
WO 2007/012378 PCT/EP2006/006444  -1 Etching media for oxidic, transparent,
conductive layers The present invention relates to a novel etching medium
for the structur- 5 ing of transparent, conductive layers, as are used, for
example, in the  production of liquid-crystal displays (LCDs) using
flat-panel screens or of  organic light-emitting displays (OLEDs) or in
thin-film solar cells.  Specifically, it relates to particle-free
compositions by means of which  fine structures can be etched selectively in
oxidic, transparent and con- ductive layers without damaging or attacking
adjacent areas. The novel 10 liquid etching medium can advantageously be
applied by means of  printing processes to the oxidic, transparent,
conductive layers to be  structured. Subsequent heat treatment accelerates
or initiates the etch- ing process. Prior art  15 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 20 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 display to  be addressed
selectively. 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-panel screens based on liquid-crystal
displays or organic  light-emitting diodes, at least the electrode facing
the viewer has to 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. WO 2007/012378
PCT/EP2006/006444  -2 In thin-film solar cells based on amorphous silicon
(a-Si), copper-indium  selenide (CIS) or cadmium telluride, the side of the
solar cell facing the  sun likewise consists of an oxidic, transparent,
conductive material. This  is necessary since the semiconducting layers have
inadequate electrical  5 conductivity to enable economical transport of
charge carriers. Oxidic, transparent, conductive layers which are known to
the person  skilled in the art are: ^ indium-tin oxide ln203:Sn (ITO) 10 ^
fluorine-doped tin oxide Sn02:F (FTO) ^ antimony-doped tin oxide SnO2:Sb
(ATO)  ^ aluminium-doped zinc oxide ZnO:AI (AZO) In addition, the literature
describes, for example, the systems  ^ cadmium stannate CdSnO3 (CTO) ^
indium-doped zinc oxide ZnO:ln (IZO)  15 ^ undoped tin(IV) oxide (TO) ^
undoped indium(III) oxide (10)  ^ 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 0 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 to 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 25 (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
following deposition methods are used here: WO 2007/012378 PCT/EP2006/006444
-3 ^ direct vapour deposition of the oxides ^ reactive vapour deposition of
the metals in the presence of oxygen  ^ direct cathode sputtering of the
oxides (DC, magnetron, RF or ion- beam sputtering) 5 ^ reactive sputtering
of the metals in the presence of oxygen ^ chemical vapour deposition (CVD)
of precursors, such as, for  example, SnCl4 ^ spray pyrolysis ^ dip coating
with a suitable sol 10 In the two most important applications of
transparent, conductive layers  (flat-panel screens and thin-film solar
cells), the transparent, conductive  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 relatively 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 



25 person skilled in the art. US 4,587,041 Al describes a process of this
type. 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 masks can only be used for a few coating steps  since
material is constantly deposited on them. In addition, relatively WO
2007/012378 PCT/EP2006/006444  -4 complex structures, such as, for example,
hole structures, cannot be  produced using an applied mask. Furthermore, the
resolution in respect  of the formation of extremely fine lines and
structures is very limited in  this process. Mask sputtering has therefore
only been able to establish  5 itself for small series with short runs.
Laser ablation With the aid of laser light in the near infrared region
(NIR), as emitted, for  example, by an Nd:YAG laser, it is possible to
structure transparent, 10 conductive layers. The method is described, for
example, on the  Laserod.com, Inc., web page (littD:i/www.iaserod.com/laser
direct write.hLM).  Disadvantages in this method are the relatively high
equipment complex- ity, the low throughput in the case of relatively complex
structures and  the re-deposition of evaporated material onto adjacent
areas. Laser ab- lation is essentially only employed in the area of
thin-film solar cells, for  15 example for cadmium-tellurium solar cells. An
example of laser ablation on transparent, conductive layers has been
described (C. Molpeceres et al 2005 J. Micromech. Microeng. 15 1271-1278).
Photolithography 20 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 layer to be
etched. The end  of the etching is achieved by the encountering of a layer
which is sub- 



