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a (57) Abstract: Multilayer anode structures (104) for electronic devices (100) such as pelymer light-emitting diodes are described.

“~ The multilayer anodes include a high conductivity organic layer (114) adjacent to the photoactive layer (102) and a low conductiv-
ity organic layer (112} between the high conductivity organic layer and the anode’s electrical connection layer (110). This anode
structure provides polymer light emitting diodes which exhibit high brightness, high efficiency and long operating lifetime. The
multilayer anode structore of this invention provides sufficiently high resistivity to avold cross- talk in passively addressed pixel-

B lated polymer emissive displays; the multilayer anode structure of this invention s;multaneously provides long lifetime for pixellated
polymer emissive displays.




pol yner em ssive displays. WO 01/99207 A2 | For two-letter codes and ot her
abbreviations, refer to the "Guid- ance Notes on Codes
andAbbrevi ati ons"appeari ng at the begin- ning of each regular issue of the
PCT Gazette. 19 January 2005 WO, 01/99207 PCT/US01/ 19482 TI TLE MJULTI LAYER
STRUCTURES AS STABLE HOLE- | NJECTI NG ELECTRODES FOR USE | N HI GH EFFI Cl ENCY
ORGANI C ELECTRONI C  DEVI CESW@ &1 Bg2@F AE | NIHHI ISR AM S

rel ates to or ganl () et ectroni c devices.—NMore particutarty 7t——concerns

mul tilayer hol e-i ectln electrodes (anodes) for electronic devices.

DESCR PTI £ Jo e s gﬁgﬁﬁg& [ eI oni ¢ devices, such as Iight emitting
“devi ces, ;@@q&@ﬂ@&ﬁﬁ&k@g@p eVl ces and photovoltalc cells, may be forned
of a thin | ayer of electroactlve organi c materi al sandwi ched between two
el ectrical contact |ayers. Electroactive organic materials are organic
mat eri al s exhi biting el ectrol um nescence, photosensitivity, charge (hole
or electron) transport and/or injection, electrical conductivity, and/or
exciton bl ocking. The material may be sem conductive. At 15 | east one of
the electrical contact layers is transparent to light so that |ight can
pass through the electrical contact |layer to or fromthe el ectroactive
organic material layer. Other devices with simlar structures include
phot oconductive cells, photoresistive cells, photodi odes, photoswi tches,
transi stors, capacitors, resistors, chenoresistive sensors (gas/vapor
sensitive el ectronic noses, chem cal and 20 bi osensors), witing sensors,
and el ectrochrom c devices (smart w ndows). Light emtting di odes (LEDs)
fabricated with conjugated organic polyner |layers as their em ssive

el ements have attracted attention due to their potential for use in

di splay technology [J. H Burroughs, D.D.C. Bradley, AA. R Brown, R N

Mar ks, K. Mackay, R H Friend, P.L. Buns, and A B. Hol nes, Nature 347, 539
25 (1990); D. Braun and A. J. Heeger, Appl. Phys. Lett. 58, 1982 (1991)].
Patents covering polymer LEDs include the following: RH 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, 859, 350. These references as well as
all additional articles, patents and patent applications referenced herein
are incorporated by reference.




30 In their nost elementary form these diodes enploy a | ayer of conjugated
organi ¢ pol yner bounded on one side by a hole-injecting, electrode (anode)
and on the other by an electron-injecting electrode (c ayy e of
which is transparent to the light produced in the conjugated pol yner |ayer

when a pot &id bdezd7s applied across it. 35 I n many appligati@gegespeci ally
I n displays, arrays of these diodes are assenbled. In these applications,

there is typically a unit body of active polyner and the electrodes are
patterned to provide the deswed pI ural_;l:&_of pixels in the array. Wth

arrays based on a unpjut XEBTABDH HtE-BedneGect rodes 1 .
1 9 January 2005 / /19482 imze
i nterference or BWQ@%O&%%%]OIE%{%@% ﬁ"ﬁd‘:é‘ﬁf( 1 ;&e @aﬁeiiﬂgigoﬁg al so
been addressed by varying the nature 0PEYK&Scontacts between the active
pol ynmer body sand the eI ectrodes Fﬂmcﬁeﬁ{gmmlm ove operating i fe and
efficiency is often n S Cross e
mnimZe cross tal k. ergll‘%lr%’i’tg%t(??r%e gtﬁ‘ﬁ’? ES’@FSA %ﬁpﬁrﬁ?“ia@r‘é prom)t ed
by the use of hicoieems nuitdasievhdls injestingelectrodsst(tmoteng forabriroe devicss.i al | ayer .
Cross talk is mnimzed when thmg@gyﬂ@ngpphﬁﬁm adj acent pixels is
hi gh. Structures V\/ni h f.avor conduet | ¥ us h .ficiency
and | ong operating | ’ig@“%lf‘lgc%o eGP f"c? @%%Wﬁﬁ%%ﬁﬁ?%ﬂ%@%?ﬁ}% &or | ow
10 cross tallk. HevitgsindphoRtvaltas caliatamtbeormes of 2 hugiageriof elegiragityvel osed t hat
it is advant ageghsnic bﬁteﬂbﬁ%ﬁdvﬁcﬁeﬁ)ﬁ%ﬁw@é nﬁ@i&i&ﬁhl' dbﬁta@LQh))é?d“ﬂlécﬂﬁa&lPé\N' )
bet ween t he holeln d electrwmq gg of active material to
i ncrease di ode 8@?‘?1 E‘gl AN PTEY9"D e SRR UUREseenss ol t age. 15
“Hol e-i nj ecti ng aiwsohessitiiycthaigsdhaleler edustron) dtanspert pud/grinjettioneeleciricabr ovi de
suf f : f' fné Iy hl Q&dﬁ&ﬁht?tdnﬁ/'oi" a!xctiten a&semﬁg tm@ nﬁt&ﬁﬂﬁ%ﬂﬁ@&ﬁld&d&h@f satt alhkhl nh
pi xel | ate Si,v 0 suc ig
Feai st ivity 1ol JAROPT Pengatrcal SR Byers B ERpren e Reht sh i) TEs fana
appl i cati ons. I\/lhr@ugh@re electtizel aoptactflagsr foou fionh the ¢lectroactive organic matenal
Rgljy?_m i Inedl ayI er‘:@m:le@-ﬁ@\h&@ WAHAQHRISr Et%&ﬁirésﬁnélﬁ&'}:h%&irﬂhéﬂw ce%o vol tages.

itional devel 0 nen S u ends. conpri si ng
pol yaniline, diP 8?%&@%@%@%@?&%%&%ﬁ?ﬁa‘flkoﬁsgreﬁ‘(ﬂc r |ayer,
C. Zhang, G Ydlmmbsiﬁtwmowkugas/wo&emlw eRatremt nddes, chentied and’ 0]
dermonstrat edg  piosensors), 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

1




pol ynmer LEDs with long operating lifetines. 25 Despite the advantages of
the polyner LED s described in United States Patent No. 5,798,170, the | ow
electrical resistivity typical of polyaniline inhibits 19le8uay208p
polyaniline in pixellated displays. For use in pixellated displays, the

pol yani | i ngyd giyesoyshoul d have a high el ectrical sheet reghStfaeas: ot herw se
| ateral conduction causes cross-tal k between nei ghboring pixels. The

resulting interpixel 30 current |eakage significantly reduces eEhe power
ef ficiency and [Hers if 8 nersita mipfmize EeRTeRce O CEaTtalih @mobg pdipsriig¥*adse di spl ay.
Maki ng t he pol yahishiesihas hise beenaddrsdsedigevaniinghthe ndyrerof thecontgets betwdenl m

t hi ckness i s not Folel EB&% i AeSidhbdper filns give |ower manufacturing
yield caused b;t/het ce %nﬁtigﬁ’ OP el ect rc? al shorts., This is, d&g})nst rat ed

clearly in Figure 3511 dsif iopmeioyaereraias fiiefud piiciegey s oEghsremtE & s in a 96

X 64 array vs t bicskmessesobit the desire toamirhizeeropahlicoliph dfficiopey andTéngs, to avoi d

shorts, it is n f I ' Wet'e | ayer with

~ thickness - ZOO%ﬁ%ﬁ% 1%@&%3%&%}6313%@51@% %Mg%l?lgl&ﬁg?&%ﬁg%?%wdgltﬂs}ﬁ? ays, good
operating |ifet F‘%EH&F@alr]él’e&t(?f()@lt?kP%ﬁmm%‘?e&tﬂimﬂﬁm%‘ﬂezﬁ‘&e ave been

((Jlggt[))%st LZ: Sge;haaju_ght ﬁkﬁmmmmukzi%ﬁgimvorb@f@mmﬁﬁmdwlmx;aigh! ogihsge)

. pol ymer | ayer. %%Blfeﬂwadé té/ﬂ %g%?%qﬁrepar%%?yﬂ% ‘fq)\rflltﬁ{uloﬂs# cgfr%fo 13;\/1,;,/3

el ectrical ri@si stopsiaky  However, for use in pixellated displays, the PEDT

| ayer needs to havendiniedBtafk PateiitiNGab, 78387 it IsdiscRbalthait iohdvantagesas | at er al
conduction causgs - 22 {ﬁ | | | : he resul ting
I nt er-pixel curr‘tao &%re?‘z ﬁ%ﬁfg‘égﬁlﬁﬁ%ﬁo an Eﬁ/ re hé(}g’g %gh_%%\l/ﬁ%ﬁlééf i ci ency and
limts both theclkerndp and thelayerpl aefiveatgripkty ingreagediodn officienry 2ndigdowsthere i s a
need for anode gieiiudbh@sod ®ltabt.ght enmitting devices which avoid

I nter-pixel ¢ross-t -and whi ch. exhi bi . | ges and
t he extendedg opera_ffi{ cl’r?e"%rfj?c%g ﬁﬁ'@?%@ﬁ%ﬁ%‘t‘%ﬁ&g\# (ﬁ%? ﬁlgﬁn?fé%e[}?? élgrar'lj?trﬁl?s of
comerci al appl B!ﬁﬁ@lﬁﬁhguﬂwwtwom qJipderrzent mepstalkiyeinellaisd el at es

gener'al ly a hrrul b&ﬂgﬂw%ind i@mgﬁp&yﬁ. Iumaww, tH@EEetl;iﬁlebﬂﬁuchﬁf&aéﬁisﬁviq} ect roEi c

evi ces, such as .di ades,_and .pi xel l.at | - 1 ] an
aspect of the pP%lg_aenﬁl)lfn e%ﬁvgeﬁtlf%gri N uéﬁﬁfgﬁgorﬁéﬁ%rcg%% Y gﬁ%tﬁoﬁ?'rgléree\r&% ectrode
conprising a fi fevices fapapatedawittnpplyaniling-dayer-eppiainingangdesrpqiieyishgrediiitnd | ayer
in contact wpthydihgedirst |ayer, said second |ayer conprising a blend of

cecond | ayer - conduck U Pt g 41bio: BAURERRME bl e Bkifing 07 18 2
layer, said t hi pelyiiines diregipbataeanghe HOsna HigdightyemitingnelienepBysiner having a
third layer congh] ®iYwyar@reatae [UhitarsididsPatachod,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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| ayer conductivity and less than the first layer . The nultilayer structure
provides sufficiently high resistivity to avoid cross-t IJ( in

passi vel y- addr essed pi xel | ated pol ymer eni ssive di spl ay$s: "AHEYAXPi | ayer
anode structure of this invention sinultaneously provides the | ow
operating volta the. |. . rating |l i . | € i | at ed
pol ymer em ssi v?é?oggﬁ%{ygg}sﬁgggdlﬁpg%i %[ooga?#pe# %@gt ?%ﬁs%gﬁ%dsgﬁlgﬁ%lﬁf :l(éﬁér

addi t i onal lopetpiing/i veltagan hawsr deen] demphgjiaiest i throughr thd eeter ofi @  leesri ods
such as pi ygly{dkyachda Ry RIphERs) SPEPA) HepdedYah intilni/tinQRideOUr @by Abdkaaps t o
high efficiéncy, long operating IjfePED s while at the sane 11 ne avolds
excessi ve @Rbdhe emissive pplymer dpRht PEﬁTr & Jypisalbe mesrarady bpg ipmsigally dewi he

nul L il aye[1 cRORidel fdsi’sti?i&ﬂ E&)Wd‘iieﬁblﬁh uséiﬁvbﬁieﬂatedgl;@ﬁi?blaﬂly 22261) ¢ Clielygr ae&rrigance
wi t h anot her aspect t resent inventian, .t e i rovi ded an

el ect roni ¢ oy Aeae sTrsical shReD MmsRe roRn i ran coneion bl fBs 4l an
anode wher between meighbodeg ipscets, od tthe agsaltingnodker-piixad | audientgleakdger sgnificadly| ayer
-conpri si ng,ty t el AR i Qﬁ{qla a second
anode | ayeféagg%atg‘gﬁw{ro@%%&?’ é@ t angé@q %{%@P ot g@%@%‘ﬁgggﬁgggﬁﬂyqr
conprising a bl &hes, dhere éng neget B appdmstractyses {ordighiemiitiog derdersoriok eveid

pol yner  an¢hiéiayikdl GerdssHaly, GAMAHEEH Ekhikit angl 16wt @efaﬁhn?mﬁgésam tHeetuard t he
second anode | ayer. and the photgactive.layer, .the third anode |ayer

conpri si ng B PSS eEER FSARemISRt of somprgreipl AR NS onduct i vi ty
resi stance than the second aSUAEMARWOF TWH INVENEIONII til ayer el ectrode of

esi st ance ¢ ha ond ast _ ti layer el ectrode
devi cos, the usa S TRk MAEhLAR EhmRie Hiode BReul SRMREC 700100

parti cul ar biganie @k ibaig devitesyhieh addiotes aldigiyellafeddispthes. are arranged into an
array as occurs_in pixellated em ssive displays as the anode structure
| eads to very | Bwareopdanse owitle ragsaspeef] RE \the |aesgnt dpnenteihethers fe Pprvadadding

ong 111 e BRHINGLERthe LERRR SHIPRIS T AT TR TS SRS 0] SAOha

In yet ano r-aspec _ hi'ion provi an arr ( er “eni ssive
di odes comged B étﬁlta%ﬂv@lﬁtthé/ﬁrﬁﬂag&ﬁ,ls’éﬁl fRbid Biyet amgpﬁd_&ag/a Beend Jﬂdo_ﬁjuﬁﬁﬂeﬂe in
contact with a patterned cathode and a second side in contact with a

patterned torlysivesr enganag cridymerh aviatnogeqridagtist pohenerahodes ahdsesendh deper
defining an ray. of 1.5Si,ve di odes ein a, ultil.ayer. .anode incl uding
211 vt 1 aerbtoedin e RURE e SR Rind TR E Rt Ve b R BUR Rk
layer, a nQRBAdUcEE drgahRCENGMERNAind A tRRN A6t cMdubi¥B Srehtef &lan!tBY 8&cond he
second layer conprising conjugated " conductive organi'c pol ymer and having a
hi gher r eslayervndugtivityand oo thevirstydyeand a  nonpattened transparent third
layer in contact with the second layer and with the active em ssive
pol yner |ayer, Themuhilaygr stayeure @mvpé/qwuﬁ'glglﬂgdmlumW@W@dmdccrwwm and
having a |QuREly RRIFIQATARdIRBF mGORRINGTd Hish)s; iR MultSye? BRONIsthRHRE -
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.




