01 SEP 2005 Multil ayered arrangenent for el ectro-optical devices The present
I nvention relates to a nultilayered arrangenent for electro-optical 5
devices, in particular having a conductive organic |ayer on a tra&éé&?éﬂﬁ

el ectrode on a substrate, where the substrate is preferably a transparent
pol ymer. Display devices having cathode_jay tubes (CRTs) which can be used
for televisions or personal conputers (PCs), etc., have |arge-area screens.
However, since a screen 10 coated with a |um nescent material nust be
arranged at ' ' taTce frogmthe, el ectron gun in these

di spl ay deviMutilayered aerang tiar electrocoptical deyices, o upe of such displ ay
devices is too large. Thus, a CRT device of this type cannot be used for

el ectroni ¢ equi pnent having small di nensions and | ow power consunption,
such as for a television set which can be hung on walls, for portable 15

tel evision sets and notebook conputers, etc. For devices having snmall
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(PDLCs) ), plaab@iraié, wHetd/the Rabstlate is BRITepably Dir@phenepdghen! uni nescent

di spl ays (CELDs), el ectrophosphorescent displays 20 (OELDs with
phosphorescent emtters) and vacuum fl uorescent displays (VFDs), or

el ectrochrom.c .di spl.a ECDs d_el ect roni r or, el ectronic.ink have
been devel E%gﬂ@y ?‘“ c%@ga&:qgl %“}h‘%%r{@( t"ﬁ’legéﬁg\?%bg’\?l%e%a‘," Be s &{é_ A een the
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have high inmage quality and | ow power consunption. There are two types of
LCD: L@Ds havited vatips lyainescent materiat musd beGDeanged iahg pre-datstinined rdastance

(AML.CD,  act 'trom 1 et cr:lleé(trcl'ncg&ﬁ i19c these display devices, a problem exists in that the total

volume of such display devices is too large. Thus, a CRT device of this type cannot
be used for electronic equipment having small dimensions and low power
consumption, such as for a television set which can be hung on walls, for portable

15 television sets and notebook computers, etc. For devices having small dimensions
and low power consumption, flat panel display devices, such as liquid-crystal display
devices (LCDs, for example TN, STN and DSTN displays, ferroelectric displays and
polymer dispersed LC arrangements (PDLCs)), plasma display panels (PDPs),
organic electroluminescent displays (OELDs), electrophosphorescent displays

20 (OELDs with phosphorescent emitters) and vacuum fluorescent displays (VFDs), or
electrochromic displays (ECDs) and electronic paper or electronic ink have been
developed. Of these flat panel display devices, the LCDs have been the most
researched recently, in spite of various disadvantages, since they have high image
quality and low power consumption. There are two types of LCD: LCDs having a

25 passive matrix and LCDs having an active matrix (AMLCD, active matrix LCD). Of
these LCDs, the AMLCD is the LCD type which has been most used recently, since
in these, each pixel can be addressed independently by a switching element, enabling
a high contrast ratio and high resolution to be achieved since the interference caused
by adjacent pixels is reduced.

30



these LCDs, the AMLCD is the LCD type which has been nost used recently,
since in these, each pixel can be addressed i ndependently by a sw tching

el enent, enabling a high contrast ratio and high resolution to bqaﬁgggqgﬁd
since the interference caused by adjacent pixels is reduced. 30 O 05

-2 In general, liquid crystals are easily_affected by external influences,
such as an electric field, a magnetic field, tension, pressure, and the
like. Onvng to these properties, liquid crystals are used as |ight
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Passive Displays], Peter M. Knoll, Hiithig Verlag Heidelberg, 1986.

The interest in flexible displays and display devices has recently been increasing. The
transparent substrates used here are polymer films, such as polycarbonate or other
15 transparent polymers. These substrates are provided with a conductive layer, prefe-
rably indium-tin oxide (ITO). However, a disadvantage here is the excessive
roughness of the conductive layer, which can result in short-circuits during operation
and high reject rates during production. For manufacturing reasons, conventional
inorganic conductive layers always have greater roughness on plastic substrates than
20 on glass. Furthermore, inorganic conductive layers such as ITO are brittle, with the
consequence that cracks occur on flexible substrates owing to the different coeffi-
cients of expansion or extensibility and toughness, which may result in interruption
of the electrical conductivity. This arises in particular during storage and/or handling

of coiled substrates, such as, for example, ITO-PET for roll to roll processes.

