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(57) ABSTRACT 

The invention is about a process for depositing via the 
Sol-gel route a continuous or discontinuous layer based on 
metal oxide(s) on a Substrate (1), especially a transparent 
Substrate, which includes at least the following Steps: 

(a)-preparation of a Sol from at least one metal 
precursor, at least one chelating/stabilizing agent, 
optionally at least one Solvent and/or at least one 
dopant precursor, 

(b)-deposition of the Sol as a layer on at least part of one 
of the faces of the substrate (1), 

(c)-irradiation by ultraviolet rays of at least part of the 
Sol deposited as a layer on the Substrate (1), 

(d) heat treatment of at least that part of the Sol which 
was irradiated by the ultraviolet rays. 

23 Claims, 4 Drawing Sheets 
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PROCESS FOR DEPOSITING LAYERS 
BASED ON METAL OXIDE(S) 

FIELD OF THE INVENTION 

The invention relates to a process for depositing layers 
based on metal oxide(s), and more particularly those which 
are, at least Slightly, electrically conductive. It relates more 
particularly to the layers which because of their intrinsic 
properties and their thicknesses are transparent, without, 
however, excluding opaque layers. 

BACKGROUND OF THE INVENTION 

The invention relates especially to the deposition of Such 
layerS on transparent Substrates, of the glass or polymer 
based organic Substrate type. Many products based on 
transparent Substrates in fact require Such layers, either in 
the form of a continuous coating, which may be the case for 
example with a layer having an antistatic function, having a 
low level of conductivity or having a heating function, or in 
the form of a discontinuous coating which is etched in a 
given pattern. This is, for example, the case with Substrates 
which require conducting elements/electrodes with a good 
or even high resolution: they may be electrodes for the glass 
Substrates of emissive Screens of the flat Screen type, elec 
trodes for photovoltaic cells or arrays of conductive ele 
ments for heated windows, windows provided with an 
antenna or glazing with a conductive coating having the 
function of a Shield towards electromagnetic waves. 
Many deposition techniques have already been Studied for 

this type of layer. Thus, it is known to manufacture layers 
based on metal oxide or on Silicon oxide via the so-called 
“Sol-gel’ process, the principle of which is like the Synthesis 
of organic polymers and consists in forming an oxide 
network by polymerization of molecular precursors in Solu 
tion of the metal alkoxide type, by hydrolysis and then 
gradual condensation at ambient temperature. A heat treat 
ment makes it possible, in the final Step, to dry and densify 
the layer of oxide obtained. 

This proceSS is advantageous in the Sense that it is quite 
flexible in terms of use and is quite simple to employ. 
However, it includes a number of limitations. Thus, it is not 
always possible to obtain the optimum layer performance 
characteristics, for a given chemical composition. 
Furthermore, up until now it has been possible to obtain only 
continuous layers which must then be etched using an 
independent process if a discontinuous patterned layer is 
desired. 

SUMMARY OF THE INVENTION 

The object of the invention is therefore to remedy these 
drawbackS via providing an improved proceSS for Synthe 
sizing layers based on metal oxides(s) by the Sol-gel route, 
which especially makes it possible to obtain higher perfor 
mance layerS and/or layers which are either continuous or 
discontinuous. 

The object of the invention is first of all a process for 
depositing via the Sol-gel route a continuous or discontinu 
ous layer based on metal oxide(s) on a Substrate, especially 
of the transparent type. This process includes at least the 
following Steps: 

(a)-preparation of a Sol from at least one metal 
precursor, at least one chelating/stabilizing agent, 
optionally at least one Solvent and/or at least one 
dopant precursor, 
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2 
(b)-deposition of the Sol as a layer on at least part of one 

of the faces of the Substrate, 
(c)-irradiation by ultraviolet rays of at least part of the 

Sol deposited as a layer on the Substrate, 
(d) heat treatment of at least that part of the Sol which 
was irradiated by the ultraviolet rays. 

