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Method for producing layer structures by treatment with organic etchants and layer structures

obtainable therefrom

The present invention relates to a method for producing a layer structure, a layer structure ob

tainable by this method, a layer structure, the use of a layer structure, an electronic component

and the use of an organic compound.

Conductive polymers are increasingly gaining in economic importance, since polymers offer

advantages over metals with regard to processability, weight and the selective adjustment of

properties by means of chemical modification. Examples of known π-conjugated polymers are

polypyrroles, polythiophenes, polyanilines, polyacetylenes, polyphenylenes and poly(p-

phenylene vinylenes). Layers of conductive polymers are technically versatile in use, for ex¬

ample as polymeric counter-electrodes in capacitors or for through-hole plating in printed cir

cuit boards. Conductive polymers are produced by chemical or electrochemical oxidation from

monomelic precursors, such as for example optionally substituted thiophenes, pyrroles and

anilines and optionally oligomeric derivatives thereof. Chemical oxidative polymerisation in

particular is widespread, since it is technically simple to carry out in a liquid medium or on

diverse substrates.

A particularly important polythiophene used technically is poly(ethylene-3,4-dioxythiophene)

(PEDOT or PEDT) as described for example in EP 0 339 340 A2, which is produced by

chemical polymerisation of ethylene-3,4-dioxythiophene (EDOT or EDT) and which in its

oxidised form exhibits very high conductivity values. A survey of numerous poly(alkylene-

3,4-dioxythiophene) derivatives, in particular poly(ethylene-3,4-dioxythiophene) derivatives,

their monomer units, syntheses and applications is provided by L. Groenendaal, F. Jonas, D.

Freitag, H. Pielartzik & J. R. Reynolds, Adv. Mater. 12, (2000) p. 481-494.



Dispersions of PEDOT with polyanions, such as for example polystyrene sulphonic acid

(PSS), as disclosed for example in EP 0 440 957 A2, have acquired particular importance in

industry. These dispersions can be used to produce transparent, conductive films which have

found numerous applications, for example as an antistatic coating or as a hole-injection layer

in organic light-emitting diodes (OLEDs), as shown in EP 1 227 529 A2.

The polymerisation of EDOT takes place in an aqueous solution of the polyanion to form a

polyelectrolyte complex. Cationic polythiophenes, which for the purposes of charge compen-

sation comprise polymeric anions as counterions, are often also referred to by experts as

polythiophene/polyanion complexes. By virtue of the polyelectrolyte properties of PEDOT as

a polycation and PSS as a polyanion this complex is not a true solution but rather a dispersion.

The extent to which polymers or portions of polymers are dissolved or dispersed is dependent

on the mass ratio of the polycation and the polyanion, on the charge density of the polymers,

on the salt concentration of the environment and on the nature of the surrounding medium (V.

Kabanov, Russian Chemical Reviews 74, 2005, 3-20). The transitions here can be fluid. For

that reason no distinction is made hereafter between the terms "dispersed" and "dissolved".

Likewise no distinction is made between "dispersion" and "solution" or between "dispersant"

and "solvent". Rather these terms are used synonymously hereafter.

There is a great need to be able to pattern electrically conductive layers based on conductive

polymers, in particular based on complexes consisting of polythiophenes and polyanions, in a

similar way to ITO layers (= indium tin oxide layers), "patterning" referring here and hereafter

to any measure which in a sub-area or in multiple sub-areas of the layer of electrically conduc-

tive polymers leads to an at least partial reduction and preferably to a complete elimination of

the conductivity.

One possibility for producing patterned layers based on conductive polymers is to apply these

polymers to surfaces in a patterned way by means of certain printing methods, as described for

instance in EP-A-1 054 414. The disadvantage of this approach, however, is that the electri-



cally conductive polymers have to be converted into a paste, which in view of the tendency of

conductive polymers to aggregate is sometimes problematic. Moreover, the application of elec

trically conductive polymers by means of printing pastes has the disadvantage that the outer

area of the liquid droplet is thicker than the inner area and that consequently when the pastes

are dried the coating is thicker in the outer area than in the inner area. The resulting uneven-

ness in the film thickness often has a detrimental effect on the electrical properties of the elec

trically conductive layer. A further disadvantage of patterning by means of printing pastes is

that they are only applied in areas in which electrical conductivity of a substrate surface is de

sired. This results in considerable differences in colour on the substrate surface between areas

with and without an application of printing paste, such differences being however generally

undesirable.

In addition to the use of printing pastes, another possibility for producing patterned coatings

from conductive polymers is first to produce a uniform, unpatterned coating of electrically

conductive polymers and to pattern it only subsequently, by photobleaching methods or by the

use of etching solutions, for example. Thus WO-A-2009/ 122923 and WO-A-2008/041461 for

example describe methods in which layers of electrically conductive polymers are patterned by

means of cerium-ammonium nitrate solutions having an etching action. The disadvantage of

this approach, however, is that inter alia such etching solutions remove the coating of the elec-

trically conductive polymer to a great extent, and these changes to the surface finish thus have

an adverse effect on the external appearance of the coating. The colour of the coating in par

ticular is critically compromised by patterning with cerium-containing etching solutions.

The object of the present invention was to overcome the disadvantages arising from the prior

art in connection with the patterning of layers of electrically conductive polymers, in particular

of layers comprising polythiophenes.

In particular, the object of the present invention was to provide a method for patterning a layer

of electrically conductive polymers, in particular a layer comprising polythiophenes, with

which in certain areas of this layer the conductivity can be reduced, preferably completely



eliminated, without the colour of the layer being influenced in any appreciable way by this

patterning.

The object of the present invention was also to provide a method for patterning a layer of elec-

trically conductive polymers, in particular a layer comprising polythiophenes, with which in

certain areas of this layer the conductivity can be reduced, preferably completely eliminated,

without the thickness of the coating and hence the external appearance of the layer being influ

enced in any appreciable way by this patterning.

A contribution to achieving the objects set out in the introduction is made by a method for pro¬

ducing, preferably for modifying, particularly preferably for patterning a layer structure, com¬

prising the following process steps:

i) Providing a layer structure comprising a substrate and an electrically conductive layer on

the substrate which comprises an electrically conductive polymer;

ii) Bringing at least a part of the surface of the electrically conductive layer into contact

with a composition Z l comprising an organic compound capable of releasing chlorine,

bromine or iodine.

