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(57) Abstract: A photocatalytically-as-
sisted self-cleaning ("PASC") coating

SUBSTRATE 1

on a substrate enables the substrate to

A

shed dirt simply by rinsing with water.
A method of making a PASC coating
includes depositing by chemical vapor
deposition an alkali metal diffusion
barrier layer on a substrate; sputtering
an ultraviolet radiation activated layer
on the alkali metal diffusion barrier
layer at a temperature of 100°C or less;

ALKALI METAL DIFFUSION BARRIER LAYER 2

and, without heating above 100°C,
exposing the ultraviolet radiation

SUBSTRATE 1

activated layer to ultraviolet radiation
to form the self-cleaning substrate.
The sputter deposition of the ultraviolet

V4

radiation activated layer on the chemical
vapor deposited alkali metal diffusion
barrier layer allows the ultraviolet
radiation activated layer to be activated
upon exposure to UV radiation without
first having been heated during and/or

ULTRAVIOLET RADIATION ACTIVATED LAYER 3

after deposition. The elimination of
this step of heating the ultraviolet

ALKALI METAL DIFFUSION BARRIER LAYER 2

radiation activated layer results in
significant process simplification and

GLASS SUBSTRATE 1

cost reduction.
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METHOD OF MAKING SELF-CLEANING SUBSTRATES

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION
This invention relates to articles with self-cleaning coatings. In particular, this
invention relates to methods of making photocatalytically-activated self-cleaning ("PASC")

coatings on substrates.

DISCUSSION OF THE BACKGROUND

For both practical and aesthetic reasons, it is often desirable to prevent the buildup of
organic and inorganic contamination (i.e., "dirt") on surfaces. Many techniques have been
developed over the years to "clean" surfaces by removing accumulations of dirt. Long ago it
was discovered that most inorganic dirt can be washed away by applying water to a surface.
The addition of soap to water has been found to remove most organic dirt as well.

However, cleaning articles by washing with soap and water is a time consuming
process. Even careful washing can leave behind unacceptable amounts of dirt on surfaces of
transparent substrates, such as glass, that can interfere with visibility.

Recently, PASC coatings have been developed that, after activation by exposure to
ultraviolet (UV) radiation, promote the self-cleaning of coated articles upon rinsing with
water. With such coatings, exterior glass surfaces can be cleaned simply by exposure to rain.

The ability of PASC coatings to shed dirt upon exposure to water is currently the
subject of intense research. Upon activation by exposure to UV radiation, PASC coatings
appear to function both photocatalytically and hydrophilically to remove dirt. Viaa
photocatalytic effect, the PASC coating causes the bonding of dirt to the coated substrate to
break down. Via a hydrophilic effect, the PASC coating increases the ability of water to wet
the PASC coating and to slip between dirt and the PASC coating to lift away the dirt.

Activated PASC coatings are characterized as being "superhydrophilic” as a result of
the extremely low contact angle between water and the PASC coating. The contact angle of

water with inorganic materials, such as glass, is generally 20-40 degrees. The contact angle
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of water with typical organic materials, such as resins, is 70-90 degrees. The contact angle of
water with hydrophobic resins, such as silicone resin and fluorocarbon polymers, is more than
90 degrees. In contrast, the contact angle of UV activated PASC coatings is less than 20
degrees, and often less than 10 degrees, indicative of the propensity of water to spread out
over an activated PASC coating. UV irradiation of a PASC coating can cause the water
contact angle to approach zero.

The low contact angle of water on an activated PASC coating, in addition to
promoting the removal of dirt, reduces the occurrence of water droplets such as fog on the
PASC coating. In addition, because water spread out in a film has more surface area than a
droplet, water evaporates from a PASC coating faster than from a conventional, non-
superhydrophilic, surface.

