WOSRLABERL SO hereln by

ref erence. Alte Pc materials such 30
as those described i) mvemseiPOé}r(aryte@snylﬂaﬁ)éﬁlerﬂahgmle&%yybweger et al.
(U.S. Patens S(ﬁp&nﬁaaﬁbsnmaan@neﬁs Pusitioqt brthe PavRm m&ie61 7, 169) t he

rel evant portions of pﬁfgm@%%ﬁrg%gépﬁg@%ee&#a&%%%m &Jj%&a ce. The

light-emtting mater matrix o mat eri al ,
with and wit houf’l‘W% mﬂé?nvmﬁs qfﬁé?@%ws FBptiad stapaouspogiens afher ef er r ed
- enbodi ment s, t harykhegiblefits) dérivaies of such polp@kiy BEUstimGIRL vB@8s Jisitloaast one

conj ugat ed pOl YRS r&{en@mg%tl&omr@ﬁvﬂ%ga‘ schh polymers substituted at various

20  positions on the arylene and the vinylene moieties;

(vii) poly(p-phenylene) and its derivatives substituted at various positions
~ onthe 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

25  onthe arylene moiety;,

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

(%) polyquinoline and its derivatives;

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

(kii) 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

8




19 January 2005 WD 01/99207 PCT/ US01/ 19482 contai ns segnents of

n- conj ugat ed noi eti es. Conjugated polyners are well known in the art (see,

e.g., Conjugated Polyners, L.-L. Bredas and R Sil bey d8tanuxyg@es

‘Academ ¢ Press, Dordrecht, 1991). Representative classes of materials

-include, k®udoomrnot limted to the followng: 5 (i) paodopiagy! ene

vinylene) and its derivatives substituted at various positions on the

phenyl ene noiety; (ii) poly(p-phenylene vinylene) and its derivatives

substituted at @@Wﬁmnab&-iiﬁmﬂagt @y Elestren. Eénélsﬁbif €£93)). EPPVyis also

pol y(aryl ene vi gyitabRE)C. Z0ireball Synila MetooE 35098 Eeand vefbremet diciebs) as 10

‘napht hal ene, ant]| I\ LA : he |ike, or
LIRS bR S WAL SR 1 AAGE om0

one of- the noieties Wtt 7 5 . [ s at “varl ous positions;

(iv) derivativesgreprefpreadypimgs (hew prablerplptivehesimplgdayies fabrication j4e Hecgiignhe as in

- (iii) above, ssulpsBidutf©d. Bdtenv 8400U MAS|86D36E). on the aryl ene noiety; (v)

derivatives of pol y(agyleng ViPe%sgc%keﬁgﬁt?eﬁﬁmhggo19ﬁ$mcﬁ;§m%m' no 15
rl t1ons~on-the :

(iii) above, substittte a?.pr\?a ous_ posi Vi n ne nol ety;
~(vi) co- pol yner soldlfle BPY matrsialgidaseriberkin 1. Bgeler pial wid s Mgt o (7§80ed
ol i goners, andhdﬁ{ﬁeibﬁfz& YHerddd aﬁSLPPVﬁéEMﬁ&ro? kit iothd# @ehi-@bndwetingous
posi tions on the . aryl ene nmmi eties Livat i ves. C LEEr S
substituted at ggllﬂn%%?n‘g%offnﬁ'fngﬁswq%%h f”‘ﬁﬂ’g e\?ﬁc{rﬁ?/lmz“r?ggcﬁ%cl%gg? gés)]!l and derivatives
of such pol yifrer Vhstetsbe elecitoaiy dgvice Hid is a shotodefrstor.ithehatogefiveyertddl ene and t he
vinyl ene noi et i egporkl¥id thdipgleddrPy agydueae) sigarkithbswidesrivdthouteetiassdbst i t ut ed
at various positions -.1.h e ne .ani ' | ol ymer
derivatives sucﬁf’lgage’plt\)@{fl?ﬂ? gl-a fp% {1 goyﬁ%%lfg%ré%%’%ﬁgh%g*lﬁgf_éeiﬂ%g?ﬁ%%/)i i)
pol y(aryl enes) sigunl mifbiabiaged voliagd (recl as imihe rasa obdiphotocoutirdveceldsi ti ons 25
on the aryl ene pRitgksistors, phbtos@itdhed, phistoRansistody, plgnetibesineladapfdr kxample,
non- conj ugat,ed %{a{lg&”er %fedﬁ&?merg%dé@&{oﬁﬁrﬁn%{;e FHG{LR)! M%fias gpstituted at
vari ous positions on n{ufge. afrytene”™ noletl es; >?) _pofly_qw nol'irne and its
derivatives; 30resrany terdispl sparey gndire garablgof saciates yFiensl pithre aplagste and
nmoi-eti es havi ngvoltet (HatH asdh 1@ chdsdf b phdtocopdtdtive callgird phatdvgiaicyeBy s such as
pol y( p-phenyl eng-2..6- he | | %, . .
pol y( pphenyl er e?fE,ﬁ’é‘?B}é'ﬁ%’g?{éﬁéﬂ%{z‘b e iaQa‘f)tot? i}%l‘g-an%glﬁ?pe%eg?rf’feé-sf)genﬁlz'iS#iC]aazol e),
and their deri vaightpesitivgshenipailyrpacive mates meludefor eagple Pany ne active
material s may i eedjuw@edpolymafsand eitctto- and pitbtd-lmminescent 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

Electronic Materials, Vol. 23, pp 925-928 (1994); and MEH-PPV Composites

with CN-PPV (“Efficient Photodiodes from Interpenetrating Polymer Networks”,

25  I.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 mixfure) 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 aflow for formation of coherent structures. Where the carrier is a
9




. pol y(phenyl enevi nyl ene), PPV, and al koxy derivatives of PPV, such as for
~exanpl e, pol y(2-methoxy-5-(2"-ethyl -hexyl oxy) - p- phenyl enevi nyl ene) or "MeH-

PPV' (United States Patent No. 5,189, 136). BCHA-PPV is H Jdapuary 2006r active 8

19 January 2005 WD 01199207 PCT/US01/ 19482 active material. (C Zhang, et

al, 1. El eqidimoybter., 22, 413 (1993)). PPPV is also /ﬁsﬁﬂiﬁsz (C. Zhang
et al, Synth. Met., 62, 35 (1994) and references therei nﬁﬁ Lum nescent

conj ugat ed pol ynmer whi ch are soluble in commn organi c solvents are
- preferred since pblygipriemnatatisl, frefertd vatigr pslyiiplsereddgt welebudinrwaight (diW.[>A. Heeger

and 5 D. Braun, ¢ ],ﬂ;&; preferred
active light-em tb?&(?&lﬁg{l yrrlé%s1 glgﬁl%copg?%r@?g (%Zﬁé% acEé’grﬁ gfeg

mat erial s descr iPBlethylgn el-‘ledSeEQ!W@’fe’ gd th the’ Ikeg Undr, grgyopripte COH UensGHRFR and
referred to her ehmbmadﬁyBEMmrletﬂiyethﬁRshiledﬂnelmriaﬂﬂsmdrmmelewiarconduct| ng

pol ymers and sCOoRakaR'eRan 9%@&&6&&0 SELLRLITINASE RIS afidpobe used. 10

Where the el ectronj c _devlce ot o tor (gﬁphot pactive | ayer

102 responds t GpigHinEHING e ACHHFAS, PBHB@E%P 2P R PUR A ¢ h or
‘Wi thout a bi asedolvatd. Fﬂgeordﬂhétemawmmmtsmgahqxenﬂnmcbmme energy and is

capabl e of gencl il Aol BlenthialpdyhbSRARLARGN WL, & b (e case

- of a photoconductlve ce

¢ |stors£'§c oswi t ches
phot ot r ansi st or 0% bt &%&@F“?Wﬁ“ﬁ@é CRGHmE H%‘&’%eq“%pﬁ’éﬁ?mgﬁh ugat ed
pol ynmer s andicel dedired|Exainples ofsuth cattosnt smiusturea/mb@msabtsnpmm of poiypinyld t o

radi ant ener gy qiggh(ﬁ]'ﬁ 19@9,2&}1@0,9&@) g qﬁmgly@engbggm{hamg hhout a bi ased
o ‘?‘ISSP

vol tage (such as | n lve tovoltaic
“cell)  include RaV@PRhcazapidy efcn 3@‘?@‘“{* tﬂbeoy

gener at e a si gnalendifigicfihe fing pdlymensinbotpercedidnh palat gnvnment,venmakaerl al s

i ncl ude for exa%@psﬁaﬂaés saedw@@cﬁl%gﬂﬂaséabﬁﬁfn& gPofelyRatr 0- and

phot o- | um nescent materl alEPj E(g £IC Iyhgrrpl es i ncI ude, but are not

limted to, WEHPPRRFOPYIERS %‘H g the seni conducti ng polyners", G

Yu, K. Pakbaz, and ATlypical filetieknesesaf fielphatbacti®é ayers omge fibtadew al s, Vol . 23,

pp_925- 928 (f199ﬁ)u|1d1§% Bl%;té R sofetol titbda GpRRY, Gl {6, Si0ey e et
ot odi odes from Lnter pene s e

al . (Canbridge Zi \%&'Pl! s g‘%’%&g‘?}e%@é’bg’* W&MI"JB

‘el ectroactive oﬂgxampprfnmeem@Ingym%ﬂliyﬂ;elmmwedlbﬁdsmg)ﬂlpmm/ﬁ . Rmfeged on at

various wavgl elﬂggﬁgssa}dﬁ(ﬁgmgwgdomnt s, the polyneric photoactive
mat eri al or orggE g !@l egu grﬂﬁﬁot oactive material is present in the

photoactive |ay g 2 ture from0%to 75% (w, basis overall
mxture) of carrier Theyaliilyeranede @04) iychuesthesodudive Sirgdavec( )i 2lew ar) . The
criteria for theosmtipstis@an®@iayéri€12)and 4 Bigh 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 phofoactive 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 enongh, for example in
' 10




organic material are as follows. The material should allow for the
formation of nechanically coherent filnms, at |ow concentrations, and
remain stable in solvents that are capabl e of di sper3|1r$gja"8?rycﬂ[)§§ol Vi ng

t he conjugated polyners for formng 35 the film Low concentrations of
carrier mtwonstsorare preferred in order to mninmze prececsHiLMgs?
difficulties, i.e., excessively high viscosity or the formation of gross
in hoaneneltles however the concentration of the carrier should be hi gh
enough to al | ow theeasé of sier apd zold beloabeut308 B¢ it capeeinlly Wosrabout!20 Atarrier i s

a 9f 19 Jgnuary 2&@&2@@@&4@%@% /al#é}Qtix/e ﬁa&eﬁ hﬁif'&ﬁa &aﬁgﬁﬁtﬁ‘ahb@&éx 000)
preferred carrie e

flexible chain ‘§ cﬁgg{oav(% g‘aﬁ (f“rﬂ% é‘” rgcg'tvvein o'{f‘bl?%b Tene,
pol yet hyl ene oxuld@enqmuylsawlﬂ"@w@ANémd REAEL, iagsparcngychen bagbiaypd wish 2 layer
condi tions, whi cﬂanguggaﬁonb@oggagmyo(ﬁgterm ned by those Skl lled in the art,
t hese macrom)l ecul ar ({@%erl (SSIFS ? e the ftﬁr mat i o oher (CetF
structures froma wi & ref APPSO e PR OW'?{ Ys, and
nunerous pol ar andtilaprapesdcd 04 shayiile besbbser s that th thirg layer @hét@tlslty is

- mtanuf aﬂ] ur ted ulsue@ tﬁam&eﬁﬁﬁaye!tr &Fndﬁ&ivi’t?ﬁicﬁm&@‘ﬁﬁn ﬂwsfeédlﬁu Ocalw
strength at poly co ration oW, as 0
vol.unme to enabl efﬁeﬁgor%gget (fq‘ﬁ eﬁ%’&'@ﬂ%?@d’%wﬂrﬁ} @Pﬁ&e’f Afgle%fa@g? red.
Exanpl es of #uc wve@theﬁemposﬁtqnuéth@rog@r layas inlbsanodoansithe eatreggfondoBy (vi nyl
al cohol ), pol y( efohidticaiviflesufistld) athdd Gly¥rs.POkRr faab@ﬁﬂh@étﬁuﬁ;ﬁg ERfloRibAkS) |

pol y- par a- benzargegzsb?(ﬁge??l i gmn%pe atmgg th%%egiggg rrers On the ot her hand,

if the blendin ¥ ¢eéd in a pol ar
envi ronnent , gﬂﬁg_@d‘w’m‘ﬂlﬁtﬂa\feﬁ H0ktures are selected, such as those

cont ai ni ng poI yet hyl g‘neconaﬁcmehyqo[@ﬁyiagmw,m@gb&é l;jﬂ&fa,qb@r]@;); thamBOD t he |1 ke.
Typical fil th| %@g lﬁ&safg%lc}'&?&B%pa%éﬂess qpl(l) %m/%silur%ange froma few

hundred Angs 5 o ORT T ngstromunits (10,000
A) (1 Angstromunit hq@ngucéwy ﬁISAlab’ﬁdblj)&Ofﬂhécquﬂ@ de (A 0dhprexidessses are
nﬁt cri t} C?I gwma cpetattarithan @RtefANelécialadbicy (e sﬂdmi) aned ab% xsn %
thinner filns. Pr e : e
Mul til ayer Anode xﬁ gﬁl‘g el%ﬁr%gd '%Eal% ﬁgﬂéﬁg)gu&{@%]ﬁ%q mOt 1c§1]1 e conductive
first layer (11070reaidmiterial gtk fungtionabensabrefey e‘( ifilzyoralﬁ%rwa fwtgh _
conduct i vi t yzot hilgygr 110yeprefetabiy) madbhof niafehialk 6@AANIAE 2 aRE, thidy®metdl] Moy12, 114 is
et or M ned oY o il %t GbnfiRa e SRAL SORNERRISRLE L BBl SHER, | ver

such transparen resi den tpon the
conposi tion of tﬂilf‘éml’t%&GmPPF 4 ﬁ@@&?@@%@@h@ lorﬁ?@ﬂ'ﬂ‘i’%ﬁ"tﬂﬁd theont ai ns a
phot oact i ve | ayeangdedfi¢is to be light-transmitting, mixed-metal oxides of Groups 12, 13 and 14

metals, such as indium-tin-oxide, are generally used. The ITUPAC 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, sitver, platinum, gold, palladium, tungsten, indium, copper, iron,
nickel, zine, lead and the like; metal oxides such as lead oxide, tin oxide,
indiom/tin-oxide and the like; graphite; doped inorganic semiconductors such as
silicon, germanium, gallivin 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.
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el ectrode is transparent to enable light em ssion fromthe device or |ight
reception by the device. Mst commopnly, the anode is the transparent

el ectrode, although 30 the present invention can al so bt {@eani#f0sn
enbodi ment where the cathode is the transparent electrode. As used herein,
the term " tyapgpsent” is defined to nean "capabl e of ty@AsEIAdbNO at

| east about 25% and preferably at |east about 50% of the anobunt of |ight
- of a particular wavelength of interest". Thus a material is considered 35