25
The object of the invention was therefore to develop novel layer arrangements which
do not exhibit the said disadvantages.
In order to achieve the object, a layer of an organic conductive polymer system is
30 applied directly to the conductive layer, for example ITO, already present on the

substrate. Application of the conductive polymer system compensates for surface



I norgani ¢ conductive |layers al ways have greater roughness on plastic
substrates than 20 on gl ass. Furthernore, inorganic conductive |ayers such
as ITO are brittle, with the consequence that cracks occur on fl gxi bfegy
substrates owing to the different coeffi- cients of expansion or
extensibility and toughness, which may r®sult in interruption of the

el ectrical conductivity. This arises in particular during storage and/or
handling of coiled substrates, such as, for exanple, ITO PET for roll to

roll processes, 25 obj.ect aof the invention s therefore.to,devel op
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toughness, It ensures that any cks present after handling of the |ayer
system according to the invention remain bridged by conductive paths and the
5 surface conductivity is not interrupted. The invention relates to a. |ayer
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0 east one of the two electrically conductive substrates is additionally coated with an

organic conductive polymer system.

In a preferred embodiment of the invention, the transparent conductive layer on the
substrates in the layer arrangement consists of a metal or metal oxide or mixed
15 oxides, which may also be doped, and the electro-optically active material is a liquid
crystal. In a particularly preferred embodiment, the electro-optically active material is
a liquid crystal, and at least one of the two substrates is a plastic substrate. For
protection against environmental influences, such as mechanical damage, moisture,
etc., the layer arrangement may be encapsulated.
20
The organic conductive polymer system may be, for example, a system based on

polyanilines, polypyrroles or polythiophenes.

The term “conductive polymer systems” is taken to mean a system which may
25 comprise further constituents in addition to the actual organic conductive polymer.
These may be, for example, film formers, crosslinking agents, thermosolvents,
binders or additives which improve the electrical conductivity. Examples are

described in US-A 5,766,515 or EP-A 602 713.

30 In a preferred embodiment of the invention, the organic conductive polymer is a

cationically charged polythiophene comprising structural units of the formula (T)



organi ¢ conductive polyner system In a preferred enbodi nent of the

i nvention, the transparent conductive |layer on the substrates in the |ayer
arrangenent consists of a netal or nmetal oxide or mixed 15 oxided}! Sbf ¢ may
al so be doped, and the electro-optically active material is a liquid
crystal. In a particularly preferred enfdlodi nent, the electro-optically
active material is a liquid crystal, and at |east one of the two substrates
is a plastic substrate. For protection against environnmental influences,
such as nechani cal danmage, noisture, etc., the layer arrangenent may be
encapsul ated. 20 The organi c conductive polyner system may be, for exanple,
a system based on polyanilipes, polypyrrol or pol yt hi ophenes. The term
"conductive polyner systens"|is taken to neag a systemwhich may 25
conprise further constituentgafh additionstolthe actual organic conductive
pol ymer. These may be, for ekanp i orners, crosslinking agents,

t hernosol vents, binders or fdditijes ich ifnpraove the electrical
conductivity. Exanples are f g 5, ¥86, 515 or EP-A 602 713. 30
In a preferred enbodi nent he i nvention, e organi ¢ conductive pol yner
is a cationically charged pol yt hi ophene conptising structural units of the
formula (1) 01 SEP 2005 -4 5 10 15

in which

Al and A2, independently of one another, are optionally substituted (C,-C,g)-alkyl
or together form optionally substituted (C;-C,g)-alkylene, and

n is an integer from 2 to 10,000, preferably from 3 to 5000,
10

in the presence of anions or polyanions.