Completely surprisingly, but no less advantageously for that, it was found that through the use

of the aforementioned organic compounds the surface of coatings of electrically conductive

polymers can be patterned to such an extent that in the areas treated with these organic com¬

pounds the conductivity can be almost completely eliminated in a very short time without the

coating itself being appreciably affected in these areas. The external appearance, in particular

however the colour and also the transmission of the layer structure treated with these organic

compounds, is scarcely compromised by the treatment.

In process step i) of the method according to the invention a layer structure is first provided

comprising a substrate and an electrically conductive layer on top of the substrate which com-



prises an electrically conductive polymer. The formulation "an electrically conductive layer on

the substrate" encompasses both layer structures in which the electrically conductive layer is

applied directly onto the substrate and also layer structures in which one or more interlayers

are provided between the substrate and the electrically conductive layer.

Plastic films in particular are preferred as the substrate in this connection, most particularly

preferably transparent plastic films, which conventionally have a thickness in a range from 5 to

5000 µ , particularly preferably in a range from 10 to 2500 µη and most preferably in a range

from 25 to 1000 µ . Such plastic films can be based for example on polymers such as poly-

carbonates, polyesters such as for example PET and PEN (polyethylene terephthalate and

polyethylene naphthalene dicarboxylate), copolycarbonates, polysulphones, polyether sul-

phones (PES), polyimides, polyamides, polyethylene, polypropylene or cyclic polyolefins or

cyclic olefin copolymers (COC), polyvinyl chloride, polystyrene, hydrogenated styrene poly

mers or hydrogenated styrene copolymers. In addition to plastic materials, substrates based in

particular on metals or metal oxides are also suitable as substrates, such as for example ITO

layers (indium tin oxide layers) or the like. Glass is also preferred as a substrate.

On this substrate is a layer comprising an electrically conductive polymer, wherein all electri

cally conductive polymers known to the person skilled in the art are suitable as the electrically

conductive polymer. Polythiophenes, polypyrrole or polyanilines are mentioned in particular

here as examples of suitable electrically conductive polymers.

Electrically conductive polymers that are particularly preferred according to the invention are

polythiophenes, wherein all polymers with repeating units of the general formula (V)



in which

R7 and R8 independently of each other each denote H, an optionally substituted Ci-Ci

alkyl radical or an optionally substituted C \ -C \ alkoxy radical, R and R2 to

gether denote an optionally substituted C \ -C alkylene radical, wherein one

or more C atoms can be replaced by one or more identical or different het-

eroatoms selected from O or S, preferably a C - dioxyalkylene radical, an

optionally substituted -C oxythiaalkylene radical or an optionally substi¬

tuted C \ - C dithiaalkylene radical, or an optionally substituted Ci-C 8 alky-

lidene radical, wherein optionally at least one C atom is replaced by a het-

eroatom selected from O or S,

can be used in principle as polythiophenes.

In a particularly preferred embodiment of the method according to the invention polythio

phenes are preferred which comprise repeating units of the general formula (V-a) and/or the

general formula (V-b):



(V-a) (V-b)

In the context of the invention the prefix "poly" is understood to mean that more than one iden-

tical or different repeating unit is comprised in the polythiophene. The polythiophenes com

prise in total n repeating units of the general formula (V), wherein n can be a whole number

from 2 to 2000, preferably 2 to 100. The repeating units of the general formula (V) within a

polythiophene can in each case be identical or different. Polythiophenes comprising in each

case identical repeating units of the general formula (V) are preferred.

The polythiophenes preferably each bear H at the end groups.

In particularly preferred embodiments the polythiophene is poly(3,4-ethylenedioxythiophene),

poly(3,4-ethyleneoxythiathiophene) or poly(thieno[3,4-b]thiophene, whereby poly(3,4-

ethylenedioxythiophene) is most preferred.

The optionally substituted polythiophenes are cationic, wherein "cationic" relates only to the

charges located on the polythiophene main chain. Depending on the substituent at the radicals

R7 and R8, the polythiophenes can bear positive and negative charges in the structural unit, the

positive charges being located on the polythiophene main chain and the negative charges op

tionally at the radicals R substituted with sulphonate or carboxylate groups.

The positive charges of the polythiophene main chain can be partially or completely saturated

by the optionally present anionic groups at the radicals R. Considered as a whole, the polythio-

phenes can be cationic, neutral or even anionic in these cases. Nevertheless, in the context of



the invention they are all considered as cationic polythiophenes, since the positive charges on

the polythiophene main chain are decisive. The positive charges are not represented in the

formulae because they are mesomerically delocalised. However, the number of positive

charges is at least 1 and at most n, where n is the total number of all repeating units (identical

or different) within the polythiophene.

It is however particularly preferable according to the invention for the positive charges on the

polythiophene main chain to be compensated for by polyanions, a polyanion being understood

to be preferably a polymeric anion comprising at least 2, particularly preferably at least 3, still

more preferably at least 4 and most preferably at least 10 identical, anionic monomer repeating

units, which do not however necessarily have to be linked directly to one another. In this case

the electrically conductive composition therefore comprises a polyanion in addition to the elec

trically conductive polymer, in particular in addition to the polythiophene.

Polyanions can for example be anions of polymeric carboxylic acids, such as polyacrylic acids,

polymethacrylic acid or polymaleic acids, or polymeric sulphonic acids, such as polystyrene

sulphonic acids and polyvinyl sulphonic acids. These polycarboxylic and polysulphonic acids

can also be copolymers of vinyl carboxylic and vinyl sulphonic acids with other polymerisable

monomers, such as acrylates and styrene. The dispersions provided in process step I) prefera-

bly comprise an anion of a polymeric carboxylic or sulphonic acid as the polyanion.