“transparent” even i{Nhle}e%h@éﬂohéfsx&aﬁ@mfeﬁ%%%ﬁdubﬁ@hﬁetmﬁétﬁ%xﬁsn@cduwction of
wave | ength but does neet the 12%% 50% cri tﬁ{g#a %to ?\ﬁl yen wavel engt h of
interest. As is%k SRAEPTE FO%E AEET 1P P ARTER 81 4981 PRPRC #Fhs, one can
achi eve consi dePaiférebly,degthiskuessst of metabpaipkbordde (of ditlestae)ddysrsiis fiothe | ayers are

thi n enough, foLLaxasR okt 1268 Adthed h¥énc?Q98esiBd. 01199207 PCT/ US01/ 19482
the case of silver and gold bel ow about 300 A, and especially from about 20

A to . about 2501 with silver having a relatively colorless (uniform
2153 aY)¢ yer{i 1Dhe transmni ssion of yellowto red

wavel engt hs. Si M | arfie sebdd laydRt ©@rchl1E hik GheRRnt TR refNity ansteRiEDT,
transparency can be achi ev%? th.a lﬁ@ er....5 ran | ng forod’g 1§0i1 tt%lelo,ooo A
In addition to 'PWéStG@(sqIF]é%e %ﬁgf’%‘ ‘%_//‘??ullnké’ercag oereron “of 110393}5 in the
mul til ayer anodéjdtian/shspet Hhedow sendspigdayeennd iayer prefably pg abullay er
condugt : Vityygi S ccaﬂd%&?viﬁrb@ﬂoﬂ?ﬁoﬁt ilgﬁ B/chl’otlvigo“'@g&ﬂu@bﬂe\{]&dﬁf&ﬁﬂdhel"ﬁé?@dt han f he
second | ayer conductivity. L. I 0 material for one |ayer
of the nmultil ayzﬁyer 88éu%é;f)%dﬁlat§w§’(??g§rgnﬂ0t %él%é%#p‘:iﬁ%/? ion of the other |ayers
in the anode and t he Tlsrseeanddavar Hg mayseanesg ralyapidige RAND erensapgplentayer s.
G her factors i Gorf@aeAFbRiudGveGRIRRS kichafpay®rold esgulythiephdhelnmst i N secti ons
relating to the s IfkC fve. FLr : The
REGUY i BT cnb 08 e MHE i b b ¥ it

conducti ve fi rsfmr st ance: an 300 15

ohms/ squar e 1and Preiarpiuseil Mastcomasanty 1 in tsomsmidinsHit4ED forrh Uselhduct i ve
first layer (11Q9ndattivehpelyatilipssndieledreddmopdiPpr nddetivhtises Bhadlytas i cal cont act
W th an externa dar il i Lxe | ayer
made of a high %ﬁis%&%%@%o&%n%f% gﬁog@ 8‘y‘mm)st t oéf}g%f)f }?/ngnr? 1&9%%%\%

material with athestdsslensd inBwted Sktes Patspilio-£.2328%- The conductive first 20
| ayer 110 i s pref er allayothercdnbodimeat, teisedosd tayertraayrinelgdexondictive materedd net al ,

T i e S TR R B R I e
netals. |f the (fdqed YG%'M&*@@W‘P@F&'W&&W@Wﬂg‘{'ﬂﬁt}‘y H]i‘%?glam?é?nﬁl oxi des
of G oups 12, 13vEN®}),k4d hotefiméctipn/emsporapolymels suvhtai polywinylearbaaele general |y
used. The | UPACHREEDEEMImethyl)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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25 systemis used throughout, where the groups fromthe Periodic Table are
nunbered fromleft to right as 1-18 (CRC Handbook of Chem stry and Physics,
"81St Edition, 2000). The first |ayer 110 may al so conpriSsBHAYAIEN ¢
material . such as polyaniline as described in "Flexible light-emtting

di odes madavd oweseorsol ubl e conducti ng pol ynmer," Nature vobcTrorioegp 477-479
- (11 June 1992). 30 Typical inorganic nmaterials which serve as anodes
~include nmetals such as alumnum silver, platinum gold, palladium
tungsten, indium coPpeniakron, nickel, zinc, lead and the |ike; metal

oxi des such as lead oxide, tin oxide, indiunmtin-oxide and the |iKke;
graphite; doped inorganic sem conductors such as silicon, germani um

gal Il ium arseni de, a®¥s he |ike. Wien netals such as 35 al um num silver,

pl ati num gold, pallladium tungsten, indium copper, iron, nickel, zinc,

| ead and the |ike # sed, the anode | ayer should be sufficiently thin to
be sem -transpare Met@), oxi des such as indiunitin-oxide are typically at
| east semitranspapest. 11 19 January 2005 WO 01/ 99207 PCT/ US01/ 19482 \Were
the anode is tr@@gparent, the conductive netal -nmetal oxide m xtures can be
transparent as well at thicknesses up to as high as 2500 A in sone cases.
Preferably, tshe thicknesses of nmetal netal oxide (or dielectric) layers is
from about 25 to about 1200 A when transparency is desired. 5 The Low
Conductivity Second LMr 112 The second | ayer 112 shoul d have sufficient
high resistivity.,to, prevent cross talk or current | eakage fromthe
“multilayer anod@™%8 provide sufficient hole injection/transport. The |ow
~conductivity second h@meerintpgeefremdldby; has a bul k i o conductivity of from
about 10°4 Spcmto 1f% rﬂwa{ £t Riteihe Bloviso LR S e6ABEN k@& has a bul k
conductivity of fqﬂﬂﬁ]}%ﬁi rn to 10"$ S/cm The second | ayer 112 may
conpri se pol yanff |) or an equivalent conjugated conductive polyner
such as pol ypyrol e oquaoﬂgmmeo@h@&ﬁétedﬁm&tobgdxmt9rdifferantl@t@ﬂﬁhl with one or

nor e nloncotnduct bh’(ﬁn@ﬁﬂt o MHB IsSsclefied Fraithe gidl o%nslém@afmtwmnwams@% ul. Most
commnly it is in a ive

pol yanilines i n8¥c|!1 @‘ agi%l p?lk%ne&f %Iyoﬁttah@e%g% la § bl ends
with bul k pdﬁynﬂﬂ@mﬂﬁwgﬁmkﬂ$~ ﬁ@§ﬂm®WPWWﬂr§¥ﬂméﬁ@ﬁﬁm@§W@@¢PANl are
t hose di scl osed aikilstifinyE dryBhia} £gisiPhgnilkowycarbondB Arydsdlfonyll, cadooiioatid,

"ﬁﬁ‘?"ﬁl EEQEylt“e&ﬁg% N o DR U S ik e T

halo, nitro, cyano or epoXy moieties; or carboxyhc acid, halogen, mtro

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 of n Rs

25  being from about 1 to about 40 carbons.

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

those of the Formula IL to V:
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(TPD) and bi s[4-(NN-di et hyl am no) - 2- met hyl phenyl ] (4- met hyl phenyl ) met hane
(MPMP), and hole injection/transport polynmers such as pal V|nylcarbazole

- (PVK), (phenyl methyl)polysilane, poly(3,4 ethylenedloxfﬁhéﬁﬁﬁ@ &5 ( PEDOT) ,
and pol yaniline (PANI);electron and hole inj ection/transporting materials
such as 25 wQ dirode7N - di car bazol e bi phenyl (BCP); or |i ghtcmisoi/idssg
materials wth good electron and hole transport properties, such as
.chel at ed oxi noi d conmpounds, such as tris(8-hydroxyqui nol at o) al umi num
(Alg3). Wien the terns "polyaniline" or PANT are used herefjn, they are used
generically to include substituted and unsubstitfited matgrifals, as well as
other 30 equival ent conjugated cqg i ers.such :as the

pol ypyrrol-es, or the pol ythi ophene
pol y(et hyl enedi oxyt hi ophene) (" REL
only the specific nonsubstltuted f
manner to include any acconpanyi ng ar t cdﬁhrly a¢idic materials
used to render the polyaniline cornductive. '35 in gener al dypol yani l i nes are
pol yners and copol yners of filmard fiber- formng nolecul g weight derived
fromthe polynerization of unsubstituted and substituted ahilines of the
Formula I: . 12 19 January 2005 WO 01/99207 PCT/US01/19482 Formula 1 5
wherein nis an integer fromO to 4; 10 mis an integer from1 to 5 with
the proviso that the sumof n and mis equal to 5; and Ris independently
sel ected so as to be the sane or different at each occurrence and is

sel ected fromthe group consisting of alkyl, alkenyl, alkoxy, cycloalkyl,
cycl oal kenyl, al kanoyl, al kyt hi o, m al kyl thi oal kyl, al kylaryl, 15
aryl al kyl, am no, al kylam no, dia L aryl | al kyl sul finyl,

al koxyal kyl , al kyl sul fonyl , mgaryH 1 |, al koxycar bonyl ,
aryl sul fonyl, carboxylic acid, h r al kyl substituted with
one or nore sulfonic acid, carboxyli aend, hal ¢, nitro, cyano or epoxy
noi eties; or carboxylic acid, halgg : &no, or sulfonic acid

nmoi eties; or any two R groups together may forman 20 al kyl ene or

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

th s clear that
allso used in a

nitrogen, sulfur or oxygen gons. Wthout intending to limt the scppe of
this invention, the - - -
(Rn n
i (el -
N N N
v \\_l_/ \ 7
| (H)m _X | m —y
. Jz
5
- 3

<
Pz
g
Zm
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size of the various R groups ranges fromabout 1 carbon (in the case of

al kyl) through 2 or nore carbons up through about 20 carbons with the

- total of n Rs 25 being fromabout 1 to about 40 carbons!®4aHg¥t308%i ve of
‘the polyanilines useful in the practice of this invention are those of the
"Formul a || vi@oi¥io2ck3 WO 01199207 it NH 5 14 z 19 January g@@meRsldUS01/ 19482
Y 19 January 2005 WO 01/99207 PCT/ US01/ 19482 wherein: n, mand R are as
descri bed above except that mis reduced by 1 as a hydrogen is repl aced

wi th a coval ent bondwhereinhe pol yneri zation and the sumof n plus mequals
4, 5y is an integery gy R b aQlicstitRRLBbvelchapt Bat nf jd Bd@Bd byt #4ger equal to
or greater than_ 1, wth tgeedpr."w SO Elg&)t hj sum of . X0l g?é IS greater
than 1. and z i SY%neqis wgkredygiha covy 054’3 pepolymerization agh e s ok gy
listing of substpiusot emraladd unsubstituted anilines are 10 illustrative of

t hose which gan be @ﬁ%ﬁﬁe#f@artgopgeﬁmhgﬂ@es useful in the practice of

L LventLOn, A0 e e S e b e P LS < ™
‘m Cctyl ani | i ne andyis greater than 1; and 7
z is an integer equal to or greater than 1.
The following listing of substituted and unsubstituted anilines are
10 . illustrative of those which can be used to prepare polyanilines useful in the

practice of this invention.

