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spacers. For the display of characters, symbols or other patterns, it is
20 necessary to structure the ITO layer on the glass sheet. This enables
areas within the display to be addressed selectively.

1. Prior art and object of the invention

25 The glass sheets used for display production usually have a single-
sided ITO layer thickness in the range from 20 to 200 nm, in most
cases in the range from 30 to 130 nim.

During display manufacture, the transparent, conductive layer on the

30 glass sheets is structured in a series of process steps. To this end, use
is made of the process of photolithography, which is known to the per-
son skiiled in the art.

In the present description, inorganic surfaces are taken to mean oxidic
33 campounds which have increased electrical conductivity due to the ad-
dition of a dopant with retention of the opticat ransparency. The fayer
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{ ITO layers of adequate conductivity can also be obtained by wet-chemi-

cal coating (sol-gel dip process) using a liguid or dissolved solid precur-
sor in a sclvent or solvent mixture. These liquid compositions are usu-

15 ally applied to the substrate to be coated by spin coating. These com-
positions are known fo the person skilled in the art as spin-on-glass
{SOG) systems.

ciching of structures
20
Use of efchants, i.e. chemically aggressive compounds, causes dis-
solution of the material exposed to the attack by the etchant. In most
cases, the aim is completely to remove the layer to be etched. The end
of the etching is achieved by the encountering of a layer which is sub-
25 stantially resistant to the eichant.

Photolithography includes material-intensive and time-consuming and
expensive process steps:

30 In known processes, the following steps are necessary for the produc-
tion of a negative or positive of the efch structure (depending on the
photoresist):

a coating of the substrate surface (for example by spin coating with
35 a liquid photoresist),
a drying of the photoresist,
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o dip processes (for exampie wet etching in wet-chemistry
benches)
dipping of the substrates info the etching bath, etching op-
eration

o spin-on or spray processes: the etching solution is applied
to a rotating substrate, the etching operation can be car-
ried out without/with input of energy (for example IR or UV
irradiation)

o dry-etching processes, such as, for example, plasma etch-
ing in complex vacuum units or eiching with reactive gases
in flow reactors

o removal of the photoresist, for example by means of solvent
o tinsing
o drying

in recent years, structuring with the aid of a LASER beam has estab-
lished itself as an alternative process to photolithography.

In lager-supported structuring processes, the LASER beam scans the
areas io be removed dot by dot or line by line in a vector-oriented sys-
tem. The transparent, conductive layer spontaneously evaporates at
ihe points scanned with the LASER beam due to the high energy den-
sity of the laser beam. The process is aquite suitable for the structuring
of simple geometries. l is less suitable in the case of more complex
struciures and especially in the removal of relatively large areas of
transparent, conductive layers. The achisvable throughput times here
are fotally inadequate for mass production.

i some applications, such as, for example, the structuring of transpar-
ent, conductive layers for OLED displays, LASER structuring is in prin-
ciple not very suitable: evaporating, fransparent, conductive material
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15 are in some cases complex in technological and safety terms and are
trequently carried out batchwise.

Obiective

20 The object of the present invention is therefore 1o provide novel, inex-
nensive compositions for the selective etching of very uniform, thin lines
having a width of less than 500 um, in panricular of less than 100 pm,
and of extremely fine struciures of doped tin oxide or zinc oxide layers

i which are used for the production of LC displays. A further object of the

" 25 oresent invention is fo provide novet etchants and efching media pre-
pared therewith which, after etching, can be removed from the treated
surfaces in a simple manner without leaving residues using a suitable,
envircnmenially friendly solvent, optionaily with exposure to heat,

30 2. Description of the invention

Attempts to prepare compositions in the form of pastes which are suit-
able for achleving the object according to the invention have shown that
cornparable printing ana dispensing properiies as with particle-contain-
35 ing pastes can be achieved through the use of selected thickeners.,
Chemical interactions with the other constituents of the etching medium
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sel ected fromdifsoray fasn DMMMé@%ly*ﬁQ&sy@CFBE areDManteralide and

pol yim de, po'r%p%ﬁ%%dy\lv%}( ih the presence of at least one etching component,
and in the presence of at least ohe solvent. in addition, the composition
according to the invention may comprise inorganic and/or organic acid,

25 and optionzally additives, such as antifoams, thixotropic agents, flow-
control agents, deasrators, adhesion promoiers. Compositions accord-
ing to the invention are effective at elevated temperatures in the range
from 30 {o 330°C, preferably in the range from 40 to 200°C and very
particutarly preferably 50 to 120°C or can be activated by input of

30 energy in the form of heat or IR radiation. inh particular, the object
according to the invention is achieved through the use of iron(ili) chlo-
ride ot iren(lil) chloride hexahydrate as selectively etching component
in compositions in the form of pastes according to Claims 2 ~ 7 for
etching oxidic surfaces, in particular for etching surfaces which consist

35 of SnO, or zinc oxide, or oxidic, transparent, conductive layers which,
besides Sn0, or zinc oxide, optionally comprise one or more doping
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ptoperties cl d&lmidsith- Ciai m 8. For the 5uses clained, preference is
given to the use of conpositions according to Clainms 12 -23. The
present appli on additionall ﬁl so relates to the use of

conposi ti ons g@?ﬁ)Pﬁ%ﬁ%ﬁ@%ﬁWﬁl %)’i erinveniRn are prafarahly ysediib preresses
hexahydr#® e f ais dRehelimoCEIRZ-2401tc 381 i con nitride-containing glasses
and above-nentioned oxidic surfaces in special industrial production
processes according to Clainms 9 - 11. The pastes according to

t he i nventi on Beailgddascaiption ofdae invaitiotesses 15as cl ai ned by d ai ns
24 to 29.

