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PHOTOCATALYTIC COATINGS HAVING

IMPROVED LOW-MAINTENANCE PROPERTIES

FIELD OF THE INVENTION

The present invention provides photocatalytic coatings for substrates, such as glass

and the like. More particularly, the invention provides photocatalytic coatings including

an underlying film comprising one or more specified materials, and/or one or more

additional materials are incorporated into a titania-containing film. The invention also

provides methods of depositing such coatings onto glass sheets and other substrates.

BACKGROUND OF THE INVENTION

Photocatalytic coatings are known in the art. These coatings commonly include a

film of titania on a substrate. A great deal of research has been done with a view toward

providing photocatalytic coatings that have desirable low-maintenance properties.

Desirable low-maintenance properties include self-cleaning properties, hydrophilic

properties, etc. The pursuit of low-maintenance window coatings, in particular, has been

an active field of exploration.

It would be desirable to provide a photocatalytic coating with an underlayer that

would enhance the low-maintenance properties of the coating. Additionally or

alternatively, it would be desirable to incorporate into the photocatalytic film itself

additional materials which would enhance the low-maintenance properties of the coating.

SUMMARY OF THE INVENTION

A transparent substrate is provided a photocatalytic coating. In some embodiments,

the coating includes a photocatalytic film deposited directly over an underlying film

comprising a material selected from the group consisting of tungsten oxide and niobium

oxide. The photocatalytic film preferably comprises both titania and an additional material

selected from the group consisting of nitrogen, copper, tantalum, silicon, silica, palladium,

tin, tungsten, niobium, and molybdenum. In some cases, the additional material is simply a

dopant. Such a dopant can be present in an amount of up to 5%, for example 2%. In one

case, the photocatalytic film comprises titania and a tungsten dopant. The underlying film

has a thickness of less than about 250 angstroms and more preferably less than about 75

angstroms. In some cases, the coating further includes a base film deposited beneath the

underlying film, wherein the base film comprises silica and/or titania.



In other embodiments, the photocatalytic coating includes a photocatalytic film

comprising titania positioned directly over a film comprising tungsten oxide. In some

cases, the film comprising tungsten oxide consists essentially of tungsten oxide. In other

cases, the film comprising tungsten oxide is a mixed film comprising silica, silicon, titania,

titanium, and/or substoichiometric titanium oxide. The film comprising tungsten oxide

preferably has a thickness of between about 15 angstroms and about 150 angstroms. The

film is also preferably positioned directly over a film comprising silica and/or titania. The

film comprising silica and/or titania preferably has a thickness of less than about 300

angstroms and more preferably has a thickness of less than 100 angstroms. In some cases,

the photocatalytic film comprises both titania and a material selected from the group

consisting of nitrogen, tantalum, copper and silica. In certain cases, the photocatalytic film

comprises both titanium and nitrogen.

In yet other embodiments, the photocatalytic coating comprises, from the substrate

outwardly, a base film deposited over the substrate and having a thickness of less than

about 300 angstroms, a film comprising tungsten oxide deposited over the base film and

having a thickness of less than about 100 angstroms, and a photocatalytic film comprising

titania deposited directly over the film comprising tungsten oxide. The film comprising

tungsten oxide preferably has a thickness of less than about 75 angstroms.

In some cases, the photocatalytic coating includes a photocatalytic film deposited

over an underlying film comprising a material selected from the group consisting of

tungsten oxide, niobium oxide, aluminum oxide and zirconium oxide, wherein a film

comprising zirconium oxide or niobium oxide is deposited over or under the underlying

film, the film comprising zirconium oxide or niobium oxide being a different material than

the underlying film. The underlying film preferably has a thickness of less than about 250

angstroms and more preferably has a thickness of less than about 75 angstroms. The film

comprising zirconia or niobium oxide preferably has a thickness of between about 10

angstroms and about 20 angstroms. In some cases, the film comprising zirconium oxide or

niobium oxide is deposited over the underlying film. In other cases, the film comprising

zirconium oxide or niobium oxide is deposited under the underlying film. In yet other

cases, the film comprising zirconium oxide or niobium oxide is deposited under the

underlying film, and a second film comprising zirconium oxide or niobium oxide is

deposited over the underlying film. In certain cases, the coating further includes a base

film deposited beneath the underlying film, wherein the base film comprises silica and/or

titania.



