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Prior art

it is necessary to structure oxidic, transparent, conductive layers on a
support material, such as, for example, on thin glass, for the production
of liquid-crystal displays. An LC display essentially consists of two glass
plates provided with oxidic, transparent, conductive layers, usually of
indium-tin oxide (ITO), which change their light transparency through
application of a voltage. A liquid-crystal layer is located in between. The
use of spacers prevents contact of the ITO front and back. For the dis-

) play of characters, symbols or other patterns, it is necessary to structure

the ITO layer on the glass sheet. This enables areas within the dispiay to
be addressed seleciively.

20

25 Oxidic, transparent, conductive layers thus play an outstanding role in

the process for the production of flat-panel screens and of thin-film solar
cells. In flat-pane! screens based on liquid-crystal displays or organic
light-emitting diodes, at least the electrode facing the viewer has tc have
the highest possible transparency in order to be able to make the optical

30 effect visible to the viewer. The optical effect may, as in the case of
liquid-crystal displays, be a change in the transmission or reflection or,
as in the case of OLEDs, represent an emission of light.
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established itself, as transparent, conductlve material. This is due, inter
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t hi cknesses of dGfedin e ghraesm ssion val ues of > 80% that can be achieved
therewi th. However, it is also due to the mature and rela- tively sinple
coating by nmeans of cathode sputtering. A good review of oxidic,

transparent, conductingirhdireogidenia.Ohs3r ( Iq‘@)\OS| - tion techniques is offered

by KL Giebr S Mgt B CQRLInE s Frepcee e, Sondtors - A
Opt i ¢s. a antimony-doped tin oxide SnO,:Sb (ATO)
o aluminium-doped zinc oxide ZnO:Al (AZ0)
In addition, the literature describes, for example, the systems
cadmium stannate CdSnO; (CTO)
indium-doped zinc oxide ZnO:in (1Z0)
undoped tin(iV) cxide (TO)
undoped indium(lil) oxide (i0)
a undoped zinc oxide (ZO).
in display and thin-film solar technology, essentially indium-tin oxide
{ITO) has established itself as transparent, conductive material. This is
due, inter alia, to the very low layer resistances of < 6 Q in the case of
20 layer thicknesses of 200 nm and transmission values of > 80% that can
be achieved therewith. However, it is also due {o the mature and rela-
tively simple coating by means of cathode sputtering.
A good review of oxidic, transparent, conductive layers and their deposi-
tion techniques is offered by K.L. Chopra, S. Major and D.K. Pandya in
"Transparent Conductors — A Status Review", Thin Solid Films, 102
(1983) 1-46, Electronics and Optics.
The oxidic, transparent, conductive layers are usually deposited over the
entire area of the support material. The support material used in most
cases is flat glass (soda-lime glasses, borosilicate glasses or similar
glasses drawn by machine or produced by the float glass process).
30 Other suitable support materials are polycarbonate (PC), polyethylene
terephthalate (PET) and similar transparent polymers.
Essentially the foliowing deposition methods are used here:

15

o o 0O O

25



The oxidic, transparent, conductive |layers are usually deposited over the
entire area of the support material. The support nmaterial used in nost

cases is flat glass (soda-linme gl asses, borosilicate gl asses or simlar

gl asses dr awoOBY7aEYiB ne or produced by the float gl ass procd€S)EP28E/BoHér
sui tabl e support materials are polycarbonatg _(PC), polyethylene

terephthal ate (PET) and simlar transparent polyners. Essentially the

foll owi ng deposition nethods are used here: WD 2007/012378 PCT/ EP2006/ 006444
-3 A direct vapour deposition of the oxides ™ reactive vapour deposition of

the netal s in the pr@ipeRommiurderifition oftheekjded hode sputtering of the
' ' ttering

oxi des (DC, magnetron, RF or 1on-, beam sputterin 5 ~ reactive s
of the 1otal 5 EhaSACEYENEPOLN JBRRRBION OF HatTRIRIS, b PIRSREGE bARYASTy
of precursors, sugh @%ctfwthoéémtt%rir@@fﬂné‘oﬁiﬂé@&(DﬂW'a)gﬁieQrd}},dﬂpd?Q@hi ng

