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TITLE OF THE INVENTION

HYDROPHOBIC COATING INCLUDING UNDERLAYER(S) DEPOSITED
VIA FLAME PYROLYSIS ’

[0001] This’invention'relates to a coated article including an underlayer(s) of a
dielectric material. In certain example embodiments, the underlayer(s) may be
deposited via flame pyrolyéis. It has been found that the deposition of the
underlayer(s) via flame pyrolysis improves‘hydr'ophobic qualities of certain layers

formed thereover.

BACKGROUND OF THE INVENTION

[0002] Hydrophobic coatings are known in the art. The typical strategy for
creating a hydrophobic coating having a high contact angle 0 is to coat a substrate
with a material having a surface energy (or surface tension) that is greatly dissimilar
to water.

[0003] While certain materials have hydrophobic properties, theré is room for
improvement in certain respects.

[0004] Thus, according to certain example embodiments of this invention, a

technique is provided which may improve hydrophobic qualities of a coated article.

. BRIEF SUMMARY OF EXAMPLE EMBODIMENTS OF THE INVENTION

[0005] In certain example embodiments of this invention, a coated article is
provided with a coating including at least one underlayer and a hydrophobic layer
over at least the underlayer. The hydrophobic layer may have properties such as high
contact angle 0. '

[0006] Surprisingly, it has been found that hydrophobic properties of a multi-
layer coating may be improved by depositing the underlayer using flame pyrolysis. In
particular, the hydrophobic properties can be improved when the underlayer is
deposited via flame pyrolysis compared to if it is deposited in another manner such as

magnetron sputtering.
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[0007] Thus, in certain example embodiments of this invention, an underlayer
is formed on a substrate (either directly or indirectly) using a flame pyrolysis
deposition technique (or combustion CVD). Then, a hydrophobic layer is formed on
_"the substrate over the ﬂamc-py_folysis deposited layer. The presence of the flame-
pyrolysis deposited layers has been found to improve the hydrophobic properties of
the coated article. »
[0008] In certain example embodiments of this invention, there is provided a
method of making a coated article including a hydrophobic coating, the method
comprising\ providing a glass substrate; using flame pyrolysis to deposit a layer on the
glass substrate; and forming a hydrophobic layer on the substrate over at least the
layer deposited by flame pyrolysis. _
[0009] In other example embodiments of thié inveotion, there is provided a
method of making a coated article including a hydrophobic coating, the method
comprising providing a substrate; using flame pyrolysis to deposit a layer comprising
SiO; on the substrate, wherein the flame pyrolysis compriscs introducing a gas and/or
liquid comprising Si into a flame of at least one burner in forming the layer
comprising SiO; ; and forming a hydrophobic layer on the substrate over the layer
comprising SiO, deposited by flame pyrolysis.
[0010] In certain other example embodiments of this invention, there is
provided a coated article comprising a glass substrate; a flame pyrolysis deposited
layer comprising silicon oﬁdde on the substrate; and a hydrophobic layer on the

substrate over at least the flame pyrolysis deposited layer comprising silicon oxide

- BRIEF DESCRIPTION OF THE DRAWINGS

[0011] | FIGURE 1 is a cross sectional view of a coated article according to an
example embodiment of this invention. |
[0012] FIGURE 2 is a close-up cross sectional view of part of a coated article
according to an example embodiment of this invention. '

[0013] Figure 3 is a side cross sectional partially schematic view illustrating a

contact angle 6 of a drop (e.g., sessile drop of water) on an uncoated glass substrate.
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[0014] Figure 4 is a side cross sectional partially schematic view illustrating a
high contact angle 6 of a drop on a coated article including a hydrophobic coating

according to an example' embodiment of this invention.

[0015] Figure 5 is a side cross sectional partially schematic view illustrating a
low contact angle 6 of a drop (e.g., sessile drop of water) on a coated article having a

hydrophilic coating.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS OF THE
INVENTION

[0016] In certain embodiments of this invention, improvement of the
hydrophobic nature of a coated article is achieved by utilizing a surface (exterior
and/or interior surfac-e) having roughness such as-defined by peaks and/or valleys.
The formation or provision of nanostructures or other roughness on the surface results
in an exterior surface of the coated article having both segments of solid material and
segments of voids or air. Because liquids have high contact angles 6 in air (e.g.,
water’s contact angle 0 in air approaches 180 degrees), the provision of the voids at
the surface of the coated article due to the nanostructures allows the coated article to
exhibit increased and/or high contact angles 6, and thus be hydrophobic in nature.
The nanostructures may be randomly or uniformly positioned in different

embodiments.