A method of depositing a photocatalytic coating is also provided. In some

embodiments, the method comprises depositing a film comprising tungsten oxide over a

major surface of a glass sheet, and depositing a photocatalytic film comprising titania

directly over the film comprising tungsten oxide. The film comprising tungsten oxide is

preferably deposited at a thickness of between about 15 angstroms and about 150

angstroms. In some cases, the film comprising tungsten oxide is deposited by providing a

sputtering target having a sputterable material that comprises tungsten, the sputterable

material being selected from the group consisting essentially of pure tungsten, a tungsten

oxide, and a tungsten alloy. The film comprising tungsten oxide can be a mixed film

comprising silica, the mixed film being deposited by co-sputtering a target comprising

tungsten and a target comprising silicon, titanium and/or substoichiometric titanium oxide.

In some cases, the photocatalytic film comprises nitrogen, the photocatalytic film being

deposited by sputtering a target comprising titanium in an atmosphere comprising

nitrogen.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic cross-sectional view of a substrate having a surface bearing

a photocatalytic coating in accordance with an embodiment of the invention;

Figure 2 is a schematic cross-sectional view of a substrate having a surface bearing

a photocatalytic coating in accordance with another embodiment of the invention;

Figure 3 is a schematic cross-sectional view of a substrate having a surface bearing

a photocatalytic coating in accordance with another embodiment of the invention;

Figure 4 is a schematic cross-sectional view of a substrate having a surface bearing

a photocatalytic coating in accordance with another embodiment of the invention;

Figure 5 is a schematic cross-sectional view of a substrate having one surface

bearing a photocatalytic coating and another surface bearing an additional coating in

accordance with another embodiment of the invention;

Figure 6 is a partially broken-away schematic cross-sectional side view of a

multiple-pane insulating glass unit that includes a window pane having two coated

surfaces in accordance with certain embodiments of the invention;

Figure 7 is a partially broken-away perspective view of a window pane carrying a

photocatalytic coating, the pane being mounted in an exterior wall of a building in

accordance with certain embodiments of the invention; and



Figure 8 is a schematic side view of a sputtering chamber that is adapted for use in

certain methods of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following detailed description is to be read with reference to the drawings, in

which like elements in different drawings have like reference numbers. The drawings,

which are not necessarily to scale, depict selected embodiments and are not intended to

limit the scope of the invention. Skilled artisans will recognize that the given examples

have many alternatives that fall within the scope of the invention.

Many embodiments of the invention involve a coated substrate. A wide variety of

substrates types are suitable for use in the invention. In some embodiments, the substrate

10 is a sheet-like substrate having generally opposed first 12 and second 14 major

surfaces. For example, the substrate can be a sheet of transparent material (i.e., a

transparent sheet). The substrate, however, is not required to be a sheet, nor is it required

to be transparent.

The substrate can optionally be a component of any of a variety of building

materials. Examples of anticipated applications include embodiments wherein the

substrate is a sash (e.g., a window sash or a door sash), a siding panel (e.g., an aluminum

siding panel), a tent panel, a tarpaulin (e.g., a fluorocarbon polymer tarpaulin), a plastic

film (e.g., a fluorocarbon plastic film), a roofing shingle, a window blind (such as a metal,

plastic, or paper window blind), a paper screen (e.g., a shoji), a railing, a baluster, or an

escutcheon. In one embodiment, the substrate is a ceramic tile, such as a wall, ceiling, or

floor tile. In another embodiment, the substrate is a glass block. A variety of suitable

glass blocks can be obtained commercially from Saint-Gobain Oberland (Koblenz,

Germany). In still other embodiments, the substrate is a polyester film, a polyethylene

film, a terephthalate film, etc. Suitable films of this nature can be obtained commercially

from Nippon Soda Co., Ltd. (Tokyo, Japan). In further embodiments, the substrate is a

fence or wall, such as a noise-reduction fence or wall.

For many applications, the substrate will comprise a transparent (or at least

translucent) material, such as glass or clear plastic. For example, the substrate is a glass

sheet (e.g., a window pane) in certain embodiments. A variety of known glass types can

be used, and soda-lime glass will commonly be preferred. In certain preferred

embodiments, the substrate is part of a window, skylight, door, shower door, or other

glazing. In some cases, the substrate is part of an automobile windshield, an automobile



side window, an exterior or interior rear-view mirror, a bumper, a hubcap, a windshield

wiper, or an automobile hood panel, side panel, trunk panel, or roof panel. In other

embodiments, the substrate is a piece of aquarium glass, a plastic aquarium window, or a

piece of greenhouse glass. In a further embodiment, the substrate is a refrigerator panel,

such as part of a refrigerator door or window.

