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on the use of crystalllne silicon, thin-film and concentrator photovoltaic

o

technologies.

Thin-film technologies have lower efficiencies than crystalline silicon cells but
permit direct application to a surface that can be plastic. Thin-film technology

20 reduces end product costs because it allows for smaller amounts of
semiconductor material to be used, can be manufactured by a continuous
process, and results in a product that is less likely to be damaged during
transportation.

Thus, a promising low cost alternative to silicon solar cells can be found in

25 organic photovoltaic devices (OPVs), if their power conversion efficiency
can be increased comparable to common devices(Landi, B. J.; Raffaelle,
R.P.; Castro, S.L.; Bailey, S.G., (2005). "Single-wall carbon nanotube-
polymer solar cells". Progress in Photovoltaics: Research and Applications
13 (2): 165-172) and if moderate power conversion efficiencies can be

30

achieved at low costs.

Organic (polymer-based) solar cells are flexible, and according to the current
state of development, their production costs are about a third of the price of
silicon cells. They are disposable and can be designed on a molecular level.

35 Current research is focusing on the improvement in efficiency and
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2011/ 144292PCT/ EP2011/ 002085 -3 1In this context carbon nanotubes (CNTs)
have al so attracted great interest with their nano-scale cylindrical

structure. CalpledidgPRScurttly é@aiaing thegrodectiorpssrgahitgledtdvoltaics
applications &}‘%})\I}s in CPVstarg. of, much inter es& ” Deiﬁ«?n%;.tn& (Im'l't hﬁ vari ed
chiralities (PRYSIP QNGERNE i disAgvaniagss associated with traditichal silico
20 based photovoltaics. Organic photovoltaics are composed of layers of
semiconducting organic materials (polymers or oligomers) that absorb
photons from the solar spectrum. In OPVs, solar radiation promotes the
photoactive semiconducting organic materials in the photoactive layer to an
excited state. This excited state is referred to as an exciton and is a loosely

o5 bounded electron-hole pairing.

This was made possible by the discovery of photoinduced electron transfer
from the excited state of a conjugated polymer (as the donor) onto fullerene
(as the acceptor). Fullerene provides higher electron separation and

30 collection efficiency compared to previously known electron acceptors.

Photovoltaic cells based on polymer/fullerene Cg planar heterojunctions
have been reported earlier. Blending a conjugated polymer and Cegg (or its
functionalized derivatives) results in moderate charge separation and

35 collection efficiencies due to the formation of bulk donor-acceptor (D-A)
heterojunctions.
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20 Waldeck, J. Chen, Nano Letters 8 (4), 1142 — 1146 (2008)].

However, nanotubes distributed within a polymer matrix are less efficient in
separating photogenerated carriers than spherical Cgo molecules that have a
larger surface to volume ratio and it is difficult to disperse CNTs in a

25 photoactive matrix.

CNT layers have a transparency in the visible and IR spectrum and because
of their electrical properties CNT coatings and circuits are becoming one of
the latest alternatives to traditional conductive materials [e.g. indium tin oxide

30 (ITO), fluorine-doped tin oxide (FTO), zinc oxide or cadmium sulfide] [ R.
Saito, G Dresselhaus, M. S. Dresselhaus, “Physical Properties of Carbon
Nanotubes”, Imperial College Press, London U.K. 1998]. Carbon nanotubes
are an allotrope of carbon that is found in both a single-walled carbon
nanotube and multi walled carbon nanotube veriety. Carbon nanotubes are

35 known to exhibit extraordinary strength, heat conductance, and electrical
properties.



5gl ass and pl astic surfaces, since they can be fornmed into a sol ution,
conpared with 1 TO which has to be sputtered onto a surface in a vacuum
This is wep20t1/i4s200esirable to apply CNT |ayers and to weplrre®1loiioss ayers
i n photovol taic devices. 10Conbi nation of CNTs with el ectron donors
signifies an inportant concept to har vest* sol ar energy and convert it into
electricity. Like Cso, CNTs have been introduced into the sane conj ugat ed
polymers to produce organi c photovoltaic devices [E. Kynakis, .
Aramat unga, Rev 0

3 305
i nportantly, meﬁ@&m%f’é'f%ai%&R%ﬁ%"‘glﬂ%% %gg%ﬁﬁg\}%f]%@%%%‘fars&ause
of their uni gsed@storeancyexdusietly ratypexFbelavailakiityefraopitgpe traespatenind
h | t b
o Cher copar SoRTaIRFSauEIeEd SO AR G gyt ifl shnbifg hanbakuRg aRp Cof be
t he ZOSchottinyprbaerefﬁmlencsatﬂﬁﬁmaiamleba@d @heapeﬁ@a@dTQ toxd %ﬂflﬁlmrrent or
a_protg Vol {88 GA assﬁ?esga&ﬁg SISt TR inflo %lmtmtl ons shows

band-t 0- band®transitions_an t on- assi ste tunnelin mul'tipl e sharp

peaks in thecompasgedwithyT§) whecmmﬁw@ e spylieredeent °E?e§3f€£%%e INRAVEPUA  ONT,
CNT macr o- bUfFPIIs% virdit i 488irabie 9o RHPHUCR Taapére! At RIplace VO @yerdatk

el ectrode nade CNTIs.is yet another inportant application in solar
cells. Thin, ph?M@Fﬁ&C&ﬁ‘“‘F%ﬁzers conprising bulk netallic CNTs have been
pr oposed for providing lateral (in-plane) electrical conductivity for

col | ect,hhg ¢ i At

or esentOf ur ¢ hergagio g et s ?‘Haié”%ﬁ&&&% sifiilgrah imBoRahfLoffenito,

order to makbattastspaepefay anﬁ@onueﬁe&m Slectrity/ bike ASp PeNT] EF"E(Y?ll?WO%

-5 di sper sed; dtfbd%.dé%qhw%e\f@urﬁ@doﬁdg%%@ab%aetap@@mw iubst ance. The

latter may be an alum nium o The urfa f th ai:NT

conpri sing | &9@1&0\40&@&%@%5[ gﬁ?a@t &rvrjt Aramapindge &dvaﬁl fe X ode.

A transparenthBQQeg%\(god)@)yer whi ch may consi st of silicone rubber or

pl asti q@ Sis further lam nated on the carbon nanotubes conprising |ayer or
on

on the duct or obtained by dispersing the carbon nanotubes in a nmedium
Di f ferent metMostsmpbrtbotiyr G THegsadshetenpjurstings @se b parisniarubiesestr e known.

resence of TRERHSSS] ﬂfﬁ?’g@i"&ﬁeﬁ&?@*@SB%%@'P%?X@SR%L&@B@@@?I“V'a"pigo' g, (e
produced by @h@@harm@alaw@peré@m hepeoglestipnahelarsdis %?Wéied@rYtFH&tpﬁﬁ ceRdear bon
vapour W th cahal kefatatdd By dnxterftdly.dpphied voltage, by internal fields at the

20 Schottky barriers, at p—n junctions or at defects. A photocurrent or a photo
voltage can be generated.

The photo current in CNT junctions shows band-to-band transitions and

photon-assisted tunneling with multiple sharp peaks in the infrared, visible
25 and ultraviolet. Besides individual CNT, CNT macro-bundles and films also

produce a photocurrent. Windows/back electrode made from CNTs is yet

another important application in solar cells. Thin, transparent layers

comprising bulk metallic CNTs have been proposed for providing lateral (in-

plane) electrical conductivity for collecting current from the front surface of
30 thin-film solar cells.