' Aniline 2,5-Dimethylaniline
-0-Toluidine ' 2,3-Dimethylaniline
m-Toluidine 2,5-Dibutylaniline
o-Ethylaniline ' 2,5-Dimethoxyaniline
m-Ethylaniline Tetrahydronaphthylamine
" o-Bthoxyaniline o-Cyanoaniline

m-Butylaniline 2-Thiomethylaniline
m-Hexylaniline 2,5-Dichloroaniline
m-Octylaniline 3-(n-Butanesuifonic 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

15 Mustrative 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-octeny! and the like;
alkoxy such as propoxy, butoxy, methoxy, isopropoxy, pentoxy, nonoxy, ethoxy,
octoxy, and the like, cycloalkenyl such as cyclohexenyl, cyclopentenyl and the
20 - like; alkanoyl such as butanoyl, pentanoyl, octanoyl; ethanoyl, propanoyl and the
- like; alkylsulfinyl, alkysuifonyl, alkylthio, :irylsulfonyl, arylsulfinyl, and the like,

15




4-Bronpaniline 2-Bronmoaniline 3-Bronpaniline 3-Acetam doaniline 4

Acet am doani | i ne 5- Chl or o- 2- met hoxyani I i ne 5- Chl or o- 2- et hox anl Line

2, 5-Di methyl aniline 2,3-Dimethylaniline 2,5-Dibutyl ani®-3pgary 2005

2, 5-Di net hoxyani | ine Tetrahydronapht hyl am ne o-Cyanoaniline

2- Thi omet hwvanidoeeve 2, 5-Di chl oroanili ne 3-(n-But anesul penusiiasssl) aniline
2,4 Dimet hoxyaniline 4-Mercapt oani I i ne 4 Methylthioaniline

3- Phenoxyani | i ne _4- Phenoxyani | | I ulsﬁn |vei lIl’S E oups are
al kyl, such as rBfhHRbUY y‘Fe"P?P&f Bt YREWYEHE‘%% |

i sopropyl, sec W@Od@&é‘bﬂ nml;*utfhyl Iopgl;plfm%amﬂyimmm%?tmwgopenyI :
1| tk)ut enyl, hl Mfoﬂyl,hﬁé%ﬂéﬁhfonﬂ ﬁzﬁ?&rﬁmﬂhe@nﬁi@tmﬂu&@u jlfigo,| 1 ke;

al koxy such as 0 0 ent oxy, nonoxy,

et hoxg, oct oxyl,ophglgg“%tﬁlg W’E%‘%mdo %'Tcng? ﬁ% 9?‘ ’E"ﬁ%’ﬁ %!S é@f ohe%enyl y

cycl opent enyl5 andethayecapignyl, beﬂxya@rh@m&ﬁﬂtﬂgimoaﬂ apd the 9I0yclp@hl(1:§w;ﬂls

gﬂ( 3{1%: o e; P;lngbyblohe&ﬁrp@ﬁﬂﬁyﬂtylaéﬁldobﬁl cjrdlddﬁp Bdnhﬂieﬁlﬂtla‘fdllfﬁkbralg ]§ﬁ|skdhsdd| ; 88% I, o
01/ 50007 por Loyt ke é’a’r%l'i"ﬁ’(%e #%’ Y"%?ytlr?e%""’r"r’eg sidthe 0
benzyl sul finyl, lﬁneaﬁxlp:g@llwi wwaryloxpwbguch P mhen@wwm ﬂlennwmﬂyinnﬁew

octyl sul fonyl, nkdiRel iddivariossaptiand 4051 ead wgmhfa@mi&dmmhbyl sul f onyl

N ongn "}‘hf@ﬁfmﬁﬁr‘fé&%@ﬂ%&*ﬂ Lrgas 't&?honyZPBL%I e
but oxycar bony| dritydiopgethylic tf@“;i@rldallﬂkwmﬁhﬁhiéﬁoww% meargmethiy c| opent yI |
cyclooctyl, cycl3odnepéptbpylachifbihehyl kR eyandghexy,aintl e 1iketehlfasc acid

terminated alkyl and aryl groups and carboxylic acid terminated alkyl and aryl

groups such as ethylsulfonic acid, propylsulfonic acid, butylsulfonic acid,

15  phenylsulfonic acid, and the corresponding carboxylic acids.
Also illustrative of useful R groups are divalent moieties formed from any
two R groups such as moieties of the formula:

—(CHp)—n*

20 wherein n* is an integer from about 3 to about 7, as for example -(CHz),
-(CH,).; and -(CH;).s, or such moieties which opfionally include heteroatoms of
oxygen and sulfur such as -CH;SCH,- and -CH,-O-CH,-. 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 infeger 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;

30 R is alkyl or alkoxy having from 1 to about 12 carbon atoms, cyano,
halogen, or alkyl substituied 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 ~ zis aninteger equal to or greater than about 5.
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met hoxynet hyl, et hoxynet hyl, butoxynethyl, propoxyethyl, pentoxybutyl and
the |ike; aryloxyal kyl and aryl oxyaryl such as phenoxyPhenyI
phenoxynet hyl ene and the |like; and various substituted QNQQHWYﬁmmﬁaryl
groups such as 1-hydroxybutyl, 10 1-am nobutyl, | hydroxyl propyl,

1- hydyr oxypembidezo7l- hydr oxyoctyl, 1-hydroxyet hyl, 2-nitf@ﬁmﬁuﬁmwz
trifluoronethyl, 3,4-epoxybutyl, cyanonethyl, 3-chloropropyl,

4-ni trophenyl, 3-cyanophenyl, and the like; sulfonic acid term nated al kyl
and aryl groups and Bmaidiepyfered anbalihensofinis aatermiokythe polgamlinglis dgiveips such
as ethyl sul f oni %oalgmglgﬁgmgm& § 8B fiich a&&'ﬂ%i&lﬁm&&ﬂbﬁ o Pl

phenyl sul fonic ac e cqorrespondi n car l1Cc a

iIlustrative of Hysaral heoymer el mongme; repge tSPﬁ?f ?t@%o“ltgbmad from any two
R groups such as m)lAsdeembaﬂmﬂimtddcﬂtamdmtentNmﬁwz,)Z%ﬁSl 2@ pabyenidinnisn' i s an

{ f b o 3 and
' ?Clig)er 5. J gl%gugﬁﬁergdédﬂdééﬁgyﬁ ﬁlep?e%eljcg'bfﬁf@ﬁﬁ&hﬁe orlabidd)s g‘;e A@hﬁ%) a(r)]xygen

noil et es ¢h optio | nc) pe hef.e
and sul fur suchsﬁlesmlﬂ}iri@n %ﬂ@”@g@%’ é?le useful R
groups are di valAé\fmncabﬂahmﬁlpwtauchad'monmlvdnhhnlgedbum@r- das beBn conj ugat ed

doubl e bond unsgiufidaina ?éfé}Ebl £ 1 QA 8itlc WitBmP binRoRRnaisborl thik Biygpi eti es.

25 Preferred for use s inve ol.yani | i nes of
the above Fornﬁlséf?dllﬂerefrba\l’r&qnmf’ h‘saﬁal’gﬂ?ﬁprf"ﬁ’f’&&setg P??lﬁ?ﬂﬂgw%?éﬂout 2; m
is an integaer froomflex withsaidpalyaniling. provi so that the sumof n and mis

~equal to 4; 30 Ris gl Kﬂé&al%noﬁbﬁﬂﬂd&@wm&cfdémaeﬁx%eaﬁeaﬁtmlﬁe%e@on at ons,

cyano, haI ogen, tituted with carboxylic acid or sulfonic aci d
substituents; ?f%gc’émgh Wﬁ?@ ‘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,ypnd 355z s an integer equal to or greater than about
S. 16 19 January 2005 WO 01/99207 PCT/ US01/19482 In nore preferred

enbodi ments of this invention, the polyamine is derived from
unsubstituted aniline,ofi .e., where nis 0 and mis 5 (nononer) or 4

(polyner). In general, the nunber of nononer repeat units is at |east
about 50. As described in United Stales Ratent Number 5,232,631, the
polyaniline.is 5 renggred condyuct}) Ny fhe presence of an oxidative or
acidic species. Acidic species any ticularly "functionalized protonic

acids" are preferred in this role.

15
wherein:
A is sulfonic acid, selenic acid, phosphoric acid, boric acid or a carboxylic
acid group; or hydrogen sulfate, hydrogen selenate, hydrogen phosphate;
1 is an integer from 1 0 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, sulfix, 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

17




"functionalized protonic acid" is one in which the counter-ion has been
funct i onalized preferably to be conpati ble with the other conponents of
this layer. As used herein, a "protonic acid" is an act®’aHa® 3408t onat es
the polyaniline to form 10 a conplex with said polyaniline. In general,

funeti onal ivk@oype@t oni c acids for use in the invention agErnidapsas: of

- Formulas VI and VIl: 15 wherein: A is sulfonic acid, seI eni ¢ acid,

_phosphorlc acid, boric acid or a carboxylic acid group; or hydrogen

sul fate, hydr ogéh?l@éd!@ﬁh%@fbowb@%ﬂﬂﬁcffﬁégfpﬂﬁm@hwcﬁsql@lhﬁylﬂﬁ‘?@g@F froml to
ﬁ; 20 Rf i s al Iiylsubs&htk:ecsnﬂe,solablkexmoreaﬁgwwdr suttrityd ihikich m:itkndlstdnlcload kyl,
‘having from y

al kyl sul tinyl, %?Qﬁgggé%&yﬁ%% %T@uﬁ?ﬁ#s@fonﬁktﬁ%}%g% ony &%&;r boxylic

aci d, where the al ky " i fhie shpeeditarentet ek ogrumence plie abkol alkenyb dkekBns; or

al Ik%ll havi ngdsfremi&]k@cgﬂcumsn?@alka{dgpau@mylwbﬂkymﬂdaﬂm ,vlkylaryhne or nore
sul-foni c aci Qalﬁ? or epoxy
noieties; or a gig{l) I'tu ﬁaﬂﬁ&pﬁlﬁs bs f?ﬂq]@%fo@ﬁ %913’%99%1 Zéylgh‘%ng hber ed
aromatic or ali Hcér bemsHsHIoRY; caerelie acid Bilogsh, svarg. aralky subsEfutedor e

di val ﬁnt Eet elro&hmrasﬁe afmﬁtbbﬁlﬁgﬁaclcsudrﬁdithc sdid, hilogen, nisrt) dyay/ diaes oroxygen such
as thiopheny AR ATl se nmononeric
‘acid forms, R caﬁé%gﬁ%ém%loyw % m iy [%b@?@gf%%gﬁlk%e%ﬁd a plurality
of acid funcli oakenyjene MBW&%Q)&@M i7 dnegnbered aromplie gealicyslics onat ed

- pol ystyrene, sulkibsdirethrpoiltydéstidresfewhicieritide@ ringkmay ntiutibesoranses 17 19

January 2005 WD t ga&? Ny

sel ected either d% en %%Ogggsl;{ﬂléﬁgylgg‘?éﬁﬁ“ SGEH%ISMWYI ubs ée?llt &ﬁ@ﬁ l@g sol ubl e
~in nmore highly p#ifgm ahw&%W@@@ﬁ%ﬁﬁﬁ%ﬁ%@é&?ﬁ%&@%ﬁ%@pw oY ey s,

pol yacrylic aci dbomt 8 pdOydastioniy/| sul fonate), or the |ike, can be used. R is

th ff | k 5
cycl oal kyl . §'yc|32??21&@1"*“?9‘?‘*[2&9"8"9?“5’?”*%@"*%?"0*’“@ Ao i el ey

al kylaryl, aryl al kyhissuifegie agid, 4ph0%ﬂ4@5$<cgraﬁriew carityl sul fonyl, aryi,
arylthio, arylsui dnm;sanaitégex&@anb@ayl aryl sul fonyl, carboxylic acid,

hal ogen, ~cyano, Koo 4oy tﬂﬁ&ghha%g%o%rbem%[)om&%m%% figkgyaci d

car boxylic acid, haI oge éy nol et1'es; or any
two R subst it ueAtialkyhraerethaalion oF alliyl@orien ar lijexgihas E?mfdoab%wpaéw group
conpl eti ng 03, ahmsor aﬁcyﬂiavﬂlgmﬁb@foﬁﬁoﬁl‘l@@ﬁbmcatﬁﬂhs albsinieldiwgth opasbon ring or

mul tipl es thereg{ &J}hé%ﬁn‘? hRfogén, Pﬁé ?Fé’po{gf .one or nore dival ent

heteroatom; of ni t’olg ’or_ oxy en R typically
is the same or d1fferent at each occurrence and is alkyl, alkoxy,

alkylsulfonyl, having from 4 to 14 carbon atoms, or alkyl substituted with one or
more halogen mojeties 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 is 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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has from about | to about 20 carbons especially 3 to 20 and nore especially
from about 8 to 20 carbons. 15 Materials of the above Formulas VI and VI
are preferred in which: Ais sulfonic acid, phosphorict%argae2Q8r boxyl i c
acid; nis an integer froml to 3; Ris alkyl, alkenyl, alkoxy, having from
-6 to about wWdogmghon atons; or arylal kyl, where the al kydr@or@dafey! portion
or al koxy has from4 to about 14 carbon 20 atons; or alkyl having from®6
to about 14 carbon atons substituted with one or npre, carbaoxylic acid,

