WO 2008/ 052637 PCT/ EP2007/ 008663 Printabl e nedi umfor etching oxidic,
transparent and conductive |ayers The present invention relates to novel

pri'ntabl e etching medi a having inproved properties for use | SS
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particle-containing conpositions by means of which extrenely fine |ines and
structures can be etched very selectively w thout damagi ng or attacking

adj acent areas. Prior art and object of the invention C During the process
for the production of solar cells, it is necessary, inter alia, to
structure oxide |ayers on #rintable medéuimiforetechingaoxidic,silicon solar

cell usually consists of a R; i ?ﬁ&i l,gh a layer of an
n- conducti ng substance, foregég%bﬁﬁgas@ﬁ?%g oﬁﬂ%ﬂgg’grqg- ous thickness
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during incidence of light, netallically conducting contacts are applied to

the front and Oaekppésérteindeingion Felatéseo mswsispanibla@retchingexnedial having
producti on net hod whi
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adapted i n a seetedivelyraitheut danmagingfarcattacking adjacenti areasi | i con sol ar
cells are coated with thin inor- ganic layers during the production process,
and if desired also when it is conplete. These |ayers have thicknesses in
the range fromPriorartznd ahject eftbetinyesdion n the range from50 to 150 nm

In e course of the process for the production of crystalline silicon solar

cel , it is therefore advantageous to etch fine lines into these inorganic
| ayers of the EWIrNg the progess n%@rpmdqsstm@%sekaé;c@.llsm IS dIRagsasy 7inter

PCT/ EP2007/ 0086fig, to strlicesre oRiglel Rgers bri Assuppdrieratelrial "R G9baillinelsilicoan be

used, for exanpl f.or th eneratiqgn of a so-calle e| ective emtter

al so known as "ggﬁr celPusuaﬁy onsists of a p-conguctlng sugstsrale into which a layer
of an n-conducting substance, for example phosphorus, of homogene-
ous thickness is diffused on the front. In order to conduct away the cur-
rent generated during incidence of light, metallically conducting contacts
are applied to the front and back of the wafer. For the purposes of an in-
expensive production method which is suitable for mass production, the
contacts are usually produced by means of screen printing.

Besides the oxide layers which have to be structured during the produc-

tion of solar cells, silicon nitride layers also have to be etched. For the

C etching of corresponding nitride layers, the methods used have to be
modified and the etching pastes adapted in a suitable manner.

The surfaces of crystalline silicon solar cells are coated with thin inor-
ganic layers during the production process, and if desired also when it is
complete. These layers have thicknesses in the range from 20 to 200
nm, in most cases in the range from 50 to 150 nm.

In the course of the process for the production of crystalline silicon solar
cells, it is therefore advantageous to etch fine lines into these inorganic
layers of the solar cell in a number of process steps.



stage emtter. To this end, high n-doping is produced in a subsequent
diffusion step in the partial openings of a diffusion barrier |located on the
5 silicon, preferably by means of phosphorus diffusing in. In the present
descri pti onWOXBYaed7c surfaces are taken to mean oxidic anBCT/EP2007/008663
nitride-containing conmpounds of silicon, idpparticular silicon oxide and
silicon nitride surfaces. The way in which diffusion barriers of this 10
type work is known to the person skilled in the art and is described in the
literature [ A. CGoetzberger; B. Vof3; J. Knobloch, Sonnenenergie: Photo-
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Very dense silicon dioxide layers are obtained, for example, by heat
treatment of silicon in an oxygen-containing atmosphere at temperatures
in the region of 900°C (thermal oxide).

20 Likewise known to the person skilled in the art is the deposition of silicon
dioxide by the CVD process. Depending on the way in which the reaction
is carried out, a distinction is made, inter alia, between the following
processes

C - APCVD (atmospheric pressure CVD)

25 - PE-CVD (plasma enhanced CVD)

- LP-CVD (low pressure CVD)

A common feature of these processes is that the desired inorganic com-
pound is obtained from the gas phase of a volatile precursor, in the ex-

30 ample silicon dioxide this is, for example, silane (SiH,) or TEOS (tetra-
ethyl orthosilicate), by deposition of the precursor on the target substrate
with decomposition.

Silicon dioxide layers which represent a diffusion barrier can also be ob-
35 tained by means of wet-chemical coating with a liquid or dissolved solid
precursor in a solvent or solvent mixture. These liguid systems are usu-



In many cases, the applied SiQ2 | ayer also remains as reflection-reduc- 5
I ng passivation layer. This is frequently the case, in particular, in the

case of ther%@b%ﬂs%&%\g) Si 2. Apart fromsilicon oxide | ayerlscy@%ﬁ%{ﬁg&nt

conductive play an inportant role (for exanple I splays,
touch panels, etc.). 10 Besides ZnO conpothds with binary or ternary doping
(such as, for exanple, indiumzinc oxide, Al-ZnO, antinony-Zn0O, the
indiumtin oxide layers in particular are w despread. Indiumtin oxides are
m xed oxi des consisting of indiumoxide (In2G3) and tin(lV) oxide (SnQ2)
(but can al so abyg appliedvby bpint teating pathe substrataty bewoatednmihesef sysieinse as
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screens. “As a H¥hiRassiatiasr layerenT Risrisngeauestly ethes caser 4p epitistiali iiBnthe | To
is applied in gageafiiReAflalpgP6WnoBiCver a large area as thermal protection
A \

to sheets of w ndow gl ass. very wide variety of surfaces, for exanple
plastic films, can |ikewi se be coated with ITOin order that they do not
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are usedibess ghedll TeShHORYRAL 8! fefbited o WEBRPLYIWay of example as ITO.
These transparent semiconductors have the property of being electrically
conductive and transparent. In the electronics industry, they are
employed for the production of thin-film solar cells, transparent elec-
trodes in liquid-crystal screens, organic light-emitting diodes and touch
20 screens. As a semiconductor which strongly reflects infrared radiation,
ITO is applied in a scattered manner or over a large area as thermal
protection to sheets of window glass. A very wide variety of surfaces, for
example plastic films, can likewise be coated with ITO in order that they
do not become electrostatically charged.

s
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ITO usually consists of 90% of indium oxide (In,O3) and 10% of tin(1V)

oxide (SnOy). The tin(lV) oxide, as dopant, produces the flaws necessary

for good electrical conductivity in the crystal structure of the indium

oxide. Thin layers of typically about 200 nm have high transparency and
30 have a surface resistance of about 6 ohm/cm?.