The anion of polystyrene sulphonic acid (PSS) is particularly preferred as the polyanion. The

molecular weight (Mw) of the polyacids yielding the polyanions is preferably 1000 to

2,000,000, particularly preferably 2000 to 500,000. The molecular weight is determined by gel

permeation chromatography using polystyrene sulphonic acids of defined molecular weights as

the calibration standard. The polyacids or alkali salts thereof are available commercially, for

example polystyrene sulphonic acids and polyacrylic acids, or can be produced by known

methods (see for example Houben Weyl, Methoden der organischen Chemie, Vol. E 20

Makromolekulare Stoffe, Part 2, (1987), p. 1141 ff).



It is particularly preferable in this connection for the electrically conductive layer to comprise

a complex of the electrically conductive polymer, in particular the polythiophene described

above, and one of the polyanions described above, particularly preferably a complex consisting

of poly(3,4-ethylenedioxythiophene) and polystyrene sulphonic acid (so called PEDOT/PSS

complexes). The weight ratio of polythiophene to polyanion in these complexes is preferably

in a range from 1 : 0.3 to 1 : 100, preferably in a range from 1 : 1 to 1 : 40, particularly pref

erably in a range from 1 : 2 to 1 : 20 and extremely preferably in a range from 1 : 2 to 1 : 15.

In this connection it is furthermore preferable for the electrically conductive layer to comprise

1 to 100 wt.%, particularly preferably at least 5 wt.% and most preferably at least 10 wt.%,

relative in each case to the total weight of the electrically conductive layer, of the aforemen

tioned complexes comprising an electrically conductive polymer and a polyanion, particularly

preferably the complexes of poly(3,4-ethylenedioxythiophene) and polystyrene sulphonic acid.

The complexes comprising electrically conductive polymer and polyanion described above are

preferably obtainable by oxidative polymerisation of the monomers from which the electrically

conductive polymer is formed, in the presence of the anion. In the case of complexes of

poly(3,4-ethylenedioxythiophene) and polystyrene sulphonic acid the complexes are therefore

obtainable by oxidative polymerisation of 3,4-ethylenedioxythiophene in the presence of the

polystyrene sulphonic acid.

Methods for producing the monomelic precursors for the production of the polythiophenes

comprising repeating units of the general formula (III) and derivatives thereof are known to the

person skilled in the art and are described for example in L. Groenendaal, F. Jonas, D. Freitag,

H. Pielartzik & J. R. Reynolds, Adv. Mater. 12 (2000) 481-494 and in the literature cited

therein. Mixtures of different precursors can also be used.

Within the meaning of the invention derivatives of the aforementioned thiophenes are under

stood to be for example dimers or trimers of these thiophenes. Higher-molecular-weight de-

rivatives, i.e. tetramers, pentamers, etc., of the monomelic precursors are also possible as de-



rivatives. The derivatives can be made up of both identical and different monomer units and

can be used in pure form and in mixtures with one another and/or with the aforementioned

thiophenes. Oxidised or reduced forms of these thiophenes and thiophene derivatives are also

encompassed within the meaning of the invention by the term "thiophenes" and "thiophene

derivatives", provided that their polymerisation gives rise to the same conductive polymers as

with the aforementioned thiophenes and thiophene derivatives.

Most particularly preferred thiophene monomers are optionally substituted 3,4-

ethylenedioxythiophenes, the use of unsubstituted 3,4-ethylenedioxythiophene as the thio-

phene monomer being most particularly preferred.

In the method according to the invention the thiophene monomers are oxidatively polymerised

in the presence of the polyanions, preferably in the presence of polystyrene sulphonic acid.

The oxidising agents that are suitable for the oxidative polymerisation of pyrrole can be used

as oxidising agents; these are described for example in J. Am. Chem. Soc. 85, 454 (1963). For

practical reasons, inexpensive and easy-to-handle oxidising agents are preferred, for example

iron(III) salts such as FeCl , Fe(C10 ) and the iron(III) salts of organic acids and inorganic

acids comprising organic radicals, also H20 2, K2Cr20 7, alkali and ammonium persulphates,

alkali perborates, potassium permanganate and copper salts, such as copper tetrafluoroborate.

The use of persulphates and of iron(III) salts of organic acids and of inorganic acids compri s

ing organic radicals has the big applicational advantage that they are not corrosive. The

iron(III) salts of sulphuric acid hemiesters of C1-C20 alkanols, for example the Fe(III) salt of

lauryl sulphate, are cited by way of example as iron(III) salts of inorganic acids comprising

organic radicals. The following are cited by way of example as iron(III) salts of organic acids:

the Fe(III) salts of C1-C20 alkyl sulphonic acids, such as methane- and dodecanesulphonic acid;

of aliphatic C1-C20 carboxylic acids such as 2-ethylhexyl carboxylic acid; of aliphatic per-

fluorocarboxylic acids, such as trifluoroacetic acid and perfluorooctanoic acid; of aliphatic

dicarboxylic acids such as oxalic acid and above all of aromatic sulphonic acids optionally

substituted with Ci-C 20 alkyl groups, such as benzenesulphonic acid, p-toluenesulphonic acid

and dodecylbenzenesulphonic acid.



The oxidative polymerisation of the thiophene monomers of formula (V) theoretically requires

2.25 equivalents of oxidising agent per ol of thiophene (see for example J . Polym. Sc. Part A

Polymer Chemistry Vol. 26, p. 1287 (1988)). In practical terms, however, the oxidising agent

is used in a certain excess, for example an excess of 0.1 to 2 equivalents per mol of thiophene.

The oxidative polymerisation of the thiophene monomers in the presence of the polyanions can

take place in water or in water-miscible organic solvents, such as for instance methanol, etha-

nol, 1-propanol or 2-propanol, the use of water as a solvent being particularly preferred. If 3,4-

ethylenedioxythiophene is used as the thiophene monomer and polystyrene sulphonic acid as

the polyanion, aqueous dispersions are obtained in this way which are known as PEDOT/PSS

dispersions and which are available for instance under the trade name Clevios™ P from H.C.

Starck Clevios GmbH. The concentration of thiophene monomers and polyanions in the indi

vidual solvent is preferably chosen such that after oxidative polymerisation of the thiophene

monomers in the presence of the polyanions a dispersion is obtained which comprises the

complexes comprising the polythiophene and the polyanion in a concentration in a range from

0.05 to 50 wt.%, preferably in a range from 0.1 to 10 wt.% and still more preferably in a range

from 1 to 5 wt.%.