As used herein, the term"organic electroactive material" refers to any
organic material that exhibits the specified electroactivity, such as

el ectrol um nescence, photosensitivity, charge transpor1c Janryr2 0(,Oﬁarge
‘injection, electri cal conducti vi ty and exciton bl ocking. The term

"sol ution-processed organic electroactive material"” refers to any organic
el ectroactive material that has been incorporated in a suitable sol vent
during |ayer foknacoranderwigh atheyaipectiefithe present suieblign, thEheistpeovidedsmar ge”

~ when used terec{r@ﬁleae\hee &Jﬁgﬁgﬁlg JPHRESAAN %\ga%%a%eh 4 GIHRUS ahParP B8 h%ﬁ% h of

hol e and el ectron, transp ect1on, endi ng upon the context The term
phot oact i v aog i adnpiayey apo ?BF@%dén&?b B W@r@!&fﬁpemﬁﬂﬁléghwhcp ctigithi bi t s

the el ect I @@fdpareint ihoﬁéfanlc%ﬁ@l&trlﬁj(dﬂﬂ mmﬁ&&ﬂe Vet & adbh@ffoQﬁ@ﬂﬁst hhodellyyer, The
con e used erc angeably, the

terns ucti vig
val ue of “whitcedd o Rifer oterisRe Rl cf?ﬁwé.ugﬁsigrgaw Pl R (S e .
| n addi t'i ompndondudte pelytren pidbevingslost condustiviyradd 'aghiedinade $ayet beteeén ar e

used 4 19 Jjanuatyv D to refer

" to the resi stance a\;/lggéla W"Z‘%{%’Z‘? unc% § l%%ﬁ@axioﬁ%ﬁzfy‘éﬂﬁﬂe}g@?ﬂ%r a given
‘material, eerdughyegatic WB’@W pagl having azll@laherrrvomh@tlmm resistanohthap dre scqensl e

(ohm sq). Ah&Rlafdpe terms "bulk resistivity" and "electrical resistivity”

are used interchangeably to refer to the resistivity that is a basic

_ property of a specific 5 materials (i.e., does not change with the

di mensi on of t hewhildgit ammyer feleetrodal df&h@ﬁwerwlahq@umwh deflpixblatell @ Wlitas Of

| gpnﬂggﬁgbt{rﬁ%&g{ﬁoﬁﬁ %‘léﬁflt“(é% reS|st It a{ﬁs I,S Ehe |nve5)l%ﬁ vaI ue

be descri bedvanigdous sher emharalb)eloﬁ@lqdmlmtan'angcd intor amarraysas daguts hie Sexallatad ngs,
Fig. 1is gy n of
T Gy pi CEPSOPBAE) L BRGRR dht e IO CR B 10 SROMC WA J RS
Fig. 2A jstime ﬁwmlm@m&mése@@@wmmmm@m aitays dfﬁcugﬁd heretafergani ¢~ 15

el ectroni c devi qg yef adoiRr hﬂ)‘é&rﬁﬂsqﬂvéﬁﬁéﬁ ﬁfo’@id@gaffl :H}thtd”fe]ﬁﬂ YOYE dnB¥Rle: du'fdeg 213

Is an enl arged cross sectian, of | xel A f'ocusi ng_on the
mul ti | ayer RABHENE AP a@tvarfguswe@oﬁqu@eah@e%méldall%g?raatﬁtewl thy  patterned

ar chi t ect urqatholle andasesondedide-ia doiites e, a palﬁbm&l {rétspent @ﬁcﬂﬁnﬂle p@&dﬁﬁﬁg @ﬂh@

d f th
device of S ANDIbATEASI Y BRBEnBIG BB R il et
with a pol yeafuist laper coOmpasing & patersd | High d:cm;lmtlv(t)PﬂdthaES)c)mta@ rhayewatﬂmnpattemed

second layer in contact with said first layer, the second layer comprising conjugated

conductive organic polymer and having a higher resistance (lower conductivity) and a
nonpatterned transparent third layer in contact with the second layer and with the active
emissive polymer layer, the third layer comprising a conductive organic polymer and having a
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




| ayer made with a bl end of polyaniline with pol yacrylam de (PAN (ES)-PAVM
~and one with a |layer of poly(ethyl enedi oxythi ophene) (PEDT) |ayer at 70C.
"Solid 25 lines represent operating voltage and dashed |1héuaep®Sent |i ght
output. Fig. 4 is a graph which shows the stress-induced degradati on of

devi ces hawve fgpogo7PANI ( ES) - PAM PEDT doubl e | ayer wi th didd@s@niesBEDT

t hi ckness at 70C. Solid lines represent operating voltage and dashed |i nes
represent l'ight output. 30 Fi is a graph which shows the
stress-induced dtgehaaerabyio éﬁrfergo %F?S@gﬂﬂ?ﬁvah{fébﬁté*‘e%fuﬁ‘&lﬂﬂﬂé shsphdfrickosss paM PEDT
doubl e | ayers wifdrfa gikeh hitezial, theRAMe bEShickPdrdiidedds thatunB @Cohnbpdrisghakd nes

represent opera put. 5 19
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EMBODI MENTS As [Fréeehasgaahly;tp rafprga the pesistivity thapiza basic pippegy @E2 #0571 devi ce 100
of this inventinfkerele i, idoesna chayewitohe diadnsian bi the sitaiace) thvahetofieen a
cat hode 106 and nmul t I nducti ve
first |ayer 110“115\17pm“dedéxyﬁwr'lﬁ'?gﬁ%n%%%%oﬁ@f)@&n% En& gﬁv%%%n ctivity
second | ayer 112ainamthﬂ;memeé@bm F@ﬂ@‘rﬁ‘"%onductr vity and a high
conductivity third layer 114 having a third |ayer conductr vity greater

than the second | ayer condugt L bh%cﬁﬁﬁrbﬁ%%fﬁﬁﬁﬁmn&d}é | ayer

conductivity. Anode 104 and—tme-overatt uiode structure can be carried on a
substrate 108. 10 d'@tamnaezp@ny%be@ﬁe@@dmtbﬂéfermeb?m@wtatheer atively high
work function apQses. ﬁllmegeg\ragﬁl rk function anode 104 serving to i nj ect

holes into the oth vm se fil ?Je %Eﬁroﬁa&h T %R%&%&ﬁ ctlJ) ] nescent

pol yner 102. Rel ati SF&@P erla S are erred as the
cat hode 106; thfIsalrywaelwﬁm%@méﬂm)eaﬁn&a@sgéamlmﬂmhﬁ ect el ectrons

into the otherw se qfigtaAéﬁnZEf‘odaaedroggtse&ﬁtﬁaﬁﬁéwaﬁ@ﬁuatanm@ambum nescent

pol ymer 102. The, hol eS. i at anode nd.th eI ectrons injected at
‘the cat hode Fe 8]%% %ﬁ’gf’gﬁﬁ}v&"?%ntcﬂﬂﬁmngﬁé’h 0:fwtweiea?rayer and light is

em tted. The crit eriBigf28issurnlampdoressgestipn athe pixel ofFig 20 foasisg e¥er i bed i n
detail by I. D nPﬁ{ﬁS@famaeStﬁﬁmre Phys 75, 1656 (1994). 20 Device

Conf t Fi d
ol act fon ¢ devi ce. 106 ZHEPaHBmARdaFEef B doheite S bRl 20070

as one el ect r odpixellated, organic electronic device of the mventlon contammg a photoactive

20 layer.

Fig. 3 is a graph which shows the stress-induced degradation of three
devices, one with a polyaniline (emeraldine-salt) Iayer (PANI(ES)), one with a
layer made with a blend of polyaniline with polyacrylamide (PANI(ES)-PAM) and
one with a layer of poly(ethylenedioxythiophene) (PEDT) layer at 70°C. Solid

25 lines represent operating voltage and dashed lines represent light output.

Fig. 4 is a graph which shows the stress-induced degradation of devices
having a PANI(ES)-PAM/PEDT double layer with different PEDT thickness at
70°C. Solid lines represent operating voltage and dashed lines represent light
output.

30 Fig. 5 is a graph which shows the stress-induced degradation of a series of
devices having PANI(ES)-PAM/PEDT double layers with different
PANKES)-PAM blends at 80°C, Solid lines represent operating voltage and
dashed lines represent light output.




on the front of a photoactive organic material 102 deposited on a
mul til ayer anode 104 of the invention to serve as the second (transparent)
el ectron-w t hdrawi ng 25 (anode) el ectrode. The nultil ay@ %@%zq%de of
| ayers 110, 112 and 114) is deposited on a substrate 108, which is
partially owmevegem th a first |layer 110. Deposited on tperodeifisagsst | ayer
110 is the I ow conductivity second |ayer 112 and the high conductivity
third | ayer 114. Cathode 106 is el ectrl caII connect ed to contact pads 80,
and anode 110 is el ectri & 1) R REREMBOL . The 30 |ayers
ﬁoz, 106, 10:3 110, Aﬁlﬁesﬂ-ﬂe%nﬁflﬁgiDAIQB sanuaceﬁléwmﬂhlamwmroomm by a
ernetic sea 114, ttlng
b%r %ogtcogaﬁ ei,s aeslt ecct% rp%!)f%%ctthlg &g& 1%5 %Et%%eﬂ ?céiiﬁwh% %ESaélﬂ iy

device, upon a
pads are outsi dewdflayer prodpdfirdpde Eléamclw@samugmnveﬁr% Fltlééth‘f‘%%ﬁthe deV| ce

I R thg di recski O:ﬁmﬁ R cobuctivity, Q\IhSVQ&mdN%ﬁl’tji‘h sdcbl 18ye2 412 Qivife slevormidayes a

P ot odet ect or, | C ction OppOSI te.
the arrow 90 (n&? ’g@%‘ﬂﬁf)ﬁn& %ﬁé“ﬂ%ﬁ&é ?%E%ggﬁggﬁafg’@fg&‘g&# US01/ 19482 Thi's
descri ption of pensuetivievgrestendun therseconil layescgadiiclivily and dese Hiam the disst yeis o

various conponegmiuctMifye ASBES1 J4iatdibehvérhll 8i00¢ @hibtird dAe b Sdri@ng secti ons:
The Phot oactive |.a 02) The Multilayer Anode (104) 5 The Conductive

p
bs e’[gl w Conduct i vi %{ Second Layer (112 The Hi gh

First Layer (11(3')1 i
Conduct i vi t i0Thi rd L@saenic poelympr-baeiedictier 188 mployosielatively Bigh storlefiaciorog) 10

gﬁnt act t F’adsI (@8de?312ns %w&g%&&m&&i 10Rabrvingas et H(ﬂe*dmbmesl Thte
ot oactive i NG, Uupon applica el ectronic
device, the pho? % apgogtp %ﬁjécocla%chgg’ a espe&%oﬁh | ayer that is
activated by anRaﬁepYﬂlleh)eréig@U‘(Ismethﬂal%@ePWffﬁfCﬂﬁ@ﬁ?ﬂﬁhﬂeﬂ%gméﬂoﬁﬂe or _
Ilght temttl ng %ﬂ@ﬁﬁ%ﬁ%ﬂ&gﬁseﬁﬁg&anys%t%lﬁdf@hsﬁfomm&%dlsﬂemb@at regponds to
radi ant energy ap si-ghal wi ar i as

vol t age (suclg %ﬁr%gr}g{‘uostemm"d §MI§<SC%POI§IH“ uhf (§’Ieet51c!$"(k)erdsg i ncl ude
phot oconduct i vetb@@h'bds% ang Fhstelacsenisdniontes at gesrthods Ite@m@lane aéisishivEiEt st ors, 20
and phot ot ubes, RREHRNSPNR ight & chfited STheaSitdih GsGuitabld@eckibes e e titbe i n

Markus, are described in detail by 1. D. Parker, J. Appl. Phys, 75, 1656 (1994).

-
-

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 scal 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).
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John, El ectronics and Nucl eonics Dictionary, 470 and 476 (McGrawHill, Inc.
1966). Were the electronic device is a light-emtting device, the

phot oactive layer 102 will emt |ight when sufficient H@U@MZQQ@ is
applied to the electrical 25 contact |layers. Suitable active light-emtting
mat eri al s iwebudenzor gani ¢ nol ecul ar material s such asangdwesneas:

but adi enes, counarin derivatives, acridine, and stilbene derivatives, see,
for exanple, Tang, S Pat t Pat ent
4,539, 507, the relev OBngr e’l‘%rr\s&ﬁgn?%c’damﬁ%e}mﬁgé@n%e?aatc@(ﬁmn%{egr%sﬁ by
reference. A tewrﬁ;ﬁ:istt@hp'qneﬁtBLMrameelfmdlystmmiﬂsehqﬁollwmgisemmt erials such 30
as those described ip F |end eﬁﬂyal é . Patent 5,247,190), Heeger et al.
(U S. Patent 5, 408@591%1‘ Sl 03, (U S. Patent 5,317,169), the

rel evant portions ofrheWtiibhyd Moli@ospor ated herein by reference. The
light-emtting materials may be dispersed in a nmatrix of another material,
with and without additi veﬁe%@mﬁ}’%ﬁ@ﬁh@ley(lf 8tma layer alone. In preferred
enbodi nents, the el ect I‘OLﬂg]IB VI%% rises at | east one

conj ugat ed poI ymer or a co-po yngzrﬂc\f\lhl (o &gﬁ&gﬁé ﬁ@%?py 2005 WO 01/ 99207

PCT/ US01/ 19482 cont ai ns skgiigit Condctivitg Shirdiayced 1Abi et i es. Conj ugat ed
polyners are well art (see, e.g., Conjugated Polyners, L.-L.
Bredas and R Sil beSﬁ\égc(""‘ﬂmIgl k@&)er Academ c Press, Dordrecht, 1991).
Representative cl assps Substtaid @o08)al s i nclude, but are not limted to the
following: 5 (i) polné(p phenyl en vinylene) and its derivatives substituted

at various Positio ‘}S‘I‘ﬂ’t?‘l‘i’é | ene noiety; (ii) poly(p-phenylene
vinylene) and its deghyki éssubsti tuted at various positions on the
vinylene noiety; (iil) poly(arylene vinylene), where the arylene may be

such noieties as 10 Felptation(Teshaiquemnt hr acene, furyl ene, thienyl ene,
oxadi-azol e, and the |i ke, ne. of the noieties with functionalized