U.S. Patent No. 6,027,766 discloses the formation of PASC films of, preferably,
titanium oxide by chemical vapor deposition, spray pyrolysis or magnetron sputtering on
glass substrates. The ‘766 patent discloses that in the chemical vapor deposition and spray
pyrolysis processes, the substrate is heated to above about 400°C to cause metal-containing
precursors to decompose and form a PASC coating on the substrate. In the spuitering
process, the ‘766 patent discloses that during or after coating a substrate the substrate is
heated to about 400 to about 600°C to form the PASC coating.

U.S. Patent No. 6,103,363 discloses "dirt-repellent" semiconductive metal oxide
coatings, such as titanium oxide, on glass substrates. The ‘363 patent discloses that the
titanjum oxide coatings are obtained by decomposition of titanium precursors by liquid
pyrolysis, powder pyrolysis, and pyrolysis in the vapor phase (e.g., chemical vapor
deposition). The titanium oxide coatings are also obtained by sol-gel techniques and by
vacuum techniques such as reactive or non-reactive cathodic sputtering. The ‘363 patent
recommends subjecting a coating with a photocatalytic property, after deposition, to an
annealing heat treatment to improve the degree of crystallization of the coating.

However, post-deposition heat treatments to crystallize PASC coatings are time-
consuming and expensive. Furthermore, excessive and/or prolonged heat treatment can
adversely affect the PASC coating as well as the quality of the substrate on which the PASC
coating is deposited. The photocatalytic and self-cleaning activity of a PASC coating can be

significantly reduced or destroyed by the presence of small amounts of alkali metal ions such
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as sodium. These ions can diffuse during annealing heat treatments into the PASC coating
from a substrate such as a soda-lime glass. Sodium ions may inhibit or destroy the
photocatalytic activity of a TiO, PASC coating.

To prevent alkali metal ion diffusion into a PASC coating from a substrate, diffusion
barriers have been introduced between the substrate and the PASC coating. Alkali metal ion
diffusion barriers are particularly necessary when post-deposition annealing heat treatments
are used to form PASC coatings.

There is a need for a method of making a UV activated PASC coating that does not

require heating, during or after deposition, to form an effective self-cleaning surface.

SUMMARY OF THE INVENTION
The present inventors have discovered that activated PASC coatings with self-
cleaning characteristics can be made, surprisingly, without conventional heat treatments
during and/or after deposition, if the PASC coating is made by sputtering an uliraviolet
radiation activated layer onto an alkali metal diffusion barrier layer deposited on a substrate
by chemical vapor deposition ("CVD"). Because the ultraviolet radiation activated layer is
not intentionally heated during or after the sputtering, significant process simplification and

cost reduction can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiments of this invention will be described in detail with reference
to the following figures.

FIGS. 1A-1C show a method of forming a PASC coating on a substrate.

FIG. 2 is a photograph of a deionized water droplet on an inventive UV activated
PASC coating of sputtered TiO, on CVD SiO,.

FIG. 3 is a photograph of a deionized water droplet on a comparative coating of UV
activated sputtered TiO, on sputtered SiO,.

FIG. 4 is a photograph of a deionized water droplet on a comparative coating of UV
activated CVD TiO, on CVD SiO,.

FIG. 5 shows a PASC coating on a substrate.

FIG. 6 is a photograph of a deionized water droplet on an inventive UV activated
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PASC coating of sputtered TiO, on CVD SiOC.
FIG. 7 is a photograph of a deionized water droplet on an inventive UV activated
PASC coating of sputtered TiO, on the outermost bilayer of CVD SnO,:F on CVD SiOC of a

low-emissivity coating.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention provides a method of manufacturing a PASC coating on a
substrate which eliminates the heat treatments conventionally used during and/or after
deposition to crystallize an ultraviolet radiation activated layer and form a PASC coating.

FIGS. 1A-1C illustrate embodiments of the invention. In FIG. 1A a substrate 1 to be
coated with a PASC coating is provided. The substrate can be a metal, a semiconductor, or
an insulator. Suitable materials for the substrate include various polymers, ceramics and
glasses. Preferably, the substrate is at least partially transparent to visible radiation. Suitable
transparent substrates include soda-lime-silica glasses and borosilicate glasses. Preferably,
the glass is in the form of a flat sheet. Suitable glass sheet substrates include glass coated
with one or more layers of various materials designed, e.g, to reduce infrared emissivity, or to
alter visible transmittance and reflectance.