The dispersions obtained following polymerisation are conventionally also treated with anion

and/or cation exchangers, in order for example to at least partially remove from the dispersions

metal cations that are still present in the dispersions.

According to a preferred embodiment of the method according to the invention the layer struc-

re provided in process step i) is obtainable by a method comprising the process steps:

ia) Provision of the substrate;

ib) Application of a composition Z2 comprising the electrically conductive polymer and a

solvent on at least a part of the surface of the substrate;



ic) At least partial removal of the solvent to obtain an electrically conductive layer.

In process step ia) a substrate is first provided, the substrates already mentioned above as pre-

ferred substrates being preferred as substrates. The surface of the substrates can be pretreated

prior to applying the electrically conductive layer, for example by treatment with a primer, by

corona treatment, flame treatment, fluorination or plasma treatment, to improve the polarity of

the surface and hence the wettability and chemical affinity.

The dispersion described above, which is obtained following oxidative polymerisation of the

thiophene monomers in the presence of the polyanions, and which was preferably treated in

advance with ion exchangers, can be used for example as the composition Z2 comprising the

electrically conductive polymer and optionally a polyanion as well as a solvent, said composi

tion being applied in process step ib) to at least a part of the surface of the substrate, whereby

the use of a PEDOT/PSS dispersion is particularly preferred.

Before such a dispersion is applied to the substrate surface in process step ib) as a coating

composition for the purpose of forming an electrically conductive layer, further additives

which for example raise the conductivity can also be added to the dispersion, such as for ex-

ample ether group-comprising compounds such as for example tetrahydrofuran, lactone group-

comprising compounds such as butyrolactone, valerolactone, amide group- or lactam group-

comprising compounds such as caprolactam, N-methyl caprolactam, Ν ,Ν-dimethyl acetamide,

N-methyl acetamide, Ν,Ν-dimethyl formamide (DMF), N-methyl formamide, N-methyl for-

manilide, N-methyl pyrrolidone (NMP), N-octyl pyrrolidone, pyrrolidone, sulphones and

sulphoxides, such as for example sulpholane (tetramethylene sulphone), dimethyl sulphoxide

(DMSO), sugar or sugar derivatives, such as for example sucrose, glucose, fructose, lactose,

sugar alcohols such as for example sorbitol, mannitol, furan derivatives such as for example 2-

furan carboxylic acid, 3-furan carboxylic acid, and/or di- or polyalcohols such as for example

ethylene glycol, glycerol or di- or triethylene glycol. Tetrahydrofuran, N-methyl formamide,



N-methyl pyrrolidone, ethylene glycol, dimethyl sulphoxide or sorbitol are particularly pref

erably used as conductivity-raising additives.

One or more binders, such as polyvinyl acetate, polycarbonate, polyvinyl butyral, polyacrylic

acid esters, polyacrylic acid amides, polymethacrylic acid esters, polymethacrylic acid amides,

polystyrene, polyacrylonitrile, polyvinyl chloride, polyvinyl pyrrolidones, polybutadiene, poly-

isoprene, polyethers, polyesters, polyurethanes, polyamides, polyimides, polysulphones, sili¬

cones, epoxy resins, styrene/acrylate copolymers, vinyl acetate/acrylate copolymers and ethyl-

ene/vinyl acetate copolymers, polyvinyl alcohols or celluloses, can also be added to the disper-

sion. The proportion of the polymeric binder, if used, is conventionally in a range from 0.1 to

90 wt.%, preferably 0.5 to 30 wt.% and most particularly preferably 0.5 to 10 wt.%, relative to

the total weight of the coating composition.

Bases or acids, for example, can be added to the coating compositions to adjust the pH. Addi-

tives which do not adversely affect the film forming of the dispersions are preferred, such as

for example the bases 2-(dimethylamino)ethanol, 2,2'-iminodiethanol or 2,2',2"-

nitrilotriethanol.

According to a particularly preferred embodiment of the method according to the invention the

composition Z2 can also comprise crosslinking agents which allow crosslinking of the compo¬

sition Z2 following application on the substrate surface. The solubility of the coating in or¬

ganic solvents can be lowered in this way. Melamine compounds, capped isocyanates, func¬

tional silanes, for example tetraethoxysilane, alkoxysilane hydrolysates based for example on

tetraethoxysilane, or epoxysilanes such as 3-glycidoxypropyl trialkoxysilane are cited as ex-

amples of suitable crosslinking agents. These crosslinking agents can be added to the composi

tion in an amount in a range from 0.01 to 10 wt.%, particularly preferably in an amount in a

range from 0.05 to 5 wt.% and most preferably in an amount in a range from 0.1 to 1 wt.%,

relative in each case to the total weight of the composition Z2.



This composition Z2 can then be applied to the substrate in process step ib) by known meth

ods, for example by spin coating, dipping, pouring, dropping on, injecting, spraying, knife ap

plication, spreading or printing, for example inkjet, screen, intaglio, offset or pad printing, in a

wet film thickness of 0.5 µ η to 250 µπ , preferably in a wet film thickness of 2 µπ to 50 µηι.

In process step ic) the solvent is then at least partially removed to obtain an electrically con

ductive layer comprising the complexes according to the invention or the complexes obtain¬

able by the method according to the invention, said removal preferably being performed by

simple evaporation.

The thickness of the electrically conductive layer is preferably 1 nm to 50 µπι, particularly

preferably in a range from 1 nm to 5 µπι and most preferably in a range from 10 nm to 500 nm.

In process step ii) of the method according to the invention at least a part of the surface of the

electrically conductive layer is then brought into contact with a composition Zl comprising an

organic compound capable of releasing chlorine, bromine or iodine.

The formulation "which is capable of releasing chlorine, bromine or iodine" is preferably un

derstood according to the present invention as meaning an on organic compound, which, after

addition of a solvent, preferably after addition of water, releases chlorine in the form of Cl2,

HOC1, OC or a mixture of at least two of these chlorine compounds, or bromine in the form

of Br2, HOBr, OBr or a mixture of at least two of these bromine compounds, or iodine in the

form of I2, HIO, IO or a mixture of at least two of these iodine compounds.

