TRANSPARENT CONDUCTIVE GLASS SUBSTRATE DESCRIPTION TECHNICAL FIELD [0001j The
present invention relates to a transparent conductive glass substrate. BACKGROUND ART [0002]
A transparent conductive film obtained by sputtering conductive ceramics such as ITO (in abbreviated
form of Indium Tin Oxide) on a glass substrate has been used in many electronic members now.
However, since there are problehRANSHOHBNTNCONIHSSThVE iGE- 6B IR IESABW material with regard
to ITO, substitutes to other conductive materials have been required. in addition, a flexible substrate
with flexibility has been technically craved instgagkekepmuentional solid substrates in terms of design
and functionaiity. [0003] Therefore, an attempt has been made to coat a dispersion of metal
nattopartieles on a film substrate or to coat a transparent conductive polymer and the like on various
plastics (for example, see Patent Literature 1). ITO conventionally used in a glass substrate has no
flexibility, and thu ,Fg’yls%g‘tﬁ%?or this, the above conductive compositions have been recently
considered, In ca§®¥®kflplastic sheet such as a polyethylene terephthalate resin widely used, for
example., can easy adh&3ioprtagreifiisigienesalhys providedafontcoadirti thelkes sobrtiattive compositions in
many eases. This layer is provided to facilitate coating, and to improve the quality and the
performance as ag)eguak69Rp Ipriprove adhesion between the plastic sheet and the conductive
materials and to @y& bubbles from being included. [0004I On the other band, sputtering of 110
r

or coating of dispersion has been?i@erfo med q.(?nerall_ a tragasﬁarent %Hductive.malt%ﬁial on a glass
u n

substrate, and glasses i HasRaryL sanghetingd %{r?gtﬁ%’g d(%s roducts with'no ee%%lﬁcltsys. Isclosed is a

technique of coatiid iR WhrsravésHulemes Bulimineiiaenn 8i9lass Abeaia hes Ream 6% B r (for
example, see Pateanl itestinmie Pymiaytasyvus sty Weresirsines therdlemitpialerdol gepletiaseddn a curved
surface. Further, this gopductofeipbiyimes imwsaecdriaapiplyingon KAQTES albidivicgectinthdayer of
organic EL, and igdaat&Rdnpeheaosigderestan thpidoren ofasthasianiwiiBitheugiass suiastrate.

CITATION LIST gleglbigialkir {RRRLRALROLHIRIAMIF rlaRRIGFR APAbAAR0R Ealent Literature

2: Japanese Zoo%ﬂa%%gn and functionality.

[0003]

Therefore, an attempt has been made to coat a dispersion of metal nanoparticles
on a film substrate or to coat a transparent conductive polymer and the like on various
plastics (for example, see Patent Literature 1). ITO conventionally used in a glass
substrate has no flexibility, and thus, as a substitute for this, the above conductive
compositions have been recently considered. In case of plastic sheet such as a
polyethylene terephthalate resin widely used, for example, "an easy adhesion layer" is
generally provided for coating these conductive compositions in many cases. This
layer is provided to facilitate coating, and to improve the quality and the performance as
a product so as to improve adhesion between the plastic sheet and the conductive
materials and to inhibit bubbles from being included.

[0004]

On the other hand, sputtering of ITO or coating of dispersion has been
performed generally as a transparent conductive material on a glass substrate, and
glasses in these cases are thick and molded products with no flexibility. Disclosed is a
technique of coating in which a conductive polymer is coated on a glass using a slit
coater (for example, see Patent Literature 2). A glass used herein has no flexibility and
not be used in a curved surface. Further, this conductive polymer is used by applying
on ITO as a hole-injecting layer of organic EL, and is not so much considered on the

degree of adhesion with the glass substrate.



Unexamined Unexamined Patent Application Publication No. Patent Application Publication No.
SUMMARY OF INVENTION Technical Problem [0006] However, in the plastic substrate as
disclosed in Patent Literature I, it is needed to coat a hard coat material as a base material of a
conductive layer, since there is such problem that warp, hardness, excoriation resistance and optical
transmission are deteriorated contrary to bending performance and flexibility held as they are. [0007]
The glass as disclosed in Patent Literature 2 has no flexibility and is not used in curved surface, and
the conductive polymer is used by applying on ITO as a hole-injecting layer of organic EL, and is not
so much consider &T&ﬂﬁ’é"&éa%e of adhesion with the glass substrate. [0008] The present.
invention is achievédelt HérA8ihe above problems, it is an objective to provide a transparent
conductive glass $0®¥trate which has flexibility similar to a plastic substrate, has hardness and
transparency not exisitnd irmpiastics, andfas atkesionedapahe ofpplibsiandiyliaatise dkoa curved
surface. Solnlion teyfy-okkeay [0009] The objective as above is performed by the following aspects

() to (15) according, 9 e, @iRsRNLNERRR: [048hyinh AdERSPRIRRLFINdUETIVE lASSSUDsStrate

comprises a glas @Ei)_?%r&tﬁand a conductive polyrt3er layer on at least one surface of the glass
substrate, wherein the glass

SUMMARY OF INVENTION
Technical Problem

[0006]

However, in the plastic substrate as disclosed in Patent Literature 1, it is needed
to coat a hard coat material as a base material of a conductive layer, since there is such
problem that warp, hardness, excoriation resistance and optical transmission are
deteriorated contrary to bending performance and flexibility held as they are.

[0007]

The glass as disclosed in Patent Literature 2 has no flexibility and is not used in
curved surface, and the conductive polymer is used by applying on ITO as a
hole-injecting layer of organic EL, and is not so much considered on the degree of
adhesion with the glass substrate.

[0008]

The present invention is achieved in view of the above problems, it is an
objective to provide a transparent conductive glass substrate which has flexibility
similar to a plastic substrate, has hardness and transparency not existing in plastics, and
has adhesion capable of withstanding a use on a curved surface.

Solution to Problem

[0009]
The objective as above is performed by the following aspects (1) to (15)

according to the present invention.

[0010]
(1) A transparent conductive glass substrate comprises a glass substrate and a
conductive polymer layer on at least one surface of the glass substrate, wherein the glass



substrate has a thickness in the range of 0.03 to 0.7 mm and a water contact angle of the glass
surface in the range of Ste 40 degrees, wherein the conductive polymer layer has surfitce resistance of
1.8 Gaisq. or less, total tight transmittance of 85 % or more, and surface pencil hardness of H or more,
and wherein the transparent conductive glass has flexibility as a whole enough not to be damaged in
bending test with the radius R25 [0011] (2) In the transparent conductive glass substrate
according to the above (1), the conductive polymer layer may be formed from a conductive polymer
paint, the conductive polymer paint comprising a conductive polymer, a polyanion and further one or
more selected frofRHENGFSE LUHERTIY 1BF Birrsers0- 88 imY HgBmad RiYAESAtacREIAGERE surtiactant,
catalyst, and agertides suniprovirihcaamzesibA. Oty dpgrees, WBYrhintHe aandupivepelzoadlagtiveaglass
substrate accordingrfathesabove(2),3tiE6gnduictiyeopo ighetrmayitarysise dheransrneadolymer
belonging one or mgkessRiesied fioR IeIFaHREARsistogiRtIROMAY RIS RGN pReNES,
polyacetylenes, pARRIRBYIENESHAONRNRHENS MNAGNEEPAMARLINE 3= AR FuuRRlYibioPhene
vinylene and copalymers thereof, in which an organic polymer main chain is composed of a a
conjugated system. [0013] (4) In the transparent conductive glass substrate according to the
above (2) or (3), the conductive polymer may comprise at least an anionic polymer and a polymer of
thiophene or a deHPafiVe thereof [0014] (5) In the transparent conductive glass substrate
according to the above (43) théhamionigieolyndnaieydirssaybohseyaanalsititortie alsidedihd ke polymer of
thiophene or a decivaliivavtherdnhis pok-Inyetitylenadioythiophadect{@0bdlymer f@ptinttide transparent
conductive glass spkpitaie AOGRIGINGILP dhRRRRYE: (ndRSiROBAHRR MBYIGABRTSE angQr more
polymer having op,0fmé: aRA% SiRHP aelanlsd Tamdlie Qe 6assialing dspiiaiggster roup
rnonosubstltuted,coh sphoric stegc%jogp monosu stituted, phos Puor!ﬁ] acld group, a carboxyl group
and a sulfo group.Tﬁ ]’e agenT’ﬂufna He transp: &

R AR E K SN R YIS St ate according to the above
(2), the binder may be a binder resin, and the binder resin may be one or more thermoplastic resin
and/or thermosetfi#}j #&sin capable of being dissolvable or mixable and dispersabie with the
conductive polymer. [00X7] In the (Bhipathie txandisgaregib conbiuctivecgtadassilibtratievaczprdeng to the
above (2), the highveanrduciyeRgantyoay HRQNR 6 A BotrnPeLBELER estes fiemstheeroup
consisting of a copppuid haying aaydeaxy gg@ugﬁyﬂwoggmwgim@g]in&)%gp%g&pitrogen, a
compound having, {g,r mare Mg dIaUPs, & RAMPOUNG hiaving wa grmars garbexyl roups, a
compound having),o%% ormore ? Xy roup_e,s ya_n(f’or?e %r,moré car oxyﬂ r,gu s},pa compound
having an amide &?H&%‘F&‘E’o?ﬂ% YREHRGTRYd TR D e RANMCESIRIPSTHAS PRBRTFbUN having
glycidyl group, a Safeedtgstieds4eRt, DMSO (in abbreviated form of Dimethyl sulfoxide) and a
water-soluble organic solvent, [00 i 8]

[0013]

(4) In the transparent conductive glass substrate according to the above (2) or
(3), the conductive polymer may comprise at least an anionic polymer and a polymer of
thiophene or a derivative thereof.

[0014]

(5) In the transparent conductive glass substrate according to the above (4), the
anionic polymer may be a polystyrene sulfonic acid and the polymer of thiophene or a
derivative thereof is poly-3,4-ethylene dioxythiophene.

[0015]

(6) In the transparent conductive glass substrate according to the above (2), the
polyanion may comprise one or more polymer having one or more anionic group
selected from the group consisting of sulfate ester group monosubstituted, phosphoric



(9) In the transparent conductive glass substrate according to any one of the above (2) to (8), the
conductive potimer layer may have the boiling point in the range of 50 to 200 'C and comprises 5 to 95
% by weight solvent soluble in water. [0019] (10) In the transparent conductive glass substrate
according to any one of the above (1) to (9), the conductive polymer layer may be obtained by
applying the conductive polymer paint and subsequently drying and heating and/or irradiating with
infrared or ultraviolet. [0020] (i) In the transparent conductive glass substrate according to the
above (10), the conductive polymer paint may be applied in one method selected from the group
consisting of a scfE&h BITHENYFRSHRSHY 5% rERATAEBInEME Brthod, AR raphiedritniilomethod, an
offset printing me#ioe-inkjet printing method, a spin coating method, a die coating method including a
slit coater method, a curtain coating method, and a cap coating method. [0021] (Deleted) [0022]

(13) In the transpaggndjconductive glass substrate according to the above (1), a surface having at least

the conductive polymer \gyahoft a Glash SURRIRIE Ry dighidle R BAMERBFABELY,FRINT with a
mixed solution coptaining, )Bdrofll)u%gc acid. |;,0 3],. §14)l In thg transparent ﬁondu?tn(.e glass

_ binder ¢ a bjnder resin, a ¢b r ¥es T more thermoplasti
substrate according to any one of t e aebove é%%trlo (5&3 a (m the conductive p,g]y?ner‘fayer may be
cured by heating ARH/8P ?EJH SRR e SRR

C one

nggb‘é%rab ¢ o YRS AN IIRESAMENt conductive

glass substrate act8réingoRs Uy OPRYETthe above (1) to (11), (13) and (4), the conductive polymer
layer may be cured at a temperature of 160C or below, Advantageous Effects of Invention [0025]
According to the goesgnt invention, it is possible to provide a transparent conductive glass substrate

which has flexibility similagyte plastiaspustrieuoateriizehiamingssrang SansparaNey, art in plastics,
and has adh65i0m¥&wégﬁﬁb%ﬂgeu§§eﬁn11%9“53(391@ u(gaﬁl%re compound selected from the group

consisting of a compound having a hydroxy group cyclic compound containing

aromatic nitrogen, a compound having two or more hydroxy groups, a compound

having two or more carboxyl groups, a compound having one or more hydroxy group(s)

and one or more carboxyl group(s), a compound having an amide group, a compound

having an imide group, lactam compounds, a compound having glycidyl group, a silane

coupling agent, DMSO (in abbreviated form of Dimethyl sulfoxide) and a water-soluble

organic solvent,

[0018]

(9) In the transparent conductive glass substrate according to any one of the
above (2) to (8), the conductive polymer layer may have the boiling point in the range
of 50 to 200 °C and comprises 5 to 95 % by weight solvent soluble in water.

[0019]

(10) In the transparent conductive glass substrate according to any one of the
above (1) to (9), the conductive polymer layer may be obtained by applying the
conductive polymer paint and subsequently drying and heating and/or irradiating with

infrared or ultraviolet.

[0020]

(11) In the transparent conductive glass substrate according to the above (10),
the conductive polymer paint may be applied in one method selected from the group
consisting of a screen printing method, a gravure printing method, a flexographic
printing method, an offset printing method, inkjet printing method, a spin coating



DESCRIPTION OF EMBODIMENTS [0026] Embodiments for carrying out the present invention
(hereinafter referred to as embodiments) will be described in detail below. [0027] The inventors
have found that, as a result of various investigations in order to achieve the above objective, by
forming a conductive polymer layer on a glass substrate having a thickness of 0,03 to 0.7 mm and an
arithmetic mean roughness Ra of 0.2 p.m or less, a flexible transparent conductive glass substrate can
be obtained to have flexibility similar to a plastic substrate and adhesion useful in a curved surface by
achieving transparency and. hardness not jncluded in plastics. [0028] In order to achieve the
objective of the pr5’§g‘r?fli F]ﬁS?’ﬂ'ﬁr's]l?tgo Iglf?g%énéﬁcf Hs‘lfgﬁgerg é:glso %’u 3 th%ré ?gar&g%é@ﬁoéeferably, the
thickness of the gl%(é’sa%b%ﬂ"’é‘ﬂégi@‘iﬂ‘?ﬁe range of 0.03 to 0.7 mm and the arithmetic mean roughness
Rais 0.2 dins or less. Sufficient flexibility can not be obtained when the thickness is more than 0.7
mm, and the stren@ti2idan not be exerted when the thickness is less than 0.03mm. An alkali glass, a
nonionic glass, a quartz gjagsi@nd the like can be employed as a material for the glass substrate, of
which, a 130T:1011k glass can be preferably used from the viewpoint of environmental load. [0029]
Chemical etching tb%%ﬁ a fluoric acid or the like is known for a method of manufiicturing a thin film
glass. A mixture of at Teast two of fluoric acid, h drochégric aci L t's,ualf;u(gir iacitgl),t étggoggiﬂ)agd
phosphoric acid may be &hibiByBH HEREHE LA TH S Tor Chemicar etching. Among thése, fluorie
acid is preferably &GN At Jath HsiAershiatiyrRbEneh iAYSH OALSEsA ST ERE TS etching,
desirable is a liquiatetipeianse s wbiss vitbrraasdnabitipecshiaingd ubeliraty ap5b30] Since
bending strength is inferior when there is a grinding mark on a surface, the glass substrate of the
present invention iggrgferably thinned by chemical etching. In addition, a usable product can be

obtained by increasing strepgthith, sankelusiRalvaL Bt whRnadinss @riRgeslandibinned has

an arithmetic mean roughne a 2 pm or. less, in.which the wettabili ctive
polymer is improv&oﬁglglgetgt? %ﬁ’ﬁ‘%oég é}%ecwgﬁcﬁvoéopeo lggar gaﬁgrtwgylkge?uf%%ﬁé&ﬂ%cn%e of applying
a conductive polyhﬁ@ﬂlatﬂ’égémﬁ‘éﬂ(ﬂélwmbr is selected from among polyaniline system, polypyrrole
system and polythiophene system. Polythiophene system is preferred from the viewpoints of
transparency and o] conductivity, and a complex made of polyethylesiedictxythiophene and
polystyrene 5:titanic acid igsmashpiefiapac 083RLRelaisscasbstsiacecoanai afiuey paky nfehdispersing
element is dispersgdyip WRE" (P JSBELSA SRV CUMRIRING pjRkraglasasubstsatalofithe present

invention has a contactrgtr‘lgl with.water lg\rveferably in the range of 5 to 40 degrees, more preferably in

e
the range of 5 to fegé’ﬁrees.olfhe conductive polymer dispersion does not form clean coating film and

fails to obtain adhesion strength when the contact angle exceeds 40 degrees due to crawling,
Advantageous Effects of Invention

[0025]

According to the present invention, it is possible to provide a transparent
conductive glass substrate which has flexibility similar to plastic substrate, materialize
hardness and transparency not in plastics, and has adhesion to withstand use on a curved

surface.
DESCRIPTION OF EMBODIMENTS

[0026]
Embodiments for carrying out the present invention (hereinafter referred to as

embodiments) will be described in detail below.



