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APPL| CATI ON AS ELECTRODES OR ELECTRI CAL CONTACTS |11 iniiiiiuei m* 165462006
*@00002* FIELD OF THE | NVENTI ON The present invention is directed to
patterned el ectrically conducting polyners and nethods of fabrication
thereof. More particularly the present invention is directed to electronic
devices having electrically conductive polymers as el ectrode contacts and
active regions and patterned electrlcal cont acts forned fromelectrically
conduct i v&eARZERNS & F ot R 1y P2t 2t Ak ERSa4 hol ymers as

el ectro , - ' rs such as
liquid Vi eHectHoRopPt+¢ u.cgﬂfﬂu.a, éé@%gght
emtting dlodes tran5|stors and the Ilke BACKGROUND The el ectri cal
contacts or electrodes in current electro-optical transducers and ot her
devices are generally netals. Metals are deposited by evaporative or
sputtering processes which require expensive tooling an

cunber sone processes. 1 - 6 JUL 2006 Electrically conducj”ﬁ'@M mem“ are a
relatively new class of electronic materials which are taug erern as
candi dates for electrode materials. These pol ymers conbine t h¥%%8| ectri cal
properties of netals with the processi ng advant ages of polyners. Herein we
descri be exanples of electrically conductive polyners such as substituted
and unsubstituted electrlcally conducti ng pol yani
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FIELD OF THE INVENTION

The present invention is directed to patterned electrically conducting polymers and

. methods of fabrication thereof. More particularly the present invention is directed to
electronic devices having electrically conductive polymers as electrode contacts and
active regions and patterned electrical contacts formed from electrically conductive
polymers, in particu]ar the application of these polymers as electrodes or electrical
contacts for electro-optical transducers such as liquid crystal displays, electro-optical

modulators, diodes, light emitting diodes, transistors, and the like.

BACKGROUND

The electrical contacts or electrodes in current electro-optical transducers and other
devices are generally metals. Metals are deposited by evaporative or sputtering processes

which require expensive tooling and overall are a cumbersome processes.



Id pol yparapheyl enevi nyl enes, pol ythi ophenes, pol yfurans, polypyrroles,

pol ysel enophenes, pol yi sot hi anapt henes, pol yphenyl ene sul fides, =6 JUL 2006

pol yacet yl enes, pol ypyridyl vinyl enes, polyazines, conbinations thereof and
bl ends thereof with other polynmers and copolynmers of the nononers thereof.
In order for these polynmers to be used as an el ectrode in a device they

preferahly hav suitable electrical conductivjt d be, easily .
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properties of the electrically conducting polyner. It is therefore
desirable to devel op nethods of patterning these polynmers so that They can
be used 19remnye dedtdibe teikigpeoloy BREtUrRYBY sndARHvabdlpMeEs sielat kviatiyutedaagt i ng
the conducting polynmer so that the patterned electrically conductive

pol ymer wanbdiuiededectrcallyrcontiveing pelyaniinasapelyparaphefednes. 1t is al so
desirabl e that the conducting }Joo,l yper propefties be controlled so that
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OBJECTS It .i s, an, ohj.ect e [ [ o] ' ] ved
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pol ynmers and nethods of fabrication thereof. In particular, a resist is

first pabpelyarts of the monomers thereof.
In order for these polymers to be used as an electrode in a device they preferably have
suitable electrical cdnductivity and be easily patternable. In addition, these polymers
preferably do not outgas causing contamination of the devices to which they provide
electrical contact. Furthermore, the conducting polymers are preferably patternable by
lithography. Patte;ning preferably does not result in a decrease in the electrical
conductivity of the polymer nor cause any deterioration of the properties of the

electrically conducting polymer.

It is therefore desirable to develop methods of patterning these polymers so th__zﬂ’ tl}g'y can
be used on any conducting polymer system and without negatively impacting the
conducting polymer so that the patterned electrically conductive polymer can be used
as an electrical contact to a device. It is also desirable that the conducting polymer
properties be controlled so that outgassing or contamination of the devices does not

occur.



and the resist pattern is subsequently transferred to the conducting
polynmer. Once the pattern is transferred to the conducting ponnerTBUHézmm
result is renoved. It is an object of the present invention to provide
patterns of electrically conductive polyners by the use of a resist which
is applied to the conducting polymer. In particular, the netal is first
patterned and the netal pattern is subsequently transferred to the

conduct i@BJEEISner fol |l owed by renoval of the metal. It is another object

of the present invention to provide patterns of electrically conducting
polymers by the use of a netal which is applied to the conducting pol yner.
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is anothg ctr‘?@aillgccgnﬁ’ﬁcd\}%epo%xﬁ@x@m invention to provide patterns of

n p

electrically ¢ ucting ol ymers having high optical transmssion. It is
anot her object of the present invention to provide patterns of electrically
conducting polyners having good thermal stability. 3 - 6 JUL 2006 It is
anot her 19ky§ &cobjett éfhthe presaninventiemto provide previdel @totddaliycahliyctbenduct i ng
pol ymers having high optical transm ssion ahd high electrical

conduct ipalymers landimethads pefabsispden thpreafhdn mastdadar, aosyitls Grsttpaternsdi de

el ectrically conducting, polynmers.  and patterns of electrically conducting
pol ymer siche TEuT 3t xsupsealeaty Aransferieg b ARs Congtuctiig pplBises Onor the s
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polymerspa erns or electri y~ CcO cting polyners that can be used
as electrical contacts or electrodes in electro-optical transducers and
devi ces.

It is an object of the present invention to provide patterns of electrically conductive
polymers by the use of a resist which is applied to the conducting polymer. In
particular, the metal is first patterned and the metal pattern is subsequently transferred

to the conducting polymer followed by removal of the metal.

It is another object of the present invention to provide patterns of electrically conducting

polymers by the use of a metal which is applied to the conducting polymer.

It is another object of the present invention to provide patterns of electrically conducting

polymers having high electrical conductivity.

It is another object of the present invention to provide patterns of electrically conducting

polymers having high optical transmission.

It is another object of the present invention to provide patterns of electrically conducting

polymers having good thermal stability.



It is another object of the present invention to provide electrically
conducting polyners and patterns of electrically conducting ponnersBUU@Qmm
can be used as electrodes in liquid crystal displays. It is another object
of the present invention to provide a liquid crystal display conprising

el ectrically conducting polynmer electrodes. It is another object of the
present invention to provide a liquid crystal display' conprising

el ectrically conducting polynmer electrode and a netal electrode It is

anot her object of the present invention to provide a liquid crystal display
conprising. el ectri.call onduct.i.n ol ymer el.ectrode.and an.indiumtin

oxi de. o1'adk fasaher abige sty B BeShe e i gl Fet gy Pondiuhe Bl ks ent i on
to provige, ety TR op o1 [ i {(TFT) liquid crystal
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el ectrode. It is another object of the present invention to provide a
liquid crystal display conprising one or nore electrically conducting

pol ynmer ehegtdiasieowybdidr 18X prdibhSingaAhnCd rgﬁde;erc@t_mrcmﬁeonduunég %ol?HﬁH"er
obj ect of the present invention to provide a liquid crystal display

conpri siag pateerns ofreleetrichky torduatihg polyntocthangampbt yeelr asedletticad destavtsi ch
exhi bits good transm ssion/voltage characteristics. It is another object
of the predeHodphivention to provide a |iquid crystal display conprising
one or nore electrically conducting polymer el ectrode which exhibits good
i mage sticking characteristics.

It is another object of the present invention to provide electrically conducting polymers
and patterns of electrically conducting polymers that can be used as electrical'tontacts

or electrodes in electro-optical transducers and devices.

It is another object of the present invention to provide electrically conducting polymers
and patterns of electrically conducting polymers that can be used as electrodes in liquid

crystal displays.

It is another object of the present invention to provide a liquid crystal display

comprising electrically conducting polymer electrodes.

It is another object of the present invention to provide a liquid crystal display”~ -

comprising electrically conducting polymer electrode and a metal electrode

It is another object of the present invention to provide a liquid crystal display

comprising electrically conducting polymer electrode and an indium tin oxide electrode.




It is another object of the present invention to provide electricallyﬁ
conducting polyners and patterns of electrically conducting polyners t/Hla 2006
can be used as one or nore electrode in light emtting diodes. It is

anot her object of the present invention to provide organic or inorganic
light emtting diodes conprising one or nore electrically conducting
polymer electrodes, It |s another object of the present invention to

provi de g‘r‘@é‘ﬁ? °5Pbleﬁb?t)'§’|‘?iﬂfe?q“bﬁ’tveé R {9 REPVids PHediveometdx thig fibm one or
nor e pat . cal i ng..pol yrer. el ectrodes. 5 -6 JUL 2006
0 s anbERaRS PEE) kR ks PRRHRY DRuAMe TRe & ARG R icaln fonfietinng

di odes hgm?ﬂgrggbﬁodénjection and/or electron injecting regions fornmed from
el ectrically conductive polynmers. It is another object of the present
invention to provide electrically conducting polyners and patterns of

el ectrically conducting polyners that can be used as electrical contacts

t o transitss ansthsuohjeeatsofothe pyesendirevenfiont beprhvaiern E@uid eeysedldiigadye el ectrodes
in field effect transi stor (FET) devices and contacts to bipolar

transi st ¢AMaPrijing pae anstoe eleptsjcaldy cerrductag polysen eleciodnwhish exbibps gopde
patterns of electrically conducting polynmers that exhibit good
conducti@F?%%re%ﬁﬂfnthernal stability, no outgassing, apd in certain cases
hi gh optical transm ssion. It is another object of the present invention to
provi de patterns of electrically conducting polyners by the application of

a 1 esi St11Qfah b ef BPRNCH 1R PReeH TRive NG ﬁpym% d £lid orystal d?@lj)‘PzBFEd and

devel oped formng a pattern in the resist. e reSist pattern-is .

-transf er ¢oatbriding bieor nde elettnigaip totrictihy pelyater egcfroddsovech byhibehpocd of
the resist. It is another broad aspect of the present invention to provide
pat t er nstransmpbsen/vpltaga ghare@erdiesi ng pol yners by the application of a netal
on the conducting pol ynmer surface.

It is another object of the present invention to provide a liquid crystal display

comprising one or more electrically conducting polymer electrode which exhibits good

image sticking characteristics.

It is another object of the present invention to provide electrically conducting polymers
and patterns of electrically conducting polymers that can be used as one or more

electrode in light emitting diodes.

It is another object of the present invention to provide organic or inorganic light emitting

diodes comprising one or more electrically conducting polymer electrodes.

It is another object of the present invention to provide organic or inorganic light emitting

diodes consisting of one or more patterned electrically conducting polymer electrodes.



The netal is patterned by the application of a resist which is exposed and

devel oped. The resist pattern is transferred to the netal foll owedﬁinL 2006

pattern transfer to the conducting polynmer by etching techniques. It is

anot her broad aspect of the present invention to provide patterns of

electrically conducting polyners by the application of a patterned netal
attern into the

| ayer on the conducti nqb olyner, etching of the te i ,
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el ectrodes conprise electrically conducting pol ynmer exhibiting good
conductivity and good thermal stability. It is another object of the
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el ectrically conducting polyner electrode and a neta ectro

anot her 4l poiteraf of flectpiceldeodndusuef pblmerOthak oy Be ueddesd dlégatdikog@Rguct i ng
polymers and patterns of electrically conducting polyners that can be used
as one oo tnansistes suelr agiese phmorgpf theeci/ﬁa'tntsong:ecﬁme electrodes am Giekiesffeobj ect

of the present | ntion to provide qrganic “or inorganic light enitting
di odes CHHEISLRS @@f Ed’r’ﬁ?S&Pdr‘r:BP@Cgl tgg%‘g‘?alﬁ’éTrPE}S‘%BWduct i ng pol ymer

el ectrodes. It is another object t of the present invention to provide
organic or inorganic emtting diodes consisting of one or nore patterned
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| ayer. SUMMARY OF THE | NVENTI ON According to a first aspect of the

i nvent i axertainecased Bighrapticdkdarsmigtiéiod conpri si ng:

-

It is another object of the present invention to provide patterns of electrically conducting
polymers by the application of a resist on the conducting polymer whereby the resist is
exposed and developed forming a pattern in the resist. The resist pattern is transferred

to the conducting polymer by etching followed by removal of the resist.

It is another broad aspect of the present invention to prbvide patterns of electrically
conducting polymers by the application of a metal on the conducting polymeér surface.
The metal is patterned by the application of a resist which is exposed and developed.
The resist pattern is transferred to the metal followed by pattern transfer to the

conducting polymer by etching techniques.

It is another broad aspect of the present invention to provide patterns of electrically
conducting polymers by the application of a patterned metal layer on the conducting

polymer, etching of the pattern into the conducting polymer and removal of the metal.



providing a substrate having a |ayer of an electrically conductive pelgyJgrips
material; disposing on said layer of electrically conductive polyner
material a |ayer of energy sensitive material; exposing said resist to a
pattern of energy to forma pattern in iaid | ayer of energy sensitive
material ; devel oping said pattern fornMing a pattern in said [ayer resulting
in exposed and unexposed regions of said electrically conductive polymer

r emovi ng Ismiadn@t patticvlendspyct ob Hueesentanyratipn e prowids 81 1 Teptshder iagd ‘E)‘H%t?]rm

renoving said resist |eavin - Sal L&Al i

pol ymer  G¥PsHP & wh sttate, f%:f\Q%t %’% g‘tlag? gﬁcg g%& %\%{rb&% éf}&fﬁggg}g%gmgai d
el ect ri cabohductioggolginer exhitsitiygresod condettieity entl foodrthérvel galwlify. consi sti ng of
one or nore of substituted and unsubstituted pol yparaphenyl ene vinyl enes,
pol ypar aphenyl enes, pol yanilines, polythiophenes, polyazines, polyfuranes,

pol ypyrrgj Fssanoﬁl.@} X@?&%Nw &t ifvehtion B-REHaAY h BER: Shiktirigdéisde pulsisangdiarenes

conbi nations there and bl ends thereof wth other ol ynmers and copol yners
of the nuetialy comtuedis polpperdeotigde @ﬁdeﬁmeﬁaiﬂé“rtf%-pegt gf t he inven!toi o%
there is provided a nethod conprising: providing a substrate having a

| ayer of an electrically conductive polyner material; disposing on said

|l ayer of Jeliseaiottict @bjeyt 6fothd pedsemeinpakipmes prmzﬁck:rdleduiaalllyagoedu@iﬁlgmgms and
sensitive materi said resist to
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It is another object of the present invention to provide organic or inorganic light emitting

diodes consisting of one or more electrically conducting polymer electrodes.

It is another object t of the present invention to provide organic or inorganic emitting diodes

consisting of one or more patterned electrically conducting polymer electrodes.

It is another object of the present invention to provide a light emitting diode comprising a

conducting polymer as a hole injecting electrode or as an electron ejecting layer.

SUMMARY OF THE INVENTION

Ty According to a first aspect of the invention there is provided a method comprising:

providing a substrate having a layer of an electrically conductive polymer material;
disposing on said layer of electrically conductive polymer material a layer of energy

sensitive material;

exposing said resist to a pattern of energy to form a pattern in said layer of energy

sensitive material; _

developing said pattern forming a pattern in said layer resulting in exposed and
unexposed regions of said electrically conductive polymer

removing said electrically conductive polymer in said exposed regions;

removing said resist leaving a pattern of said electrically conductive polymer on said

substrate;

[RALIBOO]7155.doc:AVC




unexposed regions of said electrically conductive polyner; renoving said
el ectrically conductive polyner in said exposed regions; renoving gdUIdZUUB
resist leaving a pattern of said electrically conductive polynmer on said
substrate; said energy is selected from_the group consisting of

el ectromagneti c radi ati on, heat and a‘ﬁarticl e beam According to a
further aspect of the invention there is provided a nethod conpri sing:

pr ?vi di Ing ad_susbst elactrcabyveonduative apbmasfis seleepd &om Be|SrguR eFISERE V& OpB 1Y mer
mat eri al ; | SPQS I | - | : ct

mat eri al lgofeaggl’su%sft&et%d;raéé &ggﬁéﬂt?ﬁéoﬁéﬁéW@?%“%i‘g@g%& @gi:&ﬁm? se?ﬁ tﬁ‘%sé a
pattern ofolgmdlirgy, podythivpheres,nadl yazines,i polgaiaded, pphypyodlesmolgylenspnsés; puky-

mat eri al ; devel opi n aid pattern form.ng a pattern . in said |ayer..,resultin
in expos eﬂpéﬁﬁ’lenﬁn%‘g_ §e8°1§%‘§it3g?f§s pcl‘)”géﬂago%ﬁ gl?.:ef?ol A gleﬂ%nﬂl?ﬁet#v%lt}bé’ﬁ]fﬁer : )
renovi ng saifeslafebopotihdry of@BMIRbINYA tRQLIMEr i n said exposed regions;
renmoving said resist l'eaving a pattern of said electrically conductive

pol ymer on said substrate; said devel oping is done by renoving regi ons of

sai d r.eSiXtco%(iRO oed utr@lexsz?si gct%?l le§ eniig;l }hleéea obi 53%&Bdﬁv&rﬁ rigi UL 2006 9
Accordi ng {84 ?’ur?ﬁer asBect 0 ‘he Inventron there 1s provided a nethod
conprising:  pprovidihignosubsteatdisdviray lapea\oif ag electriasibr confluctive pbbwter inmngdria

b

Conduct i ve pol Jerinaeriisvs Bt anasi e snfRE il Gt enthey
sensitive material;
’ exposing said resist to a pattern of energy to form a pattern in said layer of energy
sensitive material;
developing said pattern forming a pattern in said layer resulting in exposed and
unexposed regions of said electrically conductive polymer;
removing said electrically conductive polymer in said exposed regions;
removing said resist leaving a pattern of said electrically conductive polymer on said
substrate;
said energy is selected from the group consisting of electromagnetic radiation, heat and

a particle beam.

According to a further aspect of the invention there is provided a method comprising:
) providing a substrate having a layer of an electrically conductive polymer material;
disposing on said layer of electrically conductive polymer material a layer of energy
sensitive material;
exposing said resist to a pattern of energy to form a pattern in said layer of energy
sensitive material;
developing said pattern forming a pattern in said layer resulting in exposed and
unexposed regions of said electrically conductive polymer;
removing said electrically conductive polymer in said exposed regions;
removing said resist leaving a pattern of said electrically conductive polymer on said

substrate;

said developing is done by removing regions of said resist exposed to said energy.