ITO is usually applied to the corresponding substrates — almost always
glasses — by cathode sputtering. However, ITO can also be applied by
high-vacuum vapour deposition, although the components coated by

35 vapour deposition have to be warmed to up to 360°C, which restricts the
applicability.



of crystalline solar cells, although they are in principle |likew se suitable
for this purpose. Silicon nitride |ayers are essentially used as passivation
and antireflection layer. 5 In the production of crystalline silicon solar
cells, it iWOR808REFeous al so to be able to produce openi nbfsI"FRO47PEfFYet ed
manner in silicon nitride |ayers. An exanpy e which may be nentioned here is
the application of electrically conductive pastes. These netal pastes are
usually "fired" 10 through the silicon nitride |ayer at tenperatures of
about 600C, enabling electrical contact to the emtter |ayer. Due to the
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through process. As a consequence of the system, the passivation layer
is In addition totally destroyed by the printed-on metal paste on top. It
would therefore be more advantageous to produce a partial, narrower
opening in the silicon nitride layer for electrical contacting and to retain
the passivation layer in the edge regions, which are masked by the met-

20 allisation layer on top.

Besides pure diffusion barriers consisting of silicon dioxide or silicon
nitride, it is also possible to use thin glass layers in the production of
crystalline silicon solar cells.

O

25

Definition of glass:

Glass is taken to mean per se a uniform composition, for example

quartz, window glass, borosilicate glass, but also thin layers of these

materials produced on other substrates (for example ceramics, metal
30 sheets, silicon wafers) by various methods known to the person skilled in

the art (CVD, PVD, spin-on, thermal oxidation, inter alia).

Glasses below are taken to mean silicon oxide- and silicon nitride-con-
taining materials which are in the solid amorphous physical state without

35 the glass components crystallising out and have a high degree of dis-
order in the microstructure owing to the lack of long-range order.



-5 Besides pure Si2 glass (quartz), these enconpass all glasses (for
exanpl e doped gl asses, such as borosilicate, phosphosilicate and boro-
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Definition of silicon oxide- and silicon nitride-based systems:
Silicon oxide-based systems are defined below as all crystalline systems
20 which do not fall under the definition of amorphous SiO, glasses given
above and are based on silicon dioxide; these can be, in particular, the
salts and esters of orthosilicic acid and condensation products thereof —
generally referred to as silicates by the person skilled in the art — as well
as quartz and glass-ceramics.

.
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Furthermore, other silicon oxide- and silicon nitride-based systems, in
particular the salts and esters of orthosilicic acid and condensation prod-
ucts thereof, are also encompassed. Besides pure SiO, (quartz, tridy-
mite, cristobalite), all SiO,-based systems built up from SiO, or “discrete”

30 and/or linked [SiO,4] tetrahedra, such as, for example, mesosilicates,
sorosilicates, cyclosilicates, inosilicates, phyllosilicates, tectosilicates,
and comprising other components, in particular elements/components
such as, for example, calcium, sodium, aluminium, lithium, magnesium,
barium, potassium, beryllium, scandium, manganese, iron, titanium, zir-

35 conium, zinc, cerium, yttrium, oxygen, hydroxyl groups, halides, are also
encompassed.



35 conium zinc, cerium yttrium oxygen, hydroxyl groups, halides, are also
enconpassed. WD 2008/ 052637 PCT/ EP2007/ 008663 -6- Silicon nitride-based
systens are defined below as all crystalline and partially grys '

(usual |y reVEHEYEY7as nmicrocrystalline) systems which do ﬁ{# % H/‘lmrg&

the definition of anorphous silicon nitri dé - gl asses/ | ayers gi ven above.
These include Si3N4 in its nodifications as 5 a-Si 3N4 and R-Si 3Nd4 and al |
crystalline and partially crystalline SIN, and SiNX H layers. Crystalline
silicon nitride may conprise other elenents, such as boron, alum nium
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art, any desir ggtigidrict ures can be c etched selectively in silicon oxide-
and silicon nltrlde based gl asses and 25 other silicon oxide- and silicon
nitride-based systens or surfaces thereof and |ayers thereof of variable
t hi cknes40di r egténinBYofl dRfdtufapported etch- ing methods or, after masking,
by wet - chem cal nethods ([1] D.J. Monk. D.S. Soane, R T. Howe, Thin Solid
kgs 232 (1993), 11 [2]J. Buhler, F.- P. Steiner, H Baltes, J. Mcronech.
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precision, also - _
stantially resistant to the etchant. In addition, there is the process known

to the person skilled in the art of partial removal of a layer by etching to a
target thickness which is usually defined.

20 Etching of structures on silicon oxide- and silicon nitride-based glasses
and other silicon oxide- and silicon nitride-based systems:

According to the current state of the art, any desired structures can be

¢ etched selectively in silicon oxide- and silicon nitride-based glasses and

25 other silicon oxide- and silicon nitride-based systems or surfaces thereof

and layers thereof of variable thickness directly by laser-supported etch-

ing methods or, after masking, by wet-chemical methods ([1] D.J. Monk,

D.S. Soane, R.T. Howe, Thin Solid Films 232 (1993), 1; [2]J. Buhler, F -

P. Steiner, H. Baltes, J. Micromech. Microeng. 7 (1997), R1) or by dry-

30 etching methods ([3] M. Kohler "Atzverfahren fur die Mikrotechnik"
[Etching Methods for Microtechnology], Wiley VCH 1983).

In the laser-supported etching methods, the laser beam scans the entire
etching pattern on the glass dot by dot or line by line in the case of vec-

35 tor-orienting systems, which, besides a high degree of precision, also
requires considerable adjustment effort and time.



requires considerable adjustnment effort and tinme. WO 2008/ 052637

PCT/ EP2007/ 008663 -7 The wet-chem cal and dry-etching nethods include
material -i ntensive, time-consum ng and expensive process steps: A Masking
of the areawonobs/isecne etched, for exanple by: 5 photolitheogQrapdey?/008663
Production of a negative or positive of the etching structure (depending on
the resist), coating of the substrate surface (for exanple by spin-coating
with a liquid photoresist), drying of the photoresist, exposure of the
coated substrate surface, developnent, 10 rinsing, optionally drying B.
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spin-on or spray nethods: the etching solution is applied to a rotating
substrate, the etching operation can be carried out without or wwth 20

i nput of ener gi. (Maskénaobthe preas notte besglichedofor, example BYf ol | owed by
rinsing 8nd drying dry-etching nmethods, such as, for exanple, plasm
etching, in expen- sive vacuum wi th reactive ai%s in flow
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systens: 35 In ol'gein% & ¥ oxide- and silicon nitride-based
gl ases and other silicon oxide- and silicon nitride-based systens and

| aggrs of vari %bl Etmn50wg5§ﬂ§&upe§r{)?2007/ 008663

e dip methods (for example wet etching in wet-chemistry benches): dip-
15 ping of the substrates into the etching bath, etching operation,
repeated rinsing in H,O cascade sinks, drying

e spin-on or spray methods: the etching solution is applied to a rotating

substrate, the etching operation can be carried out without or with

20 input of energy (for example IR or UV irradiation), this is followed by
rinsing and drying

e dry-etching methods, such as, for example, plasma etching, in expen-
C sive vacuum units or etching with reactive gases in flow reactors
25