The term "discontinuous” layer is understood to mean, in 
the Sense of the invention, a layer which is obtained directly 
in a non-continuous form, in a given pattern, like those 
which are usually obtained by etching Starting with a con 
tinuous layer. 

For the Sake of Simplicity, in all the Steps of the process 
described above only the formation and the use of a “sol” 
will be mentioned, using a terminology as in the field of 
Sol-gel processes. However, it is clear for those skilled in the 
art that this “Sol', once deposited as a layer on the Substrate, 
is able to be converted into a gel by modification of its 
Viscosity brought about by the reactions between the various 
chemical Species contained in the Sol. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described below in greater detail 
using non-limiting examples illustrated by the following 
figures: 

FIG. 1: a highly diagrammatic representation of the Steps 
of a proceSS for depositing a continuous layer according to 
the invention, 

FIG. 2: a highly diagrammatic representation of the Steps 
of a proceSS for depositing a discontinuous layer according 
to the invention, 

FIG. 3: the chemical structures of chelating agents for the 
metal precursors of the Sol, and an example of a metal 
precursor/chelating agent complex, 

FIG. 4: the UV/visible absorption spectrum of the layer of 
the Sol during its irradiation with UV, and 

FIG. 5: the profile of a discontinuous SnO-based layer 
obtained according to the invention. 

DETAILED DESCRIPTION OF THE 
INVENTIONS 

According to one method of implementing the process of 
the invention, the irradiation phase (c) is repeated n times, 
where ne1. 

According to another method of implementing the 
process, not exclusive of the first, it is the heat treatment 
phase (d) which is repeated p times, where p21. 
A preferred variant thus consists in that at least the 

irradiation phase (c) and/or at least the heat treatment phase 
(d) is/are repeated once, So as to alternate irradiation phase 
(s) and heat treatment phase(s) (without excluding the 
possibility of interposing other treatment Steps between the 
irradiation phase and the heat treatment phase). (It is also 
possible to carry out a heat treatment phase before the first 
irradiation phase (c)). 

In fact, the principle of the phases (a), (b) and (d) of the 
process of the invention is generally found in a Standard 
Sol-gel proceSS Since this process relies on the deposition of 
a Sol which is converted into a gel and is densified to the final 
oxide by heat treatment. Thus, the invention has discovered 
that inserting, into the process, a step of irradiating the Sol 
layer by ultraviolet rays (hereafter denoted UV) significantly 
modified the manner in which the layer was synthesized: this 
is because it seems that the UV rays promoted destabiliza 
tion of the complexes which tend to form between, on the 
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one hand, the metal precursors and, on the other hand, the 
Stabilizing/chelating agents contained in the Sol. This desta 
bilization would thus result in controlled prepolymerization 
of the metal precursors. 

This unexpected influence of the UV rays has therefore 
been able to be exploited within the scope of the invention, 
especially in two different ways in order to derive benefit 
therefrom: if it is desired to obtain a layer based on metal 
oxide which is continuous, it is possible to carry out the UV 
irradiation phase or phases (c) and the heat treatment phase 
or phases (d) on the entire layer of Sol. It is therefore highly 
advantageous then to be able better to control the polymer 
ization of the layer by virtue of the UV, and it has thus been 
noted that, at least in Some cases, it was possible, for a given 
chemical composition of Sol, to improve certain final prop 
erties of the layer, especially to make it electrically more 
conductive. It has also been observed that the exposure to 
UV was able to influence the crystallization temperature of 
the oxide, without excessively complicating the process for 
manufacturing the layer. 

If it is desired to obtain a discontinuous layer with a given 
pattern, the exposure to UV has made it possible to obtain 
Such a layer directly, without having a posteriori to etch the 
layer. This is because it has proved possible, during the 
phase c) or at least one of the phases (c), to irradiate, with 
UV, the layer of Sol not in its entirety but selectively in 
regions which will correspond to the regions of the Substrate 
where it is desired to deposit the oxide. Thus, it is possible 
to prepolymerize the layer of Sol in localized regions, while, 
in the non-irradiated regions, the metal precursors remain 
Stabilized and essentially blocked in the form of a complex. 
In fact, as will be explained below, the non-irradiated 
regions of Sol may then be removed relatively easily, leaving 
only the prepolymerized irradiated regions which it is then 
Sufficient to cure thermally in a conventional manner in 
order to obtain the discontinuous layer with the desired 
pattern, determined by the Selective manner in which the Sol 
was irradiated. 