[RALIBOO]7155.doc:AVC



exposing said resist to a pattern of energy to forma pattern in said |ayer
of energy sensitive material; developing said pattern formng a path ¢yin 2006
said | ayer resulting in exposed and unexposed regions of said electrically
conductive polymer; renoving said electrically conductive polyner in said
exposed regions; renoving said resist rgaV|ng a pattern of said
electrically conductive polymer on said substrate; said developing is done
by renoving regions of said resist not exposed to said energy. According to

th t h i
o ovi d g ST R R S L e S

material; di spesiding aQElbéiﬁtd?haJv&mgeﬂ’ laydfr oéhxedédfth&ﬂlyl cy)ndnmtldel poliymer mateyiakpr
material a | ayer of enerH{ sensitive nate S|n q res st to a
pattern of encHERPsNg gRH Byt deotnsally cgp ‘5%/8? g“ﬂj@ gygﬁg ey

mat eri al ; qgﬁ@éﬂﬁhﬂ% said pattern formng a pattern in said [ayer resulting
in exposeg and unexposed regions of said electrlcally conductive pol yner;
renovi ng said fedpesmg said|registdordpatteinvel gstgynterform aspatigreiperid dpyee gf epRIEY
removi ng Salg resg IeaV|ng a pattern of said electrically conductive

Bs

pol ymer off "¥d'4™*EMUbst rate; said removing is done by reaction ion etching.

According to adéverobﬂ@l’sa&’ﬁ Fp@ttémOffonﬁllng d Ip\’lmhlmr’satd]GHyer iresuptingvindexposed and
structure conprisin having a first and second

cO uct
side; a dWEVE@F@F%?W§§%Pm§HFEEFQ- WW@F égmg’flrst patterned electrically

conductive | ayx%hooﬂlg%ﬁlmlééhﬁ!aﬂyEcsﬂdqcth@mlymer% s€ opds@pdebngied el ectrically
conductive layer on'said second side;
removing said resist leaving a pattem of said electrically conductive polymer on said

substrate;

said developing is done by removing regions of said resist not exposed to said energy.

According to a further aspect of the invention there is provided a method comprising:
providing a substrate having a layer of an electrically conductive polymer material;
disposing on said layer of electrically conductive polymer material a layer of energy

sensitive material,
exposing said resist to a pattern of energy to form a pattern in said layer of energy

sensitive material;
developing said pattern forming a pattern in said layer resulting in exposed and
! unexposed regions of said electrically conductive polymer;
removing said electrically conductive polymer in said exposed regions;
removing said resist leaving a pattern of said electrically conductive polymer on said
substrate;

said removing is done by reaction ion etching.

According to a further aspect of the invention there is provided a structure comprising:
a semiconducting layer having a first and second side;
a dielectric layer on said first side;
a first patterned electrically conductive layer on said dielectric layer;

a second patterned electrically conductive layer on said second side;
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[ R \LLBOQ 7155. doc: AVC - 6 JUL 2006 -10 at |east one of said fir S éal
second and said third patterned el ectrically conductive |ayers Bj’f% @h
electrically conductive polymer. Accordingly, it is a broad aspect of the
descri bed arrangenents to provide electrical conductive polynmers and
patterned el ectrically conducting pol yr]rQr's and to provide nethods of

patterning thereof. It is a broad aspect of the described arrangenents to
provi de an el ecleagsring of seidclirsthamid second apdiseidr thisd pattened plsaricall: gl veve

pol ymer provi.ding electri - ' to the device. It is a broad aspect
of the dias?’ffsibgg@ga reﬂcﬁﬁ%cghig%%&?@wgfog%ggé a patterned electrically P

conductive polyner on an electronic device to provide electrical contact to

the device. It is another broad aspect of the d i bed .
or ovi de. heeREing.of 81 borprh anegt BhoiauSErI o STYIERSnE it PERRED F R Bighld

conduct i %if Ycti 9008 vinBR! 478! patibAbd kietificallPcsdti@agSpolgmerdaAdd td Brovédet@éthodsases
hi gh opti cac?/u t raﬁsny‘?ssi on.p It is anot h(layr) broag‘%?spect of thg descri bed

arrangemﬁpsttdminpﬂww@-e patterns of electrically conductive polynmers by

the application of a resist on the conducting polyner where the resist is
exposed and devel oped and the pattern is transferred to the conducting by
et chi ng [t Rehbiogdaspdeobf disadtstrjbed emmaugdmants tohmovids ias telectronicslegisothaving i oad

aspect of the described arrangenents to, proyide patterns of, electricall
conduct i rP@“‘fTBF‘%/?FEﬁ"tg“gl)’ CPH@J%‘?S%P&BXQFT ¥Ry “g§Y7ngc§FC°§He?tW8 t%}}?a‘if&cfe‘ng pol g;rrer
surface. The netal is patterned by an application of a resist which is
exposed and devel oped. The resi st attern is transferred to the

fol | owned Ibys tar dreatledsped ehdhe |de°&ribi=£ ARYECERRLL Q. (95050 Py RRtfernedy e‘égtnétﬁ?aﬂyg
techni g uec%g{lgl%kikf@ BY o Emgﬁonﬁzfde_tv%@ tdT5ode eiet:tri;cc§l ci’%ﬂ&%hl_%rth@diéﬁ’&. aspect of

t he descri arrangenents to provide patterns of electrically

It is another broad aspect of the described arrangements to provide patterns of electrically
conducting polymers that exhibit good conductivity, good thermal stability, no outgassing, and

in certain cases high optical transmission.

It is another broad aspect of the described arrangements to provide patterns of electrically
conductive polymers by the application of a resist on the conducting polymer where the resist
is exposed and developed and the pattern is transferred to the conducting by etching

techniques followed by removal of the resist.

It is another broad aspect of the described arrangements to provide patterns of electrically
conducting polymers by the application of a metal on the conducting polymer surface. The
metal is patterned by an application of a resist which is exposed and developed. The resist
pattern is transferred to the metal followed by transfer to the electrically conducting polymer

by etching techniques followed by removal of the metal.

It is another broad aspect of the described arrangements to provide patterns of electrically
conductive polymers by the application of a patterned metal layer on the electrically
conductive polymer followed by etching of the pattern into the electrically conducting

polymer and removal of the metal.

[RALIBOO]7155.doc:AVC



conductive polyners by the application of a patterned netal |ayer on the
electrically conductive polyner followed by etching of the pattera§ijgt o0s
the electrically conducting polynmer and renoval of the netal. [R\LIBOO

] 7155.doc: AVC - 6 J UL 2006 -11 It is f ot her broad aspect of the

descri bed arrangenents to provide electititally conducting polynmers and
patterns of electrically conducting polyners as electrical contacts to

el ectro- optical transducers and devices. It is another broad aspect of the
descri bed, arrangenen 0 i.d tro- ' ; i ces
navi ng. onk TP rearE ahie b5 M s IRE rat il SOPRS THERIGI FRRGRIE TE8
parti cul apol@mpeCindofatteine dfedetidatig candietine pelyhers as plectvicalecoatacisqai dleatroy st al
di spl ay avi ng one or re electrically conducting polyner electrodes. In
one enbod?l?ﬂé’ﬁl(t“’tq‘i@“qefscﬂ?fr{%ev‘ﬁ?syst al display has an indiumtin oxide

el ectrode and an electrically conducting polyner electrode. It is a nore
particul ar aspect of the described arrangenents to provide a |iquid crystal

d
di spl ay Havanoghasbeoadraspest ef e desaribedprangemanss ¢ Proxids sispieopHad depssiyeds
exhi bi ti ng high - r [ : NS &S ge
character%@%%%gfgg%éggggﬁﬁﬁﬁg%gggpf% i%ﬁa%ﬁgggkgﬁgg?kﬁgﬁ%?e particul ar
aspect of the described arrangenents is an el ectronic device having an
el ectronically active portion_having.a.surface; the surfage.has .
di el ectri & 1§ ajngre H%R‘}Fﬂgf %fﬁ“‘(?ﬁg}ﬁ 4‘?@‘9%9 iaFf@“%?“]c?BFi‘?r@{"eV#‘{et Rt ﬁ"yé%b%‘ssPlﬁﬁ t he
el ect r oni gRkidg/orRCriNGre RR%GECRIy canduit poPfmer@l@GbddsC ah bite eabsHimbhtuke Bliy mer
is disposed on the dielectric |ayer; the layer of electrically . conductive

pol yner etwetel display yhas it idiuan tineoxdfe elepigrdecand gn steetrically gpaqusting ke t he
openi ng agﬁr gerl apping the perineter to be disposed on the dielectric

| ayer. Another nore particul ar aspect of the described arrangenents is a
liquid crystal display

It is a more particular aspect of the described arrangements to provide a liquid crystal display
having one or more electrically conductive polymer electrodes exhibiting high charge

retention, good transmission/voltage characteristics, and good image sticking properties.

A more particular aspect of the described arrangements is an electronic device having an
electronically active portion having a surface; the surface has a dielectric layer having an
opening having a perimeter therein exposing the electronically active portion: a layer of
electrically conductive polymer is disposed on the dielectric layer; the layer of electrically
conductive polymer electrically contacts the electronically active portion through the opening

and overlapping the perimeter to be disposed on the dielectric layer.

Another more particular aspect of the described arrangements is a liquid crystal display
structure having: a first substrate; a second substrate; a liquid crystal layer disposed between
the first substrate and the second substrate; at least one of the first substrate and the second
substrate has an electrically conductive polymer disposed thereon providing means for

applying an electrical potential across the liquid crystal layer.
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structure having: a first substrate; a second substrate; a liquid cr §isUal 2006
| ayer di sposed between the first substrate and the second substrate; at

| east one of the first substrate and the second substrate has an
electrically conductive polymer disposed thereon providing neans for
applying an electrical potential acrosslZhe liquid crystal |ayer.

[R.LIBOQ 7155.doc: AVC - 6 J UL 2006 - 12 Another nore particul ar aspect

of the deaasthbesorrpaniimanest ditheidesotibed Aratgementass feldreffeet/rangistos baying,

drain and gate el ectyodes, at f ich i i

e veSmserpie s S ehShodSal ool UPAE A BeoP R HEeaER Repghe™

arrangerreg(glgmhs_ a structure having: a substrate; a patterned electrically
0

conductiv l'ymer gate disposed on the substrate; the gate being an
el ectrically conductive polyner; an insulating |ayer disposed on the

N K R

| ayer; a rain electro spose e 1nsulating layer; the
pat t er nedswstiteca piteeicdadesialig combucpat padymedgate disposeé lordhe sbsisatpethe gate

formed froman el ectrjcally conductive polyner; and a sem.con i

mat eri al E?‘%B‘éS'&“i“ﬁal{%%?“ﬂé‘ft’tv&pﬁg'&‘%b%‘B%“I%tﬁlé lﬁ‘éef{aésp%sée °8rt§1? Hﬂyéa%\&cf 4Bt Bat e

bet ween 1 Pﬁtermt SR Ete d1eBR8UCC Bispotdd SR theP aistiRtife daydF;ah pattéymed hdrtinneledrode

particul ar aspect of the described arrangenents is a light-emtti ng (gi.ode
i

havi n%: | dispoesed tanaths, insatingo bwess tthe: Petieracd seures sloptreres rAndethe temgdi BHM and
a cathode_stru [ ] E bl : a - re
i's an el egfé?tir%(%% rbfﬁl(,g\gﬁbgtﬂgl ﬁ&%ﬂt} B‘lgll gﬁgp?ﬂ&n%ﬁrﬁg?ﬁ% (39{613%’ ﬁ% éi ulﬁlgrgﬁléc?gg%{?ﬁlgf
t hg descr nhaediahrlispogenianths patesred crogeai and| pajternedndrein arayl thii gate behweengthea
substrate, an anode, an o i c el ectrolum nescent |ayer and a cathode, the
anode or Baalﬁ%%e”}"i‘fetaﬂ §a“ig‘?at%5‘ﬂe&r({éa13'ei ng an el ectrically conducting
pol ymer. Another nore particular aspect of the described arrangenents is a
met hod of: providing a

Another more particular aspect of the described arrangements is a light-emitting diode having:

a substrate, an anode structure, an electroluminescent region, and a cathode structure wherein

the cathode structure or the anode structure is an electrically conductive polymer.

Another more particular aspect of the described arrangements is an organic light emitting
diode having: a substrate, an anode, an organic electroluminescent layer and a cathode, the

anode or cathode in this structure being an electrically conducting polymer.

) Another more particular aspect of the described arrangements is a method of: providing a
substrate having a layer of an electrically conductive polymer material; disposing on the layer
of electrically conductive polymer material a resist layer; exposing the resist to a pattern of
energy; developing the pattern of radiation forming a pattern in the resist comprising covered
and uncovered regions of said electrically conductive polymer; removing the electrically
conductive polymer in the uncovered regions, and removing the resist leaving a pattern of said

electrically conductive polymer.

Another more particular aspect of the described arrangements is a method of: providing a
substrate having a layer of electrically conductive polymer material; depositing a pattern of a

metal layer through a metal mask forming a patterned metal layer on the layer of electrically
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substrate having a layer of an electrically conductive pol yner mat eribalUL 2005
di sposing on the layer of electrically conductive polynmer material a
resi st |layer; exposing the resist to a pattern of energy; devel oping the
pattern of radiation formng a pattern in the resist conprising covered
and uncovered regions of said electricdlhy conductive polyner; renoving the
electrically conductive polyner in the uncovered regions, and renoving the
resi st | eaviigiva polinicey formingseigidns ef det clewratdlly wodehtiot ipetymes|opnered badks her
nore particul ar aspect of the descriped arrangenents i.s a netho X
provi di ngngtal 8RER aRe UIKQVSTR rﬁg‘P%fyBE%Eﬁ %F@S%Ef S%quuf/h‘(’:eoﬁal&g}elr’vée{c%%g ;}}r]reer
mat eri al ;, (A6RQSI LA tPFEMEVA IR eRpost®lebdotric@l P reohiicding hpokym@t Fdgionms:s knd
formng a patterned netal |ayer on the layer of electrically [R\LIBOJQ7
155. doc: Av@oving the ktabeedting Iepattemrrf gatelepiicpldy gepdpcti G- r egi ons of the
el ectrically conductive polynmer covered by the netal pattern and uncovered
regions of the electrically conductive polyner; etching the uncovered
regi ons tAndtReromeret preti@ngraspett off et déscabddyarcmgementts vea pethadeef: r prgviding; 2 and
removing the nmetal, resulti in a pattern of an electricall i
pol ymer . ARfaienavipg & 1per P?gﬁIe&Ftr’ﬁE]E’éﬁ‘fndBfm‘[ehpéﬂ%gt PBEd ??lag%ggtdn'g%tttdisgﬁgs a
met hod  of e RiyRY bEk18Gr ally TURGictiad Folgmli; Ap6sihgy BkisDén MB nea ddyet; capdsing the
conductive polymner; disposing a |layer of metal on the |ayer of. .
ol 6ct i Catebipt locmtioRtal vesiiIny Aetelonabe SRRaM &I FdHIGR TR PFHsIn the gesist
exPos NG {Ofiind §%oYbrel An@ BhdoRERa AleidRUr el AL INRYALABLAY NRCBRLI AR Al

for ng a att theg and

radi ati on p ernin resist resulting in covered .
uncover eduricegéred segidns} tesulting il cdvayedrand uppaveradgregines pietaid clpeipieallyj qenduystiye

uncovered regions, resulting in covered and, une r ' . S5abd

el ectri caP‘Tle‘%E%ﬁB‘H?:‘E‘P%g’e %ﬁ‘ﬁ’?&% ;reg}(glrsrt?visglg ¢ E}g Cﬁngggg%%g% g@?‘é‘%ﬂ rg‘?bsg%d
el ect i CajhkYreSONEHE ke iPO kaiEiiing et g thd hetal dsjies resubting inenpatieny of an
remai ni ng portions of the netal layer resulting in a pattern of an

el ect ri catlestrietdlycrondustigs pelymeer .

Another more particular aspect of the described arrangements is 2 method of: providing a
substrate having a layer of an electrically conductive polymer material; wherein the
electrically conductive polymer contains energy sensitive constituents; exposing the
electrically conductive polymer to a pattern of energy forming a pattern of exposed and
unexposed regions; and removing the electrically conductive polymer in one of the exposed

and unexposed. regions to form a pattern of said electrically conductive polymer on the

") substrate,

BRIEF DESCRIPTION OF THE DRAWINGS

Further objects, features, and advantages of the present invention will become apparent from a
consideration of the following description of the invention when in conjunction with the

drawings FIGs. in which:

Fig. 1 is a schematic perspective view of an exemplary embodiment of a structure according to

the present invention including a patterned electrically conductive polymer.
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Anot her nore particul ar aspect of the described arrangenents is a #%#Hogmﬁ
of . providing a substrate having a | ayer of an electrically conductive
pol ymer material; wherein the electrically conductive polymer contains
energy sensitive constituents; exposing the electrically conductive
polymer to a pattern of energy formng §>pattern of exposed and unexposed
regions; and renoving the electrically conductive polyner in one of the
exposed and unexposed regions to forma pattern of said electrically
conductive polynmer on the substrate. BRI EF DESCRI PTI ON OF THE DRAW NGS
Further objects, features, and advantages of the present invention wl|
become agparenty LhMiR sidONewdTaabtheexeimplate eibbdiMentnef daseturhdcornling tot he
i nvention When in conjunction with the drawings FIGs. in which: Fig. | is
a schematthepigesns peentiopdnelpding a patginehdensnicatly conysiysRNY™EF a structure
according to the present invention including a patterned electrically
conductive polyner. [R\\LIBOJ 7155. doc: AVC - 6 JUL 2006 - 12b Fig. 2is a
schemat i Figi3de asclematit ofimotphet liguid npisal gondighatipment of a structure
according to the present invention including a patterned electrically
conductive polynmer. Fig. 3 is a schematic of a typical liquid crystal
confi gur gtij onis aFdcHem4tid &f the Spdretiat dfta Wfistédeenmieriguidoorysd] cellf ini (8} ealtage mat i c
liquid crystal cell; in (a) voltage is applied and ge transnissk%f of the
cell is rmariisdiandihetaagmission of the ol it mysimum yhsrepsip &nd Voltaes 15,3RRUSH Y on
of the P%kég&%nﬂ&ﬂhﬂﬂﬂﬁe$J¥&ld#ﬁqh%ﬁ55-dOC:AVC - 6 J UL 2006 Fig. 5is a

a

schematic 0 ypi cal active matrix thin filmtransistor display.
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Figure 6 shows a top view of a unit cell of a TFT/LCD display. Figur&JyL 2006
shows a cross-section along line AA of Figure 6. Figure 8 shows another
cross-section along line AA" of Figure 6. Figure 9 shows part of the
assenbled liquid crystal display. Fig. 10 shows a schematic of the cross
section of a TFT in which one or nore of the source drain, and the gate
el ectrodes conprise a conducting polyner. The source and drain are

di sposed directly on top of the gate insulator and subsequently they are
covered by the sem conductor. Figure 11 shows a schematic of the cross
section_of a TFT in which one or the, source and the drain

el ect r offis SdsAFEheBatc egﬁdmﬁlﬁﬁt‘ﬁ%Wﬁ‘é’F thigmIANS{Stof USRIy conducti ve and
used as the gate el ectrode too. The source and drain el ectrodes are

di sposed directly on the insulator and subsequently they are covered by the
sem con r S section of a TFT in
whi ch ongﬁﬁggﬁggggg#SPﬁé: ?gﬁwﬂ‘ﬁﬂ ?ﬁEFEQ?Enggigfodes conprise a
conducting polynmer. The source and drain electrodes are disposed directly
on top of the sem conductor. 13 - 6 J UL 2006 Figure 13 shows a schematic
of the Figse 7shows arcrofs-sgctigmalong lihe dA ofd igererfore of the source and the
drain el ectrodes conprise a conducting polyner. The substrate is
conductive and used as the gate el ectrode. The source and drain el ectrodes
are dis osed i.rect t 14 shows a plot of the
current ﬁé&ﬁ 3088 mgéwg@H%pg%%ﬁgg&gﬁﬂﬂﬁﬁgkdPgrgﬁaf6the TFT device, whose
structure is schematically drawn in FIG 11, versus the voltage gate .
el ectrode. The channel length, L, of this device was 100 microns and the
channel pyhudt b shows part of the assembled liquid crystal display. -

Fig. 10 shows a schematic of the cross section of a TFT in which one or more of the
source drain, and the gate electrodes comprise a conducting polymer. The source and
drain are disposed directly on top of the gate insulator and subsequently they are

covered by the semiconductor.