FIG. 1B shows an alkali metal diffusion barrier layer 2 that has been chemically vapor
deposited on the substrate 1. The alkali metal diffusion barrier layer inhibits the diffusion of
alkali metals, such as sodium (Na), from the substrate. Chemical vapor deposition is a
technique well known in the art and will not be discussed in detail here. See, for example,
U.S. Patent Nos. 4,187,336; 4,828,880; and 6,103,363. Chemical vapor deposition uses
thermochemical vapor-phase reactions to form thin solid film. The alkali metal diffusion
barrier layer is deposited by chemical vapor deposition at a temperature above 350°C,
preferably from 400 to 800°C. The alkali metal diffusion barrier layer can be from 10 to 500
nm thick, preferably from 60 to 300 nm thick. The alkali metal diffusion barrier layer can
include one or more of silicon oxycarbide, oxides of silicon, oxides of tin, oxides of titanium,
and oxides of aluminum. The oxides forming the alkali metallic diffusion barrier layer can
include sub-oxides, stoichiometric oxides and super-oxides. In embodiments, the alkali metal
diffusion barrier layer can include a plurality of different sublayers. For example, the alkali

metal diffusion barrier layer can include a sublayer of a silicon oxycarbide (e.g., SiOC) on the
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substrate and a sublayer of a tin oxide (e.g., SnO,) on the silicon oxycarbide. Doping a
sublayer with, e.g, fluorine can provide infrared reflectivity.

FIG. 1C shows an ultraviolet radiation activated layer 3 that has been sputtered on the
alkali metal diffusion barrier layer 2. Sputtering is a deposition technique well known in the
art and will not be described in detail here. Sputtering involves applying a DC or AC (e.g.,
RF) voltage to a target in an atmosphere so that charged particles are created that strike the
target, dislodging atoms which are subsequently deposited on a substrate. Preferably, the
sputtering is magnetron sputtering involving the use of magnetic fields to increase sputter
deposition rates. The sputtering can be carried out non-reactively, in an inert gas atmosphere,
so that atoms from the sputtering gas are not included with the target atoms in the film
deposited on the substrate. The sputtering can also be carried out reactively, in an atmosphere
containing a reactive gas such as oxygen (O,), so that the film deposited on the substrate
contains both atoms of the reactive gas and atoms of the target. Preferably, the reactive
sputtering atmosphere has an inert gas to O, ratio of from 2.95:1 to 1.78:1. In both non-
reactive and reactive sputtering, preferably the inert gas is argon.

According to the present invention, the ultraviolet radiation activated layer is sputter
deposited at a temperature of 100°C or less, preferably 70°C or less. However, the
ultraviolet radiation activated layer is not intentionally heated by a conventional heating
device, such as a resistive heater, during the sputter deposition. Instead, the ultraviolet
radiation activated layer is sputter deposited at a deposition temperature induced primarily by
exposure to the sputtering plasma. As is well known in the art, the plasma created in a
sputtering process can heat a sputtered film to a temperature as high as about 100°C
depending upon the details of the sputtering process, such as power dissipation, target-
substrate distance, etc. The term "plasma-induced temperature" as used herein refers to the
deposition temperature of an ultraviolet radiation activated layer that results from sputtering
the ultraviolet radiation activated layer in the absence of heating by a conventional heating
device.