This Selective irradiation may be carried out in various 
ways. In a non-limiting manner, it is possible especially to 
use a Source of UV rays capable of channelling the radiation, 
in a relative movement with respect to the substrate, the UV 
rays Striking the Substrate on its face provided with the layer 
of Sol, or on its opposite face if it is made of an essentially 
UV-transparent material. 

Another way of obtaining Selective irradiation consists in 
interposing a mask between the layer of Sol and the Source 
of emission of the UV rays, here too either above the layer 
of Sol or on the side of the opposite face of the Substrate if 
it is UV-transparent. 

The mask may be held a certain distance from the layer of 
Sol, the UV source being oriented Suitably with respect to the 
mask so that there is the desired projection of UV onto the 
layer of Sol. It is therefore possible to coat for instance the 
mask on an U.V. transparent Substrate, like a glass Substrate, 
which is put above the Sol layer, either at a given distance, 
or So that the non-masked Side of the glass Substrate be in 
contact with the Sol layer. 

The mask may also be brought into direct contact with the 
layer of Sol, it then being preferable to pretreat the layer 
slightly (for example, very moderate heating) So as to give 
it the Viscosity Sufficient to Support the mask uniformly. 
To Summarize, a Selective UV irradiation phase may 

include the following steps (considering that the Sol has 
already taken the consistance of a gel): 

deposition on or near the layer of Sol of the mask on a 
Second glass Substrate put above the gel layer, 
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4 
selective irradiation of the layer of gel by UV through the 

mask, 
removal of the mask, 
removal of the gel layer regions which were masked 

during the irradiation. 
It goes without Saying that if Several Selective irradiation 

phases are provided in the process, Steps 3 and/or 4 may be 
carried out only during at least one of the phases, especially 
the last phase, and not for each of them. 
The mask may be removed in various ways, depending on 

its chemical nature in particular. The simplest way is to 
remove it by peeling, using mechanical traction, if it is 
deposited directly on the gel layer. When it is deposited on 
another Substrate put above the gel layer, it is enough to 
Simply evacuate Said another Substrate. 
The removal of the masked, non-irradiated regions may 

also be accomplished in various ways, especially 
chemically, i.e. by dissolving in a Suitable, generally 
organic, Solvent or mixture of Solvents. It may also be 
accomplished by immersing the Substrate in the bath of 
Solvent(s), by a rinsing operation by spraying the said 
Solvent(s) onto the layer of Sol, etc. The irradiated regions 
themselves will rest this removal treatment since their 
condensation is much more pronounced. 
The various chemical Species which may be used in phase 

(a) for preparing the Sol according to the invention are now 
described in a non-limiting manner. 
The metal precursor or precursors are advantageously 

chosen from metal Salts of the halide type, organometallic 
compounds and metal alkoxides. Since the invention relates 
more particularly to the formation of layers based on tin 
oxide, the following compounds may thus be mentioned: 
SnCl2, SnCl, Sn-2-ethylhexanoate, alkoxides of formula 
Sn(OR) or SnR'(OR), here R, R are identical or different, 
carbon-containing, linear or branched radicals of the alkyl 
type having from 1 to 6 C, Such as tin tetraiSoprocoxide 
Sn(O-i-Pr). 
The chelating/stabilizing agents are preferably chosen 

from Suitable organic molecules, having a ketone and/or 
ester function, most particularly those belonging to the 
family of B-diketones. Examples which may be mentioned 
are 2,4-pentanedione, 1-phenyl-1,3-butanedione and ethyl 
acetoacetate. 