£ )
substituents at@%ﬂ%ﬂ@—ﬁe‘éﬁ‘—m, (iv) derivatives of poly(arylene
vinyl ene), where t heDegeptingapamtle dppliasion of th¢ tlestionizhiovies, thpbstopttivred at
various pOS:ME. OSeld2 %@Jﬁ’éh?&ﬁz | 18JeY ihaf ¥ horiiBicd b Eﬁé’@‘ﬁe@frd!@ ¥(sacty! ene

var ous. posi ?Lﬁ%ligﬁxgﬁﬂénwwr%ﬁer i amping gt ST PE 8 aryl ane
vinyl ene ol i gonmemrial thitt responds tnjadigutteectgy aid gyoerstes 2 signadi with pf Wléhqut@s of such
pol ymers substi L uRk vkt Qtch RA5h ploBRRtceidr)l Bamples of photodetectors
include photoconductive cells, photoresistors, photoswitches, phototransistors,
20  and phototubes, and photovoltaic cells, as these terms are describe in Markus,
John, Electronics and Nucleonics Dictionary, 470 and 476 (McGraw-Hill, Inc.
. 1966). '
Where the electronic device is a light-emitting device, the photoactive
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.5.
Patent 5,408,109), Nakano et al. (U.S. Patent 5,317,169), the relevant portions of
which are incorporated herein by reference. The light-emitting materials may be
dispersed in a matrix of another material, with and without additives, but
preferably form a layer alone. In preferred embodiments, the electroluminescent
35  polymer comprises at least one conjugated polymer or a co-polymer which
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" materials may |ncludéﬂ8

aryl ene noieties, derivatives of such polynmers substituted at various
positions on the vinyl ene noieties, and derivatives of such pol yners
substituted at various 20 positions on the aryl ene and %%Emyﬁ& dﬁ

nmoi eties; (vii) poly(p-phenylene) and its derivatives substltuted at
vari ous posWObmnmn on the phenyl ene noi ety, including | agcheusopodsyarer
derivatives such as poly(9, 9 diall cyl quorene) and the like; (viii)

pol y(aryl enes) an | vat Lve sub ted a | ous itions 25
bn The arylene CORER Seeels bty SneaRa g Ceniaf polithers P Rl o

non- conj ugat ed &t thgeridses, e.cakapnjuget B‘dwvlésl-@fB@d@hm@Bl Sithey dts Fdwwert ut ed at
various positi orp&aa&m& PRssADYIdeRE:, mrlp HepRSentdtve clR@byFhhdidtalsigctand 1ts

derivati ves; bﬁf(%% (%%Fpteéy %Hg‘f"l %ol yqui nol | ne with p-phenyl ene and

noi eti es haV|ng 2|ng (xii igid rod polyners such as
pol y( p- phenyFene- 2, 6@)16?1172(%11@1&1@%1‘216]’1@93) and its envatlves substifuted at various

pogy(ﬁphengl ere 331&,@@{1&9 @gﬁjogay pol y( p- pheny:cene 2, 6- bﬁn2| m dazol e),
EOtEH s e nhoe e A T

and al koxy der i pegitienson gife vPlgne goighy;as for exanpl e,
pol y(2- met hoxy-5-(2' ¢ %Mh.flam,mh@m Qﬁé‘&hi}%e%ﬁ&)m@léhés"@"" PPV
I@Mﬁh 89

U d S 8 19
Samuary 20085 voratiRlmb bR gb e ?fé“d’r?ﬁ?l&ﬂflgﬂ“’ BorbREs et a1

1. Electron. I\/aﬂi@rmme@ﬁWlthf@lc(l%b@}i)submmslatvaapmosmnﬁiabI e. (C. Zhang et
al, Sy nt-hd IVelt 1D Aeivatifdk)of g(afﬁérﬁrv@@%ﬂs) whaéﬂiemrﬂene:awbea.»sﬁlent

conj ugate poly cCO n_o ni.c olvents ar e
preferred sinceﬁﬁLab é%u ﬁ&&?éf L%Tkﬂmmsgyg ﬁgkﬂg FQ%rlcatlon [ A Heeger
and 5 D. Braun, U.S. (vmr@nwvesoﬂw@(wbnawaﬂsnwe@aqu ayRR @ Br ef er r ed
act ive |i ghtis enfiii} abage, BeHsifiRd 3t @RduCHBRHMOBT the dinlehd@oiesP! ubl e PPV

mat eri al s descri bed , 000) and

referred to herein égﬂégpggﬁgﬁ%gﬁgkﬁgbmwl@ﬂﬁgg an m’ gcm@é%%%%onductlng
pol ymers and copbsopees sndderizaivesafispeh podynaers ?@FW%W&@%@O@B?PS@%M 10
- Were the el ect aglthe mdRues Gerilaves 6f Mch polyMee betinted at Reiophmisiiaas b1 e | ayer

102 responds t g LAt A0MoRAE, S RYaREOSHERSpdlyd- SRl AS/aritis N OF

w t hout a bi ase
' 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
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voltage. Materials that respond to radiant energy and is capabl e of
generating a signal with a biased voltage (such as in the case of a
phot oconductive cells, photoresistors, photosw tches, 18H@réaY 2A8% st or s,
phot ot ubes) include, for exanple, 15 many conjugated pol yners and

el ectrol umvineeeemy materials. Materials that respond topdigidiysener gy and
are capabl e of generating a signal without a biased voltage (such as in
t he case of a photoconductive cell or_a photovoltaic cell

i ncl ude
material s that estivgimaarial (¢.cZans eialif Bleetrem Yatgeta ] JERN-AFPEVAS dFqnal .
Such zi)i ght - sensiitablee(C: R#AgeAL] Syntle Mt §F 35¢o0H4) @k sefbrendes tereioy exanpl Ie,
many conj ugated. angd - : erials.
Speci fic exam?g%mgﬁégff%éﬁgﬁﬁfpoﬁé&ﬁ%ﬁ% I m g@&%o %&%%%8 'hé%?%)coupl er
made from seni ewmiRietsdmincy gy gsplotelaiyelysimplk devieadphicatioplh. Heeger apbeger |
. \égurna! of Kl eﬁj_Bmh,g{/ﬂhpa@ﬁt8,1408,109Cdnd5$59,35(m]. 925-928 (1994); and MEH PPV
nposites wt " Lcient. odi- t L ng

Pol ynmer Networ ks", ZEVG\T rﬁ?fgpﬁmﬁgﬁug gggﬁ tae?‘?&ﬂ@{r’%%f&g%&%ﬁé@%ffﬁgﬁé e Vol .
376, pp. 498- 5060lubleBBY maigsials desceibed in 4k Begker @rﬂéa&@%Ngﬁﬁeﬂéf 06%n be
:ﬁi l Orled to prO‘ﬁﬁ?ﬁfeﬁ?@lﬁﬂi&Hﬁ; ﬁC-FlaVis.CBﬁnds\wm‘sﬁhgﬁL){hSr ?ehﬂ-csmetu@b' odi nent s,

e pol yneric photoactiye erial. ,or . Qr , oactive
material is pregglﬁ?eﬁsﬁn%/?lo@o gfsfyg’é?lll ﬁ/@%%@%#glwg&%g%@% m&%‘ ure from0%to
75% (w, basil® oVées the elestronicalevies 10048 p phgtodstegionithe nhatoastivgilayey BB yneric or
or tgan! cI nol ecul ?f}{sﬁc?nldﬂ- ﬂﬁa&iﬁ@tgfeﬁér'g%‘aﬁdﬁﬁ?dub& Fpgrarditherwia! ortwithoGd biksed  0r g ?ni c
materi al are as . r 1 : ion o
mechani cal | y coﬁ_%l agﬁ’gmfefmnl%,%aa S %S{j/v?ocrg%(g@%b %ﬁ? IL%ﬁéVch g‘ﬂ%@%ﬁ%‘?ﬁﬁ% able in
sol vents that sigealmithabiasedvoliagay(sehas inythe gise gf aphotospaycivreelldnj ugat ed
pol yrrerrfs for fpbmt&gsiﬁ&s,tﬂlimo_ﬁxﬂ_tdﬁbs, pBWoRARIERY, pRititatits) iatludg forierampat er i al s
are preferr in_order t i.ff e.,
excessi vel yelgi gwgogbuéa_@%p%%%‘é ‘gg&n@gﬁﬁﬁ&(@%‘f %6{3%%_1%%{8 %ﬁ%ﬂaénei ties;
however the con&aspandde radinimergyendafe canspleoh sweriipga Hephwitho agisedh al | ow
for formation okoleRhaueds if thedadewr & phottivadwtivh eclica k phabvdlaicael) 19 January

2005 WO 01/9920 0 Gy ' r.r '
pol ymers are hi é cﬁ%fn"é% "'%{5 #%ﬁ‘g%ﬁ'ﬁ@%{ KEAS%& g&ﬂ%g%{hg%a Ee{n g%i absf%ag %ﬁﬁer
pol yners, such Xehtsersyerlieraly reactiveiaetedalpiryds Bpsiagple, mapy| yet hyl ene
oxi de, pol ysbyr esifugatedolyinerslank electtdn ded plappluajndsetmateniads. t Specidic whi ch  can
be readily det et il ilude (R0 ot fifidh b MERSY Foplolifipfer HRAL AHRI eCul ar S
mat eri al s enabl e the flo_rma’tlon of _coherent str X utes froma \yde vari ety
of semiconducting polymers”, G. Yu, K. Pakbaz, and A. J. Heeger, Journal o
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
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- liquids, including water, acids, and numerous polar and non-pol ar organic
~solvents. Filnms or sheets manuf actured using these carrier polyners have
sufficient mechanical strength at pol ymer concentrationt {8Upeig088 1 o
even as low as 0. 1% by volume to enable the coating and subsequent

processi ng w§oldd@esi red. Exanpl es of such coherent struﬁwﬁfllﬁgze-those
conpri sed of poly(vinyl alcohol), poly(ethylene oxide) y-para

(phenyl ene terephthal ate), poly-para:benzam de, etc. and ot her suitable
~polyners. On thgoRiness marnAsl, prbfenédl&mé}lpelyd;bﬂg:edﬁgﬁﬂneleédlma‘lreigm(MmD cannot

proceed 1 PO R BTk ponakRY (%eﬁé iRlHe bR (,ge&le sel ect ed,

such as those co ene, ropyl ene, di ene),

and the |ike. T?ﬁlYEtHYleﬂqquﬁetPﬂ%%H@?s%@tm 1ktf’hlén ﬁﬁlﬂiﬁ%’ﬂe\/’é’ 13 nge from
a few hundred Amgsdremihyuahmm‘ﬂﬁah&)eshnm\ﬂmwﬂ,ﬂteMMdomtrom units

(10,000 A) (1 mﬁfs%ﬂ&b%F forﬂagtlcﬁx &f’&har&# LRRIER foifa Rfdelvifety bf M

t hi cknesses are not critica evi ce per nce can ‘%ﬁﬁpl cally be inproved

by using t hi nnefdRids, feludpeayater, s, ?@“PWP’E? 35”5‘]1801’1‘"? %BEH°A t 0 5, 000 A.
~The Multil ayer Absioets. Eilﬂdbr%bﬁsmhﬁﬁd@y@uamtbﬂecﬁ&@lwm kedes t he

conductive firs 2 @%ﬂg 12) and a
~ high conducti vi :S?ﬁit ﬁ%&ﬂé@a{ %"ti %¥n§£Q&gg?:h%ra e&élllo 112,

114 is deterni nd® b%p-tl?%bﬂ?é%lméf? epgble ﬂ‘ﬁﬁg"pﬁl&%ﬁg@’%’%ﬁqﬁeﬁtBE‘icﬁsﬁn@ﬁ y of such
layer, such for adsqied Bxamplendf sudscalteiont diyctinas trotiwse eomprisad ofpoty(dayiendent

upon & e copos il Bl iliichayste, i bie ngmeaete@é piBRNVent i on t hat

contai ns a photoacti'v one Pob’?‘ @n%ﬁﬁg%ﬂwﬁgﬂlighﬁohi 3ht

“em ssion fromt Il?@yd’é{i‘i'll%za&‘dq Fﬁhf’n‘}‘é%%rﬁl“
t he anode is t hélendingefrthe fmdl pelymet candet prazkadio o ghlaS@virbmuentgoepolai nvent i on

can al so be use [ f @ﬁ,h}%% g transparent

el ectrode. As ugeﬁggﬁlsg?(etﬁlﬁp%s‘%géd %mggﬂ%mgrﬁent |ée§lle1t‘e:aned to nmean
"capabl e of ”tr&ﬂlé’ﬂlio?lf?‘}?gp%)[( adiene). a8 e @E% and preferably at |east about
50% of the anount TDypidal fim thivknessqsauf thephbtaactivelapére raggh from aifew er est . Thus
a rﬁer ial is C%%a Alg‘g@tr&ﬁu?ﬁsr@t?@ B ARl cral ShRSnt Ay &&I@Jt@mtsgto'%dgg}&)t ragg(r;t
ight varies as unction o e e 0.0r 0
criteria at a gi éﬁg%v “glt h 5'}5 gfe@f’ac,&gﬁggﬁnﬂ‘r‘? B $6" ?tﬁggea?mrkl ng

in the field of deticapetfoinmece @néymeaﬂy&ehnmdbmnsn@lémw BimsgRrgiemed of

t ranspar ency,yw mcﬁegsa;}es&dlﬁg,@dﬂgté ayes A are thin enough, for exanple in 10

19 January ZOOSM aver f?il'&thOl/ 19482

The multilayer anode (104) includes the conductive first layer (110), a low
conductivity second layer (112) and a high conductivity third layer (114).

The thickness of each layer 110, 112, 114 is determined by the desired

25  transparency and resistivity of such layer, such transparency and resistivity factors
are in turn dependent upon the composition of the layer.