with a suitable sol 10 In t F tw()) nost 1 nportant applications o
transparent, conductb%/%ml es”an | at - panel screens and thin-filmsolar

cel I s), the transparmctiveapidieringeof thayeetas intthegresercelof diygetase of

case of thineti @ mesttlncal VpoBL ARERsign RERPED FréRlistisabity 38 Mepar ar o
sol ar cells within aesampte,&rCl.s achieved. This results in a higher

initial voltage, [ b Sy rn advanta 15 geous owing to the better
over com ng of ohmwg gﬁe‘?@y&ﬁ%ig A nunber of different structuring nethods

are usual |y enpl opeddipasoating wighaauitable sdler eof . The following, inter alia,
may be nentioned: 20 Mask vapour deposition or nmask sputtering For the
production of relatively sinple structures, it is sufficient for the

transparet®, coifditner wemastémpostant apgdicstions o dignsparaphloosducdiye Jayers

Sput tiering wi t izl sefedils 8RA!thREAMRSHIAScES)! PRERANSPANNE! ohBbctive
layer is structured. In the case of flat-panel screens, individual pixels or
segments can be addressed. In the case of thin-film solar cells, serial
switching of a plurality of separate solar cells within a substrate is
achieved. This results in a higher initial voltage, which is in turn advanta-

15 geous owing to the better overcoming of ohmic resistances.

A number of different structuring methods are usually employed for the

production thereof.

The following, inter alia, may be mentioned:

20 Mask vapour deposition or mask sputtering

For the production of refatively simple structures, it is sufficient for the
transparent, conductive layer to be coated through an applied mask.
Sputtering with the aid of an applied mask is a process known to the
person skilled in the art. US 4,587,041 A1 describes a process of this

type.

25

Mask vapour deposition or mask sputtering is a fairly simple process.
However, the process is not suitable for mass production, especially for
the production of relatively large substrates. The masks warp in the

30 process owing to different coefficients of expansion of substrate and
mask. In addition, the rnasks can only be used for a few coating steps
since material is constantly deposited on them. in addition, relatively
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An example of laser ablation on transparent, conductive layers has been
described {C. Molpeceres et al 2005 J. Micromech. Microeng. 15 1271-1278).

Photolithography

The use of etchants, i.e. chemically aggressive compounds, causes
dissolution of the material exposed to the attack by the etchant. in most
cases, the aim is completely to remove the Iay'er to be etched. The end
cf the etching is achieved by the encountering of a layer which is sub-
stantially resistant to the etchant.

20

25
The production of a negative or positive of the etch structure (depending

on the photoresist) is usually carried out in the following steps:
o coating of the substrate surface {for example by spin coating with
a liguid photoresist),
o drying of the photoresist,
30 o exposure of the coated substrate surface,
development,
rinsing,
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photoresi st, 30 ™ exposure of the coated supstrate surface, o devel opnent.
A rinsing, WO 2007/012378 PCT/ EP2006/ 006444 5- ~ if necessary drying, »
etching of the structures, for exanple by o dip processes (for exanple wet
etching in wet-chem stry benches) 5 dipping of the substrates into the
etching bath, etchiifyguessargsisyingspi n-on or spray processes: the etching

solution is applled tJ subs h t ching process can be
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fairly high throughput, even in the case of hi y conplex structures to be
et ched, phot ol i t hogr aphy SPE-PRCMEIRYPIEEEEHSs er%ﬁchmgasgttﬁmlﬁran@ ast

to a rotating substrate, the etching process can be carried
out without/with input of energy (for example IR or UV irra-
diation)

10 o dry-etching processes, such as, for example, plasma etch-

) ing in complex vacuum units or etching with reactive gases
in flow reactors,
o removal of the photoresist, for example by means of solvents,
o rnsing,
o drying.