C. Removal of the photoresist:

In a final process step, the photoresist covering the protecting areas of
the substrate must be removed. This can be carried out by means of sol-

30 vents, such as, for example, acetone, or dilute aqueous alkaline solu-
tions. The substrates are finally rinsed and dried.

Full-area etching of silicon oxide- and silicon nitride-based glasses and
other silicon oxide- and silicon nitride-based systems:

35
In order to etch silicon oxide- and silicon nitride-based glasses and other
silicon oxide- and silicon nitride-based systems and layers of variable



-8 thickness thereof over the entire area conpletely or only to a certain
depth, use is predom nantly nade of wet-etching nethods. The silicon oxide-
and silicon nitride-based gl asses and other silicon oxide- and sili- con
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particular on printi of ., surfac se.0 e arti ree gi ves
rise to probl egﬁ Hggrqfw&a E@W‘i?ﬂ“%ﬁ&%ﬁf f?ﬁ}eédnﬂ?rgf ?S dot s
or structures (i nadequate structure fidelity), neaning that a significant

br oadeni ng of ol rignged L. r S J: o] t i.ng
speci o5 on t he "BandlsAlvAtadeE SEME SR BiEtsh PERRHBEAC 2. & dHen
pastes for etctimeggcansaming anajariahmtensidecamde)dp@ymwe pm;d:esesstéas' whighpl e,
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particles. Thegead mms|aJreﬁnequerulyecamnetda@mtedrsoonbnuoualg | i nes haV| ng a
w @h of about 1 mm Experinents have shown that these etching pastes are
not suitable for 30 etching very thin lines having a wdth of less than 1 mm

cleanly and V\Jﬂtﬁm@thﬂai\ﬁ%ppliﬁaft@ibﬁ\‘,@Q/b(83f39\ﬂhétdﬂ$r0f@@|3yﬂ@h"pﬁame@ﬁé§ thevi ng

aagL gge- te(l\oof OrgnS/%% rr‘i‘te§7’c5 Fe,g}g/{é@ 00 ?gg’t@b@#eé%tchﬁ% PAERA’ RAViIAY Min-t he
P - 18 Klewtonlan %Iow behawour or tlgue etchlng of inorganic, glass-like amor-

phous or crystalline surfaces, in particular of glasses or ceramics, pref-
erably SiO,- or silicon nitride-based systems, and the use of these etch-
ing media. In particular on printing of surfaces, use of these particle-free
media gives rise to problems due to inadequate resilience of the printed

20 lines, dots or structures (inadequate structure fidelity), meaning that a
significant broadening of the originally printed lines occurs (running of
the etching species on the substrate).

US 5,688,366 A uses particle-containing etching pastes for etching a

25 transparent conductive layer, such as, for example, an 1TO layer. The
etching pastes used are prepared from molten iron chloride containing
water of crystallisation, glycerol and polymer particles. These composi-
tions are suitable for etching lines having a width of about 1 mm.
Experiments have shown that these etching pastes are not suitable for

30 etching very thin lines having a width of less than 1 mm cleanly and
without flaws, irrespective of whether polymer particles having a diame-
ter of 0.01 pm or of 30 um are employed for the preparation of the
pastes.

C

35



bj ective The object of the present invention is therefore to provide novel,
| nex- pensive etching pastes for etching very uniform thin |ines having a
width 5 of less than 100 pm in particular |less than 80 pm and extrenely
fine struchf 29881637 | i con di oxi de and/or silicon nitride | §y&EL2007/408663
particular also in conductive |ayers, whigh are |ocated on silicon solar
cells. Afurther object of the present invention is to provide novel
etching nedia which can be renoved fromthe treated surfaces after the
etching in a sinple 10 manner wi thout | eaving residues and have nore

envi ronnent al | dIy properties than known pastes. Brief description of
the i nvention Opietlioe bject is achieved by a novel printable, dispensable
etching nedium for etching oxidic transparent and conductive surfaces and

layers in the TH@W&&H entifd PresenP ailehtiody itiséredord t@fmpiaw hovekiidexb) at
| east one sol vent

/ b | | at
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surface area ofriesbethaangeofmmmmq)amcmm leB5 gthaeh) 80 qurnoramd extrenmedyrfmes
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enbodi nent , eurcmomjumnve;alayfers hivhicly @seclocpted @ng shisbint eolamcedlar Fordughetk

powder haV|ng er.s ific
BET surface abie ol 8 BIEENF SISO profite h00 SRAg A0l PRt
particul arly &éahedgsoved lfomrthegtrreeted eud’acearafber meaekchlpgwnea smeént
to have 1el ati

Erching med: a Hannet Wittt fodiRb eSS dAd A BnviidihRaIf gy,

di gneter of 4(Pfﬁﬁﬁalﬁ'§ &%beﬁowncpﬂﬁfssurface ar ea of 62 n2/ g have very

p icularly good properties. \Wile higher proportions 35 of solids were
necessary in earlj I ons, the addition of |less than 8% by weight,
but nore t han Ble@descrpiiof S INYERYANt e or carbon-bl ack powder having the
said properties gives, in accordance with the inven WO 2008/ 052637

PCT/ EP20Q7/ 008ﬁwe object is achieved by a novel printable, dispensable etching medium
for etching oxidic transparent and conductive surfaces and layers in the
form of an etching paste comprising

a) phosphoric acid,
b) at least one solvent,
20 c) graphite and/or carbon black having a relative particle diameter in

the range from 80 nm to 20 nm and a specific BET surface area
in the range from 40 to 100 m?/g,

d) optionally thickeners, and
L e) optionally additives, such as antifoams, thixotropic agents, flow-
25 control agents, deaerators and adhesion promoters.