In the device of the invention that contains a 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




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 colorles a&éjunl farm
transmttance and gold tending to favor the transm ssi'i any A%%w to red
wavel engths. Simlarly, for materials such as | TO, PANl and PEDT,

t ranspar encyoes24ye achi eved with a layer 5 ranging fromﬁ@@insth 10, 000 A
In addition to the desired transparency, the conposition of layers in the
nultllayer anode 104 shoul d al so be chosen so that the third | ayer
conductivity is theeaseofsilaer anti goldibelow abantdP0 dommhiespdcislly Froarabont tohan t he

s ]gc?ﬂd I aly ter | cor%u@ttzsa 1AL With sxﬂala@ﬁa%r@ra@elaﬁdaﬁy c%ib%;sqmﬁfon&%ﬁ[siﬁ anf:é)z{ndonel layer
o] e nultil aye no ends upon it er |layers
‘in the anode andg ‘ﬁtg cg'ﬁt?’ RS %‘Wo‘lfé@h%tﬁ W%‘feeélgfg‘ﬁ %Jf’ﬁ%r? Irjl Yyers.
Qther factors i nn@tmaé&whaai@"%mgndﬂm frespargiecycai beechipybdwith mlayect i ons
relating to tye ,@Jp@ggﬁélﬁm@x%qsgo&hg Conductlve First Layer (110) The
conductive first |ay ‘%ﬁb" reS|§ anc ferabl Iegf thaq 300 15
ohns/squar e and m)re%b? PR B?fe’i %ﬁ%?oé O laye 8 RS nduct i ve
first layer (110yulBleyariauodsdfipsknividalsorsdbosed mthatthethirddayer endustiviticial cont act
‘Wi th an externalleﬁltmttﬁdﬁadlaﬁewxﬁect(vn?bn@mmmmee&ma ePéUﬂﬂﬁt@Mty’e | ayer
made of a high g qﬁtlon rrgter q f E‘#g\?calh nic
material with a eﬁr?u cﬁ}ﬂo}?ﬁ aﬁfo G "4 4 Sfirst 20

| ayer 110 i sir eﬂlemﬁlﬁlcymm@n@ithmﬂ@rlaaﬂ@mbmmﬁmghacmmndmm xed netal,
alloy, metal oxjofucaVitics df@dchrmﬁei\hayélﬁl Ofher ﬁbtbk&@h&erﬁﬁﬁxﬁﬁ Soﬂlﬂbﬁﬂtxkdﬁi&'et he G oup

11 netals, the dg%gédg%%%sgﬁp eia[tmsmatﬂ% ?Pg?]‘gﬁ?d the Goup 8-10 transition

metals. If the Sno |hg, m xed- net al oxi des
of Goups 12, 1:@&%@1&&&@{_&@}1 as indiumtin-oxide, are generally

used. The | UPAC numbeng dSlﬂde&wS!iﬁdt Eftrihes mméslgtmc@qﬂéﬁumy B aage3ohe groups

fromthe Per odi ¢ T, fro ft t,0 right as 1-18 (CRC
Handbook of er?:l;nsn E% %dﬁhorgﬁn%%)ﬁ'gi Oth/Sq%ﬁO) The first |ayer

110 may al so conpris h%@“é?”é’é(ﬁﬁéstM@féﬂoépfﬂlsm%gemdyéwmfﬁ‘é #s descri bed
in "Flexible |ighctriealicohtadi@vithi 20dRGmabsleuidabidurce Qhot Bhcdvil @ndligat i ng pol yner, "

Nature vol . 357, . 47141634 DS, 4998 o 0u XA S8 ohogN © mater al s

whi ch serve as ano pl ati num
gol d, pal | adi uminarganissneerial wifhiagrark Bsptisaraboveagput 4. Srﬁ‘élzfélp conduetive frgad and
the Ii ke; mefoal Ispet Hi@ds prefhabismhddad materiale cortaiflin® X infbeal, mixedinktal hlld?, OXI de and

the |ike; graphifg; £apg Hgix@&’ il Fﬁd@ %ﬁﬁ@%ﬁs‘iﬁé@#ﬁ@(}%ﬁ 1§He

germani um gallium arsen aI um num

si lver, plati nurite Betlsin Grappsdwand & gKdae Sroup frigitansitionpgak, i |ﬂPeon ni ckel ,
zinc, |ead and tahelellokés tabeligigednsniittiag aniaebmeal etidsiod Groupd @2,90 fahd od ent | y

- thin , 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.
11




to be sem -transparent. Metal oxides such as indiunftin-oxide are typically
at least semtransparent. 11 19 January 2005 WD 01/99207 PCT/ US01/ 19482
Where the anode is transparent, the conductive netal - met&fardR00% xt ur es
can be transparent as well at thicknesses up to as high as 2500 A in sone
cases. Pref@imobdr,. the thicknesses of metal netal oxidepdypgsodlifagectric)

| ayers is fromabout 25 to about 1200 A when transparency i1s desired. 5 The
Low Conductivity Second LMr 112 The second |ayer 112 shoul d have

suf ficient high res'Wh'ex‘é'tﬁé’atﬂ)QeiQ shfent,ﬁleeéﬁdu&tﬁ)el&naﬂ-lﬁémrogﬁenﬁﬁa&age from

the mul tilayer anode and pro f ci ent ho on/transport. The
| ow cond:Jct?/w t yALRelEEparey VI%‘?“& Iﬁﬁslﬁs‘ﬁ’a{gaﬁ gﬁﬁéyogac%ﬁﬁlﬂ e ltoy of from

about 10" 4 S/ cmPraferalfly, theShishnesdds oEmpiakinetabdyide (ox dielegde)dagrs i &par has a bul k

conductivity of ,f400% gﬂoabg«u@zo@yvqwg,%&pgt/e@ylsE[Jgge@econd | ayer 112 may
conprise polyaniline (PANI) or an equivalent conjugated conductive polymer

such .as pol ypyrole or poI yth| ophene nost comonly in a blend with one or
nor e nonconduct e 53 dver{@ls 15 particularly useful. Mst

commonly it is in th?heeééafuallakﬁﬁz%ﬁémd ﬁﬁ%)sufﬂ@i’eﬁi‘hxgﬂﬁx%ﬁlbﬂv:ty tive

pol yani | i nes i ncl ude_t he ho dllnglﬂ%rl va eaégs USdJ ]¥le bI ends
~ with bulk pol ym&tss el °§8“W6 ﬂ%‘s‘flﬁe e Ehprest are

~ those di scl osed ifjestibaffransgorst 'ﬁlneelswpaudélm"lwec@d MQI wgferably rha%‘mﬂﬁer

enbodi nent, jfhe cefk lo2¥t6in BB 10T S)cts 10T BIuG INWR plattetly,ahéseca@d such as

NN - di phenyl th I n .5 4, 4" -di am ne TPD
and b: g[ 4- {NN— d?laé{f’rﬁﬁ/afé @%P%W[ % kﬁlg m lJF] enyI ) rrlet hane gl\/PI\/?D)
and hol e injection/ H'ﬁhﬁsﬁﬁ@ﬂﬂﬂ @@m@ﬁswww 13 & 9pavivalent pyK) |
(phenyl net hyl) pebrgﬁgateamendup@&aﬁogqm gichyb pelgsiivel wi fulahibgteay, fdeEDOT) ,  and

ol yanili ne PAN I r rials such
gs ¥5 4, 4" - N( N S c azo e @gqh&%ofd(ogdﬁ%%ﬂdg @gﬁ{}ﬁ@& %61 llﬂigmrlasteerl al s
W th good éﬁecpﬂlﬁ?ﬁlﬁhﬂmﬁﬁﬂ Mas %‘?ﬁ%\l&ﬁ}fﬂ% refge O’E‘hgséft‘%d oxi noi d
corrpounds SUChcorﬁlﬁcﬁ\relps(y&nliyeﬂmﬁmmmmpdmbnmma@#ésg&)ally%en the terns

Pl Ude subst i ¢ SR SeES e gt B onh Ao GG e IREF DKL I S
equi val ent conj theat @EFW?S%HIH@P@@%W%’?@" Sk %13 the pol ypyrroles, or the
In another embodiment, the second layer may include conductive materials
20 such as N,N’-diphenyl-N,N’-bis(3-methylphenyl)-[1,1’-biphenyl]-4,4’-diamine
. (TPD) and bis[4-(N,N-diethylamino)-2-methylphenyl}(4-methylphenyl)methane
(MPMP), and hole injection/transport polymers such as polyvinylcarbazole
(PVK), (phenylmethyl)polysilane, poly(3,4-ethylenedioxythiophene) (PEDOT),
and polyaniline (PANI);electron and hole injection/transporting materials such as
25 4,4-N,N’-dicarbazole biphenyl (BCP); or light-emitting materials with good
electron and hole transport properties, such as chelated oxinoid compounds, such
as tris(8-hydroxyquinolato)aluminum (Alq3).
When the terms "polyaniline” or PANI are used herein, they are used
generically to include substituted and unsubstituted materials, as well as other
30  equivalent conjugated conductive polymers such as the polypyrroles, or the
polythiophenes, for example poly(ethylenedioxythiophene) ("PEDT") unless the
context is clear that only the specific nonsubstituted form is intended. It is also
used in a manner to include any accompanying dopants, particularly acidic

materials used to render the polyaniline conductive.

35 In general, polyanilines are polymers and copolymers of film and fiber-
forming molecular weight derived from the polymerization of unsubstituted and
substituted anilines of the Formula I:

12




pol yt hi ophenes, for exanpl e pol y(ethyl enedi oxythi ophene) ("PEDT") unless
the context is clear that only the specific nonsubstituted formis
“intended. It is also used in a manner to include any é@bﬁﬁﬁﬁﬁ?ﬁﬁ@ dopant s,
particularly acidic materials used to render the polyaniline conductive.
35 I n genemved pi/padryani | i nes are pol yners and copol yner s mfrrisol/magond fi ber -
- form ng nol ecul ar wei ght derived fromthe pol ynerization of unsubstituted
~and substituted anilines of the Formula |I: . 12 19 January 2005 WO

01/ 99207 PCT/ US01/ 198@mwukdk nula 1 5 wherein n is an integer fromO to 4;
10 mis an integer from1l to 5 with the proviso that the sumof n and mis
equal to 5; and R is independently selected so as to be the sane or
different at each @&B&urrence and is selected fromthe group consisting of
al kyl, al kenyl, al kaxy, cycloal kyl, cycloal kenyl, al kanoyl, al kyt hi o,
aryloxy, alkylthiqa , alkylaryl, 15 aryl al kyl, am no, al kyl am no,

di al kyl am no, aryl <yR3ul finyl, al koxyal kyl, al kyl sul fonyl, arylthio,
aryl sul fonyl, al koyyeg#&rbonyl, arylsul fonyl, carboxylic acid, halogen,
cyano, or al kyl (8pstituted with one or nore sulfonic acid, carboxylic
acid, halo, nitro, cyano or epoxy nvieties; or carboxylic acid, hal ogen,
nitro, cyang, or sulfonic acid noieties; 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-menbered aromatic or alicyclic ring, which ring may optionally include
one or nore divalent nitrogen, sulfur or oxygen atons. Wthout intending
‘tolimt the scB%@m%¥ this invention, the size of the various R groups
‘ranges from about 1 m@rbanteger fomigodase of alkyl) through 2 or nore

carbons up tfrough aRQuin ibfe&IFRON B SMvititht BRvIs LB thefsurf of§ akbmBei ng from

about 1 to aboutlég ggrb ns. Illustrative of the polyanilines useful in the
practice of thi §¥hPehf™n are those of the Formula Il to V: 13 WO
01199207 it R is independently selected so as to be the same or different at each

occurrence and is selected from the group consisting of alkyl, alkenyl, alkoxy,
cycloalkyl, cycloalkenyl, alkanoyl, alkythio, aryloxy, alkylthioalkyl, alkylaryl,

15 arylalkyl, amino, alkylamino, dialkylamino, aryl, alkylsulfinyl, alkoxyalkyl,
alkylsulfonyl, arylthio, arylsulfonyl, alkoxycarbonyl, arylsulfonyl, carboxylic acid,
halogen, cyano, or alkyl substituted with one or more sulfonic acid, carboxylic

acid, halo, nitro, cyano or epoxy moieties; or carboxylic acid, halogen, nitro,
cyano, or sulfonic acid moieties; or any two R groups together may form an

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

13



NH 5 14 z 19 January 2005 PCT/ US01/19482 Y 19 January 2005 WD 01/ 99207
PCT/ US01/ 19482 wherein: n, mand R are as descri bed abgove except that mis
‘reduced by 1 as a hydrogen is replaced with a coval ent 1§oleguan

pol yneri zation and the sumof n plus mequals 4; 5y is an integer equal
to or greatvepordar O; x IS an integer equal to or greatefcissnidhsz With the
proviso that the sumof x and y is greater than 1; and z is an integer
.equal to or greater than 1. The following listing of substituted and
unsubstituted anilines are 10 illustrative of those whichjcan be used to
prepare polyanilines useful in thg practice of fhis invgntion. Aniline
‘0-Toluidine mToluidine o-Ethylgnifi - Et hoxyani | i ne
m Butylaniline mHexylaniline m i ne

anil i ne
_4- %nna il

2- Bronoani |l i ne 3-Bronnani|i@e 3] i doani | i ne
5- Chl or o- 2- net hoxyani | i ne
_ (Hw
(B
- O
L (I'Dm 1z
3 A
[ R ] ®n

<

<
S
\\f

<
Pz
g
Zm
=
|
=z
)
Y
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5-Chl oro- 2-et hoxyaniline 2,5-Di nethylaniline 2,3-D nethylaniline
2,5-Dibutylaniline 2,5-D nethoxyaniline Tet rahydronapht hyl am ne

o- Cyanoani | i ne 2-Thi onet hyl aniline 2,5-Dichloroanilin§ January 2005
3-(n-Butanesul fonic acid) aniline 2,4 D nmethoxyaniline 4-Mercaptoaniline
4 Met hyl t hivagmiidokore  3- Phenoxyani | i ne  4- Phenoxyani | i ne gépadel/wséyr ati ve of
useful R groups are al kyl, such as nethyl, ethyl, octyl, nonyl,

tert-butyl, neopentyl, isopropyl, sec-butyl, dodecyl and the |ike, alkenyl
such as 1-propenyl,wherbint enyl, | pentenyl, 1-hexenyl, 1-heptenyl, 1-octenyl

and the like; al koxarr.%u:s‘dka%ap&éaa%n,abmeg tm%méahceaﬁppwoxy,
pent oxy, nonoxy

th | oal k
cycl ohenenyl , %&%@ﬁ?@ﬁ&? d’ﬁﬁ%ﬁ%&%%f)ﬁ(@ eal?oll ; gt?oﬁfgﬁ&'ﬁgslﬁ& 131noy|
pent anoyl , oct apbgim eqalidhoyl, propanoyl and the I i ke; al kyl sul finyl,

al kysul fonyl s alkyltq 13%@&@]@} Lﬂftg@y catdftHdrSoyl finyl, and the like, 15 19
January 2005 WD 01/992 neope yI t hi o,

I8 t lét ezt StF h{, thqg lth'tﬁatthesu
met hyl'sul fi nyl, benz7§/ A Fg?wqua ﬁé’ﬁ%"l &8 Py ™ 7% , 0CY 'thi o,
‘nonyl sul fonyl , euodylssatesihah 1; asdt hyl t hi o, i sopropyl t h| o, phenyl sul fonyl,
met hyl sul f onyl nonyﬂsahglteggh@@mltbm eat@tifiyfl . hi 0, benzyl t hi o,

phenet hyl t hi o, napht );t %ngg?:t;ubstktufed%n&égbcsﬂglpea%hpgsk%g as 5

met hoxycar bonyl , etho oxycar the cycl oal kyl
such as cydpohelkwratwepéthefﬁewhlghcan@9§$eéé@pryparen@}mw&f)v§¢fulmfhet he i ke

al koxyal kyl sucBraagice oTeidi@xentBh.Ny! , et hoxynmet hyl, butoxynet hyl,

propoxyet hyl, pentoxybutyl and the Iike; aryloxyalkyl and aryloxyaryl such
as phenoxyphenH#emwm%hﬂ—wwﬂ—%hH—H«eﬁﬂﬂfﬁﬂﬂs—eubsﬁ—Wed
al kyl and aryl g@miinps such as 1- hydroxybutyl, 185Dimsthplahilite/|

| hydr oxyl propyl , fapl¥dyr oxypentyl, 1- hydroxyothgJDimethylaniﬁne

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




1- hydroxyethyl, 2-nitroethyl, trifluoromethyl, 3,4-epoxybutyl, cyanonethyl,
3-chl oropropyl, 4-nitrophenyl, 3-cyanophenyl, and the |jke; sulfaonic acid
terminated al kyl and aryl groups and carboxylic acid tePmaR4R¥LPKkyl and
aryl groups such as ethylsulfonic acid, propylsulfonic acid, butylsulfonic
acid, 15 pheawgisudsf oni c acid, and the correspondi ng car bgegybdesnqasi ds. Al so
Illustrative of useful R groups are divalent noieties forned fromany two
R groups such as ieties, of the fornmula: ---(CH2)--n* 2 ereip n is an
integer from aboﬁﬂ%?%‘%ua’?@ﬁowp%m%’wmy@iim }ée“-z‘%liﬂkg‘)ﬂ,p e’\ll\ﬁs@k%"_% and
-(CH2) 5, or sughopyishiet dctdthighnariylsolfonvhwatylsylionyt methylthiet isopweyhie, of  oxygen

and sul fur such phénylalid aduikonyPHem b Dhenykie Gthydthib, Bénzgither  useful R