Substrates of various sizes can be used in the present invention. Commonly, large-

area substrates are used. Certain embodiments involve a substrate 10 having a major

dimension (e.g., a length or width) of at least about .5 meter, preferably at least about 1

meter, perhaps more preferably at least about 1.5 meters (e.g., between about 2 meters and

about 4 meters), and in some cases at least about 3 meters. In some embodiments, the

substrate is a jumbo glass sheet having a length and/or width that is between about 3

meters and about 10 meters, e.g., a glass sheet having a width of about 3.5 meters and a

length of about 6.5 meters. Substrates having a length and/or width of greater than about

10 meters are also anticipated.

In some embodiments, the substrate 10 is a generally square or rectangular glass

sheet. The substrate in these embodiments can have any of the dimensions described in

the preceding paragraph and/or in the following paragraph. In one particular embodiment,

the substrate is a generally rectangular glass sheet having a width of between about 3

meters and about 5 meters, such as about 3.5 meters, and a length of between about 6

meters and about 10 meters, such as about 6.5 meters.

Substrates of various thicknesses can be used in the present invention. In some

embodiments, the substrate 10 (which can optionally be a glass sheet) has a thickness of

about 1-5 mm. Certain embodiments involve a substrate 10 with a thickness of between

about 2.3 mm and about 4.8 mm, and perhaps more preferably between about 2.5 mm and

about 4.8 mm. In one particular embodiment, a sheet of glass (e.g., soda-lime glass) with

a thickness of about 3 mm is used. In one group of embodiments, the thickness of the

substrate (which can be glass, plastic, or another material) is between about 4 mm and

about 20 mm. Thicknesses in this range, for example, may be useful for aquarium tanks

(in which case, the substrate can optionally be glass or acrylic). When the substrate is

float glass, it will commonly have a thickness of between about 4 mm and about 19 mm.

In another group of embodiments, the substrate is a thin sheet (e.g., of glass) having a

thickness of between about 0.35 mm and about 1.9 mm. Embodiments of this nature can

optionally involve the substrate 10 being a sheet of display glass or the like.



With reference to Figure 1, there is shown a transparent substrate 10 with a major

surface 12 bearing a photocatalytic coating 50. The coating 50 includes a photocatalytic

film 30 comprising titania and an underlying film 20. Preferably, the photocatalytic film

30 is deposited directly over, and is contiguous to, the underlying film 20.

The photocatalytic film 30 can include titanium oxide and/or substoichiometric

titanium oxide. In some embodiments, the film 30 consists essentially of titania. In other

embodiments, the film 30 includes both titanium (e.g, titania or substoichiometric titanium

oxide) and a material selected from the group consisting of nitrogen, tantalum, copper,

silica, palladium, tin, tungsten, niobium, and molybdenum. The nitrogen, copper,

tantalum, silicon, silica, palladium, tin, tungsten, niobium, or molybdenum can also simply

be a dopant in some embodiments. Such a dopant can be present in an amount of up to

5%, for example about 2%.

In some cases, the film 30 includes titania and nitrogen, titania and silica, titania

and copper, titania and tantalum, titania and palladium, titania and tin, titania and tungsten,

titania and niobium, or titania and molybdenum. In still other cases, the film 30 comprises

substoichiometric titanium oxide and nitrogen, substoichiometric titanium oxide and silica,

substoichiometric titanium oxide and copper, substoichiometric titanium oxide and

tantalum, substoichiometric titanium oxide and palladium, substoichiometric titanium

oxide and tin, substoichiometric titanium oxide and tungsten, substoichiometric titanium

oxide and niobium, or substoichiometric titanium oxide and molybdenum. One further

embodiment provides a film 30 comprising titania, silica, and nitrogen. When present, the

copper can optionally be oxidized. When the film 30 includes at least one of the noted

additional materials, the underlayer can be formed of any desired material, or it can be

omitted entirely.

When provided, the underlying film 20 can optionally comprise one or more of the

following materials: tungsten oxide, aluminum oxide, niobium oxide and/or zirconium

oxide. In certain embodiments, the film comprises a material selected from the group

consisting of tungsten oxide or niobium oxide. In some cases, the film 20 consists

essentially of tungsten oxide or niobium oxide. In other embodiments, the film comprises

a material selected from the group consisting of aluminum oxide or zirconium oxide. In

some cases, the film 20 consists essentially of aluminum oxide or zirconium oxide.