[0033] Following examples can be given for a method of applying a conductive polymer coating on
a glass substrate, namely, a screen printing method, a gravure printing method, a flexographie printing
method, an offset printing method, an inkjet printing method, a spin coating method, a die coating
method including a slit coater method, a curtain coating method, a cap coating method and the like.
10034] Since 't()'&séﬂecessary to form a low resistance and high transparent thin film such as 10 to
1000 MD, it is preferfed to apply a conductive polymer using a gravure printing method, a tiexographic
printing method, an inkjet SritfY I deTEJourd Shatctitifg i afhGEOws dcsbatiog ity Bnd the like.
Among these, sint@iitvistbagioutsinsEirppo founiaegecardustiycgralyies Brittiig flethedsEifexographic
printing method, aatiegcotiitkyayattivoBacd Frefemaetruitiestivone;singghiess Rasl(d supply ink in a
closed system suphsfhgicibr dsbsleingslisnarsesebiwei 4o 0iaibecbiailbe e tackiftveipglymer
coating, sl_?lid c?ngmtér% a%m;{@uﬁm@e&m@@aéﬁam ?9 Qter]t;%@%m%e@mym#nr@aiﬂpulﬁr, by
using a slit coater amo ie c m LS ible to achieve coating, in which a thin film is
uniformly made, é‘i%%%‘%’ﬁ&ﬁ@%ﬁﬁ%ﬁg@%ﬂ \?na%%%t%% of ink slightly occurs while applying, and
loss of expensive uctive polymer paint is slightly brought, [0035] A slit coater is a device for

applying a thin film with &< fsHssodMARERLIEE ke Bt drsaticnelishad Hagtavahtages, as
compared with a Spingcgatesubsitheds heséedonBufnrstibn thé thistexisd of pesglpily veyiieedsdiicle time, and
no wraparound tale resgeseft fate tofoey fring end ARS&fthmetit incaecesganss & deseribedbielow, that a
material of a wettgghiashiF16RBIHIBNLINEOBOMMMAE GaLS et RicRRELE NSO ORMEY Mispesgion does
often have strongyacidic, ot exarpie. SHS Wt KaMRERUALONK M RAFEgHar, SUR3A4 is preferred
In view of acid resﬁﬁé‘”acﬁdrllog?é@as 2 l%oanE{E‘sgaEé’g%'PEé‘c%B 3ol onéﬁras'%'sé{‘éﬁa?%'lhéo control &
nozzle gap, a coaﬁlng’spee , a worl ina 3|szt_§n,ce, a |scharge rate, etc. rom%e viewpoint of precision
coating, the nozzRAgP S Birarahiee Wﬁ%cﬁﬁ?ﬁ%%%w&@ri%ba’p‘ﬁf’gpff?ﬂéh%élggﬁggttﬂg entire
coated surface b&evres e Rdten less than 80 WI), and the entire coated surface becomes thick
when more than 182m. [0038] From the viewpoint of coating precision, coating speed is
preferably 10 to 60 mm/seemuad dasiiglingt tabAminises. hhiskeangadsagprapisdobecause the
entire coated Surtﬂ&m@&m%eﬁm%w pRless thatd Ornnvaeavdhe sntire.cralsd:sarfase becomes
thin when more (a0, STRY/ASE: IR0Faia and BREINGY IR &' e 60RO RIRSIRIAN, working
distance is preferably Bl ﬁfho 1 0 pm,ﬁ'hls range I3 a propriate becaus ]entlr goateg surface
becomes thin wh&¥ 16s e&ﬁ%b%ﬂf%eéﬁf@&cﬁ)’%@d@%ﬁ%@g dediied E%I?% e Thors than 150
pm. [0040]  FHswARiEiERSHRY Sfifaméshe<ssprserdBitndné thamerhisihiage Jesrsiersily 0.05 to 0.7
ml, and desirablyl@uidie0mEBinTE Thie Yalg&iscappropliandifroingheszsythat the central coating place
of head becomegehiok when less than 0.05 ml, coating places at both ends of the head becomes thin

when more than 0,7 mi. §§Q4Hending strength is inferior when there is a grinding mark on a surface,
the glass substrate of the present invention is preferably thinned by chemical etching.
In addition, a usable product can be obtained by increasing strength with conductive
polymer coat when a glass grinded and thinned has an arithmetic mean roughness Ra of
0.2 pm or less, in which the wettability against conductive polymer is improved by
treating the surface with fluoric acid and the like.
[0031]

In case of applying a conductive polymer, the conductive polymer is selected
from among polyaniline system, polypyrrole system and polythiophene system.
Polythiophene system is preferred from the viewpoints of transparency and color
conductivity, and a complex made of polyethylenedioxythiophene and polystyrene
sulfonic acid is most preferred.

[0032]
In this case, since conductive polymer dispersing element is dispersed in water



Conductive polymer used in the present invention may include, in addition to poiyanion for dispersing
the conductive polymer in a &pant doubling as a solvent, a binder or a curing agent for solidifying or
curing the conductive polymer composition, a high electrically conductive agent, a surfactant, a
catalyst or an adhesion improving agent for improving conductivity. [0042] The conductive

polymers, the polyan ons, the blntder rtesms ang the gh c%ntdlthtl ehal?’ ntstare explallped in detail
below [0043] (CorttietRe SR HHsr " a'%ﬁ”ywa Fabive pOlymer tan ba employed. provided that it is
an organic polyméP‘i‘Ff‘%ﬁl@%ea’(viﬂ’aW?‘Eha’fﬁfTWQ i fgec‘iﬂﬁ%ﬁzécf‘bf(bdﬂgf?ﬁﬁjﬂlj’é‘ié’deﬁ Si? Examples
include polypyrrol&s, rﬁ@&ytﬁfob%?eﬁé%rw}ya&ftyl@?ﬂé@?}fﬁ)ﬁ%@ﬁﬂéﬁ%{%(ﬂ%ﬁ@ﬁf@ﬁbﬂﬂﬁylenes,
polyanilines, polyacetiresfijpohkyttitiibhenebrany lethes panteogiholmetis: tharedf akRxdymeaaled)
polythiophenes andgaalyanilineswnagoreferable in view of case of polymerization and stability in the air,
[0044] Specific exgia s of such conductive polymers include polypyrrole,

poiy(3- methylpyrrole) pol pyr poly( 2 VIt Q tyloyr (3-octyl
pyrrole).poly(3-dec g( g)er/rr(i)él% E)EE/ exd% gfs anr_%?e Q]p;;/ J ESnP%%Et) (ilyégpﬁ J i { E% ??)Zjlaggutylpyrrole)
poly(3. carboxyp%/3 “A- e%l oxyp &') %5 et ﬁinca Oxyéliﬁ pyrrolc) pol

y(3-m eth) | -4- caPBBBkW? &é‘f’ww S GERERG I HoR BT BB Rfolen M
).poly(3-cthexypymoreienoki(gdoiti win pyaiiity, PeAS- hdisyiakps i) psiigiBeet it 4oater
hexyloxypyrrele), pely¢3- tretimih-dolitixy loxnyipyr e ok ) paiby lidditderahihp dik3-me:by Ithiophene),
poly(3-ethylthlophgpgdjpo iy(3-propylth iophene),poly (3-1m tylthiophene),

Since it is necessary to form a low resistance and high transparent thin film
such as 10 to 1000 nm, it is preferred to apply a conductive polymer using a gravure
printing method, a flexographic printing method, an inkjet printing method, a spin
coating method, a die coating method and the like. Among these, since it is easy also
to support a large area, a gravure printing method, a flexographic printing method, a die
coating method are preferred. Furthermore, since it is easy to supply ink in a closed
system such that, in a fast-drying disperse solvent contained in the conductive polymer
coating, solid contents do not move and foreign substances do not occur in applying.
In particular, by using a slit coater among die coating methods, it is possible to achieve
coating, in which a thin film is uniformly made, disperse solvent slightly dries or
variation of ink slightly occurs while applying, and loss of expensive conductive
polymer paint is slightly brought.

[0035]

A slit coater is a device for applying a thin film with a slot die to move in
non-contact on the substrate, and has advantages, as compared with a spin coater, such
as less consumption of materials, possibly reduced cycle time, and no wraparound to a
rear surface of a fringe.

[0036]

It is necessary, as described below, that a material of a wetted part is resistant
to corrosion because the conductive polymer dispersion does often have strong acidic.
For example, SUS metal can be employed, in particular, SUS304 is preferred in view of
acid resistance,

[0037]

On coating condition of a slit coater, it is important to control a nozzle gap, a
coating speed, a working distance, a discharge rate, etc. From the viewpoint of
precision coating, the nozzle gap is preferably 80 to 150 um. This range is appropriate



poly(3-hexylthiophene),poly(3-heptylthiophene),poly(3-octylthiophene),
poly(3-decylthiopheric),poly(3-docieeylthioptiette),poly(3-ectadecylthiephene),
poly(3-bromothiophene),poly(3-chloroth iophene),poly(3-iodothiopherte), poly(3-eyanothiophene),
poly(3-plien ylthiophene), poly("3,4-d linethylthlophene), poly(3,44 ibutylthlop hone), polyp h ydro xyth

s R SIS U RO BB O oM i
poly(3-oxyd ecylth‘f'(())a %%‘g@d%%?g?g@ac?gg}éy )P;éi/{%‘f%pﬁi‘%'hé{&gé\y(3 ,/44ihydroxythiophene),
poty(3,4-diethoxy£ﬂ%6]1ene), poly(3,4-dibutoxyanthracenethiophene), poiy(3,4-diheptyloxythiophene),
poty(3,4-diciecyloxyEhioPtih&) piskipsint-efityriie ditsgirintospriiig)snsetyiaraetsiaidndditx§thlophene),
poly(3-methyl-4-ethokythimp hesiehpdly (8-Metiniste4-ddrboxythiopherpyiate because the entire
poly(3-octadecytaxythiopldarE B)c pady (Bidkdimethess thinphe as)/sply3. dndiprapedythiepebene),

poly(3,4-dihexyloxytbipRliaRe)nBeiéa dsiestthiopherie), poly(3,4-didodecyloxythiopheno),
poly(3,4-propyle iﬂxythiophene), poly(3-inethyl-44mothoxythioptiette), poly(3-carboxythiophene),

D RS ad o P o B PR SRR R
’ to 150 [

pm, This range is appropriate because the entire coated surface becomes thin
when less than 80 um, the entire coated surface becomes thick when more than 150 pm.
[0040]

From the viewpoint of thickness precision, discharge flow rate is preferably
0.05 to 0.7 ml, and desirably 0.1 to 0.55 ml. This range is appropriate from the fact
that the central coating place of head becomes thick when less than 0.05 ml, coating
places at both ends of the head becomes thin when more than 0.7 ml.

[0041]

Conductive polymer used in the present invention may include, in addition to
polyanion for dispersing the conductive polymer in a dopant doubling as a solvent, a
binder or a curing agent for solidifying or curing the conductive polymer composition, a
high electrically conductive agent, a surfactant, a catalyst or an adhesion improving
agent for improving conductivity.

[0042]

The conductive polymers, the polyanions, the binder resins and the high
conductive agents are explained in detail below.
[0043]

(Conductive polymer)

Any conductive polymer can be employed, provided that it is an organic
polymer in which a main chain thereof is comprised of a n-conjugated system.
Examples include polypyrroles, polythiophenes, polyacetylenes, polyphenylenes,
polyphenylene vinylenes, polyanilines, polyacenes, polythiophene vinylenes, and
copolymers thereof. Polypyrroles, polythiophenes and polyanilines are preferable in
view of ease of polymerization and stability in the air.

[0044]

Specific examples of such conductive polymers include polypyrrole,
poly(3-methylpyrrole), poly(3-ethylpyrrole), poly(3-n-propylpyrrole),
poly(3-butylpyrrole), poly(3-octylpyrrole), poly(3-decylpyrrole),

poly(3-dodecylpyrrole), poly(3,4-dimethylpyrrole), poly(3,4-dibutylpyrrole),



poly(3-isebtitylanitine), poly(2-anilinesulfonic acid), poly(3-anilinesulfonic acid), and the like, [0045]
Among these polymers, a (co)polymer composed of one or two compound(s) se lected from
polypyrrele, polyth iophe ne, poly(N-inethylpyrmle), poly(3-3nethyithiepliene)"
poly(34nothoxythiophenc), poly(3,4-Mhylenedioxythiophene) k preferably used in view of resistance
value- and reactivity. Further, poiypyrrole and pely(3,4- ethylenedlo thlo are more preferable io
view of |ncreasmg"é/é&ﬁoﬁ?&"mmy)ﬁf?ﬁ/mprovmg heat resistance {08 'Crfi1 %‘W“‘) dlyartion is a
polymer which sobabilfzestitybicembrioniey ispiaiser. Examﬁ?@b/‘éf‘ﬂ"‘r@ WW&XBH&‘%{ olymer
having an anion grou@;{204x%byrrole)Any anipriygoughokinersidyanion rmely(bet@nqnwelﬁ) provided that
it is a functional gselEwhish slepes, byrehiericaliexgpatiae)to posGeneltigtivdgolyrypysolp).particular,
mono-substituted Su/fatG L5iek ggngwéubstlpéte@mmate esteI DRy IpRSRRaie group,
carboxy group, sulfia r%ﬁt@ g,)llke ar 5’1 th”o}ﬁ%)% of ease Qi manariipiegand stability.

further, sulfo grouf ono tut d sulfate e nd arboxy 0 eferable in
view of doped effgﬁlt‘é( OP‘T‘ g§roups t8‘iP{ tlﬂfo\% D gpfy?thngéne]g c examples
of the polyanion iReYdesSRRIMMYF & lifon RO &R SWQIN?BH‘E"@UIfon‘?S e ogﬁ?fbl)flc acid,

polyacryl sulfonicredi¢s- b@lynﬁ'@ﬂ@h@my)asquon@la@thbtﬁWhM@PyPamlde 29 Bﬁ?ﬂ-ﬁ" sulfonic acid,
polyisoprene sulfpnig(ieidngbiypiayt)carbpuylit: meig; holystyebne mtﬂéWdcmmﬂﬂpmyalﬂ% carboxylic
acid, poiyacryl cagggxyliciaeiditmepirinacgsylcamaxAichaginkanly-BoatBylaisiRispistiy)lproparie
carboxyiic acid, pRlylsORERRGA PQ?@}"C acidy (BQJME&WH% iQ:) andﬂb@(@ﬁ%x}ﬁhﬁﬁﬁn&ﬁlyﬂjlons may be

homopolymers or ¢ or.mor gﬁ ns, polyvinyl
sulfonie acid, poI P %gnllyonlgt ‘°r‘c’3e"8ﬁ &tﬁacry rIs]ou oni efgle ?Ar?m?ol S acid are
preferable since PRIy odss F‘%}Piﬁph‘gﬁ *stability and dlsperS| n par? ufar, polf yiene sulfonic
acid is most preféf@lb(é‘kﬁb\édw@eé?ﬂﬂ'ﬁbtlvny can be obtained Pfodrd 'met heprstyephedor

polymerization of peif{Ahidietisxytefeiaioly).in the range of 10 to 10R0OBdeenpeithinplenghd more
preferably in the range, aﬁﬁﬂtmymtﬂ%mmaﬁé)units in view ofcle{BUdiiiicxy rrgohiaricas)d
conductivity. [005Jdyy(3,4-8 %ﬁqg,;emd?j,gggyanaorts is preferably,yniba angpsahhibgredd), mei relative

to the conductive ?Iyme& 18 gg re preferably in the,g @&5$J&ﬁdgﬁhly¥m@)the content of
polyanions is less t ?SZEFI{?@IE egects to the cond C v[{e [nnedso n}gg 10, Wy aken, and
conductivity may B%y s eﬁf fﬂx 3t l ispersebility ar{’g § in a o)i"&}/’t ntare {eterlorated
and thereby it ma%é&@ﬁfh%ﬁ‘?ﬂ‘%iﬁpﬂﬁ?ﬁfm dispersion. AN i 't'@‘ﬁ 1&’/@}% s is more
than 10 mol, the col@rmetibloftheatintirike polymers is reduced’@.‘ﬁ@ﬁ?é‘?@@?‘l%i@s still difficult
to obtain sufficienjotydnhiyiy-cipRroRihiophene), poly(3-methyl-4-carboxyethylthiophene),

poly(3-methyl-4-carboxybutylthiophene), polyaniline, poly(2-methylaniline),

poly(3-isobutylaniline), poly(2-anilinesulfonic acid), poly(3-anilinesulfonic acid), and

the like.