Without a dopant, the layer of metal oxide may be 
insulating, behaving as a dielectric material, or slightly 
conductive, especially when there are oxygen vacancies in 
the oxide lattice. However, if it is desired to guarantee a 
relatively high level of electrical conduction it is necessary 
to dope the oxide, by adding the precursor of a dopant to the 
Sol. This dopant may be a halogen, the halogen-carrying 
precursor possibly being, for example, a halogenated, espe 
cially fluorinated, organic acid Such as trifluoro-acetic acid. 
The dopant may be a metal capable of Substituting for the 
major metal of the metal oxide formed. If it is desired to 
dope a tin oxide layer, a Suitable dopant metal will be chosen 
from Group Va of the Periodic Table, of the AS or Sb type, 
a precursor of which may be in the form of a metal halide 
(for example, SbCl or SbCls). 
The optional Solvent is preferably essentially organic, 

especially one having an alcohol function of the ethanol or 
isopropanol type. It can be also inorganic, for instance made 
of a Sodium hydroxide Solution or of ammonia water. 

In the variant in which a mask is used to carry out 
selective UV irradiation of the layer of Sol, the latter may be 
chosen to be based on a resin, of the photomask type 
deposited, for example, by photolithography in a known 
manner. The mask can also be deposited on a glass-type 
Substrate, as mentioned above. 
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The Sol deposition phase (b) may be carried out by any 
known technique making it possible o deposit layers of Sol 
with a uniform thickness, for example within a thickneSS 
range of between 5 and 1000 nm preferably of at least 10 
nm. Thus, it is possible to deposit the Solby Spin coating, by 
dip coating, by laminar coating, by Spraying, or by tech 
niques known by the name of roller coating or meniscus 
coating. 
The UV irradiation phase(s) (c) preferably uses (use) 

mainly radiation around 300 nm, in particular between 250 
and 360 nm, especially with a measured light intensity on 
the layer of sol of about 150 mW/cm, in particular between 
100 and 200 mW/cm. 
The heat treatment phase(s) (d) is (are) generally carried 

out at least 100° C., in particular between 200 and 550° C. 
The temperatures may be adjusted in this range So as to be 
compatible with the chemical nature of the Substrates, espe 
cially if they are made of glass or are based on an organic 
polymer. 

The invention also relates to the application of the proceSS 
according to the invention to the deposition of layerS on 
transparent Substrates made of glass or based on organic 
polymer(s), or Substrates based on a ceramic or vitroceramic 
material, or on Substrates based on Silicon. 

The invention also relates to the application of the proceSS 
to the deposition of continuous or discontinuous layers 
based on optionally doped tin oxide, of the F:SnO, Sb:SnO 
or AS:SnO type, or else based on tin-doped indium oxide 
ITO. It has thus proved to be the case that the invention lends 
itself particularly well to the formation of etched/patterned 
layerS based on SnO having electrical conduction proper 
ties. Now, hitherto, these layers were regarded as difficult to 
etch using conventional chemical etching techniques Since 
these layers are known to be particularly chemically resis 
tant. The invention also relates to a way of obtaining 
discontinuous SnO-based layerS directly. Those layerS have 
generally a thickness comprised between 5 and 1000 nm, 
notably of at least 10 nm. 

Finally, the Subject of the invention is the application of 
the process according to the invention to the manufacture of 
conductive elements/electrodes or antistatic coatings in Vari 
ous fields. This may be the glassmaking industry, for 
example for the purpose of manufacturing conductive arrayS 
for heated windows using the Joule effect, or antistatic 
windows or windows incorporating antennae, in particular 
for equipping vehicles or aircraft. The process according to 
the invention can also be used to produce coatings having 
the function of a shield towards electromagnetic waves, for 
instance for windows of buildings located close to airports. 
It may also be the photovoltaic cell industry. Finally, it may 
be the electronics industry, for example for the purpose of 
manufacturing the front or rear faces of emissive Screens of 
the flat-Screen type, a Screen called plasma Screen, or else 
tactile Screens, and more generally any type of Screen/ 
window. capable of receiving, transmitting or emitting 
radiation, in particular visible light. 