15 Owing to the high structure accuracy of the etched areas - the etched
structures can be etched accurately down to a few um — and the fairly
high throughput, even in the case of highly complex structures tc be
efched, photolithography is the method of choice for the structuring of
oxidic, transparent, conductive layers in the area of flat-panel screens.
However, it is particularly disadvantageous that a large number of proc-

20 ess steps is necessary with use of very expensive equipment. In addi-
tion, considerable amounts of auxiliary chemicals (photoresist, devei-
) oper, etching medium, resist siripper) and rinsing water are consumed.
Liquid etching media described in the literature, especially for the fully
o8 oxidised indium-tin oxide (ITO) widely used in the area of flat-panel
screens, are:
o iron(lil} chloride + hydrochloric acid
u hot, approximately 30% by weight hydrochloric acid
o hot, 48% by weight hydrobromic acid
o aqua regia (in some cases dilute).
30

Etching in the gas phase, optionally in a plasma, of ITO is also known,
but currently only plays a minor role. Use is made here, for exampie, of
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photolithography, since the existing alternatives (laser ablation and mask

sputtering) are not sufficiently capable.

Object
15
The object of the present invention is therefore to provide novel, inex-
pensive etching pastes for the etching of very uniform, thin lines having a
width of less than 500 um, in particular less than 100 um, and of ex-
tremely fine structures on doped tin-oxide layers which are used for the
production of LC displays. The doped tin-oxide layers are transparent,
20 conductive layers, as are used, for example, in the production of liquid-
crystal displays (LCDs) using flat-panel screens or of organic light-emit-
ting displays (OLEDs) or in thin-film solar cells. A further object of the
present invention is to provide novel etching media which, after the
efching, can be removed from the treated surfaces in a simple manner
o5 under the action of heat without leaving residues.

Description of the invention

The present invention provides etching media for the etching of oxidic,
transparent, conductive layers, comprising at least one etchant consist-

30 ing of
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through thermal input of energy to be present.

The present invention also relates o corresponding etching media in

15 paste form which, in addition to at least one etchant, comprise solvents,
particulate and/or soluble inorganic and/or organic thickeners and op-
tionally additives, such as antifoams, thixotropic agents, flow-control
agents, deaerators and adhesion promoters.

20 The present invention likewise relates to a process for the etching of oxi-

dic, transparent, conductive layers, in particular of corresponding doped

) tin-oxide layers. Depending on the consistency of the etching medium
according to the invention that is used and depending on the application,
the etching medium is applied by spraying, spin coating, dipping or by
printing by screen, stencil, stamp, pad or ink-jet printing.

In order to carry out the process, corresponding etching media are pref-
erably applied by means of a printing process to the substrate to be
etched. The etching medium applied can usually be activated by warm-
ing. Depending on the composition of the etching medium and etchant
employed, heating to different temperatures must be carried out for this

30 purpose. The heating can accordingly be carried out in different ways, for
example on a hotplate, in a convection oven, by IR radiation, visible light,
UV radiation or with the aid of microwaves.
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particul ate and/or sol ubl e inorganic and/or organic thickeners and op-
tionally additives, such as antifoans, thixotropic agents, flow control
agents, deaerators and adhesion pronoters. The present invention |ikew se
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out in differesdrevays, for exanple on a hotplate, in a convection oven, by
IR radiation, visible light, UV radiation or with the aid of m crowaves. WO
2007/ 012378 PCT/ EP2006/ 006444 -3 The process according to the invention can
be used for thpedilegcdaseniwtion of the thventiphansparent, conductive | ayers for
the production of solar cells. However, It is also possible for oxidic,
transparent, conductive |layers to be structured in a correspondi ng manner
for the productN@M3040845 descebesi sombenad effehiapl st deping ptadinnofort he

! e produc _ qe . i . plort !
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Surprisingly, experiments have now shown ihat oxidic, transparent, con-
ductive layers, such as, in particular, indiumi-tin oxide, can alsc be

13 eiched at high etching rates under suitable conditions at moderate tem-
peratures using corresponding etching media in which the etchant is
based on a phosphoric acid, or salts thereof and/or corresponding pre-
Cursors.

50 The etchant used in the etching media according to the invention is

phosphoric acid, or salts thereof or suitable precursors from which a
phosphoric acid is liberated under suitable application conditions.