Figure 11 shows a schematic of the cross section of a TFT in which one or more of the
source and the drain electrodes comprise a conducting polymer. The substrate is
conductive and used as the gate electrode too. The source and drain electrodes are

disposed directly on the insulator and subsequently they are covered by the

semiconductor.

Figure 12 shows a schematic of a cross section of a TFT in which one or more of the
drain, and the gate electrodes comprise a conducting polymer. The source and drain

electrodes are disposed directly on top of the semiconductor.

13



was 1500 microns. Figure 15 shows the top view of a typical |layout of a TFT
based active matrix liquid display. One or nore of the source, the-8r/8iLrE00s
and the gate el ectrodes conprise a polynmer. Figure 16 shows cross sections
of a pixel of a TFT based active matrix liquid crystal display having two
different TFT configurations, Fig. 16(a) and Fig. 16(b). One or nore of
the source, the drain, and the conprise a conducting polyner. Figure 17
shows cEHigwmet]3vihawshy seheinatic plsisd arats segtiar of mJiHTain which awperor nidre ofohd om i s
a conducting polyner. The top |layer could be either the sane material or a
di f f er espurce @ndube idnginrpdactiodas campprseacondysting polymer. Tiihe ubgtrateds shows a
prior art ED structyre on | ass substrate with an opague cathode K on
Lop. wherc B nd o g R aRe HTPAE Dleasnr A dhapyciCHi0He «F508R089 g
Fig. 19 I D structure of the present invention with a
transpar%%?ﬁ{' ?grtx%gggh@?&g%ﬁode. Fig. 20 shows schematically LED arrays

for displaying an image with Fig. 20A that of a passive matrix having an
LED at the crosspoint of each row and colum and Fig. 20B being that of an

active matrix wth [ |, 3t L. )3 ' r ' each
Fow and agrishd ot BISEOF e ERA ik Gl IncXout@and ARHRAN M B2 Drers
by the apptigeaich 0Phske strucaft S schBmatibalysdrafvace FIG. tihevaande onggddty Mer .
The resist is exposed and devel oped; the pattern is transferred to the

conduct ighgtjode.y e chtheelrlewtht L of thisndevesd . wasi 190 eizraepindtthe thennghwidthni ng
of conducting polyners by the application of a patterned netal |ayer on
t he condwast | PEIS¥er via a netal mask. The pattern is transferred to

Figure 15 shows the top view of a typical layout of a TFT based active matrix liquid

display. One or more of the source, the drain, and the gate electrodes comprise a

polymer.

Figure 16 shows cross sections of a pixel of a TFT based active matrix liquid crystal
display having two different TFT configurations, Fig. 16(a) and Fig. 16(b). One or

more of the source, the drain, and the comprise a conducting polymer.

Figure 17 shows contact via through a passivating or insulating layer. The bottom is a
conducting polymer. The top layer could be either the same material or a duferent '

conducting material such as a metal, or ITO.

Fig. 18 shows a prior art OLED structure on a glass substrate with an opaque cathode

on top wherein light is emitted from the glass side only.
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the conducting polyner followed by renoval of the netal. Figure 23 dépiygtzng
the patterning of conducting polyners by the application of a bl anket

netal |ayer on the conducting polynmer. The netal is patterned by a resist;
the pattern is transferred first to the netal and then to the conducting
pol ymer by etching; the remaining resist and netal are renoved. Figure 24
depicts the patterning of a conducting polyner directly by exposing it to
radi ati qﬁ‘ﬁ | 9 Berf2PA I B ovisSarS LBER Slvedtti ooty otaBRdnténtion oive atthenspRfeat SOl ubl e
regions. Figures 25 and 26 depict conducting polyaniline lines on the order
of 10 m@ebpapead edthodet h t he use of a resist on the surface of the
conducting polyner. 15 6 JUL 2006 Figures 27 and 28 show conducti ng
polyaniline lines fabricated with the use of netal deposited on the
surface of the conducting polynmer through a nmetal mask. Figures 29, 30 and
31 depi cFigcdhehans segemetigalyi LEReanrayielor displaying: avimage vitth 818128 A0that pf anket
met al deposited on the, surf of ..t he conductin ol r. which s ..gaged
Wih the BEENGMARLEVER (BT B s Caprupbot 6T b b o an E3E ghE"
spectr .m%efirgé;]}h%t %?Qn%@a% ik WifR 2Eurrb! MaNLlib NEircuii AUHE &%ﬁ&] V6 dif
transm ssi voltage characteristics for a liquid crystal display nade
with 2 pewatd telignakect rodes. Figure 34 shows the brightness

(transm ssion)/voltage characteristics for a liquid crystal display nmade
with 2 I TO el ectrodes. Figure 35 shows the voltage vs. tine curve for a
liquid crystal display made with polyaniline electrodes. The charge

ret ent i oFigi 31 dopictsabemparerningof egndweing pelysierichiathicc ppliaaticangf ofesjsppnt s

bet ween a non-polyneric el ectri cal .

' the surface of the conducting polymer. The resist is exposed and developed; the pattern

is transferred to the conducting polymer; the resist is removed.

Fig. 22 depicts the patterning of conducting polymers by the application of a patterned
metal layer on the conducting polymer via a metal mask. The pattern is transferred to

the conducting polymer followed by removal of the metal.

Figure 23 depicts the patterning of conducting polymers by the application of a blanket
metal layer on the conducting polymer. The metal is patterned by a resist; the pattern
is transferred first to the metal and then to the conducting polymer by etching; the

remaining resist and metal are removed.

Figure 24 depicts the patterning of a conducting polymer directly by exposing it to

radiation; the polymer is subsequently developed to remove the more soluble regions.

Figures 25 and 26 depict conducting polyaniline lines on the order of 10 um delineated

with the use of a resist on the surface of the conducting polymer.
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conductor and a polyneric electrical conductor. Fig. 43 is a schematic

di agram of a bipolar transistor having el ectrodes according to the'ﬁdweswmi
invention. 16 - 6 J UL 2006 DETAI LED DESCRI PTI ON The present invention is
directed to devices using electrically conducting polymnmers including
substituted and unsubstituted pol yanilines, polyparaphenyl enes,

pol ypar aphenyl ene vi nyl enes, pol yt hi ophenes, polypyrroles, polyfurans,

pol ysel enophenes, pol yi sot hi anapt henes, pol yphenyl ene sul fi des,

pol yacetyl enes, pol ypyridyl vinylenes, conbinations thereof and bl ends

t hereof with other polyners, copolyners of the nononers therepf. It is
found.t IEITEHA5an IR AERE Rl S8 RV PRl B TR DHEUP ARan ClF gt SmEE

el ectricall onduct | r [ r s or electrical
contactgepﬂgv o gSgﬁ§8$§%ﬁ%ﬁ%§8gph&ggﬁgﬂﬂggﬁg n%hgggfggﬁf The present
invention is also directed to electro-optical transducers and devices
consisting of one or nore electrically conductive pol ynmer el ectrodes. Fig.
1 schematipeal by, Thows 31 depiet sqrtiictivg pslybsiinatiee2brioated mgthpictias ned

el ectrically conductive polymer 202 disposed thereon. The electrically
conduct ibkenked metadrdepositedi @y the sarkace pf Bwl condpetingt Palymeruwhigh evasimaged
substrate 200 al ong at, | east part of the interface 106 between the

el ect ri Ut e E5e¥E: pol ynmer 202 and surface 204. The pattern 102 can
electrically interconnect a nunber of electronic devices formed in
substrate 100. Fig. 2 shows schematically a side view of a substrate 208
havi ng grigh @ BCddpids by epticAl Ganissivh kpeerudi Poraf SGLAREItAIe iBA®T Diel ectric
| ayer 210 has a through-hole 214 therein with patterned electrically
conduct ipogyandinerer 216 di sposed on dielectric layer 110 to fill

Figure 33 shows the transmission/voltage characteristics for a liquid crystal display

made with 2 polyaniline electrodes.

Figure 34 shows the brightness (transmission)/voltage characteristics for a liquid crystal

display made with 2 ITO electrodes.

Figure 35 shows the voltage vs. time curve for a liquid crystal display made with

polyaniline electrodes. The charge retention is over 95%.

Fig. 41 and 42 are schematic diagrams of joints between a non-polymeric electrical

conductor and a polymeric electrical conductor.

Fig. 43 is a schematic diagram of a bipolar transistor having electrodes according to the

present invention.



t hrough-hol e 114 to contact surface 118 of substrate 108. Sone exanpl es of
devices wuseful to practice the present invention are liquid crystal

di spl ays (LCD), transistors (bipolar and field effect transistors);0UUigr0s
emtting diodes, etc. 17 - 6 J UL 2006 LCD DEVICES Liquid crystal based

el ectro-optical transducers are currently the state of the art J technol ogy
for the manufacture of flat panel displays in particular for portable

el ect ronhTASARIPIRIYCRIPTICGNEXPected that this technology will continue to
dom nateTIT tTE future —as tne industry noves towards |arge area displays.
A typical liquid crystal (twi sted nematic) cell is shown in Figure 3. In
this device the nematic liquid crystal is placed between two gl ass pl ates
whi ch arﬁ\e%eée%@ﬁﬁ%ti%n@mre@lam de@bstdaﬁlg%tr%ﬂyQf)n&d&ffmg_'s%%a% ates is
deposited the transparent electrode, indium tin oxide (ITO. On the ITOis
deposi t afciading|supstimedd day ensubliiched oiynbizds, polypucipenylenss, t hat t he
nematic liquid crystal aligns parallel to the rubbed direction. If the two
al i gnnemolymayephenateac rvithierntsapolvthicpigness pelyppreleamelyeranshe |i qui d crystal
adapts a twisted structure. as i.s sho in Figure 4a. |f polarized light is
i nci dentpogﬁelleﬂ%p}éeéll"?’,poﬁﬂé"tglj"lnﬁﬂg‘eﬁ?s’B\é\ﬂghf:rkyﬁq%&ﬁﬁwef’lp EICF%’ "fhe twi st of

t he nol ecul es. . i+ I h the
cell. 1P pgélggﬂgmgo%g?’ic%dl%ﬁggégﬂgtk%@y%l? ﬁégsrtﬂgﬁgF ?)vﬁ'ﬂt% E}gesrcﬁe({lk{rr%{?’s al so
rotated QPofledd bV et MohdiRersithéreoM @l BITbERT thalt Higest F@Bﬁneﬂ ¢dn wapsudrigough the
cell. Wien'a voltage is applied to the cell an electric field is in turn
appl i ed lahographichiy ko frirdelegripaltyatondebtive patterhd whicl cen pst 2d elemtadesibes al i gn
thenselves with the electric field (figure 4b) which results in disruption
of the talictiical paRtardp d@ROL$ F‘@Fﬂm'ﬁBW%g@é‘sﬁ‘r‘cﬁé‘-‘sa’]ﬁo@%?‘ic%e?@e PE#ELt t her ef or e,

there | sm{']ec%xtfoinqp tals%raallxne%mdst%i e?élt}ohcypq}égptrﬁﬁ]s%uggk land ldeﬁtespc%h?l%ngsoﬁgx?é’ o

more electrically conductive polymer electrodes.

Fig. 1 schematically shows in perspective substrate 200 having patterned electrically
conductive polymer 202 disposed thereon. The electrically conductive polymer 202
forms electrical contact to surface 204 of substrate 200 along at least part of the
interface 106 between the electrically conductive polymer 202 and surface 204. The

pattern 102 can electrically interconnect a number of electronic devices formed in

substrate 100.

Fig. 2 shows schematically a side view of a substrate 208 having a dielectric layer 210
on surface 212 of substrate 208. Dielectric layer 210 has a through-hole 214 therein with
patterned electrically conductive polymer 216 disposed on dielectric layer 110 to fill
through-hole 114 to contact surface 118 of substrate 108. Some examples of devices
useful to practice the present invention are liquid crystal displays (LCD), transistors

(bipolar and field effect transistors), light emitting diodes, etc.



describe liquid crystal cells, the teaching of whichis incorporated herein
by reference. 18 - 6 JUL 2006 There are a variety of liquid crystatb JUL 2006
di spl ays including passive and active matrix displays. Active matrix

di spl ays can consist of two term nal devices such as diode rings, back to
back di odes and netal -insul ator-netal device. Active matrix displays can

al so consist of three term nal devices such as thin filmtransistors where
the material is polysilicon, anorphous silicon, anorphous germani um

cadm um sel eni de, etc. Another technology that is under trenendous research
and devel opnent for potential future use in flat panel displays is |ight
emtting diodes, in particular where the electrolumnescent layer is an
organic material. Light emtting diodes consist of an injecting electrode,
an el ecLcy) WEVESE®Nt | ayer, and an electron injecting electrode. The hole
injecting electrode is nost commonly indiumtin oxide. Today, flat panel

di spl ays are predom nantly manufactured using thin filmtransistor based
active matrix liquid crystals. One of the npbst cunbersone process steps in

liquid [ gui§CAstAQ)abed Elsctidreptei eminsdwersand cpakhgy tiagawfofttheattTO
el ectrode. The ITOis first deposited by am evaporative process. It nust
t hen betmhnelagyfrahe maghfactwised Slauparel displays évpardiculas firportphie qleptonic t hen

patterned by applying a photoresist. The ot gresi st, 1S expase nd

devel ppe@ulpm_effawfmcﬁe_sd ?uaaﬂyf éﬁcﬁlealos%wtﬁﬂc;q RO i _w‘tgfchi g
sol ution consists of a r ci ds. is generally deposite
ei t her BRfRSEAUTY B} Vgsrm{ aerH§ ﬁalrgé ?fe%n(ﬁb?a nsi stor |ayers have been

deposited. In the latter case, the I TO acidic etching solution can cause
defects in the thin filmtransistor devices. It is therefore desirable to

devel op ,new, el ect rode | fte \ q npar ed
to" 170t AU STl Fubiih Bl shofniin P B0 PHOAR AT 166
conduct iy by liQQRfjcx?ﬂ\éi [sQARAt sk wadntwion@d¥B]1ated aichi dry oneasege-20ant er ni ng

> apart. On the surface of the glass plates is deposited the transparent electrode, indium
tin oxide (ITO). On the ITO is deposited an alignment layer which is rubbed in such a
way that the nematic liquid crystal aligns parallel to the rubbed direction. If the two
alignment layers are rubbed at 90° angles to one another the liquid crystal adapts a
twisted structure as is shown in Figure 4a. If polarized light is incident on the cell, the
plane of polarization will follow the twist of the molecules and thus, will be rotated by
90° as it passes through the cell. If a second polarizer placed at the other end of the cell
is also rotated 90° relative to the first polarizer, the light will pass through the cell. '
When a voltage i.s applied to the cell an electric field is in turn applied across the liquid
crystal cell. The liquid crystal molecules align themselves with the electric field (figure
4b) which results in disruption of the twist. The incident light now sees cross polarizers

and, therefore, there is no light transmission through the cell. U.S. patent 5,623,514

describe liquid crystal cells, the teaching of whichis incorporated herein by reference.
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| i t hography, and good liquid crystal display properties such as hi @t} c%lr ge
retention, 19 - 6 J UL 2006 | ow imge sticking, and good UL Z008
transm ssion/voltage characteristics. It is also desirable to devel op

i nproved el ectrode materials and electrical contacts for light emtting

di odes and other devices. Electrically conducting polynmers are a
relatively new class of electronic materials that nay be considered as

pot ent i TheeadrdiadalrRsy bONqEl ecyst Sidspmisanélalimg phbdsecambhytivermatizve the
potential of conmbining the electrical properties of nmetals with the

pr ocessilisglayadhativagedrindispayy ean comrist op oWy tasménal idevisesrsuak ag dinsieirbgs,
substituted and unsubstituted. electrically conducting, pol yvanilines,

pol ypar Baetyp Og%cﬁ’Va‘?F‘ﬁg'g}sukaé%’I'?B@?&f)%%@I AREA W&Bﬁ@§§/‘a%?% #dphenes,
pol yf urans I Lrol.es, I e e IR/ i ,

pol ypheﬁ%sgﬁg?é%ﬂlgw%{g{é?apdo &5%:/2@% %?1@21 ﬂg’gf‘%@?ﬁ%ﬁ@%rg}ﬁ%ﬁ‘g@mgmi nations

t her eof g’slilgzﬁni@é[ﬁ@%rbﬂ@ﬁsegficow, bRoPE RS gBRhIMTBRS cANGGPRMNARER. Of the

nononer ereof. In order for these polyners to be used as an I TO
alternative or as an el ectrode general they nust have suitable
conductivity, be easily patternable and in certain cases have high optical

transm $$iofkr tdhndfidlyithois Unaes geRChydRIBscaAMNald @dveBPmens fdriiRiettiyl d cause
contam nation of devices. In a liquid crystal display cell, outgassing by

t he congutetd ng indbityamel displbys isilight tmoting diodesdupertidudarchiargehe et ent i on of
the display. Furthernore, the conductjng polyners need to be easily
pat t er nQlSEEOIBININGSERIJRYASHS an Pagands Riakgial ¢ Ligdb emilting diodes conid A @8se” i n t he

o oper ¢ et Bsrogey i crr kol MRS ialY el Yng  BEcu R e BhEbisfrBle, oL LT
a et hog ;. pal LR Rdhc 84561 BohHTRNSindiieahldkice, Met hod that  can be used on

any conducting polyner system and does not negatively inpact the properties
of the

Today, flat panel displays are predominantly manufactured using thin film transistor
based active matrix liquid crystals. One of the most cumbersome process steps in liquid
crystal cells is the deposition and patterning of the ITO electrode. The ITO is first
deposited by an evaporative process. It must then be annealed at high temperatures for
several hours. The ITO is then patterned by applying a photoresist. The photoresist is
exposed and developed. The pattern is transferred to the ITO by etching. The etching
solution consists of a mixture of strong acids. ITO is generally deposited either before
or after the thin film transistor layers have been deposited. In the latter case, the ITO

acidic etching solution can cause defects in the thin film transistor devices.