In a particular embodiment, etching media of this type comprise graphite
or carbon-black powder having relative particle diameters of less than 50
nm and a specific BET surface area in the range from 50 to 70 m%/g. It
30 has proven particularly advantageous for the graphite or carbon-black
powder present to have relative particle diameters in the range from
30 nm to 45 nm. Etching media comprising carbon-black powder having
a relative particle diameter of 40 nm and a specific BET surface area of
62 m?/g have very particularly good properties. While higher proportions
35 of solids were necessary in earlier compositions, the addition of less than
8% by weight, but more than 0.5% by weight, of graphite or carbon-black
powder having the said properties gives, in accordance with the inven-



-10 tion, conpositions which can be printed in the formof extrenely fine
| i nes. Conpositions which have a graphite or carbon-bl ack powder con- tent
in the range from3 to 7% by wei ght and a viscosity in the range from25 to
35 Pas haveqpuws/izei’arly good properties. Correspondi ng 5 cBapo&E2t78HsOLan
advant ageously be used for etching ITO | aygrs at tem peratures between
120-170C. Description of the invention 10 The novel paste fornul ati ons have
significantly inproved properties with respect to surface cleaning, print
precision and waste-water pollution after the etching operation.

Surprisingly, yigh *a?mgsgmohgum.amaﬁ b2 @hiag;d iR hléa%r% dfOe)e@eﬁiwmrreerrel y

fine-particul ate i norgani c wder s

articulate
graphi te and/ diﬂeéap&fﬁpgﬁﬁl@lﬂs which bava %Bﬂ%ﬁh't%&\?&ar ngsa K Qowgdengon-
properties if tbhein @iﬁ@ TRBleOHBrh f0to TUE by Ivdight aAld taem@ebgﬁ ﬁﬁSthbeta/Wl
120- 170C, conﬁared )én tes to I C commer ci,al %# gp g ilte or
carbon bl ack HEMpdenix asTﬁ@VGSlﬂ?éE%@Hﬁ/ SPQQnPFéO |e§he PF'@ 4ding
surfaces i s caomgesitohs\Wanadea sy Bewsseat forAstchrreMOdayadvanterge of
t he novel paste ft)rrrul at.i ons iﬁ@ to the invention furthernore

consists in tREAY QQﬂﬁﬁﬁ% present 25 remai n unchanged and do
not nelt at the etching tenperatures but contribute to the fact that the
etching paste can be applied to the sur- faces in extrenmely thin lines or

extrenely fin@pederiptioncef thé hpvéntionni ng and bl eeding and are able
subsequently 0 difruse to the site of action during the etching operation.

I n partiqqul ar, the use of inorganic graphite 30 or carbon-black powder
havi ng rel ative particle dianeters of less than 80 nm in particular |ess
than 50 nm prTéTeen@beypastewfornwlat)onmhawdsngnﬁmntbf iMerosed Rrapeities avith in

the-range fr oedPeb0 1408 Faed)-clBaRfY 3Bint Eﬁgﬂg it WastBlWated ¥8fution

| nproved results car partlc di apeters
of about 40 n@ft@idhg &lebing p@e&t\or@,ﬁum@@g yaﬂtelaa%begno@w@z hat/t §e|%tc ery

particularly Wﬁ@ stes toWﬁ*chS@(thémeﬁﬁe mlbgm’[éhﬁé@aﬁﬁt\%vﬁdéﬂsvﬁfﬁ par-
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powder s, “whos 'Cé‘ '@§tp el ané%r garbon ack “have bedn Fdded
have |mproved cleamng properties if they are employed for etching ITO
at temperatures between 120-170°C, compared with pastes to which
commercially available graphite or carbon black has been added. The
subsequent cleaning of the treated surfaces is carried out with deionised

20 water.

An essential advantage of the novel paste formulations according to the

invention furthermore consists in that the inorganic powders present
C o5 remain unchanged and do not melt at the etching temperatures, but
contribute to the fact that the etching paste can be applied to the sur-

faces in extremely thin lines or extremely fine structures without running

and bleeding and are able subsequently to diffuse to the site of action

during the etching operation. In particular, the use of inorganic graphite

30 or carbon-black powder having relative particle diameters of less than 80

nm, in particular less than 50 nm, preferably 45 nm to 30 nm, and a spe-

cific BET surface area in the range from 40 to 100 m?/g. preferably from

50 to 70 m*/g, gives improved results. The use of carbon-black powders

having particle diameters of about 40 nm and a specific BET surface

35 area of about 62 m?g is very particularly preferred. The use of these
carbon-black powders gives particularly good etching resuits. Compared

with the use of polymer powders, whose smallest particle sizes are 3-5



WD 2008/ 052637 PCT/ EP2007/ 008663 -11 pm significantly finer lIines and
smal | er structures can be printed and etched due to the addition of
nanoparti cul ate carbon-black particles, i.e. significantly inproved
printing pMsX1088/85263% achi eved, and significantly snmaller EETHELUEREHN be
printed and etched on I TO Consequently, _5novel potential applications in
si'npl e di splays and also in high-resolution TFT displays arise, as shown by
Figures 1 to 4. The pastes according to the invention are prepared using
comercially 10 available graphite or carbon-black powders which have the
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val ues. The particle diameters can generally be determ ned by neans of |aser
diffraction conbined with on-line analysis. To this end, a |aser beamis
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25 air. The particles refract articles refractjn the
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are assuned. Thed mathesing a Malvern Zetasizer in accordance with the instruction
manual. The diameter of the particles is determined here as the ds; or
dgo value. The particle diameters indicated are preferably quoted as dsg

20 values.

The particle diameters can generally be determined by means of laser

diffraction combined with on-line analysis. To this end, a laser beam is

C shone into a particle cloud distributed in a transparent gas, for example
25 air. The particles refract the light, with small particles refracting the light

at a greater angle than large particles. The scatter angle is thus directly

correlated to the particle size. The observed scatter angle increases
logarithmically with decreasing particle size. The refracted light is meas-

ured by a number of photodetectors arranged at various angles. The

30 measurements are preferably evaluated using Mie light diffraction theory,
which is based on Maxwell's electromagnetic field equation. This theory
is based on two assumptions. Firstly, it is assumed that the particles to
be measured are spherical, but this only really applies to few particles.