For the purposes of the present invention, the term phosphoric acid is
specifically taken to mean the foliowing phosphoric acids:
25 ortho-phosphoric acid {H;PO,),
pyro-phaspheric acid (H,PO-),
meta-phosphoric acid [(HPO3),],
oligo- and polyphosphoric acids,
phosphonic acid (phosphorous acid),
phosphinic acid (hypophosphorous acid},
30 shenylphosphinic acid and other organic phosphinic acids,
phenylphosphonic acid and other organic phosphonic acid.
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phosphoric acid, or salts thereof or suitable precursors fromwhich a
phosphoric acid is |liberated under suitable application conditions. For the
purposes of the present invention, the term phosphoric acid is speC|f|caIIy

taken to mean saﬂsfwldr@ypn%nemﬁ@k&mfbﬁ 3 B8 emp i éﬁ%pﬂh@m@w rﬁ:|
011 g0- and” pol FBRUBIHARRECHS fgn iqnﬁsiaﬁaﬁr pﬁaépﬁo E%é@ﬁﬁnoq@r[t%grm)

phosphi ni ﬁ acnh ttheSeypepizkephtormeanabieorrésp gla}hdmht ufi §aml Thardre-her
or gani ¢ phosphjnjc 0 ni ot he ani.c
phosphoni ¢ aci WPON \ﬂbﬂédﬂwﬂﬁﬁﬁgﬁﬁﬂ%ﬁgﬁﬁﬁ&iﬁw eﬁeséﬁ(t% ol %ﬂ%@'ﬁlﬁ!@rl C
aci d whi gh cantidies eftiepéchiag entdia, fomecessdiry byriteating.sal ts of the acids
nmentioned under phosphoric acids. In particular, these are taken to nean

t he correspondi ng anmoni um salts. The corre- spondl ng phosphoric acids are
| i berated fronl hadeemgiasphafict aecidfpresursors isitakan ¢6 meéan epchpoundewhach i f

necessary by hﬁ)"f‘H @ﬂosﬂl‘?@né EHHSOQH&RJF%HH% Jf\%&é’oﬂfaf&H{aﬁﬁéél r;e%octti%eéh&/i%r rean

conpounds whi ch aci ds an
reaction and/ omerm@érdworrmw@asi:or pae irdhe gdehing mediacaoidingdaithe in-

according to thenfion, «aRieMIRGTHEABONIL BENTENIErs ofline 8id BhaBIRSA Of the

RO AR I 0 T e
partii cul arly sphi®biBBP) Bhesphebtyasheispiadte (TBP)S aré parfic@atgsudibs are
capabl e of formng
Phosphoric acids are per se Lewis acids which are capable of forming
adducts with Lewis bases. These phosphoric acid adducts may decom-
pose back into the starting materials at elevated temperatures. More

15 vyolatile or decomposing Lewis bases liberate the phosphoric acids in the

process.

An example of a suitable Lewis base is 1-methyl-2-pyrrolidone (NMP},
which is also used in compositions according to the invention reproduced
by way of example.

20 Phosphoric acid-based etching media have considerable advaniages

) over the known etching media outlined above for the etching of ITO:

n The etching medium in the form of a thickened paste can be ap-
plied selectively by means of a printing process 1o the substrate to
be etched. Complex photolithography can be omitted.

o5 o Due to the very low volatiiity of the etching medium, which takes
on a glass-like state during the etching process ("phosphorus salt
beads"), the etching rate, even of extremely small amounts of
printed-on etching medium, is constantly high over an extended
period. Agueous etching media or those based on other solvents
lose their etching power viriually completely within a few minutes

30 due to evaporation of the solvent or etching medium.

o The etching can be initiated by input of heat. At room temperature,
the etching rate is very low {< 1 nm/min).
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adducts with Lewi s bases. These phosphoric acid adducts nay decom pose back
into the starting naterials at elevated tenperatures. Mdire 15 volatile or
deconposing Lewi s bases liberate the phosphoric acids in the process. An
exanpl e of WO0VEHRI™® Lewi s base is 1-nethyl-2-pyrrolidorie ¥IVEY2006/00susth i S
al so used in conpositions according to thesgnvention reproduced by way of
exanpl e. 20 Phosphoric aci d-based etching nedi a have consi derabl e advant ages
over the known etching nedia outlined above for the etching of TGO ~ The
etching nmediumin the formof a thickened paste can be ap- plied selectively