stantially resistant to the etchant. 25 The production of a negative or
positive of the etch structure (depending  on the photoresist) is usually
carried out in the following steps: u coating of the substrate surface (for
example by spin coating with  a liquid photoresist), ^ drying of the
photoresist, 30 ^ exposure of the coated substrate surface,  o development.
^ rinsing, WO 2007/012378 PCT/EP2006/006444  5- ^ if necessary drying, ^
etching of the structures, for example by o dip processes (for example wet
etching in wet-chemistry  benches) 5 dipping of the substrates into the
etching bath, etching proc- ess o spin-on or spray processes: the etching
solution is applied  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, ^
removal of the photoresist, for example by means of solvents,  ^ rinsing, ^
drying. 15 Owing to the high structure accuracy of the etched areas - the
etched  structures can be etched accurately down to a few pm - and the
fairly  high throughput, even in the case of highly complex structures to be
etched, 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- ess
steps is necessary with use of very expensive equipment. In addi- tion,
considerable amounts of auxiliary chemicals (photoresist, devel- oper,
etching medium, resist stripper) and rinsing water are consumed.  Liquid
etching media described in the literature, especially for the fully 25
oxidised indium-tin oxide (ITO) widely used in the area of flat-panel
screens, are: ^ iron(Ill) chloride + hydrochloric acid ^ hot, approximately
30% by weight hydrochloric acid  ^ hot, 48% by weight hydrobromic acid ^
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 example, of WO 2 007/0 1 2378 PCT/EP2006/006444  -5
hydrogen bromide gas or hydrogen iodide gas. Corresponding methods  are
described by Mitsui Chemical on the web page http://www.mitsui-
chem.co.ip/ir/010910.pdf p.23. 5 A common feature of all the said fluid
etching media is that they are ex- tremely corrosive systems. The etching
media can be classified as fairly  problematic for the surrounding
equipment, the operating personnel and  the environment. The structuring of
oxidic, transparent, conductive materials, in particular  10 the production
of flat-panel screens, is therefore usually carried out  using, as known
process, the complex and material-intensive process of  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 pm, in particular less than 100 pm, 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
etching, can be removed from the treated surfaces in a simple manner  under
the action of heat without leaving residues. 25 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 WO 2007/012378 PCT/EP2006/006444  -7  phosphoric acid or salts
thereof or adducts of phosphoric acid or mixtures of phosphoric acid with
salts of phosphoric acid and/or adducts  of phosphoric acids. Experiments
have shown that the etching media ac- 5 cording to the invention are
particularly suitable for the etching of doped  tin-oxide layers. Etching
media according to the invention comprise, as active, etching  component, at
least one acid selected from the group of ortho-, meta-,  pyro-, oligo- and
polyphosphoric acid and/or meta-phosphorus pentox 10 ide, or mixtures
thereof. However, it is also possible for one or more dif- ferent ammonium
salt(s) of phosphoric acid and/or mono- or di- or tri- esters of a
phosphoric acid which liberate the etching phosphoric acid  through thermal
input of energy to be present. The present invention also relates to
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. The present invention likewise
relates to a process for the etching of oxi- dic, 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. 25 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. WO
2007/012378 PCT/EP2006/006444  -3 The process according to the invention can
be used for the structuring of  oxidic, transparent, conductive layers for
the production of solar cells.  However, it is also possible for oxidic,
transparent, conductive layers to  be structured in a corresponding manner
for the production of flat-panel  5 screens. Detailed description of the
invention WO 03/040345 describes a combined etching and doping medium for
etching silicon nitride. The etchant present is based on phosphoric acid,
10 or salts thereof and/or corresponding precursors. As experiments have
shown, only silicon nitride layers can be treated at adequate etching  rates
under the conditions described in this patent application.  Surprisingly,
experiments have now shown that oxidic, transparent, con- 



ductive layers, such as, in particular, indium-tin oxide, can also be 15
etched 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. 20
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 following phosphoric acids: 25 ortho-phosphoric acid
(H3PO4),  pyro-phosphoric acid (H4PO7),  meta-phosphoric acid [(HPO3)xl,
oligo- and polyphosphoric acids,  phosphonic acid (phosphorous acid),
phosphinic acid (hypophosphorous acid), 30 phenylphosphinic acid and other
organic phosphinic acids,  phenylphosphonic acid and other organic
phosphonic acid. WO 2007/012378 PCT/EP2006/006444  -9 Salts of phosphoric
acid which can be employed are the mono-, di- and  trisalts of the acids
mentioned under phosphoric acids. In particular,  these are taken to mean
the corresponding ammonium salts. The corre- sponding phosphoric acids are
liberated from these salts in the formula s tions of the etching media, if
necessary by heating. The term phosphoric acid precursors is taken to mean
compounds which  form phosphoric acids and/or salts thereof by chemical
reaction and/or  thermal decomposition. For use in the etching media
according to the in- vention, corresponding mono-, di- or triesters of the
said phosphoric 10 acids, such as, for example, monomethyl phosphate,
di-n-butyl phos- phate (DBP) and tri-n-butyl phosphate (TBP), are
particularly suitable.  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 volatile or
decomposing Lewis bases liberate the phosphoric acids in the  process. An
example of a suitable Lewis base is 1-methyl-2-pyrrolidorie (NMP),  which is
also used in compositions according to the invention reproduced  by way of
example. 20 Phosphoric acid-based etching media have considerable advantages
over the known etching media outlined above for the etching of ITO: ^ The
etching medium in the form of a thickened paste can be ap- plied selectively
by means of a printing process to the substrate to  be etched. Complex
photolithography can be omitted. 25 ^ Due to the very low volatility 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. Aqueous etching media or those based on other solvents
lose their etching power virtually completely within a few minutes 30 due to
evaporation of the solvent or etching medium. ^ The etching can be initiated
by input of heat. At room temperature,  the etching rate is very low (< 1
nm/min). WO 2007/012378 PCT/EP2006/006444  10 o At 180C, the etching rate in
fully oxidised indium-tin oxide is  about 100 nm/min. By contrast, the
etching rate of indium-tin oxide  in 18% by weight hydrochloric acid is only
8 A/s (= 48 nm/min), as  described on the betelco web page 5
(http://www.betelco.com/sb/phd/pdf/chapter5.pdf p. 128). a The etching
medium has a very low vapour pressure. It is conse- quently not corrosive to
the environment. Thus, for example, me- tallic components, such as print
heads, print screens, etc., which  are in direct contact with the etching
medium can be used without  