There is no lower limit for the sputter deposition temperature. However, because
cooling the substrate during deposition is an unnecessary and uneconomical step, preferably,
the ultraviolet radiation activated layer is sputtered at an initial deposition temperature of no

less than ambient room temperature (e.g., 20-25°C).
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The ultraviolet radiation activated layer is a semiconductor layer that is activated upon
exposure to UV radiation to form an activated PASC coating characterized by the ability to
shed dirt simply upon rinsing with water. The ultraviolet radiation activated layer can include
one or more of oxides of titanium, oxides of zinc, oxides of iron, oxides of silver, oxides of
copper, oxides of tungsten, oxides of tin, oxides of bismuth, strontium titanate and mixtures
thereof. The oxides in the ultraviolet radiation activated layer can include sub-oxides,
stoichiometric oxides, and super-oxides. In embodiments, the ultraviolet radiation activated
layer includes one or more of TiO,, ZnO, Fe,0;, WO,, Sn0O,, Bi,O, and SrTiO,. Preferably,
the ultraviolet radiation activated layer includes titanium oxide. Preferably, the titanium
oxide includes TiO,. The titanium oxide can include amorphous, rutile and anatase phases of
titanium oxide, or a mixture of two or more of these phases.

The ultraviolet radiation activated layer can be from 1 to 250 nm, preferably from 14
to 20 nm, thick. If the ultraviolet radiation activated layer is less than 1 nm thick, then the
physical integrity of the PASC coating can be easily compromised. If the ultraviolet radiation
activated layer is more than 250 nm thick, then the optical characteristics, such as visible
transmittance and reflectivity, tend to be compromised.

After sputter deposition, the ultraviolet radiation activated layer is maintained at a
temperature of 100°C or less, preferably 70°C or less, more preferably at ambient room
temperature (e.g., 20-25°C), until activated by exposure to UV radiation.

The ultraviolet radiation activated layer is activated by exposure to UV radiation to
become self-cleaning. This UV activation is most easily accomplished by exposure to
sunlight. For example, a glass substrate coated with the alkali metal diffusion barrier layer
and ultraviolet radiation activated layer can be activated by installing the glass and exposing
the installed glass to sunlight for several days. The exposure to UV radiation forms electron-
hole pairs in the semiconducting ultraviolet radiation activated layer. The UV radiation can
have a wavelength in a range of from 10 to 400 nm, preferably from 300 to 400 nm. UV
radiation having a wavelength of 350 to 400 nm is particularly suitable for activating TiO,.
The ultraviolet radiation activated layer can generally be activated with a minimum dose of
UV radiation in a range of from about 0.001 to 1 mW/cm?, which is readily available from
normal sunlight.

Surprisingly, the present invention forms coatings with self-cleaning characteristics
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without heat treating the ultraviolet radiation activated layer during or after deposition as is
conventionally required. Instead, the present invention achieves a coating with self-cleaning
characteristics after UV irradiation by chemical vapor deposition of an alkali metal diffusion
barrier layer followed by sputter deposition of the ultraviolet radiation activated layer without
intentionally heating the ultraviolet radiation activated layer during or after sputter deposition.
The inventive sequential combination of chemical vapor deposition and sputtering eliminates
the need for heat treatment of the ultraviolet radiation activated layer during and/or after
deposition conventionally required to form coatings with self-cleaning characteristics.

The surprising ability according to the present invention to form self-cleaning coatings
upon UV irradiation through the combination of chemical vapor deposition and sputtering,
without intentionally heating the ultraviolet radiation activated layer during or after
deposition, is at present unexplained. This ability to form self-cleaning coatings by sequential
chemical vapor deposition and sputtering is surprising because one skilled in the art would
expect that the composition of the ultraviolet radiation activated layer, and not the specific
methods used to deposit the ultraviolet radiation activated layer and the underlying alkali
metal diffusion barrier layer, would dictate the self-cleaning properties of the coatings upon
UV activation. In addition, the skilled artisan would expect that a heat treatment process of
some kind would be required to recrystallize thin layers of titanium oxide to a primarily

anatase structure in order to achieve hydrophilic/photocatalytic characteristics.