An organic compound capable of releasing chlorine, bromine or iodine that is particularly pre

ferred according to the invention is an organic compound comprising at least one structural

element (I)



(I)

in which

Hal is a halogen selected from the group consisting of chlorine, bromine or iodine, but

preferably denotes chlorine or bromine,

Y is selected from N, S and P, but preferably denotes N,

and

X \ and X2 can be the same or different and each denote a halogen, preferably chlorine or

bromine, a carbon atom or a sulphur atom, wherein one or more further atoms can op

tionally be bonded to i and X2. The number of further atoms bonded to X and X2 is

dependent on the covalence of Xi and X2.

According to a first particular embodiment of the method according to the invention the or

ganic compound comprises at least two structural elements (I) in which Hal denotes a chlorine

atom or a bromine atom and Y denotes nitrogen, wherein these at least two structural elements

(I) can optionally also be different from one another. In this connection it is most particularly

preferable according to a first variant of the method for the organic compound to comprise the

structural element (II)

( )



in which a chlorine atom or a bromine atom is bonded to at least two of the nitrogen atoms. Of

these organic compounds, sodium dichlorodiisocyanurate, sodium dibromodiisocyanurate,

tribromoisocyanuric acid and trichloroisocyanuric acid are particularly preferred.

According to a second method variant of this first particular embodiment of the method ac¬

cording to the invention it is preferable for the organic compound to comprise the structural

element (III)

(III)

in which a chlorine atom or a bromine atom is bonded to the two nitrogen atoms and in which

R ' and R can be the same or different and denote a hydrogen atom or a -C4 alkyl group, in

particular a methyl group or an ethyl group.

Particularly preferred organic compounds in this connection are selected from the group con¬

sisting of bromo-3-chloro-5,5-dimethylhydantoin, l-chloro-3-bromo-5,5-dimethylhydantoin,

1,3-dichloro-5,5-dimethylhydantoin and 1,3-dibromo-5,5-dimethylhydantoin.

According to a second particular embodiment of the method according to the invention the

organic compound comprises exactly one structural element (I). In this case too Y preferably

denotes N .

According to a first method variant of this second particular embodiment of the method ac¬

cording to the invention the organic compound is N-chlorosuccinimide or N-

bromosuccinimide.



According to a second method variant of this second particular embodiment of the method

according to the invention the organic compound comprises the structural element (IV)

(IV)

in which a chlorine atom or a bromine atom is bonded to the nitrogen atom and in which R3,

R4, R5 and R6 can be the same or different and denote a hydrogen atom or a C -C alkyl group,

which can optionally be substituted with bromine or chlorine. In this connection 3-bromo-5-

chloromethyl-2-oxazolidinone, 3-chloro-5-chloromethyl-2-oxazolidinone, 3-bromo-5-

bromomethyl-2-oxazolidinone and 3-chloro-5-bromomethyl-2-oxazolidinone can be cited as

examples of suitable organic compounds.

Furthermore the organic compound according to the second particular embodiment of the

method according to the invention can for example be halazone, an N,N-

dichlorosulphonamide, an N-chloro-N-alkylsulphonamide or an N-bromo-N-

alkylsulphonamide in which the alkyl group is a C C4 alkyl group, particularly preferably a

methyl group or an ethyl group.

Also suitable as the organic compound according to a third particular embodiment of the

method according to the invention are organic compounds selected from the group consisting

of 5-chloro-2-methyl-4-isothiazolin-3-one, 4,5-dichloro-2-N-octyl-4-isothiazolin-3-one,

bromo-2-nitro- 1,3-propanediol (BNPD), 2,2-dibromo-3-nitrilopropionamide, dibromonitro-

ethyl propionate, dibromonitroethyl formate, sodium-N-chloro-(4-

methylbenzene)sulphonamide or tetraglycine hydroperiodide.



The composition used in process step ii) is preferably an aqueous solution or dispersion in

which the organic compound is dissolved or dispersed. In this connection it is particularly

preferable for the aqueous solution or dispersion to have a pH determined at 25°C of at least 4,

particularly preferably in a range from 4 to 12, particularly preferably in a range from 5 to 10

and most preferably in a range from 6 to 8.

The composition Zl, particularly preferably the aqueous solution or dispersion, preferably

comprises the organic compound described above in a concentration in a range from 0.1 to 50

wt.%, particularly preferably in a range from 0.5 to 35 wt.% and most preferably in a range

from 1 to 20 wt.%, relative in each case to the total weight of the composition Z l .

According to a further particular embodiment of the inventive process for producing a layer

structure, the composition Z l used in process step ii), preferably the solution or dispersion

used in this process step, comprises as further component cyanuric acid as stabiliser, in addi-

tion to the above described organic compound. It has surprisingly been found that the rate of

release of chlorine, bromine or iodine can be regulated by the addition of cyanuric acid. In the

case of a use of a solution or dispersion of the organic compound in process step ii), the

amount of cyanuric acid in the solution or dispersion preferably lies in a range of from 1 to 500

mg/L, particularly preferably in a range of from 10 to 100 mg/L.

The bringing into contact of the electrically conductive layer with the composition Z in proc

ess step ii) preferably takes place by dipping the electrically conductive layer into the composi

tion Zl or by printing the electrically conductive layer with the composition Zl, wherein how¬

ever all the methods already described above as preferred application methods in connection

with applying the composition Z2 to the substrate surface are in principle also suitable. To

ensure an adequate patterning, the electrically conductive layer remains in contact with the

composition Zl, preferably the aqueous solution or dispersion, for approximately 1 second to

30 minutes, particularly preferably for approximately 30 seconds to 15 minutes and most pref

erably approximately 1 to 5 minutes, before it is withdrawn again or before the composition Z l

is removed again. The temperature of the composition Z l during the bringing into contact with



the electrically conductive layer is preferably in a range from 10 to 40°C, particularly prefera¬

bly in a range from 20 to 30°C, whereby the use of a composition Zl at room temperature

(25°C) is most preferred.