A very wide variety of compositions by means of which thin lines can be
20 etched into inorganic or inorganic oxidic surfaces which are resistant
per se are known from patents and the journal literature. However, it
was hitherto a problem to etch thin linas selectively into surfaces of tin
oxides or zinc oxides since the efching components usually used either
[ had an excessive etching action or are ineffective with respect to these
25 surfaces.

Experiments have now shown that oxidic surfaces can be etched selec-
tively and in a simple manner using a composition comprising iron(ll)
chioride or iron(ill) chloride hexahydrate as efching component. Such

30 compositions are particularly suitable for surfaces which comprise or
consist of SNO, or zinc oxide. Using these compositions, thin lines and
exiremely fine struciuring can be efchad into oxidic, transparent, con-
ductive layers which, besides SnQ, or zinc oxide, comprise one or more
doping components. However, these compositions can also be used

35 exiremely well for etching uniform, homogeneous, non-porous or
porous doped tin oxide surfaces, ({TO and/or FTO) systems and layers
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20 cellulose/cellulose derivatives and/or
starch/starch aerivatives and/or
xanthan and/or
polyvinyipyrrolidone,
polymers based on actylates or functionalised viny! units,
25
Corresponding pasies which has a viscosity at 20°C in a range from 6
to 35 Pa . s at a shear rate of up to 25 s, preferably have a viscosity in
the range from 10 to 25 Pa . s and very patticularly in the range from 15
o 20 Pa « g, have advantageous properties for the use according to the
30 invention. Such etching pastes are highly suitable for etching SiO,- or
silicon nitride-containing glasses which are in the form of uniform,
homogeneous, non-porous and porous solids
or
for efching corresponding non-porous and porous glass layers of vari-
35 able thickness which have been formed on other substrates.



15thinner, it is advisable to use corresponding conpositions in the
formof a paste which conprise honbgeneously dispersed thickenin
agents in a¥PaW3EHESf 0.5 to 25% by wei ght, based on t hePEBER006/605460
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etchi ng resul tday$arti cul ar possi bl e applications of the conpositions
conprising iron(lll) chloride or iron(l Il) chloride hexahydrate in
the formof pastes are in display technology (TFTs), in . o
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component
b} solvent
c) optionally a homogeneously dissolved organic thickening agent
20 d} optionally ai least one inorganic and/or organic acid,

and optionally
e) addilives, such as antifoams, thixotropic agents, flow-control
agents, deaerators, adhesion promoters, and
are in the form of pastes which are printabie and can be applied to the
25 surfaces 1o be etched in extremely thin lines or finely structured by suit-
able printing technigues.

These compositions may comprise the etching component in an
amount of 1 {o 30% by weight and the thickening agent in an amount of

30 3 to 20% by weight, based on the total amount. The etching component
is preferably present in an amount of 2 to 20% by weight, particularly
preferably in an amount of 5 fo 15% by weight, based on the total
amount.

35 As already indicated above, it is advantageous for the compaositions, in
addition to iron(iil} chioride or iron(llf) chloride hexahydrate, to com-



turing of 1TO glasses for flat-panel screen applications (plasma

di spl ays) . | n accordance with the invention, the COT?OS|t|ons
for etchi ng'8#PHI%8245) ayers conprise a) iron(111) chlori dRCHEP2006/005460
iron(l11) chloride hexahydrate as etching eonponent b) sol vent

c) optionally a honpgeneously dissol ved organic thickening agent 20d)
optionally at |east one inorganic and/or organic acid, and optionally
e) additives, such as antifoanms, thixotropic agents, flow control
agents, deaer adi¥Ss BSRIGAEIMOECBPERENR AN iNAKERNIC naineralmcitsetasted Hom
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strai ghtighain or branched al kyl radical having 1-10 C atons,

sel ected f [) om ?hftewr@@p@fp@ﬁmmatﬁeld}md&%mﬂkﬁ AGIgdMic ébigns in compo-
X X a
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respective | ay@ie 80t by waighkdaspdran tha iatahamsounbol féredngdrum, woes
for the preparigbl Qe abiBomaABReRsABERISH N 9238 pK, value of between 0

15 1o 5.