[0017] In certain example embodiments of this invention, a coated article is
provided with a coating including at least one underlayer and a hydrophobic layer
over at 1east the underlayer. The hydrophobic layer may have properties such as high
contact angle 6. Surprisingly,lit has been found that hydrophobic properties of a
multi-layer coating may be improved by depositing the underlayer using flame
pyrolysis. In particular, the hydrophobic properties can be improved when the
underlayer is deposited via flame pyrolysis compared to if it is deposited in another
manner such as magnetron sputteﬁng. It has bcen found that an underlayer (e.g., a
layer of or including silicon oxide) deposited by flame pyrolysis has a greater degree
of surface roughness than a layér of the same material deposited in a different manner

such as via magnetron sputtering. This increased surface roughness caused by the
3
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flame pyrolysis deposition technique helps improve the hydrophobic nature of certain
materials that can be deposited on the substrate over the flame-pyrolysis deposited
underlayer.
[0018] Moreover, in certain example embodiments, the silicon oxide (e.g.,
silicon dioxide) layer undg:r the hydrophobic layer can provide increased adhesion or
bonding density, thereby ailowing the hydrophobic layer to be better bonded to the
underlying glass substrate. The silicon oxide layer underlayer can also serve the
purpose of preventing or reducing sodium migration which can be detrimental to the
performance of some hydrophobic coatings.
[0019] - Figs. 1-2 illustrate an example hydrophobic coated article according to
an example embodiment of this invention. The coated article includes at least one
uﬁderlayer 3 which is flame;pyrolysis deposited on a substrate such as glass or the
like. Then, and hydrophobic layer 5 is formed on the substrate 1 over at least the
flame-pyrolysis deposited underlayer 3. In certain example embodiments of this
invention, the underlayer 3 which is flame-pyrolysis deposited has a thickness of at
least about 1,000 A, more preferably at least about 1,500 A (e.g., from aboutn 1,500
to 5,000 A). In certain example embodiments of this invention, the hydrophobic layer
S has a thickness of from about 100 to 2,000 A, more preferably from about 500 to
1,500 A (e.g., about 1,000 A). In certain example embodiments, the hydrophobic
layer 5 has a thickness less than that of the underlayer 3.
[0020] Typically, the strategy for creating a hydrophobic coating (high contact
angle 0) involves coating a substrate 1 such as glass with a material 5 that hasa

. surface energy (or surface tension) that is greatly dissimilar to water. It is known that
Y1, the surface free energy of water, is 73 mJ/m?* and vs —HC, the surface free energy of
a hydrocarbon (-CH,-) chain, is 25 m)/m?® while, vs —FC, the surface free energy of a
fluorocarbon (-CF,-) chain, is 19-mJ/m?. In alternative example embodiments of this
invention, hydrocarbon and/or fluorocarbon coatings hydrophobic layers may be used
and deposited on a substrate to form a hydrophobic layer 5.
[0021] For éxample, two example molecular precursors, nameiy: (a)
1H,1H,2H,2H-perfluorodecyltrichlorosilane (FT'S) — CF3(CF2)3CH2CH§SiC13 and (b)
octadecyltrichlorosilane (ODS) - CH3(CH,);7SiCl3 may be used to form the
hydrophobic layer 5 in certain example embodiments of this invention. In certain

4
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example embodiments precursor (a) may be used, while in other example
embodiments precursor (b) may be used to form the hydrophobic layer. The
fluorocarbon offers a slightly higher contact angle 6 in certain instances as well as
contact angle maintenance during humid UV exposure, while the hydrocarbon offers
superior mechanical robustness in certain instances. The chemistry of both materials
is believed to be the 'same_when deposited onto glass under the certain conditions. It
is generally believed that the chlorosilane is hydrolyzed with water that is added to the
solution and/or resides on the surface of the glziss‘ or otherlla'yer: (hydrolysis) R-SiCls

+ H,0 - R-SiCl,OH + HCI.

[0022] The product of this reaction can further hydrdlyze to yield R-SiOH,,
which can hydrogen bond with the surface (physisorption) or directly react with a
surface hydroxyl group (chemisorption). Alternately, the hydrolysis can occur via
reaction with a surface hydroxyl group, in which case there is a chemical bond formed
with the surface of the glass or underlayer: (surface hydrolysis) R-SiCl; + HO-
surface > R-SiCl,0-surface + HCl. Regardless of the exact chemical nature of the
surface bound species, addition molecules align themselves with the bound species
(driven by van der Walls interactions, primarily) and cross link to that species via a
condensation reaction, which forms a Si-O-Si network. Eventually, island of these
self aligned monolayers (SAM) are formed. The islands eventually merge to create

contiguous SAM film or layer 5, as illustrated in Fig. 1.