“hal ogen, diazo, or oki§:amoHe ofifmetionafized;pzotonie acid FEpIgYed fap puy deHendips each
occurrence and bﬁthaldkgtéeoﬂbk@cpmtylad;du;eﬂsugémm},lspfﬂawmﬁm::tiunaimedl to 14 carbon
atons, or al kyl P@%&t aetait ewtiﬁ& B&g%‘ﬁlkle-cﬁﬂﬁiﬁ LS8 WiofhhesS agal n wth

from4 to 14 carbagns, in t I cul ar red
embodi nents, no&™ b?t’é‘gé‘ﬁeé’&lilﬁ %ewmﬁﬁg"‘ﬁ“%ﬂp‘??%p ni‘"’ﬁ?‘é E‘H@@ ion are
functionalizaed psrabte&nnsufﬁalemdeg!ybatcmiuaha\pelyniéo(enhdrassmmmmdm\sbhd| n which: A
is sulfonic acigy, is the integer 1 or 2; 30 Ris alkyl or alkoxy, having
from6 to about 14" ¢

rbo or al kyl from6.to about 14 car bon
o SUbSE T ut ed il PONBRRE Fte CPREB LY vt Rrecipot b8 iReRis
al koxy, havi ng forapofitd ghydidal fespeltlustatiye d2isefal fooms aetlns:desmbechinkyl
substituted w t@ré& &8l aHPW‘oo agg@r]i 1Bh&. 'S%é 103511:’173‘:1@{2?%&11 functionalized
protonic acids are organic S leﬁonl Cl dﬁysggln%]taa 80 £C K 3 ne sul fonic
acid and nor® prabaERsi g e é ¥P4), Whish S B £ oni ¢
acid) (" PAANPSAih):orpdrBtedByMamew&ﬂﬁﬁbmt@ﬂ#@ﬂﬁﬂmeﬁﬁﬂﬁllﬁm# m@n& The anount

of functlonalIZﬁqco@ﬁl%mecfﬁ@de&eﬁmh@&ﬁ&mﬁe WghAeRANI ng on the degree

of conductivity urre ene e unctionalized protonic
acid i s added tf? ﬁ@“’ﬁ@f’ rldine W@JE’%F’S cfnﬁ’i"k{‘?}?%prﬁf rma conducting
material . Usual |y t iGopemiing®CDPatbntiippliction Ne RCTUB0@B2 5 af Cab, ¥apidoyed 5 is
at | east sufifi Cﬁﬁéﬂg %sﬁlog@stﬁeE:%M%le%o%ﬁﬁd&%’iyﬂl%&s%%mﬁ afe@l Ution or in
solid form. Ef tg |nec be, conve entﬂ?/ Scf I.n, t ?%éactlce of
this invention mﬁneaﬁél poy-pandichyeiPELyCR GRTS inqorored iRy BIerRSes ul f or
are those descri bed Tha paGeaerbulidpdlymeranpolyibers hdixd to the cénjygatd polyser  Soc.
101, 1117 (1912&11&17%. 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

20 to deposit the layer in the device.
The materials can be blended by dispersing one polymer in the other, either
asa 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
. 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) p_oly(vinyl pyrrolidone) (PVPQ), acrylamide copolymers, cellulose
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10 Kobay.ashi, et al., J. Electroanl. Chem, 177,281-91 (1984), which are
" hereby incorporated by reference. For unsubstltut ed poI yani |l i ne, useful
forms include |eucoeneral di ne, protoeneral dine, eneral @.%@uarﬁﬂg%m l'ine
and tolu-protoeneraldine forns, with the eneral di ne form bei ng preferred.

Copendi ng Rgdoffab@nt Application No. PCTIUS00132545 of Gaopushidagd 15
Zhang, C. discloses the formatlon of tow conductivity bl ends o% conj ugat ed
pol ymers with non-conduct j nmers or er ei.

reference. The PFSFYAUNER 557 {’ WPOQ%&B’E‘? ﬁ@f’%ﬁaa@&@gﬁnﬁ%‘é&éonj ugat ed

pol ymer can var(E/EO)[pelyémsé albmlm@ (BV Ajrpolstviidl methyhethe), pelyadinespon t he nature
of the conduct b}!&rﬂﬁllﬂ {381 Bﬁ-ldﬁ?eE %f}sd&él?aﬁdésoelm ]?d?ﬂlrétﬂﬁle Hﬁfoéfﬁﬁ{ss and the

met hod used 20°to d g/& I'n t%f Vi cg can be
bl ended by di sper si n ?18"’553’ Wrétﬁl siiredia oot g faveg, ?‘H@l‘“’nﬁ%“e%“scﬂ’ ' si on of
smal | parti clses opdispession ﬁnlbulﬂclpolylmfmmjri@ spbbtydrﬁnms for ehumpdet lefuefiablhe pol ymer

are typically agmyétﬁ ehdd, lﬁotgéﬁldl Eﬁ&best resui}?a’ﬂgmyﬁlcwo{y cally laid out

of a fluid pha sin fer-sol ubl e or

wat er - di spensabP@lY(eéﬁ’lll‘F%%‘ie@ﬁF) Pradienes, cPQb’isﬂB‘ienW? %"OI ubl e or

wat er - di spensablkepdiyhdss, eﬂgleym@ropyleﬂetopdrlwmersapcéy(emybnéaérepiﬂlam be formed by
di ssolving or d | ayer
fromthe sol uti ggﬁg;uwé%%%{éé@gﬁhgﬁg éaq‘?ré?%&g% grll\?{s caﬂ&g8 q%hg nl%l&h g

or gani c- sol Ul e é@é#@dﬂqecpcéwegfﬁ@ﬁ%@m % polymigd 39\"95‘?%“ @ bul k

pol ymers. | n addikéi on, blends can be forned usmg rrelts of the two

pol yrers or by Ut ol U BLE Rl RYcs AlFRORNTER.d UMD e, e DU K

pol yner which is subs@g ed or esired final
material . In th6¥BWAR elmlwf Bweéfﬁléw@eﬂy@a@&ay\ﬁﬁbbww@ PANI s
wat-er -sol ubl e or 35ThakRtiveprsfetianbf the polglaniline ahd Gakkipolthet @ peapslyniche PAN!

or vt er di 218525*%%5? Fr’?é’*“%%f"gf@%’mﬁ%ﬂ% ‘yﬁ‘% ezé’%%ﬂ“m S T
pol yacryl ani des by weight ofdwiknolaney oy preppdimepr 6F‘}€SPF‘H V{84 PBisi done)
(PVPd), acryl arrbﬂﬁzlk:ﬁﬁ&hmmgpr@a{tlfmlea&@aﬁ%fmabuanuary 2005 WO 01/99207
ol y( ot ﬁ’yﬁiﬁﬁzoifé'ev%lﬁ%%i&ﬁ%%?m ko 1 vy BE b il 00 D)
et her), pol yam ﬁ@@ropeﬁt?ﬁyﬁ ﬁ%’é’meﬁﬁol yVi nyI pyr| d| nes, polysaccharides, end
pol yur et haneydi spersmanEprefeﬁed@eteﬁ@,sleelvm@drbhnd;mlmhn“eebdthtmtarast the | ayer

from a non- aque gﬂ&blg gl \Hatfp&fpﬂglbq‘% anq'tﬁeos%fv%hﬁ%gst%rﬂ?s‘ Mg@e 33 O?éa{ iR be

sel ected from ctic

pol ypropyl ene, pishys wﬁeé%a mﬁé}}rwwaﬁwaﬁh&}ﬁ 81 ore 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.

Tlustrative 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 chiorobenzene, o-dichlorobenzene, m-dichlorobenzene,
p-dichlorobenzene and the like; higher alcohols such as 2-bufanol, l-butanol,
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pol y(et hyl vi nyl acet ate), pol ybut adi enes, polyi soprenes, ethyl enevinyl ene-
copol yners, ethyl ene-propyl ene copol yners, poly(ethyle t eghgg%gate)

pol y(but yl enet er epht hal ate) and nyl ons such as nyl on 12 ‘ﬁv nyl on 6,
nylon 10 6.6 and the like, polyester materials, polyan1des such as

pol yacryl aw@esanid the |ike. In those cases where one rOlyswev4ss bei ng
di spersed in the other, the connDn solubility of the various polyners may

~not be required, The reI at ns of niJli and

pol ymer or prepé‘F’fFHB#penﬁm &ﬁc "@3@? {J"é\%tﬂ%&f%gﬂ E‘?Ei?‘?eﬁéu here can
be from 0 to as asexknes:, mmpa¢,mg1tazioye augli thyhlikep hetbrabykligsohginasmagpholingpol ymer

with 0.5 to 10 aBGueSReL lifo¥ardork Quch aB Bétiforo@dcatid HerfBdrSchthe BRI 9 Pr esent

for each part of, PANT. Sol'vents for the materials used to cast this |ayer
are selected to E?Jrrpllrrent the properties of the polyners. 20 In the
preferred systens, tHee thitkifessofdhdrstdudiaiey higrwidlbs chasehwith thepropsdiceibl e or

wat er , di sper si blﬂfetcﬁaaélﬁﬁﬁucﬁm tld@s@hh?a‘ﬁ&ﬁs&ﬁﬂe‘réthé@oxﬁﬁﬂéﬁ@b&ﬁadéQ'thE‘th s%/8t eml such
as water or a m,xture of r.e anlcmaerlas
Soen ot Pover SRR Bhre i CabR o fve MRS B HRE, e Loy

- esters. These naragtidally possipdd heddng insrtibihe fdﬂmnnrdll@mnoteci\mtlﬁg InTypaehl wi t h

met hanol , = 25 eftlﬁékﬁi@ésesﬂaﬁéb%&x@%ﬁdmoﬁ%h&iiﬁsmﬁm@%&hﬁé ai%aéﬁ@e and the

like. If desire ner al e Ivent ) m of pol ar
organi ¢ 11 o aoeBmeneBESsatfor frophlad Akb i B ARG s buch as
PANI and bul k p@*pyneli)sammlﬂIQOAare not water-sol ubl e or water-dispersible,
nonpol ar sol vents arwhgggqﬁe SUTRREY1 1 %Qm @,gaPANI@%]@ﬁdmaqﬁmuseful conmon

nonpol ar sol vent.s .are H oIIOW|n lal s u{ﬁ.ﬁtlltut gﬂ'
Unoubst t ut ed aFBsae ot AeD et Ptane dBtica Nsiiivi & Shgud | ene,
m xyl ene, napht hageute; that myehmttzm"\ehmsmyuoemd censs talkrred fmtet-pitvbourfenke;  hi gher
al kanes suchsas Iﬁ%%%ues*ﬁ?éﬁ@ﬁnff@égﬁrﬁ%& ar® ?erﬁ%d le@ﬁ‘ﬁﬂ@s olifeAN@eRNd 35 the
l'ike; cyclic al kanes su as lﬂ?%g% qo]napht r}@ o ted al kanes such
as chl orof orm B8N 6t PhETeed %sﬁ@elr‘? ‘é‘ ¥&nat ed
aromatic hydr oeicisocys Thuﬂcmlms of friporxrhately droey 105 1al1 IQhIBfU@bEMM@}OI‘G
- di chl or 0benzepeerod- lehlsREAPER? 69" SnA0M WP ksihliabRtopleala) o such as
2- but anol , 1-but anol nlﬁjzr%@ Otg }é\o Z)ZO /USO 19
hexanol , pent anB‘I"mss&léec‘&WBq“’ pad thee F] RAVEPRE: | i ke; hi gher
ketones sucho as hexanone, butanone, pentanone and the Iike; heterocyclics
such as nor phol irheiieh Conductivity Third Laver (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
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perfluorinated hydrocarbons such as perfluorodecaline, perfluorobenzene and
~the like. 5 The thickness of the second |ayer 112 will be chosen with the
properties of the diode in nmind. In those situations wifeleduane088nmosite
anode is to be transparent, it is generally preferable to have the |ayer
of PANT as whbmezxg practically possible bearing in m ndedingsof/@gabur e
problemnoted in Fig. 1. Typical thicknesses range from about 100 Ato

about 5000 A. V\gxgakassri\é @eré@gwﬁgﬁ%smmo%s&%@ﬁ%mf from about

100 A to about especl yfe? Ht 2000 A. Were the
second | ayer 11@@‘8??6‘1”%‘%@?@@)&“ d)elggp % hi ckness of 200 nm
or greater, the eI € CThei addikion ﬁheshlgh/cdnﬁu@imtyItmrdslmnﬁidM)ltaymondslawl d be

greater than or 99\Abial £l Ry NI Getis £Y B SRS Ende b 1808 Blen DI X!

.current i5 Ieak ues i excess of cm are rirgwg d. Even at

105 ohm em fhe?héseqog layerelqueSihg gatio of gp: ﬁtla“qe Fl‘ﬁ&@a%ﬁl é LJ& ently sone

reduction in dem&]reﬁftﬁemmmcemmdmbmﬁg atvhe stpptdorangestord abofit om 105 to
108 jonm om are. FYED SRR b A6 95 alESMRDIG FheitdiaRAaD Ohm o wi |

|l ead to a significan rop acro s e I nj ect | ayer and
t herefore shoulfal—lgg@a—thﬁdsm. 20 The Hi gh Conductive Third Layer 114 The
material for the thiSuitablayteridld for aboas celihbée mitasidnart anynmttalor hbrenataier gy

evel Ot N PPOBRAHYE | @) AadiaPle ik LEREAY CorRl Byl G5 LAB/! anspor

of the rrultl | ayer ~ano ovegaﬁe I nt errf%am al properties of

the interface 23ogek M@W#?@%P@qdﬁﬁﬁr LS4 inghis gese thegesomd elsetiedlve | ayer
102. The third - amaeorenbe &fecﬁeﬂ]&orh@llﬁhlmqmﬂmgu;el@cgrmnthe @rowpy thin

| ayer of a hig ﬁgefg Vv, e that is
| ower than the apéeéslﬁs%ceétxﬁ n%ltﬁ)éaﬁ& mu‘% étlra’gté]glrjl aye?qgu and

hi gher than t hemgialssthe raggearths 1&@“1“%(“?&%??@%%15@9@1“5%6@&‘? grEndEyani ¢

pol ymer i nchidemateials BN s klimirush, fdgh d3Bpsa siual conbifadomsthertdfand

pol ypyrrol es an ggg”y S d5m A any of the

ot her organic ngoilll?féﬁ escr ?'%X%JH/n t &ﬁs%lél\alifq%l us selgf}%nnb?‘g?dthe second

| ayer 112. The #ﬁ@séromwwrésrﬂw%me&alﬁ %lclpailfeFewP Ipyallpys of ageeiu8HBy| d have a
bul k conductlvmivyraudtanoys&fhﬂmmamuﬁmﬁmvmhlsmﬁmo about 106 tines as

great as the bulk r med.
Simlarly the bulk reS| {:}Ql\l#gt Eﬁﬁte}’ecﬁ%n %‘EPE%&&@%L%%%%&&%I%E ower .
Wher e transpar ehts tofs *ﬂ“@aﬁﬁslo@ afi cathads dayen K6 cpr beRabermediioMYF 4 he | ayer
~conpri ses PEDT, pikéliafedtaitay ok it Ghyi®k corftinbyipiand beriaidweillya lejdr of budk t@dustor t hi n as

to likely not bg f,CORRl Glpbor HRAMENY ARidu@Vehich iR batdndanuary 2005

The cathode layer may additionally include a second layer of a second
metal added to give mechanical sirength 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 subsfrate is not critical.