Various methods are suitable for bringing only a part of the electrically conductive layer of the

layer structure into contact with the composition Zl for the purpose of patterning. In the sim¬

plest case a patterning can be achieved by dipping only a part of the layer structure into the

composition Z l and correspondingly also bringing only a part of the electrically conductive

layer into contact with the composition Zl. It is however also conceivable for the composition

Z l to be applied by for example printing on only certain areas of the electrically conductive

layer on the layer structure. The use of templates with which the layer structures can be cov¬

ered and which have cut-outs through which the composition Z l can come into contact with

certain areas of the electrically conductive layer is also conceivable. It is moreover also possi¬

ble to use photolithography to bring about a patterning.

The method according to the invention can comprise as a further process step:

iii) Washing the electrically conductive layer brought into contact with the composition Z l ,

wherein washing preferably takes place by dipping the layer structure into a solvent, for exam¬

ple water, and this can be followed by a drying step.

According to a particular embodiment of the method according to the invention the bringing

into contact of the electrically conductive layer with the composition Z l takes place under

conditions such that the colour difference AEbefore, after is at most 4.5, particularly preferably at

most 3.0 and most preferably at most 1.5, the colour difference AEb e f0 re, after being calculated as

follows:

before,after - V *before L *after + a "before a *after + "before ~ b *after



L*before, *before and b*b e fore are the L, a and b values respectively of the L*a*b* colour space of

the electrically conductive layer before being brought into contact with the composition Z and

L*after, a*a fter and b*aft e r are the L, a and b values respectively of the L*a*b* colour space of the

(formerly) electrically conductive layer after being brought into contact with the composition

Zl. For the purpose of the above requirement the layer should still be referred to as the "elec

trically conductive layer" after being brought into contact with the composition Zl, even if the

electrical conductivity is negligible as a result of being brought into contact with the composi¬

tion Zl.

In the method according to the invention it is furthermore preferable for the bringing into con¬

tact of the electrically conductive layer with the composition Z l to take place under conditions

such that the thickness of the electrically conductive layer in the areas brought into contact

with the composition Z l is reduced by at most 50%, particularly preferably by at most 25%

and most preferably by at most 10%.

A contribution to achieving the objects set out in the introduction is also made by a layer struc

ture obtainable by the method according to the invention described above.

A contribution to achieving the objects set out in the introduction is also made by a layer struc-

ture comprising a substrate and a layer on the substrate which comprises an electrically con¬

ductive polymer, wherein the layer structure comprises

A) at least one area in which the layer on top of the substrate has a surface resistance R;

B) at least one area in which the layer on top of the substrate has a surface resistance which

is around 10 times, particularly preferably around 100 times, still more preferably around

1000 times, still more preferably around 10,000 times and most preferably around

100,000 times greater than R;



wherein the colour difference AEarea A, area B at most 4.5, particularly preferably at most 3.0

and most preferably at most 1.5. The colour difference E area A, area B calculated as follows:

∆ Ε = L * - L * + a * —a * 1 + b * - b *
areaA,area B areaA areaB area A areaB area A areaB

L*area A , *a ea A and b*area A are the L, a and b values respectively of the L*a*b* colour space of

areas A and L*AREA B, a*AREA B and b*AREA B are the L, a and b values respectively of the L*a*b*

colour space of areas B.

Those substrates and electrically conductive polymers already mentioned above as preferred

substrates and electrically conductive polymers in connection with the method according to the

invention are preferred as substrates and electrically conductive polymers. In connection with

the layer structure according to the invention it is furthermore also preferable for the layer to

comprise complexes comprising a polythiophene and a polyanion, those complexes already

mentioned in the introduction as preferred complexes in connection with the method according

to the invention being preferred here too. Complexes of poly(3,4-ethylenedioxythiophene) and

polystyrene sulphonic acid are most particularly preferred in this connection. The thickness of

the layer also preferably corresponds to the thickness of the electrically conductive layer de

scribed above as the preferred film thickness in connection with the method according to the

invention.

In the case in particular of a layer comprising complexes consisting of poly(3,4-

ethylenedioxythiophene) and polystyrene sulphonic acid, it is preferable for the surface resis¬

tance R to have a value in a range from 1 to 109 Ω/square, particularly preferably in a range

from 0 to 106 Ω/square and most preferably in a range from 10 to 103 Ω/square.

It is furthermore preferable in connection with the layer structure according to the invention

for the following to apply for the thickness of the electrically conductive layer in the areas A

(3) (SA) and B (4) (SB) :



SB/SA ≥ 0.5, particularly preferably > 0.75 and most preferably > 0.90.

For the purpose of the above requirement the layer in the areas B should be regarded as the

"electrically conductive layer" even if the electrical conductivity of this layer is negligible.

According to a particular embodiment of the layer structure according to the invention the

amount of the difference between the transmission of the areas (A) and (B) (|TA-TB|) is at most

5%, particularly preferably at most 3% and most preferably at most 1% of the value of the

transmission of areas A (TA) .

It is furthermore preferable in connection with the layer structure according to the invention

for the areas A and B to have a geometric shape, preferably a geometric shape selected from

the group consisting of a circle, a rectangle or a triangle. In this connection it is particularly

preferable for the areas A and B together to form a circuit design. In this connection it is fur-

thermore preferable for the areas A and B each to have a surface area of at least 0.00001 mm ,

preferably at least 0.000 1 mm , still more preferably at least 0.001 mm , still more preferably

at least 0.01 mm2, still more preferably at least 0 .1 mm2, still more preferably at least 1 mm2

and most preferably at least 10 mm .

A contribution to achieving the objects set out in the introduction is also made by the use of a

layer structure obtainable by the method according to the invention or of a layer structure ac

cording to the invention to produce electronic components, in particular organic light-emitting

diodes, organic solar cells or capacitors, to produce touch panels or touch screens or to produce

an antistatic coating.

A contribution to achieving the objects set out in the introduction is also made by an electronic

component, a touch panel or a touch screen comprising a layer structure obtainable by the

method according to the invention or a layer structure according to the invention. Preferred

electronic components are in particular organic light-emitting diodes, organic solar cells or



capacitors, the use in capacitors, in particular the use as a solid electrolyte in capacitors with

aluminium oxide as the dielectric, being particularly preferred.