It is therefore desirable to develop new electrode materials that offer a simple approach
as compared to ITO but at the same time offer high optical transmission, good
conductivity, good environmental and thermal stability, ease of patterning by

lithography, and good liquid crystal display properties such as high charge retention,

19



conducting polynmer. 20 - 6 J UL 2006 One potential conducting pol ynﬁ&ﬁf%ﬂtﬁ

can be used as a conducting electrode is polyaniline. Polyaniline (
ot her conductive polyners) is a famly of polynmers as described in USP
5,198, 153, USP 5, 200, 112 and USP 5,202,061 entitled, "Electrically

Conductive Polyneric Materials and Uses Thereof" incorporated herein by
reference. In order for a conductive polyner, such as polyaniline to be

consi derigd iaagd sGATH Ginldtbod SHAGRARNR a0 b 5B fos! 110 lafloatFhl 1o
displays, it I's desirable that the polynmer exhibits certaln properties. By

way of. eleaeippémpthvedmiesedt mnweds aod eltiricabendass fortight widiftingr@égkence to

pol yaniline, but the invention is not [imted thereto. These include: 1. It

pr ef er atfing @then gavieesan optical transnission greater than 80%in the visible

range while still exhibiting sufficient conductivity and contact

resistance to the device netallurgy. 2. It preferably exhibits good

solubility and fornms uniform coatings. Coati ngls preferably do not contain
¢

par ti c| dgectgealgondughing palimercaista wlativslyaevoelagseafelestropic matepiaksttaanbl y i s
tibl ith t | t, | t hat i d it, t f th
oy B b et ARTBOH RS o eBeRt e Tl Bty Sy
epnauet ' . A | ( ilive
Cause oA PPlendaPstGont Spi i} Blecical (idpEROLY HeERC W R BrRASHAEL |t "Tons

f rom t hexdpehtges of ddaverdtidnadpblymerof HéfRR WeopaRtibe b PBRsitivel ladd @Substithidd a
decrease in conductivity of polyaniline and the dopant ions could

pot ent i &ldciriqadyicanduating palyapilinest polgyarapkandlenks, ipobtagings,i n t he |i qui d B
~crystal thereb est.royi ng the properti of the liquid crystal cell; 4.
LT prmolbarahey eREViDREn o Py SN BRRRE RSy s VRIS PO SRS | o
150C 2]polyisothianapthenes, polyphenylene sulfides, polyacetylenes, polypyridylvinylenes,
combinations thereof and blends thereof with other polymers and copolymers of the

monomers thereof.

In order for these polymers to be used as an ITO alternative or as an electrode general
they must have suitable conductivity, be easily patternable and in certain cases have
high optical transmission. In addition, these polymers cannot outgas as they would cause
contamination of devices. In a liquid crystal display cell, outgassing by the conducting
polymer would significantly reduce the charge retention of the display. Furthermore,
the conducting polymers need to be easily patternable by lithography. Patterning
cannot result in a decrease in the conductivity of the conducting polymer nor cause any
deterioration of the properties of the conducting polymer. It is therefore desirable to
develop a method of patterning these polymers, ideally a method that can be used on
any conducting polymer system and does not negatively impact the properties of the .

conducting polymer.
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6 JUL 2006 5. It is preferred that the polynmer does not exhibit outgassing
as any outgassing would result in ionic contam nates going into _the liquid-
crystal and this would destroy the <characteristics of the quuré-ﬁﬂy@@&u
cell; 6. It is preferred that the pol yner provi des good step coverage; 7.

It is preferred that the polynmer be patterned w thout the need of harsh
etchants; In addition to the polyner properties described above, it is also

i mpor t ar®nd patentidiecondqeting polymeathatehh He MBELayvh BndihRinp Mactdik ihe
preferably exhibit certain properties. These include: 1. Good Transm ssion

vs. Vol tredgeandingr Ralyaribng tasd atherGeoduGivermdyRetskistd famist off padymesngser at ur e
and at e]evated t rature; . No image sticking either at room

t enper atC{?F%“ grm (ﬁ %Sé\?ﬁﬁé& p§§pfé?'(}9b U,Zeagnq psf’ss’?&?go@b‘mt'tﬂ?é: tHlegtrigally
conduct i ; nol il can. be used for .such _an

appl i cat(}lcglr?%g{r%wélg er ? Q{Mgﬁﬁ‘ggp%ﬁg‘%%?@”%@t [eRERPTalg srein E’yi TEeRHSn t hat

polyaniline is made conducting by reacting the non-conducting form of the
polymer (the base) with acids such as hydrochloric acid to result in a

conduct ifgrgé for _aﬂ&&ﬁu&@veﬁ&ﬁ%&r@@ﬁ%ﬂ &T;E(ﬁf'aalﬁ}ine B ﬁ&%%de%lﬁa@ a 295 uai%ﬁ’ 317,

by AG MacD armd and A stein. e structure e conductifAg form

consi st eleofrodeim ful ixampleokf uideryseal idaghilaya) it Gatéspnslet dhat ar golpae sdlibiged by
counterani ons are described in U S Patent Application Serial :
08/ 370, Fertain; pregenties.. By Way pof exagude, dhe Deasentrigventionoosl enddseiilead, with

"Deaggregated Electricall nducti.ve, Pol yners, and Precursors Thereof"
inco?gofg@éedwﬁé‘? BPWaiS@‘nF'et}/"éthﬁé'gveﬁégﬁﬁnqtﬁﬁ’é‘t%&‘eﬁeée-eg ’:‘J‘-’y‘“FB'dPénder t he

.material conducting. It is well known that the presence of ions in liquid
crystal panels will result in poor charge retention and poor inage

1. It preferably exhibits an optical transmission greater than 80% in the visible range
while still exhibiting sufficient conductivity and contact resistance to the device

metallurgy.

2. It preferably exhibits good solubility and forms uniform coatings. Coatings preferably

do not contain particles, streaks, or significant pinholes or dewets.

3. It preferably is compatible with the alignment layer that is deposited on top of the
conducting electrode; the solvents used to deposit the alignment layer which in most
cases is polyimide should not dissolve the polyaniline, cause significant interfacial
mixing, or extract any of the dopant ions from the polyaniline. Extraction of the dopant
ions would result in a decrease in conductivity of polyaniline and the dopant ions could
potentially go into the alignment layer and ultimately in the liquid crystal thereby

destroying the properties of the liquid crystal cell;
4. It is preferred that the polymer exhibits thermal stability at least to 150°C;
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sticking as shown in H Seiberle, M Schadt, "Influence of Charge Carriers
and Display Paraneters on the Perfornmance of Passively and Active UL 4
Addressed LCDs", SID '92 Digest, 25 (1992). This is one of the biggest
concerns using polyani line as an electrode. The use of HCl acid as a
dopant results in volatile, nobile ions. It is actually observed that HC
outgasses fromthin filns of polyaniline at tenperatures as |ow as 41-50C
Thi s outgassing woul d destroy the properties of the liquid crystal (LC) as
the ions would migrate into the LC. Herein, we find quite surprisingly
that the polyaniline can be nodified to result in a doped polymer that
does notd deisurreferigdithat tegrodYmemdeestngt exubit cuteassing asran e ApLessing wowdr at

I d d h | | h
et ont | JEN PR T BRI A g eORBY 11ed BT BHaERL A OH ORHDHEE| ong 19

t hat durahggact.c{}%n@?spatetn M efystdigeipol yi mi de al i gnnment Iayer on top of the
pol yani l'i'ne ectrode o" I'vent 'used for the polyinide which generally

is a highly pol ar sol vent such as NWP or ganma- butyrol actone, both quite
pol ar solvents, would extract the dopant ions fromthe polyaniline and have
t hese i dndt isiprefenred thhgthet lymeroprohaleabpahstemtoveagger and into the LC. This
again woul d destroy the properties of the display. In addition, extraction
of the ions would result in a decrease in conductivity of the pol yani | i ne.

aui o commaBrEr i B G be Pt AR O b e of RERE Sandhons not

occur. 23 - 6 J UL 2006 Pol yanl | ine preferably provides good opti cal
transm ssion while exhibiting sufficient surface resistance and contact
resi st angaddftidre watpalyiedradropdries dmodiddaboliat Bamsotigipoetant apititka@liquid
transm ssion of the polyaniline by reducing the thickness but while doing
t hi s t herysairdele madgsyish Hirceolpgnitingeprefarably gxhibHoeeaserropprticsi A hage descri be

a nateri.al (tihat exhibits
include:

1. Good Transmission vs. Voltage Characteristics;
2. Good Charge Retention at room temperature and at elevated temperature;
3. No image sticking either at room temperature nor at elevated temperature.

It is not obvious that a conductive polymer, such as polyaniline, can be used*for-_s.uch

an application and result in the properties outlined above. It is known that polyaniline
is made conducting by reacting the non-conducting form of the polymer (the base) with
acids such as hydrochloric acid to result in a conducting salt. This is described in Farad.
Discuss. Chem. Soc., 88, 317, by A.G. MacDiarmid and A.J. Epstein. The structure for
the conducting form consists of delocalized polymeric radical cations that are neutralized

by counteranions are described in U.S. Patent Application Serial No. 08/370,127 filed
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good optical transm ssion, good surface resistance and good contactf jyL 2008
resistance to netal. Polyaniline preferably provides good step coverage.
This is a najor problemwhen using ITO In a typical TFT configuration,
Indiumtin oxide (1 TO is used as the transparent conducting. el ectrode.
The I'TO is deposited by sputtering and |ithographically patterned by a
conventional photoresist system Then it is etched using a hot solution of
a m xt uren Jafuacy ¢ 8985 attigdd nfDedggregadd Blett dedilyoC oed wtivel Polymesreaad | y, t he

| TOis deposited either before or after the thin filmtransistor (TFT)

| ayers- abgcpaassi Uiereadh incayparated \herdie b refgeepes belew: To reduce the nunber of
phot ol i t hography mask steps, the latter case is used. |In this case, via
hol es in the passivation |layer are formed to provide connection for the

| TO | ayer to the underneath source/drain netal of TFT devices. If the
passi vat lopp areageoessarsta pademihernaterial qondueting. it stveqdl npwer thye the ptesermet o t he

ia hol i L TO,is d ited Db tteri Oh th th
12 0L AEE LTSRS Rl TR AT BARSERS b oot
and, e TS ey PG NPl SRy GRS Ol CRrALE oy Y o

roller cpghmeRi®6f%5e PéifoMbuice of Passpledr endAcal & dHfesRIONCHR” oISl g5t ep
coverage. Polyaniline is also found to be patterned wi thout the need of

har sh et Digastt 35 (H®2holgs i lone of theeripgeshcansesigiusailgl olyaniliree awuarb electodde.
devices, it will be described in enbodinments of an active liquid crystal

di spl ay Brousspddil€l adf1ay ardppagt rosplis i Yoltile.omebide ions. It Tragtupllyabservedyst al. .

di spl ay. own in Figure onyentignal TFT display. 10 i ses an
array ofthgiﬁli] o&gaﬂfeseﬁé%ﬂ t ’8ﬁ?ln1%noglp3§ﬁaﬂgln_g a? ﬁ?’ﬂp?rf’fj%esto?sa%& S %@'g@‘t 0
addr ess P Dufgas:léi&% %00R dGogehd ployerRPbY IRy lysBIELEPad R 168 Wowen the
transistor isi1nits on state and a capacitor 12 which naintains the
vol t age mfgtate itfoetht rladisiHeran, ws findiquithedrpofsinglyTthat the polyasilioe cas bEor ned on
a glass substrate 13 on the back side of the display 10 and is

modified to result in a doped polymer that does not result in i0n migration into the LC

at room temperature nor at elevated temperatures and as a result LCDs are made with

excellent charge retention and image sticking properties.

Another concern with the ions is that during the deposition of the polyimide alignment
layer on top of the polyaniline electrode, the solvent used for the polyimide which
generally is a highly polar solvent such as NMP or gamma-butyrolactone, both quite
polar solvents, would extract the dopant ions from the polyaniline and have these ions
in turn migrate into the alignment layer and into the L.C. This again would destroy the
properties of the display. In addition, extraction of the ions would result in a decrease
in conductivity of the polyaniline. Quite surprisingly, it is found that the polyimide
alignment layer proves quite compatible with the polyaniline and extraction of the ions

does not occur.
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connected between a columm data el ectrode 14 and a row el ectrode 15 and to
a display transparent electrode 16 of each pixel, all at the back_qsilﬂﬁ @E
the display 10. The front side of the display is formed with a con IJ 3
comon transparent el ectrode 17 which is spaced apart from and positioned
parallel to the transparent display electrode 16. Both the electrode 17
and the display electrode 16 are preferably forned of a thin transparent
conduct i Redyamlisr paferakiygivorides gatiduopticahtrexsmisesi¢rt %@jle exmibitiredsudficientgl ass
substrate. Since the display electrode 16 of each pixel is smaller in

di mensi dWriape Feststance @adtGORLASH ECSIbHAT 10 hcedatp gatahlime bemepiing@ne cen trilossul t s

B T
: i : I 7
ot oy R ot v atae e ommgS il b

appr opr i @b@loptiehll @i edssié|gabd Yerfi& fekigtadcdM BEdFR ot TRHALES fofmbagk of
the rear glass substrate 13. Alignnent layers 21 and 22 are di sposed on

the inner surface of the display and comon el ectrodes 16 and 17,
respectively, and are in contact wwth a liquid crystal layer herein tw sted

nemati c pqigitifnCpidrablyPrbaiaey @bdwidcibviefags e ahads Beh MBEPrdtin tien Rsng! | el

nount ed glass substrafes 1 and 18 carrying the alignnent layers 21 and 22.
On the haek i daypitalt RET cdnfglratios, midsinbtie oxidghI TOPisr wsed (@nohie shmspayennhi ch

irradiates the display 10 through a diffuser If it is desired to have the
di spl ay cpodpetingglestrods. ddiedd'G isideppsitpd by $puitergsand Bihogtaphicaly pghamsd | ayer

side of the co n electrode 17 anﬂhco t al ns .qr.oups, of ge three.  primary
col ors (PetCOBRERP ST oTaes. STEsEh Hied i e HPHEr yoludPe da hilte
associ at@d.nWirfh @Gt AE afd HyAHRhRfrictARE GcPABNthdi TS is déposRed BEBra col or
cell. 25. - 6 JUL 2006 Li quiyg crystal cells vve‘rg’g fabri catcg)d i'n which
pat t er nestf@lkectatics ahd yhis diducinsizgrn@Rigayers dnd @asspaitipanayer maye begrct i oned
as the transparent electrode 16 of each pixel elenment in the

deposited. To reduce the number of photolithography mask steps, the latter case is used.

In this case, via holes in the passivation layer are formed to provide connection for the

ITO layer to the underneath source/drain metal of TFT devices. If the passivation layer

is too thick, the I'TO has a step coverage problem to the via hole since ITO is deposited

by a sputtering process. On the other hand, when the passivation layer is thin, pin holes

are generally present and the ITO acidic etching solution can cause defects in the TFT

devices or in the bus lines. Polyaniline would be deposited by a spin-coat or roller coat

process. It would therefore be able to provide good step coverage. Polyaniline-is also

found to be patterned without the need of harsh etchants.

Although this invention is suitable for a number of devices, it will be described in
embodiments of an active liquid crystal display and specifically for a thin film transistor
(TFT) liquid crystal display. As shown in Figure 5, a conventional TFT display 10

comprises an array of cells or A, each cell including a thin film transistor 11 to address
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di splay 10 above I TO functions as the continuous transparent el ecjizﬁezaﬁ.
In addition, liquid crystal cells were fabricated in which patter

el ectrically conducting polynmers act-as the transparent el ectrode 16 and
continuous coatings of electrically conducting polyners act as the
continuous transparent electrode 17. Electrically conducting polyners also
act as the transparent conducting electrode 17 and patterned | TO can act

as t he pthecdelldhyegjiplyide aléltalge go tie cliomsenaht amngistow iofn s omstatcehd ast ruct ure
of a TFT/LCD display. 101 and 102 are the data bus lines and 103 and 104
are gat eCHUSItP] hgsvh@ow,alr&ws argivaltage aierrilie transister s svitthethelifsIde (TFT), in

which 108 is t [ f 104 d 106 | { j on. of 1. 106 i

e sour bangr el et s oot deciinind el it oty Homape.
typi cal | [ ' ial ) tal.
195 15 alopEER ey PR R eb e 11 REAIH TR TS A S oBBy Ty e

by a phot@higdiearaaiirodRi peedf eath pitel, ad @t 10O badlofd@€bedle @68aiP10.t T8e ¢RInOT
filter side (not shown) and the liquid crystal (not shown) between these

two f or nside pf xied displpgds foymed MBth a somtinuwus enslimom winsp@kent eBOtroden 7 WX har e
separated by a layer of insulator (not shownz and forma storage capacitor.
8

Wien an Hppaeist apark fenyAnd gpsitigeed raraigitp die transmeergstigplaigedirods o4, the
TFT is t ._Therefore, ihe pixel it he st it
are char JRb theftusa TR0 fie bRt ThosR aR ik B A8t oP el 1B 8 Red Vol « age

whi ch de{reggea!?eﬁ doRBuSiRCHA RTRRLLES as Bldidh |inl d:G4d aw)i/éatrﬁkd bR 4 f1§sspi xel .