@@ﬂgﬁtﬁ Ty 5

groups are dival ent alltgxﬁnlé{ggtﬁnel cﬁaicﬂg gﬁql di n%bl Eo ﬁbout 3 conj ugat ed
doubl e bond unsAGHAPIBS yHuo 34 e Ui B HEPRATERES and 1i ke ni et es.
25 Pref err ed ¥ ormeisexyparbaniile etherrietrberyl.dutoxli¢azboniaad fhie de.pyelogllarl yughiasi nes of
o an it eger T e g B =0
cqual o 4 0 Etdiyhiu Bblhend oplot Ry, diorl i Teiorlona BREEL 2
cyano, hal ogen,likerardpxxalkyland ervlaxypatisugh espheagxyphopyl pheaexancgiylesgptdni ¢ aci d
S ubslt ituents; > thd BkeQdhd RHOGSubsE i alkyD akt ar@lpestip®Euch Eﬁﬂhﬁdro?ybh@l,andi nt eger
equal to or greater. 0 t | aj of x and vy is
greater thangjabgluﬁﬂ%ﬁyrffc}%g% zxg(iraléf’pgﬁlﬁlﬁf&)eéo%%e"tétgugf&{}gxygﬁgigr eat er than about
S. 16 19 Januar y- » > TOBEHY Y 94 FPONYRU e FYANGH Fred

ISy Prioctn. Ewometyt S4spothuirnpRehy
3%33;{? ?b tsegf atsitdhﬁdépw;gmmlﬁmmm, ?@a};?;éﬂeﬁﬂ,(?nﬁ] aliedﬂé;i suHbhic Adi® ;n -
(polymer). In 3‘3 At ah?ﬁa‘eﬁdna%?pg?ddﬁongﬂlr_ a‘r”grt)%lél au%@‘? | east
about 50. As deg&mpbeishpnetiylsulionic spidi rrapytamilonic aoifhybisubfonigaci$31, the
pol éfini l'ine iss pﬁelfydgmmﬁ@sbicgaﬁuimsbbmp&mjﬂgmrbpg}eﬁaaag of an oxidative or
aci dic species. Acidit. - ' ' . fungtl [ rotonic
aci ds" are pref erredA%Hﬂﬁ’%i@%h?%f%g%%‘%%ﬂﬁ%g{eﬁ%‘%ﬁn}élglgﬁ%srtg oniféo%g%r&d" s one
i n which the cotifieBereuppsuchas weisties iihecforaal i zed preferably to be

conpati ble with the other conponents of this |ayer.
— (CHp)—n*

(et}

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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As used herein, a "protonic acid" is an acid that protonates the
polyaniline to form 10 a conplex with said polyaniline. In general,
funetionalized protonic acids for use in the invention 5 &nusssd005%f
Formulas VI and VII: 15 wherein: A is sulfonic acid, selenic acid,
phosphori c vagotlezdori c acid or a carboxylic acid group; sFraRdiQgen
sul fate, hydrogen sel enate, hydrogen phosphate; n is an integer froml to
5; 20 Ris al kyl, al kenyl, al koxy, alkanoyl, alkylthio, alkylthioalkyl,
having from 1 to abRulor@preffedanbalinems ofihis Aiviatioastht polgamlinelikddrived
al kylsul t1nyl. SolfQitklditlon niihd XS UREORY 0 ik RSERAGARY br 4 GRLARAY! | ©

yl' or al kox as

acid, where the a rom 0.to a@g#t rbon atons; or

20 _Ca
al kyl having fr &hsscel hspRRbersH MOgPHE TeRAEOIRS 154, P‘i"?ﬂtég with one or nore
sul foni ¢ aci d, car boAyddseribed irdnited| StajesrPatent Number 6232631, He polyaumidine 3r epoxy

aromatic or &1 aie badiieby R RS bpidiaidhiydhr sidicpliisl AcR DT B

dival ent het er'oé%/"ﬁW%atE‘}‘fPach{rgﬂbl' ,éﬁs"\é\ligf?ﬁfl?m%&f‘{crﬁg"l %fﬁ%‘i??%ﬂ tgBt’m&(ygen such
as thiophenyl, Afferstiydalizddipratonit acifyis ook hy{hidhﬂhmﬂ:dmﬂi-bn bapbsehese monomeric
acid forms, R C@fhohthafzel Rkl fo RAKDAMe wiiht bR WMApoheedranid 1ged! ural ity

of acid functions "A." Exappl es, of. polyneric, acjds ncl.ude. syl f.onat ed

pol ystyrene, su her | 8?Wlagﬂglsiﬁ8°@ﬂ@t?rf’{?8‘f‘teﬁthe P?}&’gh%ggg"?nl? 19
January 20030W0a@dngigPeith RETHAEailine0482 t he pol yner backbone can be
selected either to ephanes mRlieRiizkd YrotodicHeRP R afe in HeiHtdnBbL e Bosde sol ubl e
in nore highly gg%ar %ugftr S i N ich materials such as polyners,

pol yacrylic aci @ oF™pdfy $Fﬁb£sulfonate), or the like, can be used. R is
the sane or different at each occurrence and is al kyl, al kenyl, al koxy, 5
cycloal kyl, cycloal kegyl, al lganyl, al kylthio, aryloxy, alkylthioalkyl,

al kylaryl, arylal kyl, alkylsulfnyl, al koxyal kyl, al kyl sul fonyl, aryl,
arylthio, arylsuidnyl, alkoxycarbonyl, arylsulfonyl, carboxylic acid,

hal ogen, cyano, or al ky substituted wth one or nore sulfonic acid,
carboxylic acid, halogen, nitro, cyano, diazo or epoxy noieties; or any
two R substituents taken together ape_anmal kyl ene or 10 al kenyl ene group
conpleting a 3, 4, 5 yff or 7 nepbep s ofratic or alicyclic carbon ring or
mul tiples thereof, which ring r may include one or nore divalent
het eroat oms of nitrogen, sulfur, su |, sulfonyl or oxygen. R typically

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
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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, phosphori ¢'%8428r2008r boxyl i ¢
acid; nis an integer froml to 3; Ris alkyl, alkenyl, alkoxy, having from
6 to about wWdegsshon atons; or arylal kyl, where the al kydrngor/@dskyl portion
or al koxy has from4 to about 14 carbon 20 atons; or al kyl having from®6
to about 14 carbon atonms substituted with one or nore, carboxylic acid,

hal ogen, " di azo, fepolsmsk hackbenstcarbe sefectefl gither to arhss sylubilifinpewelant each
occurrence and isebsirhtéy/dr,beablebis ¥n mosk! Highlyspoldr @ibstratediawihigh rhateralsbutioasl4 car bon

.atons, or al kyl again with
from4 to 14 calpgigpl%};si%ﬁah%h%igf%%%ﬁoﬁﬂ%ﬁﬁ]é%tﬂgF&ég?laﬁﬁtd;g%ref erred
embodi nents, nost prBfléﬁlFéﬂn‘f%V |ahea°’{‘?f€u‘6?ﬂ§€?1ﬂ:‘§auﬁ plkenyLialko¥nt i on are
functional i zed Ry, @ydedletaylD hlkineg!l, alhgittto xyLaldthidalkan dikMalyl,i N whi ch: A

I's sul fonic aci I oxy, having
from6 to about q?kﬁ%s%%%ﬁg%}gl %{(}mﬁ{gfEu(ﬁsulﬁ%l%glsﬁiﬂm’Gaﬂgumh ut 14 car bon
atons substitut 8 bﬂé‘eﬁ? halpash yauo, pr alky sphskitpfedoy

al koxy, having hﬁmmhéoﬁ:ﬁorééulfcﬁmm adrboxyli® adidy hilogenahiaFcyany, diasd dnyl

Subst | Ut ed Wt QS PiselY: 1Al q08 Ry Bl Al Togedth: £E 6 BBl diunct onal | zed

'protonlc acids are“organic s oni ¢ acl enzene sul fonic

acid and norl@ prREFEiensBPupsryPl zmsﬁzaf%p|4a$n6d55?1%¥?9lmmﬁﬁﬁpbﬂ§wé§u| f oni c
~acid) (" PAAMPSAY érboﬂ:&@&nﬂﬂfﬂﬂ@er@@ﬁhﬂhﬁ@dr%@@ﬁamﬂm&ﬁm The anount
f f | d
of functionalizqg,pLGlQ afo[n?s(‘dfﬂm%g% QM ?ﬁ%y‘f%ﬁﬁf?rgf?&ﬁ}g%&lgl ichl\¢ degree

of conduct|V|ty require ent rotonic
~acid is added t a%frf@lﬂwyht:ﬁqbpwezommaqﬁp% %4 ke 3¢ danqrg eﬁ?ﬁc}ﬂ& O@onductl ng
mat eri al . Usual blyout e Hnmatbehs.of functional i zed protonic acid enployed 5 is

at least Sufficent Qi s SA0ENGHINE VIGY VRl LRI inihidho! uti on or in

solid forr‘r) The po yani I 1 ne can be conveniently ‘use e practice of
this invention A1s sulfonic acid, phosphoric acid or carboxylic acid;

n is an integer from 1 to 3;

R is alkyl, alkenyl, alkoxy, having from 6 to about 14 carbon atoms; or
arylalkyl, where the alkyl or alkyl portion or alkoxy has from 4 to about 14 carbon

20  atoms; or alkyl having from 6 to about 14 carbon atoms substituted with one or
more, carboxylic acid, halogen, diazo, or epoxy moieties;

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

nistheinteger 1 or2;

30 R is alky! 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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in any of its physical forns. Illustrative of useful forns are those
described in Geen, A G, and Wodhead, A E., J. Chem Soc., 101, 1117

. (1912) and io Kobay.ashi, et al., J. Electroanl. Chem ,19anuagi209p (1984),
whi.ch are hereby incorporated by reference. For unsubstltut ed pol yanili ne,
~useful forngobomebesde | eucoeneral di ne, protoeneral di ne, mrRiRlb8L,
nigraniline and tolu-protoeneraldine forns, with the eneral dine form bei ng
preferred. Copendi ng PCT Patent Application No. PCTIUS00132545 of Cao, V.
“and 15 Zhang, C. d?@@l%@%tqfﬁéncﬁdwhﬁﬁimowwléwdemﬂwwéweﬁq‘%ds of
conj ugat ed pol yhthe degied of conducdoitycheqiiied én padeyaliesn Kictntifunstiondlized por at ed

her ei n Dy el o1 BRffic oblaic Rl ekl BonyRile-BRLIR adAbeiOly R e added Lo the
conj ugat ed poly can Sefectio eri Is can be based upon
the nature of tFR¥®d “‘E’dﬁdi‘i’ﬁft"ﬁazéjsﬁ ]Y)}}I’Fe"]m uptRd “H‘i‘r}g‘z?éfgﬂmf”(‘iaﬁ QWB"V%z

pol ymers andst hés al:rmshmfﬁusﬁdogﬁz@atcmddelp@@blynteh@maymsolutmntohm sibdi ce. The
materi als can bg, Ilt#%lended by di sperS| ng one polynmer in the other, either as
a dispersion of s particles of one yner..in the
otehr. The pol yner @Fé"’{yﬁlﬂiﬁﬂ%ﬁ’qﬁ e&%ﬁﬁe&‘ yl“ﬁe‘iam{‘}F g t‘ﬁﬁﬁﬁ‘g‘ SINGMiPe | ayer is
typically |aid oy ofits ghyfibalifokmshBlsgrati?bo\Wethldfoenshael thoss desebed inesul t s usi ng
wat er - sol ubl e og, SRLEE, ghéﬂﬁ‘daaﬁéah% mncwts%sl Al YEF Got gﬁher Wi th

wat er - sol ubl e o egfegbl e gl:ﬂ ,P]o%ér?m%% case the bl end
can be formgd b °’Eﬂy 1"6? ez}, oﬁvé‘ﬁt?@ Yat er and
casting a IayerntmrpmraikeﬂlbymﬁereﬁDrunsuﬂstmpeimlyamlme)lgaﬁul fpnss:nlnvledﬁ s can be
used wi th organjg:pkiufi®, otd&hﬂ?amxﬂe Eihérﬂ@ﬁié m@aﬂaonl ugat ed pol-yners
and bul k pol yne I'n add in S can d us melts of the
two polymers or %&prﬁ@FW'@r “}e a'd‘i‘sdwﬁﬂ § e P ﬂm of the bulk
pol ynmer . whi ch i s sulpendiog PYT Batbntpplication No. REW@'&OWBIZ.‘dStoﬁ@anéfsmded final
material. 1nst hm%nf %%ﬁ%és%h@fo%ﬁfoﬁ%@lo%ﬁc%ﬁéuc%ﬁeﬁd@%fE’ gutod

wat er -sol ubl e or di spersab) e and ast the PAN
| ayer from an a%ﬂ?ﬁi%‘“ BP‘EJP‘? ctivepalymgrsiand, lﬁl W‘@?ﬁo@ﬂ‘ﬂ FSRBE8Y sol ubl e
or wat er di spersi bl &hepartisulatbullcpsipser orpoiymersedlcbdltceﬂlebomugateﬂ@plymxlarrpl e

pol yacryl am des (R &ﬁﬁ% pyrrolidone)
(PVPd), acryl am %%%ﬁ%é?ﬁﬁﬁd{tﬁaﬁo%?g% by 11nuar {)’)%H% 01/ 99207
PCT/ US01/ 19482 %ﬁ?@&??@wﬂ digmpsthod s P &% ycol s),

pol y( et hyl ene Qt()ldﬂﬁ)SItﬂ(d:}Eﬁa)‘;mﬂleﬂgh(iw nyI aI cohol ) (PVA) poI y(vi nyl nethyl
et _her) , pol yam N€S. The materials can be blended by dispersing one polymer in the other, either

as a dispersion of small particles or as a solution of one polymer in the otehr. The
polymer are typically admixed in a fluid phase and the layer is typically laid out of
. 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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- pol yam nes, polyvinylpyridines, polysaccharides, end polyurethane
~dispersions. In the case where it is desired to cast the |layer froma
non- agueous sol ution 5 or dispersion the bulk pol yner #elpnb@y28Pect ed
from for exanple liquefiable polyethylenes, isotactic polypropyl ene,

pol yst yr engyg Bdeyd7vi nyl al cohol’),  pol y(et hyl vi nyl acet at ey ,,Fgak ARy adi enes,
pol yi soprenes, ethyl enevinyl ene- copolyners ethylene propyl ene copolyners