The composiiions according to the invention may comprise, as solvent,
water, mono- or polynydric alcohols selected from the group glycerol,
1,2-propanediol, 1,4-butanediol, 1,3-butanediol, 1,5-pentanediol, 2-
ethyl-1-hexenol, ethylene glycol, diethylene glycol and dipropylene gly-
col, ethers selected from the group ethylene giycol monobutyl ether,
triethylene glycol monomethyi ether, diethyiene glycol monobuty! ether
and dipropyiene glycol monomethyi ether, esters selected from the
group [2,2-putoxy(ethoxy)lethyl acetate, propylene carbonate, ketones,
3 such as acetophenone, methyl-2-hexanone, 2-cctanone, 4-hydroxy-4-
methyl-2-pentanone and 1-raethyi-2-pyirolidone, as such or in a mix-
fure, in an amount of 10 fo 80% by weight, preferably in an amount of
15 10 85% by weight, based on the total amount of the medium. In order
to achieve the pasty, thixoiropic properties, one or more homogene-
ously dissolved thickeners from the group

cellulose/cellulose derivatives and/or

starch/starch derivatives and/or

xanthan and/or

polyvinylpyrrolidone

polymers based on acrylates or functionatised vinyl units

may be present in an amount of 0.5 to 25% by weight, based on the
total amount of the efching medium. In order to improve the use prop-

20

30

35



invention are formc acid, acetic acid, lactic acid and oxalic acid.
10 In total the roportion of the organic and/or inorganic aci dé %
in conposi t V81747 ?dl ng to the invention can be in a coRE&AFI4PPESHO
range fromO to 80% by wei ght, based on-tlie- total anpunt of the

medi um where the added acid or m xtures thereof each have a pKa

val ue of between 0 to 5. The conpositions accor ding to the invention
may conprise, as solvent, water, nono- or polyhydric al cohols
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vinyl units may De present i f0.5 to 25% by wei ght,

based on the tot al anount of the etching medium In order to inprove
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ing and removal of any residues of the eiching paste that may sfill be
adhering.

In this way, it is possible to etch and struciure the surface in the printed
areas, while non-printed areas are retained in the original state. In order
o carry out the actual etching, the esiching paste composition is applied
to the surface {o be efched and removed again after an exposure time
of 10 s - 15 min, preferably after 30 s to 2 min. This procedure is par-
ticularly suitable for the freatment of inorganic, glass-like, crystailine



To this end, the p'aste is applied or printed in a single process step

over the entire surface to be etched or in accordance with the etch
structure nERRIOZETER ively only to the areas on the surf ade RraTed05460

etching is desired and, when the etchingifls conplete, is renoved
again after a pre-specified exposure tinme by rinsing off using a
solvent or solvent m xture, or the etching paste is burnt off by
heating. After renoval by heating, the treated surface can be rinsed
again i f necedsdiagesorsdavenome Bmnaceand dieaded hprocessasds th serd-

et chi ng past e donluckyinglisiry. be adhering. In this way, it is possible
to etch and structure the surface in the printed areas, while
non-printed areas are retained in the original state. In order to
carry out the du2 guifaes éhivegichad herebendpastefacempqurt-surface of oxi-

appl | ed 50t heyis irA a0 tALORRART0E A IBEERURA EARACAbE BErARIrface of

exposure time of 10 s - mn, preferably after 30s to 2 .
procedure is FaPOrodts 3R RORFPQ OYE BRI & PBFIC; HBNEPE: Wm@t’\fe mate-
i norgani c, gl agd-dn euppoyishatdrizhe WO 2007/ 003255PCT/ EP2006/ 005460 -
1 - surfaces, as have to be forned and treated in processes in the

sem - conduct qp tﬁ@?ﬂe‘é&é% ?Egﬁdﬁkt[q_f@ﬁ% ih?eﬁﬁ‘oﬁ,ttﬁ@eﬁcﬁﬁgeﬂﬁﬁgﬁﬁfﬁes to
surface or part-surface o (?ﬁ)(l dic, transparent, cagnductive
mat eri al 1Gnd/ di¢ HedinG isdsusilyfaried G 3¢ eleyeied fneawtuins NdReganeas
| ayer o:‘ oxi diffomt3tatrs PADYD prefenatiicin the rampe-frarmado W%@O"@Bﬁdmeryf
terial. In the:pr | ikhe invention, the etching o
t he surfaces t%g%%ﬁ?ﬁgfeggg{y?@ugjuggpy@'carri ed out at el evated
tenperatures in the range from3Q to 330C, preferably in the range .
from 40 to 200 HBISCAUISHIORs PPEMISALIGN P¥RATENERISNaE Bhowndeat deapediis
connection, opgdide satfaoss €KM@ EnaEmt ISTOX cendwerhcdavitid efsting rates of
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of 3 to 4 nnis, éo or the transfer of the etching paste to the

substrate surfabe to be etched, a suitable printing process with a
hi gh degi e of _automation and throughput is used. in particular,
sui t abl ‘ﬁr i ntherghgricensfeeof ther efching pastededhariubistrate surfaoe to bet he

person ski | | edstbRed NG salthbRY ;@rirﬁﬁl@i dictecsBRNEER Hig BRlgaste of BGIREAton
stencil, pad, asrgua {m‘bub%&{ testus%rcf. (i 'pggtic%r!grc, 'suitable printing processes for this
purpose which are known to the person skilled in the art are the dis-
‘ penser technigue, screen, stencil, pad, stamp, ink-jet printing proc-
25 esses. However, manual application is likewise possible.

Depending on the dispenser technique, screen, stencil, klischee, stamp
design or cartridge control, it is possible to apply the printable, homo-
geneous, particle-free efching pastes having non-Newtonian flow beha-
30 viour which are described in accordance with the invention over the
entire area or in accordance with the etch structure mask selectively
only to the areas where efching is desired. All masking and lithography
steps which are otherwise necessary are thus superfluous. The efching
operation can take piace with or without input of energy, for example in
35 the form of heat radiation (using IR lamps).