25 The measured laser diffraction is used to calculate the volume of parti-

cles. Secondly, dilute particle suspensions are assumed. The method
usually used to determine particle sizes in the nano range by dynamic



usually used to determ ne particle sizes in the nano range by dynam c WO
2008/ 052637 PCT/ EP2007/008663 -12 light scattering is described in greater

defail in }ﬂ?é 989(}%9&% ‘Dynamic Light Scattering: An Introdyct f%ﬂ+ ﬂ,sghr

M nut es” Ai"cal note, MRK656-01 from Mal vern |nstrunen

partlcle size in the nanoparticul ate rangeléan also be determined 5 with
the aid of scanning el ectron photonicrographs (SEM photographs). To this
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SU|tabIe surface in an extremely thin layer in a spin-coating process.
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74% conpared w t | tion ynmer particles “having a ative
particle di ameHE8MERt {#Q0@ange 3-5 pm in order to pre-

It has proven particularly advantageous that the use in accordance with
the invention of nanoparticulate carbon black enables the addition of
solids to the etching paste compositions to be significantly reduced. Sur-
prisingly, it has been found that the percentage of solid in the etching
paste can be reduced by more than 70% by weight if nanoparticulate
carbon-black powder is employed compared with the use of polymer
Q particles in pastes of comparable viscosity. This applies, in particular, to
25 the use of graphite and/or carbon black having relative particle diameters
in the range from 20 nm to 80 nm and a specific BET surface area in the

range from 40 to 100 m?/g.
In particular if carbon-black particles having relative particle diameters of
about 40 nm and a specific BET surface area of about 62 m?/g are used

20

30 as solid in a corresponding composition, the addition of solids can be
reduced by about 74% compared with the addition of polymer particles
having a relative particle diameter in the range 3-5 um in order to pre-
pare a paste having a viscosity of less than 40 Pas, in particular about

25 30 Pas. In this way, a significantly more environmentally friendly paste

can be prepared. This also enables the service life of the waste-water
filters necessary for the removal of suspended particles from the waste



pare a paste having a viscosity of less than 40 Pas, in particular about 30
Pas. In this way, a significantly nore environnentally friendly paste 35 can
be-prepared. This also enables the service life of the waste-water filters
necessary VWP 200p052@Foval of suspended particles fromthe wakEERRY7/008663
2008/ 052637 PCT/ EP2007/ 008663 -13 water t@3be considerably extended, nore
précisely for the renoval of the suspended particles fromthe waste water
produced in the rinsing opera- tions for cleaning the etched surfaces. 5

Sur prisingly, neasurenents have shown that the rinsed-off carbon-black
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An effective etching component which has proven particularly effective

is, in particular, phosphaoric acid, more precisely in concentrations in the

20 range from about 35 to 50% by weight. Compositions having a phospho-

ric acid concentration in the range from 40 to 50% by weight have

proven particularly effective. They have very particularly advantageous

properties since they can be printed well onto the surfaces and give very

C good etching results. Particular preference is given to etching pastes
25 having a phosphoric acid content of 45 to 46% by weight.

In order to prepare the etching pastes, the various components are
mixed with one another successively with adequate mixing in such a way
that the temperature is only able to increase moderately during the addi-

30 tion of etching component, but a paste having a suitable viscosity forms
during the mixing.

As already indicated above, etching pastes can be printed in particularly
fine lines and structures if graphite and/or carbon black having a relative
35 particle diameter in the range from 20 nm to 80 nm and a specific BET
surface area in the range from 40 to 100 m?/g are present therein. The
surface nature of the particles here is not only of importance for the



As al ready indicated above, etching pastes can be printed in particularly
fine lines and structures if graphite and/or carbon bl ack havi ng a reI ative
35 particle diameter in the range from20 nmto 80 nmand a specif

surface ar 80 pH80PE3F ange from 40 to 100 n2/g are present tt‘lérréﬁ”ﬁ"wpﬂ%"“
surface nature of the particles here is not4 only of inportance for the WO
2008/ 052637 PCT/ EP2007/ 008663 -14 properties as etching paste, but also, as
descri bed above, considerably influences the environnmental acceptability of
the pastes. For the preparation of the pastes according to the invention,
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added to the pastes. In partlcular the addition of about 5 to 6% by

weight gives etching pastes having a viscosity in the range from 25 to

35 Pas, which can be printed extremely well, as shown very clearly by

the etch pictures in Fig. 1 to Fig. 4. However, addition of less nano-

20 particulate carbon black or graphite in an amount of 0.5% by weight also

already results in improved behaviour during printing compared with the

use of pastes in which polymer particles are present in the same

amount. Even these small amounts of particles enable printing with a
reduced line width.

O

25

Besides the nanoparticulate graphite or carbon black, the pastes may
comprise thickeners and optionally additives, such as antifoams, thixo-
tropic agents, flow-control agents, deaerators and adhesion promoters.
Solvents which may be incorporated are water and/or organic solvents.
30 Thus, the pastes according to the invention may comprise water, poly-
vinylpyrrolidone and 1-methylpyrrolidone besides the basic constituents
of phosphoric acid and carbon-black or graphite powder. Whereas
1-methyipyrrolidone may be present in the same amounts as phosphoric
acid, polyvinylpyrrolidone is usually present in an amount of less than
35 10% by weight, preferably in an amount of about 5 to 6% by weight.



Sol vents which may be incorporated are water and/or organic solvents. 30
Thus, the pastes according to the invention nay conprise water, poly-

vinyl pyrrolidone and 1-nethyl pyrrolidone besides the basic constituents of
phosphori c WR2WSAFE3Ttar bon- bl ack or graphite powder. Wher eadCT/EP2007/008663

1- et hyl pyrrol i done nmay be present in the ganme anounts as phosphoric acid,
pol yvi nyl pyrrolidone is usually present in an anmount of |ess than 35 10% by
wei ght, preferably in an anount of about 5 to 6% by wei ght. WO 2008/ 052637
PCT/ EP2007/ 008663 -15 Additives havi ng advant ageous properties for the

desired purpo i hi , t Vg pder
the trade. name dilifes 1aVIAGPAGvaRIGRODS, piafierfes Tor ne Uepked %"Y@eezm,
Bor chi gel (r) 'ﬁﬂtbfgéfnsﬁﬂfqrbﬁﬁ_cfﬁft 125 nt@sesat’_ﬁ”%t%leT‘E&?'i %Q] fafe 78meo,
Bayouet (1) FT 02001 ek M o oyl g, par a6, o Lherperson okilled in
ayowet (r : oes W u | : i i
the art that ttﬁa@éro%gggﬁi%éﬁaém@g‘*f@ppgﬁ%gﬁ@ﬁ?ﬁ?@icomr cially
avai | abl® prﬁdmv&onh@clj\ag@m_ igemts feucage TEGOW Glide 26 e@@entitﬁl in 'éhif
connection t if i es. i nproves the produc
properties. A%%&?@r eﬁ%Fﬁ%@ﬁE@@?ﬁﬁggI%ﬂﬁl’ﬁ@peri nments carried out are
al fs;) reveal e?adhestlpe peRmQiEEs; syicheas meet@BFTr%%@. may havS at posi ti vehe