L e o
as. nylon 12, ny

mat eri al s, pol y{PEQe poly(vityl alsolpd)l (FHA), pbla(wrd@meﬁnmljethdr)gpolmmlees I n those cases
where one pol y%ﬁyh&n@ﬁb&?vﬂ#lﬁﬁﬁﬁn%@%l yEackiGaed Qﬁi ol ané @fipRAor0! ubi ity

of -t he various po nﬁ’&ﬁ g requl reg ative ropo&l |ons of
the pol yaniline and k<35 W@WBF“% flesis BB‘I‘Syf‘?ﬁ ayel_:L 01339?0’9/39 OUSEBY MU ch part
of pol yani | i e whdisgerdemthe bulkpolyn®r hey rseletteh fram, R0 expaplsliquefjableei ght  of

bul k- pol ymer o g? leiihottlsho %%I%Rﬁ e oA AR BB hkolllf, 0 4 parts of
Wer

bul k nateri al res vent for the
materials used # Yg’é‘%‘m@lﬁ?@t&?"g @%"E'IP@ SeRrerSs " the

properties of th@oﬂ)ﬁh@tﬁ!&ﬂﬁden&-ﬁrobﬂeﬂemepqdmﬂrpcéy(e&y&h@ersphtﬁalm) PANT and bul k

pol ymer are bot S nt system
I S an aqueous sgf)v nt syst%mmte?#ﬂ@foﬁgsu% gkﬁif)j 161!rile @Fﬁtﬁ I%har(rpvvlth one
or nore pol a® of aﬁ‘i‘fiéher*ﬁ‘tee?qlﬁﬁ@r@%‘l‘?ls Belymides ﬁﬂ%ﬂ%@ ¢ exanpl e

| ower al cohol s, 11ket ones and esters. These materials include, WI t hout

limtation, water mfﬁ cmfgﬁérggﬁyongnggﬁgmlmed lﬁ%(ﬁmnot pacet one

et hyl ethyI ket one an ener al referred,
a ‘'sol vent systeﬁﬁ’lﬁm%mlﬁbﬂlﬁﬁégﬁlvéﬂoqwmn%@ “b‘@‘l‘ﬁ@éd In the case of
conducti ng pol ynmers TBhcblatise ftdpdrticns df the bélyailinerand dulkdpolymer @rpeepoliner

wat er - sol ubl.e o V@‘W nmmonly 30
used. 111 ust rgat ?a&]e %Bgééﬁﬁ&ﬁgwlﬁg‘ﬂg%g{m %%a\flie?ttéasgﬁgchqgﬁ Eﬁﬁ | owi ng
material s: subsby wWaiehtpidulk nedmss of prepobanes Mahd:d © 10vad ewsral o 40l as
benzene, tol ueaﬁoullﬁ)nm;ehemlngrﬁresyﬂtmeachnﬁﬁhfhab&ne et hyl benzene, styrene,

ani | ine and the |1 Ko DhoREhe BRlARS ioc U5 Dot B 805 ABmpIRRY 27

octane, nonane, decafe a anes suc
decahydr onapht hiie@sepertica Pbie Raly®eErsal kanes such as chl orof orm bronoform
di-chl oronmet hane and Infike prefefred fieleme aclt A M GURipotymeh ydibothavadeens such as

chi or obenzene. g5l Bl-919PRNERNS Pl SV ORENTEMFuqudbs dibht gfapenzene and

the |ike;
such as water or a mixture of water with one or more polar organic materials such

as lower oxyhydrocarbons for example lower alcohols, ketones and esters.
These materials include, without limitation, water mixed with methanol,
25 ethanol, isopropanol, acetone methyl ethyl ketone and the like.

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

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

30 used.

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,
- 20 '




20 19 January 2005 WO 01/ 99207 PCT/ US01/ 19482 hexanol , pentanol, decanol,
2-met hyl - | - propanol and the like; higher ketones such s hexa ,

but anone, pentanone and the like; heterocyclics such as%rﬂﬂnﬂﬂrdﬁ%ﬁg;
perfluorinated hydrocarbons such as perfluorodecal i ne, perfluorobenzene and
the |ike. WO W#247hi ckness of the second |ayer 112 wi || bergdeosase with the
properties of the diode in mnd. In those situations where the conposite

~anode is to be _tra arenf,. it . ner al | referable to, have the |ayer
o PANT a5t hi n B0l Batgioh 4piefol HaSiim orpeate g 1541k eer kTR pheh o
probl em not ed i ms kixgnork, hifynone abntanohé widtbskles hetemgyeliésrsuch asmoupboliog A to

about 5000 A 6MubidRiRF R8s ons SuchQs HEfubBascalintl FdMERRSIRAZAE add MEN about
100 A to about ggo A are preferred and especial [y about 2000 A. Were the

second | ayer 11 onprises a PANI (ES) blend and a film thickness of 200 nm
or greater, the el ecThd higkneseof tha sevandyaysf 112willdechosdn With é1e psipetiiesiof be

great e[ Fgaln Orkﬂf‘e%@i' Siflﬂxiﬂé?ﬂliﬁ%ﬁ%&&f»ﬂi@éoéﬂe%xﬁﬁo%ﬁéﬁioheﬁ@n?bé ntgr-péi xel t
current i eakage. es in excess, o ohm ¢ referred. Even a
105 ohm em the%g“pf’rggtsgﬁsege?%@ﬁyoﬁﬁﬁffgm@ﬁtt?%ﬁ’(f’ﬂf‘eg@keéwmé%ﬁ@sequentIy some
“reduction in depragécallypbisihletvasing i imind the filuesproflera ppedivi FigtleTypidal om 105 to
|1-08d0{1m cmare ?ﬁ%e{&f ﬁrll%a%&ﬁ Soueo AV8 kbi® S%Ifoeﬂt\?ﬁenttfhﬂéba%eg%cighn} cmw || g
ead to a significant voltage,dro SS ctio r layer an
therefore shlgul 865385"%18\%&&%?.90%‘%0‘%%’8“@8%%ﬁﬂﬁéb@/@ﬁﬁf TEH®r 114 The
material for thesmtiali)_chuoay@ﬂoﬁm shoul d be chosen to match the energy
I]g%v?Ih of tlhf Iohot Oacwh&%tﬂl@@é@crm ndi@%ll?%o&ﬁiéegghm_ (ﬁts%gndaidlaqnmon/t[anspo][t
) e nmultilayer ano ,_0or ‘to_inpraqv e interfaci r rties o
the interface Zé’l‘ﬂ‘@?ﬁ@gﬁoql%oﬁﬁfaﬁri tgﬂ’/g’g‘"'tﬂf?gaeém%‘ﬁy %@EF Wﬁ&é’gﬁﬁ?\g@dl ayer
102. The third bogpdmethin gfequdlb I%b_hmcn]'te@vﬁdgroe*;taﬁ:tméitéﬂp@t@mm@ thin
layer of a 1B glaiagl OPAIHGH M@eRIMA blmRA! #EBFerdh@Y | Fvan & 108 ShRLANGSt hat 1s
lower than the .resistance of E%E mat‘grl al of the second .l a%;er 112 and

hi gher than t heiSPMs Fosjasglurent Jeikagk apd pamseangatly sot FeliFinR R f¥eeor gani ¢

pol ymer i ncl ude effigieacyPANE, valudso§apraxithstely Groontt e 10° whmécar are eventmeore

pol ypyrrol es and.pi@heyails%rdfl i PRARNSS wiel 8% sidalftant By Of the

other organic naterials.described in e prevyio section for the second
| ayer 1 18 _ across the inject?on?buffgrelayer andt tﬂerefg)re ) oulﬁ%e avo%cd.
20

The High 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
21




The material fromwhich this layer (114) is formed should have a bul k
conductivity with is fromabout five times to about 106 tinmes as great as
the bulk 35 conductivity of the second |ayer (112) is olarEay 260k | arly
the bulk resistivity should be fromfive to 106 tines |ower. Were

t ranspar enayo offestdre nultil ayer anode 104 is desired andedingsol/aper
conprises PEDT, this third Iayer Is typically very thin, often so thin as

to likely not b . fuarv 2005 VO
O oomer ot DRicknCQURAA! f i uf:0flsk 3 BHS obAUSTA 1o BBEu 380 Auihanuar y

0 | of fromabout 5 A
to about 500 A W@‘HGSSTSHPW%@E Q‘Sr ?ﬂ@rgﬁ G&F‘“&@m%?‘%g 50 A generally
bei ng preferred ThMMDmofthéhlgﬂneoddugimgmmddmerﬂ‘l#))tosd:nondjlayayer (114) to

second | ayer éﬁ%} ﬁh@éﬂﬁ% 488« B %ﬁ&&ﬁ@%&bb&&%@aﬁﬁﬂductance
}{1 e secon

.than is observe o) onduct ance
of the bilayer thff@oa%yarf!ﬂnesﬁhmemfégad@c ggﬁ&ﬂ ﬁé&%‘f Wcond 1 ayer
112 al one shoul siricangie the enhwhmcd of stcon ldyer PI@ aleing khoukk range fvin dbobt t 0 15 and

especi al |y 2 t 0130, hej gh AiSI /590 15 TRPecGRLLINIG, (3 BGikg Sikab! e material s

for use as cathode nmter| a S are any nonmnet a havi ng a | ower
work function tReeCathede(]Ot el ectrical contact layer (in this case, an
‘anode). Material s f Buitable naatible de ukaysenihddbmeteninld &e anyaastal dr henmsetdiond

| ectri cal t ,
Ei ?CC;')C""th Eg‘ﬁ&%%aﬁ?&»ﬁ&@ﬁkﬁ&tﬁ ?&ﬁ&ék&ﬁéarcaﬁﬁcmr%tﬁ%?ﬁ (gagl um

strontium the @C’é@p Maierialsdpehe cathqds laygy K06y this gase thesaenpd P&‘F"‘VF erbium the
| ant hani des, angbmkdlf) catbé ficdes frorh Al nestdl Lo fGrench(egs, 1a) Cx)j thedroup 8di um and

copper., sil ver ﬁ&ﬂyéémh xﬁ&ﬁlst @nﬁgmﬁ%%ﬁfgmmaﬁ'kﬁ%%é{?’%w um and/ or

barium Li, ESI um can pe use oW Wor J’lCt i on
netal s,.. such asmfﬁ@sn the s eagthyt posyrgody Wﬁ@ﬁ@sﬁhﬁrﬁn des; paddhe ades-| oys of
lithiumin af unMatesnls Siich aablsmum&efndimn Addecoppr,ilne@sembinatibs thereof and

el ectron-i nj ect r to as nuch
as 5,000 A. Thi J;o@l%l arfiiitogso‘gll ayer 8& caﬁﬁ%&l ﬁ%%@?%“%rﬁpcmlg@ee&gé pi xel | at ed
array or it canAB@S@éhWW%lf%ﬂcﬁwnéﬁﬂﬁrﬁ“&héFW?"H‘mﬂielﬂg95r FeEBRFIMR onduct or
such as sil ver, sigepadralioys of ligiidi ddlymidhiddronleo wlefuth is, itself, patterned.

st 1075 TR it R B s BT
(108) In npél egﬂn&ﬂ@ %ﬁéﬁ#@,astssl‘?ﬁog B@égaf%r-‘rde layerlfgcay %i?f‘“ﬁm§ BYeR e.
- Typically the  pixellated array ot it can be continuous and overlaid with a layer of butk conductor

such as silver, copper or preferably aluminum which is, itself, patterned.

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).

22




substrate shoul d be nonconducting. In those enbodi nents in which |ight
passes through it, it is transparent. It can be arigid material such as a
rigid plastic including rigid acrylates, carbonates, alf’aHa™30e, rigid
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al so be a Wwewmhe transparent organic polynmer such as poiysesias: - for
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to connect the éie@uclnmsk@fdfeI:ughemjbﬁiméomﬂ@twtl@hnehél(pbﬁmthsdmtalce (not shown)
can be used, |n i{(r:lles %Fafec%r exanpl e, conductive netals such as gold (Au),
silver (AQ), f‘ Y copper (Cu) or alumnum (Al). 22 19 January 2005
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serve as 15 a buf f éhn oniipesl layer insldingsngleptrangyiestiqn/irapsnovtapatersl BR¥ hi ng
reactions at | ayefrotidédtichee the pRotohativa blyyr, 102 ahdthe aytkede[106.MDkiS Sptineict r on

mobi 1§ty and T eflissy cANFNA ARGk Ao BXAREINRY, SR ERLLE Anspor

materials for optiona ncI oxX1 noi d conmpounds,
such as tr‘|1%(8*-‘W&f@!E?X?fcﬂﬁP?@némﬁ}t%m?ﬁoﬂﬁw&wu@é’}“ngﬁ??éﬁgﬁtﬁh\afﬁr| ne- based
conpounds, 20 smeehfaeea Ere%riﬁlﬂﬂﬁbb@er%rozndﬁsmﬂyﬂ mbbilityGmp Fednesat hr ol i ne ( DDPA)

8 b et R D O "

" 3- (4- bi phenyl yl 404n Wtalgh@gcq oxmoxd compounds, such as
tris(8-hydroxyquinolato)aluminum (Alqs); phenantbroline-based compounds,

20 suchas 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline (DDPA) or 4,7-diphenyl-
1,10-phenanthroline (DPA), and azole compounds such as 2-{(4-biphenylyl)-5-(4-t-
butylphenyl)-1,3,4-oxadiazole (PBD) and 3-(4-biphenylyl)-4-phenyl-5-(4-t-

- butylphenyl)-1,2,4-triazole (TAZ), polymers containing DDPA, DPA, PBD, and
‘TAZ moiety and polymer blends thereof, polymer blends containing containing