25esses. However, manual application is |ikew se possible. Depending
on the dispenser technique, screen, stencil, klischee, stanp design
or cartridd¥PeWieBP it is possible to apply the printabP@/EREHHISA60
geneous, particle-free etching pastes haiRrg non- Newt oni an fl ow beha-
30vi our which are described in accordance with the invention over the
entire area or in accordance with the etch structure mask sel ectively
only to the areas where etching is desired. Al nmasking and
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surfaces using a suitable solvent or solvent m xture. The treated
surfaces are .ed..J: er.. : [ ; t [ easons, .
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Preference is gj whi ave, )
i ssol ut on oA RARSIY Saful/ 1R, SEMRE BV Sl BudsRBfrap
sui t abl e vapotigs 635 heempleiathinchddealiyoay argidince Prefasrentads gyeof
the surfaces, rre t0thé MReSEHMRIvents which have a good dissolution capacity for
the paste residues on the surfaces, have a suitable vapour pressure,
20 enabling easy drying after the rinsing of the surfaces, and at the same
time have environmentally friendly properties.

Use of the etching pastes according to the invention thus enables etch-
{ ing to be carried out inexpensively in mass production on an industrial
25 scale in a suitable automated process.

In a preferred embodiment, the etching paste according to the invention
has a viscosity in the range from 5 to 100 Pa-s, preferably from 10 to
50 Pa-s. The viscosity here is the material-dependent component of the
30 frictional resistance which counters the movement during sliding of
adjacent liguid tayers. According to Newton, the shear resistance in a
liguid layer between two sliding surfaces arranged parallel and moved
relative to one another is proportional to the velodity or shear gradient
. The proportionality factor is a material constant which is known as
35 dynamic viscosity and has the dimension m Pa-s. In the case of Newto-
nian liquids, the proportionality factor is pressure- and temperature-



time have environnentally friendly properties. Use of the etching
pastes according to the invention thus enables etching to be carried
out i nexper¥PvEIPO32E nass production on an industrial 25sRaIEPI0As/HS460
sui-tabl e automated process. |In a preferrd@-enbodi nent, the etching

paste according to the invention has a viscosity in the range from5
to 100 Pas, preferably from10 to 50 Pa-s. The viscosity here is the
mat eri al - dependent conponent of the 30frictional resistance which
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time i s about be ekisgdine is about 80 seconds.

ror the preparation of the patticle-free media according to the inven-
20 tion, the solvents, etching components, thickeners and additives are
mixed successively with one another and stirred for a sufficient time
until a viscous paste having thixotropic properties has formed. The stir-
ring can be carried out with warming to a suitable temperature. The
i components are usually stirred with one another at room temperature.

25
Preferred uses of the printable eiching pastes according to the inven-
tion arise for the processes described for structuring {TO applied to a
suppott material (glass or silicon layer), for the production of OLED dis-
plays, TFT displays or thin-layer solar celis.

30

As already mentioned, the pastes can be applied by means of the dis-
penser technigue. Here, the paste is transferred into a plastic cartridge.
A dispenser needle is screwed onto the cartridge. The cariridge is con-
nected to the dispensar control via a compressed-air hose. The paste
35 can then be forced through the dispenser needle by means of com-
pressed air. The paste here can be applied as a fine line to a substrate



For. the preparation of the particle-free media according to the
inven- 20tion, the solvents, etching conponents, thickeners and

addi tives aAYRIAREEA Successively with one another and sti PERERAO0EI60
suf-ficient tinme until a viscous paste havéng thi xotropic properties
has fornmed. The stirring can be carried out with warmng to a
suitabl e tenperature. The conponents are usually stirred with one
another at roomtenperature. 25 Preferred uses of the printable
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or thin-Ilayer CB{S} cells. 30 As already nentioned, the pastes can be
appl i ed by nmeans of the dispenser technique. Here, the paste is
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terminated by the washing.

i1 order {o carry out the etching, an etching paste as described, for ex-
20 ample, in Example 1 is prepared. Using an etching paste of this type, a

izyer of doped tin oxide (ITO) having a thickness of about 120 nm can

pe removed selactively within 80 seconds at 120°C by the screen

printing process. The etching is subsequently completed by dipping the

Si wafer into water, followed by rinsing with the aid of a water jet in the
25 form of a fine spray.

The complete disclosure content of all applications, patenis and

publications mentioned above and below, and the corresponding

application DE 10 2005 031 468.4, filed on 04.07.2005, are incor-
30 porated into this application by way of reference.

4, Examples

For better understanding and in ordar to llustrate the invention,
35 examples are given below which are within the scope of protection
of the present invention. These examples also serve to illustrate



15appl i ed etching pastes can be washed off after a certain exposure
time using a suitable solvent or solvent m xture. The etchin
operation i%Ce¥ M3t ed by the washing. In order to carryP%UgP@PFé“%“ﬁo
etching, an etching paste as descri bed, -fiér- ex- 20anple, in Exanple
113 prepared. Using an etching paste of this type, a iayer of doped
tin oxide (! TO having a thickness of about 120 nm can be renoved
selectively within 60 seconds at 120C by the screen printing process.
The et chi ng i PespBlgvaranis. winetedhegengspl validife obthadneaniive o
water, foll owqmrwﬁre dekaabett Rotaredl thobxanm@bsrarkaiot suitdisiedotor m
of a fine spr a§H Tﬁ gorrpl ete di scltoslérecg%ntent of tal I !.aﬁgl | ciattlhons,
patents and pubIAUEHTS &S SRORE ShRPIEHE0E Addeduieshnt arglicruon to these
correspondi ng a&lppei cati on DE 10 2005 031 469.4, filed on 04.07. 2005,
are incog- 30porated into this application by way of reference. 4.