At present further developments of OVPs comprising CNTs is intensified in
order to make them ready for the market.

35 JP 2005327965 (A) discloses a photovoltaic device using carbon nanotubes,
especially multilayered carbon nanotubes, wherein carbon nanotubes are
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In US 6835591 a conductive article is disclosed, which includes an

20 aggregate of nanotube segments in which the nanotube segments contact
other nanotube segments to define a plurality of conductive pathways along
the article. The articles so formed may be disposed on substrates, and may
form an electrical network of nanotubes within the article itself. Conductive
articles may be made on a substrate by forming a nanotube fabric on the

25 substrate, and defining a pattern within the fabric in which the pattern
corresponds to the conductive article. The nanotube fabric may be formed by
depositing a solution of suspended nanotubes on the substrate. The
deposited solution may be spun to create a spin-coating of the solution. The
solution may be deposited by dipping the substrate into the solution. The

30 nanotube fabric is formed by spraying an aerosol having nanotubes onto a
surface of the substrate.

Again in WO2008/051205 A2 CNT layers are formed in a two step method.
First a dilute water solution of CNTs is sprayed on a substrate. Water is

35 evaporated leaving only the consolidated carbon nanotubes on the surface.
Then a resin is applied on the CNTs and penetrates into the network of the
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bottom A solar cell usually consists of a p-conducting substrate into
which a layer of an n-conducting substance is diffused on the front side. A
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layers suitable for transforming solar energy into electricity. However, when
CNT material is used to form a part of photovoltaic devices, the comprising
CNT material often has a rough surface topography, with pronounced
thickness variations, such as numerous peaks and valleys. The rough
25 surface topography can cause difficulties. For example, the rough surface

topography of CNT materials can make CNT materials difficult to be etched
without undesired etching of the underlying substrate, or without increasing
fabrication costs and associated with their use in integrated circuits.

30 Objective

Regardless of whether CNT comprising layers are applied in touch panels,
displays (LCD) or photovoltaik devices, like solar cells, these layers have to
be patterned precisely in one form or another in order to get uncoated areas
as the insulation between the conductive pathways and contacts.
Sometimes, if desired, this patterning has to include the CNTs as well as the
neighbouring polymers and the polymeric substructure made. Thus, itis an

35
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the protectigg,R(%Bh ftbcess which is suitable for mass production, the contact may be
produced by screen printing.

ods:

15 According to the current state of the art, any desired structures can be
etched selectively in a polymer based substrate, directly by laser-supported
etching methods or after masking by wet-chemical methods or by dry-etching
methods.

20 In laser supported etching methods the laser beam scans the entire etch
pattern dot by dot or line by line in the case of vector-orienting systems, on
the substrate, which, in addition to a high degree of precision, also requires
considerable adjustment effort and is very time-consuming.

25 Brief description of the invention

The wet-chemical and dry etching methods include material-intensive, time-
consuming and expensive process steps:

30 A. masking of the areas not to be etched, for example by
photolithography:
production of a negative or positive of the etch structure (depending on
the resist), coating of the substrate surface (for example by spin-
coating with a liquid photoresist),drying of the photo-resist, exposure
35 of the coated substrate surface, development, rinsing, if desired drying



the substrate nmust be renoved. This can be carried out by nmeans of

sol vents, such as, for exanple, acetone, or dilute aqueous al kaline

sol uti onswOThe/sudgtrates are finely rinsed and dried. POTHhiP011a82085t ep

i nvolves the risk, that the CNT corrprisiggg pol ymer |ayers are affected by
solvents or the alkaline solutions or the’Tayered material is del am nated.
In WO 2009/ 126891 Al a dry etching of CNT conprising |layers is disclosed,
25 using a patterned masking | ayer and etching the CNT filmin a plasm

et ch chanber _usi ng. bor trichloride (BCI3) and dichloride (C2) and a
substrate bils %@\%\Q‘g O%nhr‘?c tnfcpfggees ‘ching nethods are tinme consum ng and
expensi ve, 30exgiprmathuds (fer exaraple wdt eichingoinevetich@xiicabbanksi ng | ayers by
exposure to appli i g bldrPBsth2 b e res or
by exposure of b@@ﬂ\%{#%ﬁ% |t)éggso§&§ﬂ$§'§#ed rgd%gﬂlﬁaﬁﬁr%g%begte % it was
found by these drppgiindtaQ caseadadasiosnpfiiRdng | ayers can be etched

sel ectvely and uni formw th high throughput by use of an al kaline based
etching paste, such 35that this t hod can be applied for the treatnment of
CNT conpri si ng BRNERROr YRy MEtRoRs 92 PCT/ EP2011/ 002085 9 for nass
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nano tubes and trhexpensive vasuwstynitseor etobNgvit feastive @ases i davyiregciaie
substrate. In step a) preferably an etching paste is printed onto the
surface of a conposite material, wherein the active etchant is sel ected
fromthe gro@ﬁd15t et ranet hyl ammoni unhydr oxi d, tetrapropyl ammoni unmhydri xi d
and tetraethyl ammoni um hydrixid or fromthe group NaOH and KOH. The applied
paste nposid i on, . may _ conmr.i S L fr r,
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1, 4- but anedi ol , the Substrateguust be temopedit Hiie ¢anlbe cargeddut byhegansof

ethyl ene solvents, such as, for example, acetone, or dilute aqueous alkaline
solutions. The substrates are finely rinsed and dried.
20 This last step involves the risk, that the CNT comprising polymer layers are
affected by solvents or the alkaline solutions or the layered material is
delaminated.

In WO 2009/126891 A1 a dry etching of CNT comprising layers is disclosed,

25 using a patterned masking layer and etching the CNT film in a plasma etch
chamber using boron trichloride (BCl3) and dichloride (Cl2) and a substrate
bias power.

Since these etching methods are time consuming and expensive,

30 experiments were carried out to etch CNT comprising layers by exposure to
applied pasty etching compositions at elevated temperatures or by exposure
of thermal radiation or infrared radiation. Unexpectedly it was found by these
experiments that CNT comprising layers can be etched selectively and
uniform with high throughput by use of an alkaline based etching paste, such

35 that this method can be applied for the treatment of CNT comprising layers



20gl ycol, diethyl ene glycol and dipropyl ene glycol, and ethers thereof,
such as ethyl ene glycol nonobutyl ether, triethylene glycol nononethyl

et her, diwohyliennesgl ycol nonobutyl ether and di propyl enecgippeali/oomsdmet hyl
ether, and esters, such as [2,2-butoxy(ethoxy)]ethyl acetate, esters of
carbonic acid, such as propyl ene carbona@@, ket ones, such as acetophenone,
nmet hyl - 252- hexanone, 2-octanone, 4-hydroxy-4-nethyl-2-pentanone and