Contact Pads (80, 82)

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

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

metals such as gold (An), silver (Ag), nickel (Ni), copper (Cu) or aluminum (Al).
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WO 01/99207 PCT/ US01/ 19482 t hi ckness should be in the range of from about 5
A to about 500 A with thicknesses in the range of 10 Ato 50 A generally
being preferred. The addition of the high conductivity 'Itgrﬂa}“HaWe%QgP (114) to
second layer (112) yields a nmultilayer structure has a hi gher conductance
than is obseove2ani th 5 the second | ayer al one. The ratp@rodorgasduct ance
of the bilayer (112 and 114) structure to the conductance of second | ayer

112 al one should ra - W\ ' 15 and
especially 2 to 10 B%?fﬁ%aﬁ’%‘?‘%%aﬂ? é(')l’%g h%%ﬁ%ég\'em %‘J%to%?%sgé{)faggf%bﬁg%(gri al s
for use as cat htddéhideiesrdf dedighrwork fiynctien eléctrode kinen A below 1@ tétalvi ng a | ower
wor k function than the %i rst electrical contact layer (in this case, an
anode). Materia Ckfl%sfof “cat hode | ayer 106 (in this case the second

el ectrical contact)pPeRfablethe dinentiet JMoersadRal10, a2 seeich@aup 1 (e.g.,

Li, Cs), the Goup 2 al kaline earth) netals - - co nly cal ¢jum barium
strontium t he ESURTE PR ?%?E?Sé“,"n @%gp@nﬂi@q@baﬁa@%%ﬂ%pv F"f bi um the
| ant hani des, - angyi 802412 Mdd9s. 1 MARIShk AlrPendidhdbfase] 061 dWIM o, ki UM and

copper, silver, Conbinations thereof and conbinations wth calcium and/or

barium Li, maghBkiresnchtharthe gnfitotengthend width plegfepde fingsdib apst dectiadet i on
metal's, such asufQn FEATRI £ad bhser 06 TRIDES iRelBiweSh bk leciils 1d, 0VS f
uset ul . e IC he

lithiumin alumnum are al'so ess 0

el ectron-i nj ect 1 gwhaé éledrical eonpectivn ngets hade betwesselédiade 100mnd sdntbad as nuch
as 5,000 A This cg hode | ayer 106 can be patterned to give a pixellated
array or i t 12anP¥&%%onti nuous and overlaid with a | ayer of bul k conduct or

such as sil ver, oiQPB&kon2l eferably alum numwhich is, itself, patterned.
The cat hode Iawﬁwaﬁﬁl'gp‘f#“—onal_l i nclude a second | ayer of_ a second
netal added to gi ve /eeitignsldayer %K‘éﬁ@@ﬁe&ﬁ@lﬂmﬁ%ﬂtf@@mwt%m%bstrate
(108) In npst ebheiiaRIHebrech i pllbtositive Biver 102 apdithe dathatled 06.UDkIE bpical

Typically the St . . .Og. pLents in
Whreh 11 oht pasiid ChAbEraISu & MR ERGH Sl Am b BB R ]
material sudh azbuffer layprpr senfipement laystiopmvieyt qUFRshimBaeFYnsEblayercar bonat es,
and the like, ringifdcdsnbrefadbly; tioxlage Hromutds ckatradmgbititand eedacdsz, sapphire,

S polyest or - pusllcaRol M B bracebh BANRRL Aol 63 Bhonapy ™" SuCh
" pol ycar bonat e, H&Wﬁl’edﬁéﬂﬁsllcﬁﬁ@? exingjifl gorapounds, Fyeh @ yr ene) and the |ike. The

t hi ckness of t hirig(ssyafoxh@lildt6)aiflinuét {(AlyHepbenarnioolifciasddadmpbiiidls, 82) 35 Any

o one? S e R St S LB I 00 10
conducti ve 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.
Altematively, some or all of anode layers 110, 112, 114, the photoactive layer 102,
and cathode layer 106, may be surface treated to increase charge carmrier transport
efficiency. The choice of materials for each of the component layets 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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nmetal s such as gold (Au), silver (Ag), nickel (N), copper (Cu) or alum num
(Al'). 22 19 January 2005 WO 01/99207 PCT/ US01/ 19482 Preferably, contact
pads 80, 82 have a height (not shown) projected beyond 19 ¢aoualy W9%ess of
the high work function electrode lines 110 below the total thickness of
| ayer. Prefvenednoyn? t he di mensions of |ayers 102, 110, anebrihdsdi/ang such t hat
5 contacts pads 80 are positioned on a section of the substrate 108 not
~covered by layers 102, 112 and 114. In addition, the dinensigns of |ayer
106, 102, 110, and Intbe mpst cammpn anpsgach.ike dipdes pee budip by ssanentigldt h el ect r ode
lines 106 and eldegdsit offieyers ipvas sitkGateae rgiresetative posparatiay, alie cbadictitd 2
i'nterveni ng bet odes ' i ..connection
et ﬁkygmo%k %13125 ! te g’lgtgrode 3’%2{0}1{3 léfqgévgna%lss@g{ﬁs! 1% "

can be nade between-electr 6 and con Opt i onal
Layers An opti ofammonly depasited by yrepmspulierwg {RE ar Magnetomloflpeion h&drt mat eri al
may be provisdedvipetavies thekis! vapwidepusition acheical depéiftionnd tHellike arthodde 106.
Thi s optional lc%ﬁ%nlgﬂ%dft ﬂ)%iin?d?%ﬁ?ctlt;&e?so facilitate el ectron

,_an S

i nj ection/transpor also servée as” 15 a buffer |ayer or confinenent
layer to prevent queletithglovearduchyisy sseonddaper 152¢ laid dovas Thiplagerds abl y, t hi s
| ayer pronotes ekl ek colkhichilydepbsicd adhiaps frodldNEbh BYspieastingoss. Exanpl es

of electron tran Lt .materd a .onal .| f. L ncl net al
chel at ed oxi noi 31%%:)%%}%](1) T4t s,?hogé_rﬁgegr;ed?#%ﬁ“(s?’z.e-ﬁf/%&%@aoﬁ%% %@&%?'um num
(Al ga): pheri@nt selablp prewiersbwperstlpioeiad wazoisggaerallyqised as the spin-casting

2, 9-di met hyl - 4, freiupl Bigbes wherkQnohg@ddtdoblehiig cAlldDfdardisedsuth @ phenyl -

1, 10- phenant hrol, i,ne A), _.an | e u ch

2. (4- bi phenyl yl )“f-l‘ée-nf’ﬁt‘%‘gsbﬂ’(rﬁ% Afifin f%?@?%%i% ‘?‘_la‘“‘z%lﬁ%"{”%) and

3- (4- bi phenyl y| Yichiopmethane, Shiovpbenzepsstand mhewhgline. Thip lageroap he baabtrgaiealz) |

pol ymers cont ai gé dgcriDeiPis colAmlyRBE UM frovibiddalPaichi appRdadoad.ymer bl ends

t her eof , poll¥me%0/9i s containing containing 25 DDPA, DPA, PBD, and TAZ.
Al ternatively, sone’or all of anode |ayers 110, 112, 114, the photoactive
| ayer 102, and cat Hdwé thelligher sanguctiviy layer lddis depasited ogaiy thivis fypicabns e
charge carrier HsTFROsdutiof Whithahesabiént stlaeted Mies@ibed withtdére:@k %o ther each of

‘the conponent | .S 4 erably determ ned by bal ancing the goal s of
provi ding a dev?gg’m\?\?!il??&ﬁ:iaﬁ device 30 efficiency. Fabrication Techni ques

The various el enent SN& tbﬂrxglowé%tiveé@feblfOthﬁéﬂrﬁ%@eerwlm?wﬁ?ﬁ’%ﬁe%%e be
fabricated hy asyhjghtel pelyinecdan bel dgmsited dr cdsndivdeily froinlselutiod. The slendls sol ution

casting, 35 chrﬁﬁlggeﬁrié Bl Affen WRREORE R Yoty arlaSot ek Al itsSPUt L €T ng,
evapor ati on, precursor -
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 to5%
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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pol ymer processing, nelt-processing, and the |like, or any conbination
thereof. 23 19 January 2005 WD 01/99207 PCT/ US01/ 19482 In the npst common
approach, the diodes are built up by sequential deposi thé‘f’“?ré{)?é)Pé upon a
substrate. In a representative preparation, the conductive first layer 110
of the conposoi®@ ectrode 104 is laid down first. This p@Eysdor/igg: comonly
deposited by vacuum sputtering (RF or Magnetron), electron beam5
evapor ation, thermal vapor dep03|t|on chem cal deposition or the |ike
“nmethods conmonly uslavi 813‘1’bffmprwwt@éhﬁt@GISWSSJuMﬂWmedItW conductivity
second | ayer 112fabrﬁaﬁoalcdnﬂ@mredfmr&1ddam&r1h§ers fuEptabical sﬁ&fgth@anvem ently

deposited as 2 oafliol 1OMa0lbloPle B BRHERTH Mlin rasdpelnpgue. 10

those preferred cases ere Fom wa bl e or
wat er - di sper si bllike. rihw@rfmaherha@mem%edgtbﬁéheaqmsyntu@@ah@gs lﬁﬁﬁle%tﬁpﬁl Basting

rreFII um In ?:as es)rgeﬁﬁreﬁc@oﬂi@dbvaﬁymemamgqie\mnﬁlayeﬁ aﬁ(ﬂb bﬁi&ebﬁb@en@ﬁﬁeﬁt?ﬁd such as
~t.ol uene, xyl ene ron orof orm

di chl or onet hanesdbn %?ta} & Zhg{r?])zeu@vgﬁddre gﬁ%{}dr f(l’l?srf“izi*pg‘)1 05%5?8“"@05%1 be
heat-treated aghm@smhb@aﬁnms (ovivapar sensifivesslectyorge npres whethistlahd pat ent
-gppl I c?t :j onAno bio'éelﬁ&/sﬁﬁv%nﬁg?é’ensd}@ahd eltaélﬁ)cﬁl?ﬂﬂﬂﬁievﬁ@ﬂ?xﬂﬁﬁtw&w ).l ayer |114 Its
eposite gai n, ne .fr i.on, W t e ,sol ven

sel ected as descri bgthWYeﬁwng”g r%.ghe[rge%ged éfélﬂs)otlgﬂ?w'ﬁgEf‘ ?S%‘? Next ,

t he phot oact ¥0v e afepyesentadip iistrate tieinention b ngtte imitdisdeqpesi t ed. The 20

conj ugat ed pol yner can be deposited OEWLEQI rectly fromsolution. The

sol vent enpl oyed i WER v interfere
with its subsequent S%'g%}g@%waéﬁr ?:cgf(f@gtoglf ﬁ?‘@%%‘é‘?‘fﬁ&a‘#@ Ysed. These
can include hal ehVdywenad®h389) %Q%Th%emlﬂﬂyb@fd‘ﬂ&hfoun wae yerdie by 8feor m  and
carbon-tetrac h | @picdParecd BRI ir thid WRFAEAHRABa®H &) F@@ zx%b%ﬁdo-be nzene,

t ol uene, oth h ar bons .such sol vents
can be used,! “&g\yff pﬁB?‘Eﬁ“@&%ﬁf@W@Q&dﬂg@dﬁmt §ge§t%ﬁé’2y§}9?gs and t he
“like may be s UI A% PARNESA inmetanéhldhivh hwasrdilpted $ehB3%tbiy\addieg ETjohl f i cat i on
' andt the sol ;/ept v!téﬁf‘ Vgﬁle%ﬁ}r@fﬁtﬁﬂg% M)Yanilfn@‘@as Rl ik Pine PKRMPSJQ the
criteria set for abgve iting vari on a
cubstrate. t he Suiey St 5 00EMABr G PREu B Sl R N R 0"1 1o 20
w i n concent r at edded slewprdoiodbd anilnePAAMBIA selutidh undertvidosdusetiniog. Be 500- 4000
- _?nd tes peci ?'210%’ iéa%nm%ré\vas%&ed 3P 24 Rdurd at YSddsl terpbrafird. yrtotpt%lpht&wm@or k .
unction el ec ron ntact i ically
vacuum evapor at & Pgﬁﬁti%qt gﬁagﬂ P%&%gc’“‘af” AR ?‘f'éle%@ﬁ V%C%BB e PlostdR
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 filiered 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 roomn temperature overnight. The