[0045]

Among these polymers, a (co)polymer composed of one or two compound(s)
selected from polypyrrole, polythiophene, poly(N-methylpyrrole),
poly(3-methylthiophene), poly(3-methoxythiophene), poly(3,4-ethylenedioxythiophene)
is preferably used in view of resistance value and reactivity. Further, polypyrrole and
poly(3,4-ethylenedioxythiophene) are more preferable in view of increasing
conductivity and improving heat resistance.

[0046]
(Polyanion)

Polyanion is a polymer which solublllzes the conductive polymer. Examples
of the polyanion include a polymer having an anion group.
[0047]



In preparing a conductive polymer coating material, first, a polyanion component is dissolved in a
solvent for dissolving it, and the solvent is sufficiently stirred and mixed after adding a precursor
monomer of a conductive polymer and, as needed, a dopant Next, an oxidant is added dtopwise into
the obtained mixture to advance polymerization and obtain complexes of the poly-anion and the
conductive polymer. SubsgausRy, 5 QfidANLISSIENMORPMETARE BYRIRAUSLS srgyrgmoved from
the complexes, ar;ld the cp §exehs a fer Uglfleg ar.eaplosxs aggrgtm (A0 appropriate, srgL\{ent by adding, as
needed, a dopant 51'}10_306'11%iﬁr € rvés'ﬁ_], Sfobtain & cohductve polymer coating r%af'erlai,' [ 553]

Solvents of cond R B TS eBH G RAfals 4P sF SRR SPSARURT MR ARG SRS AT &€ B de polar
solvents such as WesehaN-graibyRIyr et el e reLa e tHg Bt IGE L NIREfRtRY B tamide,
dimethylsulfoxide phexantetiyilertaphespiiortri&nmible, ad&ogitripe rvanzvhitititedrit!fhie Bier phenols
such as cresol, phenlaxylensbangrdhe hikemaleghetssuch asemethdupel effeanalf prapiandl, banal and
the like; ketones sugh a8 aEIMNG VYW RIGYIketone, methylisobutylketone and the like; esters such
as methylacciate, %ﬁm/ acetate, propylacetate and the like; hydrocarbons such as hexane, benzene,
toluene, xyiene a|[| the like; ,?arbox lic acids such as formic.acid, aceric.acjd arpfdntlfge Lié‘,ﬁ; carbonate
compounds such as ethﬁ?féé‘érﬁé‘?é@éspr‘l’_@%ﬂ’gné’gi‘/r%’é%natén%h’ theIkeMether compourids such as
dioxarte, diethyle®tbysafienthesiifenienafidetrrrealith slfenisyiaridgyedyaid) shriprdsileneglycol
alkyl ether, polyethiamsesyeabl aiiphistheeidndppbiypropliaitsglyeshalrippak ersuaitdithetilde;
heterocyclic compolyidsrsucBdfaBemeity b@yoikaz dlidiogphie arid, thel¥iterenitriatoomisoamds such as
acetonitriie, glutareglinifiilearBaalinexassetoriela, arepigidirad benzesitkieyanatbeylikeadad054] As
described below, sifce & yAnsRaseRLARASHYeHaSS RUDRHAIS A g aresenbdnyRNtians formed
with & surface melded. by desirably idning i drofiueric aqidvl s ifCIAbIEBagRian 5 % by
weight or more offa Soivent SOkPIE in water in order 10 |mpr0\7e the sveta |ﬁty to the Surface, and k is
more desirable to’EE¥PARBER} W&t or more thereof: Here, "soluble in water" means dissolving 1 g
or more in 100 g 6184&ker at 25 t. [0055] A complex with a conductive polymer and a polyanion as
described above is mostinstablthisetipelgtaiennf sojvinn sinbeithecioipalyisnyinsitfanés soiker-soluble,
and thus it is to sglaghaiseiveniasidhbladaiyaiayds desiabisic Haweiasetbatdesiuetive palymer can no
longer be dispersgglindhg selvtiapapdihaicampex camnatrigsensyede siditcceating when the

solvent other thar% \é’vgteﬂr3 Q%%%%ﬁ?e?&ﬁ@%ﬁ ﬁﬁi@oééﬂ%'é égq%qlpég is preferably 99% by weight or less
0 tor less, [00 e
i

and desirably 95 : welg 56[ As descri utther below,it is desirable that the boiling
point of the solvent ]preferably not more than 200 nr.: from the necessity of performing drying and
curing of conducive polyFiérdeassmry BelumsurtEnsRl artiwidnt ersray m g fhalf 130 t.
However, from thé00iedfpomsnst watkailitporeetifrepplerfo iraricecaeios PriovEhBidh metsmehing at the
time of coating usinigs ancoater kolabslitytifesdvenbailingrploimivog.the solvent is preferably not less than
50 t, and more prefgyaply not less than 70 t. [00571 (Binder) Since the transparent conductive

glass substrate of the pregeplRYPBFRfRAPR KR8] anmisaiiede Nt Nenlliealpdpid custa
display and the lie, tig fegessqrn (o chie L (g presence.qfivafions aianie pampaupds such as
liquid crystal mater?aﬁoﬁué:rlé'FoPg, t 8tPa_rlsf:)mar(an{1 conauctive grass substrate must curéed at
temperature of 18MPidPssssteakpigahnisessurisdbapdiansh %? N S T Nt As
examples of suchrelsressitkidy, theutgbyariadradostisitinfrave 4 aipsuiiitieitiolltr 18P he like is
effective in curinglidphehitiyreai ylivaidyatingsoltcaviotets@yisiataining bartheitaobievddilsyladding a
compound havingoa Pty iekanadRiviC Onalen e Sensiizehelymphotomnitiatham Vhes), ehred by
heating, it is possible o Ammebilize Mg G HYE RobiRe ancise e aracs!ink theirmyanion by
adding and curin%ta% Q{x ggghg'%nté%c%lrted at temperatures of 120 t'f.-2 or less in a relatively short time,
itis recommendedb 0 use crosslinking a&'ents such as poiyfunctional epoxy compounds, polyfunctional
oxetatie compour%‘gzéolyfunctional aziridine compounds and the like, and further polyincricearboxylle,
acids or curing catalystsihighispadsecti e WHcHEs@LBRTHotrites Atdistiabsdiithle oPYBRIied
polyfunctional cacooghinuigdecdissbialso aseticf0058]iBades fesind the solvent is sufficiently

stirred and mixed after adding a precursor monomer of a conductive polymer and, as
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It is preferable that the conductive polymer coating material contains a binder resin since the
environmental durability and the scratch resistance of a coating are increased and the adhesion with a
substrate, is improved. When the conductive polymer coating material contains a binder resin, the
pencil hardness (115 K 5400) of the conductive polymer coating formed of the conductive polymer

coating material is, eaglly Mg, 0 KB CrfasdsinNamal theRisderiesinharions.asa dard coat
component. [005%)y aned Scllm IIRL BRI IEYIMALRE HSIIOSRING SR hodilmRplastic resins
if they are compati 18R o mixa ﬂa/dalspers?fﬂe In the conductive mer, coating material. Examples

include polyesterd&Wlas P [hd fePaARhARSIE D PR HE SRIATAE, 53R Sthylene
naphtlialate, and theikee efeSTELBN SUTRERYIAET pUSMide I 4B tRSMREPIRF/amides
such as polyamideoBepolyarmidag, 65 petgedniciéonadt pofl ahiider Tesimntd wikaike; SRIGHSHYSINS such as
polyvinylidene flugdencpobystizythfitgeisicle, polytetralluomethylene, ethylenetetrafluoroethylene
copolymer, polychigygyilluoroethylene, and the like; vinyl resins such as polyvinyl alcohol, polyvinyl
ether, polyvinyl butyral, pglyvinyl aceiaic. e yvinvl chlorideanadhadike gRextdRsinpxetane resin;
aziridine resin; ox%zolln resin, Iene]rél?swgéﬁrg@ldsﬁecﬁln;a olx‘wlge |1c%|a]e'1_99pl H;é ane; polyurea;
melamine resin; pRSROIC redin: polyethar; acrviic resin: and copalymers th ,eoé)j% g * These
binder resins may b-HIREEVEI B fanic solvarisdMEiYarB e tions byﬁ'r‘ﬁ ARG 0 tional groups
such as a sulfa grorrerestiedenepogsefrotirmdhaceenisiobensprifdlsdnd WaltehenliiSifikation and the
like, [0061] If rewdsghmylcusilegohgertthsUidle;ad@lolosslihkingratient), aefrahperizatioh initiator, and
the like, a polymetzatiginarselBkaiRech&ONaNds acvisns sibmyledifisont, thethidsaamnybetased in addition
to the binder resing [QQ68ke; estéMARY theseindan ke Sing 1M QNG G MRAROLROWIBkBaNe,
Polyesters, acnyliq IR RXAN AehANARIG: ROBFEOI AXCIIEARE, BRI IERD, melamine
resin, and polylrnlobé smcone is/are preferably used |n yiew of 03% mixing. Morgoverhacryllc resins
are suited to use f8F'h §lad¥ B e?ﬁeV?e\%cb$ f‘ﬁ&(i"l %gr .hkeeSSC%rnéné’g(ececl?énlﬂoflpaﬁsﬁlécren%sy. [0063]
Furthermore, it is PRIBIA3IEME tProisERTREIME SRt ki gther serprurds mich 38 Yaratby heat
energy and/or lightighgether [0084]the like; ashiie liejties polymerswhibndaseelieod Wkibattetiergy, a
reactive polymer argpdeaeiyerdsslipkaale, polyaericiBee6d! Thieytasictivenp qlyinessydme gobpers
obtained by polym@yzingmerameeievithrosRttbiapsiidsRuar hysiretil DIz driheA@roup,

anhydride, oxetarig GrouP GIYCIAV] UOHR. AR LURbR A0 G ihinHRC kil sxatmRlagiRf the
monomers |nclude§§1\3/fu tlgnal c?pgllat u%rllceas ethylene glycol, diethylene glycol, dipropylene

. R hmfrl €, benzonitri he . . . . . .
glycol, glycerin, a e like; carboxylic acid compounds such as malonic acid, suceinie acid, glutamic

acid, pimelic acid,[%{?éérbic acid, plithalic acid, acetylsalicylic acid, adipic acid, isophthalic acid,
benzoic, acid, trt-toluic adigl, depriibré hRlewacitisean HinRREaE FERdHStvfaiE st Hra < foiithalic
anhydride, dodecylssmtinivamiydisdéordiethloridinaleiofarhydeided téyradhsiotdphtivhiig ankiilydride,
tetrahydrophthalig aabyesidechymelljictaabydsidantand thelikeidxetanacofapouadssush as
3,34imethyloxetang yater in order to improve the wettability to the surface, and it is more desirable to
contain 10 % by weight or more thereof. Here, “soluble in water” means dissolving 1
g or more in 100 g of water at 25 °C.
[0055]
A complex with a conductive polymer and a polyanion as described above is
mostly stable in the state of solution since the polyanion indicates water-soluble, and
thus it is to select a solvent soluble in water is desirable. However, the conductive
polymer can no longer be dispersed in the solution and the complex can not preserve the
form of a coating when the solvent other than water becomes too much. So, solvent
soluble is preferably 99 % by weight or less and desirably 95 % by weight or less.
[0056]
As described further below, it is desirable that the boiling point of the solvent is
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3,3-diehloromethyloxetarte,3-methy1-3-hyclroxymethyloxenine, azidomethylatethyloxetane, and the
like; glycidyl ether compounds such as bisphenol A digly.cidyl ether, hisphenol F diglycidyl ether,
phenol novolac polyglycidyl ether, N,N-diglycidyl-p-aminophencil glycidyl ether, tctrabrornobisplienol A
diglycidyl ether, hydrogenated hisphentn A diglyttidyl ether 2,2-bis(4-,glycidyloxyc)cloliexyl)propatie),
neoperitylglycol 3%@9&@?JA?%J&t}ﬁﬁ%@d@kmgwqgé&mﬁ oftpms;mg'%qu%w}y@wdyl ether,

diglycklyi hexahydroplithalate s eol diglycidyl et eneglycoi cidyi ether,
polypropyleneglyco |g}ye|8y{ e?\é%BB% rr?odl Z)ﬁ aicmij di etrﬁ}/PynOt (gi)lﬁ)l FljIﬁ%:}?dy ether,

polyethyleneglycdld Wlof{/?'gtﬂ‘@r"ﬁm? ) ?fo%h?&‘&y( é?ﬁ‘él“%ll’ﬁfy%é’?%’fqg%&é@f& Qe

pnlyglycerol pely Peethdic $61pit oAU pBR 8 I5eAtE)| BtRSH! dYRTIdRfe d’t‘fl‘!ﬂ aicdhol glyeidyl
ether, ethyleneoxisibphidnpicgisabintyiat iherthghidel et ercaclipefisatdndotiessitten g/ Gdyl amine
compounds such peddN-dtglycidylarilline, tetraglycidyld lent itiediphertylmethane,

N,N,N,N- tetraglyed'gmhgf) xylylenediamine,triglycidylisocyanurate, N,N-diglyeidy1-5,5-dialkylhydantoin,
and the like; amine 00mpﬁmdtﬁesumﬁam&%ndwﬁmggamam@ydﬁﬂ%t%@ént invention may

ine dlmethylamln%prog)e)él nine, e&\lec?%noe pipera. be Zﬁ/gl rpgtﬁ{

inc trls(dlmethylamlnome A énal, LiIB |na breV|a ed o mo é)glbdtrlfz et?ﬁythexoate)
metaphenyienedidfifii&y Slﬂlf"nlbﬂ’li?ﬁé’ﬁ%?ﬁﬁcétﬂ Y?é’odiFa‘?fﬁ?fBﬂFﬁ’HB’r? P%WH@S 4rid SBistRhide,, boron
trifluoride, tnonoetrafraitineTkexsfiaesi dbRatiseaRiletradistiin s sthy ?/I??Héfa%lé“éﬁ‘i’d"che like; and
glycidyl compoundsbearsedeari épicilanoleysitiiiod ispheroht/camonpcofhpgandsaormgirng two or
more oxirane ringsoifeMine M0l sOsfanalogsBRDE[MREG]g by iratheisradtivepalymmers, crossliaing
agents, catalysts, gfifiahig RYYIPaiZMIQLIRILRIOIR asiflesolifed Jater spav.baksadiagather with. The
crosslinking agens, Pl ARG (651" PO I MAIR! AUAIES: AG i Fxpples of the
metal oxides, basic’ metal Compoun ss tg% Q OOC C gy HS) Al C -CTI3)2,
ZtO(OCI-13), Mg &8¢ ‘@8((%132 BE& ?ﬁ%‘eﬁ R eh ‘r‘)"' Besprly Bse %oB671 ~ The

self- crossllnkabIe’E’BP?HH'&QE%W&??H&%@H%@%&H&WW%@EW Wlayfﬂﬂ@ﬁgﬁapgroups due
to heating, and inchige thobaxamplen taosecdohteiniergtefsecidyi?AnE ealbsxp grslively tivse containing
both N-rnethylal abfkcartioxycghaugricand tive lkess|DR6G] ddeetsiquidi polyoigfundiehalisspexed by optical
energy include oligREpersder pBERRMBRRIRMERE A RPEIRSEC hoBRMKY saINAXMariBHpsiRdpelyaeryl,
polyurethane, polylinife ;ROIYAMdHP SMAUAS EE 1RAMIEIdeSIEP B8 FRY ARk IRABO1

with these compounds. A water soluble or emulsified polyfunctional carbodiimide can

be also used.

[0058]

[Binder resin]

It is preferable that the conductive polymer coating material contains a binder

resin since the environmental durability and the scratch resistance of a coating are

increased and the adhesion with a substrate is improved. When the conductive

polymer coating material contains a binder resin, the pencil hardness (JIS K 5400) of

the conductive polymer coating formed of the conductive polymer coating material is

easily made to HB or harder. Namely, the binder resin functions as a hard coat

component.