1-net hyl-2- pyrrolidone, as such or in a mxture. In a nost preferred

enbodi nent the etchin ste .conprises, 1. 4-butandi ol . The

ol vent - ey Berasiierubion o1 ieTRis fRSighofal HelgascindioRtdity,

pref erabl y iprodonctniikatowth paneis18isptayd5th©Y) orisgharcelsased on 30t he total
anount of the nedium In a particular enbodi nent the applied etching paste
conprises organic or inorganic filler particles or m xtures thereof. WO
2011/ 144292 PUTerEforel theobiggs of theppresest weation iomnetbogdfeuseleetive

ol ystyr enesetchpl/Ges bbiyker MatiasdilBhsingarbar AaRotibREONTY VA at es,
arne,

nmel am ne, uret nZoguani ne and henﬁlg:sgereSI ns, silicone resins,
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i nvention coplastiseubbiatearti cul ate organic or inorganic fillers and

t hi ckepgrs h - y 10di stributed in anmounts of fromO0.5 to 25% by
wei ght ?Gbasegmgg{ﬂ.ﬁggﬁét al ampbunt of the etching nedium According to the
present i nvea} ¢tleaningethetsslistigtpaste nay applied to the surface by screen
printing, inkjet printing, dispensing or mcro-jetting. 15Wen the etching
paste is applied to the surface to be etched it ,is renoved again after a
reaction tin sePR %’e?eri’g{yrﬁ%?t g BASE 1§ pémkeéj,og},@ @'et%' U2 1n a nost
preferred enpegipsené nedtetiak wivereint theeaotietletchdritas selelttewfrpasthe greupenoved
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tetraethylammonium hydrixid or from the group NaOH and KOH.
The applied paste composition may comprise a solvent, selected from the
group water, mono- or polyhydric alcohols, such as glycerol, 1,2-propanediol,
1,4-butanediol, 1,3-butanediol, 1,5-pentanediol, 2-ethyl-1-hexenol, ethylene

20 glycol, diethylene glycol and dipropylene glycol, and ethers thereof, such as
ethylene glycol monobutyl ether, triethylene glycol monomethyl ether,
diethylene glycol monobutyl ether and dipropylene glycol monomethyl ether,
and esters, such as [2,2-butoxy(ethoxy)lethyl acetate, esters of carbonic
acid, such as propylene carbonate, ketones, such as acetophenone, methyl-

25 2-hexanone, 2-octanone, 4-hydroxy-4-methyl-2-pentanone and 1-methyl-2-
pyrrolidone, as such or in a mixture.

In a most preferred embodiment the etching paste comprises 1,4-butandiol

as solvent. The solvent may be contained in an amount of from 10 to 90%

by weight, preferably in an amount of from 15 to 85% by weight, based on
30 the total amount of the medium.

In a particular embodiment the applied etching paste comprises organic or
inorganic filler particles or mixtures thereof.

35 The applied etching paste preferably comprises inorganic or organic particles
or mixtures thereof as filler and thickener. The polymer particles may be



20 to 170C, preferably in the range from 120 to 150C and very particularly
preferably from 120 to 140C, but in any case the etching tenperature has to
be sel ectw0 20&/144192] ow t he nel ti ng poi nts of the CNT-coRpTiEPROIG/0p98Y Mer

| ayer and that of the pol yner substructurS. Thus, in a preferred enbodi nent
250f the present invention the heating of%the substrate lasts for 5 nminutes
at 130C. When the etching is conpleted, the treated substrate is rinsed

with DI water or with a suitable solvent, and the rinsed part is dried with

dry air or nitrogen flqw The h di,scl osed herein s especiall
su?/t abl e forS?'ﬁ%t%gtr}ﬁ?fpﬁgecﬁr%%r%@?&sg}ﬁﬁggr‘?%lygc@ﬁ%%pﬁgyﬂ#e tar bgn d
nanot ubes) cpeipinhisiesgpplymetbaciylates smelanihesuiethanmsienzoguasiie aypeci al | y
on pol yur et hane RE: | g\l;ll'.ﬁ ' n;)ﬁj u he pol yner
Iaygr s?/ are %%@?'Ec%ﬁsééﬁ;cegp Egr_ﬁgwaho %rg\gfséb?w&s%w ﬁgﬁéﬁ}gg cano%
nanot ubes ( MBlYiNers%PUFEs RfIaE, nte0lia) ang aysrenisedanax (micrpoiserer | ayers
refergbly c | Ity rou
ol y( 30 vio BaTeiVies 48 -7‘%6‘?5 Z%““%gg"ggy"ﬁ%fi?h%i ogﬁ‘fﬁéﬁ*’?%%@e‘? robpsrar oup
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or ot her polythi ophene derivatives and pol yanilines, or are a conbi nation
of pol ymers Buksbleadtehgneastesacbording 16 thei presbpt inweptiox ghinptisphbay| ene
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Thi s me?)hod 8 nEof tife BldHIng Heduilidyers with a resolution of the printed
10l i nes, points or structures of at |east 500 pm wusually the resolution is

substantially higher. Detailed Description, 15The di sadvantages of the
convent i onal Ascering tertheBERSeNd INyeatiPn 3e eifing PRSI HRY AR 'S,geio the

mat eri al - i nt gFhYE bgrkré e lprifeing Xipkjes prstiny, aligsensihgps mick-jettingdf thi s,

t hese known etching nmethods are in sone cases conplex in view of the

t echni c‘gl performance, safety, and are carried out batch-w se. 20Therefore,
t he obj'Ecti vaviedn theeiuhirsg pasiens appiied td the surface talbe #tehead dis rémeved

again after a reaction time of 10 s — 15 min, preferably after 30 s to 7 min. In
a most preferred embodiment of the inventive method the etching paste is
removed after a reaction time of 5 minutes.

20 Usually the etching is carried out at elevated temperatures in the range from
20 to 170°C, preferably in the range from 120 to 150°C and very particularly
preferably from 120 to 140°C, but in any case the etching temperature has to
be selected well below the melting points of the CNT-comprising polymer
layer and that of the polymer substructure. Thus, in a preferred embodiment

25 of the present invention the heating of the substrate fasts for 5 minutes at
130°C. When the etching is completed, the treated substrate is rinsed with
DI water or with a suitable solvent, and the rinsed part is dried with dry air or
nitrogen flow.

30 The new method disclosed herein is especially suitable for the etching of
composite materials showing CNT (carbon nanotubes) comprising polymer
layers on plastic substructures, especially on polyurethane, PEN or PET.

Said CNTs, which are embedded in the polymer layers, are single walled
carbon nanotubes (SWNT), multi-walled carbon nanotubes (MWNT),
fullerenes (Ceo) or graphenes and the polymer layers preferably comprise
transparent conductive polymers selected from the group poly(3-

35



conposition, which is suitable to be enployed in a sinplified etching

nmet hod for polyner-surfaces. It is also an objective of the present

i nvent i orwoaopriavisde an i nproved etching nmethod for pol pogEpsunfoemes, whi ch
can be carried out with throughputs as high as possible, and which is
significantly 25l ess expensive than convdhtional wet and dry etching
nmethods in the |iquid or gas phase. Surprisingly, experinents have shown
that difficulties due to the conprising CNT material may be overcone by the
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conductive p ayers due to conprising CNTs as well as plastic |ayers
consi sting of polyurethane, PET or PEN may be etched using al kal i ne etching
conposi ti ons THissaEORRDehables tb etetdduth ayerowithissresitutioasofftbaninteédat

advant ggeousl|.y accordi r inpvent i L .etching
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process st epsobstantialty bighetf.rate surface at areas to be etched. There is no

need for a previous protection with a photoresist |ayer on 10areas, which
have to stay unchanged. Thus, a nethod with a high degree of automation and
hi gh throughﬂﬂtﬂi@.&ﬁﬁﬁﬂlﬁ&ﬂmmh is suitable for the transfer of the
etching paste to the substrate surface to be etched using a printing

t echnol agy. particular, 15printing,technol ogi | i ke scree LNting,
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sel ectivel y eof tte teghaiged pgRermancei sefetnppiAra gaoiedoyickatebrivisgno t ubes) on
a plastic substructure, preferably on a substructure consisting of

SRR e Ik AR KA I R IAT B R A
once the pol \WaRipdskion, which is suitable to be employed in a simplified etching method
for polymer-surfaces. It is also an objective of the present invention to
provide an improved etching method for polymer-surfaces, which can be
carried out with throughputs as high as possible, and which is significantly
25 less expensive than conventional wet and dry etching methods in the liquid
or gas phase.