problems. 10 In print trials with high-resolution screen-printing fabrics,
etch line widths  of 50 pm were 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 classical
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
20 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 droplets 25 having a volume of 10 picolitres to be applied
without contact to an ITO- coated glass substrate with a positioning
accuracy of  10 pm. The  equipment thus enables line widths of down to 30 pm
to be etched into  ITO on use of the etching media according to the
invention. 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 WO 2007/012378 PCT/EP2006/006444  regarded as descriptive
disclosure which is absolutely not limiting in any  way. The complete
disclosure content of all applications, patents and publica- 5 tions
mentioned above and below, and the corresponding application  DE 10 2005 035
255.3, filed on 25.07.2005, is incorporated into this ap- plication by way
of reference. 



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- 10
sent invention. These examples also serve to illustrate possible variants.
Owing to the genera! 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 examples alone. 15 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
hydroxyethylcelIulose are subsequently added with vigorous stirring.  25 293
g of Vestosint polyamide powder are then added to the clear, homogeneous
mixture, which is stirred for a  further 2 hours. 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. WO 2007/012378 PCT/EP2006/006444  - 12 Example 2 460 g of phosphoric
acid (85%) are added with stirring to a solvent mixture consisting of  181 g
of deionised water, 5 181 g of ethylene glycol and  98 g of
1-methyl-2-pyrrolidone.  17 g of hydroxyethylcellulose are subsequently
added with vigorous stirring.  293 g of Coathylene polyethylene powder 



are then added to the clear, homogeneous mixture, 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
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-pyrrol i done, 32 g of
polyethylene glycol 1500 and  15 g of hydroxyethylcelIulose 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 to use, can be printed using a 260
mesh  stainless-steel fabric screen. In principle, polyester or similar
screen  materials can also be used. 30 WO 2007/012378 PCT/EP2006/006444  -13
High-resolution screen printing on an ITO-coated substrate  For a print and
etch test, the following parameters were used: 5 Screen: steel screen having
a mesh count of 260  mesh/inch and filament diameter of 20 pm  and emulsion
thickness of 15 pm. Layout: 45 pm lines  Screen printing machine: EKRA E1
Substrate: glass with 125 nm ITO layer  10 Etching: heated at 180C for 120 s



Result: the etched line had a width of on average 50 pm.  Ink-jet printing
on an ITO-coated substrate 15 Ink-jet printer: OTB 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 mrn!s  Pixel
resolution: 1440 dpi  20 Distance of print head: 1 mm } Substrate: glass
with 125 nm ITO layer  Etching: heated at 180C for 120 s  Result: the etched
line had a width of < 35 pm. 25  30 WO 2007/012378 PCT/EP2006/006444  -14
PATENT CLAIMS 1. Etching medium for the etching of oxidic, transparent,
conductive lay- ers, comprising at least one etchant consisting of 5
phosphoric acid or salts thereof or  adducts of phosphoric acid or mixtures
of phosphoric acid with salts of phosphoric acid and/or ad- ducts 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. Etching medium according to Claims 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 20
antifoams, thixotropic agents, flow-control agents, deaerators and  adhesion
promoters. 5. Process for the etching of oxidic, transparent, conductive
layers,  characterised in that an etching medium according to Claims I - 4
is  applied by means of a printing process to the substrate to be etched.
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. WO 2007/012378
PCT/EP2006/006444  15 8. Process according to Claims 5 - 7 for the
structuring of oxidic, trans- parent, conductive layers for the production
of solar cells. 9. Process according to Claims 5 - 7 for the structuring of
oxidic, trans- 5 parent, conductive layers for the production of flat-panel
screens. 10  15  20  25  30 