A contribution to achieving the objects set out in the introduction is also made by the use of an

organic compound capable of releasing chlorine, bromine or iodine to treat an electrically con¬

ductive layer comprising an electrically conductive polymer, preferably a polythiophene, par

ticularly preferably a complex of poly(3,4-ethylenedioxythiophene) and polystyrene sulphonic

acid. The organic compounds already mentioned above as preferred organic compounds in

connection with the method according to the invention are preferred as the organic compound

capable of releasing chlorine, bromine or iodine.

The invention is now described in more detail by reference to figures, test methods and non-

limiting examples.

Figure 1 shows a cross-section of the structure of a layer structure 1 according to the invention,

for example an antistatic film, in general form. On a substrate 2 a coating is applied which en

compasses areas 3 with a surface resistance R and areas 4 with a surface resistance around 10

times greater than R. Figure 2 shows the same layer structure 1 from above.

Figure 3 shows the result of treating a printed PEDOT/PSS antenna layout by means of the

method according to the invention in comparison with the results obtained by means of the

methods known from the prior art.

TEST METHODS

Determining the surface resistance

To determine the surface resistance, Ag electrodes of length 2.5 cm are vapour coated using a

shadow mask in such a way that a resistance measurement is possible in both areas A and B.

The surface resistance is determined using an electrometer (Keithley 614). The determination



was carried out by means of a so called four-point probe measurement as described for in

stance in US 6,943,571 Bl.

Determining the colour values L, a and b and the transmission

The measurement of the transmission spectra of coated PET films is carried out in accordance

with ASTM 308-94a. A Lambda 900 two-channel spectrophotometer from Perkin Elmer is

used to this end. The instrument is fitted with a 15-cm photometer sphere. The correct function

of the spectrophotometer is ensured and documented by regularly checking the wavelength

calibration and the linearity of the detector in accordance with the manufacturer's recommen¬

dations.

In the transmission measurement the film to be measured is fixed in front of the inlet port of

the photometer sphere by means of a retainer, so that the measuring beam penetrates the film

with no shadowing. The film is visually homogeneous in the area of the penetrating measuring

beam. The film is oriented with the coated side facing the sphere. The transmission spectrum is

recorded at wavelength increments of 5 nm in the wavelength range from 320 to 780 nm.

There is no sample in the reference beam path, so the spectrum is recorded against air.

The WinCol Version 1.2 software supplied by the instrument manufacturer is used for the col¬

our evaluation of the transmission spectrum. Here the CIE tristimulus values (standard colour

values) X, Y and Z of the transmission spectrum in the wavelength range 380 to 780 nm are

calculated in accordance with ASTM 308-94a and DIN 503. From the standard colour values

the chromaticity coordinates x and y and the CIELAB coordinates L*, a* and b* are calculated

in accordance with ASTM 308-94a and DIN 5033.



EXAMPLES

Example 1

Etching a PEDOT/PSS-coated PET film strip with a solution of a cleaning agent comprising

sodium dichlorodiisocyanurate:

Strips measuring approximately 2 10 cm are cut from a PET film coated with a PEDOT/PSS

formulation. In addition, a saturated solution of the "Dr. Weigert neodisher LaboClean A8"

cleaning agent (pH = 10.0) is produced in water. The lower half of the strips is dipped into the

solution. The surface resistances of the dipped and the undipped half are measured after 1, 2

and 3 minutes:



Example 2

Etching a PEDOT/PSS-coated PET film strip with a sodium dichlorodiisocyanurate solution of

pH = 6 :

Strips measuring approximately 2 0 cm are cut from a PET film coated with a PEDOT/PSS

formulation. In addition, a 5% and a 10% solution of sodium dichlorodiisocyanurate in water

are prepared. The lower half of the strips is dipped into the solutions. The surface resistances

of the dipped and the undipped half are measured:

OL is the reading on the instrument if a surface resistance > 30 ΜΩ/cm is measured.

Example 3

Etching a PEDOT/PSS-coated PET film strip with a sodium dichlorodiisocyanurate solution of

pH = 10:

Strips measuring approximately 2 10 cm are cut from a PET film coated with a PEDOT/PSS

formulation. In addition, a 5% and a 10% solution of sodium dichlorodiisocyanurate in water

are prepared and are adjusted with sodium hydroxide to pH = 10. The lower half of the strips is

dipped into the solutions. The surface resistances of the dipped and the undipped half are

measured:



Example 4

Measuring the colour value of etched PEDOT/PSS layers:

The colour coordinates in the L*a*b* coordinates system were determined on the etched, no

longer conductive pieces:

and the transmission (Y D65/100 value) was measured:

The differences in colour coordinates and transmission were scarcely perceptible.

Example 5

Etching a printed PEDOT/PSS antenna layout:

The lower half of an antenna layout printed with a PEDOT/PSS formulation (see layout a) in

Fig. 3) is dipped into the solution from Example 1. The dipped half shows a slight, scarcely

perceptible lightening in colour, while the conductivity is completely destroyed (see layouts c)



in Fig. 3). If by contrast the antenna layout is dipped into a cerium nitrate solution, the

PEDOT/PSS layer is extensively decolourised (see layout b) in Fig. 3).



Claims

A method for producing a layer structure, comprising the process steps:

i) Providing a layer structure comprising a substrate and an electrically conductive

layer, applied on the substrate, which comprises an electrically conductive

polymer;

ii) Bringing at least a part of the surface of the electrically conductive layer into

contact with a composition Z l comprising an organic compound capable of re

leasing chlorine, bromine or iodine.

The method according to claim 1, wherein the composition Z l is an aqueous solution

or dispersion with a pH of at least 4.

The method according to claim 1 or 2, wherein the electrically conductive layer com

prises a polyanion in addition to the electrically conductive polymer.

The method according to claim 3, wherein the electrically conductive layer comprises

complexes consisting of poly(3,4-ethylenedioxythiophene) and polystyrene sulphonic

acid.

The method according to one of the preceding claims, wherein the electrically con¬

ductive layer is obtainable by a method comprising the process steps:

ia) Provision of the substrate;

ib) Application of a composition Z2 comprising the electrically conductive polymer

and a solvent on at least a part of the surface of the substrate;

ic) At least partial removal of the solvent to obtain an electrically conductive layer.