EXAMPLES

Example 1

The self-cleaning characteristics achieved in activated PASC coatings formed
according to the present invention are reflected in the contact angle of water on the coatings.
Table I compares, after identical UV activation, the contact angle of deionized water on an
inventive bilayer coating of sputtered TiO, on chemically vapor deposited SiO, with a
comparative bilayer coating of sputtered TiO, on sputtered SiO, and a comparative bilayer
coating of CVD TiO, on CVD Si0O,.

FIG. 2 is a photograph of a deionized water droplet on an inventive UV activated

PASC coating of sputtered TiO, on CVD SiO,.
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FIG. 3 is a photograph of a deionized water droplet on a comparative coating of UV
activated sputtered TiO, on sputtered SiO,.

FIG. 4 is a photograph of a deionized water droplet on a comparative coating of UV
activated CVD TiO, on CVD SiO,.

The sputtered TiO, layers were sputtered under the same conditions of AC magnetron
sputtering from a titanium target in an argon-oxygen atmosphere containing about 35% O,.
The CVD TiO, was chemically vapor deposited at a temperature of 600°C from precursors
including titanium tetrachloride. The TiO, layers were 20 nm thick. The sputtered TiO,
layers were not intentionally heated during or after the sputter deposition. The SiO, layers
were 30 nm thick. The sputtered SiO, layer was formed by AC magnetron sputtering from a
silicon target in an argon-oxygen atmosphere containing about 50% O,. The CVD SiO, was
deposited at 700°C from precursors including silane.

Table I shows that under these conditions chemical vapor deposition of SiO, on a
substrate followed by sputter deposition of TiO, without heat treatment during or after the
sputter deposition results in a smaller water contact angle on TiO,, and hence improved self-
cleaning characteristics, than sputter deposition of both the SiO, and the TiO, without heat
treatment during or after the sputter deposition.

Table I also shows that under these conditions chemical vapor deposition of SiO, on a
substrate followed by sputter deposition of TiO, without heat treatment during or after the
sputter deposition results in about the same water contact angle on TiO,, and hence about the
same self-cleaning characteristics, as chemical vapor deposition of both the SiO, and the

TiO,.
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TABLE I
COATING CONTACT ANGLE OF WATER
ON UV ACTIVATED TiO,
sputtered TiO, on CVD SiO, 4 to 7 degrees
(Invention)
sputtered TiO, on sputtered SiO, 50 to 60 degrees
(Comparative)
CVD TiO, on CVD Si0O, 4 to 7 degrees
(Comparative)
Example 2

FIG. 5 illustrates an embodiment of the invention in which a soda-lime-silica glass
substrate 10 is coated with a low-emissivity coating 20 of, in order, a CVD silicon oxycarbide
layer 22 and a CVD fluorine-doped tin oxide layer 24. On the low-emissivity coating 20 is a
sputtered titanium oxide layer 30, which acquires self-cleaning characteristics upon UV
irradiation.

The CVD silicon oxycarbide layer 22 and the CVD fluorine-doped tin oxide layer 24
inhibit the diffusion of alkali metals and together form an alkali metal diffusion barrier layer.
The silicon oxycarbide layer 22 is 70 nm thick and is deposited by chemical vapor depostion
on the glass substrate 10 at 700°C from precursors including silane. In addition to inhibiting
the diffusion of alkali metal from the glass substrate 10, the silicon oxycarbide layer 22 serves
as a color suppressing layer. The fluorine-doped tin oxide layer 24 is 270 nm thick and is
deposited by chemical vapor deposition on the glass substrate 10 at 600°C from precursors
including monobutyltintrichloride. The tin oxide layer 24 is doped with fluorine to lower
sheet resistance so that the tin oxide layer 24 can serve as an infrared radiation reflective layer
of the low-emissivity glass coating 20. The combination of silicon oxycarbide and fluorine-
doped tin oxide results in both color neutrality and infrared reflectivity.

The titanjum oxide layer 30 is 20 nm thick and is formed by AC magnetron sputtering
a titanium metal target in an argon atmosphere containing about 35% O, with the glass

substrate 10 initially at room temperature. The sputter deposition rate in a dynamic sputter

9.
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chamber is about 3.5 nm/(m/min).