Dot ot 1t hogr aphy e Hecpes 17 stéhjaBtage BPUIR rtiBediRIRIAHONRIT 5 the
et chi ng medi um whi Ehoyhﬁgb nrggmig. b@@nlrﬁﬁb_tg@ﬁt@hiﬂgr%Oﬂclifédié'ﬂ%'ﬁinr@(ide
process (" phosphor uf, 8% byb@@i:téhydﬁd@é@ﬁ@hb{tﬂisr@m?ﬁ Aven= g AryARATIas

smal | amounts of printed-on efching, nedi is constantly hi gh over an

ext ended peri od. Aﬂﬁﬁﬁﬂgeaf%hﬁ b%@*ﬁh“ﬁipbﬂgge based on ot her solvents

| ose thteib-r etfchi Rg ﬁm@] .r/wwt' tbaltalc%_.mﬁmiﬁpauxgdﬁqp@ eniﬁ.fﬁaﬁ\pnﬂzey.gs 30 fl_uettg
evaporation o e vent.or e | lum, A The etching can.be initiate
by 1 nput of heat . Al NEsganBnpEdvivies 8 VetV dowyakpdrigsstrg s Fohpe< 1
nm min). WO 2007/ 0183ZAtIPett EB2QRH/OsthlentiPonmEnt 18A0s, fdrexampliengneate in
fully oxidised indi ' ' LS t.J 11 rast,

etching rate of i ndlwtﬁrlé Fﬁmé‘ ?%&ﬁg&%@%%%nﬂ%r%&%%%l %r%a’c\fv_hr&?]s only
8 Al's (= 48 nm ni n) ara daesteoniast with e elehing medivnpage & used without
(http://ww. betel co sty phd/ pdf / chapter5. pdf p. 128). a The etching

medi um has a very I8M/vapour pressure. It is conse- quently not corrosive to
t he envi d8nnent. Thus, for exanple, me- tallic conponents, such as print

heads, print sgf BARBriAS with WYHEFesalifon BcibérRprintingtfaskicy &ftH e ligtHsng
medi um can be 3? 38 ;Wnt\nr}gnyet achieved. Significantly smaller line widths are virtually

impossible to produce by screen printing, essentially due to the available
screen-printing fabrics. For many applications, for example standard TN-
LCDs (7-segment displays and the like), however, this resolution is en-

15 tirely adequate. For higher-quality displays, for example STN matrix dis-
plays or TFT matrix displays, higher resolutions are necessary.
in order to be able to produce higher resolutions, or finer printed struc-
tures, other printing processes are necessary. The classicai printing
processes, such as, for example, offset printing, pad printing and the
like, either cannot be employed on the substrates used, such as, for ex-
ample, thin glass sheets, or the desired resolution cannot be achieved

) with their aid.

A usable printing process is ink-jet printing. For example, Litrex (Peas-
anton, CA, USA) manufactures high-resolution industrial ink-jet printers.
The Litrex 120 ink-jet printer enables individual etching-media dropiets

o5 having a volume of 10 picolitres to be applied without contact to an ITO-
coated glass substrate with a positioning accuracy of £ 10 um. The
equipment thus enables line widths of down to 30 um io be etched into
ITO on use of the etching media according to the invention.

20

Even without further comments, it is assumed that a person skilled in the
30 art will be able to utilise the above description in the broadest scope. The
preferred embodiments and examples should therefore merely be



problens. 10 In print trials with high-resolution screen-printing fabrics,
etch ine wwdths of 50 pmwere achieved. Significantly smaller Iine w dths
are virtually inpossible to produce by screen printing, essentially due to
t he avai | abW® 208¢pR8T8- printing fabrics. For many appli cati onBCT/AES2006R%HMH e
standard TN- LCDs (7-segnent displays and_tihe |ike), however, this
resolution is en 15 tirely adequate. For higher-quality displays, for
exanple STN matrix dis- plays or TFT matrix displays, higher resolutions are
necessary. In order to be able to produce higher resolutions, or finer

printed struc- régaRfed Qé'&%’scﬁbh@é'd@ci@é@@m %rébé'@lﬁ?élzqfdt isani'ﬁﬁ Ghagfj cal
printing processes such as, for exanple, offset printihg, pad p i nting and

the like, eitM&Y-cannot be enployed on the substrates used, such as, for ex
20 anple, thin glass sheets, or the desired resol ution cannot be achi eved