[0059]

As the binder resins, they may be thermosetting resins or thermoplastic resins if

they are compatible with or mixable/dispersible in the conductive polymer coating

material. Examples include polyesters such as polyethylene terephthalate,

polybutylene terephthalate, polyethylene naphthalate, and the like; polyimides such as

polyimide, polyamideimide, and the like; polyamides such as polyamide 6, polyamide
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Examples of monomer units constituting the liquid polymer which is cured by optical energy include
monefunctional monomers and polyfuncticmal monomers of acrylates such as hisohenol A ethylene
oxide-modified diaetylate, dipentaerythritol hexa(penta) acrylate, dipentiterythritol monohydroxy
pentaacrylate, dipropylene glycol diacrylate, trimethydolpropane triaetylatc, glycerin propoxytriacrylate,

il-hydroxybutyl ac%a?%l%rﬁ 5@%9”8&1&%‘;19&053{'35% LBV AL %\?Jl‘? aS PONHRRIRPY! acrylate,

isobornyl acrylate eth ycal di crylat aerythritol triagr f pyrfaryl acrylate,
bnmethylolpropatte tnacryiéjtg tn IIrop‘f-)]y er?e %h’{ %}t%ln?i o\ém i%ﬁ‘& ﬁ]}’lé‘ hcer %{1@%/ e s,such as

tetraethylerie g|yc%ﬂpalﬁ’fé“fh£8 YRt O YPFAGINERR 14D tgﬁj l?*?feflﬁnc?' {ialts, T% ﬁﬁt?/%/e’nv nylycol
dimethacrylate, n"o‘iﬁ’@%lrﬂ’@!ﬁ‘&@‘yl‘é‘f@’ tfé’r‘&‘yl‘}‘héﬂ‘i‘éfé%yP&EéV'ﬁ%P(?ﬁ@fyIPr?l‘é\’ﬁﬁ’ér‘ih!i’tréded@tﬂylene glycol
diniethacrylate, 2+bthiiksexpbrieterisrdsteng yasidy ismedingcretbte onazeline wasiedildientssizicrylate,
2-hydroxyethyl methaicrytate, ojiondy| sihethagepylatestlaney prigiracnyldieighesoxygitndlimethaerylate,
t-butyl tnethacrylatgitgispiterafnyivy vésmeihacspaiamedmaidnylolpropatte tritnethacrylaie, and the like;
glycidyl ethers sum allylglyeidyl ether butylglyeidyl ether, higher alcohol glycidyl ether,
1,6-hexanediolglyeidy etnler |%h y eld)}/ayobh%r d‘ea ylgl eld |ePher arggdtqﬁtcl?'slé?dtions
acryl(rnethaeryl)amides such as dace oneaézl% arni d

neth acrylaini .
dinnethylaminoprBpyTHer I EEORAHEEIHDS | |?Fo‘bﬂ51}§‘§/ﬁf?§f’n%{c?§fﬁ icfé"‘mb‘tﬁ‘& KKiahide,
N-rnethylolaerylindifierssd F-arisetpiaaalsifiatian azbiadFnorpholine, N-vinylfornaantide,
N-tnethylacrylarnii®@$ N-isopropylacrylamide, N-t-blitylaerylatnide, N-phenylacrylamide,
aeryloylpiperidine, 2-hydroxyaifayhaafiamiglensnadhedikecvsinliheiiespaiich psiynetitatioathylvinyl
ether, cyclohexylyimvi6ther afbyidny! tpne@mfpwm@wm SINEK:, I8 AU b EERS! or

triethyleneglyeol yinyl e dihe hgg[lp&w@ﬂ%s such as V|nyl butyrate, 'vinyl
et té?aplva atgnlazn!J e [0070] The liquid polymer which is CALErcd by

monochloroacetaiﬁ
optical energy is % with a photo polymerlzatlon initiator, The photo polymerization initiators include
acetophenones, benzopﬁéﬁ’éﬁe@e?ﬂ|@Fﬂ€%srffé'?'f'zd\}‘ﬁ5é1‘?io%fté’é°rﬁ Shpeh T BEr PRt e thy thitiram
monosulphidos, tetofiEnthenespelyrinide |ikelyimidelditory photosessilie eresigu @aindinge basifarnine,
triethylamine, tri-mblatyilinesiphind, phdnihile iteanaise mefedbl00sel] in Gationiegepyirenzation
initiators include anyl<diRzOomiyIR sails Siasykdhpkoniemtdhenyl sueivueaaltsigl anakadyrinurn
ehelate, u- sulfon)ém%emggﬁa ? like. [0072] The content of the binder resin is I1to 1000% by
weight relative to 14 by Welght in total of the conductive polymer and the polyanion, and preferably
10 to 400% by welg - When the content of the binder resin is less than 1 % by weight, the durability of
the conductive polymer ERfEerEetmit die Rt HtaVDIGR iFS¥ hRSPLAIALA WBQ)R%loyﬂﬁﬁ/velght the
conductivity can H{BdsstumeiBnisabmBendord ightre®@hount of conductive polymer decreased in the
conductive polymédddyer. [0073] (High conductive agent) High conductive agent is a component
to improve the conductivitrqfathacrqiugiiveneoating filsuiarmertaf acgyduetise ppbiyner solution.
[0074] Specificallve e JiighkaoRduSkYS agent is at least one compound selected from the group
consisting of nltrchg& ontaining aromatic cyclic compound, hydroxy group-containing compound with
two or more hydr S, com%) nd with two or more ca d&ﬁ?rou s, comp ound W ith one or more
n

hydroxy group(s) and on BIEHIS NP E OB S E SR ZH’@ merS‘o‘r’r'{ ound with

&nide group, lactarfrEdisHustthcampetivg ‘@Iyéi’d?ﬁ’@’t‘o&‘i?“&Iéﬁ@éﬂ%llﬂ’@f@@%r&mﬁ?\%o (in
abbreviated formeticiyhatnd, Sulfloxiceln, andithediks-sSptsidormrmites ofibhn|oOTa} include

[Nitrogen-contairnpoly fanoticaticakyblids cacnpewtglene giiitiogiethdeniaiyiag dionpaitacysitolcompounds
include pyridiuesgairiginiag aeeinitioasxatoniandsieivatives themefimidazelRmeoniaining two

nitrogen atoms apgl dRIhvally G iRarealPYUmIEINGSR AR R AL RS VIElROfAAZIRGR agg, derivaives
thereof; triazines, cont Inln §e ni ogm% ato s.and erlgahge‘% ere g e Ilke P ridines and

enzo 1c acl acl rides
derivatives thereosf) 81 ofé FYerva |vest Ereof, imidines an eriva ves ereof are

preferably used (Pt BNt LORISEPAE e SRESWBFENe snidride, dichloromalei
anhydride, tetrachlorophthalic anhydride, tetrahydrophthallc anhydride, pymellitic

anhydride, and the like; oxetane compounds such as 3,3-dimethyloxetane,
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Specific examples of pyridines and derivatives thereof include pyridine, 2-methyl pyrid
ine,3-snethylpyrid ine,4-methylpyridine,4 -ethy Ipyrid ine, N-vinylpyridine, 2,4-d imethylpyridine,
2,4,6-trimethylpyridine, 3-eyano-5-methylpyridhle, 2-pyridinecarboxylie acid,
6-methyl-2-pyridinecartmxylie acid, 4-pyridinecarboxaldehyde, 4-arninopyridine, iam inopyrid ine
2,6-diaminopyridipg.g; @g@mg&gx%@]@wylpyndme 4- hydroxygyﬁlgm@_ﬁ, ridineingthang,2,6-di
hydroxypyridine, 2 Gd%}élr I Igle tﬂg txba al?lgl and*%P(dﬁ%X ﬁgc qlgt}%ggo & such as bisphenol A

2byt|roxy5pyr|d met roxXynicotinic, t t idinethanol,
2-phenylpyridine, iﬁ%ﬁ’f ﬁﬁbl? grE E(‘Hda Stﬁ I’]IH "?OEKQIV@ negf%i:;%% G diner |élr|lr?e %n?? -cye

lohex anopyr ine I‘ir’i‘ﬂﬁ’(}f Rﬁ'I‘)‘é?ﬁB‘ﬁ@' §1Y¢"‘GP(4°B’§FIC1W%H’QH§*’1? rﬁllflfélé’ﬁméfﬁ?%hyde
2-pyridinecarboxyividrestdatedpyridindémitsonin rile, 2/8-pyridiédyrigrboxylie &R, (ie.,

2,4-pyridinedicartigeyplicdagicti® oxpyyidihedibadpaxslic aciehp2ibyleyyidineditigvalvyfic athdr,
3-pyridinesalienieiaridxardidheiliieeilg0 %efler, trivRegiinprxamplasyefisajdaanigs apgdeyivatives
thereof include '”HQ% !ﬁo&%ﬂlﬁﬁ'@y iRaze cgrpg Jiﬂﬁ |gghgplqr idpel @@okﬁg%,ahﬂnyllmldazole
N-111 ethyHen |deh§ \r/(|)n |n|| z I\] cdﬁll zoe F'é/ q&y ‘ethylenesl
imidazole(N- hydrox yﬁj ipazo -e 12 gﬂrﬁy é I!1 ?y gy
“berizy1-2.-methyfigHEGSYbIEN ?eﬁ Fﬂ% %ﬁ%ﬁfﬁ) r‘ffg 5 %far%‘éct?{o & er

|m| aZoIe

1-eyanoethy1-2- éﬂﬂlf%ﬁfﬁ‘]elﬂ’ﬁ}}iﬁﬁ&‘éllble°@®h§ﬂ%b"?‘f@|hyﬁﬁ’dﬁ9’ﬁ16ﬂylIFﬁ"i‘G‘azéFg ‘iohl%‘ésﬁﬂlmldazole
4,5-imiderzoledicash@kydidyhcithed, Sthlmlagditisblivarizdoorite abicidiimsbiagyi cHuenivpiddaplstacl
2-aminobenzimidgiolgyl 2taei dijolienzileaidgnedcardtic likejglacidy] 2mimirompoundetuyhbenzin) idazole,
2- hydroxyhenzinqmmé@c%@mgjyl)heuzimidazoie andt&}g:glg}@dMM]wd]pthamples of
pyrimidines and destaiVes HOGLERNRCLIR AR R0-4-ChIOTBEIYIPY MM theyanurae

ine,2-ainino-6-chlar. g n Inp-4,6-d ichloropyrimicli2 -arn ino-4, 6 -di hydroxypyrltn id
Me, 2-amino-4,6 ﬁﬂﬁ] ﬁrp 5 I’El)é?lé fﬁe a%?%oé hox g ﬁ']m ﬁpey SING COMPONE o ch
dlethylenctnamme, tnethylenetetramme dimethylaminopropylamine,

N-aminoethylpiperazine, benzyldimethylamine, tris(dimethylaminomethyl)phenol,
DHP(in abbreviated form of Dihydropyran)30-tri(2-ethylhexoate),
metaphenylenediamine,  diaminodiphenylmethane,  diaminodiphenyl  sulfone,
dicyandiamide, boron trifluoride, monoethylamine, methanediamine, xylenediamine,
ethylmethylimidazole and the like; and glycidyl compounds based on epichlorohydrin
of bisphenol A among compounds containing two or more oXirane rings in one
molecule, or analogs thereof.

[0066]

In the reactive polymers, crosslinking agents, catalysts, cationic polymerization
initiators as described later may be used together with. The crosslinking agents
include melamine resin, epoxy resin, metal oxides, and the like. Examples of the
metal oxides, basic metal compounds such as AI(OH);, Al(OOC-CH3)(OOCH),
Al(OOC-CH3),, ZrO(OCHs), Mg(OOC-CH3), Ca(OH),, Ba(OH)s, and the like can be
properly used.

[0067]

The self-crosslinkable polymers are polymers that self-crosslink with each
other via functional groups due to heating, and include, for example, those containing
glycidyl and carboxy groups or those containing both N-methylol and carboxy groups,
and the like.

[0068]
The liquid polymer which is cured by optical energy include oligomers or
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2-aminopyrimidine,2-amino-41-methylpyrinsidinc,4,6-dihydroxypyrimidine,
2,4-dihydroxypyrimidin-5-carboxylic acid, 2,4,64riam inopyrim idine, 2,4-diniethoxypyrimidnie,
2,4,5-itrihnydroxypyrimidine, 2,4-pyrimidinediol, and the like, [0079] Specific examples of pyrazines
and derivatives thereof include pyrazine, 2-methylpyrazine, 2,5-dimethylpyrazine, pyrazinecarboxylic
add, 2,3- pyrazmeg:’%’ipﬁé%hgu@ﬁ'% JdnedyRyrazinesarblic asld, pyrAgivRTRifR cthane,

5- methylpyrazmea ide, razine. am inopyrazine SramninopyrazZine-2- -earboxylic acid,
2-ethyl-3- methylp r?i[l?llge P éa m%fﬁ)yl ?/lpagfﬁném% g ps)lylr%{%ne and the like [0080] Specific

examples of triazi ®And derivatives thereof include 1 3 5 triazine, 2-am ino-1,3,5-triazinc, 3
-amino-1,2, 4-triazine 43, gxﬂ'i%{%ﬁﬁé)f monomer units constltutmg the liquid polymer which is cured by

2,4,6-triarnince-1 @geatianiney, 2nt18deris(erifi voetimethyhnens:s-iphizivndy Pretong- mpneiesre of
,3,5-triazine, 3-(2-pymithtizeyubhbab B{ghplobnylsuflemn ioddic;ddTidi tdazipet,sdigdniner3th{Ropyri d
ine)-5,6-d iphenylae&a?pén%)(&cmﬁgiraﬁ)en'a}e@rykimterl&bnbla&&iagmﬁdarpiatﬂ,smmMaﬁédgmuium and
2-hydroxy4,6-dichigr; 1At s‘m R AR lIalO ki prbpRRIRNAE N8 AEERR:coNtaining
aromatic cyclic com Ppn n%ﬁ% Xn AQ tpa?e’ afqgimxy ytpagr matyr J?Qq‘\%?rgg‘ ?;i ga?l ;anlonlc group
of the polyanion, more pre {03 mot, “and es % efer l&}k‘:n the range
of Ito 10 mot in wéS\RPBrF‘RShygfégPérod’é’ Rigay f cg"?'ﬁﬂ]ctl\‘)fﬁf‘réflfafﬁe &SR ff(’f 1ECodtiRg? Witen the
content of the n|tﬁ8§é‘?f¥-‘1f8ﬂl‘éﬂ'i¥h@%ﬁaéﬁﬁ@‘éﬂ’b\?@t@ﬁﬁdﬂ?ﬂy@%g@fﬁ@ﬂeﬂ%w 4Reraction of the
nitrogen-containingdartmatiecyokthaoyseursdevits therpahydenonshied! tkmathimeryated abkductive
polymer tends to weaakenasd enyduatitidyrinay, be, suificientghébendinetbentdnt,of tHeityl

nitrogen- contalnlq,geg,ggpyﬁ{@ W&l%&lcqmﬂﬁ%ﬂé MQRoteaN 1RRmMaithe canisninef thesepnjugated
conductive polymg,{ngg]% %&rlﬁeily‘i"fﬂn%%&%ta'El?éﬁ@l?'%étﬁ%ﬂ%“‘”l% l[Q,Qﬁth[;ﬁydroxy

group- contalnlng WI'[ orm ﬁlﬁx‘}l{ roups obo Xam !1 yﬂat}g,

group- contamlng ﬁtf wi r°o¥et at?OU EMcitide po rc allp%a)flc alcohols

such as propylené‘ﬁﬁ?&&['aie{s Hlﬂ?ﬂ@‘?éhéﬁiy(’?lﬂthi"@lbfﬂylé %tﬂy&?thﬁ;ﬁfﬂgostgtr@yélf(?&'fgf“@oprene
glycol, ditnethylolpesisionletadiimeshyinesdhone Bipetheandattoknt 61 dkereinislyl ghsenakkdol,
neopentylglycol, uilyigtinithlethether, tritneghyolgybpasiesrperitabeythrifobhdipepiadtythritdiethiodiethanoi,
glucose, tartaric acschhagiassigicianidigilideaniaacd anettbedikelaiephahaobrmensiid) as cellulose,
bolysaccharide, g lgaRohANUANedi:: AOTAMCRAMmASKAASSUTAsHhdrgikgtimdoenzene,

1,3- dlhydroxyben enﬁiﬁdmmogyﬂp g}ﬁ gegtadecylbenzen%iéngﬁhrci) dro&gﬁg@%@@ﬁ%ﬁe

2,5-dihydroxyace opﬁ rox Benzophenone one,

3.4-dihydroxybetPSsaruRde s Ry Wﬁ?é’ﬂg ﬂcr B‘lﬁ)ﬁgﬁ?ﬁ%uq e,
2,2'5,5' tetrahydMWWIﬁﬁ@ﬁ%@ﬂlf%’@e@}@%‘!&?aiﬂéﬁﬁm%ﬂ?cﬂﬂm it RprYitaTide.
hydroxyquinone @éuibenylicraleiulidmdesgltizphyeraiife.2 dusliyriibyldoetmoids awid R, Jﬂ@ihywbxy benzoic
acid, 2,5-dihydroxhbenzeie. ascid,cm@xsaihwmyd:mzoiﬁcmy%ﬂiremer.owammicmaem
1,4- hydroqum“%;&?&&&@%ﬁr@héﬁ' ol 4Behydsasybrprenerhd isk tenitnaseband salts
tereof; .5 Ciy ety P.,hdkﬁ suéh6a9mﬁiema%@Wﬁ@l%&o%h?oﬁ}awgwwbme%2 7-d
ihydroxyriaplitha lﬁ ﬁyd roxynaphthalene

[0070]

The liquid polymer which is cured by optical energy is cured with a photo
polymerization initiator. The photo polymerization initiators include acetophenones,
benzophenones, Michler’s benzoylbenzoates, a-amiloxim esters, tetramethylthiuram
monosulphides, thioxanthones, and the like. In addition, photosensitizers such as
n-butylamine, triethylamine, tri-n-butylphosphine, and the like may be mixed.