6. The method according to claim 5, wherein the composition Z2 is a dispersion com

prising complexes of poly(3,4-ethylenedioxythiophene) and polystyrene sulphonic

acid.

7. The method according to one of the preceding claims, wherein the organic compound

capable of releasing chlorine, bromine or iodine comprises at least one structural ele¬

ment (I)

Hal

X;

(I)

wherein

Hal is a halogen selected from the group consisting of chlorine, bromine or io

dine,

Y is selected from N, S and P, and

i and X2 can be the same or different and each denote respectively a halogen,

a carbon atom or a sulphur atom, and wherein one or more further atoms can

optionally be bonded to X and X2.

8. The method according to claim 7, wherein the organic compound comprises at least

two structural elements (I) in which Hal denotes a chlorine atom or a bromine atom

and Y denotes nitrogen, wherein the at least two structural elements (I) can optionally

be different from one another.

9. The method according to claim 7, wherein the organic compound comprises the stru c

tural element (II)



in which a chlorine atom or a bromine atom is bonded to at least two of the nitrogen

atoms.

The method according to claim 9, wherein the organic compound is sodium di-

chlorodiisocyanurate, sodium dibromodiisocyanurate, tribromoisocyanuric acid or tri-

chloroisocyanuric acid.

The method according to claim 7, wherein the organic compound comprises the struc

tural element (III)

(III)

in which a chlorine atom or a bromine atom is bonded to the two nitrogen atoms and

in which R1 and R2 can be the same or different and denote a hydrogen atom or a -

C4 alkyl group.

The method according to claim 11, wherein the organic compound is l-bromo-3-

chloro-5,5-dimethylhydantoin, 1-chloro-3-bromo-5,5-dimethylhydantoin, 1,3-

dichloro-5,5-dimethylhydantoin or 1,3-dibromo-5,5-dimethylhydantoin.



13. The method according to one of claims 1 to 7, wherein the organic compound com

prises just one structural element (I), in which Y denotes N.

14. The method according to claim 13, wherein the organic compound is N-

chlorosuccinimide or N-bromosuccinimide.

15. The method according to claim 13, wherein the organic compound comprises the

structural element (IV)

in which a chlorine atom or a bromine atom is bonded to the nitrogen atom and in

which R3, R4, R5 and R6 can be the same or different and denote a hydrogen atom or a

C -C alkyl group, which can optionally be substituted with bromine or chlorine.

16. The method according to claim 15, wherein the organic compound is selected from

the group consisting of 3-bromo-5-chloromethyl-2-oxazolidinone, 3-chloro-5-

chloromethyl-2-oxazolidinone, 3-bromo-5-bromomethyl-2-oxazolidinone and 3-

chloro-5-bromomethyl-2-oxazolidinone.

17. The method according to claim 13, wherein the organic compound is halazone, an

Ν ,Ν-dichlorosulphonamide, an N-chloro-N-alkyl sulphonamide or an N-bromo-N-

alkyl sulphonamide in which the alkyl group is a C C4 alkyl group.

18. The method according to one of the preceding claims, wherein the composition Zl is

an aqueous solution or dispersion with a pH in a range from 4 to 12.



19. The method according to claim 18, wherein the composition Z l is an aqueous solution

or dispersion with a pH in a range from 6 to 8.

20. The method according to one of the preceding claims, wherein the composition Z l

comprises the organic compound in a concentration in a range from 0.1 to 50 wt.%,

relative to the total weight of the composition Zl .

2 1. The method according to claim 20, wherein the composition Z l comprises the organic

compound in a concentration in a range from 1 to 20 wt.%, relative to the total weight

of the composition Zl .

22. The method according to one of the preceding claims, wherein the composition Z l

used in process step ii) comprises as further component cyanuric acid as stabiliser, in

addition to the organic compound defined in claims 7 to 17.

23. The method according to one of the preceding claims, wherein the bringing into con¬

tact of the electrically conductive layer with the composition Zl in process step ii)

takes place by dipping the electrically conductive layer into the composition Zl or by

printing the electrically conductive layer with the composition Zl.

24. The method according to one of the preceding claims, wherein the method comprises

as a further process step:

iii) Washing the electrically conductive layer brought into contact with the compo

sition Zl.

25. The method according to one of the preceding claims, wherein the bringing into con¬

tact of the electrically conductive layer with the composition Z l takes place under

conditions such that the colour difference AEbefore, after at most 4.5.



26. The method according to one of the preceding claims, wherein the bringing into con

tact of the electrically conductive layer with the composition Z l takes place under

conditions such that the thickness of the electrically conductive layer in the areas

brought into contact with the composition Z l is reduced by at most 50%.

27. A layer structure obtainable by the method according to one of claims 1 to 26.

28. A layer structure (1) comprising a substrate (2) and a layer on the substrate which

comprises an electrically conductive polymer, wherein the layer structure comprises

A) at least one area A (3) in which the layer on top of the substrate (2) has a surface

resistance R;

B) at least one area B (4) in which the layer on the substrate (2) has a surface resis

tance which is around 10 times greater than R;

wherein the colour difference ∆Ε A , area B at most 4.5.

29. The layer structure according to claim 28, wherein the following applies for the thick

ness of the electrically conductive layer in the areas A (3) (SA) and B (4) (SB):

SB/SA > 0.5.

30. The layer structure according to claim 28 or 29, wherein the difference between the

transmission of the areas A (3) and B (4) (|TA-TB|) is at most 5% of the value of the

transmission of areas A (TA).

31. The layer structure (1) according to one of claims 28 to 30, wherein the areas A (3)

and B (4) have a geometric shape.

32. The layer structure (1) according to claim 31, wherein the areas A (3) and B (4) to

gether form a circuit design.



33. The layer structure (1) according to one of claims 28 to 32, wherein the areas A (3)

and B (4) each have a surface area of at least 0.00004 mm2.

34. The use of a layer structure (1) according to one of claims 27 to 33 to produce an elec¬

tronic component, a touch panel, a touch screen or an antistatic coating.

35. An electronic component, a touch panel or a touch screen comprising a layer structure

(1) according to one of claims 27 to 33.

36. The use of an organic compound capable of releasing chlorine, bromine or iodine to

treat an electrically conductive layer comprising an electrically conductive polymer.
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