Utrex (Peas-  dttotonpictelisiloslie Bosfency 4 sRoiddia s mpteifaed niied®’ ©

i nk;1 j et %r:j ntert:s;nslﬁlibatmned@bol@amdlbeﬁ@.u andrihercosrespaxiing dipphdaabn |

W thout cont actt g Ce0RF B%S %‘%ﬁ@“@"éﬂ%@Zﬁﬁ’"%#@%ﬁ%@ G 95 45
accuracy of 1@lipatiomiy wayuif getarenceus enabl es |ine wi dths of down to 30 pm
to be etched into |1TO on use of the etching nmedia according to the

invention. Even without further comrents, it is assuned that a person
skilled in theFasdettar understanding andinoidarde ilustraiedne inventiop: exam-n t he

ﬁé?iﬁ’isLes%p§86%§§5%§9§4’ﬁ%§%@7’38§2ﬁ§"ﬁ?@6 SEakd @@E@%"‘rﬁ“‘ i

di sc) osurl® whi égnt ynvantienutldhigsensxamples alsg $¢fV§ri9 llluatyatem‘@w lpvatiants.
di scl osure coni®Rin oﬁ‘ié éiﬁ@l‘a'l%litiﬂwl}‘%af tRE§RRrtveNs nﬁ’él ld 88scbéd ORGw-
nment i oned above and, bel ow ? Eorres gﬁdlﬂg B h ation gECé 5005 035
255.3, filed ofVES, HE SXRIBP ‘?r%afEhBB tablefor redueingdhgscane ebPTYRCBINway
of reference. of the present application to these examples alone.

13 Examples:

Example 1

Preparation of an etching paste for indium-tin oxide

20 446 g of phosphoric acid (85%)
are added with stirring to a solvent mixture consisting of

) 176 g of deionised water and
271 g of 1-methyl-2-pyrrolidone.
15 g of hydroxyethyicellulose
are subseqguently added with vigorous stirring.
293 g of Vestosint polyamide powder
are then added to the clear, homogeneous mixture, which is stirred for a
further 2 hours.

25

The paste, which is now ready to use, can be printed using a 260 mesh
30 stainless-steel fabric screen. In principle, polyester or similar screen
materials can also be used.



For better understanding and in order to illustrate the invention, exam

pl es are given bel ow which are within the scope of protection of the pre- 10
sent invention. These exanples also serve to illustrate possible variants.
oning to th&YaENeP8alidity of the inventive principle des&FFEEa006/08%444
ever, the exanples are not suitable for redgci ng the scope of protection of
the present application to these exanples alone. 15 Exanples: Exanple 1
Preparation of an etching paste for indiumtin oxide 20 446 g of phosphoric
acid (85% are added with stirring to a solvent mxture consisting of 176 g
of dei oni sed wdmpd2271 g of 1-nmethyl-2-pyrrolidone. 15 g of

hydr oxyet hyl cel I ul ose are subsequently added with vigorous stirring. 25 293
g of Vestosint 468 gafighosphdieracidd86hen added to the clear, honpbgeneous

Feady to use. " dies FinatigBo g 598t slRig el BRELE: oi'cel rabr
screen. I n prird@ipyaf desdyisstenvater, sinilar screen nmaterials can al so be

used. WDOg007/ q%%Ség)f%ﬁ{ﬂlésﬁﬁ)@%gpﬁdm - 12 Exanple 2 460 g of phosphoric

acid (85% are add nca. t0 a solvent mxture consisting of 181 g
of dei oni sed w&feg ofsl-methyl-3fpystlidonge gl ycol and 98 g of

1- et hyl - 2- pyr rqof § Q'Hr?ﬁfdr attvRiell xyet hyl cel | ul ose are subsequently
added with vi goro%s st’i r?%g@y dZQés}ﬁgf":gf_ Coat hyl. ene pol yet hyl ene powder
are subsequently added with vigorous stirring.