i nfl uence on rin i Ly e -

addi 11 ves 15 i ooks PRl sadift, el SeEty theherSER Sidd So BhEPal shaf ficse e
et chi ng past e.additves ohaynglssabegeptacsst by dheo cohemerniatly auailable produdtat ed
on the 20 vafgih e 53 AR KNSUSEBRRTn thi8 RHAdCHAhat tHEacRlifor B! | e
infine line printing < 50 pm iS 1S possible, tor exanple, on use of a
screen havi ngsuqlveaddﬁwawm@rpme&m oreduskpiopssties. steel fabric 350

mdgh/inch 25 Filanent diameter: 16 pm Enul sion thickness: 10 pm Screen

separation durjng printing: 75 pmFigures, 1 to 4 show et chi results for
thg productiorAq,cglh&ﬁﬁCﬁmpﬁ%gdogpeCIflgally In experiments carneggout are aiso

revealed in the examples given below.

15 These may have a positive influence on the printability of the etching
paste. The proportion of the additives is in the range 0-5% by weight,
based on the total weight of the etching paste.

The etching pastes according to the invention can be printed on the

20 wafer surfaces in a known manner. In particular, they are applied in fine
line printing <50 um. This is possible, for example, on use of a screen
having the following parameters:

C; | Mesh count: steel fabric 350 mesh/inch
25 Filament diameter: 16 ym
Emulsion thickness: 10 um

Screen separation during printing: 75 um

Figures 1 to 4 show etching results for the production of which lines of
30 different thickness have been printed. In addition, it can be seen from

these figures that lines at a separation of less than 100 pm can be

etched using the pastes according to the invention without having to use

photoresist layers. It is therefore possible to produce high-resolution

etched structures in a simple manner using the etching pastes according
35 to the invention.



30 different thickness have been printed. In addition, it can be seen from
these figures that lines at a separation of |ess than 100 pm can be etched
usi ng the pastes according to the invention w thout having to use

phot or esi sWO 28p808631t is therefore possible to produce hi ghCHadapNitpens
etched structures in a sinple manner usinggdhe etching pastes according 35
to the invention. WO 2008/ 052637 PCT/ EP2007/ 008663 -16 Fig. 1 shows an
etched Iine having a width of 20.93 pm which has been etched into an ITO

| ayer. Fig. 2 shows three etched |ines having a width of 37.95 pm al ongsi de
5 one anot her ,giyn %?, o | @hi e
conti nuous st rFuI tl]re 0 gﬁﬁgﬁmﬁdﬁﬁ?iﬂggﬁngﬁ(gﬂﬁ?f?%@gpﬁ3glhéll&pﬁ1%g\i%eéf@ can
be seen from teieheddntopaedlidldyehown that the etching pastes according to
the invention are suitable for continuously etching even extrenely thin
lines without terrngnation of the |ines occurring i.n, th rse of the

et ched t racks.ﬁ'QSrBEﬁﬁﬁWISeg‘rﬁSreﬁ?Q@e n%ﬁlg@"é@%rﬁ%i"‘ﬂgﬂhﬁ’g elﬁgsrid@r a{qusnde
illustrédie therauadthemin eashicadeest aseparaton beO8@aineh are within the
scope of protection of the pre- sent invention. These exanples al so serve to
illustrate possible variants. 20 O ng to the general validity of the

inventive pri rEigpBeshings thdedntihaous etrrctutenef anatphed liaeehanohg suwidthl af f or

reduci ng the leig)g f protection of the present application to these al one.
It goes wthout™ Sifﬁng per se to the person skilled in the art that, both in
25 the exanples given and also in the remainder of the description, the

conpone anoyhnt es i a it i t al

oty To hoos dhgarbbEssekn' fohltnaglch BRIBAN SHom Ahafie Ny st =

the. per cent rage@Edingnde ctieeinvesdicekarpl suitalsiec forgoptisteuslynptehinggewen

| rlo gani ¢ nanogardimel) dhih HAESIWARBL! tPmirdfory oF thie! I BEaRifG #Pthe of
Y by course of the etched tracks.

15 Examples

For better understanding and in order to illustrate the invention, exam-
ples are given below which are within the scope of protection of the pre-
sent invention. These examples also serve to illustrate possible variants.

20 Owing to the general validity of the inventive principle described, how-
ever, the examples are not suitable for reducing the scope of protection
of the present application to these alone.

It goes without saying per se to the person skilled in the art that, both in

25 the examples given and also in the remainder of the description, the
component amounts present in the paste compositions always add up in
total only to 100% and cannot be greater even if higher values could
arise from the per cent ranges indicated.

O

30 Example 1
Etching paste comprising an inorganic nanoparticulate solid additive

218 g of deionised water
223 g of 1-methyl-2-pyrrolidone
35 1.6 g of ethylene glycol
The following are added successively with stirring to this solvent mixture:



35 1.6 g of ethylene glycol The follow ng are added successively with
stirring to this solvent m xture: WO 2008/ 052637 PCT/ EP2007/ 008663 -17- 465
g of phosphoric acid (85% and 11 g of polyvinylpyrrolidone,

pol yvi nyl pyY?é948d8197 i s i ncorporated with vigorous stirring. P(TSF'QﬁméOO%‘f“
carbon bl ack are then added to the cl ear -hphogeneous m xture, which is
stirred for a further 2 hours. The ready-to-use paste can be printed using
a 280 nmesh stainless-steel 10 fabric screen. In principle, polyesters or
simlar screen materials can also be used. The crucial factor is that the
screen nateri a465 I@fcpw@gpﬁonmgcrd (85%Y he etching conponent present in the
et chi ng conposi t| on. The etching paste prepared has proven to be stable on
st orage over qS | ong period with retention of the advantageous etching
properties. Fm ghefr pelyaimyl@araiidarmposi ti ons according to the invention

360" 33 wp zo0a70egseroiRrBRIAtE Rl Ste B GIB SENGT | e oty

NatrosoI5Lact| ?3 q%élaﬁn Graphite Ethylene PVP ethyl ene [g] oM
et hyl ene GR250 a | - black [g] glycol [tg] gl ycol (g{ ycol