[0071]

Cationic polymerization initiators include aryl diazonium salts, diaryl halonium

salts, triphenyl sulfonium salts, silanol/aluminum chelate, a-sulfonyloxyketones, and the
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ihydroxyrtaphthalene-2,6-d icarboxyl icacid, 1,6-dihydroxynaphthalene-2,5-diearboxylic acid, |
,5-dihydroxynaphthoic acid, |1,4-dihydmxy-2-phertyl naphtlioate,
4,5-dihydroxynaphthalene-2,7-disullonic acid and salts thereof,
1,8-dihydroxy-3,6-Emplithalenedisultimic acid and salts thereof, 6,7-dihydroxy-2-naphthalenesulfonic
acid and salts theyggf, i,2,3trihydroxyberizene (pymgal lot), 1,2,4-trihydroxybenzene, 5-m ethy hyd
roxybemzene, 5-1 s1,2,3-trihydroxybenzene, 5-propy1-1,2,3-triliydroxybenzene, trihydroxy benzoic
acid, t ihydroxyacetop e n; %h ?ﬁ{déﬁﬁ §2/>§1enzo Q}?ﬁ‘fz t§|tlg§ay? fOX elﬁptzi%llgt%t th 00 % by

trihydroxyanthraquinone' ftzene roxy-p-
tetrahydroxyanthrﬁ&’@moﬁ@tﬁgﬁfemk‘ﬁ@(ﬁw m&wdgaﬂa?&afg%@aem By @&F&f%ﬁhte)
potassium hydroduitisrishsulfdharetharmgrisat|ikethfodBdpr resiTlie legsnteatt bihbyhydigiky the
gamp-containing doratpiiiy rd thatbohwhatvempolenkly tisexys growpsies psefBraly i iaisgecof 0.05 to 50
mot relative to 1 mahafanianis sveigm, ohtheralanipraans: MokarpEaierpbbtindhavangaof 0,3 to ID
mol, When the copipnhQfrhis fxaiesvigiReRRaNINgcomped itessithan 0,05 113CF1 relative to

| mai of anionic gm %Ijlnlt of the poiyanion, conductivity and heat resistance may be insufficient. When
the content of the 0oXy group-containing compound relative to | mol of anionic group of the
polyanion is more lfhghcgbdﬂ%f'et%e'gontent of the z conjugated conductive polymer in the conductive
coating decreases makirfgst FiPeHTEiS FBeainSaffeIBPRIEBhELETIRYCtAl FOpBFLY AR IRy
group-containing eoriptvndstivigHitovdoonsdofe cembyigrpelpepr soludsmmples of carboxy
group-containing pomgpounds with two or more earboxy groups include aliphaticcarboxylic acids

compounds such as inalgjeaiyuraafith acidubacoiiemasids BHBaRNISHAIchdBaIRMIE R,
1,4-Initanediearbouylig. & 'dco%ggﬁuyCoqcmu@mmmgaq}mﬁaa@%KQKQ'U&ﬁ,ﬂ&nac'ﬂ y&ibjgconic acid,

citric acid, and therl(l)k 2 Or.nat'ec%%b&u%“c ﬂﬂ S grom ounds. in whic Cgl% east one or mare carboxy
group is bonded to an argr%'é'flg' rlngp sticn™ asp SATNANE amd' te (‘éﬁ At acﬁf ISOp |n ”hc acid,

tetnihydrophthalic@Ah§APRIE, 83°§ﬂ&rﬁ%‘ﬁﬂi‘ﬁ9|?&“5a&e 8 H}?d?é‘;‘(;‘)fgébﬁfﬂéli’i‘é)a‘\?ﬂjo“e GISHIIDIS
methyltetrahydroshtbraticesenerieemenand oyt gtitdeaticows i domnoheh yttiattebaylic lagiindianhydride,
berizophetioneteiracqtinodylioligningdridd, popRyialgnedicstbexydimEiogl, 4penellBIYECId(ipyromellitic
acid, and the Iikeaa@yﬁwmfaﬁid)flmdmwﬁbmw&)a&id viniediscpioasitc(@relit. thiodi), thiodibutyric
acid, iminodiaceti @;g |m|noIU|tyr|c acid, and the like. [0085] The content of the carboxy
group-containing oun h two or more carbox ups is preferably in the range of 0.1 to 30

= |
rim' relative to 1 g‘nfgrrlucml? amm cc c' ar’HB and more %&J rabl n the range 0of 0,3t0 0
dnts Socfritﬂ % ative to 1

mol. When the content o]fllﬁ‘ég@bf’ﬁﬁ 3‘& ﬁ?o"df,’)‘ ﬁt&’l’ﬁ{'ﬁgc%'g
mei of anionic gré¥ip BREsHYRAMshdebRdvetitheyeahdted é%l"é’(%‘ﬁ’c?é%%l‘gpﬁ’é“l?ﬁﬂ‘fﬁﬁ%ﬁt When the
content of the cardvdxgeqveatins-tomtafningimatinpoand] derividinestiizate80 friciziedativg tsrivativasof anionic
group of the polya#itiess, thieziestenioiileiaeaiitugaiedoasnd alivie pobsnierdstthedaba dletive coaling
decreases makingyitiglifficulta-abiair Sicignihnandustivilysdaca e thepthadngiiesof the

conductive Coat'naqlmmﬁvé@hﬁé}g&%%’é@,la{)hwgg’m m%mmt%mﬁ,ﬁa{atm@m@ compounds with

one or more hydc@ﬁ%gg’roup S) and one or more carboxy group(s)] Examples of hydroxy and
carboxy groups- ning compounds with one or more hydroxy group(s) and one or more carboxy
group(s) include tartaric SRGeiligyEamnelekial anidingycmsldrbrise othaREtRAAS IPEIB® acid,
D-glucaric acid, &aeshitpaidéncand thenigéyjooge.  Thenebyteridyiche hybﬁﬁibglmnél@arboxy
groups-containingycampipetidideyvith one or 2pedenbsigipxidaroup(s) and Bl onmetrdmaioxy group(s) is
preferably 1 to 5C08 parts hnypightifel atiyerigidd Rasiscbycneighhimine igtadieédisorpiyanion and the
7r. conjugated copgliictive pQlymEL. ARk MRKS Rreferabhy 3 i0.RAR, partspymgmp (thn the content
of the hydroxy anéj6 rboxgg%rg%ps contaﬂﬁﬁ:ga%%m?pg &H’? Iesds than | payt,! b Wel% conductlwty and
I

heat resistance may be in ie¥it. Whe’the conte ﬁ' rox and ca ox oupé -containing

compound is mofEPHEERelAaks by weikAitiIHEeERE B the it corﬁﬁg‘gfé nESIRARAN%& polymer in
the conductive céahiodrtretiniss avidkingy difiduirenobeiidumedmdoiducionicotinic
acid ethyl, 4-pyridinemethanol, 4-pyridinethanol, 2-phenylpyridine, 3-methylquinoline,
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[0088] [Amide compounds] Amide group-containing, compound is a mononaelecular compound
containing an amide bond represented by -CO-NH- (CO is under a double bond) in molecule. That is,
the amide compounds include compound containing functional groups at both ends of the above bond,
compound containing cyclic compound bonded at one end of the above bond, urea containing
hydrogen as funchQaalgraLiR. 2t fisamh, ensls.anabperuavasAaeroof. JBHER NS rlfRES]

Specific exampleg d&)jdtlgh@ amjlq?et glrlgpounqi iny JHS'% a?t%r '1%?’ ma@mig&d%ggfm%@e, r atea
mides luBnaraEnide. eﬁ%a ni de, naphthamide, 5|t [fa ide, . i .
isophthatamide, ter@PTHSIE R Kic ittamR ST A HIGe, Z:AapaHsigfs! carboxylic acid,

fortnamide, N-inethyf iR SsPBbio Asihide BroiBrdiathe ity ratthide’ IsH IR HSRRTaR) e
methaerylamide, padriterriitiessstoaiyiaitiend thtdiicaide, exanaide, glutaramide, adipamicle,
chinnarnamide, glgeotamide, laestamide, glyeeramide, tartaramide, citrarnide, glyoxylamide,
pyruvamide, acetoaccunsygarieinatipis cstasnides e arylasnidavanthuasiagaigle, imidazole,
ethylenediaminetetraacaiamids. diasetamidg tacetanida. dihanaamide tihanszamigedhorianine,
urea, | -acetyl-2- j&t&éefmguzroqt, butylurea, cIng‘MUﬁ%a}d 1b:-”r‘;’dinaethylureaNlal g {M Lea,
derivatives thereot, an Pthe like t3[0090] rther, a rylatnjde can be used Egrt}ﬁ ide

F

compounds. Aetyl ‘%M&W&M?A@i9%8{?@{5%%?%‘&@8?1%% yime heél@p'%'ﬁﬁt t‘:‘“ﬂ’-@ﬁ%gi%tcrylarn ide,
N-ethylmethaeryladitiesdyimidisitny (kbpyabtrmetnnidialsthy inkaprbrypiswdinidazole,
N,N-diethylacrylainitenbedbdizthplmbtbderyiarn e,2-hydrdxeyeteytbdigtatinietemethylimidazole,
2-hydroxyethylmethaesylamNiméixytalaeyyinidictee, N-uvetyiyokap v Stipladar sladidirboliytic [0091]
The molecular wejght 95 the ansidacARRAL NS drrigiRY 3 Rnie.10008 MasscRiRitIaRIY, 46 to 5000,
and especially prﬁfg%p&{eﬁgl%%%%bﬁ%gﬂc acid, 2-amino-1-methylbenzimidazole,

2-hydroxybenzimidazole, 2-(2-pyridyl)benzimidazole, and the like.

[0078]

Specific examples of pyrimidines and derivatives thereof include
2-amino-4-chloro-6-methylpyrimidine, 2-amino-6-chloro-4-methoxypyrimidine,
2-amino-4,6-dichloropyrimidine, 2-amino-4,6-dihydroxypyrimidine,
2-amino-4,6-dimethylpyrimidine, 2-amino-4,6-dimethoxypyrimidine,
2-aminopyrimidine, 2-amino-4-methylpyrimidine, 4,6-dihydroxypyrimidine,
2,4-dihydroxypyrimidin-5-carboxylic acid, 2,4,6-triaminopyrimidine,
2,4-dimethoxypyrimidine, 2,4,5-trihydroxypyrimidine, 2,4-pyrimidinediol, and the like.

[0079]

Specific examples of pyrazines and derivatives thereof include pyrazine,
2-methylpyrazine, 2,5-dimethylpyrazine, pyrazinecarboxylic acid,
2,3-pyrazinedicarboxylic acid, 5-methylpyrazinecarboxylic acid, pyrazinamide,
5-methylpyrazineamide, 2-cyanopyrazine, aminopyrazine,
3-aminopyrazine-2-carboxylic acid, 2-ethyl-3-methylpyrazine, 2,3-dimethylpyrazine,
2,3-diethylpyrazine, and the like
[0080]

Specific examples of triazines and derivatives thereof include 1,3,5-triazine,
2-amino-1,3,5-triazine, 3-amino-1,2,4-triazine, 2,4-diamino-6-phenyl-1,3,5-triazine,

2,4,6-triamino-1,3,5-triazine, 2,4,6-tris(trifluoromethyl)-1,3,5-triazine,
2,4,6-tri-2-pyridine-1,3,5-triazine, 3-(2-pyridine)-5,6-bis(4-phenylsulfonic
acid)-1,2,4-triazine disodium, 3-(2-pyridine)-5,6-diphenyl-1,2,4-triazine,

3-(2-pyridine)-5,6-diphenyl-1,2,4-triazine-p,p'-disulfonic ~ acid  disodium,  and
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The content of the amide compound is preferably 1 to 5000 parts by Weight relative to 100 parts by
weight in the total of the polyanion and the x conjugated conductive polymer, and more preferably 50
to 500 parts by weight. When the content of the amide compound is less than 1 part by weight,
conductivity and heat resistance may he insufficient, When the content of the amide compound is
more than 5000 p?_;l%Qxyyg@mghqQ%_q%gnwﬁéha%ttggm(légated conductive polymer in the conductive
coating decreasejo%%ing it difficult to obtain sufficient conductivity. [0093] Urn ide compounds]
As amide compounds, monomolecular compounds containing imicle bond (hereinafter, referred to
imide compounds) are prefefaBE RS BPRSRreAGIINE SHAPRHUR A RATTRIYY SORFPEARES include
phthalimide and déiat#ves aheidefl Suselifisiine Enbraeifanirsictierast heRass aricderivatives
thereof, maleimidprefadide ivativewdivé febfo Aaphithaliheiieciusl efefivattivestiheragsfobihtb tHe like
depending on strugsure v{8094 bhysicAnpasiditien atlde inickeiaonyp chends akeielassified iWaealiphatic imide,
aromatic imide, agg Uaﬁt&heoﬁ%%%&%Jﬁﬁiy@%%zuagaﬁ@&aﬁgma; Rethrands) Aliphatic imide is
[

preferable in view,of . il 95] ) r IC.imide GamR lassified into
saturated alipha}[/ivg%sﬁgtl lej}i %ﬁrﬁéﬁ%éﬁ h:é\g/?ﬁ %ggﬁiﬁ%g{%boﬁﬁ%@e& ggartalo q.g{ogrﬁ)s%i&?o%olecule and
P

unsaturated aliph3tt RGeSO Ay AV S HES Pt T B Cathon afoms 1h molecule,
[0096]  SaturdtetEaiphati®hridee contimb Aht LY sHpRtiaMme pruedif ey ks RrePNf-Eo-Rr2, in
which each of R anricRizis! 88 tnehtid tpehrscditbe pordiatad ccaduptiptas et decreases making
eyelohexarte492-didifkloxiomblieinedigifitzin chiydlaritdin, barbituric acid, alloxan, &tarn/1We, succinimide,
5-butyrichydantoippegig, 5,5-climethylhydantoin,
L-methylhydantoindoigmluiiapiimidamianassioasidadlpydiny - .
mlrbornene-2,3-d|C|arbo>€£1 | ehsgtrﬂl%%baz|%Iueﬁ_ggh§5%§]neég 1-6-methy %:%lnrllgonledﬁygrlgp-(sucemlto
ideoxyearbonyl osy)ethylisu |'fone a.meth -a-prop suécmlrﬁlae, 0YyCIlo exg/?ﬁm’;%e a Eﬁe like. [0097]

Unsaturated alipr%ﬁ‘boﬁﬂfﬁg’%mmci@g’ﬁ?ﬂﬁﬁ&? O SHFR S REWRHEHVEC TN OBYBEE in which one

or two of Rl and RRelatd-brilenertiyrel URicparc-BurtLSiResne dxsthdiastindaliyepionic
1,3dipropyleneureeidmbdéinitid, NLinrethigimditedimidehexbesttiplg ualeinedin: hyemesyriedieihide, | elm
idebutane, 1,5-bistigdsivigiaiohexanetyBipisiancinidesdisans, Npeatdeoxyeptiivdteiaise, and the
like, [0098] glucose, tartaric acid, D-glucaric acid, glutaconic acid, and the like; alcohol polymer

such as cellulose, polysaccharide, sugar alcohol, and the like; aromatic compounds such

as 1,4-dihydroxybenzene, 1,3-dihydroxybenzene, 2,3-dihydroxy-1-pentadecylbenzene,