[0023] Depending on deposition conditions, additional growth can occur on
top of the SAM. Complicated bilayer and vesicle structures (lamellar layer, micelles

and inverse micelles) can form and attach to the same.

[0024] As explained above, it has been found that contact angle 0 varies with
the microstructure of the surface. Young’s equation applies strictly to smooth
surfaces. Microscopically rough surfaces obey a modified Young’s equation: cos

8, =r cos O where is the ratio of the actual surface area to the geometric surface area
and O, is the apparent contact angle 6. Hydrophobicity can be achieve from

hydrophobic coatings via introduction of roughness.

[0025] According to certain example embodiments of this invention,

roughness and a concomitant increase in contact angle 6 can be provided to
5
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hydrophobic layer 5 by depositing an underlayer(s) 3 using flame pyrolysis prior to
SAM growth in layer 5. In particular, as shown in Fig. 2, the use of flame pyrolysis
(or combustion CVD) to form underlayer(s) 3 causes the underlayer to have a greater
surface roughness than it may otherwise have in certain example embodiments of this
invention. Thus, when the hydrophobic layer 5 is formed over the underlayer 3 in a
substantially conformal and/or uniform manner so as to also have a surface roughness,
the contact angle 6 of the layer 5 can be increased due to the presence of the flame

pyrolysis deposited underlayer(s) 3.

[0026] In certain example embodiments of this invention, the coating has a
contact angle 0 of at least about 60 degrees, more preferably of at least about 70
degrees, still more preferably of at least about 80 degrees, even more preferably of at
least about 90 degrees, and most preferably of at least about 100 degrees. This
contact angle may be an initial contact angle upon formation of the coating, or

- alternatively may occur subsequent to the formation of the coating. This contact
angle may be temporary depending on the environment. In certain example instances,
the coating has a contact angle ever after 300 Taber abrasion cycles of at least about
65 degrees, more preferably of at least about 70 degrees. Moreover, coatings
according to certain example embodiments of this invention may have a tilt angle (30
pL droplet size for reference purposes) of about 35 degrees or less, more preferably

30 degrees or less, and possibly 25 or 20 degrees or less.

[0027] In certain example embodiments of this invention, flame pyrolysis is
used to deposit a layer of or including silicon oxide (e.g., SiO;) as an underlayer 3.
For example, a silane gas such as TEOS may be fed into at least one burner in order to
cause a layer of silicon oxide 3 to be deposited on a glass substrate 1 at atmospheric
pressure. Alternatively, the flame pyrolysis may utilize a liquid and/or gas including
Si or other desirable material being fed into a flame of at least one burner. Examples
of flame pyrolysis are disclosed in, for example and without limitation, U.S. Patents
Nos. 3,883,336, 4,600,390, 4,620,988, 5,652,021, 5,958,361, and 6,387,346, the

disclosures of all of which are hereby incorporated herein by reference.

[0028] While silicon oxide is a preferred material for layer 3 in certain

example embodiments of this invention, this invention is not so limited as other

6
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materials may instead be used. For purposes of example and without limitation, layer
3 may instead be of or include tungsten oxide, a nitride, or the like. It is noted that
“additional layer(s) may be provided between substrate 1 and layer 3 in certain
alternative embodiments of this invention. In certain example embodiments of this
invention, the flame pyrolysis deposited layer 3 may have an index of refraction (n) of

from about 1.4 to .1'6'

[0029] Moreover, while hydrophobic layer 5 may be ;/aper or otherwise
deposited using a fluorocarbon and/or hydrocarbon precursor in certain example
embodiments of this invention, this invention is not so limited as other materials may
instead be used for the hydrophobic layer. For example, diamond-like carbon (DLC)
described in any of U.S. Patent Nos. 6,284,377, 6,638,570, 6,395,333, or 6,338,901
(all hereby incorporated herem by reference) may be used for hydrophob1c layer 5 in
certain alternative embodiments of this invention. As another example, any of the
hydrophobic layers described in any of U.S. Patent Nos. 6,692,832, 6,743,516,
4,263,350, 4,274,856, 5,665,424, 5,723,172, 5,328,768, or 5,372,851 (all hereby
incorporated herein by reference) may be used for hydrophobic layer 5 in certain
.example embodiments of this invention. For example, when an example layer of
either 6,692,832 or 6,743,516 is used for the hydrophobic layer 5, a vapor deposition
of an alkylsilane such as chloroalkylsilane (e.g., dimethyldichlorosilane,
trimethylchlorosilane, methyltrrchlorosﬂane or the like) may be performed in order to
form the hydrophobic layer 5. In certain example embodiments, a silane represented
by the formula CI,SiR, may be used, where x is at least 14, y is at least 1, and R is an
alkyl or alkyl group which may also be an oleophillic group, e.g., fluorinated alkyl.
Other materials may also be used.