Surprisingly, experiments have shown that difficulties due to the comprising
CNT material may be overcome by the etching method according to the

30 present invention and rough surface topographies of CNT materials as
described above may be etched to smooth and even surfaces at the bottom
of etched lines and structures, if depending on the nature of the layers, which
have to be etched, the conditions of etching are suitable. If desired, only
CNTs comprising polymer layers of the treated composite material may be

35 patterned by the etching method according to the present invention. But if
also the plastic substructure has to be by an etching step, the conditions of



25 heated to a tenperature of about 20C to 170C, preferably to about 120 to
140C. The tenperature is kept for about 1Gs to 15 mnutes, preferably for
30s to 7 wonuotiem429n a nost preferred enbodi nent the el ecatppdotti®nges at ur e
is kept for 5 mnutes at 130C. Then the etching step is stopped by cleaning
with a suitable solvent. Preferably the $&rface is rinsed with DI water.

But in 30detail the termof heating, the kept tenperature and the cleaning
has to be adapted to the special nature of the polyner matrix conprising

CNTs and to that of e substructure underneath As s L yner
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al cohol s, such 15as gl ycerol, 1, 2-propanediol, 1,4- butanediol
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amount of the medi um
20 In particular the present invention refers to a method of selectively etching a

polymer matrix comprising CNTs (carbon nano tubes) on a plastic
substructure, preferably on a substructure consisting of polyethylene
terephthalate (PET), polyethylene naphthalate (PEN) or polyurethane. The
etching paste is printed on the plastic substrate. At once the polymer is

25 heated to a temperature of about 20°C to 170°C, preferably to about 120 to
140°C. The temperature is kept for about 10s to 15 minutes, preferably for
30s to 7 minutes. In a most preferred embodiment the elevated temperature
is kept for 5 minutes at 130°C. Then the etching step is stopped by cleaning
with a suitable solvent. Preferably the surface is rinsed with DI water. But in

30 detail the term of heating, the kept temperature and the cleaning has to be
adapted to the special nature of the polymer matrix comprising CNTs and to
that of the substructure underneath.

As such the polymer matrix and the comprising CNTs are etched by use of a
35 paste comprising a solvent, an alkaline etchant, like an alkali hydroxide,
selected from KOH and NaOH or selected from



| f etching conmpositions according to the invention conprise thickeners,
these may be selected fromthe group of 30cellul ose/cellul ose derivatives
and/ or stwochiistareh derivatives and/ or xant han and/ or polryezexyiopyoss ol i done
pol ymers based on acrylates of functionaljsed vinyl units. Thickeners like
this 35are comrercially available. WO 2011/144292PCT/ EP2011/002085 - 14 -
The prepared etching conposition shows at 20C a viscosity in the range from

6 to 35 Pas at a shear rate of 25 s-1, preferably in the range from 10 to
25 Pas at a shear

rate of 25 s-1 and  ,ver articularl referably from 15
fo 20 Pas ateHagiihylampenpmmistroxi, taeRrapylammRpUm I At whi oh are
aﬂvant ageoustlefrglt;tﬁylluigdﬁﬂiiﬂﬁmyﬂ!m%chﬁuethent:bﬁmmilsing atuehsta, thickeneranpl e,
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effect on the printa e printi'ng paste, The 1bproportion of the

addi ti ves i sorganicher m@r@@iﬁrp@m@ewrswyye%&!e@wﬂ based on the total weight
of the etching paste. The nethod and the paste conposition according to the
present inventi .ar articularl se fqr, dispensing or printing of an
especi al |y s @%ﬁi'%n & W&'%&%%@FP{Séheaeﬁ‘ah'EQFE’é@F?%ﬁ?ﬂ g{agyhﬁ:%pg snal |
structures ofurihedadditivesbstcare antiferpdbietropar agerdkj flbwecontnok agentsi s
met hod,4s sujtable for | AL r l{é:q'%)g ' CNTs and
for thébetchﬁj?@er Orﬁlr?é' %&}Seggérrfptdéﬂ%@gss e s'u srk)re%gtnﬁare Hcﬁlggi%?'gd.
processability.

The etching paste composition according to the invention may comprise a
solvent, selected from the group water, mono- or polyhydric alcohols, such

15 as glycerol, 1,2-propanediol, 1,4-butanediol, 1,3-butanediol, 1,5-pentanediol,
2-ethyl-1-hexenol, ethylene glycol, diethylene glycol and dipropylene glycol,
and ethers thereof, such as ethylene glycol monobutyl ether, triethylene
glycol monomethyl ether, diethylene glycol monobutyl ether and dipropylene
glycol monomethyl ether, and esters, such as [2,2-butoxy(ethoxy)]ethyl

20 acetate, esters of carbonic acid, such as propylene carbonate, ketones, such
as acetophenone, methyl-2-hexanone, 2-octanone, 4-hydroxy-4-methyl-
2-pentanone and 1-methyl-2-pyrrolidone, as such or in a mixture. In a most
preferred embodiment the etching paste comprises 1,4-butandiol as solvent.
The solvent may be contained in an amount of from 10 to 90% by weight,

25 preferably in an amount of from 15 to 85% by weight, based on the total
amount of the medium.

If etching compositions according to the invention comprise thickeners, these

may be selected from the group of
30 cellulose/cellulose derivatives and/or

starch/starch derivatives and/or

xanthan and/or

polyvinylpyrrolidone

polymers based on acrylates of functionalised vinyl units. Thickeners like this
35 are commercially available.



25According to the present invention CNTs (carbon nanotubes) in conductive
pol ynmer | ayers include so-called single walled carbon nanotubes (SWNT),

mul ti - walwedooiaisbbdn nanot ubes (MANT) and ful | erenes ( Co@rThartoialosmss
graphenes and all forns of appearances of, carbon which may exhibit active
conponents in transparent |ayers suitabl 4tor transform ng sol ar energy
into 30electricity. These forns al so include suitable forns of appearances
of carbon, which may only be obtai ned by special treatnments and which may

be functionaljzed to ffect their el w ng the
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the total weight of the etching paste.

The method and the paste composition according to the present invention
are particularly useful for dispensing or printing of an especially suitable

20 etching composition and selectively etching of small structures on plastic
substrates. Unexpected for a skilled worker this method is suitable for the
etching of polymer layers comprising CNTs and for the etching of the
supporting plastic substructure if desired.