In some embodiments, the film 20 is a mixed film comprising tungsten oxide

and/or aluminum oxide and/or niobium oxide and/or zirconium oxide and/or another

material. In certain cases, the film 20 is a mixed film including silica, silicon, titania,



titanium, and/or substoichiometric titanium oxide. For example, such a mixed film can

include a mix of tungsten oxide and silica, silicon, titania, titanium, and/or

substoichiometric titanium oxide, or a mix of aluminum oxide and silica, silicon, titania,

titanium, and/or substoichiometric titanium oxide, or a mix of niobium oxide and silica,

silicon, titania, titanium, and/or substoichiometric titanium oxide, or a mix of zirconium

oxide and silica, silicon, titania, titanium, and/or substoichiometric titanium oxide.

When provided, the mixed film can be a homogenous film, or it can be a graded

film. In some embodiments, a graded film is provided having, from the substrate surface

outwardly, a substantially continuously decreasing concentration of silica, silicon, titania,

titanium, and/or substoichiometric titanium oxide and a substantially continuously

increasing concentration of tungsten oxide. In other embodiments, a graded film is

provided having, from the substrate surface outwardly, a substantially continuously

decreasing concentration of silica, silicon, titania, titanium, and/or substoichiometric

titanium oxide and a substantially continuously increasing concentration of aluminum

oxide. In yet other embodiments, a graded film is provided having, from the substrate

surface outwardly, a substantially continuously decreasing concentration of silica, silicon,

titania, titanium, and/or substoichiometric titanium oxide and a substantially continuously

increasing concentration of niobium oxide. In yet other embodiments, a graded film is

provided having, from the substrate surface outwardly, a substantially continuously

decreasing concentration of silica, silicon, titania, titanium, and/or substoichiometric

titanium oxide, and a substantially continuously increasing concentration of zirconium

oxide.

The underlying film 20 optionally has a thickness of less than about 250

angstroms, less than about 200 angstroms, less than about 150 angstroms, less than about

125 angstroms, less than 100 angstroms, or even less than about 75 angstroms. One

particular embodiment provides the film 20 at thicknesses of less than 65 angstroms (e.g.,

50 angstroms or less). In some cases, the film 20 has a thickness of between about 5

angstroms and about 200 angstroms, such as between about 15 angstroms and about 150

angstroms. In certain cases, the film 20 has a thickness of 25-40 angstroms.

In some embodiments, a thin film may be provided under or over the film 20 to

improve adhesion and durability of the film 20. In certain embodiments, a thin film is

provided under the film 20 and another thin film is provided over the film 20. In Figure 2,

film 25a is provided above the film 20 and film 25b is provided beneath the film 20. The

films 25a and 25b each have a thickness of between about 10 angstroms and about 20



angstroms in some cases. The films 25a and 25b can comprise zirconium oxide and in

some cases consists essentially of zirconium oxide. The films 25a and 25b can also

comprise niobium oxide and in some cases consists essentially of niobium oxide. In

certain cases, only one of the films 25a and 25b are provided.

With reference to Figure 3, in some embodiments, the photocatalytic coating 50

includes a film 15 deposited between the optional film 20 and the substrate 10. The film

15 can be a base film comprising silica, and in some cases consists essentially of silica.

The film 15 can also be a base film comprising titania, and in some cases consists

essentially of titania. The film 15 can even further be a base film comprising silica and

titania, and in some cases consists essentially of silica and titanium. The film 15 preferably

directly underlies, and is contiguous to, the film 20. In some cases, the film 15 is deposited

directly onto the substrate and the film 20 is deposited directly onto the film 15. The film

15 can optionally have a thickness of less than about 300 angstroms. In certain

embodiments, the film 15 has a thickness of less than 100 angstroms. With reference to

Figure 4, in some cases, films 25a and 25b are provided under and above the film 20, so

that the film 25a is contiguous to the film 15. The films 25a and 25b also preferably

comprise zirconia and have a thickness of between about 10 angstroms and about 20

angstroms. Again, in certain cases, only one of the films 25a and 25b are provided.

In one particular embodiment, the photocatalytic coating includes, from the

substrate surface outwardly, a silica film (optionally deposited directly onto the substrate)

having a thickness of about 75 angstroms, a tungsten oxide film deposited directly onto the

silica film and having a thickness of about 25 angstroms, and a titania film deposited

directly onto the tungsten oxide film and having a thickness of between about 25

angstroms and about 40 angstroms.