[0030] In certain example embodiments of this invention, a coated article is
provided which has a surface including roughness such that the average hei ght or

_ elevation “d” (i.e., “d” is measured from the bottom of a valley to the top of an
adjacent peak) is from about 5 to 60 nm, more preferably from about 10-30 nm.
Moreover, in certain example embodiments a coated article is provided with a surface

669

including nanostructures dimensioned such that the average lateral spacing or gap “g

¢ 93

between adjacent nanostructures (i.e., “g” is measured from the peak of one

nanostructure to the peak of an adjacent nanostructure) is from about 10-100 nm,
7
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more preferably from about 10-50 nm. The aforesaid surface(s) may be: (i) an exterior
surface of the coated article, and/or (ii) a surface of an underlying layer 3 on which

the hydrophobic layer is provided. The provision of this degree of roughness (e.g.,

via nanostructures which define peaks and/or valleys, due to the flame pyrolysis
déposition technique) causes the contact angle 8 of the coated article to increase

and/or be of a relatively high value.

[0031] Resulting coated articles according to certain example embodiments of
this invention may be used as window units such as automotive windshields,
automotive backlites, automotive side windows, snow-mobile windshields,

architectural windows, or the like.

[0032] . The effective contact angle for small droplets of liquid such as water
(Atomizer principle) is nearly 180 degrees in air. Certain embodiments of this
invention take advantage of this by creating an exterior surface of a coated article that
has a degree of surface roughness, thereby creating portions 6f matcn'al-as well as
portions of air (i.e., voids or gaps) at the surface. Moreover, the roughness has an
anticapillary effect. Thus, a greater portion of a liquid drop on the exterior surface of
the coated article is exposed to air as opposed to solid matter, thereby increasing the
contact angle 8. Combining this surface roughness technique with the use of a
hydrophobic layer provided on the rough underlayer permits the resulting coated
article to have a high contact angle 6, and have surface hardness and possibly scratch
resistant characteristics sufficient such that the article may be used in automptive and
other high exposure environments if desired and if certain hydrophobic material(s) are
used. '

[0033] Hydrophilic performance of the coating is a function of contact angle 6
, surface energy Y, and/or wettability or adhesion energy W. The surface energy Y of
a layer may be calculated by measuring its contact angle 6. Exemplary contact angles
6 are illustrated in Figs. 3-5. A hydrophilic coating or layer system lis on the
substrate of Figure 3 (i.e., low contact angle ), while no coating of any kind is on the
glass substrate of Figure 4 and a hydrophobic coating (high contact angle) according
to certain example embodiments of this invention is on the substrate of Figure 5. No

coatings are illustrated in Figs. 3 and 5 for purposes of simplicity. To measure

8
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contact angle 8 in an example embodiment, a sessile drop 31 of a liquid such as water
is placed on Fhe substrate (which may be coated) as shown in Figs. 3-5. A contact
angle § between the drop 31 and underlying article appears, defining an angle 0
depending upon the interface tension between the three phases at the point of contact.
The contact angle 8 is greater in Figure 5 than in Figure 4, because the coating on the

substrate in Figure 5 is hydrophobic (i.e., results in a higher contact angle).

[0034] | As shown in Figure 2, the exterior surface of flame pyrolysis deposited
layer 3 has a degree of roughnéss as illustrated by the peaks and valleys (i.e.,
nanostructures) therein. Peaks 7 may be sharp or si gnificantly rounded in different
'embodirnents of this invention, as may valleys 8. The roughness of the exterior
surface of layer 3 and/or 5 is defined by the elevations “d” of peaks 7 relative .to
adjacént valléys 8, and by the gaps “g” between adjacent peaks or adjacent valleys.
On the surface of layer 3 and/or 5, the average elevation value “d” in certain
embodiments is from about 5-60 nim, more preferably from about 10-50 nm, and most
preferably from about 20-35 nm. On the surface of layer 3 and/or 5, the average gap
distance “g” between adjacent peaks or adjacent valleys in certain embodiments is
from about 10-80 nm, more preferably from about 20-60 nm, and most preferably
from about 20-50 nm. The resulting nanomorphology is depicted in Figure 2 for
example. The roughness (i.e., peaks and valleys) may be randomly distributed across
the surface of layer 3 and/or layer 5 in certain embodiments, and may be
approximately uniformly distributed in other embodiments. Moreover, roughness of
these degrees/sizes allows good light transmission through the coated article because
the nanostructures (e.g., peaks and valleys) are smaller than certain wavelengths of
visible light so that the light is not substantially scattered as it passes therethrough. In
certain example embodiments of this invention, the use of éurface roughness of layer