The invention also relates to the Substrate which has been 
described above, and which is characterized by a layer 
which is continuous or discontinuous/etched, which com 
prises metallic oxide(s) and which has been obtained via a 
Sol-gel route according to she above described process. 

This Substrate can also have additional thin films. Accord 
ing to a preferred embodiment, the Substrate has at least 
another thin film, notably made of a dielectric material (for 
example metallic oxides(s) like TiO2, ZrO2 or oxide, 
oxicarbide, oxinitride or nitride of silicon). Said thin film(s) 
are located below the layer according to the invention. This 
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6 
“Sub-layer(s)' is preferably also obtained via a Sol-gel route, 
without excluding other deposition techniques (vacuum 
deposition like cathodic Sputtering, CVD, . . . ). It can have 
a geometric thickneSS comprised between 10 and 150 nm, 
notably 15 and 80 nm or 40 and 70 nm and can fulfill, 
depending on its chemical nature and its thickness, different 
roles (a barrier toward alkaline elements from the glass 
Substrate, a layer having an optical or an anchoring 
role, . . . ). It is preferably continuous, but may be etched 
also. 

Substrates used will be specified according to each of the 
examples: they are either Standard Silica-Soda-lime float 
glass Substrates or alkali-free glass Substrates of the type 
sold by Corning under the reference 7059, or SiO, or silicon 
Substrates. 

Other glass compositions which are also Suitable, espe 
cially for applications in the electronics field, are, for 
example, described in Patents WO96/11887, WO98/40320 
and EP-854. 117. 

All the examples relate to the deposition of layerS base on 
oxide which are either not doped or are doped with fluorine 
or antimony, this being Specified in each case, and having a 
thickness of approximately 100 nm (between 10 and 1000 
nm). 
The main Steps of the two Sol-gel deposition processes 

according to the invention are shown diagrammatically in 
FIGS. 1 and 2, FIG. 1 referring to the deposition of a 
continuous layer, FIG. 2 referring to the deposition of a 
discontinuous layer. 

According to FIG. 1: 
in a first step (a), the Substrate 1 is provided with a regular 

uniform layer of Sol 2, the composition of which will be 
Specified in the examples and which comprises at least 
one tin precursor and one agent for chelating the latter 
in order to Stabilize it and to avoid too rapid and 
uncontrolled a reaction between the metal precursor 
molecules. The Sol has a gel consistency, by drying, and 
the gel layer hardens, 

according to a step (b), the entire layer 2 is exposed to UV 
radiation which destabilizes the complexes formed in a 
kind of photolysis, Reading to rapid prepolymerization 
of the layer by chain reactions between the metal 
precurSOrS, 

the layer thus polymerized 2" must then be Subjected, in a 
Step (c), to a heat treatment intended to complete its 
densification in order to keep only an inorganic metal 
Oxide Structure. 

According to FIG. 2, a layer based on tin oxide is obtained 
directly with a given pattern: 

Step (a") consists, as previously, in depositing a regular 
layer of Sol 2 on the substrate 1, 

Step (b") then consists in depositing a resin-based mask 3 
by photolithography in contact with the layer 2, the 
Viscosity of which was adjusted beforehand in a Suit 
able manner, 

Step (c) consists in irradiating the layer 2+mask 3 assem 
bly with UV rays. Since the mask 3 filters the UV, only 
the regions 2' arc actually exposed to the UV and 
“prepolymerize” under the effect of the radiation, 

Step (d) consists in removing the mask 3, for example by 
peeling, thus exposing the regions 2" of the layer 2 
which were not irradiated and which therefore have not 
been densified, prepolymerized like the regions 2', 

Step (e') consists in removing the non-irradiated regions 
2", which may be obtained by simply rinsing the 
Substrate 1 with a Suitable organic Solvent, notably a 
Solvent with alcohol functions, or with an inorganic 
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Solvent, made of a Sodium hydroxide Solution or 
ammonia water, 

a final Step, not shown, consists in heat treating the 
remaining regions 2' So as to complete their densifica 
tion to metal oxide. An etched layer with a pattern 
corresponding to that provided by the mask 3 is there 
fore obtained directly. 