In another particular embodiment, the photocatalytic coating includes, from the

substrate surface outwardly, a silica film (optionally deposited directly onto the substrate)

having a thickness of about 75 angstroms, a first zirconia film deposited directly onto the

silica film and having a thickness of between about 10 angstroms and about 20 angstroms,

a tungsten oxide film deposited directly onto the first zirconia film and having a thickness

of about 25 angstroms, a second zirconia film deposited directly onto the tungsten oxide

film and having a thickness of between about 10 angstroms and about 20 angstroms and a

titania film deposited directly onto the tungsten oxide film and having a thickness of

between about 25 angstroms and about 40 angstroms.



In yet another particular embodiment, the photocatalytic coating includes, from the

substrate surface outwardly, a niobium oxide film deposited directly onto the substrate

surface and having a thickness of between about 10 angstroms and about 20 angstroms, a

tungsten oxide film deposited directly onto the niobium oxide film and having at thickness

of about 25 angstroms and a titania film deposited directly onto the tungsten oxide film

and having a thickness of between about 25 angstroms and about 40 angstroms. Likewise,

in another embodiment, the photocatalytic coating includes, from the substrate surface

outwardly, a tungsten oxide film deposited directly onto the substrate surface and having

at thickness of about 25 angstroms, a niobium oxide film deposited directly onto the

tungsten oxide film and having a thickness of between about 10 angstroms and about 20

angstroms and a titania film deposited directly onto the niobium oxide film and having a

thickness of between about 25 angstroms and about 40 angstroms.

In some cases, the photocatalytic coating 50 is provided on a first major surface of

the substrate and another functional coating is provided on an opposite major surface of

the same substrate. Figure 3 illustrates an embodiment wherein the substrate 10 has a first

surface 12 bearing a photocatalytic coating 50 and a second surface 14 bearing a

functional coating 80. The functional coating 80 can include a single film or a plurality of

films. Any functional coating known in the art can be used. In some cases, the functional

coating 80 is a low-emissivity film. In certain cases, the coating 80 includes a low-

emissivity film having three or more infrared-reflecting layers. Suitable low-emissivity

coatings having three or more infrared-reflecting layers are described in U.S. Patent No.

60/725,891, the entire teachings of which are incorporated herein by reference. In other

cases, the functional coating can be a "single silver" or "double silver" low-emissivity

coating.

With reference to Figure 4, the substrate 10 can be part of an insulating glass unit

110. Typically, an insulating glass unit 110 has an exterior pane 10 and an interior pane

10' separated by a between-pane space 800. A spacer 900 (which can optionally be part of

a sash) is commonly provided to separate the panes 10 and 10'. The spacer can be secured

to the interior surfaces of each pane using an adhesive 700. In some cases, an end sealant

600 is also provided. In the illustrated embodiment, the exterior pane 10 has an exterior

surface 12 and an interior surface 14. The interior pane 10' has an interior surface 16 and

an exterior surface 18. The pane 10 can be mounted in a frame (e.g., a window frame)

such that the exterior surface 12 is exposed to an outdoor environment. Interior surfaces

14 and 16 are both exposed to the atmosphere in the between-pane space 800 of the



insulating glass unit. In some cases, the exterior surface 12 of the substrate 10 in the IG

unit shown in Figure 4 has a photocatalytic coating 50. The coating 50 can be any of the

embodiments already described. The interior surface 14 of the same substrate 10 can

include a functional coating 80, for example a low-emissivity coating.

Figure 10 exemplifies embodiments wherein the substrate 10 (which may be a

glass pane) is a window pane mounted on a window frame 95 (e.g., in an exterior wall 98

of a building 99). In certain applications, the coated first surface (i.e., surface 12) of such

a window carries a photocatalytic coating 50 in accordance with any of the described

embodiments. In some embodiments of this nature, the coated surface 12 may be exposed

to an outdoor environment (and/or may be in periodic contact with rain).

Methods for producing coated substrates are also provided. Each film of the

photocatalytic coating 50 can be deposited by a variety of well known coating techniques.

Suitable coating techniques include, but are not limited to, chemical vapor deposition

(CVD), plasma enhanced chemical vapor deposition, pyrolytic deposition, sol-gel

deposition and sputtering. In certain embodiments, the films are deposited by sputtering,

optionally at a low temperature (e.g., while maintaining the substrate at below about 250

degrees Celsius, and perhaps more preferably below 200 degrees Celsius). Sputtering is

well known in the present art.