[d] (90% [9] arepmeroadpgp tpgmmdﬁ@’ Hagpoggnepbadnixiue, rvmhlnpns[sg!rre Pred 1 0

218 8 4 8 6||20219774R50463223170 nl 30
320 9478 9.0 2@[&@3‘150@%
he ready-to- use paste can be printed using a 280 mesh stainless-steel

fabrlc screen. In principle, polyesters or similar screen materials can also

10 .
be used. The crucial factor is that the screen material selected is inert to
ﬁ the etching component present in the etching composition.
The etching paste prepared has proven to be stable on storage over a
15 long period with retention of the advantageous etching properties.
Further examples of compositions according to the invention having
advantageous properties are given in the following tables:
20
-
~ 2
30
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4 U221 7.189.504592231302.8U 50 2226.80 10 0 457 223 11 O-
3 -- 0 10 6 o 223 6.5 0 10.5 0 455 223 9 0 - 3.6 - U 7 0 224 6.2 0 11 0
453 223 7 225 -5) 01 1.50 451 223 80L40 ~r 90 226 5.6 8’%2 0
449 223 9 d”?§m8“”¥ﬁ7o 227 53 0 12.5 0 447 223 10 0 U | | JF5FAE7P06d3
445 223 11 0 66 U 15 12 0 229 4.7 0 13,5 08443 223 12 0 13 0 (1 0 0 0 0 450
465 13 U0 14 0 00 0 0 0 452 464 19 ua -~r 15000 0 0 O 454 462 25 0
I 16 00 00 0 0 456 460 31 UO ,.ti., 17000 0 O 11 458 45%37 11 0 Sk
18 0 0 0 0 0 0 460 456 43 0 n 20 19 Il 0 00 O n 462 454 49 002000 0 0 0

0 461 452 550 n ~(, 21 000000 450 -166 61 11 0- - @ 22000000
5246467n09230000004544620I18V pp24000000456460
79 0 U 58 C [ANNA) ﬂ AN | /15 AEQ QR O 25 26 0O 0O 0O 0 46(’ A5 6 68 0
0730 276 0 o |06 A e e D B o B o W ng?é%ag ‘(‘3“{3}5'55%33[ elo o
0 05 466 450 49 O] <86 30 Zg0 QJIy@N D) ] 468%A48)] 48ekb-D (g]-4- 31 2910 |0 O Q O
470 446 él? 005 3'nt1')gt"h?>|‘> WD 2008/|0%2637 PQTISER2007 “@8663 -19
ether
[9]
! 0 218 8 4 8 0 465 | 223 19 0 6 0
2 0 219 7.7 4 8.5 0 463 | 223 17 0 2 0
3 0 220 74 8 9 0 461 | 223 15 0 24 0
4 0 221 7.1 8 9.5 0 459 | 223 13 0 28 0
s 0 222 6.8 0 10 0 457 | 223 1 0 30 0
10 6 0 223 6.5 0 10.5 0 455 | 223 9 0 36 5
7 0 224 6.2 0 1 0 453 | 223 7 0 3 0
C 8 0 225 59 0 115 0 451 | 223 8 0 2.4 0
9 0 226 5.6 0 12 0 449 | 223 9 0 I8 0
10 0 227 53 0 12.5 0 447 | 223 10 0 2 0
i 0 228 5 0 13 0 445 | 223 1 0 0.6 0
15 12 0 229 47 0 13.5 0 443 | 223 12 0 0 0
13 0 0 0 0 0 0 450 | 466 13 0 0 a0
14 0 0 0 0 0 0 452 | 464 19 0 ) S
15 0 0 0 0 0 0 454 | 462 25 0 0 59
16 0 0 0 0 0 0 456 | 460 31 0 0 wE
17 0 0 0 0 0 0 458 | 458 37 0 0 SR
18 0 0 0 0 0 0 460 | 456 13 0 0
20 19 0 0 0 0 0 0 462 454 49 0 ) hd
20 0 0 0 0 0 0 164 | 482 ss 0 0 65
21 0 0 0 0 0 0 450 466 0] 0 0 o0
22 0 0 0 0 0 0 452 | 164 67 0 0 501
23 0 0 0 0 0 0 454 | 462 73 0 0 <0
24 0 0 0 0 0 456 | 460 79 0 0 8.5
C 25 0 0 0 0 0 0 458 | 458 83 0 0 iR
25 %6 ) 0 0 0 0 0| 460 | 450 | o8 0 0 0
27 0 0 0 0 0 0 162 | 454 s 0 0 33
28 0 0 0 0 0 N 464 452 50 0 §] Sh 3
29 | 0 0 0 0 S 466 450 49 0 0 R
30 2 0 0 0 0 5 468 | 448 48 0 0 353
31 2 0 0 0 0 0 470 | 446 | 47 0 0 5A
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Batch Tn- H2O St abil eze Poly- Natrosol Lactic H3P04 1- Carbon G aphite

Et hyl ene PVP ethylene [g] OM ethyl ene GR250 acid (85% Met hyI bl ack [g]

gl ycol (4g] lycol [9] glycol [9] (90% [9] 2-pyrro- [91 [g

done 5 netW 2 52L3ét her 32 0 218 8 4 8 0 465 223 0 19 1.6 '3‘3T/b"’2'ﬂ2£19‘]#67‘ 4
8.9 0463 223 017 2 0 34 0 220 7.4 8 9 01961 223 0 1. 1 35 0 221 7.1 8 9.5
) 450 223 01 + e 36 0 222 6.8 0 10 0 457 221 0 11 10 37 0 223 6.5 0 10-5
0 455 223 0 9 6 38 0 224 62 O Il 0 453 223 07 3 n~—~ 390 2255 9 1 15 451
223 (1 8 2.4 0 40 0 226 5.6 0 12 0 449 223 0 9 LR (( 41 0 227 5.3 0 12.5 0