Exanpl es For tter understanding and in order to illustrate the
Tnvention, | 35ehiAABRCHALIGH GWRNIR Ta% SHAMMES AL AINAHSIN e 'LEBHETof
protection of rhbes goesanthaulsanirigihat, hethen éhanizsedpiidrs anddn Yige txam-

illustrate 0:4{.0. - SSh jant S
OnMng tot he%%gr%{e %%%?%E&Bﬁg?ﬁge?%@@ %ﬁ?ﬁ%ﬂ%@%ﬁﬁﬁhés@%@g@&
however, the elipliagnarcermesiiens.abl e for reducing the scope of
protecti ® of the present application to these al one. The

t enper at ures ven "n the exanples are always in C. It furthernore
goes w t hout %@m&-@gat, both in the description and in the

exanpl es, the added anounts of the conponents always add up to a

total of 100%ERHAYpSSEPES ST of FSRBBLRedus thickener

15 20 g of iron(lil) chloride

is added with stirring to a solvent mixdure censisting of
60 g of waiter
20 g of hydrochloric acid.

20 4 g of Finnfix 700 (carboxymethylcellulose sodium salt)
are then added slowly in portions to the solution with vigorous stirring,
and the mixture is stirred for a further 30 minutes. The clear paste is
then fransferred into a dispenser cartridge.
The paste, which is now ready o use, can then be applied to ITO sur-
25 faces by means of the dispenser.

Example 2
Eiching paste consisting of homogeneous thickener

30 20 g of iron(ll) chioride

is added with stirting to a sclvent mixture consisting of
30 g of water

10 g of ethylene glyco!

20 g of water

20 g of hydrochioric acid.



Et chi ng paste consisting of honogeneous thickener 20 g of iron(lIl)
chloride is_added with stirring to a solvent m xture consisting of 60
g of water 82732 dr ochl oric acid. 204 g of Finnfix 70BCT/EP2086/005460
(carboxyrnet hyl cel | ul ose sodium salt) ard8t-hen added slowy in
portions to the solution with vigorous stirring, and the m xture is
stirred for a further 30 mnutes. The clear paste is then transferred
into a di spenser car_tri_dge. The paste, which is now ready to
use, can then % Agpnn®g20801 TO sur 25f aces by neans of the di spenser.

Exanpl e 2 Et chiGhBARI&PSIB !rﬂﬁoﬂfon@qmﬁﬁ%%ﬂktﬁaﬁ%!tﬁ'ﬂﬁt?rbu%osﬁgriﬁcj,
iron(l1l) chi o%,lﬁig,‘ | S{‘vig\a‘@?e% V\%tl_hditrl rgg@g tt,goaisqil \/Se%Ie ;Xt}”-‘? igis
consisting of J¢ §'of BIS YT T RUHYIE R GIYE&S 20 187" Rer's 20
g of hydr ochl gg:a tmgerremgwgﬁmmmageooel 005460 - 16 - 4 g
of Finnffx Qi : 0 .50l u .
W th vigorous t?rrp?'?{n !E?lg%ﬁ gﬂg m xtdﬁ(rtgq'isg’g P?ﬁ%ﬁtb%o%ﬁl@!%ﬁrot ﬁlé?g%
m nutes. The CE&&? b&d%?@”ﬁsgft‘%ﬁistﬂ%ﬁ-erred into a di spenser

cartridge. 5The paste, which is now ready to use, can then be applied
to I TO sur - Examl;ie:B

10 Efching paste consisting of homogeneous thickener
20 g of iron(lil) chloride

is added with stirring to a solvent mixture consisting of
15 g of water

15 g of lactic acid

10 g of ethylene glycol

20 g of water

20 g of hydrochloric acid.

15

4 g of Finnfix 2000

are then added slowly in portions to the solution with vigorous stirring,
and the mixture is siirred for a further 30 minutes. The clear paste is
then transferred into a dispenser cartridge.

The paste, which is now ready fo use, can then be applied o ITO sur-
faces by means of the dispenser.

20

25

30

35



faces by nmeans of the dispenser. Exanple 3 Etching paste consisting
of hoanenQﬁ§s thickener 20 g of iron(iii) chloride is added with
stirring to Q2%HW&Mt i xture consisting of 15 g of wat er PHERROHF005460
lactic acid 10 g of ethylene glycol 20 giéf- water 20 g of

hydrochl oric acid. 4g of Finnfix 2000 are then added slowy in
portions to the solution with vigorous stirring, and the m xture is
stirred for a further 30 mnutes. The clear paste is then transferred
into a dispen I EEMDIfRe paste, which is now ready to use, can
then be applied to I TO surfaces by neans of the dispenser. 30 35 WO
2007/ 003255PCIHdtR2A16/pphidaTion by Hispdumihg erid etahinga e fliohg PRS-
application b%eﬂiéﬂ?ﬂéé@ﬂ and etching, the follow ng parane-

Application rate XY stage (JR 2204): 100 mm/s
Dispenser (EFD 1500XL) - working pressure: 2-3 bar

Dispensing needle internal diameter: 230-280 um

10 .