Equipment for producing coated substrates are also provided. Figure 6 depicts an

exemplary magnetron sputtering chamber 200 that can be used to deposit a photocatalytic

coating of the invention. Magnetron sputtering chambers and related equipment are

commercially available from a variety of sources (e.g., Leybold). Useful magnetron

sputtering techniques and equipment are described in U.S. Patent 4,166,01 8, issued to

Chapin, the entire teachings of which are incorporated herein by reference. The sputtering

chamber 200 illustrated in Figure 6 includes a base (or "floor") 220, a plurality of side

walls 222, and a ceiling (or "top lid" or "cover") 230, together bounding a sputtering

cavity 202. Two upper targets 280a and 280b are mounted above the path of substrate

travel 45. The substrate 10 is conveyed along the path of substrate travel 45 during film

deposition, optionally over a plurality of spaced-apart transport rollers 210. In Figure 6,

two upper targets are provided, although this is by no means required. For example, the

targets could alternatively be lower targets positioned below the path of substrate travel

and adapted for depositing the photocatalytic coating on a bottom surface of the substrate.

In some embodiments, at least one film of the photocatalytic coating is sputter deposited at

the same time that another film is being sputtered onto the other side of the substrate, i.e.,



using a dual-direction sputtering chamber. Dual-direction sputtering chambers are

described in U.S. patent applications 09/868,542, 10/91 1,155, and 10/922,719, the entire

teachings of each of which are incorporated herein by reference. Alternatively, a single

upper or lower target could be used in each chamber. Moreover, the chamber can include

one or more upper and/or lower planar targets, although cylindrical targets are shown.

When the coating is done by sputtering, the sputtering can optionally be performed

while maintaining the substrate at a temperature of less than about 250 degrees Celsius,

and more preferably less than 200 degrees Celsius (e.g., without supplemental heating of

the substrate). In such cases, the coating can optionally be sputter deposited without any

supplemental means for delivering energy to a growing film (e.g., without any heating of

the substrate beyond that which occurs normally from the plasma and ion bombardment of

conventional sputtering). In other cases, one or more films of the coating 50 is/are

deposited by a sputter deposition technique that includes a supplemental heating (or other

supplemental energy delivery). Additionally or alternatively, the coating 50 once

deposited may be subjected to an ion treatment by operating an ion gun and accelerating

ions against the coating (e.g., to enhance the low-maintenance properties of the coating).

In some cases, this is done for embodiments where the photocatalytic film includes titania

and one or more of the above-noted materials.

In certain embodiments, a method of depositing a photocatalytic coating 50 is

provided, the method comprising depositing an underlying film over a major surface of a

substrate (e.g., a glass sheet) and then depositing a photocatalytic film comprising titania

directly over the underlying film. In cases where the photocatalytic film consists

essentially of titania, a sputtering chamber as illustrated in Figure 6 or Figure 7 can be

used, and the targets 280a and 280b can each comprise titanium. In some cases, the targets

are metal titanium targets and an oxidizing atmosphere (optionally including some

nitrogen) is used for sputtering the film comprising titania. In other cases, the targets are

titanium oxide targets and an inert atmosphere (optionally with a small amount of oxygen

and/or nitrogen) is used in the chamber. In yet other cases, the targets are

substoichiometric titanium oxide targets and an inert atmosphere (optionally with a small

amount of oxygen and/or nitrogen) is used in the chamber.

In cases where the photocatalytic film is a film including titania and another

material, a co-sputtering method can optionally be used. For example, one of the targets

280a or 280b can optionally comprise titanium while the other target comprises another

material. In some cases, the other target comprises copper, so the resulting film comprises



titania and copper (such copper optionally being oxidized). In other cases, the other target

comprises silicon so the resulting film comprises titania and silica. The target comprising

silicon can be a pure silicon target and an oxidizing atmosphere (optionally also including

some nitrogen) can be introduced into the chamber. The target comprising silicon can

alternatively be a silicon oxide target, so that the target can be sputtered in an inert (or

slightly oxidizing and/or slightly nitriding) atmosphere. In other cases, the other target

comprises palladium so the resulting film comprises titania and palladium. In other cases,

the other target comprises tin so the resulting film comprises titania and tin. In other cases,

the other target comprises tungsten so the resulting film comprises titania and tungsten. In

other cases, the other target comprises niobium so the resulting film comprises titania and

niobium. In other cases, the other target comprises molybdenum so the resulting film

comprises titania and molybdenum.

In cases where the photocatalytic film is a mixed film including titania, silica and

nitrogen, one of the targets 280a or 280b can comprise titanium (and/or titanium oxide)

and the other target can comprise silicon (and/or silicon oxide). A nitrogen containing

atmosphere can then be used in the chamber. Rather than using a co-sputtering method for

mixed film embodiments, each target can comprise titanium and at least one additional

material selected from the group consisting of silicon and copper. Further, in any

embodiment where nitrogen is incorporated into the film 30, the deposition atmosphere

can include nitrogen.