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




35 layer. These steps can be altered and even reversed if an "upsi de down"
diode is desired. 24 19 January 2005 WO 01/99207 PCT/ U 1%)0‘%3/ 194%0It wi ||

al so be appreciated that the structures just described dan

fabrication can be altered to include other layers for physical strength
and. prot ecW06On992¢70 alter the color of the light em ssi orcoosmsamsttivity of
the diodes or the Ilike. It wll further be appreciated that the present
invention is furth ni c electronic devices including the

f ul
‘mul til ayer anode”™ %‘%{ﬁhgg&ﬁg"égtﬁ@gf%gﬁﬁ%a“dd)olﬁr‘ﬁafeSE?ﬁtH’%Wan Eﬁﬁ’ot oactive

| ayer, such as tmhnﬁsnmaobsﬁltexacpﬁmwughlaﬁze,ﬂﬂmfﬂtenrs chenoresi stive sensors

(gas/vapor sensitive el ectronic nosesg and biosensors), witing
sensors, and el ect rog, romc é&ﬁ& ? ovv) The_ invention will be
“further described by g WPrBPBrGQPbE’EﬁT@?e?n‘t"@d to

illustrate the inﬁvehmtbﬂgbcﬁﬂemﬁmdtvmténand®6|gto§pcﬂyoqnqlarﬁXdWPAH)m PANI (ES) was

pr epared accor di t ymer, 30
(1989) 2307). Igg:momo b%é%d nE d% S ve&;ﬁ? ggmmiaéfﬁe %ypl cal

green col or. té?té’r t‘? E ﬁ?}f*‘wsi@@leﬁ% do-2 15
met hyl -1 -pr opanesghltlmsmese dmpie;@aw&qwmﬁk)nﬂ(eﬁbdghtﬁm)aomﬁm@& PAigva6 0. 022

ol e) OF 167 PANVRSA, i siatier.o( phdrd gl aiRspdiiati.ed to 2 3% by adding 170

m water. iledtirfing, I ne” was added into the
PAAMPSA sol iti on. Then, 2. 01 (0 00 mroni um persul fate in 10 ml
wat er was added sl o(&{ays Smbs&atdsheareapl‘cﬂdredemmtmﬁﬁﬁlﬁ}e]mmsuﬁdmg thei gor ous

stirring. The Z@AN@ED'P&J‘PMI&MQEU ' r
t enper at ure. r eciﬂpl t at e, t ngﬂs‘ gr odua{s agg&glm @{%ﬁfﬂé g%gﬁ’rsﬁ’ ﬂ1t(()1f4; f(Eilgée% one was
added into r eact £ Sbtes) efsbaked a0 ihd t hen
t he PATTI (ES) pvewinymicdvel ﬁ)r\ﬂééaoiu ﬂheﬁbnk weThthen treded dt ROFCgni a‘dfyiuog f@r oduct was
washed severgl B BRgm The @ﬁ&ﬁ&@%e@v@gh HO &&u@&esaégﬁehgﬁ%rusﬁ% C vacuum
for 24 hours. 25 Tgﬁﬁ:eg‘%(f?f FT&% nstr h t he rec% sz/nt
PANI (ES). EXAVBEE HE‘PES @‘)? HIM Was ROARITEERy 1ff’%"»epar ed in
Exanpl e 1 was sitfase pxofiten (Aalp@a-gtepﬁow&lr&m Rmeflenditencor mrstrmnphtas'rabdne bottle. The
m f‘t ure was r ot 3&Bshréithe écﬁnaiti@n%ﬁﬁf&ﬁff litﬁfck'd'e@s éﬂmﬁ PANFES]PAM blend andl -
sol uti ons/ di spe wey e then fi ¥] ene
il ters, D ffor ERDICURE AR APT tiie SR foha eegud %p&?%ﬁ)%ﬁ Filel y
prepared by 28haigiOnpadi@-o% emréspectivély At (mm_&)s amtmehigh firose inginetisted .  This
Exanpl e denonst gaiags. thekigPhlptaRle SakdPANKIERF PANLHeA BREIAED | N

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 1.8x10°
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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wat er and subsequently filtered through a 1 pmfilter. EXAVMPLE 3 35 A

pol y( et hyl enedi oxyt hi ophene), PEDT (Baytron P. special grade, comrercially
avai | abl e from Bayer), solution was diluted with an equt Jaaweua005dei oni zed
.water. The solution was stirred at roomtenperature overnight. The PEDT
~content of wheysgdzuti on was 0.8% PEDT sol utions were alg@mogpaged in 25
19 January 2005 WO 01/99207 PCT/ US01/ 19482 which the content of PEDT was
0.4, 0.2 and 0.16% respectively. Al these solutions can be filtered
through a 0.23 Klugef | Sabenk, ERARPKE and ThTao, pdgdater. {332 §2000pds the active

E’ANI (ES) 3 ol ug i ogenﬁgoﬂaﬁ@mfg ﬁﬂlméaceﬁ% &; tBe Witknesd ofh¥ e,lr\iﬂpw ﬁﬁhs%(v)%% og 00

ei-oni zed wat er -
6, 000, 000, Pol yZ@‘? ?Pg’e’g)‘gc‘?ﬁgé" t§¥?1 P’W{ée 3@’%@7‘%‘%‘%&9 ":i‘gv&? SE"?"o‘}m4 5
“days. The wei ghﬁndnlam/hmomﬂe PadnsedS) the anoRansnitast e BllayedofPANI PEPT ps 1: 2.

Bl end sol ut isonpAweL pARL aend:%qﬁén%pmea wéfal %sbﬁﬁoﬂﬁr?%ﬁedﬁﬁi&k@nﬂés 2PANI ( ES)
to PAM was cfively. 10

EXANPLE &' @ ass el Thesedareriat pispst %tamwf fre afer subprateey 155 BYOF o1t

. Using the PANTwefBERedn1 Q0TEANE vatumntbven farBD onisutess thon paledsd 200fCBx drypl es 2, 3
Ther eaf tor . baked o bpEar TP ind DRBRUBIE PEeMBIRL BEBRvEN o
then treated at”@fﬁ@f‘ﬁrﬁwﬁsﬁpzp %Pﬁgfe’i%sg)@%ﬁtﬁxfg)gwceﬁﬁ‘éer‘?gg’i”é‘{eﬂnce bet ween
| TO el ectrodes wsisg B0 enl glassi(Agplixd KT Qfglass) end BiGwrcpagticguiyetniener .
. (T/le cﬁnegts of 5}) 8 aphglmam;m?é'&wse&um G&h‘l{ﬁﬁld@l‘f@%;f?%bérﬁgis@&e profiler
pha- St ep ace. Profi or 1.ns a conpar es
the conducti vit efyqmil @fer}gm ﬂ]&#\#‘n&g e W%F%‘ﬁfﬁ’ -and  PEDT
filnms. As can bBe‘ammeﬁmmaﬂeTmilﬂi zel,ayerhécith@rﬂumtBa/aSttbe @thoBaANhe B8l and PEDT 20
is 10-4 and 10- &ﬂ%demrh%%@%hw&iaﬁmﬁ@ftmemiwqﬁy@hﬁn %uﬁh%p drOr use in

' |l ated _di t bl end h
deal acﬁndaa't?&peifnm PR ELSY PP TR B A Ao DR ARl 1
pi Xel | at ed di spb ey TM@O@@W@S@O@EMM&&S@"M%%&HC@WWmeter

]E enperature-tr e? Rébl daR) Incl! 2000- MSA&%{m:ﬁ@:ﬂdﬁéH | i&édto% 6fhh&knessl
Cor oot | Sabue s AneSutt iRt Bl ofibedevtot bbb e bk By
bl end fil m Tabvs vdltagBatve,cod thgghiniin gifiofendy ere E@;surelﬂA'Nle(IE@}urEtb\M bl end and
- PEDT Bl endBali ngpefating ivbit T sis0ietes GPhd Wedibasivtith 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 PANKES), PANI(ES)-PAM

blend and PEDT
‘Blend Baking Condition Device Performance at 8.3 mA/cm®
v cd/A Lm/W
PANi e 4.7 74 4.9
PEDT = = e 4.5 7.9 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 vsing a
cover glass sandwiched by UV curable epoxy. The encapsulated devices were Tun
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(A)Slcrn PANT ------------- _--4265. 1x10 PEDT __ -------------- 12211. 8x10-3
PANi - PAM (1: 2) 200C/ 30 ni n21957. 4x10-7 30 EXAMPLE 6 Li gh{?e mtti di odes

- were fabricated using soluble poly(1,4- phenyl enevinyle Oﬂ&

(GPPV) (H Becker, H Spreitzer, W Kreduer, E. 26 19 January 2005 WO
01/ 99207 PGND UEB9719482 K uge, H. Schenk, |.D. Parker aneCTYUsoGaas2 Adv.
Mater. 12,42 (2000) as the active sem conducting, |um nescent polyner; the
thickness of the GPPV filnms were 70Q - 900 AL CG-PPV enits yel |l ow green
light with eni s& bspnglaaieugent.of 8.8 amalm m%waﬁmeﬁmewwfmﬁﬁ@dma t he
anode contact | ayment thioughyler deafcesReAdNl10 nPEDTth duminncP AREPproxPA ddlcarid was t hen

appl i ed using th%blé@'ﬁ&'ﬁ(ﬁfeﬁh@@%@ﬂgﬁ%?ﬁ \SRagei q_%ea?{&nﬁggﬂg} R |ayers
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for 30 m nutés. réhpetizely rxeashdvary mrdasied lmesumF@inecSatl‘hmlﬂtagmmpmmﬂ-ﬂ a82- The
device architeglijie MRgelikBHRbY: d|3 \(f,‘{rﬁ i ces were
fabricated 10 usj ngﬁiot he I TO on g %c%@ﬂ{r%&ﬁ) asts dhr@? O on

pl astic, polyet hi® t er apht hal at e PET as the subst rate (Courtauld' s

| TO PET) i n both camespirast fﬁ@bﬁ@dsyaa‘miﬂﬁmazsgla&mBANHﬂEsyEAMhimdtahemﬂn,ode and

Ba as the 22?‘528”2‘*“%@‘&% o gg“i?f’f G BB Rl e

C- PPV | ayer 'si ﬁ’&h\’}lﬁgﬁﬁkfé{ﬂ(ﬁ?acﬁ ‘H’ﬁ‘f’l ﬂvea‘i" Wé@@&?’éﬁ@?@l‘b@v 1x10-6 Torr

yi el di ng an act mWghdug)y &ris MhMmebngﬁthaﬁchImmmﬁso-PAMhhﬁd nmoni t or ed

with a STM 100 theéfeaq%m ﬁsmeedonoh%%sméé &ﬁ@éﬁ}gpl '&Pav)o 2, 000- 5, 000
at

A of al um num was site n r each of
t he devi ces, thE1 Pfgﬁ‘fm% eﬁi? ?“gd%mﬁﬁ’fl%le %‘E"’I“?%}ﬁ# Sp]%“] Froge curve,
~and the quant umAbfeiios plotsyf theleninege deceylandVdtagreiacnease dat Collopted alti0ng vol t age

andt ﬁf f IT CIb anfz es0 &id g5he, wlewhpersnd axc&wﬁtfcinq?&wwaﬁle@&h%té@t%{% o205 at Summr: tzed
1IN e labl e n seen rrom al a owes {1 vol tage
e gnant @, 2. % TR0, B Setlen St B o Bl bty e o B

| ayer. This Examplr@ﬂmetnh’r?sftoﬂé@m‘sfd:HaﬂtlcdamgiﬂledeEd@Tiawmance pol ymer LEDs can
25 be fabricated ummﬁ%@@:&mﬂ&t&ﬂiaﬂlaﬁ st PRtifbIah 8E dbthigdEor Tabl e 2

Per o mance of gy 6%l PRLEGAY ot A oweve 0L 55h o Al yabl e 2N

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 Baking  Siress Life at 70°C at 3.3 mA/cm®
Ref. No. Condition
mV/h cd/m’* t172(h)
300 PANi s 74 185 186
302 PEDT e 43 185 300
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
28




Bl endBaki ng Condi ti onDevi ce Performance at 8.3 mA/cn2 Vcd/ ALmM W PANi - - - - -
----- 4.77.44.9 PEDT----------------4.57.75.2 PAN - PAM (1: 2) 200C 30

ni n6. 67. 23.6 30 EXAMPLE 7 Devices produced in accord w th/askamt®5 wer e
encapsul ated using a cover glass sandw ched by UV curabl e epoxy. The
encapsul at eglo dpseezes were run 27 19 January 2005 WO 01/ 9820dseDeehi1/S01/ 19482
at a constant current of 3.3 ma/cnR2 in an oven at a tenperature of 70C. The
total - current through the devices was 10 mA with | um nance of approx. 200
~ cd/cnR.. Tabl e Jmnwpsbrkadee2®°6 fiondid miheted inglnt boxaftpudried ird9076 veauys | ncr ease

- during operati orovetor 63Gour e thindHDOHIPWhs pAfink.cast 87 the.topS¥inelP AT devi ces