Thus, the signed imge 1s displayed. Two cross-sectional structures ..

.al ong t heutAtAte. aSigics Bnisplay kleggode’ 1@oflefdh dixel ki gRalle? imdilnéhsionlfénitke t he
source el ectrode, 107 is the drain electrode, 108 is the gate el ectrode,
109 is t bentiggue comsanaglentradgyidy a fringe field repalts fdvighhtnieadsiqutward fragethe 111

el Mpa i Sl SN 3t RS AR Bl 10° 1S
applied across the electrodes. Parallel with the outside of the common electrode 17 and
adjacent to the glass substrate 18 is a polarizer 19, which is appropriately oriented
relative to the a polarizer 20 mounted in back of the rear glass substrate 13. Alignment
layers 21 and 22 are disposed on the inner surface of the display and common electrodes
16 and 17, respectively, and are in contact with a liquid crystal layer herein twisted
nematic liquid crystal molecules which is sealed between the two parallel mounted glass
substrates 1 and 18 carrying the alignment layers 21 and 22. On the back side of the
display a visible light source (not shown) which irradiates the display 10 through a
diffuser If it is desired to have the display 10 in color, a color filter 25 is disposed on the
alignment layer side of the common electrode 17, and contains groups of the three
primary colors (red, green and blue), each one of the primary colors being associated

with one of a group of three adjacent pixels A to form a color cell.
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passivation |layer 112, there is another layer 113, which is a | ow
dielectric transparent polyner layer. The pixel electrode |ayer 109 JU. 2006
pl aced on top of 113 so that the pixel electrode can be extended to the
top of the data bus line to increase the pixel aperture ratio. In Fig. 7,
pi xel el ectrode 105 and 107 have a direct overlap. In Fig. 8, this overlap
is through a via hole on the polyner |ayer 113. Fig. 9 shows part of the
assenbl ddqbidggrivetal eqllgsveas fafirigategyin wiHoh patterned glectsicalijubstduatieg ppRiners t he
color filter layer. 122 is the conductive transgar ent el ectrode |layer. 122

?:an be a(he'il_?f’d}' qu'),{ugggoagd@pmtrpg@;@,rergrelecgogz& %%‘C@rﬁii‘@@#ﬂ%ﬁii?’é}l?ol yner
Shown) TP A8 aBORIPEG ruRBfnl L o o S hEDeb G SBoBagTh BRI, | Loy
124 is theif eRRUT ChkewaR I L hig! ahsmehxele%ﬁwaﬂgtﬁéﬁg«%iggg)%ié@és Thus,

122 can be connected to a driving electronics throu 125 is

a | i qui chceny slieatrandpaye@t elebiroderet ahd lcay@msoudroatel 8 of elcefidaly coREltgihi Ve

| ayers in Figs. 6-9 can be replaced by the electrically conductive

pol ynmer Sodoeers dches the continpeussieansparané nicrioade MHIEEcRi¢aly TRANSHBIEOR DEVI CES
The electﬁical fontﬁétiFor el ectrodes in cgrrent }hin filmtransistors
(TFT) dAPIEBYS 40 aohdp Htrajpppagnd Ca’é%&%‘ingé? cygdeH aqdpavtened dTOrcagimst t er i ng
process ch. i xpensi ve tooling. Suitable polynmers include
substitJ%@hggH%F%ggﬁ stVfuted el ectrically conducting polyaniline

pol ypar aphenyl enes, pol yparapheyl enevi nyl enes, pol yt hi ophenes, pol yfurans,
pol ypyrrol es pol ysel enophenes, pol yi sothi anapt henes, pol yphenyl ene .

ey P e D A R A AT T B RS.

t her eof .tn@daca Bustidles 288605 AnAr1d8 ard Pite HE Hfed? Al0Y MBI 7SarldO1 0REokS 8Ot hASfifin

contact electrode in TFT they preferably :
transistor (TFT), in which 108 is a protrusion of 104 and 106 is a protrusion of 101.
106 is the source electrode and 107 is the drain electrode. 106 and 107 are typically
made of the same electrically conductive material such as metal. 105 is a transparent
pixel electrode which is made of a conductive polymer by a photolithograph. Pixel
electrode 1035, top electrode on the color filter side (not shown) and the liquid crystal
(not shown) between these two form a pixel capacitor. 130 is an extension of 105. 130
and 103 are separated by a layer of insulator (not shown) and form a storage capacitor.
When an appropriate high voltage is applied to the gate bus line 104, the TFT is turned
on. Therefore, the pixel capacitor and the storage capacitor are charged from dﬁt‘a bus
line 101 through the TFT to the designed voltage which determines the electro-optics
of the liquid crystal in the pixel. Thus, the designed image is displayed. Two
cross-sectional structures along the A-A’ are shown on Figs. 7 and 8. In Figs. 7 and 8,
106 is the source electrode, 107 is the drain electrode, 108 is the gate electrode, 109 is the

gate insulator layer, 110 is the amorphous silicon layer, 111 is the n + amorphous silicon

layer, 112 is the passivation layer, 105 is the pixel electrode. In Fig. 8, on top of the
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have suitable electrical conductivity and be easily patternable.

addition, these polyners cannot outgas causing contam nation of d@JUb@@ﬁ
Furthernore, the conducting polyners preferably are patternable by

|'i thography. Patterning preferably does not result in a decrease in the
conductivity polynmer nor cause any deterioration of the properties of the
conducting polymer. It is therefore desirable to develop a nmethod of

patt er ni pigsivigaelgyet y B therei islaabthyr tayenethehi¢ihiata loandiblectyis e thr@par@iy
conducti ng pol yner s stem and does not negatively inpact properties of the
conduct i proyiped laper . T élmb@e@m% lewrich@stis RgcpbPy ter okl Bosor Gde tizspiae! | east

f th dt TFT h di ff t 1-ty
con 8gateé% Sp s eisndee do fhd ircerc e e B iide Tadre e s s@eaﬁgar! er
(H. Koe ! IﬁA‘Flér ef’lele& ocﬁnﬂﬁ’anld 10§ ha?@g%n}ecmerlgarl?% §) thxs (\),%eé%xh' S

pat ent the gate stent y conprise Bver
one of t@%ro%}@'aﬂ/lé?h@l@foh(lﬂ@%olyﬂl@ laef 1YRSFR. blshmpﬁar@opaﬁ%%ﬁwdﬁ Mm?r

this filmhad a patterned netal |ead. The nethod used for the growth of

t he condugdthindisplayy ed isie ghscubsicitenil2hls thelcylvefiltzatdyen. 128 fshReigh t he
authors of the above patent generall describe a different nethod can be
used t o FOBHRFUVSCLI RRAPATRILiCHGLRES VarsT- il?ee%nr RRdan indiem mu@xiﬁ@flm)ﬂeyermy

sol ution fothe r obl.em. of rnthe gond ctin olyner | ayer to

Che requt Peaareletarithe el BRE B Eretirade R 5 ¢ he
transi st oaPMHFeho LGRS Tof %Iﬁﬁﬁgr R)dcfﬁvmé Blet thénily. eFZ%niE et metal

application we present devices that use conducting poly one or nore of

the sourlgger. ti24 isltied conandtivdiepaatwehich eltitioals comiecta 128 hnand3watsf ppat tern
a conducting polynmer layer. 28 - 6 JUL 2006 The present invention is also
di rect eoband)eTq@ﬁnd@vd ¢e s, drivingibleetiiorierethopughol2d afd t23e 12§oﬁnadm.uuﬂmanswl and

ate el ectrode rise an electrical conduct.i
d layer. Al? meta ayers and e cctr?caﬁly cond\}/ctlve ayers mrkglgsp gcan be rcp%ced by

the electrically conductive polymers according to the present invention.
THIN FILM TRANSISTOR DEVICES

The electrical contacts or electrodes in current thin film transistors (TFT) devices are
metals. Metals deposited by an evaporative or sputtering process which requires

expensive tooling.

Suitable polymers include substituted and unsubstituted electrically conducting
polyaniline polyparaphenylenes, polyparapheylenevinylenes, polythiophenes,
polyfurans, polypyrroles polyselenophenes, polyisothianapthenes, polyphenylene
sulfides, polyacetylenes, polyazines polypyridylvinylenes, combinations thereof and

blends thereof with other polymers copolymers of the monomers thereof.
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to 13 show configurations of TFT devices. FIG 10 shows a devi ce nade,on
substrate 61. A patterned conducting polyner gate electrode 62 is aiﬁslyézw
on the substrate 61. An insulating |layer 63 is disposed on top of the gate
el ectrode 62. Source 65 and drain 66 el ectrodes conprising a conducting

pol ymer were di sposed and patterned on top of the gate insulator 63. The
sem conductor |layer 64 is disposed over the source 65 and the drain 66

el ect r odhsosmied fgrathtseopolyinersgatte used amlasdontact dlectrdds inlIMFUithéyepefdrabimn FI G 10
in that the substrate 61 is conductive and acts as the gate 61. A specific
but not haveisuitablessiestpicad conduativity sandue easidy pstteroahigybn additiewi thysedoped waf er
as substralt e/%ate el ect rode %*%é and ,62;_ ang use agth rmal |y grown oxide 63
as i nsul BYMeSSINPEROYBas AUSHELONEARINGHOR fRAPUICASy “F@‘r’?ﬁf‘ﬁfeaglecl?é’§é\“?tﬁtgd in
FI G 10. j f [ h . rain 66

el ect rod@sﬁgr% 125 @Jiefse;fr)%é@cf rt géntFljc?ngoe?D }{ {l:tgi)g%%h&b%(ﬁgtgﬂglr% P%?%?Q@@egﬂ%h was
earlier gispasadietRatd® GatBninaiigtlymér forkdust {fedefisratbfbBinell in that
the source 65 and drain 66 el ectrodes are dispose "on top of the

sem condppertick af ete Eshduwating Ipolyawrear| i er di sposed on the gate insul ator.
Figure 14 shows a plot of the current flow ng between the source and the
drain of the TFT device, whose structure is schematically drawn in FIG

11, versus the voltage gate . el ectrode. The channel length, L, of this

devi ce VASs {iPefdtcd@nabrng ddvelophameglodwf pabternigs tiksOPolpinefsQgeall2Q. © - 6 J
UL 2006 Figure 15 shows the top view of a typical layout of a TFT based
active nmtthiod thpgeardbe apgisempnycendupying @alymar siged and dage ngbpegagivelyhe ;

drain, and the gate el ectrodes co ise polyner. Figure 16 shows cross
sect i ons‘“&fachpb‘?g?éﬁ‘eso‘?f = ‘bcé’élég}%i’ﬂ?‘frve matrix liquid crystal cell

The use of a conducting polymer electrode as at least one of the source and the drain in
a TFT having a different i-type conjugated polymer as the semiconductor layer has been
described earlier (H. Koezuka, A. Tsumura, T. Ando, U. S. Patent No. 5,107,308). In
this patent the gate consistently comprised of a metal. Furthermore, whenever one of the
drain electrodes in a TFT was a film of a conducting polymer, this film had a patterned
metal lead. The method used for the growth of the conducting polymer was
electrochemical polymerization. Although the authors of the above patent generally
describe a different method can be used to form the conducting polymer elebtro_de, they
do not offer any solution to the problem of how to pattern the conducting p—c')gz_g‘u_ef layer
to the required shape of the source and/or the drain electrodes and form the transistor
channel between the electrodes. In the present patent application we present devices
that use conducting polymer one or more of the source, the drain and the gate electrodes

of a TFT and ways to pattern a conducting polymer layer.
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having two different TFT configurations, Fig. 16(a) and Fig. 16(b)-§ e 1006
nore of the source, the drain, and the conprise a conducting polyner.
Figure 17 shows contact via through a passivating or insulating |ayer. The
bottoma conducting polyner. The top | ayer could be either the sane or a
different conductive material such as a netal, conductive polyner or |ITO
LED DEVI CES Patterned electrically conductive polyners are al so useful to
f abri cabe present ipvemtioneisadsot dir@ii%é@sTFWeéiCp%rim wduighaeneor mpiesofitheent i on
relates to a transparent cathode and ano? re for light emtting

di odes $9HED SRR ISk Bpih ElecrPARH COBHRTISE iR %Fr&?ég)%g%}\ﬂﬁ‘i'%ﬁ,g RARERET- FAbri%at ed on
transpa{oep% sl’?oqp§%1§|u§$ti%ﬁse&dﬁ&”§ &vggépl ay which is at least partially
n abrica

transpare and ed on an opaque substrate containi ng devices
nod-circuits renders a display viewable fromthe cathode side. The present
invention applies to LEDs having an organic and an inorganic

oo EDb 1BUR B R, A age B PGP ) der b SERRE R bk oL ey
descr i bade S QaidRks B SARILEA £ PhsHaARZ KBS Afded 3GopNel |

| ower el'ectrode was the transparent conductor | umiinoo 6 J UL

2006 (| 3Qhe ghteelb@podd 6%t S@stee E6ant higsin GhesletrleyesmpPRAALE coRdidial | | ght
fromthe electrolum nescent region could be viewed only fromthe gl ass

si de. Opelymec@ptd dpossdiand pagternpsk ey @wpraddehedty insapoorn &d Ty samicBoonor et

al. in Nature, 380, 2 1996) in iC he, cat hqde netal  is thinned during
the subREuUEhES 41%11958@{}%%& ﬁﬁeéﬂugﬁggrﬂ@e&ﬁg 't“i“aéGI @emtotd%g‘b‘bf’%‘i’]to.f theeB8€ED -

~di spl ay; gﬁ At} @paque substrate or a transparent OLED display on a

transpa & substrate requires a top electrode structure that satisfies the

foll ow ng

FI1G.11 differs from FIG.10 in that the substrate 61 is conductive and acts as the gate
61. A specific but not limiting example of this structure is to have a heavily doped wafer
as substrate/gate electrode (61 and 62) and use a thermally grown oxide 63 as insulator

on top of it. The rest of the layers remain as described in FIG.10.

F1G.12 differs from FIG.10 in that the source 65 and drain 66 electrodes are disposed

on top of the semiconductor layer 64, which was earlier disposed on the gate insulator.

FIG.13 differs from FIG. 11 in that the source 65 and drain 66 electrodes are_dispose

on top of the semiconductor layer 64, which was earlier disposed on the gate insulator.

Figure 14 shows a plot of the current flowing between the source and the drain of the
TFT device, whose structure is schematically drawn in FIG. 11, versus the voltage gate
electrode. The channel length, L, of this device was 100 microns and the channel width

was 1500 microns.
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criteria to (1) be transparent to the LED em ssion, (2) provide a loWJULZ%B
series resistance current injection into the LED active region, (3)
provide sufficiently high lateral conductivity on the plane of the

el ectrode when these diodes are forned into two-dinensional arrays

sel f-'em ssive displays, (4) act as a protective filmto the chemcally and
physically delicate underlying organic film and (5) be able to be
deposited in a benign fashion wi thout damagi ng the organic |ayer on which
it is deposited so that the integrity of the layer/electrode interface is

preserveg, Th conﬁnqﬁ trans afent,electrod material is indiumtin oxide
(1TO, oftelff [RERPUEhEHORNSTEOf A tYRIFHPAYOW A sk Edasedntive meatis liguid but it
is typic - [ [ . ient that causes danage to
R T e T e T e
satisfy fdymerThe same is true for GaN as an electrode. Criterion (5) s
actually the nost crucial since, although there are several transparent
conductive nmaterials, nearly all involve plasmas or high processing
tenperatures which irreversibly danmage the organic |light emtting
mat er i al Figweat6 showieergesasecyons afraapigplenfent F & dtasestectiva aiasrix diquitecrgstaliodlur e

| of the ove requirenents. 31

t hat i ' ient..t d sati sfi, | ,
e ' b o ey ERE Ronbewalhri e IR erisn 6Bl SRecr Mateoniicer | al
t hat Offst%{lr(% B ﬁﬁoﬁg%ﬁmﬁtrﬂ@'a.éo};&aﬁfg rﬁuﬁlpﬁé}.e sane time offer high

g cond Vi

optical transm ssion, goo uctivity onfrental and t her nmal
stability, and ease of patterning by |lithography. A typical light emtting
~di ode configuration consists of a hole injecting el ectrode, an

el ect r ol Eigiireekt ghtwd copdact aviatl through e qrassivating erdnsulating legern dtie bofthinsa i s t he
basic configuration. Sgonetines hol §1 Lr ansport |ayers can be incorporated

bet ween (OREUCHT BAYTGE ERGIOP BY¥E conld Phetikdrdbe sunGiAT Addfiarnt qongastivey

enhance [0S IPRI i0a HletdiMEoRef¥e polymer or 1TO.
LED DEVICES

Patterned electrically conductive polymers are also useful to fabricate electroluminescent
diodes. More particularly, this invention relates to a transparent cathode and anode
structure for light emitting diodes (including organic light emitting diodes) which, when
fabricated on transparent substrates, renders a display which is at least part.ially
transparent and when fabricated on an opaque substrate containing devices and <circuits
renders a display viewable from the cathode side. The present invention applies to
LEDs having an organic and an inorganic electroluminescent region. The invention will

be described with reference to OLEDs but is not limited thereto.

Organic light emitting diodes (OLEDs) described in prior work were fabricated on glass

substrates, and their lower electrode was the transparent conductor indium tin oxide

30



and to isolate the holes. Also, an electron transport |ayer can be included
between el ectrolum nescent |ayer and the electron injecting el ectgoge.fhe
el ectrol um nescent |ayer can be an organi c conjugated pol yner, an organic
smal | ol ecul e such as the AIQ materials or it can be an inorganic
material such gallium arsenide. Typical hole injecting el ectrodes include
| TO. Typical electron injecting electrodes include alum num calcium etc.
P- doped (BI@kt The ton gleet of ithase govigeseras apegue 60 thatiight Frempthesent i nventi on

can be used A as hole injecti | ayer nd. M.doped el ectrically conductive
o lymer SEETR iAo T chlE Copas Ve R fiagh LB se A Ecepian aRe
injectiq ers.. _An I f . SLT f i kL 300 is
Shown 1 AURpQHEiendh SRR 5 0: hOFiSh b Hl N Riaed, DO\ Mol plcype

deposi t egindiié atdthiVis @Rinhbe datias $hAfthstuchOITO R padIQEE and E%egiafriiai}en_t _
operation the organic region commonly consists of |ayers and shown in Fig.