Also, in cases where the photocatalytic coating is a mixed film, a method of

sputtering an alloyed target can be used. For example, one or both of the targets 280a and

280b can be an alloyed target. The alloyed target can be an alloy selected from the

following; titanium and copper, titanium and tantalum, titanium and silicon, titanium and

palladium, titanium and tin, titanium and tungsten, titanium and niobium, titanium and

molybdenum, substoichiometric titanium oxide and copper, substoichiometric titanium

oxide and tantalum, substoichiometric titanium oxide and silicon, substoichiometric

titanium oxide and palladium, substoichiometric titanium oxide and tin, substoichiometric

titanium oxide and tungsten, substoichiometric titanium oxide and niobium, or

substoichiometric titanium oxide and molybdenum. In some cases, the amount of titanium

or substoichiometric titanium oxide in the target is present in a higher amount than the

other material. In some cases, the titanium or substoichiometric titanium oxide in the

target is simply doped with the other material. The alloyed target can also be sputtered in a

reactive atmosphere, such as an oxidizing or nitriding atmosphere. In cases where the



alloyed target includes substoichiometric titanium oxide, the target can be sputtered in

inert atmosphere, slightly oxidizing atmosphere, or slightly nitriding atmosphere.

In certain embodiments, a method of depositing an underlying film 20 is provided.

The method comprises depositing an underlying film over a major surface of a substrate

(e.g., a glass sheet). A sputtering chamber as illustrated in Figure 6 or 7 can be used. In

cases where the underlying film 20 consists essentially of tungsten oxide, aluminum oxide,

niobium oxide or zirconium oxide, the targets 280a and 280b can each comprise tungsten,

aluminum, niobium, or zirconium. In some cases, the targets are metal tungsten targets,

metal aluminum targets, metal niobium targets, or metal zirconium targets in an oxidizing

atmosphere (optionally including some nitrogen) is used. In other cases, the targets are

tungsten oxide targets, aluminum oxide targets, niobium oxide targets, or zirconium oxide

targets in an inert atmosphere (optionally with a small amount of oxygen and or nitrogen is

used in the chamber).

In cases where the underlying film is a mixed film, a co-sputtering method can

optionally be used. For example, one of the targets 280a or 280b can optionally comprise

tungsten, aluminum, niobium, or zirconium while the other target comprises another

material. In some cases, one target comprises metal tungsten, metal aluminum, metal

niobium, or metal zirconium and the other target comprises silicon, titanium, or

substoichiometric titanium oxide and both are co-sputtered in an oxidizing atmosphere

(optionally including some nitrogen). In other cases, one target comprises tungsten oxide,

aluminum oxide, niobium oxide, or zirconium oxide and the other target comprises silicon

oxide, titanium oxide, or substoichiometric titanium oxide and both are co-sputtered in an

inert atmosphere (optionally with a small amount of oxygen and or nitrogen is used in the

chamber).

Also, in cases where the underlying film is a mixed film, a method of sputtering an

alloyed target can be used. For example, one or both of the targets 280a and 280b can be

an alloyed target. The alloyed target can be an alloy selected from the following: tungsten

and titanium, tungsten and silicon, tungsten and substoichiometric titanium oxide,

aluminum and titanium, aluminum and silicon, aluminum and substoichiometric titanium

oxide, niobium and titanium, niobium and silicon, niobium and substoichiometric titanium

oxide, zirconium and titanium, zirconium and silicon, and zirconium and

substoichiometric titanium oxide. The alloyed targets are sputtered in an oxidizing

atmosphere (optionally including some nitrogen).



While a preferred embodiment of the present invention has been described, it should

be understood that various changes, adaptations and modifications may be made therein

without departing from the spirit of the invention and the scope of the appended claims.



WHAT IS CLAIMED IS:

1. A transparent substrate on which there is provided a photocatalytic coating, the

coating including a photocatalytic film deposited directly over an underlying film

comprising a material selected from the group consisting of tungsten oxide and niobium

oxide.

2 . The substrate of claim 1 wherein the photocatalytic film comprises both titania and

a material selected from the group consisting of nitrogen, copper, tantalum, silica,

palladium, tin, tungsten, niobium, and molybdenum.

3. The substrate of claim 2 wherein the material selected from the group consisting of

nitrogen, copper, tantalum, silica, palladium, tin, tungsten, niobium, and molybdenum is a

dopant.