293 g of Coathyiene polyethylene powder

are then added to the clear, homogeneous mixture, which is stirred for a

y 10 further 2 hours.
The paste, which is now ready to use, can be printed using a 260 mesh
stainless-steel fabric screen. in principle, polyester or similar screen
materials can also be used.
15

Example 3

446 g of phosphoric acid (85%)
are added with stirring to a solvent mixture consisting of
176 g of deionised water and
20 271 g of 1-methyl-2-pyrrolidone.

‘ 32 g of polyethylene glycol 1500 and

) 15 g of hydroxyethyicellulose
are subsequently added with vigorous stirring.
271 g of magnesium sulfate powder
are then added to the clear, homogeneous mixture, which is stirred for a

25 further 2 hours.

The paste, which is now ready 1o use, can be printed using a 260 mesh
stainiess-steel fabric screen. In principle, polyester or similar screen
materials can also be used.

30



are then added to the clear, honogeneous m xture, which is stirred for a 10
further 2 hours. The paste, which is now ready to use, can be printed using
a 260 mesh stainless-steel fabric screen. In principle, polyester or
simlar screé¥A200@iB7$al s can al so be used. 15 Exanpl e 3 446 F§THP2PHA9p i c
acid (85% are added with stirring to a sal4ent mxture consisting of 176 g
of deionised water and 20 271 g of 1 -nethyl-2-pyrrol i done, 32 g of

pol yet hyl ene gl ycol 1500 and 15 g of hydroxyethyl cel lul ose are subsequently
added with vigorous stirring. 271 g of magnesium sul fate powder are then
added to the cliditjh-regonueon Gsrednxprinting\bhncdn ITOsébatead substeate25 furt her
2 hours. The paste, which is now ready to use, can be printed using a 260
mesh stainless-steel fabric screen. In principle, polyester or simlar
screen materials can also be used. 30 WO 2007/012378 PCT/ EP2006/ 006444 -13
H gh-resol uti orFscageint @ndeichdesh tae folfOvrmppacasebsitsrweee ubed: a print and
etch test, the follow ng paraneters were used: 5 Screen: steel screen having
a mesh 005”“ of Sglen: mesh/inch and f'ské’éﬁiﬁreéhw adhedf dsintastRaaul S' on

t hi ckness” of 15 pm Layout: 45 pmli W?ésq d@ﬁérﬂ%h"?gh 5{3?&”@‘0%5 i 120 S

Substrate: glass with 125 nmI1TO | ayand ad Fe ﬂqlgflkness X
Layout: 45 um lines
Screen printing machine: EKRA E1

Substrate: giass with 125 nm ITO layer
10 Eiching: heated at 180°C for 120 s

Result: the etched line had a width of on average 50 um,

Ink-jet printing on an ITO-coated substrate

15 ink-jet printer: OT8
Print head: XAAR Omnidot 760
Viscosity of etching medium: 7-10 mPas (with optimised etching paste)
Maximum frequency: 5.5 kHz
Maximum linear speed: 700 mra’s

- Pixel resolution: 1440 dpi

< Distance of print head: 1 mm

) Substrate: glass with 125 nm ITO layer

Etching: heated at 180°C for 120 s

Result: the etched line had a width of < 35 pm.
25

30



Result: the etched line had a width of on average 50 pm Ink-jet printing
on an | TO coated substrate 15 Ink-jet printer: OIB Print head: XAAR Omi dot

760.Vi scosi t‘x,og G%Hég'gng medi um 7-10 nPas (with optim sed ebiy(g(]ll'éﬁlgmpbé}(ﬁ]tﬁg)_ﬂ

Maxi mum frequen kHz Maxi mum | i near speed: 700 nrn!s

resol ution: 1440 dpi 20 Distance of print-head: 1 mm} Substrate: glass
with 125 nmITO | ayer Etching: heated at 180C for 120 s Result: the etched
line had a width of < 35 pm 25 30 WD 2007/012378 PCT/ EP2006/ 006444 -14