Particularly preferred cationic polythiophenes are built up from structural units of the

formula (1a) or (Ib)
R, R,
O 0]
i/ \ (Ia)
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in which



in which Al and A2, independently of one another, are optionally substituted
(Cl-C18)-al kyl or together formoptionally substltut ed (C1-C18)-al kyI ene,
and n is an integer from2 to 10,000, preferably from3 to 5000, 0" §kPe2005
~presence of anions or polyanions. Particularly preferred cationic

pol yt hi ophenes are built up fromstructusal units of the formula (la) or
(I'b) in which 01 S E P 2005 -5 R1 and R2, independently of one another, are
hydr ogen, optionally substituted (Cl- C18)- aI kyI , preferably (Cl-C10)-al kyl,

oot oSl i OBk ST
preferably cycl 0@@9 )ﬂkyprprEﬁéﬁith@%Lb (85.11%'[ irPPﬁh'cha?lG@fb fl optionally

(C7-Cl15)-aral kyl, prefeérably pheny i onal subst it ut ed
(C6-C10) -aryl, prwbsrtaibdy fhetyd)- abkenuhphprefetrablgpt (@f@s)-ylkesyjbstqpmunaib'

hor | bopr opoxy, SR ﬁafq%fgéséh el SRRy eRbrE and 10
L e
(C1-Co) - al kyl V\/rUpubnail}Ssubsthatctit(ﬁgéﬂobyryatprbfemly pireaySod mephthgt, e)pgomalty
hydroxyl group Orsugglrtgtgd (C;-Cyg)-alkoxy, preferably (C,-C)g)-alkoxy, for example
methoxy, ethoxy, n- or isopropoxy, or optionally substituted (C,-C,g)-alkoxy
esters, and
10
R, and Ry, independently of one another, are hydrogen, but not both simultaneously,
(C1-Cjg)-alkyl, preferably (C;-C;g)-alkyl, in particular (C;-Cg)-alkyl, which
is substituted by at least one sulphonate group, hydroxyl group or carboxyi
group, (C;-Cj,)-alkenyl, preferably (CZ-CS)-alkcﬁyl, which is substituted by
15 at least one sulphonate group, hydroxyl group or carboxyl group, (C3-Cq)-
cycloalkyl, preferably cyclopentyl or cyclohexyl, which is substituted by at
least one sulphonate group, hydroxyl group or carboxyl group, (C7-Cis)-
aralkyl, preferably phenyl-(C;-C4)-alkyl, which is substituted by at least one
sulphonate group, hydroxyl group or carboxyl group, (Cg-Cig)-aryl,
20 preferably phenyl or naphthyl, which is substituted by at least one sulphonate
group, hydroxyl group or carboxyl group, (C;-C,g)-alkoxy, preferably (C,-
Cjo)-alkoxy, for example methoxy, ethoxy, n- or isopropoxy, which is
substituted by at least one sulphonate group, hydroxyl group or carboxyl
group, or (C,-Cjg)-alkoxy ester which is substituted by at least one

25 sulphonate group, hydroxyl group or carboxyl group.
n is a number from 2 to 10,000, preferably from 3 to 5000.

Very particular preference is given to  cationic or  neutral

30 polyalkylenedioxythiophenes of the formulae (Ia-1) and (Ib-1)



group, (C2-Cl12)-al kenyl, preferably (C2-Cg)-al kenyl, which is substituted by
15 at | east one sul phonate group, hydroxyl group or carboxyl group, (C3-C7)-
cycl oal kyl, preferably cyclopentyl or cyclohexyl, which is substitgﬁqg QM%at
| east one sul phonate group, hydroxyl group or carboxyl group, (C7-€'T f—

aral kyl, preferably phenyl-(Cl-CA)-aIkyjé_mhich IS substituted by at | east
one sul phonate group, hydroxyl group or  carboxyl group, (C6-Cl0)-aryl, 20
pref erably phenyl or naphthyl, which is substituted by at |east one

sul phonate group, hydroxyl group or carboxyl group, (Cl-Cl18)-al koxy,
preferably (Cl- C10)-al koxy, for exghnphNe nethoxy, ethoxy, n- or isopropoxy,
which is substituted by at |east phonat e group, hydroxyl group or
carboxyl group, or (C2-Cl18)-al koxy er which is substituted by at | east
one 25 sul phonate group, hydroxyl or @=milboxyl group. n is a nunber
from2 to 10,000, preferably frog Very particular preference is
given to cationic or neutral 30 polyal kyhenedi oxyt hi ophenes of the fornul ae
(la-1) and (I1b-1) 01 SEP 2005 6 (Th-i) 5 in which RS is (Cl-C18)-alkyl,
preferably (Cl1-Cl0)-al kyl, in particular (Cl-C6)-alkyl, whichis
substituted by at | east one sul phonate group, hydroxyl group or carboxyl

group, (C2-C12)-al kenyl, preferably ) -al kenyl, which,is 10 substituted
by at |east one sul phonate group, hydr 0yI group or carboxyl
/ N\ @b
S
n
5 in which