25 According to the present invention CNTs (carbon nanotubes) in conductive
polymer layers include so-called single walled carbon nanotubes (SWNT),
multi-walled carbon nanotubes (MWNT) and fullerenes (Cgo) but also
graphenes and all forms of appearances of carbon which may exhibit active
components in transparent layers suitable for transforming solar energy into

30 electricity. These forms also include suitable forms of appearances of
carbon, which may only be obtained by special treatments and which may be
functionalized to affect their electron acceptance. In the following the
different appearances are called CNTs.

35 These CNTs are combined with suitable transparent polymers to form
uniform conductive continuous films, which are optically homogeneous and



Concentration and conposition of the solvents Concentration and
conposition of the thickener systens Concentration and conposition of the
filler combent1/@d%29Concentrati on and conposition of any &dairrreesondsied,
such as antifoans, thixotropic agents, flow control agents, deaeration
agents and adhesion pronpbters Viscosity!®f the printable etching paste as
descri bed in accordance with the invention 30 Etching duration with or

wi t hout input of energy into the etching paste and/or the to be etched

substrate Etching tenperature 2011/ 144292PCT/ EP2011/ 002085 - 16 - the
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These films, prepared from CNTs and said transparent polymers are suitable
15 to substitute ITO layers in flexible photovoltaic devices [M. W.Rowell. et al.,
applied Physics Letters 88, 233506(2006)]

The edge sharpness of the etched patterns and the depth of etching in the
polymer-based substrates and their layers of variable thickness can be
20 adjusted by variation of the following parameters:
e Concentration and composition of the etching components
e Concentration and composition of the solvents
» Concentration and composition of the thickener systems
e Concentration and composition of the filler content
25 * Concentration and composition of any additives added, such as
antifoams, thixotropic agents, flow-control agents, deaeration agents and
adhesion promoters
* Viscosity of the printable etching paste as described in accordance with
the invention
30  Etching duration with or without input of energy into the etching paste
and/or the to be etched substrate
* Etching temperature

The etching duration can last for a few seconds or for several minutes. This
35 depends on the application, desired etching depth and/or edge sharpness of



pol y(3, 4- et hyl ene di oxyt hi ophene)/ pol y(styrene sul fonate) (PEDOI/PSS),
20wherein CNTs are enbedded. A suitable process having a high degree of
aut ormat i onvoand/fagaseng hi gh t hroughput utilises printingpcemrealogss or the
transfer of the etching paste to the subs{rate surface to be etched. In
particul ar, the screen, pad, stanp, ink‘-1§5j et printing processes are
printing processes that are known to the person skilled in the art. Mnual
application is |ikew se possible. Depending on the screen, plate or stanp

design or cartridge, address sible to.a he chin astes
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past es accor Thagutfactiteo benetehedderelvas nalsdaceé ongartusigface ok et ched
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poly(3,4-ethylene dioxythiophene)/poly(styrene sulfonate) (PEDOT/PSS),

20 wherein CNTs are embedded.

A suitable process having a high degree of automation and having high
throughput utilises printing technology for the transfer of the etching paste to
the substrate surface to be etched. In particular, the screen, pad, stamp, ink-

25 jet printing processes are printing processes that are known to the person
skilled in the art. Manual application is likewise possible.

Depending on the screen, plate or stamp design or cartridge addressing, it is
possible to apply the etching pastes having non-Newtonian flow behaviour

30 which are described in accordance with the invention over the entire area or
selectively in accordance with the etch structure pattern only in the areas
where etching is desired. All masking and lithography steps which are
otherwise necessary are thus superfluous. The etching operation can be
carried out with or without energy input, for example in the form of heat

35 radiation (using IR lamps).



determ ned by the material conposition. Liquids or substances having an

I nhonmbgeneous conposi tion have non- Newt oni an properties. The viscosity of

t hese subsDantie4392 addi tional |y dependent on the shear pgrage@ntoo2085For t he
etching of fine structures, having line )Q%dths of < 200 pm by printed
etching nedia, it has been found to be parficularly advantageous to thicken
etching nedia conpletely or partially using finely divided particul ate
systens. Particularly suitable for this purpose are polyner particles which
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2011/ 124292P%#?E‘9§gf%%%085 - 18 - polystyrene po lyacrylic polyam de

pol yet hyl ene 5- ethylene -vinyl acetate copolynmer ethylene -acrylic
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process.

10
In a preferred embodiment, the etching paste according to the invention has
a viscosity in the range from 10 to 500 Pas, preferably from 50 to 200 Pa-s.
The viscosity is the material-dependent component of the frictional
resistance which counters movement when adjacent liquid layers are

15 displaced. According to Newton, the shear resistance in a liquid layer
between two sliding surfaces arranged parallel and moved relative to one
another is proportional to the velocity or shear gradient G. The proportionality
factor is a material constant which is known as the dynamic viscosity and has
the dimension m Pa-s. In Newtonian liquids, the proportionality factor is

20 pressure- and temperature-dependent. The degree of dependence here is
determined by the material composition. Liquids or substances having an
inhomogeneous composition have non-Newtonian properties. The viscosity
of these substances is additionally dependent on the shear gradient.

25 For the etching of fine structures, having line widths of < 200 pym, by printed
etching media, it has been found to be particularly advantageous to thicken
etching media completely or partially using finely divided particulate systems.
Particularly suitable for this purpose are polymer particles which interact with
the other components of the composition and form a network by means of

30 chemical bonds or a purely physical interaction at the molecular level. The
relative particle diameters of these systems can be in the range from 10 nm
to 30 pm. Corresponding polymer particles having a relative particle diameter
in the range from 1 to 10 pym have proved particularly advantageous.
Particles which are particularly suitable for the purpose according to the

35 invention can consist of the following materials:



silicone resin fluorinated polyners (PTFE, PVDF), and m cronised waxes 15
The use of a very finely divided pol yet hyl ene powder, which is, for

exanpl e, wonoaniykyrmar ket ed by DuPont Pol ynmer Powder s Swiptzgipb@n@dozegsier t he
trade nane COATHYLENE HX(r) 1681, having relative particle **di aneters d50
val ue of 10 pm has proven parti cul arIy%%i'tabl e in the experinments. 20
These particul ate thickeners can be added to the etching nmediumin anpunts
of fromO0,5 to 50% by wei ght, advantageously in the range fromO0,5 to 40%
by weight, in particular fromO0,5 to 25% by wei ght. 25Particularly

appropri at e arRolptyfeR&l ate pol yneric thickeners based on polystyrene

pol yacrylic _ @,@Hyg@fiyq@ pol yi m de 30- pol ynethacrylate - nel am ne,

ur et hane, benzogquani.ne, phenolic resin and - silicone resin. W)