=iching parameters: 120°C for 1 min (hotplate)
( Rinsing: 30 sec in ultrasound bath

Drying: using compressed air

15
Resuft of an eiched ITO layer having a thickness of 125 nm on glass:
ciched line widths from 450 to 550 pum.

20

25

30

35



ters are used: S5Application rate XY si&ge (JR 2204): 100 nmm's

D spenser (EFD 1500XL) - working pressure: 2-3 bar Dispensing needle
I nternal dianeter: 230-260 pm 10Etchi ng paraneters: 120C for 1 mn
(hotplate) Rinsing: 30 sec in uPﬁTaEME%H-‘b‘M% Dryi ng: using
conpressed air 15Result of an etched ITO | ayer having a thickness of
125 nmon glass: Etched Iine widths from450 to 550 pm 20 25 30 35

18 PATENT CLAAUNG of ron@NIusidorde or rotdiN) ghlohte hedehwtrater anbhldighing

chl ori de hexa%drate as an etching conponent in a conmposition in the
f or m ofCOMBRNATE IMACOMRASH indBe 5010 fbg PRSERYNENSAPRISESA t hi ckeni ng
agent i rﬁ&g@%ﬂ% s 222 ' Hﬁﬁﬁ"& { St oal ;a,gg

of the H(g:'orrp Sitl O?‘Y, &Ep@rséd}t@;rcggr{(ﬂgﬁ%éﬁ‘géﬁggfé?g sur ggg's@tv%%cﬁ R orrpflélms’e
or condizsedain Snét2l amonhhof ihei @enpasi@rgr nore dopi ng conponents, or
for etching uniform hgonbgeneous, .non-por.ous or giorogg 5oped,ti n.
oxi de sur f adBESINEPEAIG I TaEeBVNGL ERMPTISR@T ICAPRIBLOLPNVaPT gihcexide,
t hi ckn Wt | presence of an inorganic m neral
acid, se eﬁ@g%ﬁgégﬁéhy rooc élh(t)%{lgr aci d, phosphoric acid, sulfuric
aci d, nitri doaeiathirgnaritormathoheseneons, noganirausaai phroukdoped tinhexide

organic_agcid i el ect omformc, acid ceti cid, lactic, acid
and ox Su Cgé‘: @T écﬁnd?orelgT& gyétgw%laagﬁbézgﬁ \Eﬁnaé):fq ﬁ*g ess Of such
ni tri dengRihal inithe pedyeeor N iBradint dral Stid NesTBeRagRiH:; non- porous
or porous solids, or
hydrochloric acid, phosphoric acid, sulfuric acid, nitric acid and/or at
least one organic acid, wherein the organic acid is selected from formic acid,
acetic acid, lactic acid and oxalic acid, or
for etching SiO,. or silicon nitride-containing glasses which are uniform,
homogeneous, non-porous or porous solids, or
for etching corresponding non-porous or porous glass layers of variable

thickness which have been formed on other substrates.

2. The use according to Claim 1 wherein the thickening agents comprise one or
more of cellulose/cellulose derivatives, starch/starch derivatives, xanthan,

polyvinylpyrrolidone, and polymers based on acrylates or functionalised vinyl units.

3. The use according to one of Claims 1 to 2 wherein the paste has a viscosity at

20°C in a range from 6 to 35 Pa.s and a shear rate of upto 25 s

4, The use according to Claim 3 wherein the paste has a viscosity in the range
from 10 to 25 Pa.s.

5. The use according to Claim 3 wherein the paste has a viscosity in the range
from 15 to 20 Pa.s.

6. The use according to one of Claims 1 to 5 for opening layers of doped tin

oxide surfaces (ITO and/or FTO) in the process for production of semiconductor



for etching correspondi ng non-porous &% porous glass |ayers of

vari abl e thi ckness whi ch have been formed on other substrates. 2.
The use according to Caim1 wherein the thickeni agents conpri se
one or GesRRONENtE @nd integeated ciravitsthegesf arafiopawo toth e ciioniics.
derivatives, xanthan, polyvinylpyrrolidone, and polyners based on
acryl ates or functionalised vinyl units. 3. The use according to one

of daims 1 The dsevbec@iding foeorast €laivas 1o\ Brdisplby tédh y (TRT9)ainge
from6 to 35 Pa.s and a shear rate of up to 25 s-1. 4. The use

accor diRPR e, SETTIHSIEIST e qlagY. 1Bk eounanes plaptmRioshEIneRleY
f 1
prst & RAsg GreinBusty in W7 pHRECHEA BF EIE i Af o O P By, 3fd or

accor diprgductiomef pHotEiatias ahdtfor Strdciuriogehl T dlayses Sooflatesread st;ne@n
oxi de surfaces (1 TO and/or FTO in the process for production of
seni corRRRYIEBHONSI9  conponents and integrated circuits thereof or of
conponents for electronics. 7. The use according to one of Cains 1
to 5 in display technology (TFTs), in photovoltaics, sem conductor

t echnol&gy, Tfhegbsqaaco‘:mrd'rrugwkme@aimdtwben’rer'nrstheﬂh’rcéqemmggqg@ﬁ i$ Beto@O&‘sby