PATENT CLAIMS 1. Etching nmedium f hi ng, of transparent,
conductive lay- ers, conprising a§ A*té‘gg ﬁéﬁ' 'efﬁrl?Mcgnm sting of 5
phosphoric acid or salts thereof or adducts of phosphoric acid or m xtures
of phosphoric acid with salts of phosphoric acid and/or ad- ducts of

phosphori c aci dé. Bictingmediume forutreagiching afoxdlic tiamsparendnpendictiyve ay-
active conpo- 10 ”@#}} co%ér@ng d1Beast o@éb@charﬁ'd&%is@ﬁgbw pol yphosphori ¢

aci d and/ or rreta-gh hor us pent ox| de, m Xt ures reof. 3. Etching
medi um acbordi ng t PRI aCKhRpPRks MEGM Obr nore differ- ent ammoni um

salt(s) of phosphoad@u@l@@fgmngr@g@d@{ di- or tri- esters of a
hosphoric acid which | be e .etchin hosphor|j c aci d.t hrough
Phor o | hoat o " ombpypes 3¢ PhshRGaC A W DSaEd 8 RhSsahefisianid andd ag:

paste form conpriguels of phosphoric acids.

2. Etching medium according to Claim 1, comprising, as active compo-
_ 10 nent, ortho-, meta-, pyro-, oligo- and/or polyphosphoric acid and/or
) meta-phosphorus pentoxide, or mixtures thereof.

3. Etching medium according to Claim 2, comprising one or more differ-
ent ammonium salt(s) of phosphoric acid and/or mono- or di- or tri-
esters of a phosphoric acid which liberate the etching phosphoric

15 acid through thermal input of energy.

4. Elching medium according to Ciaims 1 - 3 in paste form, comprising,
in addition to at least one etchant, solvents, particulate and/or soluble
inorganic and/or organic thickeners and optionally additives, such as
antifoams, thixotropic agents, flow-control agents, deaerators and
adhesion promoters.

20

R

5. Process for the etching of oxidic, transparent, conductive layers,
characterised in that an etching medium according to Claims 1- 4 is
applied by means of a printing process to the substrate to be eiched.

25

6. Process according to Claim 5, characterised in that an etching me-
dium according to Claims 1 - 4 is applied, depending on the consis-
tency, by spraying, spin coating, dipping or by screen, stencil, stamp,
pad or ink-jet printing.

30 7. Process according to Claims 5 - 6, characterised in that the heating
is carried out on a hotplate, in a convection oven, by IR radiation,
visible light, UV radiation or microwaves.



in addition to at | east one etchant, solvents, particulate and/or soluble

i norgani ¢ and/ or organic thickeners and optionally additives, such as 20
ant, foans, thixotropic agents, flow control agents, deaerators and adhesion
pronoters. BOMHBRIH for the etching of oxidic, transparent PCEEREGELIoHA

| ayers, characterised in that an etching.fqgdi umaccording to Clains | - 4
is applied by nmeans of a printing process to the substrate to be etched.

25 6. Process according to Caimb5, characterised in that an etching ne-
diumaccording to Clains 1 - 4 is applied, depending on the consis- tency,

by spraying, sginpgeabssaccerdifge Glaifly 5C7E8P the satethring bRBRidic PREner
ink-jet printing. 30 7. Proce racterised in

! s according to Claipns 5.- 6,7 ¢C
that the heating H%e%tappingéfcﬁ\ﬁ??%‘f?rédfbﬁ%b?5’{%@“?@%0@59‘6&(&@? n oven, by IR
radi ation, visible light, UV radiation or m crowaves. WO 2007/012378
PCT/ EP2006/ 006444 _ 15 8. Procgess arc?ﬁordi g Jé? CLhai nm 5 -.7 f{)r .tdhe
structuring of JoxiFdPEest AERATTNG IR AN Aqub PV SYREWIING of pddig. SRS on
of solar gcells. 9paPenicessdactivs thyegstior Ghapraduction/of flat-phaebscneengr i ng of
oxidic, trans- 5 parent, conductive |ayers for the production of flat-panel
screens. 10 15 20 25 30
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