25 DDPA, DPA, PBD, and TAZ.

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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butyl phenyl)-1,2,4-triazole (TAZ), polyners containing DDPA, DPA, PBD, and
TAZ noi ety and pol yner bl ends thereof, polyner blends containing containing
25 DDPA, DPA, PBD, and TAZ. Alternatively, some or all bi/aWeee?l03yers 110,
112, 114, the photoactive layer 102, and cathode |ayer 106, may be surface
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~bal ancing the goals of providing a device with high device 30 efficiency.
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printing, sputtering, egap,ora | pr ecur sor powémar pr ocessing,
mel t - pr ocessi ng Commanly depasitedby vasuugtapuitamgi(RE of Masaeanleglpctronde®im g January
2005 WO 01/ 9320 EvipomtibSiethal48gbr epdshion themicaliepasiticamp tirdikh methods di odes ar e

built up by seqLdgl%lioﬁgusegqg%ﬁgmg%#ﬂg S upon a substrate. In a

representative preparation )N I've first |ayer 110 of the
conposite el ectrode Nexd thelowgondughyify serondtayerrhiizds | 1 ‘Ehis lyehibn| y

deposi ted by va@buau}rﬁiabttcbwehiagﬂ;(@ﬁp@red bOgRRr TR sohdiof by s cRBEIOS

evapor ation, thegai, aut%%ftﬁoes nﬁr%fe}#e&’gasescwee?’é Bhay rﬁg%’%'n&; ﬁé‘m%te}.he like
met hods commonly tsed to “orm 1 norganic layers: Xt e |'ow conductivity
second | ayer1011 solplje prwatercbisparsiblematenal yater isgeneallyaised astipicensiiegni ent | y
dﬁposi tedf as adhﬁﬁﬁfn. H&&s%@tﬁtair@ﬁ—a@yeoﬁ@éog‘leﬁﬂisbéll&ﬂ féttare ﬁswwfge@hlni gre. I'n
those preferred,gases where the l.aver | Qr 0 sol ubl e or
wat er - di sper si bltcf “eﬁ%txg@% S%ngfleérmjuﬁse’ Seecnéfdgmaﬁﬁg%ﬂ;e{{ ’%}é&ﬁ?glﬁ’spi n-casti ng

medi um - | n casedichismmethany, ghlomyenzerss asdmomholinies Tiea layerdan be hegt-tieatgdled such as

tol uene, Xyl eness desérbee Bcomditinky flled USE pkagpaeht Hplieden nshl or of orm

di chl or onet ggne /gmﬁ;lobenzenes and norpholine. This |layer can be
heat-treate s"described in commonly filed U.S. provisional patent
application no. 15 6Wxh1le ngher copduetivity tayeml 14 iedepestedAgain, this/is fypirally 114 i s
‘deposi ted. Agai Benelffonssoliftioh YRth@@d doWwentkeReted sitsGibed tvith Feftveiidd td the sol vent
sel ected as desﬁ%ﬂ Q?Qfl%%ﬁ"l eference to the deposit.of layer 112. Next,
t he photoactive Tayer of conjugated polymer is deposited. The 20

conj ugat ed pol yner  d¥xtiske deipadtivediyent02o4 senjugatced polyipet iseapesBtduthon. The

sol vent 20  conjugated polymer can be deposited or cast directly from solution. The solvent
employed is one which will dissolve the polymer and not interfere with its
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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enpl oyed is one which will dissolve the polymer and not interfere with its
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e altered to include ather. | ayers r ical, stren an r.qt ecti on,
to alter the color gfhet’ﬂ%enﬁ?‘bﬁﬁ eerﬁnggqrg%%ﬁe‘ig’é' Ny gf’ﬁW’ﬁ% gﬁifmﬁﬁe&ﬂ%}bdes or
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anode of the present,] tion do.not _contal hot qact i ayer, such as
transistors, capaci tyrS ED)Esprepaed acceFﬁﬁ%}P@ﬁr}gﬁ?V@ag ’éﬁg'?{?’(ffgﬁ gs‘i%vapor
sensitive el ect rbRplymero3@€98NSAT)c Bhe emrtaldine st ASbiowh wagwirified§y §@nsors, and
g I ect _rgcgr gm fh%‘i’da\:f&n_(c%f&@iﬁ% l&ﬁ@ﬁe?erqnwﬁaé 1eM&dek b9 Bol{2 dorydenifisLpl hert t
escri bed by _the fol]ow n anpl e ar r € ilLlustrate
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i 20 reaction mixture was stirred for 24 hours at room temperature. To precipitate the
~ product, PANI(ES), 1000 m] of acetone was added into reaction mixture. Most of
acetone/water was decanted and then the PANI(ES) precipitate was filtered. The
resulting gum-like product was washed several times with acetone and dried at

40°C under dynamic vacuum for 24 hours.
25 This Example demonstrates the direct synthesis of PANI(ES).
EXAMPLE 2
Four grams (4.0 g) of the PANI(ES) powder prepared in Example 1 was
mixed with 400 g of deionized water in a plastic bottle, The mixture was rotated at
room temperature for 48 hours. The solutions/dispersions were then filtered
30  through 1 um polypropylene filters. Different concentrations of PANI(ES) in water
are routinely prepared by changing the quantity of PANI(ES) mixed into the water.
This Example demonstrates that PANI(ES) can be dissolved/dispersed in
water and subsequently 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 :




water.. While stirring, 2.2 g (0.022M aniline was added into the PAAMPSA
sol ution. Then, 2.01 g (0. 0088M of ammoni um persulfate go ter was
added slowy into the aniline/ PAAVPSA sol ution under vi gdo a(%'? 9 | ng The
20 reaction mxture was stirred for 24 hours at roomtenperature.

preci pi t at ewolg992¢/r oduct, PANI (ES), 1000 ml of acetone wesr/eshdashs: nto
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PANI (ES). EXAMPLE 2 Four grams (4 0 ML%&? PANI (ES) powder prepared in
Exanpl e 1 was m'xed th 400 water in a_plastic bottle. The
"mxture was rotated a @@ﬁ%@?%ﬁﬁﬁﬁh plution as prspared yixample 2 was
sol uti ons/ di @emx@mth@g@fﬂhanzeﬁiﬂrammmﬂo 8@ of polp Ggtyldmigen (PAMYM.BDY| ene
filters. D ffergmooq)g@cg@b@g@d p e Fé)}nﬂr%na ?rrr?{em %ﬁmﬁgy&l pely
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- 20 is 10-4 and 10-3 S/cm respectively. Both values are too high for use in pixellated
 displays. The high temperature treated PANI(ES)-PAM blend has ideal |
conductivity and thickness for these materials to be used in pixellated displays.
This Example demonstrates that a high temperature-treated PANI(ES)
blend has ideal conductivity and thickness for use in pixellated displays; i.e.
25 _ sufficiently low that interpixel current leakage can be limited without need for
patterning the PANI(ES) blend film.

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

Blend Baking Condition Thickness * Conductivity
" (A (S/cm)
PANi 426 5.1x10™
PEDT 1221 1.8x10°
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.
26




PANT, PEDT and PANT bl end solutions as prepared in Exanples 2, 3 and 4,

| ayers were spin-cast on top of the patterned substrates and thereafter
baked at 90C in a vacuumoven for 0.5 hour. The fil ns fefaauanedd0br eat ed at
.200C in a dry box for 15 30 m nutes. The resistance between I TO el ectrodes
“was. nmeasur esoogdgomg a high resistance el ectroneter. Thi ckesseyglst he film
was neasured by using a Dec-Tac surface profiler (Al pha-Step 500 Surface
Profiler, Tencor Instruments). Table | conpares the conductivity and
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" PAM bl ond Has SPREHON FrSaeR Relog xS Tamvislding, %P‘éep‘&%aﬂtﬁﬁf%g mles 2, 3
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layers were bajggshrAthsiifentd)IrR.) VELN000 ESE Aidhind@ wik QéPoSited dniifboritheat ed at
200C in dry 15 A barium layer. For each of the devices, the current vs. voltage curve, the light

vs. voltage curve, and the quantum efficiency were measured, The measured

20  operating voltage and efficiencies of the devices with different blend layer are
summarized in the Table 2, As can be seen from the data, the lowest operating
voltage and highest light output were achieved from the device with the PEDT
layer.

This Example demonstrates that highest performance polymer LEDs can

25  be fabricated using PEDT as a hole injection (buffer) layer.

Table 2: Performance of devices fabricated with 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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box for 30 mnutes. The active |layer and a netal cathode were applied. The
device ‘architecture was | TQ Pol yaniline bl end/ C PPV/ nejal . Devi %s wer e

- fabricated 10 using both ITO on glass (Applied I TQ gl ast%‘}aéwarylilﬁ% on
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| ayer. Thi s Exanpl e bieoninst oabedseswittP ANIFR)ahd PANI(@ES)vRAREb ol ay amode] EDs can
25 be fabricate i : i, Ri i f . Jabl e 2:
Per f or mance of %%g%ﬁg@g?ﬁdﬁgggﬁk Eﬁﬁ%g@ ﬁﬁlh?@{%‘gfﬁdeﬁ’}g%d and
PEDT Bl endBafi nd”* wpaches BUO R KHR & Vet layv wolisss WRmasgddid ALm W

PANi - ---- ----- hV/oud)i Tt9s SN twice longer than-the devite BiTth PANI(HRNRAMPKIbAA.

(1:2) 200C¢ 30 M ABwhVer FEIST P oMot have YshfiRcd &Pkl ?\?h- (tjdaﬁﬁﬂf dwth
Exanple 6 were enca sgl at ed‘ %%I n%ga cov.tea% gll ass.san clhie y_UV curabl e
epoxy. The encaPSHPRiceePrHral eease MEreng: fHtable Tonnss inppxsiates GisRlRF 9T 99207
- PCT/ US01/ 19482 Ahreanigppistsaritheduminanct deshy Snd3vaktagecin@reasa daia callzeind ait50a _
lte”}f’e,r at ur ef1§>f T84nd 813;%, &9%%&51&155 @r%gémﬁd%rfg&%halvzés%@ﬁn‘i'ﬁég tG:]o’é cé'.‘@t§ tlol 'mAh;M th
um nance of appt, cd/ c abl. and Figure 3 shows the lig
out put and vor L Ao TS, s SarpFien S BpLie AL T PO Vo B SRt o BRt dut
300-1, 302-1, 3epproximatelydSP0bows 80devi®s wvithribe BAT layer.
This Example demonstrates that longest lifetimes can be obtained for
polymer LEDS fabricated with PEDT layers. However, these layers do not have

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




5 respectively are shown in dashed lines in Figure 3. The vol tage out put
300-2, 302- 2, 304-2 for devices 300, 302 and 304 respectively are shown in
solid lines in Figure 3. In contrast to devices with PENRNES)Y 2009

PANI ( ES) - PAM bl end as anode, which degrade within 160 - 190 hours of
stress at RO&ordobe half life of the devices 10 with thepdiaidbihayer reaches

300 hours with a very |low voltage increase (4.3 mV/ hour). It is al nost
twi ce longer than the device w th PANI (ES)-PAM bl end. However, PEDT |ayers
al one do not havidmyveasibgkedrat 20036 fidri 3@ inanutps/inldisgtroxtagiendrisil ih 90°Gtvesuupi x el
. g\ﬁr rent | ealkatge o¥Bilfor §.5Habr. Fhé ﬂmﬁﬂé@)lﬁ ffn wﬁéaspiﬂlil%@icéﬁbhﬁie‘i% @Ht%@m- I ::r 0[“ 4

renni us plots ecay and. vo i.ncreas ol l ecte
at 50, 1s 70 an&)?%’g%}%{%%%%ﬁ%ﬁ%g%%%gx@f%?gﬁwf glF’SFS %a@fnat ed to
be ca. 25 at 70eer ppenged o 98k Artapd P 4 dle wsistence bietween BRO elentiodessvaser at ur e
yer TS XA B e O . ot ai ned 1 or
pol yrré_r LEDS fa@ |a§]el{_c§b Wt PEDT Pa 8?8“."%‘16@@9@%’5@ E@@“ﬁﬁiﬁ?gﬁﬁo not have
20 resistance suiepsosiinstiumgnts)i Eablerbshawe the shrface resistaged ofcur r ent | eakage. Tabl e
] S ey e it s
an ig. aki ess.life. ition f .
No. mV/ hcd/ nﬂ*tifg%ﬁ "em'g"% _‘faf?rﬁsﬁ%ﬁ%ﬁ .3 OYHEPAN - PAM
(1: 2) 200C/ 3091. Jayriceege peutrolel aver fiwide atngsy frapni ¢ de 40 OHNKRIDE agjuting thesi st ance
measur err::*n]g s of t}E&@eﬁloePEDwedytep mﬁ@aﬁ@ﬂickﬁvgé of FEDT d’eéé&hs(e&ibez&@xg%, \1\/23 0
spi n-cast from the sal.U s. prepared . iy Exanples.4 . a : rpm
The wei ght rati %&P Q@iﬁlﬁ?’é@f“@ﬁ@ﬂ#ﬁﬁgﬁﬂ WBP e‘?@%ﬂﬁnﬁh‘[cﬁbsﬁd?zifoi PP MThe 28
19 January 2005 pixeliated displays.

C This Example demonstrates that PANI(ES)-blend/PEDT double layer films

15 can be prepared with conductivity less than 10% ohm/sq.

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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WO 01/99207 PCT/ US01/ 19482 fil mwas baked at 200C for 30 m nutes in dry box
after dried in 90C vacuum oven for 0.5 hour. The thin PEDT film was

spi nning cast on the top of the PANI blend I ayer from¥h@avdilan
prepared in Exanple 3. The thickness of the PEDT |ayer is ranged from 970
A to - 101.wgbpeos@si stance between | TO el ectrodes was s pEgediedsisi ng a

hi gh resi stance el ectroneter. Thickness of the filmwas neasured by using
a Dec-Tac surface profiler (Al pha-Step 500 Surface Profiler, Tencor

I nstrunments). Tabl e Fhis Beasplé banaistritectbataPANTbndPEDT d3abik (d58) cablbend/ PEDT

doubl e layer filgg Wiehhhcdl tariREH; aﬁg) seen from
Tabl e, the surfa ,res?ig a%éclg&%?' t, ???A‘kl? qg‘g?’%eﬁ%%qj%%g% fi 10 | ayer
can be cont rol | SHIURREY asfeyieerdnsds vt a BRI ayes7 o 109 ohni sq by adj usti ng

‘the thickness of PEDT |ayer. Wiile the thickness of PEDT decrease to bel ow

50 A the candugpjie¥! baffoRtharb6r SR BilidYRwil ﬁm@w whi ch i's
i deal for use in Si xgllyloat.ad_ I s&)l a %bhﬁge?gl@éﬁn\g@ enonst ractﬁjgg}et'hat

PANI ( ES) - bl end/ PEDT d§¥8I& déé%‘? tEEDthickeess oy pe prepared with
conductivity less than 108 ohn sq. Table 4: Surface Resistance of

PANI ( ES) - PAMIP e | %@[ i, t I nt et é[én REDI
Sol ut i onSpi nni Wﬁg@é& EDTS I g%sg&)&g gﬁ{fgyergﬁﬁlgge es?‘%g'?a“ﬁ"(‘::"é'
Concent r at i on-$BerPRm{’A) Thi®Bhess (A) (4
-0.8300019217884. 0x108 0. 8600€9019625. 8aH0$ 0. 46000- 5026941. 4x109 0. 23000-
4020255. 3x109 0. 26200- 20164Q§,,1x109 0. 154000- 1020455. 8x:}29 20 EXAMPLE 9 The
devi ce neasurenents sunmari zec? in Exanple 6 were repeated, but “"the PANT
bl end | ayer was rép aced wi t*F%PANI ( ES) *BI end/ PEDF2 doubl &61 ayer $6 prepar ed
as in Exanples 8. 0Rable 5 shkoMs t he devioce perfotarance @t LEDs 825
fabricated from pglybl end fishggs Wi th vagious douyp e | aygps. Dewv,ces
fabricated w th PANT bl end/ PEDT doubl e | ayers exhibit the sane operating
vol tage and |ight ®%ffici en®®as devi ce¥ made with PEDT3Payers.5529

‘ 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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19 January 2005 WD 01/99207 PCT/ US01/ 19482 This Exanpl e denonstrates that a
PANT bl end/ PEDT doubl e | ayer can be wused to fabricate ﬁwrrer LEDs with
the same | ow operating voltage and high efficiency as nHaY 9e with a
PEDT | ayer. 5 Table 5: Performance of devices fabricated with

PANI ( ES) - PAKD PEDT07doubl e | ayer with different PEDT thi ckaeesn /@il

Sol uti onSpi nni ng Rat ePEDT Thi cknessDevi ce Performance at 8.3 mA/cnt
Concentration (% (rpm (A) Vcd/ ALm w 1. 68009705. 36. 94. 1 0. 830001924. 37. 25. 2
0. 86000904. 27. 65. 6 0.46000- 504.27.68.2 0.23000-404.98.05.1