18 are aramepaentnj ection |ayer 316, a hole transport |ayer 318 and

el ectrolum nescent (EL) |ayer 320. EL layer 320 is the netal chelate
tris(8-hydroxyqui noline) alum num (sonetines abbreviate S or Alg3). The
hol e transport layer in this configuration is an 32 - 6 JUL 2006 aromatic
di am ne AnTOé B2 dadplal drogn MipAgué subdeptesirt ettamsparap QEEPhdspirganiacs to form a
cat hode 322 which is opaque for thicknesses greater than approximately 10
nm Not tragsRATANG SUbstrREs Feaires 3 4o clepzqde; sirushive thatsatisfieg the Tglloytingt t he

cat hode f.rom noi sture. The | a in.the ructure of Fi.g. 18 is a nmenber
of the 8{1({%? t8f(li§)§é§ﬁn§p%§f‘§h tgl%‘eélg O % %r%‘ﬁt" 3r1°‘8r55ﬂ% EEStaPRese are
-seri al | y, depogid-adn RytodRe $HADAEAYd RBioR! Ph@RSvide ROFYARNS highl GOt her cl ass
of organic materials exhibiting el ectrol um nescence and are usually

appl i ed coydwpivity oaathi pdaneRedf] threlec@hd&Dehear thesd divdenamtihimgedrade on gl ass

substrates using an | TO anode and have an opaque cathode (usually a |ow
wor k two-dimensional arrays self-emissive displays, (4) act as a protective film to the

chemically and physically delicate underlying organic film, and (5) be able to be
deposited in a benign fashion without damaging the organic layer on which it is
deposited so that the integrity of the layer/electrode interface is preserved. The common
transparent electrode material is indium tin oxide (ITO), often used as an anode in
OLEDs, satisfies requirements 1-4, but it is typically deposited in an oxygen plasma
ambient that causes damage to the organic region in the OLED device structure and
therefore does not satisfy (5). The same is true for GaN as an electrode. Criterion (5)
is actually the most crucial since, although there are several transparent condudive
materials, nearly all involve plasmas or high processing temperatures which irfeversibly

damage the organic light emitting material.

What is needed is a transparent cathode and/or anode structure that is convenient to

make and satisfies all of the above requirements.
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function netal such as calcium so that light is emtted from one s'ﬁqgl_ 2006
only. They may also enploy nmultiple polyner |layers to inprove operating
ef ficiency. An exenplary enbodi ment of the LED of this invention is an OLED
having a transparent cathode 340 which is depicted by the general
structure in Fig. 19. If the OLEDis forned on a glass substrate 332 or

pl astic substrate with an 1 TO (or electrically conductive pol yner) anode
334, |i ghis therefopevdesitattledh feeiopomdw clsitteiz, matedalshiat D Sitpir Jrogsd
partially transparent. A viewer |ooking at a display consisting of an

arr ay - othagubEHO bugps thosarae smerdter highueptival trapsmission good sendwdivay t he
display or, could  lo t hr ough.. t he di spl at the scene beyond. On the

ot her h&RYropmenis) %{VP%%ES@HH’% ABH & tE)FeO SRASLETRiRE by lﬁh%aag}’-si licon, and
using OLEDs with a transparent cathede could be viewed by | ooking at the
light emtted fromthe cathode side. Fabricating an OLED display on

UG ER RN e R N RTINS
and ci rﬁl‘é%tgél}lmgﬁé}&é}ﬂ 1%%%%&%&@5&&?1@&&%1;8@6&&. XTH SOt N | ntegrate

drivers. L 2 According to the pfesent 1nvention the anode or

cat hode coxifigupgtidi=Ds crastimbes hole nethsporomayees canobeihesrpbyated Beieesitheare | ayer of
an abrasion and scratch resistant electrically conductive pol ymer as

i ncor poirdtatingtelectrotie aaddbe lseteplumingsgent layer 4o enlranice ¢ BuobULEDS theahdlesg t he
cross section sho jn Fi 19 is fromboth the top and the bottom (i.e.,
(rom babthQraials fre heles. aiiigedn SRRCRN HantPolhbder caTbe HeHdas baieeen

transpa ] i I .1y e, descri bed herein provide
a satis?gg%gﬁ§n@§§%§gé§&é gg%?%gggﬁggﬁég¥@%g%?ﬁgérequirenents of
transparency, perpendicular conduction for |ow series resistance,
formation of a protective filmand a damage free deposition process.

Agr asi Qghgrettcﬁﬁru%iﬁbsce@@ia%mn 18 B¢ bfdagR! dovijugardysolyn&, BR loyFBiSsAie
-descri be
molecule such as the A1Q materials or it can be an inorganic material such gallium
arsenide. Typical hole injecting electrodes include ITO, Typical electron injecting

electrodes include aluminum, calcium, etc.

P-doped electrically conductive polymers according to the present invention can be used
as hole injection layers and M-doped electrically conductive polymers according to the

present invention can be used as electron injection layers.

An example of the structure of a prior art OLED 300 is shown in Fig. 18. The substrate
312 is glass, and .an ITO film 314 is deposited diréctly on the glass and to form an anode.
For efficient operation the organic region commonly consists of layers and shown in Fig.
18 are a hole injection layer 316, a hole transport layer 318 and electroluminescent (EL)
layer 320. EL layer 320 is the metal chelate tris(8-hydroxyquinoline) aluminum,

(sometimes abbreviate S or Alq3). The hole transport layer in this configuration is an
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in US Patent Application Serial No. 08/193,926 filed February 9, é9a4 ﬁﬁd
U.S. Patent Application Serial No. 08/476,141 filed June 7, 1995 b HL 2
entitled, "Electrically Conductive and Abrasion/ Scratch Resi stant
Pol ymeric Materials, Method of Fabrication and Uses Thereof", the teaching
of which is incorporated herein by reference. Bel ow each requirenent is
considered individually. A display device is fornmed by fabricating many
i dent i cairogldtiosdigmink. TDOMetahialloy SMESE fsalepoditedatund dfMhe ofzanivetdifommsi onal
array and providing the neans of controlling the light em ssion from each
di ode.  Gebodd 332 which i5 npaguei for thicknedsea gréater than 'appfaximayAl0 gpasNove
matri x approach), for, exanﬁle, the selected row line 490 is brought to a
posi ti veShoyw BaghermetiGsegldnal s spmeime userhta BRRtect Msscatbods am moisturgr ound. A
voltage is applied to each colum |ine 494, 496 where i is the colum Iline
i ndex and runs fro the maxi num nunber of colum lines. The forward bias on
OLEDs 498, 400 along the selected row line 490 is then Vr - Vci and this
vol t age Hbe¢ Elnianersintthe sisine obficedP it @ ember of thre¢lassf pmeanio materipds ar e
reverse bi ased an? ﬁrit no.Iig@%i 34 -.61J U L.2$%6 For the arraﬁ shown in
Fig. 20ANOYR &f BSIeHar OTeaTiey OIS AUHERAIY Sopgited DY @n-o2Reagn PIRSFS hi s can
pr oduce i i j i r J ent . 4 I8 I Led by
Phe arr 2 RSH o ficier i plBIAT SR exflinb gl S elcenl SHEE e
i ncl udedygia)l@aePlied bPSHinR@atihg.i Polyd GIOEDIAR &lsé BemARhWMalié bR guatt age and
hold the other row 1 nes are accessed. In this case all diodes share a
common catbhudes uBmgausEl'® hasde and bave sn npeqile cathdsie (vsully alot Waskt , it is
. convenient to fabricate sin&%s c&istal silicon. In this second case, the
P

subst r at MIFYoR MERISUGH @S §21° htieltdt ARG Somangisidernlyy dhenmare
: _ . ; : ‘ o |
U5, pat IR RGO ROEEF DpBlo 15 ARSAMENRLERY 20 Loy 47 Too7

assigned to the assi gnee of

An exemplary embodiment of the LED of this invention is an OLED having a
transparent cathode 340 which is depicted by the general structure in Fig. 19. If thg
OLED is formed on a glass substrate 332 or plastic substrate with an 1TO (or
electrically conductive polymer) anode 334, light is now emitted from both sides, and the
OLED is at least partially transparent. A viewer looking at a display consisting of an
array of such OLEDs could either focus on the image presented on the display or could
look through the display at the scene beyond. On the other hand a display ‘formed on
an opaque substrate, such as silicon, and using OLEDs with a transparent cathede -
could be viewed by looking at the light emitted from the cathode side. Fébricating an
OLED display on silicon is advantageous because the devices and circuits can be formed
in the silicon prior to depositing the OLED on the silicon, and the devices and circuits

can be used to make an active matrix display with integrate drivers.

33



the present invention describes OLED structures and net hods of fabrigation,
the teaching of which is incorporated herein by reference. METHODS L. 2006
PATTERNI NG To be able to be used as a electrode or electrical contact, the
el ectrically conducting polynmer is preferably patterned. A nunber of

met hods are described herein which can be used to pattern the various
electrically conductive polyners. These include an application of a resist
mat er i alAccerditgetostiiefpaesenvinventioncibndnod¢ orcathardeyofahe LRIR carebe Sdrnzdrfrdig

negative or positive type and can be devel oped in agqueous or organic
sol vent 8T CEY{"‘E?FgL@é Wpt%géj%lfqy%o? a1 2 Bfasiog and erata resjstant dlestrisallyt e type,

i e T N e T
ther e0f natmBuhy LiosPE@LERL RSP PN S ROIHARI AEL AR MINSHD B g O er

acid |iable deprotecte acrylate ester polyners t’he

These ambetiesteepdfathy dawdey sinoel boot amdhle andGadhddelar@ @A@spdrBht i Ng. Exanpl es of
positive resists are epoly containing polyners, hydroxystyrenr polymners
with cross-linkers, and siloxane polyners. These are exenplary only and not
limting. The resist is exposed to a given radiation, such as

ul t r a- viThk eteburicailplcend wdtive tpolymdre descxibeder@idpiovidete patisfapi@UA i @fer anmet hy |
amoni um hydr oxi de aqueous tetranethyl anonium hydroxi de, aqueos NaCH,
ageous REF{rodeebyieeting thefeapisemprts of Aqnsrarenaye peepsndighameonduatiomyfdr oxi de,

cot one. St SBFRS, SEmA Rt Ay e 1Bt anfih o4t FomasHOBtiont 1 mge | &
(R obnelk A PROS ARE ok PN Ul 4y BEhRIve oS B BrlcRBea 00O
t r ansf e B0S.tRuténteA gslivdtich 58Gal10b. 088193, 966016 E FabiiaRg9,f BB Sindi 8.9, paRRYEd,
prefer a%lp){)ligg/tio% Serial No. 08/476,141 filed June 7, 1995 both entitied, ”Eiectrically

Conductive and Abrasion/Scratch Resistant Polymeric Materials, Method of

Fabrication and Uses Thereof”, the teaching of which is incorporated herein by

reference. Below each requirement is considered individually.

A display device is formed by fabricating many identical OLEDs on a monolithic
substrate arranged into a two-dimensional array and providing the means of controlling
the light emission from each diode. Generally, the image is formed a line at a Fig. 20A
(passive matrix approach), for example, the selected row line 490 is brought to a positive
voltage Vr while all unselected row lines 492 remain at ground. A voltage is applied to
each column line 494, 496 where i is the column line index and runs fro the maximum
number of column lines. The forward bias on OLEDs 498, 400 along the selected row
line 490 is then Vr - Vci and this voltage determines the amount of emitted. All other

OLEDs 402, 404 are reverse biased and emit no light.
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sol vent wash acetone, diglyne, isopropanol, etc. This schene is outlined in
Figure 21. It is desirable that the solvent used to apply the rggUﬁt ﬂ@
wel | as the devel oper of the resist and conditions under which th g t

i s devel oped, and the solvent which is used to renove the resist, does not
result in the deterioration of the conducting polynmer's properties such as
the conductivity, o transm ssion, thermal stability, and so on. A second
met hod ofopéhe &ray skowinén E&mdﬁ& and@ pBDyemeits light \wintyhwhére itdl eow Jinkiaceesefd a
metal such as al um num etc. on the surface of the conducting

pol ymer . apd HH? P%ﬁ‘ ﬁé‘éfmcﬁﬂl er Pfhi)&h lpgormgﬁgg corigniofisplags.cShisue rémegligbby mer by
depomhagd} p[oagg(gwmet i S S? attern i,s, then transferred
to the conduc |ng po ' TNy %‘Lﬁcﬂ?r % H@eM&é‘f'}”b%‘@@ 9 pt gagh

fluori negrogd ﬁomﬂsﬁssea he sgﬁ?ﬁl the %Olél %‘f@?/ gg aRY iRiE MCn(ﬂh%xy\f'o Bﬁ% aar(g:ij furic

sol ution such as hydrochlofic aci ric acid, aci

aci d, pesaebisedi ¢n akisEasdiodpdes slfara@lcdmn{bnt ¢dtRoBC E‘ec@ﬁgs Hid¥e ﬁﬁmﬂk L4 ons
thereof. This schene is depicted in Figure 22. It is desira that the

condi t i otesbasrdell ansifedt, itheconyenient tosfa@apajslstngtb camstabtlhdftmd Bohss seegat | vel y

i npact the properties . of the conductln . - 6 JUL 2006 Athird
met hod of2Spd Ph?tﬁéb‘et‘%gp%ﬁcﬁ%iﬁ HEG 3R Vﬁéﬁak’l}@e\ﬁ Faquined telajsis thei imagof
bl anket netal, such as alum num gold, etc. on the surface of the

conducting polymer. The nmetal is patterned by the application of a resist.

Athe re to radiation ultra-viol vi si bl e,

el ect ronﬁ %Iéenxlncgs 1?%&&918 rggaﬂ]bgdacodgqlrg?ggéeaemlpg BeLPrencs I";S feif8t opers .

descri be i r i ng

t he mstﬁang f\(1)&?0“esf(egi‘ri}{)ilg)t bg\ﬂgﬁ OZ%tfg%{]& gg‘lsﬁtq P](;)ﬂ f::dt})((i:’h ag&‘écfelsog%l%baesggn o({(?; The
pattern thegmeseht anvefitton described O& BIDBrUudRGnAOhtNSds of AbrieX@em|tBe DY

oxygen, (02, SO2, fluorine, etc. reactive ion etching. This is followed by
renoval 6Achingof wiichtis pgcospaseteddinreindiy isfesenchy renoval of the netal by an
acid etch, simlar to these descri bed above. This schene is

METHODS OF PATTERNING

To be able to be used as a electrode or electrical contact, the electrically conducting
polymer is preferably patterned. A number of methods are described herein which can

be used to pattern the various electrically conductive polymers.

These include an application of a resist material to the surface of the conducting. -
polymer. The resist can be negative or positive type and can be developed in aqueous
or organic solvents. Examples of negative resists are polymethylmethacrylate type,
novolak/diazonaphthaquinone systems, t-boc protected styrene polymers and
copolymers thereof, t-butyl protected styrene polymers and copolymers thereof, t-butyl
protected styrene polymers and copolymers thereof, other acid liable deprotected

acrylate ester polymers and copolymers thereof. These are exemplary only and not
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illustrated in Figure 23. It is desirable that of the above processing
steps and solvents used in these steps do not adversely affect pbgperiiibes
of the conducting polynmer. A fourth nethod of patterning the conducting
polymer is by direct exposure to radiation. The conducting polyner is

radi ati on sensitive and results in a solubility difference between exposed

and unex_ﬁr(ased rg i ons ugon,i.rradi ation. The radiation can be electron
beam i oXDHESm ’%ﬁﬁpéﬁ% POHYREFREFS @re epAly £PMAINING polyRgrsp hadroxystagenrand

l'i ght). ' : bl [ db
R N s S M e R AR
scheme | mflfipl CHROebit i Bb&a%6 2 A0 ARABACLICR biltalicte PREFNT 5 198, 153,
t he teaching of which is Incorporated herein y re erencé. " all of the

above casesrontbeanexyagang i beadisquedn e@AmEMG! bihen RliGA HYAPBGIAELL Seous

radi ati on, such as x-rays, and light of various wavel engths and include
char ged tetragisting amopaim, hyldeoXide mgueasdha@l, ehentsrkO Hy ematsylisobntyh kawse. and
el enent arcﬁ‘égarti cl &] Feams. . 3%{- 6,J UL 2006 Specific Exanples follow 1.
Pol yani | FHECHHIFEE e M BOPHTY Ay oI5 plspidanelo AT Yisiede leale mesley ethery, S,

appl i cat} Lal I | on February 2 %&96 t he. t eachi ng
of whi Chdc?%t?,ﬁc@@?%& g@é@%@?%ﬁﬁgﬁ?ﬁ e§ee%rgg§%B%§%pBIya P%‘d”ﬁ‘r‘l"’tgo a

gl ass sUPRd Feaiseithdges SubseyhafilyeursmirartddOm the REh&EHHA t il none,
m cresol , dinethl pgréopyl eng ureygl, di mret hyl sul fo di Wo rr%&cli\g% logt c. The
t hi cknesschifig (REEXamhiasgwittanxypen gantCam) $@4 fluprinbeetc Cc @eenhd ahagens of t he
polymer in solution as well as by the spin speed. CGenerally a 1016 to 5%

. sol ut i ontr§federing 1o e sopAugtiie RAYIpre the 1§mainng cesiss dy earmved Threferablylyess of

the coatl [ from. t.0 1000 Angstrons.. The.conductjvity of the
filmr a%&!&‘}ég% }x%%?ggetone, d@%e, 190pr0pan01, GQC. r]'gls scheme is ou medt in Figlre £l.
It is desirable that the solvent used to apply the resist as well as the developer of the
resist and conditions under which the resist is developed, and the solvent which is used
to remove the resist, does not result in the deterioration of the conducting polymer’s

properties such as the conductivity, o transmission, thermal stability, and so on.