Rs; is (C,-Cjg)-alkyl, preferably (C,-C;g)-alkyl, in particular (C,;-Cg)-alkyl,
which is substituted by at least one sulphonate group, hydroxyl group or
carboxyl group, (C,-C;p)-alkenyl, preferably (C,-Cg)-alkenyl, which is

10 substituted by at least one sulphonate group, hydroxyl group or carboxyl
group, (C3-Cq)-cycloalkyl, preferably cyclopentyl or cyclohexyl, which is .
substituted by at least one sulphonate group, hydroxyl group or carboxyl
group, (C7-Cjs)-aralkyl, preferably phenyl-(C;-C4)-alkyl, which is substituted
by at least one sulphonate group, hydroxyl group or‘carboxyl group, (Cg-Cy0)-

15 aryl, preferably phenyl or naphthyl, which is substituted by at least one
sulphonate group, hydroxyl group or carboxyl group, (C;-C;g)-alkoxy,
preferably (C;-Cjg)-alkoxy, for example methoxy, ethoxy, n- or isopropoxy,
which is substituted by at least one sulphonate group, hydroxyl! group or
carboxyl group, or (C,-C;g)-alkoxy ester which is substituted by at least one

20 | sulphonate group, hydroxyl group or carboxyl group, and

n is an integer from 2 to 10,000, preferably from 3 to 5000.



group, (C3-C7)-cycloal kyl, preferably cyclopentyl or cyclohexyl, which is
substituted by at |east one sul phonate group, hydroxyl group or Cah?%ﬁ¥
group, (C7-Cl15)-aral kyl, preferably phenyl-(Cl-C4)-al kyl, which is 2003
substituted by at |east one sul phonate group, hydroxyl group or carboxyl
group, (C6-C10) 15 aryl, preferably phenyl or naphthyl, which is substituted
by at | east one sul phonate group, hydroxyl group or carboxyl group,
(C1-C18)-al koxy, preferably (C 1-C 10)-al koxy, for exanpl e nethoxy, ethoxy,

n- or isopropoxy, which is suhstituted hy at.|east one sulphonate group,
v oxy grldfb Hiher P EEY EriPatmen: it eI heaina P Pecrate PR s &
substi t ut e%&#@%ﬁ%ﬁs@“ﬁg&&@%ﬁh@ﬂﬁi@ group, hydroxyl group or carboxyl
group, and n s an integer from?2 to 10,000, preferably from3 to 5000. 01

SEP 2005 7 In a further preferred enbodi ment of the invention, nin the said

formul"e is an integer from4 to 150, preferably from4 to 50. The,
pol yani ons Theerplyanionsyised e dhisaraensf| nphaperic @3?%%9 Rrids.urkias palyedsylis

pol yacrylic,.. i . L acl: [ l.ds d yneric
Cul phony o dsidR PO fibmeBR Y TEL ST B eI an® BONERIE SAEASAcREE SBLYCET

acids. Thesg pulgegendaiphbhie ackiidand pblyRiiyisulphonitsadidy Fes® pbBcadpRyldrer s of
vi nyl carboxyli ¢ and vinyl sul phonic acids wi_th other Eolynerizable nonomner s,

such as acrapdasépheniel acidy mayealsollee qupelyreurs o vinyicarkoxylie rand yinylsujphenist er abl y
e oo L R RSO U i AL b S ve o of (e