2011/ 144292PCTPRIBBIA? 002085 - 19 - In stead of pol ymer particles the

et chi ng conposgiolyethyleag conprise inorganic particles in the same anount or
pol yneg particle A tally. Suitable inorganic particles
are al %m ni umeér}ﬁﬁgg'wgg %?%%@?g%@?@?r boron oxi de and sodi um chl ori de.
Pref erabl y thedlylenerganylic asid-acolais teipolynoele Ssame nean diameters in the

range from 10 fmtRe38cRiBteRalei®aRhRIRIR terpdlymer

- polypropylene
- polyimide
10 - polymethacrylate
- melamine, urethane, benzoguanine, phenolic resin
- silicone resin
- fluorinated polymers (PTFE, PVDF), and
- micronised waxes
15
The use of a very finely divided polyethylene powder, which is, for example,
currently marketed by DuPont PolymerPowders Switzerland under the trade
name COATHYLENE HX® 1681, having relative particle **diameters dsg
value of 10 um, has proven particularly suitable in the experiments.
20 ‘
These particulate thickeners can be added to the etching medium in
amounts of from 0,5 to 50% by weight, advantageously in the range from 0,5
to 40% by weight, in particular from 0,5 to 25% by weight.
25 Particularly appropriate are particulate polymeric thickeners based on
- polystyrene
- polyacrylic
- polyamide
- polyimide
30 - polymethacrylate

melamine, urethane, benzoguanine, phenolic resin

and
- silicone resin.
35



the range from1l to 10 pm Experiments have shown, that etching pastes
according to the present invention are excellently adapted to be enpl oyed
in a sinpvofhoadi4eioghi ng 10met hod for pol ynmer-surfaces: Partapeathabmss
thickening results in inproved resilience of the etching nedium The
particles forma skeleton-structure in th®-etching medium Sinilar
structures are known to the person skilled in the art from highly dispersed
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for the layers to be etched deep, because the print height achieved under
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285 component.

Significant advantages in the present compositions arise, in particular,
through an outstanding screen-printing behaviour, enabling continuous
printing of surfaces to be treated without interruptions. The use of the etching
pastes according to the invention enables surprisingly fine etching structures

%0 since the pastes have high viscosities on addition of the of thickener in the
presence of polymer particles. This enables the pastes to be applied in
printing with a high paste layer and consequently for the layers to be etched
deep, because the print height achieved under the printing conditions causes

35 a delayed drying of the printed etching species. This enables the etching

species to act on the substrate for longer. This is particularly important in the



15t hat changes in the particles present in the paste do not give rise to
any di sadvantages. It has been found that an al kaline etchant, |ike an

al kal i hystoesigias29sel ect ed from KOH and NaOH or sel ect e@cirrepan11/002085

t et ramet hyl anmoni umrhydr oxi d, 20t et r apr opyl anmoni urmhydri xi d and

tetraet hyl ammoni um hydri xi d and ot her coApounds which lead to a high pH

val ue of nore than 12 in aqueous solution are capable of conpletely etching
away CNT conpri sing conductive transparent polymer |ayers having a | ayer

t hi ckness of several hundr n in a few seco ut es
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conponent s, F'ﬁ?@%@?oscesﬁaﬁ'ﬁgtg%’e%oogﬁﬁﬁﬂﬁﬂ?h%g'guégﬁeﬁ%%‘cﬁif?ca Tstélglvel y with
one anot her ghortsubseqdefbeleanisgf fi cient 30tinme until a viscous paste has
formed. The stirring can be carried out wwth warmng to a suitable

tenperature. The conponents are usually stirred with one another at_room
t enper at ur e. Surprisinglypespefimeatsuiave shown hathaagsitioneienrrmpreadingfine

according to yyenérrwaﬁﬂble%rm@@amé%nfﬁvdn SRRCEfFRR G PFOSEesTol the t he
structuring risin C?%&gﬂrll 14 ﬁPCT/ EP2011/.002085 - 21 -

conduct i ve, ﬁ?@ﬁ?ﬁ}ﬁ%ﬁé&ﬁnﬁ(ﬂ Ve anSpAIENERORYIELIVE RAIYBEE 'Y §Fhor t
material, fogoiipe |SRTQDGZMES fom tiod pfdductibhef fleribiey photivoltdevdedses. pr ef er abl y
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a suitable s or solvent m xtu certaln reactiaon
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stencil _pri nt| ng Wth

of a sdfeen e RIANGSP BI0E PR aIER AT b (15 resietd poiye 855 168 Een T he
edge of the siimBRegetagedi ch pushes the et Chl ng printing paste l1l5over the
screen, and the screen. The screen is held by a screen frane, while
It has been found that an alkaline etchant, like an alkali hydroxide, selected
from KOH and NaOH or selected from tetramethylammoniumhydroxid,
20 tetrapropylammoniumhydrixid and tetraethylammonium hydrixid and other
compounds which lead to a high pH value of more than 12 in aqueous
solution are capable of completely etching away CNT comprising conductive,
transparent polymer layers having a layer thickness of several hundred nm
within a few seconds to minutes at temperatures in the range between 100°C
25 to 170°C. At 120°C, the etching time is about 10 to 15 minutes.

For the preparation of the particle-containing etching composition according
to the invention, the solvents, etching components, thickeners, particles and
additives are mixed successively with one another and stirred for a sufficient

30 time until a viscous paste has formed. The stirring can be carried out with
warming to a suitable temperature. The components are usually stirred with
one another at room temperature.

Preferred uses of the printable etching pastes according to the invention
35 arise for the described processes for the structuring of CNT comprising



t he squeegee i s passed over the screen at a squeegee velocity v and a
squeegee pressure P. In the process, the etching paste is pushed over the
screen. Duoi2og/t4d98 operation, the screen conmes into coRCRmEP28¥10MRBHE
substrate in the formof a line over the squeegee wi dth. The contact

bet ween 20screen and substrate transfer%the vast majority of the screen
printing paste located in the free screen neshes onto the substrate. In the
areas covered by the screen neshes, no screen printing paste is transferred
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htauon | el ISeD 1R plusssiaEsamR ICs a6 15,
W h the ai dseren. DUiBSHAIAPETAIRY, TECHCrBeR Comes ot STRAst WAN P8 | n or der
to illustratgubdipatent®né fermn ot xdimel ®erahe squyegedwidtiv. The dongact beitveen t he
f goiplel f b P;? %g%%bgqn fgubzsq}'gﬁ% tPars SITNRIASY Ha‘j)(ﬂ'lty Blf“ﬁ?ee sg?é%rﬁpﬂr?rﬁin@ Sé)stger ve
located in the free screen meshes onto the substrate. In the areas covered
by the screen meshes, no screen printing paste is transferred onto the
substrate. This enables screen printing paste to be transferred in a targeted
manner to certain areas of the substrate.
25
After the end of the movement E, the squeegee is raised off the screen. The
screen is tensioned uniformly using a screen stretcher with hydraulic/-
pneumatic tension and clamping device. The screen tension is monitored by
defined sag of the screen in a certain area at a certain weight using a dial
30 gauge. With specific pneumatic/hydraulic printing machines, the squeegee
pressure (P), the printing velocity (V), the off-contact distance (A) and the
squeegee path (horizontal and vertical, squeegee angle) can be set with
various degrees of automation of the working steps for trial and production
runs.
35



variants. OMmng to the general validity of the inventive principle

descri bed, however, the exanples are not suitable for reducing the scope of
pr ot ecti onoabiiae29pr esent application to these al one. 2PChEPR@TpPeEI08s ur es
given in the exanples are always in C. It furthernore goes w thout saying
that the added amounts of the conponentszzn t he conposition al ways add up
to a total of 100% both in the description and in the exanples. 30The
present description enables the person skilled in the art to use the