A first series of Example 1 to 5 uses a Sol with tin 
tetraiSopropylate as metal precursor. The preparation of the 
Sols takes place in the following manner: 

the tin tetraisopropylate (Sn(O-iPr)) is dissolved in a 
Solvent, isopropanol, i-ProH, 

a chelating agent for the tin precursor is added to the 
Solution, namely, depending on the examples, 2,4- 
pentadione, also called acetylacetone (ACAc) and 
shown in the FIG. 3(a), or 1-phenyl-1,3-butanedione, 
also called benzoylacetone (BZAc) and shown in FIG. 
3(b), 

next, the Viscosity of the Sol is adjusted by adding 
isopropanol and water, H2O, in order to obtain the Sol. 

The chelating agent Stabilizes the tin tetraiSopropylate. 
Thus, acetylacetone forms bonds with the tin, by Substitution 
reactions of an alkoxy group of the tin alkoxide in order to 
form the complex shown in FIG. 3. 

Table 1 below indicates, for each of the five examples, the 
precise composition of the Sols, expressed in moles per mole 
of tin precursor. 

Sn(O-iPr). i-PrCH AcAc BZAc HO 
Example 1 1. 3O 1. 
Example 2 1. 3O 2 
Example 3 1. 3O 1. 2 
Example 4 1. 3O 2 2 
Example 5 1. 50 1. 2 

A Second Series of Examples 6 to 9 uses a So with tin 
dichloride SnCl2 as tin precursor. The preparation of the Sols 
is carried out in the following manner: 

for Examples 6 to 9, a mixture of SnCl2 and acetylacetone 
is prepared in a 1/20 molar ratio, and then either 
nothing is added (Example 6) or a dopant is added 
(Examples 7, 8, 9), namely CFCOOH in the case of 
Example 7, SbCl in the case of Example 8 and SbCls 
in the case of Example 9, with a dopant/SnCl2 molar 
ratio of 0.1, 

for Example 10, a SnCl- ethanol mixture is prepared 
with a 1/20 molar ratio, and then a SbCl dopant in 
ethanol is added (SbCl/SnCl molar ratio of 0.06). 
Finally, acetylacetone in ethanol is added, with a AcAc/ 
SnCl2 molar ratio of 0.4. 

The Sols prepared according to Examples 1 to 5 are 
employed in the following manner: 

the Substrates used are SiO, Substrates having the dimen 
Sions of 20 mmx20 mm and a thickness of 1 mm, 

each of the five Sols are deposited as a thin layer of 
approximately 20 to 500 nm in thickness on the glasses 
using a dip-coating technique, with rate of removal 
from the glass out of the Sol bath of approximately 0.20 
or 0.4 mm/s, 

five substrates are obtained which are provided with five 
layers of Sol which rapidly assumes the consistency of 
a gel, 

next, the five glasses are exposed to UV irradiation having 
a wavelength of 250-360 nm, with a light intensity on 
the films of gel of approximately 150 mW/cm, 
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8 
next, the five glasses are heat treated at temperatures of 

between 100 and 600 C. in order to complete the 
conversion of the gels as a layer of tin oxide. 

FIG. 4 shows the gradual modification of the absorption 
in the visible and in the UV of the layer of gel during the step 
of exposing the layer of gel according to Example 5 to UV. 
the absorption band initially observed around 335 nm 
(which corresponds to JC-T transitions in the complex 
formed by Sn(-O-iPr) and BZAc) decreases strongly in 
intensity and almost completely disappears after 360 Sec 
onds of irradiation. The complexes are therefore fully desta 
bilized by the UV and disappear in a few minutes. The 
thickness of the gels decreases by approximately 30% 
during the UV irradiation. 