10 The counterion is particularly preferably the anion of polystyrenesulphonic acid
(PSA).

The molecular weight of the polyacids supplying the polyanions is preferably from
{000 to 2,000,000, particularly preferably from 2000 to 500,000. The polyacids or
15 their alkali metal salts are commercially available, for example polystyrenesulphonic
acids and polyacrylic acids, or alternatively can be prepared by known processes (see,
for example, Houben Weyl, Methoden der organischen Chemie {[Methods of
Organic Chemistry], Vol. E 20 Makromolekulare Stoffe [Macromolecular
Substances], Part 2, (1987), pp. 1141 et seq.).
20
Instead of the free polyacids necessary for the dispersions from polyalkylenedioxy-
thiophenes and polyanions, it is also possible to employ mixtures of alkali metal salts

of the polyabids and corresponding amounts of monoacids.

25 In the case of the formula (Ib-1), the polyalkylenedioxythiophenes carry positive and

negative charges in the structural unit.

The preparation of the polyalkylenedioxythiophenes is described, for example, in
EP-A 0 440 957 (= US-A 5,300,575). The polyalkylenedioxythiophenes are prepared
30 by oxidative polymerization. They thus attain positive charges, which are not shown

in the formulae since their number and position cannot be determined precisely.



1000 to 2,000,000, particularly preferably from 2000 to 500, 000. The

pol yacids or 15 their alkali netal salts are comrercially available, for
exanmpl e pol ystyrenesul phonic acids and pol yacrylic acids, or altefhatPv8ldy
can be prepared by known processes (see, for exanple, Houben Weyl, Methoden
der organischen Chem e [[Methods of Organic Chemstry], Vol. E 20

Makr onol ekul are Stoffe [ Macronol ecul ar Substances], Part 2, (1987), pp.
1141 et seq.). 20 Instead of the free pol yaci ds necessary for the

di spersions from pol yal kyl enedi oxy- thi ophenes and polyanions, it is also
possible to enploy m xtures of alkali netal salts of the pol yacids and

cor r espondi %eﬁggﬁﬁgs@teﬁ dRpASRA e be %5Bh£a Hﬁe‘i&%&o&%&é&%ﬁdﬁ&fv@b@st@t?f 1),

t he pol yal k ophenes carry positive an Ive charges in the

structural wnedtablithed proeepssegtsuoh asfpdubieg pphiytidgs wpeayird, dipping, dpdudives of s
descri bed, for exanple, in EP-A 0 440 957 (= US-A 5,300,575). The

pol yal ky| erekil®Bptingphenes are prepared 30 by oxidative pol ynerization.
They tshus attain positive charges, which are not showmn in the fornul ae
since~their nunber and position cannot be determ ned precisely. 01 SEP 2005

8 The pol ytdiiigpkanssgirsmeubitaiiesc/RicharapRivided Wwith h Benductns paeeade gaductive
substrate by established processes, such as pouring, printing, spraying,

di ppi ng, flwwathingelass (flexiklejglasspei plastiey. 5 Suitabl e transparent substrates
whi ch are provided with a conductive |ayer are gl ass,

At least one of the substrates preferably consists of plastic.

10
Particularly suitable plastics are: polycarbonates, polyesters, copolycarbonates, poly-
sulphone, polyether sulphone, polyimide, polyethylene, polypropylene or cyclic poly-
olefins or cyclic olefin copolymers (COCs) or hydrogenated styrene (co)polymers.

15 Preferred pelymers are polysulphone, polyether sulphone, polyesters, cyclic olefin
copolymers, hydrogenated styrene (co)polymers and polycarbonates. From the group
consisting of the polyesters, preference is given to PET and PEN (polyethylene

terephthalate and polyethylene naphthenate respectively).

20 Suitable polymer substrates are, for example, polyester films, PES films from the

Sumitomo company or polycarbonate films from Bayer AG (Makrofol®}).

These substrates may be provided with a scratch-resistant and/or chemical-resistant
finish by means of an additional layer, for example Marnot® films (Bayer AG).