Lhat the ci RRULRTERTS Hied SNl cPhesl at Gpetic bl e e uaft i 8! 19

Cor r espondi ngpssible h@smmnsarmmne the gatr toestlest ghaths haivirigheifferent wiser e
patent  appl 14amESS sk TERTLVENE YebndiEof € UBSHES | er fibRiees AR 21 1T
its entiret yhrfe)wuﬂhJTlpes@obébs ara/\EIrlZ@MedldWQ@WFanEPQ@MVl@OQO% - 23 -
Exanpl gs The QME d, is
m xed €v| th th rZ&SO%b/éé\ﬁ\/éI}*rﬁr‘]é}gﬂglga(egﬁfléﬁbﬁ%yerﬁcﬁgﬁlg??El![tlIﬁ he ﬁlmgkener
is slowy Sdiftsdanshin thesease phigauiritenhigh M@'S'gﬂtﬁﬁ%%%&v%”f‘tﬁ tgPajuant ity

required is @@'%damyglegu&tbrdser}aetdwgtéﬁdﬂg Uk RichEramRbwiske ﬁﬂaﬁ&iemd@dtl 105
parts Tetranet hyl ammoni

art ut an |oI art rbopol 676
2 parts Ceri @Ih@fj‘rg‘?tibwﬁg abép{ﬁ Xt%ur OHlinge ?thlé(g 'é‘?‘%?r?Fﬁ Bition is
screen printgantiy devibes snay be eisetl far Bi¥Tapicatios ioh thepetchirey cdmpesmowhl chis
supporl’I d on a flexible PET substructure. The conposite material is heated
for 10 nutes to a tenperature of 120 C
In order to carry out the etching, an etching paste, as described, for example,

in Example 1, is prepared. Using an etching paste of this type, a CNT
substrate having a thickness of approx. 300 nm can be removed within 10
minutes at 120°C after screen printing. The etching is subsequently

15 terminated by dipping the devise into water and then rinsing with the aid of a
fine water spray.

For better understanding and in order to illustrate the invention,
examples are given below which are within the scope of protection of

20 the present invention. These examples also serve to illustrate possible
variants. Owing to the general validity of the inventive principle
described, however, the examples are not suitable for reducing the
scope of protection of the present application to these alone.

25 The temperatures given in the examples are always in °C. It furthermore
goes without saying that the added amounts of the components in the
composition always add up to a total of 100% both in the description
and in the examples.

30 The present description enables the person skilled in the art to use the
invention comprehensively. If anything is unclear, it goes without saying that
the cited publications and patent literature should be used. Correspondingly,
these documents are regarded as part of the disclosure content of the
present description and the disclosure of cited literature, patent applications

35 and patents is hereby incorporated by reference in its entirety for all
purposes.



20 Picture 1 shows the neasured etching profile achieved with a conposition
according to exanple 1 and where a CNT conprising polyner layer is etched
at 120C fwo 200/mu2%at es. 25Pi cture 2 shows a m crograph @CTtERROI@0CINBHQ
result of exanmple 1, where a CNT conprising polyner layer is etched at 120C
for 10 mn with a conposition according 2%'exarrp| e 1. The paste is screen
printed. These etching results illustrate, that for good results the
concentration of the 30conprising etchant, the anmount of the applied
etching paste, etching tine and tenperature have to be optim zed for
different | a%)g%ﬁ.' | ayer-thi cknesses. WO 2011/ 144292PCT/ EP2011/ 002085 -
24- Exanpl e arts Tetranet hyl ammoni unhydroxid 2 parts ethanol 51 part
Carbopol EZ 2 1 Far.t Vest osi nt PA 2070 Exanple 3 6 parts . . .

Tet r anet hyl aht@alkaling@atehant. preferakly tatrataslbylammapiurchydreyish isnixeds part
Vest osi nt  PAyRQ TR SBRept ihangakas ithismagnetie étinst, ané isickemstis Alawlpy screen

intigg. Qth f printing the etch th.the above described
pr i nt i 9 met ARg While stedio fhe BBy aetua i BEINSs Sy Balnad T g kan

added while stirring the mixture.
Example 1 (best mode)

10 5 parts Tetramethylammoniumhydroxid
1 part 1,4-Butandiol
1 part Carbopol 676
2 parts Ceridust 3719
20 parts H20
15
The prepared etching composition is screen printed onto the surface of a
CNT comprising polymer layer, which is supported on a flexible PET
substructure. The composite material is heated for 10 minutes to a
temperature of 120 °C.
20
Picture 1 shows the measured etching profile achieved with a composition
according to example 1 and where a CNT comprising polymer layer is etched
at 120°C for 10 minutes.
25 Picture 2 shows a micrograph of the etching result of example 1, where a
CNT comprising polymer layer is etched at 120°C for 10 min with a
composition according to example 1. The paste is screen printed.

These etching results illustrate, that for good results the concentration of the
comprising etchant, the amount of the applied etching paste, etching time
and temperature have to be optimized for different layers and layer-
thicknesses.

30
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59.0 g DI Water 1.5 g Ethyl englycol nonobutyl et her 254.0 g Carboner The
conponents are solved and m xed and the thickener is added while stirring.

30 WO 20x0/204142382PCT/ EP2011/ 002085 - 25 - CLAIMS 5 10PCTEP2011502083. 20
25

.24 -

Example 2

3 parts Tetramethylammoniumhydroxid
2 parts ethanol

S 1 part Carbopol EZ 2
1 part Vestosint PA 2070

Example 3
10

6 parts Tetramethylammoniumhydroxid
2 parts methanol
1 part Carbopol EZ 2
1 part Vestosint PA 2070
15
The etching paste is printed onto the substrate by screen printing. Other
ways of printing the etching paste with the above described printing methods
are possible as described above.

20 Example 4

40.0 g KOH

59.0 g DI Water

1.5 g Ethylenglycolmonobutylether
25 4.0 g Carbomer

The components are solved and mixed and the thickener is added while
stirring.

30

35



30 4. 5. 35 The nethod according to claim1l, conprising in step a)
printing an etching paste, wherein the etchant is selected fromthe group
t et r amet hyDanmmis2erhydr oxi d, tetrapropyl anmoni unhydri xi ¢CaM®P2011/002085

t et raet hyl amoni um hydrixid or fromthe oup NaOH and KOH. The met hod of
claim1, using an etching paste conprisi %'a sol vent, selected fromthe
group water, nono- or polyhydric al cohols, such as glycerol,