447 223 0 10 1 2 Il 42 0 228 5 0 13 0 445 223 0 11 0.6 0O 15 43 0 229 4.7 0
13504432230170114d0|)0000450466013a09 45000000
452 4(A 0 10 O g 16-0-0. 00 0044 ASE 028, D0 4T.0-8.00 bl Ptg) 460
0 71 0 5~.5 48 a& %th eng ?é]o 4%%2 éﬁ%ngG 0 g_aCI (83 :R/Iepyl Ickrb %g{ef 6[ ]43
20 50 0 0 0 0 D O 400454 0| -igP |nglycol | Tl | d0%) Qg]62(3yr|@ 41 |452 0 Lg] 5p 8 0000
0 0 450 466 0 ph1 (1m° 0 0/0J 0@ Q 452{484| (1 p'Pors4 0 Q O O| D O 456 4662
55000000456%%2@071901,1 C 5] 0303[60458458085058 25
570000004604@5068( 58 0 Q 0 0[]0 0]4621454|0 51 0
32 0 218 4 8 0 465 | 223 0 19 16 0
33 0 219 7.7 4 8.5 0 463 | 223 0 17 2 0
34 0 220 | 74 8 9 0 | 461 | 223 0 s K o
33 0 221 7.1 8 95 0 450 | 223 0 | IR 0
36 0 22 6.8 0 10 0 457 | 223 0 [ 0
10 37 0 223 6.5 0 10.5 0 455 | 223 0 9 30 0]
38 0 224 6.2 0 1 0 453 [ 223 0 7 3 N
C_ 39 0 225 5.9 0 115 0 451 | 223 0 8 21 0
40 0 226 5.6 0 12 0 449 | 223 0 9 I8 0
1 0 227 53 0 125 0 447 | 223 0 10 ) 0
42 0 228 5 0 13 0 445 | 223 0 ¥ 06 )
15 9 0 229 47 0 13.5 0 443 | 223 0 12 0 0
44 0 0 0 0 0 0 450 | 466 0 13 0 o0
45 0 0 0 0 0 0 152 | do4 0 19 0 505
16 0 0 0 0 0 0 454 | 402 0 25 0 59
47 0 0 0 0 0 0 456 | 460 0 31 0 583
18 0 0 0 0 0 0 458 | 458 0 37 0 38
49 0 0 0 0 0 0 460 | 456 0 13 i) B
20 50 0 0 0 0 0 0 162 | 454 0 19 0
5 0 0 0 0 0 0 164 | 452 0 33 0 e
52 0 0 0 0 0 0 450 466 0 61 ( O
53 0 0 0 0 0 0 152 | 404 0 67 i sus |
54 0 0 0 0 0 0 454 | 462 0 73 0 59
53 0 0 0 0 0 0 456 | 460 0 79 0 383
C_ 36 0 0 0 0 0 0 458 | 438 0 85 0 58
25 57 0 0 0 0 0 0 360 | 436 0 68 0 573
38 0 0 0 0 0 0 462 | 454 0 S 0 57
59 0 0 0 0 0 s FYY I TS 0 50 0 6.5
60 1 0 0 0 5 460 | 450 0 19 0 36
61 2 0 0 0 5 468 | 448 0 48 0 s3a
62 2 0 0 0 0 0 470 | 446 0 47 0 53
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000O0H5 468 448 048 0 _ 622 00000 470 446 0 47 0 ~~J ~ 30 35 W
2008/ 052637 PCT/ EP2007/ 008663 -20 PATENT CLAIMS 1. Printabl |l e
et chi ng medY@ABE8F264T chi ng oxi dic transparent and conducti \ygTélﬂJrzﬁ(p’%qg&gnd

| ayers in the formof an etching paste 5 Znaprising a) phosphoric acid, b)
at” | east one solvent c¢) graphite and/or carbon black having a relative
particle dianmeter in the range from20 nmto 80 nmand a specific BET
surface 10 area in the range from40 to 100 n2/g, d) optionally thickeners,
and e) optionally additives, suddAJ EN ToaGd. AhiMdropic agents, flow
control agents, deaerators and adhesion pronoters. 15 2. Etching nedi um
according to aim1, conprising graphite or carbon- black powder havin
relative partitl P rifh b ed|spehsab@etdmmg goeditim fod etchipg aidic tRETS R

area in the range‘%,ﬁp toﬂdm: %?SE%@H' l’é&g'@% i ﬁf 9% éﬁh@\q" p(’ﬁ

conpri S|£g graphite or car on- having relative par
di aneters in the GCHﬁgEJSMQom 30 nmto 45 nm 4. Etching nedium according to

Claim1, corrpr|3| r@% 55 pow der having a relative particle
di ameter of 40 nm {)em Ic’BET 25 surface area of 62 nR/g. 5. Etching
medi um accordi ng t?)0 arleastones®hgntc aims 1 to 4, conprising graphite or
car bon- bl ack powdcg draphitedIYBE cafbd® BradkRAVRY HYelativb Prtickudiametert han
0.5% by weight. 30 o
in the range from 20 nm to 80 nm and a specific BET surface
10 area in the range from 40 to 100 m?/g,
. d) optionally thickeners, and
- e) optionally additives, such as antifoams, thixotropic agents, flow-
control agents, deaerators and adhesion promoters.

15 2. Etching medium according to Claim 1, comprising graphite or carbon-
black powder having relative particle diameters of less than 50 nm
and a specific BET surface area in the range 50 to 70 m%/g.

3. Etching medium according to Claim 1, comprising graphite or carbon-
20 black powder having relative particle diameters in the range from
30 nm to 45 nm.

4. Etching medium according to Claim 1, comprising carbon-black pow-
der having a relative particle diameter of 40 nm and a specific BET
25 surface area of 62 m?/g.

(”“i

5. Etching medium according to one or more of Claims 1 to 4, comprising
graphite or carbon-black powder in an amount of less than 8% by
weight, but more than 0.5% by weight.

30
6. Etching medium according to one or more of Claims 1 to 4, comprising
graphite or carbon-black powder in an amount of 3 to 7% by weight
and a viscosity in the range from 25 to 35 Pas.
35 7. Use of an etching medium according to one or more of Claims 1 to 6

for etching transparent, conductive oxidic layers during semiconductor
manufacture.



6. Etching nediumaccording to one or nore of Clains 1 to 4, conprising
graphite or carbon-bl ack powder in an anmount of 3 to 7% by weight and a
viscosity in the range from25 to 35 Pas. 35 7. Use of an etching nedi um
accordi ng tWOMBE6Xpre of Cains 1 to 6 for etching trans'ffa?’%ﬁ?to,m/"os"“
conductive oxidic layers during sem conducor nmanufacture. WO 2008/ 052637
PCT/ EP2007/ 008663 -21 8. Use of an etching medium according to one or nore
of Clainms 1 to 6 for etching ITO at tenperatures between 120-170C. 5 10
15 20 25 30 35

8. Use of an etching medium according to one or more of Claims 1 t¢ 6
for etching ITO at temperatures between 120-170°C.
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