P A e P R A A e e RO

fl at - pang 264 RLRRIR! bt Hthe tofal aﬁﬁ@urﬂ%ﬁtﬁéé% b8@oko Caim 1
wherein the thi‘ckening agent is 3 to 20% by wei ght, based on the

t ot al armunt of the corrp05| tion, and the etching corrponent is 2 to

20% b b d h
ise avchr di s SR RnG Rp B 7 RS el PR AR PRleh | s

a pl asrmashapligplay. 10. The use accor ding to daim1l, wherein the
etching conponent is 5 to 15% by wei ght, based on the total anount of
the conposition. 11 A corrposi tion for etching oxidic |ayers,

conpri 51619 The use a ld)lla)mclhlvmérgﬂ tRE eltétﬁﬁé %bh&)oﬁghgﬁiﬁjg)f 5% by

hexahydrdte as”an e component '1h an amoun

wei ght m@ghﬁ@a@@d@rﬁtﬂb&btaﬂiqﬂwunt of tHeheornpogitient i on;
sol vent, conprising one or nore of water, nono-or polyhydric al cohols

sel ected fromthe group
11. A composition for etching oxidic layers, comprising:

a) iron(Ill) chloride or iron{lll) chioride hexahydrate as an etching
component in an amount of 2 to 20% by weight, based on a total amount of the
composition;

b) a solvent, comprising one or more of

water,
mono-or polyhydric alcohols selected from the group

glycerol, 1,2-propanediol, 1,4-butanediol, 1,3-butanediol,
1,5-pentanediol, 2-ethyl-1-hexenol, ethylene glycol, diethylene glycol
and dipropylene glycol,
ethers selected from the group

ethylene glycol monobutyl ether, triethylene glycol monomethyl
ether, diethylene glycol monobutyl ether and dipropylene glycol
monomethyl ether,
esters selected from the group

[2,2-butoxy{ethoxy)lethyl acetate and propylene carbonate,



gl ycerol, 1,2-propanediol, 1,4.butanedol, 1, 3-butanediol,

1, 5- pent anedi ol , 2-ethyl-1-hexenol, ethylene glycol, diethylene

gl ycol and di propyl ene gl ?/col ethers selected fromthe group

ethyl ene glycol rketias pelestassiomithedrayP ene gl ycol nononet hyl et her,

di et hyl ene gl ycol non r oy neg_ nononet hyl
ether, esters select eg}%ﬁé@uﬂrﬂeﬁtﬁgsgrou&l%ﬁﬁﬁt@k?(%%@% '] et hyl
acetate and Eropﬂ-ﬁ@oﬁf@@&’;}ﬁ-}p@ﬁanﬁm anésl-metydteyrdlidomst he
group acet ophenone, nethyl -2- hexanone, 2-octanone, X

4- hydr oxy- 4- met hyl 2D-3eeRERId tézrﬁ%%mwght Qawf%ﬁwmﬁl,w‘?'ehbﬂf the
anount of 1%0%095%%1433’ wei ght based on the total weight of the
conposi tion; ¢) a honogeneously di spersed organic thickening
agent in an cnourd hahodeheo W dspeveaadirgaofc thitkeoomgpagritiman amount of

conpri sing.o or mpre_of cellulogse/cellulose derivatiyes,

st ar ch/s T bRPRIIRE 61 CArmpRSHRAN. SOBTRARING PRS & BIFT8&Ne,  and

pol yirer s based 0neRGloKbAkARIONE defNai @A ERRCAYerVRINGS, xanthan, )
at | east one inorganic and/or organic acid; and e) additives,
conprising at | egsywvwmdpwiolannief eadpolyrhérsdiasedian agyhitas or functionalised
fl owcontrol agents, deaerators, adhesion pronoters, and whi ch
isin the form of "™ ¥8e and is printable and has a viscosity at a

tenperature pf 20€ 145t drARERANOIM@ o Brgdnidacid; ahda shear rate of 25
e, 12. The conmposition according to Claim211l, wherein the at |east

one i nor gani&) andidsiitivesgapimeriainigcatileasionienafradifvamsi thixoaopiscagents, flow-
COMPIT o QSen rs ggééara?c];rs, adhesion promoters, and
which is in the form of a paste and is printable and has a viscosity at a

temperature of 20°C in a range from 6 to 35 Pa.s at a shear rate of 25 s™,

12.  The composition according to Claim 11, wherein the at least one inorganic
and/or organic acid is an inorganic mineral acid comprising one or more of:
hydrochloric acid, phesphoric acid, sulfuric acid, nitric acid and at least one
organic acid having a straight chain or branched alkyl radical having 1- 10 C atoms,
selected from the group of alkylcarboxylic acids, hydroxycarboxylic acids or

dicarboxylic acid.

13.  The composition according to Claim 11, wherein the at least one inorganic
and/or organic acid is an organic acid comprising at least one of formic acid, acetic

acid, lactic acid and oxalic acid.

14.  The composition according to Claim 11, wherein the at least one inorganic
and/or organic acid has a concentration up to 80% by weight based on the tofal

weight of the composition, and has a pK; value of 0 to 5.