1, 2- propanedi ol , 1, 4-butanediol, 1,3-butanediol, 1,5- pentanediol,

2- et hyl - 1- hexenol , et hyl ene gl ycol, q%ﬁégéhggg gl ycol and di propyl ene
glycol, and ethers thereof, such as erl gl ycol nono-butyl ether,
triethylene glycol nononethyl ether, diethylene glycol nonobutyl ether and

di | | . . : -

0,pL0PY|en g1 6oL BEREP LB 4 o a5ty ol capring covon

propyl ene car bomanatubre{GAES) ane plastic scBsBREEMR NWhiGhEPIPPIISBEX anone,
2-octagone, 4- hé(ﬁj@%e&mqlaﬁ%qmne%mtaeﬁmg pHe dntetHydurfacedyf 40l i done, as

such or in a m in an apount of from éo to 90% bX vvelét?ht IEﬁr}ﬁeferably
in an amount of CeMMBASIE MajersbsYPPIRNg e PRI MAPHNIth SAEROTLABIAL of t he
medi um The netfipesHndthal prastic eabstgaten et chi ng paste wherein the sol vent
is 1,4-butandiol., The method of claim11, using an etching paste conprising
organi ¢ or inor@aAPRMY PMEr particles or mixtures thereof in amounts of
fromO0.5 to 25%)ylenringhthe sadstdtean the total anmount of the etching medium
WO 201:9}6144292PCT/ EP2011/ 002085 - 26 - 6. The nethod of claim11, using an
etching paste conprising organic polyner particles selected fromthe group
of pol yst yr eResTheangthedyagaesdingdp weigindbscorpRiisingiteter aopintihakr vl at es,
nel ani ne, ur et hgpinPBALERIWHErER tABGtEMAIGY b6lebR™ fiém thiel greape resins,

m croni sed cel | ul ose, 5fl uori nat eg@po{dyrrers SPTFE PVDE i g‘[{er alia) and

m croni sed wax tiramethylanameniymbydexid. tetrapsopyigaimapimhysd anth 1. usi ng
an etching past gteeIRylagimoniune hgdriid opfioh tHeegrompl MaOktahd i@Hhe group of
al um ni1§m oxi des, cal cium fluoride, 10boron oxi de and sodi um chloride as
filler 'and thickener. 8 The nmethod of claim1, wherein the etching paste
i s applied oBtoTheanstinodaafeclaiyn dcusiog gir etehinggoastaicomnrisiitg adi spensi ng or

gi C(r:ﬁéjr SEE iepig'zeéé@en{@%lé@éaQQ)rﬁ‘?ﬁ@ngdlﬂwéférPﬁ%ngf oPBbR/NYHriE RfcdHol, ms 1 -
’ such as glycerol, 1,2-propanediol, 1,4-butanediol, 1,3-butanediol, 1,5-

pentanediol, 2-ethyl-1-hexenol, ethylene glycol, diethylene glycol and

20 dipropylene glycol, and ethers thereof, such as ethylene glycol mono-
butyl ether, triethylene glycol monomethyl ether, diethylene glycol
monobutyl ether and dipropylene glycol monomethyl ether, and esters,
such as [2,2-butoxy(ethoxy)lethyl acetate, esters of carbonic acid, such
as propylene carbonate, ketones, such as acetophenone, methyl-2-

25 hexanone, 2-octanone, 4-hydroxy-4-methyl-2-pentanone and 1-methyl-2-
pyrrolidone, as such or in a mixture, in an amount of from 10 to 90% by
weight, preferably in an amount of from 15 to 85% by weight, based on

the total amount of the medium.

30 4. The method of claim 1, using an etching paste wherein the solvent is
1,4-butandiol.

5. The method of claim 1, using an etching paste comprising organic or
inorganic filler particles or mixtures thereof in amounts of from 0.5 to
35 25% by weight, based on the total amount of the etching medium.



in that the heating of the substrate lasts for 10 s -15 mn, preferably for
30 s to 7 mn, at a tenperature in the range of 20 to 170C 10.
The net howloaetiondiong to one or nore of the clains 1 - 8PpCthze@aiezszed 20in
that the heating of the substrate Iastsa%qor 5 mnutes at 130C. 11. The

met hod according to claim9 or char&gcterized in that the treated
substrate is rinsed with D vvater or with a solvent; and that the rinsed
part is dried with dry air or nitrogen flow. 25 12. The nethod according to

f di [
ol yur et hand. PR RBTgS ot st iRind A2 %h'r%%“sﬁttoféh o8 fophte,' ©
t er ephat al at e) p&phar pﬁhe:lessh@t@d:ﬁomhﬁggrpumﬂﬁ@oms wenes,opo lyaerybescedi ng
claims 1 - ﬂ\i@%ﬁﬁcﬂas EB%IW&é &ﬁ{lﬁﬂ@th’&%ﬂﬂét\é?eﬁkla%’ecbréthﬁn@”bedded in

conductive poI I"ayer I'ed car bop nanot ubes, ( SWNT
mul ti-wal | ed cabénzeguaniieiBed reging,| ficesreshsoMigon €,3514.

The meg hod acc té@ pNAnéfs (FOIFE, VD FEN T eUEPAMIMEéHisad wax ad Fillemher ei n
t he cogr’tductlveq[) rﬁﬂa |s“§g ecqm‘e fromthe groug poly(3- WO

2011/ 144292PCT/ @ q'mtm% - 27 - octyl thi ophene) (P30T),
pol y(3- hexyl -t hi ophene) pol ymer (P3HT), poly(3,4-ethylene dioxythiophene),

th | yt hi_oph t ti f
pol yror s |1 kb poreRRRARthaaE { cosial S AR st Porphieiriy BRERIRENC! ' 1 ©
\(/.P E%:V’ene] F( ?/gmnﬂer@s deldeted- frmnhbemammoﬁgmlpmpymdesmﬁlwm [leoeqie:sl

o] %Wae% 0, BGEMnen
pol y( 319fpet %yl eﬁge%]i oxg%hl op ene@/ W%%gﬁ%ﬁégﬂl fonateg) ( PEDOT/ PSS) .

15. The method according to one or nore of the clainms 1 - 14, wherein the
10r esol uti ongof ThAgndoltFLIAih@Swheriif tiée efdhing pastess iapphéd bagsthé00 pm

1520 25 30 surface by screen printing, inkjetting, dispensing or micro-jetting.

15 9. The method according to one or more of the claims 1 — 8, characterized
in that the heating of the substrate lasts for 10 s — 15 min, preferably for
30 s to 7 min, at a temperature in the range of 20 to 170°C.

10. The method according to one or more of the claims 1 — 8, characterized
20 in that the heating of the substrate lasts for 5 minutes at 130°C.

11. The method according to claim 9 or 10, characterized in that
the treated substrate is rinsed with DI water or with a solvent; and that
the rinsed part is dried with dry air or nitrogen flow.
25
12. The method according to one or more of the preceding claims 1 - 11,
wherein said plastic is polyurethane, PEN (polyethylene naphthalate) or
PET (polyethylene terephatalate).

30 13. The method according to one or more of the preceding claims 1 - 11,
wherein the CNTs (carbon nanotubes), which are embedded in
conductive polymer layers, are single walled carbon nanotubes (SWNT),
multi-walled carbon nanotubes (MWNT), fullerenes (Ceo) or graphenes.

35 14. The method according to one or more of the preceding claims 1 - 11,
wherein the conductive polymer is selected from the group poly(3-
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octylthiophene) (P30T), poly(3-hexyl-thiophene) polymer (P3HT),
poly(3,4-ethylene dioxythiophene), or other polythiophene derivatives
and polyanilines, or is a combination of polymers like
poly[2-methoxy-5-(3’,7’-dimethyloctyloxy)1,4-phenylene vinylene]
(MDMO-PPV) / 1-(3-methoxycarbonyl)-propyl-1-phenyl)[6,6]Ce1 (PCBM);
poly(3-hexyl-thiophene) polymer (P3HT)/ (PCBM) and

poly(3,4-ethylene dioxythiophene)/poly(styrene sulfonate) (PEDOT/PSS).

15. The method according to one or more of the claims 1 — 14, wherein the
resolution of the printed lines, dots or structures is at least 500 pm.