2,4-dihydroxyacetophenone, 2,5-dihydroxyacetophenone, 2,4-dihydroxybenzophenone,
2,6-dihydroxybenzophenone, 3,4-dihydroxybenzophenone, 3,5-dihydroxybenzophenone,
2,4'-dihydroxydiphenylsulfone, 2,2',5,5'-tetrahydroxydiphenylsulfone,
3,3',5,5'-tetramethyl-4,4'-dihydroxydiphenylsulfone, hydroxyquinone carboxylic acid
and  salts thereof, 2,3-dihydroxy benzoic acid, 2,4-dihydroxy benzoic acid,
2,5-dihydroxy benzoic acid, 2,6-dihydroxy benzoic acid, 3,5-dihydroxy benzoic acid,
1,4-hydroquinone sulfonic acid and salts thereof, 4,5-hydroxybenzene-1,3-disulfonic
acid and salts thereof, 1,5-dihydroxynaphthalene, 1,6-dihydroxynaphthalene,
2,6-dihydroxynaphthalene,  2,7-dihydroxynaphthalene,  2,3-dihydroxynaphthalene,
1,5-dihydroxynaphthalene-2,6-dicarboxylic acid,
1,6-dihydroxynaphthalene-2,5-dicarboxylic  acid,  1,5-dihydroxynaphthoic  acid,
1,4-dihydroxy-2-phenyl naphthoate, 4,5-dihydroxynaphthalene-2,7-disulfonic acid and
salts thereof, 1,8-dihydroxy-3,6-naphthalenedisulfonic acid and salts thereof,
6,7-dihydroxy-2-naphthalenesulfonic acid and salts thereof, 1,2,3-trihydroxybenzene
(pyrogallol), 1,2,4-trihydroxybenzene, 5-methyl-1,2,3-trihydroxybenzene,
5-ethyl-1,2,3-trihydroxybenzene, 5-propyl-1,2,3-trihydroxybenzene, trihydroxy benzoic
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The molecular weight of the imide compound is preferably 60 to 5000, more preferably 70 to 1000, and
especially preferably 80 to 500, [0099] "The content of the imide compound is preferably 10 to
10000 parts by weight relative to 100 parts by weight in the total of the yr conjugated conductive
polymer and the polyanion, and more preferably 50 to 5000 purls by weight, When the addition of the
amide compound angd theanids COmMeR, is IRRSurRRMEIRWEE Imitids dalpiairrahle because the
effect according tg ﬁb%reggggapaq}lﬁﬁﬁe?m% SHRGRT %A;anhe Tl mystmﬁzggm%aées When the

addition exceeds the'\ ImIt, it IS No se t eaﬁ%tf ent tlondoet ’f cpnjugated

conductive polyme‘?@‘?‘ 9o éari’(':f‘ﬂ‘?é?eg*iﬁ ?\"d%}fv Pé’a% o NIESER %m’bou nd]
Lactani compound3daiekpefrssiimdediaansrsc i oragmrbtsitisxylic acid, or a compound in which its
ring is in part form@e8di -CO-NR- (R is hydrogen or any substitigent). However, one or more carbon
atoms of the ring may beTteptaaedtby unsafdratgdeanheteroatoggsrpxanipléd ofther:amwmrain
compounds includgdentanind-laptartaktsantanalaetames-1methydr ZRyEoMODMB] of anionic
5-methy1-2- pyrroléq(l)n %?tﬂ%%ﬂx@?'&ﬂ@%ﬁbr@ \é%ﬁ?}%%@'raﬂ@géhgﬂ'ww%gllWhenTﬁ}? content of
the laCtarrg Compouq €SOP{.hee %lvey %lf)gr%]-e%?'l al ar:[:%nt? Oun CSS ﬁtév%'i% :11(1)9 %E%J)% Welght In the

total of the a conjug gated condut rand anlon and more prefera éSO to 5000 parts

by weight. When fﬂ%l Kb anieHcore I‘éﬂi e‘gl Ba M m%sc?gggc i fRd 5 fﬁtlaf'cet ¥oreferable
because the effeciéisiding Yohaichsedaient of t Wéﬁ’rﬂ&bﬁrﬁ%ﬁﬂ'%ﬁ?@ﬁ%@? {RIFEYS tRe addition
exceeds the uppel limitoft igiowit greferabibebpdausentlirercomdbamtrafionobftitecontsohjeigiited conductive
polymer is reduceshgnghidieteiinadristiityin ey eaststij@ 102G ecidyleg nosiprganthiffitnl compound]
Examples of glycigyggggwgfgg@mggm&w%mds include glycidyl compounds such as ethylglycklyl
ether. butylglycid bg r, t-butylglyeidyi ether, allylglyeklyi ether, benzylglycidyl ether, glycidylphenyi

ether, bisphenot ﬁar o}‘/ [ él ether I e| Iethdé‘rlﬁylate ul C|anrgther methaeryiate, and the like,

and the like. 101 SR f%on ainin O)éyoﬁf) 6und is preferably 10 to

10000 parts by weight reFd‘ﬁU@lﬁﬁ if)??i?ﬁ?‘@é %9%&@1‘&‘%&1@?&%‘?’@Ptﬁ5h7%’8ﬁh@éﬁ%ﬂaél?ﬁﬁuctlve
polymer and the psbyanioplugmelinheriecprieteribiyido wwrmponBipard bymwsigicihherthédddition of the
glycidyl group-coritaimgacdmptewoadsdas sutiarichadpolveblimitditasonotljorefek abteibecaidse the effect
according to the aglghitioni@fithaigiycidy] 9rguRaeeNMat)iREeesmRoAN] dreiersEsand/BiRnlike addition
exceeds the uppefjmificlL1539 BPB%@%:P?&E\H%&%%%@EE@HQ@&%% Suseqjugsipdsconductive
polymer is reducebd a(p here reby ¢ conducti ecrelz?hs?s J‘Q&O%MP%&% Hpﬂg&ﬁgﬁptﬂ@pecmc
examples of si laQeetrg}?ydD opl%hgfJ ic anhydn}é, ”(Esd]fg?s%phthahc acid, S-hydroxyisophthalic acid,

methyltetrahydrophthalic anhydride, 4,4'-oxydiphthalic acid, biphenyltetracarboxylic

acid dianhydride, benzophenonetetracarboxylic dianhydride, naphthalenedicarboxylic

acid, trimellitic acid, pyromellitic acid, and the like; diglycolic acid, hydroxydibutyric

acid, thiodiacetic acid (acetic thiodi), thiodibutyric acid, iminodiacetic acid,

iminobutyric acid, and the like.

[0085]

The content of the carboxy group-containing compound with two or more

carboxy groups is preferably in the range of 0.1 to 30 mol relative to 1 mol of anionic

group of the polyanion, and more preferably in the range of 0.3 to 10 mol. When the

content of the carboxy group-containing compound is less than 0.1 mol relative to 1 mol

of anionic group of the polyanion, conductivity and heat resistance may be insufficient.

When the content of the carboxy group-containing compound is more than 30 mol

relative to 1 mol of anionic group of the polyanion, the content of the © conjugated

conductive polymer in the conductive coating decreases making it difficult to obtain

sufficient conductivity, too, and then the properties of the conductive coating may be
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vinyltrimethoxysi lane,vinyltriei hoxysi lune, 2-(3,4-epoxycyclohexyl)ethyltritnethoxysilane,3-g
lycidoxypropyitrimaboxysi lane, 3-glyeidoxypropylnie thyldi etboxys3-glycidoxypropyltriethoxysilanc,
p-styryltrimethoxysilane,3-rnethaerylexypropylmethyldinaethexysilane,
3-methacryloxypropyltrimethoxyullane, 3-methacryloxypropylrnethyidiethexysilanesilane,
3-mettnicryloxyprg%légglhoxysiIarte, 3-acryloxypropyltrimethoxyailane,
N-2-(aininoe|hyI)-@-@'ﬁiitopropylinethyldiniethoxysilane,
N-2-(arninoethyl)-3-aminepropyltriethoxysilane, N-Ztatnitioethyl)3-aminopropyltrim%thox silarte,3-am
inopropyitrimethoXy&i e 24 o ATRSE I TR SR e MBIt SWifsiqpt. e frore hydroky
3-dimethyl-butyli GEHEIDBIHAL P MNP PRINAISUBIINopropyltrimethoxysilarie, N-tvinyi benzy1)-2-am
ineethyl -3-aminopropyltimethlexy$ihahety drd chtbsittegaltps-containing compounds with one or
3-ureidopropyltriethwxysdane gleyafpd epyltki methaxysiatieup(s) include tartaric acid, glyceric
3-mercaptopropylpathyicimatiouysiiangid- MereRRMRIPRYIE Math oxysikane acid, glutaconic
bis(triethoxysiIylpggﬁymg%qmgde, 3-isocyanatepropyttriethoxysilatte, and the like. [0105] The
content of the silzraﬁsg?upling agents may be added in any amount, as needed, or not particularly
limited. The content Is preferably 10 to 10000 parts bg weight relative to 100 parts by weight in the

total of the IT conjugated BORATHNE BERIHERARR! i ﬁ&ﬁﬁﬁ‘Bﬁ?%PﬂtﬁégT@%aW”h WBeferring to
Tab, 1, Examplesor faote doEaring aerteapdcaisritr iR o SR cECBp 4 7S BB M 3te2Plo 3 are
described below. petOF weight relative to 100 parts by weight in the total of the polyanion and the ©

conjugated conductive polymer, and more preferably 50 to 500 parts by weight. When
the content of the hydroxy and carboxy groups-containing compound is less than 1 part
by weight, conductivity and heat resistance may be insufficient. When the content of
the hydroxy and carboxy groups-containing compound is more than 5000 parts by
weight, the content of the 7 conjugated conductive polymer in the conductive coating
decreases making it difficult to obtain sufficient conductivity.

[0088]

[Amide compounds]

Amide group-containing compound is a monomolecular compound containing
an amide bond represented by -CO-NH- (CO is under a double bond) in molecule.
That is, the amide compounds include compound containing functional groups at both
ends of the above bond, compound containing cyclic compound bonded at one end of
the above bond, urea containing hydrogen as functional groups at the both ends and
derivatives thereof, and the like.

[0089]

Specific examples of the amide compounds include acetamide, malonamide,
succinamide, maleamide, fumaramide, benzamide, naphthamide, phthalamide,
isophthalamide, terephthalamide, nicotinamide, isonicotinamide, 2-fulamide,
formamide, N-methylformamide, propionamide, propiolamide,  butyramide,
isobutyramide, methacrylamide, palmitamide, stearylamide, oleamide, oxamide,
glutaramide, adipamide, chinnamamide, glycolamide, lactamide, glyceramide,
tartaramide, citramide, glyoxylamide, pyruvamide, acetoacetamide, dimethylacetamide,
benzylamide, anthranilamide, ethylenediaminetetraacetamide, diacetamide, triacetamide,
dibenzamide, tribenzamide, rhodanine, urea, l-acetyl-2-thiourea, biuret, butylurea,
dibutylurea, 1,3-dimethylurea, 1,3-diethylurea, derivatives thereof, and the like.

[0090]
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(Preparation of Material) [ Preparation of Polystyrene Sul conic Acid 206 g of sodium styrene
Aft-male was dissolved in 1000 nil of ion-exchanged water, 1.14 g of ammonium persulfate oxidizing
agent dissolved in advance in 10 ml of water was added dropwise over 20 minutes while stirring at
80C, and this solution was stirred for 2 hours. 1000 ml of sulfuric acid diluted to 10 % by weight and

10000 ml of ion-exchanggdyyaterwarsRdded ge heioriainedspiutiomsam@ining. sedium styrene

sulfonate, about 10900 ml qf the, solution containjng pol Sulfonie ag¢i ed using an
ultrafi Intim metholaai eOOOCTr\f#fnoe hl%i?acr ?alﬁg‘%’ "N‘%Qrf? glgg{ ﬁ%}o%glﬁg %%h\y%arl%%fa%\%ut 10000 ml

-€XC ed wate he residu
of the solution WaE"Fé‘??ﬁl&{Fé}baﬂglﬁ‘a‘?ﬁe ulﬁﬁ%&ﬁ%ﬁ?‘tﬁﬁg Ioné‘fle]'he a 6‘5/'(5" ﬁ'l@l'ﬁﬁtraéﬁgn Opération was
repeated three timeN; dibdagviamne, abUN ity RiterdxRifinged Wabsr LY a8BE ¥ the obtained
filtrate, and about2t000e:yathoinadasayitivideal-resioime tinddehe Nimafiakithpsataedder his
ultrafiltration operaitbtheiiés. repeated three times. The ultrafiltration conditions were as Follows; Cutoff
molecular weight ghuitrafiltration membrane; 30000 Cross-flow system Feed solution flow rate: 3000
rril/nain Membrane partiahpresaiifa Ql 2t ar the MYRLLIRNAPLRANEAS) LEIRN 0GRS, rRmeved water

under reduced pressure to obtain polystyrene, sulfonic, acid in rless solid. [0108] [2]Preparationof
aSolutionof PoIysPr?%%aEgu?%%)gﬂ)gcﬁXd%%ggfBﬁf@%@?ﬁ%‘rﬁ’e io@&ythiophene) 14.2 g of
3,4-ethylenedioxyli Sﬂhene and a solution obtained by dissolving 36.7 g of polystyrene sulfortic acid
obtained in [I] in 2000 MiTHf iR dhe PiidterabaranshiRaeatgayc, fPh?é"H’liR@Ef 8 was
maintained at 20 @laB9%64% dasf parisianiweighe s ulifatetdisgolve ddy20m mhdftiorrexoiteagdd water and
8.0 g of an oxidatiendoaiiaty/sbismkifian afderpie frainteove 58 Glavd b pddipdtwhilttstitrengnand the mixture
was stirred for 3 hguks igiRaImE00R WIekigRrexehangstwRlebRsiRdddedddadeeiained reaction

solution, and aboyt, 090, MiALINe SPHEIOR BRI BAKE AN IS Wi RIIEALIAR. 5605 BekssThis
operation was repeated {‘hr e tlmes.g 200 ml gf suf]fu Ic ac dllute§ to 10 94 bg wel ht and 2000

en,
ml of ion-exchangé’dw\?\)é{lé‘rtvsé’f’é’fgr&(f fo et A mce(,)rrl1 %%IM%B% i fated'asa lSz\t/'(‘a'?a out'2000 inl of
the treatment sol(GEEAE AU TR o eltainsuliitieisandRsthdd: 2000 mi of ion-exchanged water
was added theret@08Ad about 2000 ml of the solution was removed using the ultrafiltration method.
This operation wgridpeatgahihdge times. Subsequently, 2000 ml of ion-exchanged water was added
to the obtained treatmenh soiHfi@N canfoahdyt RO B Ridhedigatmentsalidiap weasereamaved using the
ultrafiltration methpd.Fhis ORSrAAN WAk IGP LRI (G imESyeRMIMNHSARRME 1O Bédyineight of a
blue solution of p(gl '%rl%ri}e su,ilpn&g1 ﬁgl%—(go Oeugl Ogo{l){ ut&-e q¥£§n$ |o?>§athégg‘l/1a%gg ?EelligﬁpT-PSS) was
obtained. The ultrafi ,rahor?'bondl ions are ? me as ‘fé . %5} eparation of, Ss substrate
A glass substrate {55 BHIS SRS BNY AR RS9 Te 8ﬂﬁ‘f§"f§§'l L ZASR EE‘?SE %ﬁ%ﬁ'@%t%ﬂag) a nonionic
glass while bubblfs§igsiveg Bersedurerbibalienids antideatriivey dherenford 2Bl XA IHEALIZER The glass
substrate had 0.4stwaetuire.thickness, 6.2 degrees in water contact angle of surface, and 0.0008 um in
arithmetic mean rogdiness Ra. [on 0]

In addition, the imide compounds are classified into aliphatic imide, aromatic

imide, and the like depending on the type of functional groups at both ends.  Aliphatic
imide is preferable in view of solubility.
[0095]

Moreover, the aliphatic imide compounds are classified into saturated aliphatic
imide compound having unsaturated bond between carbon atoms in molecule and
unsaturated aliphatic imide compound having unsaturated bond between carbon atoms
in molecule.

[0096]

Saturated aliphatic imide compound is a compound represented by
R'"CO-NH-CO-R?, in which each of R' and R? is saturated hydrocarbon. Specific
examples include cyclohexane-1,2-dicarboximide, allantoin, hydantoin, barbituric acid,
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[4] Preparation of a glass substrate A glass substrate was prepared by chemically etching (38 to
42 or: of solution temperature) a nonionic glass while bubbling using a blower. The glass substrate had
0.4 mm in thickness, 6.2 degrees in water contact angle of surface, and 0.195 pm in arithmetic mean
roughness Ra. [0111] [5] Preparation of a glass substrate A glass substrate was prepared by

chemically etching;(38yo 4&&1&%@0%9&%50%%@@%%Igcma$svuhﬂetmmung)lHSIng a blower.
The glass substralt ﬁldl ammokg thlckze j e%%%gf?t&mwater ?%953%%94?1 fsur@g&a and 0.0008

pm in arithmetic lﬁﬁﬂ Yo Meas rement and Evaluation Metho rithmetic Mean

1
Roughness Ra) | grﬁ{‘é'asﬂ?éd’r?ie c gél.%‘f e Wi %1s B0601-2001. [0113] (BUface Resistance)

It was measured fheatEstBdrmefssciitftos Gisidderbipideresarsny nastrdiifRf by Mitsubishi
Cheinical Corporatioathjd-pampeiepse Mimidsnsitedoheaylimide, pdtthedsmittance was measured in
accordance with JA®HK 7136 using HazeiTurbidimeter Instrument (NDI15000) manufactured by Nippon
Denshoku Industries Coustdif@&d5hliphatic imide compound is a compound represented by
R'"CO-NH-CO-R?, in which one or two of R' and R? is/are one or more unsaturated
bond. Specific examples include 1,3-dipropyleneurea, maleimide, N-methylmaleimide,

N-ethylmaleimide, N-hydroxymaleimide, 1,4-bis-maleimidebutane,
1,6-bismaleimidohexane, 1,8-bismaleimideoctane, N-carboxyheptylmaleimide, and the
like.