Table 2 below indicates, in the case of Example 3, the 
values of electrical conductivity O(UV) in S/cm of the SnO. 
layers obtained as a function of the temperatures T ( C.) 
used to carry out the final step of the heat treatment. (An 
Example 3' was produced in a Similar way to Example 3, but 
on the Corning glass Substrate referenced above). 

EXAMPLE 3 T CS 

1OO 0.9 x 10 
2OO 5.0 x 10 
3OO 2.0 x 10 
400 7.0 x 102 
500 1.8 x 109 
6OO 4.4 x 109 

EXAMPLE 3 450 5.0 x 10 

In Examples 1a to 5a, the same Sols as in Examples 1 to 
5 are used, but on Silicon Substrates. Before exposing the 
gels to UV, they are licitly cured by drying at around 
50-100° C. for a few minutes and a glass substrate coated 
with a mask is deposited or their Surface. The mask is Sold 
by the company Edmund Scientific Company under the 
name “test target USAF 1951’’. It is the form of parallel 
bands approximately 10 to 20 um in width and Spaced apart 
from each other by a distance of, for example, 20 to 50 lum. 
(Predrying the gels enables them to reach a Sufficient vis 
cosity of approximately 10 Pas). 

Layers are obtained which reproduce, over a thickness of 
approximately 100 nm, the pattern of the mask with a very 
high resolution. This may be seen in FIG. 5, which shows, 
for one of these examples, the profile of the layer obtained, 
measured by a Surface profilometer. 
The Sols prepared according to Examples 6 to 9 are 

employed in the following manner: 
the Substrates used are Corning glasses referenced above, 
one layer of each of the Sols per Substrate is deposited by 

Spin coating, 
UV irradiation is carried out, as previously for Examples 

1 to 5, for 10 minutes, 
next, a heat treatment of approximately 5 minutes, as 

previously, is carried out at temperatures of between 
350 and 550° C., 

this is repeated 4 times by alternating the “UV irradiation 
conditions and the heat treatments, terminating in a 
heat treatment for 1 hour at the Same temperature as 
above, 

finally, the resistivity of the final layers are measured with 
two silver electrodes. 

Table 3 Summarizes, for each of the examples, the nature 
of the layer, the heat-treatment temperatures T (C.) and the 
corresponding resistivity p in (S2 cm): 
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T 350 400 450 500 550 

Example 6 SnO 1.2 2.6 x 102 2.0 x 102 2.3 x 10 
Example 7 SnO, (F) 2.4 7.0 x 102 2.9 x 10 2.5 x 102 
Example 8 SnO (Sb') 1.1 x 10' 3.5 x 10 6.8 x 10' 
Example 9 SnO (Sb') 5.1 1.6 x 10- 7.0 x 102 

1O 
The Sol prepared according to Example 10 was deposited 

on a glass Substrate of the Corning type by Spin coating three 
times with, after each deposition, a short heat treatment. 
Next, it was exposed to UV irradiation for 10 minutes, as 

5. Process according to claim 4, wherein the at least one 
metal precursors are tin precursors in the form of SnCl2, 
SnCl4, Sn-2-ethylhexanoate, Sn(OR), or SnR'(OR), where 
R and R' are carbon-containing radicals. 

previously, and then a final heat treatment of one hour at 15 6. ProceSS according to claim 1, wherein the chelating/ 
temperatures of from 350 to 550° C. The layers obtained Stabilizing agent is chosen from organic molecules having at 
have a resistivity of between 1.5x10° and 8x10 S2 cm least one of a ketone or ester function. 
depending on the treatment temperature, the lowest resis- 7. ProceSS according to claim 6, wherein the chelating/ 
tivity being obtained around 450° C. Stabilizing agent(s) comprise 2,4-pentanedione, 1-phenyl-1, 

Examples 6 to 10 may be repeated, using this time the 20 3-butanedione, or ethyl acetoacetate. 
mask as for Examples 1a to 5a in order to obtained patterned 
layers. 