300, 302 and 30 ¢ i,vely.are sh in da d. Jines in Fi e 3. The
vol t age out put 3’6%‘1 é@%@@ﬁf,w%g%geq%%&% gﬁgﬁﬁ,d’%’fssa‘ﬁgwf
respectively ar ea¥shiswngehirem97@A It nd@ A. The mrigiancs betwermITdeleatrades was devi ces
wi th PANI (ES) angkaRifbll wsip)a HiAedidiaiee cRetrchdE e Thickib£4T tile@irARR W thin 160 -
190 hours of str e%%mg&bsgulo?c, oirile -hal f el ife Ff hé: ﬂtevg@ 10%%h the PEDT
| ayer reaches 3 ours wel'a verflurfa(%\Pvgef@B.af & 2%"?% ‘WMFhour). 1t
i's al'most tw ce Tetngénstrumenis) Fabledeshowe theispifacpresis(aE®) ofPAM bl end.  However,
PEDT | ayers al orpANKES)®lendREDTIA6SH1S 128810 HmS With idffepdit PYD D 8éknt Q. AYQInd
'spl ays - From RAEBATE L 0F Sufspe fsanet RN i B RahRrll dobblse e case
dat a col | ectléd Aayen be sonpolledyesseideringe: foomp t9’de L0 ohméudlyediastingihd act or
wasetsti mat esl t ehibl@essadf PEDTdyer. ﬁ?ﬁebtﬁm&kndsmf_m:{f fe@ﬁ%&%ﬁ%}é&"sﬁéfl ife at
room t enper at ur . ned t.o. be . r Qxd ely,. urs for
hovi coa it h 1 nneiRRa RS RIS 1 1 BABKAM IR, b B el R e
lifetimes can beixghated digdiaysor pol yner LEDS fabricated with PEDT |ayers.
However, t Ihese | ay erhislBxaagile dbﬁ'lbﬁl stratdd ﬂg@?hm@?pgeﬁa?ﬁ%%g&gmé ]_!yéi‘ifﬂl?s LO_ avoi g
inter-pixel .curr .3 resss ) evices fabricate
wi t h PANI (Eé?, ﬁ%ﬁf%@%@%ﬁ)ﬁ%ﬁ%ﬁ@“@&%ﬁsbﬁﬂiﬁﬁ%5| endBaki ngStress Life at
70C at 3.3 m¥cn2 R Condition f

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)
16 800 970 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 voliage and light
efficiency as devices made with PEDT layers.
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. No. W/ hcd/ m2*ti/2(h) e 300PANT_-_ -7.4185186 302PEDT4. 3185300 304PAN - PAM
(1:2)200C/ 3011.3171168 nmin 25 * Initial Brightness EXAMPLE 8 The resistance
measurements of Exanple 5 were repeated, but the PANI (Bsantayel00ras
spin-cast fromthe blend sol utions prepared in Exanples 4 at 30 1400 rpm
The wei ght wabi®@f PANI (ES) to PAMin the bl end sol uti oprigsolsisds: The 28
19 January 2005 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 film was spi nni s Bashpledenhdimstritethatia RANI bRAMPEDIT doable @y edanbe om t he

sol ution prepar Qged@fﬁ’ﬁgﬁ?éﬁrﬁﬂm vtll& tﬁg&%ﬁ‘i’%t’%%%tg g)%:gse ah&lﬁ%h i s ranged

from970 Ato - tangce ween measur ed
using a high res‘ﬁ%g“t‘e&%%gd@l‘”é??t‘?@ﬁé‘f‘@ra PERY BKsiess of the filmwas measured
by using a Dec-Tac surface profiler (Al pha-Step 500 Surface Profiler,

Tencor Tnstt ek s: Pt SHAReL RESHINABLNEHIDANGRIRT BRM( ES)

bl end/ PEDT doubl'e | aygay Ehﬁ can
seen from Tabl e, the ¥ ﬁ%@? sPtEQ:rrc f 5% he PANI ( ES) - bl end/ PEDT doubl e
10 |l ayer can be controlled over a wide range, from 107 to 109 ohn1 sq by

dj usti t he t RERT d
£o bol ow's0 A PPRSIESS sk HEPTIGE, PRty Bt cq

to bel ow 50 A ty of the

which is i dea.lwk n r(ﬁp‘l‘)al Lated &0 c.nl ay.s hi.s FX?#P‘DI e d’e‘?ﬂ’{ngt rat es
-t hat PANI ( ES) - bl enicd PEDT doutsoe | ayer $iol ms 15 £an be poepar edt.mi t h
conductivity |ess gshan 108 qfgy sq. Tablg 4: Surface Resi, Et ancep,;%f

PANI ( ES) - PAMJPEDT doubl e Iayer W th d| ferent PEDT thickness DT

Sol ut i onSpi nni ng Rt ePEDT THP®knessDouBBPe Layer $# face Résistardde
Concentration (9% (pn) (A) Thisedeness (A)£mhxn/ sq) 42 680097627685.88x107
0.8300019217884. 0308 0. 860Q[R019625. 8xH0$ 0. 460Q0- 502p941. 4x1Q9

0.2 6000 ~ 20 4.7 8.3 55
0.16 4000 ~10 5.0 8.1 5.1
EXAMPLE 10
10 The stress measurements summarized in Example 7 were repeated, but the

PANI biend layer (incorporated in device 300 in Table 3) was replaced by PANI
- blend/PEDT double layers prepared as in Bxamples 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 shownin 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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0. 23000- 4020255. 3Xx109 0. 26000- 2016406. 1x109 0. 164000- 1020455. 8x109 20
EXAMPLE 9 The devi ce neasurenents sunmari zed in Exanple, 6 were repeated,
but the PANT bl end | ayer was replaced with PANI ( ES)- bl EhfedE8ubl e

| ayers .prepared as in Exanples 8. Table 5 shows the device performance of
LEDs 25 fabwoesssedt from polyblend filns with various doubkd®gudonyass. Devi ces
fabricated w th PANT bl end/ PEDT doubl e | ayers exhibit the sanme operating
voltage and light efficiency as devices nmade with PEDT | ayers. 29 19
January 2005 WD 01/99207 PCT/ US01/ 19482 This Exanpl e denonstrates that a

PAST b1 endl PECT S SulB1 o630 ol A8 HAN OGRS PRI LERE 1

the sanme | ow operating voltagé '? ncy-a
PEDT | ayer. 5 Table 5:3%?’%8%??@%?@? thiskpesss fabricated with
PANI ( ES) - PAM PEDT double |ayer with different PEDT thickness PEDT
~ Sol uti onSpi nFig.ag Rat @BBDEoikdnCKNe Skt CE€ PEPRDAT MO Cliredd Lite2070PC LR 52

- Concentrati oRef(246) (r profodpiidtiodd ALM W Hatb 8009 ks 94. hAaRm830001924. 37. 25. 2
0. 86000904. 27. 65. 6 0(A5000- 504. 27y 2 0. 23QBY- 404. A®/05. chim®™  t,,(h)
0.26000-204. 78. 35. 5 0. 164000- 105. Ogyl5. 1 _EX@%DLE 10 é? Thelgat r€ss,,
measurenents summari zed in Exanple [ were repeated, but th PA|
| ayer (incorporated in déi¥ce 300 i*H%rabl e 3)1%was repPdced ¥¢ PANIPO
bl end/ PEDT douB02 | ayers (8 epared &800 n Exanploes 8. Talsl e 6igand FHig. 4 show
the stress |ifg of deviggs fabricgpgy W th asFANT bl g?d/ Pﬁ?‘{ douldhe |ayer.
In Fig. 4, the light outé]ozt 302-1, 304-1, 403-1, 404-1, and 406-1 for
devi ces 302 and 304 as 1%-4hown i n3%bi e 3 anid®devi ced7402,18%04 93 460 as
shown in Tabl e4® respectdely, a680Ghown in2dlashed 4.2nes.19Fhe Bt age
out put 302-2, 304- 2, 402- 2g494- 2, andg#06-2 forgdevi cegg302 jgpd 304pas shown
in Table 3 and q‘%‘ﬁhgl%ﬁgﬁ&éés 404—and—460

| end

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'® ohm/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° ohm/sq and even less than10"
25  ohm/sq.
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as shown in Table 6, respectively, are shown in solid lines. As can be seen
fromthe data, the voltage increase rate of the double | ayer 20 device
with an - 10 Ato 20 A layer of PEDT is slightly | ower ﬁréﬁ”?rﬁé*’toogf devi ce
made from PEDT. The half-life tinme of the double | ayer device is even
~slightly Ivemgro2d7han that of the PEDT device. This Exanpdweussenasgstrates
that the PANT bl end/ PEDT doubl e | ayer can conbine the high resistance of
PANT bl end and long life stress lifetinme of PEDTin 25 one device. 19
- January 2005 WD 01/99207 PCT/ US01/ 19482 Table 6: Stress |ife of LED devices

fabricated with R4 EESe RAMBED Bfﬁﬂ%&%@g%}ﬁ‘p&dﬁ&h%%&ﬁﬁ} ?%P; y

t hi ckness Fig. 4PEDT n
No. Concent r at i onRat eTﬁmmﬁg’%gﬁﬂd ( xn(A) W/ hcd/ n2*t 1n (h)
1. 68009709. 2194221 0.830001925. 8144300 4020. 86000903. 8189319

4040. 46000503. 4limglegd2300@bﬁégﬂo]189303])§iﬁ, 2E T3
0. 164000- 103. 8190330 5 * Ini tig _nrlg XAVE 281 St ance
measurenents o X [ ] SP€ N = y-€ as

spin-cast fromt pr epar ed 13%2 Exarrpl es £6x1000 The wei ght
rati o of PANT( ESPANGPBMVI i n t helBl end solutizomgis 1:1.5, 35;7201:3,1:4 1:5 and
1:6. The filmwagaRabads; at 200 _gor 30 m nur2?§%| n dry bax, gpiser dried in
90C vacuum oven {,&%ﬁé& hour . t hi n PEDT m was spi nnlq cast on the
top of the PANI Shtt™ ayer s f mthe sol utP®h prepar ed XK Exanpl e 3. The
concentration of PRNBYAMD| ution 1:§ 0. 16% and 173 spi nni n®.g:a0¥ i s 4000 rpm
The 15 thicknesspgir-pAgr PEDT | aygr is -' 10,4y, The resisg e between I TO
el ectrodes s neasured using a high resistance el ectroneter. Thickness of

the filmwas™ measured by using a Dec-Tac surface profiler (Al pha Step 500
Surface Profiler, Tencor |nstrunment EXAMBIRE &2 7 shows the sur face

[§S'p /Sxfw apgfl gf PANT %@h@gﬁ&sr%%iéﬁﬂs%ﬁﬁ@iedflﬁﬁ 6% ?ggt%cgglﬁsrghuc (e 532
the PANT bl endﬁ%ﬁ%&gg’ﬁeﬁﬁ SPoisronid ok PAN bienaPEDT double

ayers. Table 8
shows the device perfonnance 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 31
PANI-PAM 1:6 2078 8.3 8.2 3.0
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controlled over a wide range, from 108 to 1015 ohnm sq by adjusting the

wei ght - ratio of PANI (ES)-PAM | ayer. This Exanpl e denonstrates that PANT

bl end/ PEDT double layer filns can be prepared with confﬂjﬁ"’lr\“@fyt UPess t han
108 ohm sq and even | ess thanl1013 25 ohnisq. 31 19 January 2005 WO 01/ 99207
PCT/ USO1/ 19¥@81/9badrl e 7: Surface Resistance of PAN- ( ES) - RAddE¥sbiosgoubl e

| ayer with different PAN (ES)-PAM bl end PANT Bl endConposi ti on Doubl e Layer
Surface Resi-stance wwrhi ckness (A) (ohnfsg) PANE-PAML: 1.518226. 6x| 08 PANT
PAML: 220785. 7x109 PAN- PAML: 322522. 1xXBXARPPENS PAML: 416211. 1x1015

PANT- PAML: 517349 ou%esﬁeé\ﬂae@emﬂqeﬁzma&mmaﬁl RVEE lﬁedya@ttﬂ v ' ce
measur enents su u en

| ayer was repl a?]‘%ﬁf W%I%K@BWe lﬁﬁvltgg&ﬁig’?@?égpg &oﬂﬁ [%eISAIPI-%bA%WS t he
devi ce per f or mart®@ddig. pshaw theisirese Lifeed deviesmizboicsted withlthePANIES) t h 10
different doubl eldndfFBDS dodbRayciet SANTTHAuRAM 3009, Y51, |5@4 g%dtsb@@ 1: 4,
operating volt %e&% i 5‘?‘#%@.%@%% RS S Sh G Bl 5 s e,
al one. The | ower3 Tisygl ’@&%B“tﬂ‘%f’m&%@s 3, @si$Q6-2 for destiees 500, 402,604 of devi ce
per f or mance. Thiaad %ﬁ;ﬂeﬁ&@“@@ﬁbﬁvﬁﬁxﬁﬁah‘ﬂmﬂés ﬂ?ﬁﬂm‘ebj eWHéxHEQFAﬂP&Bm e layers

can be 15 used erating

vol tage and hi gﬁtA‘MF@B leth%) Xe@%%ogggsn%geaser%tﬁoqﬁ%? Ev?fleone Tabl e
8: Performante d“fasg’é‘(ﬁ"g@%ﬂia e&‘ﬁﬁsé@dﬁnfﬂoww @Esyalﬁmtmmuue | ayer
with different RantdeSpisAbh bhgsden 2kt BAMN PEDEASG M Eeid. i onDoubl e