[0098]

The molecular weight of the imide compound is preferably 60 to 5000, more
preferably 70 to 1000, and especially preferably 80 to 500.

[0099]

The content of the imide compound is preferably 10 to 10000 parts by weight
relative to 100 parts by weight in the total of the 7 conjugated conductive polymer and
the polyanion, and more preferably 50 to 5000 parts by weight. When the addition of
the amide compound and the imide compound is less-than the lower limit, it is not
preferable because the effect according to the addition of the amide compound and the
imide compound decreases. When the addition exceeds the upper limit, it is not
preferable because the concentration of the 7 conjugated conductive polymer is reduced
and thereby conductivity decreases.

[0100]
[Lactam compound]

Lactam compound is a cyclic amide in molecule of aminocarboxylic acid, or a
compound in which its ring is in part formed of -CO-NR- (R is hydrogen or any
substituent). However, one or more carbon atoms of the ring may be replaced by
unsaturated or heteroatoms. Examples of the lactam compounds include
pentano-4-lactam, 4-pentanelactam-5-methyl-2-pyrrolidone, 5-methyl-2-pyrrolidinone,
hexano-6-lactam, 6-hexanelactam, and the like.

[0101]

The content of the lactam compound is preferably 10 to 10000 parts by weight
relative to 100 parts by weight in the total of the 7 conjugated conductive polymer and
the polyanion, and more preferably 50 to 5000 parts by weight. When the addition of
the lactam compound is less than the lower limit, it is not preferable because the effect
according to the addition of the lactam compound decreases. When the addition
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(Pencil Hardness) Hardness that a scratch is not observed under load of 750 g was measured in
accordance with MS K5600 using test pencils as specified in 115 S6006. [0116] (flexibility)
Operation of winding a transparent conductive gia.ss stsbstrate around a pipe of 25 nun radius (R) in
180 contact and resetting it was performed five times, and rate of change of surface resistance before
agfl aft%r SUCh' Qp€£@éga§' \mfes _ aﬁu%ﬁg ’"[%%177% (E.%?ef;r;«}gisr %écauiez%gomg&ﬁiv&imgfrgﬁkc Sﬁlugon A \ﬁas
obtained by mixing 3. arlic acid me r n y Ciha Specialty
Cheinicals K.K.), %u?%i% r%%élt “ﬁf‘éﬁﬁ%@{’déY?%%%fﬁ@%%%ﬁ%@?@%“%@@%lég' % lgygagti:-ntaerythritol
triacrylate and 30 Gélg& ethanol into 600 g of the PEDOTPSS solution obtained in [2], and stirring the
mixture, [0118] [Cheily cBReerRaITenRBPREtion A was applied on one surface of the glass
substrate obtained in [3] Bxtnplesslioivaaridisegrmb meamiranins - oo0und S Mehdaufakiided by Innext
Co., Ltd. under conditionslofsiG0 pneinyinddglecgep, Bhylpinisdd icttarcodtimggpadd, 4606.pm in a
working distance amgQyditymdii2sdisshaseriene.and spgirhliQh, fasdaunutes diciafrared
radiation. After th@&&ﬁgﬂ)&f&&%ﬁ&l@%&&%@tﬁ%ﬁwnﬁem&rweé,ls&m&eﬁﬁ&, MiGRIZiL 78 rnWicrti2) was
u

irradiated thereon 6% uring to form a conductive coating film. Surface resistance, light Eransmittarice
and pencil hardne[ss gi] the conductive coating film, and flexihility of the transp e% conductive glass
substrate were measured By BRTERIES & ﬂ@cﬁl?gﬂ"fﬁ?é?’f_’{ﬁ‘i@"(%%bﬁé’ erably A R ductive
polymer solution BORYSRIBtMetrisytiiefig 86 Y drgahic “mnibthf foBlrh Bt rgaiyestad7
(manufactured by-QitherSpaviaing@hé thicallyddish) aeDnpof piifretbly| SUFGRHpiDby wight.
diethylemeglycoldighyeidiyl fiticon B2 teeaflidie thylipidazeitmg2Shgooheibasel ikt holethyleneglyeol
into 600 g of the RERQITHPRS seltioe shirineddn iRl aBdHERG the.uxis s hbggenductive
polymer solution B.was applied or0ne-SUIlRes &l the WAk sUbRiRtE.aRIRINR i dhysing the it

cower of serial numb(%r 1%—7% IL-NSC, manufactured Y Innext Co., L td. ynder co ditions of 150 pm
. 16 no r_r{m: crable becat&se the conc nﬁ}ﬁ)n of the 7 co uHate - conductive aogfgler Ils
in a nozzle gap, 40 MMise€ in a coating speed, inh in"a'workifg distance and 0.3 ml'in a

discharge flow, afeftfrddnssthioePycqpdustitipdesEeriyinfrared radiation for curing to form a conductive
coating film. Surfd@&fésistance, light transmittance and pencil hardness of the conductive coating film,
end flexibility of tH8iksnspaizgtagemsjuctive glass substrate were measured. [0120] (Example 3) A
conductive polymer solutige.ficvasahpainechby Mg So6plif gaglis:addvinathivhi@Rigef Irgacure 127
(manufactured by, {;iha;RRRGIGE, chemicals I(1C), 20 g of dimethyl sulfoxide @ S Rfiane,
diethyleneglycoldi idyl ether, 0.2 g of 2-metitylimidazole, 0.5 g.0f garlic acid, 250 g,0f ethanol, 50 g
of ethyleneglycol%{%%é 04 of E’%@@&gﬂw&%‘%’ﬂﬁ%‘# e(Crev%é’gﬁT)g%o%gﬁ@te t%:(t)u e,%ia By H.C. Stara.
Ltd.), and stirring tHeY ARt TRE R ReEM e i mer solution EXUASHR; ﬁéﬁﬁ%‘%&’ §B%ace of the
glass substrate oBt&E¢ RIBPYSIHIShe slit comer Sraetharpipmperry vopdimetsesishufactured by
Innext Co., Ltd. ubdetlesnditippromditiBBthemyinlannozzle gap, 40 nunisee in a coating speed, 100 pm in
a working distance métHatAdxpripanthiseasgefoidnasiddliednathd 291 & fprogyiiatites diynefrared
radiation for curingdgyloxypropyltrimethoxysilane,

N-2-(aminoethyl)-3-aminopropylmethyldimethoxysilane,

N-2-(aminoethyl)-3-aminopropyltriethoxysilane,
N-2-(aminoethyl)-3-aminopropyltrimethoxysilane, 3-aminopropyltrimethoxysilane,
3-aminopropyltriethoxysilane,
3-triethoxysilyl-N-(1,3-dimethyl-butylidene)propylamine,
N-phenyl-3-aminopropyltrimethoxysilane,
N-(vinylbenzyl)-2-aminoethyl-3-aminopropyltrimethoxysilane  hydrochloride  salt,
3-ureidopropyltriethoxysilane, 3-chloropropyltrimethoxysilane,
3-mercaptopropylmethyldimethoxysilane, 3-mercaptopropyltrimethoxysilane,
bis(triethoxysilylpropyltetrasulfide, 3-isocyanatepropyltriethoxysilane, and the like.
[0105]
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form a conductive coating film. Surface resistance, light transmittance and pencil hardness of the
conductive coating film, and flexibility of the transparent conductive glass substrate were measured.
[0121] (Example 4) The conductive polymer solution C was applied on one surface of the glass
substrate obtained in [4] using the slit coaler of serial number 1S-19001L-NSC manufactured by hmext
Co, Ltd, under conditionsTbf £80tgmnoiintee rrdaréecgaping O gpiity Jeey ihcaaddedifiy aspeseb 80 afn in a
working distance angi€il6omhon grdicdthdrdenitody, e csisthtats [Ef@ablion @ wniMXEs faytsrifyared
radiation for curing,i:fer.aveonRdustivarcosfingifiln inSuditearesistancesdjghiésansmitance and pencil
hardness of the cqg '\égdqgggj Aikay, and flexibility of the transparent conductive glass substrate
were measured, [0122] (Example 5) A conductive polymer solution D was obtained by mixing 2 g
of 2-niethylirnidazole, 150 g of water-dispersible polyester resin (Vylonal MD1480: solids content of 25
% by weight), 3.6 §*8P¥4Hic acid, 20 g of ditnethyi stilfoxide and 1500 g of methanol into 500 g of the
PEDOT-PSS solution obtained in [2], and stirring the mixture, The conductive polymer solution D was
applied on one sulf4d@el of the glass substrate obtained in [3] using the slit coater of serial number
IS-79001L-NSC manufaqtefaeldgytdnnsxil Cexahftksunded eondidiqns ahd pgem inventiozziel gap, 40

nirolsec in a coatiggspaathe EXARLIEs iNtg et kiR tistapes.and 0.3 mlin a discharge flow, and dried at
120 C for 2 minutes by infrared radiation to form a conductive coating film. Surface resistance, light

transmittance and il hardness of the conductive coating film, and flexibility of the transparent
conductive glass éu@gttate were measured. [0123] (Comparative Example 1) AnITO (in
abbreviated form Q?fﬁ%"?ﬂﬂ“'f’%%) film was formed on one surface of the glass substrate obtained
in [3] by sputterind dcPferarntoach Habystvecep duienRiitiSurface resistance, light transmittance and pencil
hardness of the conducti2esapefisvgifitmstenank fleliipits vofsttiestlack pat8oft tdnflitctvegikesd substrate
were measured. [O&a4] (Geropanatbmumxamaiei)xidizil BghQiliiovans telvned an one gurface of the
glass substrate 0Q@dé}%%&é&d@a&ﬁ%&t@w&gi@rﬁ%&é‘vﬂ%@Hﬁ#h@a@@@%%ﬁwﬂhné‘dhﬁ%ﬁ wasistance, light

ransmittance and pencihhaidness ?6&6‘%%8%‘6 éﬁé‘% IR ok ISP olrasparent

conductive glass s strate we ‘Ei? measure The conductive

arative, Exam
polymer solution 6\”&’3%%6"@ 8!?‘8&8%& 93 SOBLPREY "mr% d'uT}STtﬁrem

raté o sing the slit

water of serial nuﬁ\'bféﬁqg?ggﬁlwqqg@hﬁﬁb?a&ﬂf@ﬂ B?“fﬁ‘r‘?&& pdysiyene B oMAti®AE of 130 i.un
in a nozzle gap, 6GmeNssesngnaa safitpipeadhed H0hna WoekiekreHseas PatandeO@ded 1 a discharge
flow However, surfiice:sidsistancehoighotmanauftarecelarich pesaitihavelh esisgoftheltedrichtctive coaling

film was unable tqeasneaskeadodithflestPipeaivasvieripustadindexikilitsmeasdrament of the
transparent cond%gma Wrﬁpﬂﬂ-%all%@@ater was added to the obtained filtrate, and about
10000 ml of the solution was removed using the ultrafiltration method. This
ultrafiltration operation was repeated three times. The ultrafiltration conditions were
as follows:
Cutoff molecular weight of ultrafiltration membrane: 30000
Cross-flow system
Feed solution flow rate: 3000 ml/min
Membrane partial pressure: 0.12 Pa
Water in the obtained solution was removed water under reduced pressure to

obtain polystyrene sulfonic acid in colorless solid.

[0108]
[2] Preparation of a Solution of Polystyrene Sulfonic Acid-doped
Poly(3,4-Ethylenedioxythiophene)

14.2 g of 3,4-ethylenedioxythiophene and a solution obtained by dissolving
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The results of Examples | to 4 and Comparative Examples | to 3 ore shown by comparison in Tab. 1.
[0127] Flab, SurfaceLight Pencil Resistance Transmittance Flexibility

36.7 g of polystyrene sulfonic acid obtained in [1] in 2000 ml of ion-exchanged water
were mixed at 20 °C. This mixed solution was maintained at 20 °C, 29.64 g of
ammonium persulfate dissolved in 200 ml of ion-exchanged water and 8.0 g of an
oxidation catalyst solution of ferric sulfate were slowly added while stirring, and the
mixture was stirred for 3 hours to react. 2000 ml of ion-exchanged water was added to
the obtained reaction solution, and about 2000 ml of the solution was removed using the
ultrafiltration method. This operation was repeated three times. Then, 200 ml of
sulfuric acid diluted to 10 % by weight and 2000 m! of ion-exchanged water were added
to the treatment solution filtrated as above, about 2000 ml of the treatment solution was
removed using the ultrafiltration method, 2000 m! of ion-exchanged water was added
thereto, and about 2000 m! of the solution was removed using the ultrafiltration method.
This operation was repeated three times. Subsequently, 2000 ml of ion-exchanged
water was added to the obtained treatment solution, and about 2000 ml of the treatment
solution was removed using the ultrafiltration method. This operation was repeated
five times, and thus about 1.5 % by weight of a blue solution of polystyrene sulfonic
acid-doped poly(3,4-ethylenedioxythiophene) (PEDOT-PSS) was obtained.  The
ultrafiltration conditions are the same as [1].

[0109]
[3] Preparation of a glass substrate

A glass substrate was prepared by chemically etching (38 to 42 °C of solution
temperature) a nonionic glass while bubbling using a mixture of hydrofluoric acid,
hydrochloric acid and nitric acid. The glass substrate had 0.4 mm in thickness, 6.2
degrees in water contact angle of surface, and 0.0008 um in arithmetic mean roughness
Ra.

[0110]
[4] Preparation of a glass substrate

A glass substrate was prepared by chemically etching (38 to 42 °C of solution
temperature) a nonionic glass while bubbling using a blower. The glass substrate had
0.4 mm in thickness, 6.2 degrees in water contact angle of surface, and 0.195 pm in
arithmetic mean roughness Ra.

[0111]
[5] Preparation of a glass substrate

A glass substrate was prepared by chemically etching (38 to 42 °C of solution
temperature) a nonionic glass while bubbling using a blower. The glass substrate had
2 mm in thickness, 6.2 degrees in water contact angle of surface, and 0.0008 um in

25



Hardness (CIAO (%) Rate of Change Example 300 to 600 88 to 89 214

arithmetic mean roughness Ra.

[0112]
(Measurement and Evaluation Method)
(Arithmetic Mean Roughness Ra)
It was measured in accordance with JIS B0601-2001.

[0113]
(Surface Resistance)
It was measured in accordance with JIS K7194 using Loresta MCP-T600

manufactured by Mitsubishi Chemical Corporation.

[0114]
(Light Transmittance)
Light transmittance was measured in accordance with JIS K7136 using

Haze/Turbidimeter Instrument (NDHS5000) manufactured by Nippon Denshoku
Industries Co., Ltd.

[0115]
(Pencil Hardness)
Hardness that a scratch is not observed under load of 750 g was measured in

accordance with JIS K5600 using test pencils as specified in JIS S6006.

[0116]
(Flexibility)

Operation of winding a transparent conductive glass substrate around a pipe of
25 mm radius (R) in 180 contact and resetting it was performed five times, and rate of
change of surface resistance before and after such operation was measured.

[0117]
(Example 1)

A conductive polymer solution A was obtained by mixing 3.6 g of garlic acid
methyl, 0.9 g of Irgacure 127 (manufactured by Ciba Specialty Chemicals K.K.), 20 g
of dimethyl sulfoxide, 2.5 g of hydroxy acrylate, 7.2 g of pentaerythrito] triacrylate and
300 g of ethanol into 600 g of the PEDOT-PSS solution obtained in [2], and stirring the

mixture.
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[0118)]

The conductive polymer solution A was applied on one surface of the glass
substrate obtained in [3] using a slit coater of serial number IS-7900IL-NSC
manufactured by Innext Co., Ltd. under conditions of 150 um in a nozzle gap, 20
mm/sec in a coating speed, 100 um in a working distance and 0.11 ml in a discharge
flow, and dried at 100 °C for 2 minutes by infrared radiation. After that, ultraviolet
(120 W of high-pressure mercury lamp, 500 mJ/cm?, 178 mW/cm?) was irradiated
thereon for curing to form a conductive coating film. Surface resistance, light
transmittance and pencil hardness of the conductive coating film, and flexibility of the
transparent conductive glass substrate were measured by procedures as described later.