3 and/or 5 to enhance hydrophobicity may reduce the need for dopants to be provided

in the layer 5 for hydrophobicity purposes.

[0035] While the invention has been described in connection with what is
presently considered to be the most practical and preferred embodiment, it is to be

understood that the invention is not to be limited to the disclosed embodiment, but on
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the contrary, is intended to cover various modifications and equivalent arrangements

included within the spirit and scope of the appended claims.

10
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CLAIMS

1. A method of making a coated article including a hydrophobic coating,
the method comprising:
pfoviding a glass substrate,
using flame pyrolysis to deposit a layer on the glass substrate; and
forming a hydrophobic layer on the substrate over at least the layer

deposited by flame pyrolysis.

2. The method of claim 1, wherein the layer deposited by flame pyrolysis

comprises silicon oxide.

3. The method of claim 1, wherein the flame pyrolysis including
introducing a gas including oxygen and/or silicon into a flame in order to deposit

silicon oxide on the substrate.

4. The method of claim 1, wherein the layer deposited by flame pyrolysis
has a surface roughness such that the average height or elevation “d” (“d” is measured

from the bottom of a valley to the top of an adjacent peak) is from about 5 to 60 nm.

5. The method of claim 4, wherein the layer deposited by flame pyrolysis
has a surface roughness such that the average height or clcvatiénv “d” (“d” is measured

from the bottom of a valley to the top of an adjacent peak) is from about 10-30 nm.

6. The method of claim 1, wherein the hydrophobic layer comprises a

layer including silicon, oxygen and hydrogen.

7. The method of claim 6, wherein the hydrophobic layer is vapor

deposited, and further comprises carbon.

8. The method of claim 1, wherein the hydrophobic layer comprises a

vapor-deposited silane.

11
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9. The method of claim 1, wherein the hydrophobic layer comprises a

vapor-deposited dimethyldichlorosilane (DMDCS).

10.  The method of claim 1, wherein the hydrophobic layer has a contact
angle 0 of at least about 70 degrees.

11. The method of claim 1, wherein the hydrophobic layer has a contact

angle 6 of at least about 80 degrees.

12.  The method of claim 1, wherein the hydrbphobic layer has a contact
angle 6 of at least about 90 degrees.

13. ©  The method of claim 1, wherein the hydrophobic layer has a contact

angle 0 of at least about 100 degrees.

14. The method of claim 13, wherein the contact angle is an initial contact

angle.

15.  The method of claim 1, wherein the hydrophobic layer has a tilt angle

(30 uL droplet size for reference purposes) of about 30 degrees or less.

16.  The method of claim 1, wherein the flame pyrolysis is performed at

atmospheric pressure.

17. The method of claim 1, wherein the hydrophobic layer has a thickness
less than that of the layer deposited by flame pyrolysis.

18.  The method of claim 1, wherein the hydrophobic layer has a thickness

of from about 500 to 1,500 A, and the layer desposited by flame pyrolysis has a
thickness of at least about 1,500 A.

12
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19.  The method of claim 1, wherein the layer desposited by flame

pyrolysis is a dielectric-layer.

20.  The method of claim 1, further comprising forming another layer

between the glass substrate and the layer desposited by flame pyrolysis.

21.  The method of claim 1, wherein the layer deposited by flame pyrolysis |

comprises SiO;.

22. A method of making a coated article including a hydrophobic coating,
the method comprising: |
providing a substrate;
using flame pyrolysis to deposit a layer comprising SiO; on the substrate,
wherein the flame pyrolysis comprises introducing a gas and/or liquid comprising Si
into a flame of at least one burner in forming the layer comprising SiO; ; and
forming a hydrophobic layer on the substrate over the layer comprising SiO»

deposited by flame pyrolysis.

23. A coated article comprising;:
a glass substrate; .
a flame pyrolysis deposited layer comprising silicon oxide on the
substrate; and "
a hydrophobic layer on the substrate over at least the flame pyrolysis

deposited layer comprising silicon oxide.

13
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