A second method of patterning the conducting polymer is with the deposition of a metal
such as aluminum, gold, etc. on the surface of the conducting polymer. A patterned
metal layer is deposited on the conducting polymer by depositing the metal through a
metal mask The pattern is then transferred to the conducting polymer by etching such
as by oxygen gas CO,, SO, fluorine, etc. RIE. The metal is then removed by etching
with an acid solution such as hydrochloric acid, hydrofloric acid, acitic acid, sulfuric
acid, perchloric acid, phosphoric acid, nitric acid and any combinations thereof. This
scheme is depicted in Figure 22. It is desirable that the conditions under which the metal

is deposited and etched does negatively impact the properties of the conducting polymer.
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| to 150 S/cm The coated fil mwas baked in an oven at 85 C for 5 mnutes
to renobve residual solvent. On to this polyaniline surface was apﬁnju&egbn%

conventional Shipley photoresist (MP 1808). The resist is baked at 85

for 30 mnutes The resist coated polyaniline substrate was then exposed to
ultra-violet light at a dose of 70 nj. The resist was subsequently

devel oped in an aqueous al kaline M cropos CD 30 devel oper. As the

devel opé¥ thifd Bsthod off patterpiag chhcorsivstieg phlymeolisyaith the deposdionerfddankene

pol yani Line | ess onductin |t is desjirable that the devel oper and tine
of develSpHetHeHs aE‘I“BE’é‘l’%’ gOgbﬁ‘zcr Sk |“é“cﬁ“ffaﬁ°f’ ﬁ?cea%?tmtgrwlmfe/relﬁwemetal

Gover opsap fusria by AERpicallof 8 Taed A B R exphile BB iR hudopea

resist rd-DRMtCUEIBE, BlectrofbbAh, RPayTlioHibesn hAdRRYASEPed *ﬁ@infg%ﬁhﬁér prior fo
image transfer. The resist imge was then transferred to-the polyaniline

by oxygérveleses ileseribeh abetec HienppttcFhes pohsfanéd inthewnsaplagbesly eghiag the0 watts
RF power |load, 100ntorr pressure and 20 sccm of oxygen gas in a reactive
i on et cHick), EHSRpBPle grthhampasidsalatiopnsudy ag describedhgleovinasTher patefetiad, t he

remaini ot or.es| st S..r enoved washi.ng with acetone. 10 hem
conduct ?’%B%Hﬁ@%ﬁ“’i ﬁ%‘%ﬂ% gqugﬁég%f ﬁx%"ﬁl?lg’gl?yag’?ﬁgﬁﬁ {s)e WroflHoting fies 25
and 26. b VALV I LAp and
f ound t(r)ea-lgtew?sifdr?ﬁig@h%o'r%%;lpfon%{%g%ﬁ?%@g{’%]ﬁz%}g?ge%{s?{ﬁ sdlcson ﬂﬁ"?’@%@%l n ot her
wor ds, rem®iayof thecmetal dgamerkteich, simfldyod insd YestSbe®hbReNethi@schamegsul t  of
this process. Other properties including the optical transm ssion and -
t her mal ilBistBted; inyFigwie By ¢ isldesizablé thon e abmwipradessingbieps byd selvental so

eval uated and. are di scussed bel o 2. Pol y(3-butylthi ophene-2,5-diyl) was
di ssol VAR e stemnsfanQdyerelyifest propert & AT QAYFURE POREIY| et hy

ket one, N-nethyl pyrrolidinone, etc,and spin coated on a glass plate. The
pol yt hi ophene was t hen doped by exposing the filmto a chanber of

- A fourth method of patterning the conducting polymer is by direct exposure to
radiation. The conducting polymer is radiation sensitive and results in a solubility
difference between exposed and unexposed regions upon irradiation. The radiation can
be electron beam, jon beam, and electromagnetic radiation (for example, x-rays and
light). In this case the more soluble region exposure are removed by a solvent wash thus
resulting in direct conducting polymer patterns. This scheme is depicted in Figure 24
and as described in U.S. Patent 5,198,153, the teaching of which is incorporated herein

by reference.

In all of the above cases, the exposure to radiation can include electromagnetic
radiation, such as x-rays, and light of various wavelengths and include charged
uncharged particle beams such as electron beams, ion beams, and elementary particle

beams.
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i odi ne. The doped sanple was then punped under dynami c vacuum A
conductivity of 1000 to 2000 S/cmwas attained. This filmwas patfelthedlby
appl ying the Shipley photoresist MP 1808 as descri bed above for the

pol yani line. 3. Poly(3-hexylthiophene-2,5 diyl) was al so dissol ved, coated,
and doped in the manner stated above and patterned as described in exanple
1. 4. Poly(3-octylthiophene-2,5 diyl) was treated and patterned as

descri be¥peathis\ixamplesollowyr rol e was deposited on a glass plate as fol | ows.
Pyrrol e mononer (0.045M was dissolved in 500 mM of water. In a second
beaker was di ssol ved the oxidant FeCl3 (.105 M in 500 m of water.
(.105M of 5-sulfosalicyclic acid and (.105M of anthraqui none-2-sulfonic
aci d sodi. Relwailineatoped véith acttiaahitloprobenasxifoteintacisadestriyd. inAJ, SYbBSKcabbAt €

whi ch had one side nmasked was di pped into the nononer solution. The

oxi dant S6BRLAG- 98/1%. &R dHed g disbrenry Re 1%n sheteagingtof svhichTisensopartitegn i s
allowed to.r s to allow the polynerization of the

h, f 10 to 30 .m nut
monormer e&”ﬂ)?&%&@&”&%(}v a&éyﬁg?gplwg?ﬁﬁ ﬁ’ea éllaésssélbﬁﬁré‘teef.m‘%fﬁ’es“ﬂ%m?kﬁ@éghmof t he
conduct g AN RY By BbindRRAR S0 LU AR B SR endRlBL GRS AdR 0N Lhe

time the g plate owed to SI ymer

JUL 200GifbhyBelnipmidepbr. NPk Goddeatdfths Yol B 1 Sfkrofd %QQB§/ cm The
pol ypyrrol e deposited on the glass plate was then patterned by applying a

resi st aenckagratiobed thdpokymeg in Fabtiema$ imak aslbpeble spitilapeed. Generally a 0.1%

acryl am dopropanesul fonic acid was spin-applied on to glass plate. 300

Angst r orff 5%1' SE‘I‘%EHR&asﬁtﬂW‘ﬂﬂtﬁ\Wﬁwgp’éraaE‘gﬁl &vete i Wricknessmé the 0 um

- thick of a.Shi t t at ol.vent based resi st
was. appl?BTHeE RSk 408 REYOGLR 1SR, TR ABhBERAT R B e PansiRRER ] T g

at a dogeolHng/candTEbaeUBIRT Wwis G8N&I ARACoVeh tah 83 *SOFRTs Hiindied %exelaovc.

M croposit devel oper conce.ntrate and deionized water. After opi ng,
t he resiretiduad shbketd @h t83hi€ potyan8mersurfatewas dpplied a conventional Shipley

photoresist (MP 1808). The resist is baked at 85 ° C for 30 minutes The resist coated
polyaniline substrate was then exposed to ultra-violet light at a dose of 70 mj. The resist
was subsequently developed in an aqueous alkaline Micropos CD-30 developer. As the
developer which is alkaline can dedope the polyaniline and render the polyaniline less
conducting, it is desirable that the developer and time of development be closely
controlled. In this case, the developer concentrate is diluted with deionized water by
50%. The resist was developed for 30 seconds followed by a rinse with watér. The
developed resist is then cured at 1 °C for 30 minutes to harden the resist prior fo image
transfer. The resist image was then transferred to the polyaniline by oxygen reactive ion
etching. The polyaniline was etched using 150 watts RF power load, 100mtorr pressure
and 20 sccm of oxygen gas in a reactive ion etching chamber for 2 minutes. After the
image was transferred, the remaining photoresist was removed by washing with acetone.
10 um conducting polyaniline lines imaged in this fashion are shown Figures 25 and 26.

The conductivity of the polyaniline patterns was measured and found to be similar to
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pattern is then transferred to the alum num by etching the al um nggﬁl}[ foom
tenperature using Transene al um num etch sol ution consisting of 80% 006
phosphoric acid, 5%acetic acid, 5%nitric acid, and 10% water. The etch
rate w 4. 19Angstrons/sec.. The patternis in turnis transferred to the

pol yani | i ne by oxygen reactive ion etching using 20 sccm of oxygen at 100
morr pressure and 150 watts power |oad at an etch rate of 39

Angst r ortBe stagting pendictivityialn othermdids nocignifivast decreasy in leengwdtivityns t o t he

polyaniline is to carry out the alum numetch at 30 C. At el evated

t enper atiita ,edb*lf't%resf‘hé%él“érﬂrﬂ‘iﬁ’ﬁﬁ-%e{ REOPEIey il yding the epticat radsthigsiohe aci d
solutio t i { [sec. . The.remaining resist is renoved
by an ac%él'ia ot}r}gmﬁfltﬁgaeb?m?(ﬁ% dr@gngaﬁlntli’n&g%ngleﬁtrﬁ}ﬁﬂmail §ta§ﬁ¥%§@9“aﬁ;§‘§/e%?%§d andi | ute
25% di | yredhyshsee kel ¢ acid solution. Figure 27, 28, and 29 depict
conducting polyaniline patterned in this fashion. 7. The substituted

pol yt hi ophenes and in-situ polynerized pol ypyrrole described were also
patterned using alum num bl anket nmetal as described for the polyaniline

above. &. PBY{3-dotliiepiracP| Baiylopasopiendadlif anufagleisdhwassdgresi ted onto a
glass slide. On this surface was deposited a pattern of alum numlines

t hr ough tetrafesdaofungms knetiikeeth ik kasome, N-fethyd pytioli@inose, vaas atid apiaf@atedthrt 0 t he
pol yani | i qe b ox¥ﬁen {yea.ct' ve ion_ et ChiQr;jg. The remai nder of the al um num
i s t hen 2desidtatGi TRe Rogtingphensykasttiar dpped by pxposisig e Sim 1 chamdtenol i s

ideal for re [ res. m pol yani line |ines were

fabric atl(g(gn%' nlrg % |d§s#%§+rﬁ%1%q%%qﬁ% Pgﬁ‘&%ﬁigﬁﬁﬂﬁy %ﬂ% Vaunh g Agqondgctivify

subst i t 4t ¢domel YO0 SRRENES afilitled "TIHE titn RRds XBiet ! i al so be
patterned in this fa/ghi on. a10. eThe poll yanisﬁiﬁt. e&ggﬁygﬁﬂnﬁégﬁ%ggl g ul fonic
aci d camphbwrgsidt th Pl 8 dis rdesdribgd pove kpake pglyhiidiné.i | mto radi ati on such as

el ectron beam Upon irradiation, the polyner

3. Poly(3-hexylthiophene-2,5 diyl) was also dissolved, coated, and doped in the manner

stated above and patterned as described in example 1.
4. Poly(3-octylthiophene-2,5 diyl) was treated and patterned as described above.

5. Polypyrrole was deposited on a glass plate as follows. Pyrrole monomer (0.045M) was
dissolved in 500 ml of water. In a second beaker was dissolved the oxidant F;CCIQ (.105
M) in 500 ml of water. (.105M) of 5-sulfosalicyclic acid and (.105M) of
anthraquinone-2-sulfonic acid sodium salit are then added to the oxidant solution. A
glass plate which had one side masked was dipped into the monomer solution. The
oxidant solution is then added to the monomer solution. The solution is allowed to reach
for 10 to 30 minutes to allow the polymerization of the monomer to proceed and deposit
on the glass plate. The thickness of the conducting polypyrrole that deposits on the glass

plate depends on the time the glass plate is allowed to sit in the polymerization bath.
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under goes cross-1|inking and becones insol uble. The unexposed regiopg ﬁ[e

removed wth a solvent wash to result in patterns of conducting JUL 2006

pol yani | i nes. The conducting pol yner can be spin-applied, dip coated,

roller coated, spray coated on to a,substrate or it can be in-situ

chemcally or electrochemcally polynerized a surface. In order for the

conducting polyner to be used in liquid crystal displays the optical

t ransni sEhopolypytrhle Had enndsicivies en ald yrdenof20eSEmof TBOBOlY Pyirble dépsdifatie

range. Figure 32 depicts the optical transm ssion of the polyaniline

acryl ami YbpreoPasiedaterbes teadiaiterned indrnlyinga@ rosistt asrdvectitiedradoye. As can be

seen the polyner as a 500 Angstromfilm exhibits greater than 90%

transm ssi on throughout the visible range. This matches the opti cal

transm ssion that is typical of annealed indiumtin oxide. The conductivity

of the Gdlojx¥anilinedonedngith gaeylanidopeopgnerstfonic aEBowsy spin-apgliésopretmsabl y

greater than 100, S/cm T terial exhibited environnental stability in

that t he?‘é‘ema’io%r(éﬂ%sﬁ%?ﬁbﬁeoéqﬁa‘q@%ﬁ&%t’ﬁ“m 195 BYaRoratedenithe pplyaniiine 2farmr i al i s

t her mal |y st i - t.he .properties of the
t}ﬁfcgocﬁgi d?%lgg:fﬂﬁ %rgg)glggr gl'!téc;'ll éthd? al%é'ttate a8+ ﬁgsr?glrgs Bi vﬁaps nplied og

mat eri al cells were asse

conduct i the aRehiie!. Fheclesiss waObxad teitwasolERghtas b 18baFhapdes as wel |
as cells in which the polyaniline was used as one el ectrode while indium

tin oxi dabssjugsdy dewelopddewithodt5@ mexivrodeMidrnpesited avalopendvaicentpak waani | i ne
one of the electrodes consisted of patterned

was used, as .both el ectrodes ¢ _
| i nes W@F%@edt‘ﬁ%tegegéﬁﬁg%‘fe&?ﬂ%d@e et ishaked gt 853CHprakatingtes.fheon the .
: pol yani | | (Wl Eﬁ{ ' { r ich was ol yi m de
(ni Saan 1o Bl RurkRRtetio e AN B ctoRGund Ahila e BOmYC ™ 1 cheness

of the ftempbMmasredth Messe A BlumiAem RN dorYistiss YesRs e thHRNR)Y cal Iy
rubbed. The test cell was filled with a Merck liquid crystal containing a
| eft chis%lacegentid, 5Rohdric 2eids ankd 8%awatach@tie eachtlaee wult BiAdesabmiskec.gl ass
with transm ssive axis of the polarizer .

‘The pattern is in turn is transferred to the polyaniline by oxygen reactive ion etching

using 20 sccm of oxygen at 100 mtorr pressure and 150 watts power load at an etch rate

of 39 Angstroms/sec.. An alternative method to transferring the pattern to the

polyaniline is to carry out the aluminum etch at 30 °C. At elevated temperature, both

the aluminum and the polyaniline are etched by the acid solution at a rate of 37

Angstroms/sec.. The remaining resist is removed by an acetone rinse. The remaining

aluminum is etched away using a dilute 25% dilute hydrochloric acid solution. Figure

27, 28, and 29 depict conducting polyaniline patterned in this fashion.

7. The substituted polythiophenes and in-situ polymerized polypyrrole described were

also patterned using aluminum blanket metal as described for the polyaniline above.

8. Polyaniline acrylamidopropanesulfonic acid was deposited onto a glass slide. On this

surface was deposited a pattern of aluminum lines through a metal mask. The pattern
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parallel to the rubbing directions. Thus, a right handed 90 tw sted
nemati c test panels were conpleted. The performance of the ququg ﬁJrLyZ%bbal
cells was then nmeasured. Figure 33 depicts the transm ssion/
characteristics for the liquid crystal cell consisting of the two
pol yaniline el ectrodes. This mat ches the transm ssion/voltage
characte stal s consisting of indiumtin oxide
el ect rod{e&’gﬂﬂfﬁgflﬂlgégh%é $§139 ng ég OXYRSnJSACIHT iaR %ic g i Hhe wmaigder of the
cont ai ni AQNRARLMAR thdn& cREFIth QOGRut 0 r.atu

M?dl%‘%%o @5@%‘ O%rm@ﬂf (Tet@? '§t‘§?alcel l's

Again this matches the charge retention ex

consi st i fog relativdQlsdge deatortes SOIﬂmgely&hillﬁthlﬂgs Wf:retf*ﬁSn&dtQ(Nrgtl% Ya%hi%%-l gells
were also in good agreenent. Fig. 41 shows a surface 411 of su rate 413
havi ng alSISBY¥p 1 Figee ) and Ais di sposed thereon and a |layer of nateri al
417 di sposed on surface 411 in a manner so that material 417 overl aps
material 415 in an overlap regi on 419 Material 417 can be an electrically
conductl cﬂ to the present invention and material 413 can
be a elagqﬂ)%gﬁ é’f ”|e§/aﬂ‘3)HH§1‘&‘t POlYmesized pelypyrseiehcasalso bet al or a
sem con h regions 417 and 415 can be electrically
conducti etegfci)?d lrnerﬂrhzs.ofaﬁB%lil 6 JUL 2006 | Fig. 42 shows a surface 423 of

substrate 421 having | ayers of material 425 and 427 which abut at
interface 429. Material 425 and 427 can be electrically conductive

pol yner s10orhenlpinilidteadriatidortd5arfdad aaa'&al?%e%u%l&gtcﬁ{e%ﬁ '%CO”dUCt Ive

polynmer and the other a non-polyneric electrical con terial,
such as expasinatheofilng to setibemslicht asrelectivh rogatnh el pei heﬂﬁa@cfn RB¢ b6lyHend

el ectrical] ondugﬂi)l ve pol ynmers taught herein and using the hethods of
pat t er ni Y§eHEMHETY Pkwgéﬂé‘c‘?"ﬁ?@&# inseHalgc t DresuneRposed irpgiomeararremp el

with a solvent wash to result in patterns of conducting polyanilines.

The conducting polymer can be spin-applied, dip coated, roller coated, spray coated on

to a substrate or it can be in-situ chemically or electrochemically polymerized a surface.