25
From the group consisting of the polycarbonates, the polycarbonates or
copolycarbonates which contain one of the following segments are particularly

suitable:



ultrathin glass (flexible glass) or plastics. At |east one of the substrates
preferably consists of plastic. 10 Particularly suitable plastics are:
pol ycar bonat es, pol yesters, copol ycarbonates, poly- sul phone, po%gegﬂ;h@
sul phone, polyim de, polyethyl ene, polypropylene or cyclic poly- | ek A5 o
cyclic olefin copolyners (COCs) or hydrogenated styrene (co)polynmers. 15
Preferred pol ynmers are pol ysul phone, polyether sul phone, polyesters, cyclic
ol efin copol yners, hydrogenated styrene (co)pol yners and pol ycar bonat es.
Fromthe group consisting of the polyesters, preference is given to PET and
PEN ( pol yet hyl ene nd pol yet hyl ene napht henate respectively).
20 Suitabl e pay +—exanpl e, polyester filns, PES filns
fromthe Sumtono carbonate filnms from Bayer AG
(Makrofol (r)). These substrates may be provided with a scratch-resistant
and/ or chem cal -resistant finish by nmeans of an additional |ayer, for
exanple Marnot(r) filnms (Bayer AG. 25 Fromthe group consisting of the

I

pol ycar bonat es, t ciar honat es or copol ycarbonat es whi ch contain one of
dre/p iqugrly suitable: 01 SEP 2005 -9 5 10
{fhe é;i'he is of polycarbonates are described, for

the foll ow ng seq
Furt her bi sphenol
exanple, in
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Further bisphenols for the synthesis of polycarbonates are described, for example, in
EP-A 359 953.



EP- A 359 953. 01 SEP 2005 -10 Exanples 1. Application of a conductive

pol yt hi ophene l'ayer (Baytron(r)P) 5 Application of the Baytron(r) POI1a§f? 200D
the TGO About 10 ml of the approximtely 1.2% strength

pol y(et hyl enedi oxyt hi ophene)/ pol y- styrenesul phonic acid sol ution (BAYER AG
Lever kusen, Baytron(r) P) are filtered. jgMIlipore HvV, 0.45 m). The
substrate is subsequently placed on a spin coater, and the filtered
solution is distributed on the I TO coated side of the substrate. The excess

10 sol utior! I S sEbsequentIy spun of f by rotating the plate at 500 rpmfor a
period of X es. The substrate coated in this way is subsequently dried
for 5 mnutes at 110C on a hot plate. The layer thickness is 60 nm (Tencor,
Al phastep 200). Table | shows the effect of the Baytron(r)P solution on the
sur f ace rougppdisatadn ¢fteecondibetbielyslythiopherEdbyer (Bagrin@®®)at e Roughness r$ nm

a) GasslITO 2.5 20 b) dass/ITOBaytron(r)P 1.6 c¢) Polyester (PET)/1TO 3.9
d) Polyester (PET)IITOBaytron(r)P 2.5 The roughness val ues were determ ned

with the aigd f..Abh 8f AT EEOE® & 8RRD. 25 (AFM.
About 10 ml of the approximately 1.2% strength poly(ethylenedioxythiophene)/poly-
styrenesulphonic acid solution (BAYER AG, Leverkusen, Baytron® P) are filtered
(Millipore HV, 0.45 um). The substrate is subsequently placed on a spin coater, and
the filtered solution is distributed on the ITO-coated side of the substrate. The excess
10 solution is subsequently spun off by rotating the plate at 500 rpm for a period of
3 minutes. The substrate coated in this way is subsequently dried for 5 minutes at

110°C on a hot plate. The layer thickness is 60 nm (Tencor, Alphastep 200).

Table 1 shows the effect of the Baytron®P solution on the surface roughness of the

15 substrate.
Tablel
Substrate Roughness r, (nm)
a) Glass/TTO 2.5
20 b) Glass/TTO/Baytron®P 1.6
c) Polyester (PET)/ITO 39
d) Polyester (PET)Y/ITO/Baytron®P 2.5

The roughness values were determined with the aid of an atomic force microscope

25 (AFM).

The smoothing action exerted by the conductive layer on the substrate surface is
clearly evident. Sample d) shows no visible surface cracks even after repeated
mechanical treatment ~ flexing, rolling, etc. The Baytron®P-coated substrates can be
30 employed for the construction of conventional electro-optically active arrangements,

such as, for example, liquid-crystal displays, electrochromic displays, etc.