To demonstrate the self-cleaning properties of the coated substrate, stearic acid
(CH,(CH,),,COOH), as a model organic contaminant, is coated on the titanium oxide layer 30
after UV activation. After the titanium oxide layer 30 is further exposed to UV irradiation in
sunlight for 48 to 80 hours, Fourier transform infrared (FTIR) spectroscopy shows that the

stearic acid is no longer present on the titanium oxide layer 30.

Example 3

PASC coatings are made by AC magnetron sputtering a 20 nm thick TiO, coating
from a titanium target in an argon atmosphere containing about 35%0O, under identical
conditions onto a 35 nm thick CVD SiOC layer, a 120 nm thick CVD fluorine-doped SnO,
(i.e., SnO,:F) layer, and a bilayér of a 270 nm thick CVD fluorine-doped SnO, layer on a 70
nm thick CVD SiOC layer. The CVD SiOC layer is deposited at a temperature of 700°C
from precursors including silane. The CVD fluorine-doped SnO, layer is deposited at a
temperature of 600°C from precursors including monobutyltintrichloride. The TiO, layers
are not intentionally heated during or after the sputtering. The TiO, layers are activated by
exposure to 2 W/m? of 350 to 400 nm UV radiation for 48 to 72 hours.

FIG. 6 is a photograph of a deionized water droplet on an inventive UV activated
PASC coating of sputtered TiO, on CVD SiOC.

FIG. 7 is a photograph of a deionized water droplet on an inventive UV activated
PASC coating of sputtered TiO, on the outermost bilayer of CVD SnO,:F on CVD SiOC of a
low-emissivity coating.

Table II compares the contact angle of deionized water on the activated TiO, for each
of the coatings. Table II shows that activated sputtered TiO, deposited without intentional
heating onto various CVD barrier layers exhibits strong hydrophilic characteristics regardless
of the number and composition of the CVD barrier layers. Table II also shows that activated
sputtered TiO, deposited without intentional heating onto a CVD barrier layer is always
substantially more hydrophilic than activated sputtered TiO, deposited onto a sputtered

barrier layer of SiO,.

-10-
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TABLE II
COATING CONTACT ANGLE OF WATER
ON UV ACTIVATED TiO,
sputtered TiO, on CVD SiOC 4 to 7 degrees
(Invention)
sputtered TiO, on CVD SnO,:F 4 to 7 degrees
(Invention)
sputtered TiO, on CVD SnO,:F on CVD SiOC 4 to 7 degrees
(Invention)
sputtered TiO, on sputtered SiO, 50 to 60 degrees
(Comparative)

While the present invention has been described with respect to specific embodiments,
it is not confined to the specific details set forth, but includes various changes and
modifications that may suggest themselves to those skilled in the art, all falling within the

scope of the invention as defined by the following claims.

-11-
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CLAIMS:

1. A method of making a self-cleaning substrate, the method comprising

depositing by chemical vapor deposition an alkali metal diffusion barrier layer on a
substrate;

sputtering an ultraviolet radiation activated layer on the alkali metal diffusion barrier
layer at a temperature of 100°C or less; and,

without heating above 100°C, exposing the ultraviolet radiation activated layer to

ultraviolet radiation to form the self-cleaning substrate.

2. The method according to Claim 1, wherein the substrate is transparent to visible

radiation.
3. The method according to Claim 1, wherein the substrate comprises a glass.

4. The method according to Claim 1, wherein the alkali metal diffusion barrier layer

has a thickness in a range of from 10 to 500 nm.

5. The method according to Claim 1, wherein the alkali metal diffusion barrier layer

is deposited at a temperature above 350°C.

6. The method according to Claim 1, wherein the alkali metal diffusion barrier layer

is deposited at a temperature in a range of from 400 to 800°C.
7. The method according to Claim 1, wherein the alkali metal diffusion barrier layer

comprises a material selected from the group consisting of silicon oxycarbide, oxides of tin,

oxides of titanium, oxides of aluminum, and mixtures thereof.