0. 26000- 204. 78. - . A S
neasurenment s SUSmErHé%éz?g &?%?%f&%%e%e%?%ca%ﬁ%@% %ﬁgﬁﬁ?&ﬁl end
| ayer (incorporated i n®gevitkdifisreot PEDY Higkeess) was repl aced by PANT
bl end/ PEDT doubl e | ayers prepared as in Exanples 8. Table 6 and Fig. 4 show
~ the stress ¥iple of @FEPTGERtIADI | Gy W L N BROTANT Dired REDH-aEs © 1 ayer.
In Fig. 4, RN i ghtCofdhtptibn 302- 1, Ra804- 1, Hi2nels 404aknm?and 406-1 for
devices 302_and 304 &%) 15 shown inapapl e 3 and) devi cas#02%4mft04 apdy 460 as
shown in Table 6, respectjyely, argasshown | ashed nes.  qhhe vpl.tage
output 3022, 304. 2. 4022, 4Pa- 2. and Xa06. 2 8 022305 BA0 st ne e houn
in Table 3 and devices 40%% 404 and%%b0 as dRdwn in T8bl e B84 resPbcti vely,
are shown in sé03 d |ines.0.®s can be&lgken fromd he datag theiggol t age
increase rate g4 the douljp |ayer gdgh device_ whth an 5,10 %_o 20,50 | ayer
of PEDT is slightly |ower_than that of device nade firom PEDI. The
half-1ife time of the dodbte Iayer 38®ice is~8en slithily 18Pongel®3t han
that of the PE#Y device. OThi s ExaméD@ denonstRates that t ha9PANT 22Bend/ PEDT
doubl e layer can conbingshe highpgsi st ancegf glife
stress |ifetTme . PEDTI 25—one devrce—19—33a s

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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PCT/ US01/ 19482 Table 6: Stress life of LED devices fabricated with
PAN. | (ES) - PAM PEDT double |ayer with different PEDT th1i ckness Fi g 4PEDT
Sol ut i onSpi nni ngPEDTStress Life at 70C at 8.3 Ref. 9 January 200
No. Concentrati onRat eThi cknessmd/ cn2 ( xn(A) M/ hcd/ n2*t In (h)
- 1.68009709.waey@2r 0. 830001925. 8144300 4020. 86000903. 81883 Ex01/19482
4040. 46000503. 4171350 0. 23000-404. 7189303 4060. 26000204. 2190328 -
0. 164000- 103.8190330 5 * Initial Brightness EXAMPLE 11 The resi stance
measurenents of Exanple 5 were repeated, but the PAN (ES) |ayer was

spi n-cast from thgjeh Sﬁ%&@ieﬁ%ﬁ&@%f?éﬂﬂ@?)ﬁf%@f%?@a&ryﬁ%ggﬁie%h\f\el ght

rati o of PANT(ES) to R 1:5 and
1: 6. The filmwas bak%@é%glﬁdw mnutes in dry box after dried in
90C vacuum oven_for 0.5 hour. The thin PEDT fil mwas spinning cast on the

top of the PAN pRiengsjayer gofy %ﬁiﬁohhe S%Nﬂkﬂﬂaygf epaglugﬂcélgsh fple 3. The

concentration of PEDT sol ution 16% 'S 4000 rpm

The 15 thickne PR } en I TO
el ectrodes was usi ng &-hi gh resi,stlﬁﬁ%e el ect r off§&8r . Thi ckness of

the filmwas rreﬁéhﬂ%dl\fby usi ngl:a Dec- Tac s@ofsce profil grrxpAl pha Step 500
Surface Profilerpanieagpr | nst r gent s). Tabl ? ? shows t?e% ﬁHfaf ace
ns

resi stance of P | PEDT g ubl e | ayer W th fent PANI (ES)
to PAMrati o. A%ﬁ)ggfseen fr the 20 TaBfE the surfhlé‘borey stance of
t he PANT bl end/ PESVI-BAYDI e | ayel:5can be con?3dlled overoaliokde range, from

108 to 1015 ohnf pgNPEaRM] usting.phe wei ght ohafio of PAN| LES) - PAM [ ayer.
Thi s Exanpl e .[denonstrates that PANT bl end/ PEDT doubl e | ayer films can be
pr epar ed wi tR conducti vi ty less than 108 ohnfsq and even |ess thanl013 25

ohm' sq. 31 19 January 2005 WO 01/ 992@XAMPLE 12
The device measurements summarized in Example 6 were repeated, but

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

efficiency as devices made with a PEDT layer alone.

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

20
PANIBlend Composition Double Layer  Device Performance at 8.3 mA/cm>
(w:w) Thickness (A) \ cd/A Lm/W
PANI-PAM 1:1.5 1822 6.0 6.4 3.4
PANI-PAM 1:2 2078 5.0 8.1 5.1
PANI-PAM 1:3 2252 5.8 7.9 4.3
PANI-PAM 1:4 1621 5.8 8.8 4.6
PANI-PAM 1:5 2422 8.0 8.7 31
PANI-PAM 1:6 2078 8.3 8.2 3.0
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PCT/ USO01/ 19482 Table 7: Surface Resistance of PAN- (ES)-PAM PEDT doubl e

| ayer with different PAN (ES)-PAM bl end PANT Bl endCorrpggT ti on Doubl e Layer
Surface Resistance wwThi ckness (A) (ohm sg) PANE- PAML: 1 U3 PANT
PAML: 220785. 7x109 PAN- PAML: 322522. 1x1013 PAN- PAML: 416211. 1x1015

PANT- PAML: M0 8u®2@7x 1014 PANT- PAML: 624229. 6x1014 5 EXAMPLECThZsoTiastevi ce
measurenments sunmari zed in Exanple 6 were repeated, but the PAN- bl end

| ayer was replaced with PANT bl end/ PEDT doubl e | ayers. Table 8 shows the

devi ce performance of LEDs fabricat edEXAMBLEdBybl end filns with 10
di fferent doubl e | ayans sﬁé&hﬁh@ashﬁﬁneﬁé&ﬁﬁlﬁq&z%&h’i Eadpf MRre kPRA&, bl 1: 4,

devices fabric P bl en DT, Ited t e sane
operating vol t%ﬁﬁgﬁ&(} Iﬁend P cﬁ"g tgg%ﬁe@g@%[?&d@%%ﬁ“& | ayer
al one. The | ower? 209 kg éE@)WﬂESMMIfGaIfﬂeﬂceﬁé@lmb@tedmw@Bé’m&E&| on of device
per formance. sThilgendRRI doublenayestat S0°€STH ahinAN sobl1e5. PERL1 dpHBbe | ayers

ot age and i ot RRLIGRL. BOL KT LSt o WS RIBRPRRTURDY 1o o

- vol tage and hi gh
8: Perfornance of B%ml@@%omﬁﬁm:w@&zmﬁw Pa\PQEESfor Mﬂ@&ﬂﬂrd%lﬁ% | ayer

with different BﬂNBQﬂiS&peE%ﬁM}lﬁreﬂﬂ&nwso‘B&\ﬂiheﬁh@iﬁ@ﬂﬂﬁéﬁﬂaé’?mﬂ@ e

Layer Devi ce Perf Thickn

PANT. PAML: 1. 518398 BE Q’EEE}F%R%? {r@/&ﬁﬂg ofigpeineredss 1oe ff{le dolfY 1ol ovice

PANT- PAML: 32852 5vag jovwg than fiahef @ﬂw.maﬁei@@.%@'ﬁihehﬂmﬁe ti\f te2lonble. 08. 73. 1
PANT- PAML: 6207 88ay8BdeRi®e @ even longer than that of the PEDT device at 80°C,

This Example demonstrates that the PANI(ES) blend/PEDT double layer
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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32 19 January 2005 WD 01/99207 PCT/ US01/ 19482 EXAMPLE 13 The stress
measurenents sunmari zed in Exanple 7 were repeated, but the | (ES) - bl end
| ayer was replaced with PANI bl end/ PEDT doubl e | ayers. Hfnya d 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
.devi ces 500, 502, 504 and 506 respectively are shown in dashed lines in
Figure 3. The voltage output 500-2, 502-2, 504-2, and 506-2 for devices
500, 502, 504 and 506 respectively are §h&IMSin solid lines in Figure 5.
When the PANT to PAMratio is larger than 1:4, the voltage increase rate of
t he double | ayer device 10 was |ower than that of devices nade from PEDT
The half-life time of the double [|ayer device is even |onger than that of
t he PEDT device at 80'C. Tlm mﬂlﬁi@ﬂﬁ)&lﬁ:ﬂd&é@ﬁ&bﬁﬁh@& fiksh ddyet haviBARIHES)

bl end/ PEDT dou the h h r S £e of .RANT Iend.and
the long life E{ressdl% . t| 03 g?lg%&ﬁmﬁa%@tﬁ%?@@ %"fﬂ& 894 stress
life of LED dexlay@escomammgaat dlend Qﬂwc@mma(eas;corﬁnmwemgamqmimeﬂ wjthrs with
di fferent PANI@@§% K %EHEE yer Stress
Life at 70C at 3. ! Mvﬁg&%ef"ﬁévw g,SSW w I C nesgﬂ%ﬁ#ﬁﬁﬂ%ﬁ%;bﬁn (h)
500PEDT---- - - Pgnt@@-“ﬂ@gthem pd lavan it Aynd lays Koppuising 208NdBiED OmANT

PAML: 2207815. 72[121@31;28}1 RbigTa A3 25t &rﬂﬁﬁmc&ﬁl\rﬂ vet 164149 522981

" 506PANI - PAML: 524 %@261 PANI PAML: 62 124. 821053 * | n| tial Brightness
20 33 19 Januar Knvs 1. A nultllayer el ectrode conprising a first

| ayer having a first. A pixellated display comprising the multilayer electrode of Claim

1.

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.
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| ayer conductivity, a second |layer in contact with the first layer, said
second |ayer conprising a blend of conjugated conductiye, organjc pol yner
wi th nonconductive polyner having a second | ayer conduﬁé#%ﬂ SMZQ%M athird
| ayer in contact with the second |layer, said third | ayer conprising a
conductive organic material having a third | ayer conductivity greater than
the second |ayer and less than the first layer. 2. A pixellated display
conprising the rmultilayer electrode of daiml. 3. The multilayer el ectrode
of Claiml wherein t conductjvity of from 10-4
otk

e, second .l ayer has a . bul k
S/ cm to 10-11 S cm nd bAEFEPHC HREs PRPTSHE R ShPORS BT & | ayer s
from about 5 ticathed¢ endbounodd@heicetieasiode éad mudtlayérearodadndoding by of t he
second | ayer. T i . el r ‘ gi@i ] We econd
layer conpri séehsfStaﬁtgjlegg}cﬁr o‘%"?‘ﬁ’i{ﬁh“%wﬁ% Cﬁ%ﬁlggtrrll uct i %Pea}e ﬁmgggél?c Eg&ﬁéfﬁe
“mul tilayer el ed®¥ebde sefond) amoge laygh adisrent tth dhe dingfuanodn dayess saidhsecondcond
llayer in conbi nabdeMayét tddmipiBinghk rfledd @  confughle@Mbrkarie g?rﬁao%chQ times

11a

the conductivity of the second |l ayer alone. 6. ,The I yer el ectrode of
Caim1l wher i MOPFARdpStRE PO w'érané@ﬁm §é%w_°?’ff§’f’%4>t el rg@hodeaydecond

| ayer conpri sedebwesntsaid-ssodndodmodPAlyer bidsudd pamdadtive layen) thel thiety &fodeonpr i ses
Tayer has & ¢ nioleheulsRRC A bondcil s BhiE ot Bl B € el ar v ay of
Cl ai m 1 wher ei gondustivity redistangethan sajd secohd ehadedayenf from about 2A to about
4001. 34 19 January 2005 9. An el ectronic device conprising a photoactive
anode 1ol udi ng a s dbe S| ofyGieTa GBI N PG RRUDD A Girst
transparent inQaGadd Ry&aa®iwork Sfidtion InA&eARHd aneetid 18y@oratcagspt to the
con; ugat ed  or gHAMPORBFHER JIRIFIA, BHBHEDEGHPRE B JNer BHaiadtg a | ow
conducti vity aeathedd hierd tienfideanly dayer heting anodeawarksacivh amote 1bhwayer and
organt o pol yrer ok dRbon Serlahnglaf Ehedt YL G PTel el R e L
Ze?iopgt anode | asosk fungon iFeghse thag theofatioda iwerlofunherei n t he cat hode conpri ses
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(ethylenedioxythiophene) third
layer. '
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cat hode | ayer of |ow work function material and a second | ayer of
electronic transport/injection material between the phﬂ} actmglsayer and
the first - cathode |ayer, the first anode |ayer having ancd function
and the low work function material having a cathode work function such
that the anode work function is higher than the cathode work function. 11.
The device of Caim9 wherein the second | ayer conprises a blend of PAN

wi th ‘nonconductive pigl. Srﬁeaevﬁe:’of(ﬂaﬁld@hee@nﬂfeﬁﬂoajaem& Mheceipribdiems econd
| ayer has a bulk.. cond ct vity m 10- 4 0" ..S/cm and wherein the

bul k conduct i vi&yve t'ﬁl SEe ‘ftgé/ s F [ﬁaﬁ'ﬁr&t %%ta‘?lp?‘reés T8 8But 106
times as great chswath&s zccuddm:sttﬂhmbylemmilvb&s as@ canbinhtiysitherd&8. The devi ce of
Claim9 wherein the conductance of the second |ayer in conbination with
the third layer is from1.25 to about 20 tinmes the conductivity of the
second | ayer al one. 104 ThehdedewiofeClimP awhereinwither hetoadiive plaperosciai ve | ayer
conprises a p ased polymer, the cathode conprises
an al kal i ne egft%%%aﬁb@gﬁgh?&qﬁ%ﬂ conprises a indiumtin oxide first
layer, a water- soluble PANI blend second |layer and a

gol y(et h}y' g\edl ogymmﬂ@rﬁayt bf rptalylﬂeay@msls&é diBdeka Borapiisind O &&weThe
evice o alm ereln e otoaclive,layer CO r-ses an

Tmterial i el P gRe RS e i BAoBRECTI st Aoy at | ves,
acridine, stil ada sdmnd\sadameentacarvdﬂmmenwﬂlmspairémammfe tht:attdrhmgdevi ce of
Caim9 whereingdhe phot %ﬂﬁtc'f&ﬁgdé ﬁé’f?ﬂm@n%&ﬁogie%%? dlBSl:sV @H{ere%ta' ve

material. 17. An array active
eni ssive pol yrmnultl@yelr alnadfb ngCladlﬁEr@tﬁ@I deyédrn cemprising W Edﬁemeéahtgbr ned

cathode and a 3geMdiy '19&%&& E&lﬁ&ﬁ‘%yew 4 Ho%a&%%@rs&%ﬂdtléﬁ?%’%ﬁﬂ& anode,

the patterning of sal de apd cat’hgde definjng an_array of em ssive
di odes, wher ei Vifh st st dayes saﬁioéréon%éfwa|q9§lpalsmgr‘§m3qga§?ércqsléﬁﬁwes| ng a

patterned high orga@ﬁtdyaszinut ér)d hanm@aamgﬁ r@@mraﬁtanaampat&nmrtmp@émed second

| ayer in conta yer. risin

con ugat ed_condticd e i Bt b sy RSP TR AGVES oS BRRSGe and a
~nonpatterned tpahsparleyd, saichlhrrd lﬁ)&yeompnsm@ajtcanduthe brgeaicchodyenanad| ayer and
with said acti %%Vﬁglagﬁi’}’%@?ﬁ%%‘g%%{m 4a?cy§£0nc§1%!y&. third | ayer conprising a

conductive organi c

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/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.
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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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