In conclusion, the invention has developed a novel type of 
Synthesis of layerS via the Sol-gel route, which, involving 

8. Process according to claim 1, wherein the dopant 
precursor is chosen from fluorinated organic acids or from 
metal halides. 

9. Process according to claim 8, wherein the fluorinated 
UV treatments, makes it possible to control their manufac- 25 organic acid comprises trifluoroacetic acid, or the metal 
ture better and to etch in situ, during their actual formation, halide comprises SbCl or SbCls. 
SnO-based layers nevertheless known for their high hard- 10. Process according to claim 1, wherein the mask is a 
CSS. resin deposited by photolithography or is deposited on a 
What is claimed is: glass Substrate. 
1. ProceSS for depositing via the Sol-gel route a discon- 30 11. Process according to claim 1, wherein the Sol is 

tinuous electrically conductive layer based on metal oxide(s) deposited by Spin coating, dip coating, laminar coating or 
on a Substrate having multiple faces comprising: Spraying. 

(a) preparing a Sol from at least one metal precursor, at 12. Process according to claim 1, wherein the irradiating 
least one chelating/stabilizing agent, at least one Sol- step uses radiation of from 250 to 360 nm. 
vent and/or at least one dopant precursor, 35 13. Process according to claim 12, wherein the intensity 

(b) depositing the Sol as a layer on at least part of one of 
the faces of the Substrate, 

(c) interposing a mask that covers at least a part of the Sol 
layer between the Sol layer and an ultraViolet ray 
emission Source, 

(d) irradiating a first time with ultraviolet rays the part of 
the Sol layer not covered by the mask, 

(e) heat treating a first time at least that part of the Sol 

40 

of the radiation at the layer of Sol is from 100 to 200 
mW/cm’. 

14. Process according to claim 1, wherein the heat treating 
Steps are carried out at a temperature of at least 100 C. 

15. Process according to claims 14, wherein the heat 
treating step is carried out at a temperature from 200 C. to 
550° C. 

16. ProceSS according to claim 1, wherein the transparent 
Substrate is a glass Substrate, an organic polymer Substrate, 

layer which was irradiated by the ultraviolet rays, 45 a ceramic Substrate, a vitroceramic Substrate, or a Substrate 
(f) further irradiating with ultraviolet rays the part of the comprising Silicon. 

Sol layer not covered by the mask, and 17. ProceSS according to claim 1, wherein the discontinu 
(g) further heat treating at least that part of the Sol layer ous layer is based on tin oxide, or doped tin oxide. 
which was irradiated by the ultraviolet rays 18. Process according to claim 17, wherein the tin oxide 
wherein the irradiating and the heat treatment steps are 50 doped with fluorine, arsenic, or antimony. 

alternated. 19. Process according to claim 1, wherein said layer is 
2. Process according to claim 1, wherein the further deposited on conducting elements/electrodes or as an anti 

irradiating and heat treatment Steps (f) and are done n Static coating. 
times We ne2 ps (f) (g) 20. Process according to claim 1, wherein the layer 

3. Process according to claim 1, wherein at least one of the SS PE tin-doped indium oxide. 
irradiating Steps comprises the following Steps: 21. ProceSS according to claim 1, wherein the heat treating 

- steps are carried out at a temperature of from 200 C. to 550 irradiating with ultraViolet radiation the layer of Sol C 
through the Said mask, 22. ProceSS according to claim 1, wherein the Solvent is an 

removing the mask, and 60 organic Solvent that comprises ethanol or isopropanol. 
removing Sol layer regions which were masked during at 

least one of the irradiating Steps. 
4. Process according to claim 1, wherein the at least one 

metal precursor is chosen from metal halide Salts, organo 
metallic compounds and metal alkoxides. 

23. ProceSS according to claim 1, wherein the Solvent is an 
inorganic Solvent that comprises a Sodium hydroxide Solu 
tion or a Solution of ammonia in water. 
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