[0119]
(Example 2)

A conductive polymer solution B was obtained by mixing 3.6 g of garlic acid
methyl, 0.9 g of Irgacure 127 (manufactured by Ciba Specialty Chemicals K.K.), 20 g
of dimethyl sulfoxide, 9.2 g of diethyleneglycoldiglycidyl ether, 0.2 g of
2-methylimidazole, 250 g of ethanol, 50 g of ethyleneglycol into 600 g of the
PEDOT-PSS solution obtained in [2], and stirring the mixture. The conductive
polymer solution B was applied on one surface of the glass substrate obtained in [3]
using the slit coater of serial number IS-7900IL-NSC manufactured by Innext Co., Ltd.
under conditions of 150 pm in a nozzle gap, 40 mm/sec in a coating speed, 100 pm in a
working distance and 0.3 ml in a discharge flow, and dried at 120 °C for 2 minutes by
infrared radiation for curing to form a conductive coating film. Surface resistance,
light transmittance and pencil hardness of the conductive coating film, and flexibility of
the transparent conductive glass substrate were measured.

[0120]
(Example 3)

A conductive polymer solution C was obtained by mixing 3.6 g of garlic acid
methyl, 0.9 g of Irgacure 127 (manufactured by Ciba Specialty Chemicals K.K.), 20 g
of dimethyl sulfoxide, 9.2 g of diethyleneglycoldiglycidyl ether, 0.2 g of
2-methylimidazole, 0.5 g of garlic acid, 250 g of ethanol, 50 g of ethyleneglycol into
600 g of a PEDOT-PSS solution (Crevios PH1000 manufactured by H.C. Starck Ltd.),
and stirring the mixture. The conductive polymer solution C was applied on one
surface of the glass substrate obtained in [3] using the slit coater of serial number
IS-7900IL-NSC manufactured by Innext Co., Ltd. under conditions of 130 um in a
nozzle gap, 40 mm/sec in a coating speed, 100 um in a working distance and 0.21 ml in
a discharge flow, and dried at 120 °C for 2 minutes by infrared radiation for curing to
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form a conductive coating film. Surface resistance, light transmittance and pencil
hardness of the conductive coating film, and flexibility of the transparent conductive

glass substrate were measured.

[0121]
(Example 4)

The conductive polymer solution C was applied on one surface of the glass
substrate obtained in [4] using the slit coater of serial number IS-7900IL-NSC
manufactured by Innext Co., Ltd. under conditions of 130 um in a nozzle gap, 60
mm/sec in a coating speed, 80 um in a working distance and 0.6 ml in a discharge flow,
and dried at 120 °C for 2 minutes by infrared radiation for curing to form a conductive
coating film. Surface resistance, light transmittance and pencil hardness of the
conductive coating film, and flexibility of the transparent conductive glass substrate

were measured.

[0122]
(Example 5)

A conductive polymer solution D was obtained by mixing 2 g of
2-methylimidazole, 150 g of water-dispersible polyester resin (Vylonal MD1480: solids
content of 25 % by weight), 3.6 g of garlic acid, 20 g of dimethy! sulfoxide and 1500 g
of methanol into 500 g of the PEDOT-PSS solution obtained in [2], and stirring the
mixture. The conductive polymer solution D was applied on one surface of the glass
substrate obtained in [3] using the slit coater of serial number 1S-79001L-NSC
manufactured by Innext Co., Ltd. under conditions of 150 pum in a nozzle gap, 40
mm/sec in a coating speed, 100 pm in a working distance and 0.3 ml in a discharge flow,
and dried at 120 °C for 2 minutes by infrared radiation to form a conductive coating
film. Surface resistance, light transmittance and pencil hardness of the conductive
coating film, and flexibility of the transparent conductive glass substrate wete

measured.

[0123]
(Comparative Example 1)

An ITO (in abbreviated form of Indium Tin Oxide) film was formed on one
surface of the glass substrate obtained in [3] by sputtering to form a conductive coating
film. Surface resistance, light transmittance and pencil hardness of the conductive
coating film, and flexibility of the transparent conductive glass substrate were

measured.
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[0124]
(Comparative Example 2)

An ITO film was formed on one surface of the glass substrate obtained in [4]
by sputtering to form a conductive coating film. Surface resistance, light transmittance
and pencil hardness of the conductive coating film, and flexibility of the transparent

conductive glass substrate were measured.

[0125]
(Comparative Example 3)

The conductive polymer solution C was applied on one surface of the glass
substrate obtained in [S] using the slit coater of serial number IS-7900IL-NSC
manufactured by Innext Co., Ltd. under conditions of 130 pm in a nozzle gap, 60
mm/sec in a coating speed, 80 um in a working distance and 0.6 ml in a discharge flow.
However, surface resistance, light transmittance and pencil hardness of the conductive
coating film was unable to be measured, and the test piece was destructed in flexibility
measurement of the transparent conductive glass substrate.

[0126]

The results of Examples 1 to 4 and Comparative Examples 1 to 3 are shown by
comparison in Tab. 1.
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[0127]
[Tab. 1]
Surface Light .
. . Pencil -
Resistance | Transmittance Flexibility
Hardness
(©Qsq.) (%)
Rate of Chan
Example ] | 30010600 | 881089 2H g 01 ; S
_ Rate of Change
Example 2 | 500 to 1000 88 to 89 3H 12
Rate of Cha
Example3 | 40010800 | 88 to 90 3H a%e °] ) hEr
Rate of Change
Example 4 | 1000 to 2000 88 to 90 2H 13
1.2x10" to _ Rate of Change
Example 5 o 89 to 91 H
1.8x10 1.2
C ti Rate of Ch
OMPATEIVE | 400101000 |  85t0 88 3H Al o Aange
Example 1 1.1
Comparative | Unable to be | Unable to be | Unable to be
Destructed
Example 2 measured measured measured
Comparative | Unableto be | Unableto be | Unable to be
Destructed
Example 3 measured measured measured

30




Example | Li Comparative Unable to be Unable to be Unable to be  Destructed Example 2
measured measured

[0128]
Although the present invention has been described using the embodiments, it is

needless to say that the technical scope of the present invention is not limited to the
range described in the above embodiments. It is apparent to those skilled in the art that
the above embodiments may be modified or improved in various manners. And, it is
also apparent that such modified or improved embodiments may be included in the
technical scope of the present invention in view of the claims as described.

INDUSTRIAL APPLICABILITY

[0129]

A transparent conductive glass substrate of the present invention is used as a
glass substrate material of liquid crystal in VA (Vertical Alignment) system, liquid
crystal in TN (Twisted Nematic) system, liquid crystal in IPS (In Plane Switching)
system and the like for purposes of a liquid crystal driving electrode or a material
preventing from liquid crystal surface charge to cause an obstruction to viewing angle
of IPS. In transparent conductive glass substrates in use for these, a conductive
polymer is sometimes applied following a liquid crystal enclosed in advance because of
the yield rate in production. In this case, a temperature for drying and curing the
conductive polymer is preferably 200 °C or less and desirably 160 °C or less so as to
prevent a liquid crystal material from being heat-denatured, since the liquid crystal
material is an organic material sensitive to heat. In addition, since ITO deposition is
conventionally carried out in high vacuum environment, a liquid crystal is inflated
under reduced pressure and a glass is destructed when the liquid crystal is enclosed in
advance of ITO deposition. Advantageously, the transparent conductive film using the
conductive polymer does not bring the destruction in vacuum, since it can be achieved
under ordinary pressure rather than an environment under reduced pressure such as high

vacuum.
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measured measured [0i28]

CLAIMS

1. A transparent conductive glass substrate comprising:

a glass substrate; and

a conductive polymer layer on at least one surface of the glass substrate,

wherein the glass substrate has a thickness in the range of 0.03 to 0.7 mm and a
water contact angle of the glass surface in the range of 5 to 40 degrees,

wherein the conductive polymer layer has surface resistance of 1.8 G€2/sq. or less,
total light transmittance of 85 % or more, and surface pencil hardness of H or more, and

wherein the transparent conductive glass has flexibility as a whole enough not to

be damaged in bending test with the radius R25 mm.

2.  The transparent conductive glass substrate according to claim 1, wherein the
conductive polymer layer is formed from a conductive polymer paint, the conductive
polymer paint comprising a conductive polymer, a polyanion and further one or more
selected from the group consisting of binder, curing agent, high conductive agent,

surfactant, catalyst, and agent for improving adhesion.

3. The transparent conductive glass substrate according to claim 2, wherein the
conductive polymer comprises one or more polymer belonging one or more selected
from the group consisting of polypyrroles, polythiophenes, polyacetylenes,
polyphenylenes, polyphenylene vinylene, polyanilines, polyacene, polythiophene
vinylene and copolymers thereof, in which an organic polymer main chain is composed

of a w conjugated system.

4  The transparent conductive glass substrate according to claim 2 or 3, wherein the
conductive polymer comprises at least an anionic polymer and a polymer of thiophene

or a derivative thereof.

5.  The transparent conductive glass substrate according to claim 4, wherein the
anionic polymer is a polystyrene sulfonic acid and the polymer of thiophene or a

derivative thereof is poly-3,4-ethylene dioxythiophene.
6. The transparent conductive glass substrate according to claim 2, wherein the

polyanion comprises one or more polymer having one or more anionic group selected

from the group consisting of sulfate ester group monosubstituted, phosphoric ester
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Although the present invention has been described using the embodiments, it is needless to say that
the technical scope of the present invention is not limited to the range described in the above
embodiments. It is apparent to those skilled in the art that the above embodiments may be modified or
improved in various manners. And, it is also apparent that such modified or improved embodiments
may be included in the technical scope of the present invention in view of the dailBS as described.
INDUSTRIAL APPLICABILITY [0129] A transparent conductive glass substrate of the present
invention is apAdlassisklst Aiarialiaf {GHF S0 VA (Y articak Ay t) system, liquid
clystal in TNgll?'lf'%v%isted Nemiatie) s;%gsrgi? liquid crésta in IPS (InglP\éane}{Switching?gg?gm and the like
for purposes of a liquid crystal driving electrode or a material preventing from liquid crystal surface
charge to caluse ahobEwmopHEH It WSHItGasdesos Wty thaseisarentecshduicivevdlasssibstrates in
use for theskind&oRdUBIAERPRIYINES SRMeiiee scapplicshiobewing: aﬁaﬁidwfyﬁ?}e@ncmﬁﬁarin )
advance be e of ield rate in prqoduction,.ln this, case, a.temperature for dryin curing the
conductive po lf/I?lnoe%tléfill gfgsﬁb‘%rgf&é) (t}((j)t}e ggsdé%s(?tp é%??agfyq%%g %r#e%%%egsgg?o%ﬁgﬁgﬁt a liquid
crystal matefPRdNeY HEMY MEat-denatured, since the liquid crystal material is an organic material
sensitive to heat In addition, since ITO deposition is conventionally carried out in high vacuum

environmeng a ligyideryshalkdzd %ﬁﬂlﬁ@t%ég@%?gﬂﬁ&?a@ SESMIGAD bR AIAPS ISVIeRINERdygen the

liquid crystal is Efnc]osed in advance of ITO deposition. Advantageously, the transparent cgnductive

film using tHeBOMALE P8 HOITh AT ENET SARY SHBH SEIFEISHoH IV BFAVRISEBSISEAR BE Achieved
under ordinapynpesslieyather tyslmoay envirpopdict condpeued ueathpregsarensiich @g dggh, vacuum.
CLAIMS 1-e%ﬁ{ﬁmnﬁmiﬁgW@tsferﬁtﬁ@m?&sat%saﬁaprés%p@@ﬂ%wtgstf@@:&n&&&onducﬂve

olymer layer on at least one surface of the.glass substrate, .wherein the glass substrate has a
poly y ng %

thickness inthe ¥ g%r%lfg)q‘.’oﬁ $6"P7 M BNd '8 WA eorrégﬂfgc]%yéjiﬁgjfé' o the ?a Wstitralt Mote range of
5 to 40 degR8eBOXY )\ rewa(i)tHe conpRII a3dhgnfar Jayide agBurfaeenteeistdiceiog B8 Bdleq. or less,

total light transup!taseeidbfbuanempshadfacmpensdifardnags ofsi.ac magliandgenyyherein the
transparentﬁmiﬁxﬁgﬁgﬁsgﬁg )ﬂgégbdﬂ aqg,a ews%gﬁ%lgnoqg%gcn%&%gg damaged in bending test with

the radius R25 mm:. ransparent conductive glass stibstrate according to claim 1, wherein the
conductive polymer layer is formed from a conductive polymer paint, the conductive polymer paint
comprising &.cbind hietigpapaly roetdacpioty s subdtfartherconimy tnaneysebectddfaoms thag®up

consisting of RIRGE EHEINMAIRY PRIGMEPRILFTve Agas s AsiATh ArialRl BRdPEeRsdorimproving
adhesion. 3. The transparent conductive Ia?ﬁ substra; iaccordlng to claim 2, wherein the conductive
o ToHS Dy

polymer corfisHERRRS; YRR SAROLT M Lelected from the group consisting of

polypyrroles, polythlophenes, polyacetylenes, potyphenylenes, polyphenylene vinyiene, polyanilines,

polyacene, polytiiRphskio Mt @B RRE ROPRMMArS (AR ARboIMRIEN A1y HEABICRGYMNERFAIN chain is

composed of,a 7C con u a&{e system. 4The transparent conductive glass suhstrate according to claim
S5, wher R T e R e B b B A E BRI o

thiophene oP@ndefdatibecasiebr dyinhang hsspagemiconttidiveng assubstetonedsrdigtto claim 4,

wherein the anionic polymer is a polystyrene sulfonic acid and the polymer of thiophene or a derivative
thereof is pq'i/.'3-f’h%”%%’iﬁéb%%ﬁ?&éﬁﬁ&ﬁﬁ%ﬁ%eglass substrate according to claim 10, wherein the
conductive polymer paint is applied in one method selected from the group consisting of
a screen printing method, a gravure printing method, a flexographic printing method, an
offset printing method, inkjet printing method, a spin coating method, a die coating
method including a slit coater method, a curtain coating method, and a cap coating
method.

12. The transparent conductive glass substrate according to claim 1, wherein a surface
having at least the conductive polymer layer on the glass substrate includes a portion

formed by etching with a mixed solution containing hydrofluoric acid.

13. The transparent conductive glass substrate according to any one of claims 1 to 12,
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6. The transparent conductive glass substrate according to claim 2, wherein the polyanion comprises
one or more polymer having one or more anionic group selected from the group consisting of sulfate
ester group monosubstituted, phosphoric ester group monosubstituted, phosphoric acid. group, a
carboxyl group and a sulfo group. 7.The transparent conductive glass substrate according to claim 2,
wherein the binder is a binder rosin, and the binder resin is one or more thermoplastic resin and/or
thermosetting resin capable of being dissolvable or mixable and dispersable with the conductive
polymer. S.%hersanspatenheeidysilvengtdassubsiiaie beteding lad@inradahesaitfidredigh
conductive ﬁﬂ?eﬂ%ﬁeﬁr).ne or more compound selected from the group consisting of a compound. having
a hydroxy group cyclic compound containing aromatic nitrogen, a compound having two or more
hydroxy groups, a compound having two or more carboxyl groups, a compound having one or more
hydroxy groisp(3harichosyeentorel satibo)glhsr sup{shta ammponm tbheningan bckdesgtaopl a
compound Wéf@rﬁﬁé@&ﬁ%ﬂ%p@?ﬁ%?lﬁ%ﬂ@?%@&a@ £RpRUId-BRYINGOYGEKEgrQuP, a silane
coupling agent, UMSO (Dimethyl sulfoxide) and a water-soluble organic solvent. 9. The transparent
conductive glass substrate according to any one of claims 2 to 8, wherein the conductive polymer layer
has the 'soiling point in the range of 50 to 200 C and comprises 5 to 95 % by weight solvent soluble in
water. 10 The transparent conductive glass substrate according to any one of claims 1 to 9, wherein
the conductive polymer layer is obtained by applying the conductive polymer paint and subsequently
drying and heating and/or irradiating with infrared or ultraviolet. . The transparent conductive glass
substrate according to claim 10, wherein the conductive polymer paint is applied in one method
selected from the group consisting of a screen printing method, a gravure printing method, a
flexographic printing method, an offset printing method, inkjet printing method, a spin coating method,
a die coating method including a slit coater method, a curtain coating method, and a cap coating
method. 12. The transparent conductive glass substrate according to claim 1, wherein a surface
having at least the conductive polymer layer on the glass substrate includes a portion formed by
etching with a mixed solution containing hydrofluoric acid. 13. The transparent conductive glass
substrate according to any 0310 of claims 1 to 12, wherein the conductive polymer layer is cured by
heating and/or irradiating infrared or ultraviolet, 14. The transparent conductive glass substrate
according to any one of claims | to 13, wherein the conductive polymer layer is cured at a temperature
of 160 CI or below,
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