In order for the conducting polymer to be used in liquid crystal displays the optical
transmission of the film is preferably in excess of 80% in the visible range. Figure 32
depicts the optical transmission of the polyaniline acrylamidopropanesulfonic acid
(blanket and patterned lines). As can be seen the polymer as a 500 Angstrom film
exhibits greater than 90% transmission throughout the visible range. This mééches the
optical transmission that is typical of annealed indium tin oxide. The conductivity of the
polyaniline lines was on the order of 100 S/cm and is preferably greater than 100 S/cm.
The material exhibited environmental stability in that there was no change in

conductivity over time in air. The material is thermally stable to about 150 °C,
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structures of Figs. 41 and 42 can be readily nade. Fig. 43 schenatL@ahhyﬂwﬁ
shows a bi polar transistor having a substrate 802, buried subcollector
804, lightly doped regi on 896, base region 808, enmtter regi on 810,
dielectric layer 812 and highly doped region 814 to reach to the
subcol l ector region 804. The dielectric |ayer has opening 816 for contact

of the em\i iy progPefl to the base region and opening 820
for contact toprr0 ggi oﬁBgi}%lﬁgtég%%?%%@%%d’slﬁB&Jg?rlyét@f 8‘?1{5 ‘ge@ﬁ?sspmeérlﬂed

el ect | cathicbadantiocivcopol et s ARk A0 ands 8288 AUl A el ool 00

contact to the emtter, base and col |'ector regions, respg%tf?(lféla well as

El ect r ode$ligZowhghahe palyaasineavashmed as orelclbsiontAnhikd B & dacRndUgt | ve
pol ymer accordin Eo the present invention. The electrically conductive
pol yrmer fASrHAF AFORA cleshivtie ladhe sase where melyaoiling evadewstd as begi €BErddb8,0808 and
814. Exanypl ctri.cally conductive polyners that can be used to
pract i cergt?ﬁgesf)l(rgéetggdne? Copﬂvgﬁto?l%ttﬁrf‘égg’fw%wggﬁe?% theesgcensdelentendo songiste e of

pol ypar aphsigyk& 788, On AR phen V] nes,. pol yani |l i nes, pol yazi nes,
pol yt hi ophenes, pol y.n p- pﬁ/hogfla{/rﬁlene %%ﬁ%ﬁyf{)ﬂxég}b%al&ﬁ@?"ﬁ‘@’,ﬂ F&sH Wasnes,

pol ypyr r gosmidedNissah SEH NN EFhe Ry nacehit Oes af @ﬁ%fhrfﬂmr. 9Ly

|
precursors and conbi nations thereof and copol yners of nononers tﬁ@g’é%f;, The

general Pbthadiin tgs S0ASwespompnEhe polyimide layeeswimhihe s ateeRadibaiaMibbEg and
met hods 3111 S hergﬂ%dcaq&b found |n U S Patent 5,198,153 to

Angel opoul"§s®eey Was it Bg\éﬁr& Aiguid gsygigheonseining a Mt chigl 28311926 il ed
on Febru j i ..oerial. No. 08/476, 141 filed
o June. TO¥yBes I PR atoBPEORI AN e OBR Dt mistts wxpicing rjarizer

r ef er encparallabtopilerabbingirecliass THusCORGHEL A ARdRRY YIRLS gggﬁgg«gen shown to

be one of the nbst prom sing and nost suited conducting po e s P a
broad r aM§e ¢mmpletederieaperformance of the liquid crystal cells was then measured. Figure

33 depicts the transmission/ characteristics for the liquid crystal cell consisting of the
two polyaniline electrodes. This matches the transmission/voltage characteristics
exhibited by crystals consisting of indium tin oxide electrodes (Figure 34). The charge
retention of the liquid crystal containing polyaniline electrodes was 95% at room
temperature (Fig. 35). Again this matches the charge retention exhibited by liquid

crystal cells consisting of 1TO electrodes. Image sticking of the liquid crystal cells were

also in good agreement.

Fig. 41 shows a surface 411 of substrate 413 having a layer of material 415 diépose&
thereon and a layer of material 417 disposed on surface 411 in a manner so that material
417 overlaps material 415 in an overlap region 419 Material 417 can be an electrically
conductive polymer according to the present invention and material 415 can be a
non-polymeric electrically conductive material, such as a metal or a semiconductor.

Also, both regions 417 and 415 can be electrically conductive polymers.

42



applications. The polynmer has excellent environnental stability Qﬂﬁ @f%@@s
a sinple, one-step synthesis. A nunber of soluble derivatives can 5 e.
For exanple, we previously disclosed a new fam |y of water sol uble
conducting polyanilines in U S. patent 5,370,825, the teaching of which is
i ncorporated herein by reference. The followng U S. patents describe
resists useful to practice the present invention are incorporated herein
by reference: 5,580,694, 5,554,485, 5,545,509, 5,492,793, 5,401, 614,

5, 296, 332, 5, 240,812, 5,071,730, 4,491,628, 5,585,220, 5,561, 194,

5, 547, 81Fjg. 82498w7 GSsurfdae 486 02 6ilbstud 825 Bddng mytBlorinberid) zgz?oaxg?én
5,374,500, 5,372,912, 5,342,727, 5,304,457, 5,300,402, 5,278,010,

5,272, 042’,}11‘%1, aig a4 duterfigce 939.1 5B terda 1424, AAN275ah 052, eletZricady @88d kB
5’059’512615’055 439, i,?47,5 8, 5,045,6431, 5,026,624, 5,019,481,

4, 940, 65RYACERY QAT th layefs 470and)4Bheambman glegioallisondactheOpdg@er and

4 551, 418, 5 5 250 395 4 613,398 4. 552 833,
5,457,oo@?‘§P%§%?gég?”é?ggéﬁggnggf%?@P?@@f“%?§iéﬁ?%7?s%Pgégfzsa,

5. 286, 59%miBorRiRick51. 5. 250, 395, 5.238.773. 5. 229 256. 5, 229, 251,

5.215 861, 5 204,226 5, 115 095, 5 110, 711, 5,059, 512, 5, 041, 358,

5.023. 164, 4 999 280. 4,981, 909, 4,908,298 4. 867. 838 4 816, 112,

4,810, 601, 4,808,511, 4,782,008, 4, 770,974, 4,693,960, 4,692,205, 44 - 6
JUL 2006Uaingahke gBshods mtRasing 4e6rBag 8ondhic6i08 palymersaGit Reddin #hH99, 243,
4. 552, 833, 4{507@3%é 4, 493, 855, 4. 464, 460, 4 430, 153, 4,307, 179,

4 307, 175n&thednetigds of patgerning nonpolygrerisgdectrioa] compluptoys kmowmin 6804t the -

2. 568, oot BLr £ of sifngsh ool 3de § 46y ase 4 400 310

4,377,633, 4,339,522, 4,259,430, 5,209, 815, 4,211, 834, 5, 260, 172,
5, 258, 264, 5,227,280, 5,024,896, 4,904,564, 4,828,964, 4,745, 045,

4,692, 208g. 43 s0899BallY sIEOAs $BFolak, ¥HDiekIhavinds fublsdte d0DOArRE4, 1
4,562,091, 4 539,222, 4,6 493, 855, 4,456,675, 4,359,522, 4,289,573,
4. 284 7¢4b Qﬂeg@g,ngg,hghtly doped region 896, base region 808, emitter region 810,

dielectric layer 812 and highly doped region 814 to reach to the subcollector region 804.
The dielectric layer has opening 816 for contact of the emitter; opening 818 for contact
to the base region and opening 820 for contact to region 814 to contact the subcollector
804. Patterned electrical conductors or electrodes 822, 824 and 826 provide electrical

contact to the emitter, base and collector regions, respectively.

Electrodes 822, 824 and 826 can be formed from an electrically conductive pelymer -
according to the present invention. The electrically conductive polymer forming an

ohmic contact to the active device regions 810, 808 and 814.

Examples of electrically conductive polymers that can be used to practice the present

invention are of substituted and unsubstituted polyparaphenylenes,

-polyparaphenylevevinylenes, polyanilines, polyazines, polythiophenes, poly-p-phenylene
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4,224,361, 4,212,935, 4,204,009, 5,091,103, 5,124,927, 5,378,511, . JUL 200
5,366, 757, 4,590,094, 4,886,727, 5,268,260, 5,391,464, 5,115, 090, b
5,114,826, 4,886,734, 4,568,601, 4,678,850, 4,543,319, 4,524,126,
4,497,891, 4,414,314, 4,414,059, 4,398,001, 4, 389, 482., 4,379, 826,
4,379,833, 4,187,331. Wiile the present invention has been described with

respect | , I £ ' changes, and
espect st SATASATBObATORS no B SRR AT AR e e, 20d,
the spi sblub®NPreoG@PR Afd Edhebih NG thefeof 484 copflykbss %@%n‘oﬂfbrg}%h{m’f The A

met hod conprising: providing a substrate having a layer of an electrically
conduct igererpbformeila fiat theseapalymeliss stosdt s Gabrivated thasesithofn hReidds GRluky
conductive polynmer material a |layer of energy sensitive material; exposing
sai d r edh&eok gingbgaundrin BS. Batengy, 198, 163 tenAdicplapewphet al. saiddinl capendiog

ener gy sitiwve terj.al, vel opi said pattern formng a pattern in
said | aye Qﬁ%&ﬁF??ﬂ§°198@QB§§§Jﬁ%ﬁ§“Q%RB%%%?eg&¥hﬁvbﬁguﬁﬁng§gdJ%wﬁn%rica||y
conduct i Y IR Vi ' I i ; d Ln said
xposed r LaPSel TRITEIN ARG Rl EPF Lidtendhi AN S AOUPRIcl

el ectri ¢atdiy bgaefdugiceve pol yner on said substrate; said electrically
conductive polyner is selected fromthe group consisting of one or nore of

substituted and unsubstituted pol yparaphenyl ene vi nyl enes,
pol ypar aphenyl enes, pol yanilines, polythiophenes, polyazines, polyfuranes,

pol ypyr rmilegsoly2@lineSQhSHIRBAE& ingNW1Ymers has been shown to be one of the most
promising and most suited conducting polymers for a broad range of commercial
applications. The polymer has excellent environmental stability and offers a simple,
one-step synthesis. A number of soluble derivatives can be made. For example, we
previously disclosed a new family of water soluble conducting polyanilines in U.S.

patent 5,370,825, the teaching of which is incofporated herein by reference.

The following U.S. patents describe resists useful to practice the present invention are
incorporated herein by reference: 5,580,694, 5,554,485, 5,545,509, 5,492,793, 5,401,614,
5,296,332, 5,240,812, 5,071,730, 4,491,628, 5,585,220, 5,561,194, 5,547,812, 5,498,765,
5,486,267, 5,482,817, 5,464,726, 5,380,621, 5,374,500, 5,372,912, 5,342,727, .5,304,457,
5,300,402, 5,278,010, 5,272,042, 5,266,444, 5,198,153, 5,164,278, 5,102,772, 5,098 816,
5,059,512, 5,055,439, 5,047,568, 5,045,431, 5,026,624, 5,019,481, 4,940,651, 4,939,070,
4,931,379, 4,822,245, 4,800,152, 4,760,013, 4,551,418, 5,338,818, 5,322,765, 5,250,395,
4,613,398, 4,552,833, 5,457,005, 5,422,223, 5,338,818, 5,322,765, 5,312,717, 5,229,256,
5,286,599, 5,270,151, 5,250,395, 5,238,773, 5,229,256, 5,229,251, 5,215,861, 5,204,226,
5,115,095, 5,110,711, 5,059,512, 5,041,358, 5,023,164, 4,999,280, 4,981,909, 4,908,298,
4,867,838, 4,816,112, 4,810,601, 4,808,511, 4,782,008, 4,770,974, 4,693,960, 4,692,205,
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p- phenyl ene sul fi des, pol yacetyl enes conbi nati ons thereof and bIendsEJULzmﬁ
thereof with other polyners and copol yners of the nononers thereof. 2. A
met hod conprising: providing a substrate having a | ayer of an electrically
conductive polynmer material; disposing on said |ayer of electrically
conductive polynmer material a |layer of energy sensitive material; exposing

sai d resiqsdeston 3% r t@sf @r r 4yl id. | f
45865100624/837 85 14,813, 89140503 5T 86071 91 DA, gbg%ggég% BXFLAR

energy sensitive material; devel oping said patterh
sai d | ayet493e¢850| 4,464,460, 4P EEY] 42810,170N830D$ES) 5r,;mi,5y954gf)7§gi(,d5’%7e,§bt9ri caljl y
pol'ymer "1 n’sai

conductive polyner; renoving said electrically conductive
exposed Pelfoidd; SRBHOFINY2ERB T, UAR064) €.842,h08, a1, 5881102 1,868,358 41601,969,

I i cgl [ id b ; id I d
Fr om & he AR ChEd S0 oS thE Th AP SAghAEH 458 AHOTI B SHEADS a0, 207,
i cl :  AVC, - 06 -47 3. A hod
Compr i st A ORPOT A aTS LA hc e RTPny 20 o Bt S feaeti e yid,

conduct i ¥@2BG6Y® 74584 514,647,205 45008 9B 4, B, 5574 tydGaldy
conductive polymer material a [ayer of ener’g?’q’sdgg}s%q?i %6ﬁg%rﬁ’%q%?§8é)<posi ng

sai d res#sS621081 24,630,222, 4503, &5 HENS 6165 f QB 50, SN ATARE[ST3 | N28ATEk, 142487 s 5o
energy sensitive material; devel opi ng said pattern formng a pattérn in

sai d | ayBr2f88ll 42 Hy93h e300 S@Rd, 103, 5,124,927, 5,378,511, 5,366,757, 4,590,094,
4,886,727, 5,268,260, 5,391,464, 5,115,090, 5,114,826, 4,886,734, 4,568,601, 4,678,850,
4,543,319, 4,524,126, 4,497,891, 4,414,314, 4,414,059, 4,398,001, 4,389,482, 4,379,826,
4,379,833, 4,187,331.

While the present invention has been described with respect to preferred embodiments,

numerous modifications, changes, and improvements will occur to those skilled in the

art without departing from the spirit and scope of the invention.
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unexposed regions of said electrically conductive pol yner; renDV|ngﬁégLJW5
electrically conductive polymer in said exposed regions; renoving said
resist leaving a pattern of said electrically conductive polynmer on said
substrate; said devel oping is done by renoving regions of said resist
exposed to said energy. 4. A nethod coffri sing: providing a substrate
having a layer of an electrically conductive polymer material; disposing
on said I@yeis: of el ectrically conductive polynmer naterial a layer of energy
sensitive material; exposing said resist to a pattern of energy to forma
pattern in said | ayer of energy sensitive material; devel oping said
pattern ﬁornlpgmgmg@géﬁﬁpmﬁ@ said | ayer resultlng in exposed and unexposed
regions of said electrlcallg conductive pol yner; renpoving sald eleétrically
R f

conduct i ve polpyaviding psehsiratcaRoE & dpyeegh %‘rF‘éCCUF@HM\?P‘Hbmg&‘? EP yBe Btefidayi ng a
pattern of saiy dsg%sﬁ%%ﬁ 'sglﬁll%;%'er %P @Peld&fchl\{fo@ﬂ!s a{'ﬁ{ ﬁgcﬂﬁnéxal'ngtenﬁupﬁty&a&ieeneﬁg@' d

devel oping is I ons esi st not expdsed to said
energy. 5;ens@tnrmﬁhaﬁhlaccordl ng to cI aim 3 wherein said renoving |s done by

chemically dissolvin 6. met hod accor din to claim4 wh
renoving i s dGRROSHE %?ﬁ‘!efﬁsbgéltq § PeHTE Ie\l?fﬂﬁéft MLI@BWTS%KF& er AVC eggBV JuL
2006 - 48 ggnsikvedmith@ql; conpri si ng:
developing said pattern forming a pattern in said layer resulting in exposed and
unexposed regions of said electrically conductive polymer
) removing said electrically conductive polymer in said exposed regions;
removing said resist leaving a pattern of said electrically conductive polymer on said
substrate;
said electrically conductive polymer is selected from the group consisting of one or
more of substituted and unsubstituted polyparaphenylene vinylenes, polyparaphenylenes,
polyanilines, polythiophenes, polyazines, polyfuranes, polypyrroles, polyselenophenes, poly-
p-phenylene sulfides, polyacetylenes combinations thereof and blends thereof with other

polymers and copolymers of the monomers thereof.

2. A method comprising:

providing a substrate having a layer of an electrically conductive polymer material;

C) disposing on said layer of electrically conductive polymer material a layer of energy

sensitive material;

exposing said resist to a pattern of energy to form a pattern in said layer of energy
sensitive material,

developing said pattern forming a pattern in said layer resulting in exposed and
unexposed regions of said electrically conductive polymer;

removing said electrically conductive polymer in said exposed regions;

removing said resist leaving a pattern of said electrically conductive polymer on said
substrate;

said energy is selected from the group consisting of electromagnetic radiation, heat and

a particle beam.,
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providing a substrate having a layer of an electrically conductive y
material; disposing on said layer of electrically conductive poIY#gﬁh-ﬂﬁg
material a |ayer of energy sensitive material; exposing said resist to a
pattern of energy to forma pattern in said Iayer of energy sensitive
material ; devel oping said pattern formé4lg a pattern in said layer resulting
I n exposed and unexposed regions of said electrically conductive polymner;
renovi ng salg electrifally conductive polynmer in said exposed regions;
renoving said resist |eaving a pattern of said electrically conductive

pol ymer on saiimeBgBSemBRENE sai d renmoving is done by react?on i on et chi ng.

8. A structur r&%ﬁgh§u&&ate%a§1ﬁgla¢@@ﬂupatﬂ dl@tﬁ@marcoﬁtawungpaymemnteaaid second
side; a dielectric layer on sard first side;, a first patter

el ectrical |y clispdsing ionsaiddgyar obelesticallyipendustivq P;OIYT&?eF‘ate“él %E?é’B’haf Hef®%er ned
electrlcalégtcon uctlve | ayer on said second side; at |east one of said

first LR e ahd said third patterned electrically conductive |ayers '
bei ng an el ectekpésitd daid osthticd b\pattpal ofnarergy] R fotnh BQBHEPAES. shirk laxer of energy

sensitive material;
developing said pattern forming a pattern in said layer resulting in exposed and
unexposed regions of said electrically conductive polymer;
removing said electrically conductive polymer in said exposed regions;
) removing said resist leaving a pattern of said electrically conductive polymer on said
substrate;

said developing is done by removing regions of said resist exposed to said energy.

4. A method comprising:
providing a substrate having a layer of an electrically conductive polymer material;

disposing on said layer of electrically conductive polymer material a layer of energy

sensitive material;

exposing said resist to a pattern of energy to form a pattern in said layer of energy
sensitive material;
developing said pattern forming a pattern in said layer resulting in exposed and
{ ) unexposed regions of said electrically conductive polymer;
removing said electrically conductive polymer in said exposed regions;

removing said resist leaving a pattern of said electrically conductive polymer on said

substrate;

said developing is done by removing regions of said resist not exposed to said energy.

5. A method according to claim 3 wherein said removing is done by chemically

dissolving.

6. A method according to claim 4 wherein said removing is done by chemically

dissolving.
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7. A method comprising:

providing a substrate having a layer of an electrically conductive polymer material;

disposing on said layer of electrically conductive polymer material a layer of energy
sensitive material;

exposing said resist to a pattern of energy to form a pattern in said layer of energy
sensitive material;

developing said pattern forming a pattern in said layer resulting in exposed and
unexposed regions of said electrically conductive polymer;

removing said electrically conductive polymer in said exposed regions;

removing said resist leaving a pattern of said electrically conductive polymer on said
substrate;

said removing is done by reaction ion etching.

8. A structure comprising:
a semiconducting layer having a first and second side;
a dielectric layer on said first side;
a first patterned electrically conductive layer on said dielectric layer;
a second patterned electrically conductive layer on said second side;
at least one of said first, said second and said third patterned electrically conductive

layers being an electrically conductive polymer.
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