15.  The composition according to one of Claims 11 to 14, wherein the solvent is

15 to 85% by weight, based on the total amount of the composition.



hydrochl oric acid, phosphoric acid, sélfuric acid, nitric acid and at
| east one organic acid havi ng a straight chain or branched al kyl
radi cal haviing 1- 10 C atons, selected fromthe group

al kyl careboxyIh%C%P@%t'O%?QGQf%%GWT‘l1(:1 favag %VISQ@%‘B#%*@(%WEG@&@ of
13. The %Sﬁatdg%fhcﬁﬁ%ftﬂ'ﬂpé% H AR dgesein the at |east one

|norgan|c an organi c acid an organic acrd conprising at | east
one of fornlc acid, acetic acid, Iactlc acid and oxalic acid. 14.

The conp05|t on accordl n to d aij erein the at |east ope
i nor gani’c and)%fOBPERIHPR 25 E@@'%@n&éé&ankeﬁ‘{h%?'ﬂdﬁ e hiPMPBEABY wei ght

baSEd %?sﬁ%@e&r%élkeﬁ’é?'@b% ﬁfzé‘?%f\géﬁ%'ﬁés%@ orﬁg’\%éBgefc r?gn%t ?’Héf of

he conposition acc g 'to one o
vvherel recnipostidruent is 15 to 85% by wei ght, based on the total anount
of the composition. 21 16. The conposition according to Claim 11,
having a viscosity at a tenperature of 20C in a range from 10 to 25

Pa.s aty@ sheqd cérﬁ?ése.i%n ZecSrding toldne SNEIHPTPASI! 1 'P'%vﬁ’éi'ﬁf?ﬁ‘ﬁle%d’itﬂles

Claim 11, wherelin honpgeneousl y di spersed thi ckener 1's 0. 25%
by wei gmmprlm@deast arieeot antiibamspiininotisipic agentsniestaentod agenss, dEBerators

conposition according to one of Cl 1.t0,.17, . ein th

ada t v SR ot B Rinogit ahEp o sHe Y Wil PERMLOHTap i

f 1 owcordmelintaens somiRagioat ors and adhesi on pronoters in an anmount of
up to 5% by wei ght, based on the total anpbunt of the conposition.

19. The conposition of Caim1l1ll having a viscosity at a terrperature

ot ocoss Gor TIORFRBORHRY L 41 Relirfia Bscaiflatd lenic-eifpdragCin

conpri saAge from 15 taPPI F4.8Gt a SHuAP0stet df@B g&co_rdl ng to one of C ains
11 -19 over an entire area or in accordance with an etch structure

mask selectively only to an area on a surface where etching is

desire an i i t

composi Kon T1Br9es 3 b OO RoRRS RHE: Enstaliig Sirfces. Pfunrising:
heating. 2lapplyieg pracesssitetaccidng dﬁeaom%@nSWMeﬂelavet’ be entlre area
conposition is m)vecli_‘after ane osure t s -15 mn.

of
The pr&fé@@caer P gt 80 el HEUBHS r&&é&selﬁﬁav%m o bAEFPR Fio‘?ﬁ"fas?e
appl i e%l@é/re%lémﬂg ?Hé@i%zﬁéeér% a screen, a stencil, a pad, a stanp, an
y. : e

i nk-jet, or manual process accordi ng to Clainms 20 to 22,
wherein the aftﬁn&wiing @c@mphtmsédsmgfomer@mmséﬁon ugiag arsaventowress

accordin rein the step of applying the

corrposﬁtq%t’ﬁﬁ% rglxﬁ{gﬁgr r'ﬁ”@@#ﬁ@’\l\g &MY from30 Cto 330C. 25. The

process according to Clains 20 to 24, wherein the area etched has a
21.  The process according to Claim 20, wherein the composition is removed after

an exposure time of 10 s -15 min.

22. The process according to Claims 20 to 21, wherein the composition is applied
by one of dispensers, a screen, a stencil, a pad, a stamp, an ink-jet, or manually.
23. The process according to Claims 20 to 22, wherein the composition is rinsed

off using water.

24.  The process according to Claims 20 to 21, wherein the step of applying the

composition is done at a temperature from 30 °C to 330°C .

25.  The process according to Claims 20 to 24, wherein the area etched has a



22 doped tin oxide surface (1 TO and/ 8% FTO and is etched with an
etching rate of 0.5 to 8 nms. at a tenperature from50 to 120C. 26.

The process of Claim21 ein t onposition is rinsed after 30 s
to zpmcﬁ?p?dzt_‘ﬂ 0’1‘!4@ SHF%E%E@%F‘”&%% %Cg)@ sredrhed wah anepicBingdsi 9?% fo
t he corg)ﬁﬁﬁg_léqi%r#egﬂlﬁﬁ@r@}m% Egr@q@@t@ye from40 to 200C. 28. The

process of cla rein the step of applying the conposition is
done at a tenperature fromb50 to 120C. 29. The process of claim 25

whereindhe glehing rate e 1o 0 nls 30, The process 0, @l 25

27. The process of Claim 24 wherein the step of applying the composition is done

at a temperature from 40 to 200°C.

28. The process of claim 24 wherein the step of applying the composition is done

at a temperature from 50 to 120°C.
29.  The process of claim 25 wherein the etching rate is 1 to 6 nm/s.

30.  The process of claim 25 wherein the etching rate is 3 to 4 nm/s.