The snoot hing action exerted by the conductive |ayer on the substrate
surface is <clearly evident. Sanple d) shows no visible surface cracks even
after repeated nechanical treatnent -- flexing, rolling, etc.
Baytron(r)P-coated substrates can be 30 enpl oyed for the constrd]c?t bicth 2085
conventional electro-optically active ldrrangenents, such as, for exanple,

| i qui d-crystal displays, electrochrom c displays, etc. 11 Patent Clains 01
SEP 2005 pafea¥ €laims angenent consisting of at | east one transparent
substrate having an electrically conductive |layer, an electro-optically
active layer, and a further substrate having an electrically conductive

| ayer, charact t a y t | east
one of thgl tvvoﬁé)} %?r 4‘%}& c(?%%‘ %)gg{ Hgﬁ%b“]é ra e Q;:ég{g ?oﬁ% rfé/mgoat ed
vvnlth an or ganlaeaﬁaﬂl;clb?mcﬁﬁé yxygr &?/%Ieﬁﬁ‘b-ogtwmyeadnvbhlaya{ gﬁdllalﬁﬁ'ﬂi&flu?:tl ve
polynmer is a cationically c arge pol yt ene conpris struct ral units
of the formul asybsirate nhaypig: an seleqtrieallyo condygyre fyent FRar @Hte"éﬁ?g € are

optionally sub a’?ﬁrg:gf

substituted (C ag%%}g?ﬁﬂfigllugg‘e@iagma&;&i lg%r?hlgn tetg,eg,réwé rg{)m tl%%%t?%&
preferably frosobstrates 30 8ditionally pated ewithh e or@amcomb.lcuwe molyymisgstsm 2. Layer
arrangenent according to Claim1, characterized in th e tranaparent

conduct i ve | ay®hersi the graapisqonductive g %'t1§354U0§1¢‘(§8p5é? Rt al or
doped or U”dOpE'd}nﬁ%ﬁﬁéstﬂf&hﬂﬁxﬂﬁts@?ﬂﬁ%ﬂﬁulh‘ﬁ?oloed m xed OXI des

S ®

in which

Al and A%, independently of one another, are optionally substituted (C,-C3s)-
alkyl or together form optionally substituted (C;-C;s)-alkylene, and

n is an integer from 2 to 10,000, preferably from 3 to 5000,
in the presence of anions or polyanions.

2. Layer arrangement according to Claim 1, characterized in that the transparent
conductive layer on the substrates consists of a doped or undoped metal or

doped or undoped metal oxide or doped or undoped mixed oxides.

3. Layer arrangement according to Claim 1, characterized in that the transparent

substrate consists of glass or a plastic.

4, Layer arrangement according to Claim 1, characterized in that at least one of the

two substrates is a plastic substrate.



3. Layer arrangenment according to Claim1, characterized in that the
transparent substrate consists of glass or a plastic. 4. Layer arrangenent
according to Claim1l, characterized in that at |east one of the two
substrates is a plastic substrate. 12 0 7 SEP 2005 5. Layer arrangenent
according to aim3 or 4, characterizZ@d in that the plastic is p

pol ycar bonate or copol ycarbonate, polyester, polysul phone, polyepﬁéﬁ 2005
sul phone, polyim de, polypropyl ene, polyethylene or a cyclic olefin

copol ymer or hydrogenated styrene (co)polyner. 6. Layer arrangenment

accor di ng3t o Claysnagangamans aeesrding ip Claim3ar 4, barpetemzdddn thaytha plagtic i s

ided with - i / l i i 7. L
o angeront ' acPo Al ol A SRR IR Bt s
optically act iCF@lyimye,r pobypRopylétie] holyeyipiiée lory£rceycic blefigr capolpnge ment

according to CGQaim1, characterjzed in that the arrangenent is
encapsul at ed. hydrogenated styrene (co)polymer.

6. Layer arrangement according to Claim 5, characterized in that the plastic

substrate is provided with a scratch-resistant and/or chemical-resistant finish.

7. Layer arrangement according to Claim 1, characterized in that the electro-

optically active layer is a liquid-crystal layer.

8. Layer arrangement according to Claim 1, characterized in that the arrangement

is encapsulated.