-12-
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8. The method according to Claim 1, wherein
the alkali metal diffusion barrier layer comprises a bilayer including a layer of silicon
oxycarbide and a layer of tin oxide; and
the depositing comprises
forming the layer of silicon oxycarbide on the substrate, and

forming the layer of tin oxide on the layer of silicon oxycarbide.

9. The method according to Claim 1, wherein the sputtering comprises magnetron

sputtering a target in an atmosphere comprising an inert gas.
10. The method according to Claim 9, wherein the target comprises titanium.
11. The method according to Claim 9, wherein the inert gas is argon.

12. The method according to Claim 9, wherein
the atmosphere further comprises O,; and

a ratio of the inert gas to the O, is from 2.95:1 to 1.78:1.

13. The method according to Claim 1, wherein

the ultraviolet radiation activated layer is sputtered at a temperature of 70°C or less;

and

the ultraviolet radiation activated layer is exposed to ultraviolet radiation without

heating above 70°C.

14. The method according the Claim 1, wherein the ultraviolet radiation activated
layer comprises a member of the group consisting of oxides of titanium, oxides of zinc,
oxides of iron, oxides of silver, oxides of copper, oxides of tungsten, oxides of tin, oxides of

bismuth, strontium titanate, and mixtures thereof.

15. The method according to Claim 1, wherein the ultraviolet radiation activated layer

comprises a member of the group consisting of TiO,, ZnO, Fe,0,;, WO,, Sn0O,, Bi,0s, and

-13-
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StTiO,.

16. The method according to Claim 1, wherein the ultraviolet radiation activated layer

comprises titanium oxide.

17. The method according to Claim 1, wherein the ultraviolet radiation activated layer

is from 1 to 250 nm thick.

18. The method according to Claim 1, wherein the ultraviolet radiation activated layer

is exposed to ultraviolet radiation having a wavelength in a range of from 300 to 400 nm.

19. The method according to Claim 1, wherein the ultraviolet radiation activated layer

is exposed to ultraviolet radiation in sunlight.

20. A method of making a self-cleaning substrate, the method comprising

depositing by chemical vapor deposition an alkali metal diffusion barrier layer on a
substrate; |

sputtering an ultraviolet radiation activated layer on the alkali metal diffusion barrier
layer; and

exposing the ultraviolet radiation activated layer to ultraviolet radiation to form the
self-cleaning substrate, wherein

the sputtering heats the ultraviolet radiation activated layer to a plasma-induced

temperature; and
the ultraviolet radiation activated layer is maintained at or below the plasma-induced

temperature until the self-cleaning substrate is formed.

21. The method according to Claim 20, wherein the plasma-induced temperature is

100°C or less.

22. The method according to Claim 20, wherein the plasma-induced temperature is

70°C or less.

-14-
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23. A method of making a self-cleaning substrate, the method comprising

a step for depositing by chemical vapor deposition an alkali metal diffusion barrier
layer on a substrate;

a step for sputtering an ultraviolet radiation activated layer on the alkali metal
diffusion barrier layer at a temperature of 100°C or less; and,

without heating above 100°C, a step for exposing the ultraviolet radiation activated

layer to ultraviolet radiation to form the self-cleaning substrate.

24. A self-cleaning substrate comprising
a substrate;
an alkali metal diffusion barrier layer on the substrate; and
an ultraviolet radiation activated layer on the alkali metal diffusion barrier layer,
wherein
the self-cleaning substrate is made by a process comprising
depositing by chemical vapor deposition the alkali metal diffusion barrier layer
on the substrate;
sputtering the ultraviolet radiation activated layer on the alkali metal diffusion
barrier layer at a temperature of 100°C or less; and,
without heating above 100°C, exposing the ultraviolet radiation activated layer

to ultraviolet radiation to form the self-cleaning substrate.

-15-
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