Layer Devi ce Perf or mefige pddm e FeniBRbiciG Mﬁi@*ﬁﬁ&?ﬁsﬁ%mﬁ%ﬁﬁ%ﬁ&% }é\éfer

can combine the high resistance of PANI 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/em®:
n

In Fig. 5 (w:w) Thickness (A)  mV/h cd/m’* ty (h)

500 PEDT 19.6 217 80
PANI-PAM 1:1.5 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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PANT- PAML: 1. 518226. 06. 43. 4 PAN- PAML: 220785. 08. 15. 1

PANT- PAML: 322525. 87. 94. 3 PAN- - PAML: 416215. 88. 84. 6 PAN-,F@NH:524§ 3.08.73.1
PANT- PAML: 620788. 38.23. 0 32 19 January 2005 WD 01/ 99207 9482
EXAMPLE 13 The stress neasurenents sunmmarized in Exanple 7 were repeated,
but the PAN (ES)-blend | ayer was replaced with PANl bl end/ PEDT doubl e
layers. Table 9 and Fig. 5 show the stress |ife of devices fabricated with
the PANI (ES) 5 bl end/ PEDT doubl e | ayers at 80C. The |um nance 500-1, 502-1,
504-1, and 506-1 for devices 500, 502, SB4AIMAd 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, 502, 504 and 506 respectively are shown in solid
lines in Figure 5. Wien the PANT to PAMratio is larger than 1:4, the

vol tage increase ratle of tAemditiidybreeltcapds cOmprisiag a Tiost Wsr Ilﬂ\ryﬁgatﬂmn that of
devi ces nade fg g f f 1t er device is
even longer th %g%ﬁﬁgamp%ghaggéﬂﬂlééglce Ei%BﬁE%KTﬁﬁgbﬁ?é é'ﬁ@ nstrates
‘that the PANI (ESgr soendsipERT bleod bife corgygated gadudowbmgmnchmﬂﬁngh“mhs|stance
of PANT bl end evi ce.
Tabl e 9: Stres?Bﬁf?gﬁmbgEg%&kES?%géﬁ%ﬁg%%%g?ggﬂﬁlHﬁq&%ﬁgaggglgﬁﬁngDT

doubl e | ayer s “QRtad “a&ftbéﬁ@ﬁfl d faxgy, caic)thirdnligyes| comarisiag 2 oppdysting organic

Bl endConposi t i afdeutal RaviryehEt 1855 odddh@twi’t% &%ﬁm%&eﬂ@f&f%z@ggghsF|g,

5w wThi ckness %%j%ﬁ [m2*tin (h) 500PE

PANT- PAML: 1. 51 8 502PANT PAML: 2207815. 7210123 PANT

PAML: 3225217. 9180892504 PANixdhatel ditphag tapidmifd mnGhdANt edtdlit 0BRBRR67. 223261
PAN!  PAML: 62087{L24. 821053 * | nitial Brightness 20

3. The multilayer electrode of Claim 1 wherein the second layer has a
bulk conductivity of from 10* S/em to 10" S/om and wherein the bulk
conductivity of the third layer is from about 5 times to about 10° times as great
as the conductivity of the second layer.

4. The multilayer electrode of Claim 1 wherein the second layer
comprises a blend of PANI with nonconductive polymer.

5. The multilayer electrode of Claim 1 wherein the conductance of the
second layer in combination with the third layer is from 1.25 to about 20 times the
conductivity of the second layer alone.

6. The multilayer electrode of Claim 1 wherein the first layer comprises
indium-tin oxide, the second layer comprises a water-soluble PANI blend, and the

third layer comprises a poly(ethylenedioxythiophene).

7. The array of Claim 1 wherein the second layer has a thickness of from
about 500 A to about 5000 A.

8. The array of Claim 1 wherein the third layer has a thickness of from
about 2 A to about 400 A.

34




33 19 January 2005 CLAIMS 1. A nultilayer electrode conprising a first

| ayer having a first |ayer conductivity, a second Iaye{ﬁl n cont act vm th
the first layer, said second |ayer conprising a blend o1 Y¥BRMALP

conductive organic polymer with nonconductive polymer having a second

| ayer conductivity, and a third layer in contact wwth the second | ayer,
said third layer conprising a conductive organic material having a third

| ayer conductivity greater than the second |layer and | ess than the first

| ayer. 2. A pixell atged, di ay. c ri sing the |tilaye ctrode of Claim
1. 3. The multilayer: g’f‘é&%%%‘écoﬁ%a‘iom SRiet g’#ﬂtof‘ﬁé%siéc get]wg # has a
bul k conduct i vicathodé ahd emanOdet wBtren the 4h0dd is Shauttilaper aﬂmdeemiudlhg abul k
conductivity of g}( ﬂP times as
great as the cﬁgﬁgﬁ)él%pv?& do Sﬁfgshl%% 89@ %‘aﬁéﬂz?%tsfor? 8fltegyrétfgéel ectrode
“of O aim1l wher&ch 2 §ec c@ﬁde |1@g¢éradjaéwm @éir@t #lodadaxst, swkrsew h

nonconductive Rabdd Bdyer Qompﬂﬁmﬁuhtlﬁlélﬁb/ ?F @h! Efe@dgrgﬁlfuc %’IHEII Mleﬁe' n the
conduct ance of the _second l‘?’“ﬁ"% bn .conmbi na n.with 'S‘B' | ayer is

from1.25 to afGlfongsctye BYinga ‘?W/F‘P uﬁffmf}h@‘dsae ﬁ&n? ¥eTal one. 6.
The nul til ayer betvaeh rs&déﬁe@cfnd&rﬁ)dmleib/emm sdidh phd@adtive Shyer,aghe thiebapde s es
indiumtin oxi t n onprises vat er | ubl e PA bl end,
and the thi rdq%(ffr &?ncp%%?n% sescgll)ﬁ%{m:l %/Erogtg%m?e% )?tnﬂl g?)‘ﬂ%%e{’} gi‘ "The array
of Claim 1l wherei CﬂW@@e@tandethayemdmnéamﬁedmss of from about 500 A to
about 5000 A. 8. The array of aim1l wherein the third | ayer has a

t hi ckness of from about 2A to about 4001. 34 19 January 2005 9. An
el ectroni c device cdhpdhgideyica Pholeact wherdimyla cathedeeepmariseg st Hise and an

-anode wher elh n Eﬂﬂo@éﬁﬁi? dﬁ?ﬁ' wasﬂ(t tﬂﬁ@%ﬁrﬁl@a@ﬂ%& 'acsleétﬁidn?yeiltoffeler&;ﬁbmeode Iaye(r]I
conprising high condyctiyvity transparent jnotgani ¢ contac ., & secon
anode | ayer adjt QE%’HFH’E‘ ciqf Tpgterig! I’Iéfi/é’ﬁ“‘gtoégf‘@ i”é’éﬁn”& gﬁ’o i ayer
conprising a blcethddeol‘ayezoﬂjel@m ad)derlg&ﬁlhﬁvmglaydimarwwld fin&ionadctha deiet | ve

pol ynmer and ha Qv |V|ty i, d . anode l.ayer between said
second anode I\g‘i?glrgf%ﬁ Sg?agergaﬁ%% ae i G gmﬁs f%cgopﬁu?lb Xg}beeano(laﬁyer
conprising a cmmvwﬁmrﬁlapdlmdamrlhﬁmnma hi gher

11. The device of Claim 9 wherein the second layer comprises a blend
of PANI with nonconductive polymer,

12. The device of Claim 9 wherein the second layer has a bulk
conductivity of from 107*S/cm to 10" S/cm and wherein the bulk conductivity
of the third layer is from about 5 times to about 10° times as great as the
conductivity of the second layer.

13. The device of Claim 9 wherein the conductance of the Second
layer in combination with the third layer is from 1.25 to about 20 times the
conductivity of the second layer alone.

14. The device of Claim 9 wherein the photoactive layer comprises a
poly(phenylenevinylene)-based polymer, the cathode comprises an alkaline
earth metal and the anode comprises a indium-tin oxide first layer, a water-
soluble PANI blend second layer and a poly(ethylenedloxythmphene) third
layer.
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conductivity resistance than said second anode | ayer. 10. The device of
Claim9 wherein the cathode conprises a first cathode er w wor k
function material and a second | ayer of electronic tra QQP?Il%dqgctlon
mat eri al between the photoactive |ayer and the first cathode | ayer, the
first anode |ayer having anode work function and the low work function
mat eri al having a cathode work function such that the anode work function

i's hi'gher than the cis IThe@evies & Clding divitiereid the phaatiews lafer@bmipkigdsmin® wher ei n

t he second Iayer .CO f PANI th nopnco ductlve ol ymer. 12.
The devi ce of Gl BelIar cion SFRESL o Boma Fappbiacrhss BiGHF Uity of
from 10- 4S/.cm tderitf®iveS/ aonidmedstilbene demvadtives, landkombimalnmisnhereqf of the third
| ayer is fromabout 5 tines to about 106 times as great as the

conductivity of the second layer. 13. The device of daim9 wherein the
conduct ance of the slécobt dedyerofi Glazon®i whereion thei photoagsivenlayer isaper is

from1.25 to ahg b hife icRGsHct ivity of the second |ayer alone.
[ y}ué%al %gﬁ.\%ﬁ o e?

14. The device o erein the photoactive |ayer conprises a
~pol y(phenyl enevi nyl ene) - based polyner t he cat hode conprises an al kal i ne

eart et a b?ndPtA R"e Ao HRAP liyn?erl&ﬂisﬁ%tdlﬂdﬁxfﬂﬁfﬁdlﬁétaﬂ @i, |
wat er- Sol u e eCO e (0] ene
third layer. se@n&%veagﬁwa? 54 viDg 4 HFHCopiagias St et P he
phot oacti ve | ayad acsedzmndlsﬁhﬁnaantacaommanamhmdltmhspasem aimiet&ﬂphttﬁmng

h , , dj
asant hr acene, Bl aghi S0aS . QUARAI ReridlfE Ay S oSl lfes SiHkaERE

derivati ves, nati ons t evi ce wher ei n
the phot oact i venultilayer iagode indndingas efirspoaysrecomptisive arepasieingd. high. An

array of poly i | ymer
ayer naving a Tprat ot dErPRACCONER ik o At et ﬁ%&n%?é?%?*%w‘gﬁ% 2 second

side in contactWith s¥dalihlayer mall sscand Jayes rompriske, coangaisdt $BEREIHE  of said

anode and cat hQﬁl@nﬁtﬁ{ndﬂwnega@ﬁh@iﬂgaa/h@h resistaﬁae\agd@ rﬁﬂp@ttenmletr@spmam
udi ng .a fi.rst .erned hi gh

[ til
Contuctt ity A e . Bt IS it SEEnASRER 48, W SaB i PRl
~contact with galyndrilagt, daid/hird lser dompnmngialcay@xcummganmlpm@rmﬂrqndgat ed
conductive or ?fcrilﬁaﬁf?éwv&ni%&stgﬁ'&tﬂﬁ{éaﬂgs[eﬁoﬂﬁ Ire5| stance and a nonpatterned

transparent thi I"fayer i'n cont sald Second layer and with said
‘active emssive polymer layer, said third | ayer conprising a conductive

organi ¢ pol ymer and 18. The array of Claim 17 wherein said second layer comprises a
blend of conjugated conductive organic polymer with nonconductive

polymer.

19. The array of Claim 18 wherein said blend is a dispersion of one
'- polymer in the other.

20. The array of Claim 18 wherein said blend is a solution of one
polymer in the other.

21, The array of Claim 17 wherein the second layer comprises a blend
of PANI with nonconductive polymer.

22. The array of Claim 21 wherein the second layer has a bulk
conductivity of from 10*S/cm to 10" S/ecm and wherein the bulk conductivity
of the third layer is from about 5 times to about 10° times as great as the

conductivity of the second layer.
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having a | ower resistance than said second |ayer. 18. The array of Caim 17
wherein sai.d second | ayer conprises a blend of conjugq?gp con%pg%ive
organi ¢ pol yner wi.th nonconductive polynmer. 19. The ar ?ng?v m 18
wherein said blend is a dispersion of one polyner in the other. 20. The
array .of Claim18 wherein said blend is a solution of one polymer in the
other. 21. The array of Claim17 wherein the second | ayer conprises a bl end
of PANI w th noncondicThyarmpploy Bsim P22 whéhén adid patteheChighnecadumhvetyei n t he
. second | ayer h Lk _cond ivity .of from10 4S/cmto 1011 S/cm and
wherein the. burrensRe SerSRR et A R Rrep BP0 about 5 11 mes to
about 106 tines as great as the conductivity of the second |ayer. 36 19
January 2005 23. Th%?‘*rﬁ%ér}f of 133 Gnphs! ﬁ'n:e@e&ﬂlﬁ.(ia 2hies BknBis BT
conductivity transparent .irforganic contact layer is present on a support.
- 24.. The array dfoncrbauinS9®Atpabart§00hA. second | ayer has a thickness of from
‘about 500 A to about 5000 A. 25. The array of Caim 22 wherein the third

| ayer has a thicknes fro Qut_2 to about 400 A 26, The array of
O 4i m 20 wherein saia ilé%w gﬁ?&ﬂﬂé&w sreipths, thrd layer &fgs&ﬂfﬁﬁ t ed
conducti ve or g&rnt afiit 2 Meto abol 08 Alonconduct i ve host  pol ymer. 37

26. The array of Claim 20 wherein said second layer comprises a
mixture of conjugated conductive organic polymer with a nonconductive host

polymer.
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