4. The substrate of claim 3 wherein the photocatalytic film comprises both titania and

tungsten dopant.

5. The substrate of claim 1 wherein the underlying film has a thickness of less than

about 250 angstroms.

6. The substrate of claim 1 wherein the underlying film has a thickness of less than

about 75 angstroms.

7. The substrate of claim 1 further comprising a base film deposited beneath the

underlying film, wherein the base film comprises silica and/or titania.

8. A transparent substrate on which there is provided a photocatalytic coating, the

coating including a photocatalytic film comprising titania positioned directly over a film

comprising tungsten oxide.

9. The substrate of claim 8 wherein the film comprising tungsten oxide consists

essentially of tungsten oxide.

10. The substrate of claim 8 wherein the film comprising tungsten oxide is a mixed

film comprising silica, silicon, titania, titanium and/or substoichiometric titanium oxide.

11. The substrate of claim 8 wherein the film comprising tungsten oxide has a

thickness of between about 15 angstroms and about 150 angstroms.

12. The substrate of claim 8 wherein the film comprising tungsten oxide is positioned

directly over a film comprising silica and/or titania.

13. The substrate of claim 12 wherein the film comprising silica and/or titania has a

thickness of less than about 300 angstroms.

14. The substrate of claim 13 wherein the film comprising silica and/or titania has a

thickness of less than 100 angstroms.



15. The substrate of claim 8 wherein the photocatalytic film comprises both titania and

a material selected from the group consisting of nitrogen, copper, tantalum, silica,

palladium, tin, tungsten, niobium, and molybdenum.

16. The substrate of claim 15 wherein the material selected from the group consisting

of nitrogen, copper, tantalum, silica, palladium, tin, tungsten, niobium, and molybdenum is

a dopant.

17. The substrate of claim 8 wherein the photocatalytic film comprises both titanium

and nitrogen.

18. A transparent substrate on which there is provided a photocatalytic coating, the

coating comprising, from the substrate outwardly, a base film deposited over the substrate

and having a thickness of less than about 300 angstroms, a film comprising tungsten oxide

deposited over the base film and having a thickness of less than about 100 angstroms, and

a photocatalytic film comprising titania deposited directly over the film comprising

tungsten oxide.

19. The substrate of claim 18 wherein the film comprising tungsten oxide has a

thickness of less than about 75 angstroms.

20. A method of depositing a photocatalytic coating, the method comprising depositing

a film comprising tungsten oxide over a major surface of a glass sheet, and depositing a

photocatalytic film comprising titania directly over the film comprising tungsten oxide.

21. The method of claim 20 wherein the film comprising tungsten oxide is deposited at

a thickness of between about 15 angstroms and about 150 angstroms.

22. The method of claim 20 wherein the film comprising tungsten oxide is deposited

by providing a sputtering target having a sputterable material that comprises tungsten, the

sputterable material being selected from the group consisting essentially of pure tungsten,

a tungsten oxide, and a tungsten alloy.

23. The method of claim 20 wherein the film comprising tungsten oxide is a mixed

film comprising silica, the mixed film being deposited by co-sputtering a target

comprising tungsten and a target comprising silicon.

24. The method of claim 20 wherein the photocatalytic film comprises nitrogen, the

photocatalytic film being deposited by sputtering a target comprising titanium in an

atmosphere comprising nitrogen.

25. A transparent substrate on which there is provided a photocatalytic coating, the

coating including a photocatalytic film deposited over an underlying film comprising a

material selected from the group consisting of tungsten oxide, niobium oxide, aluminum



oxide and zirconium oxide, wherein a film comprising zirconium oxide or niobium oxide

is deposited over or under the underlying film, the film comprising zirconium oxide or

niobium oxide being a different material than the underlying film.

26. The substrate of claim 22 wherein the underlying film has a thickness of less than

about 250 angstroms.

27. The substrate of claim 25 wherein the underlying film has a thickness of less than

about 75 angstroms.

28. The substrate of claim 25 wherein the film comprising zirconia or niobium oxide

has a thickness of between about 10 angstroms and about 20 angstroms.

29. The substrate of claim 25 wherein the film comprising zirconium oxide or niobium

oxide is deposited over the underlying film.

30. The substrate of claim 25 wherein the film comprising zirconium oxide or niobium

oxide is deposited under the underlying film.

31. The substrate of claim 25 wherein the film comprising zirconium oxide or niobium

oxide is deposited under the underlying film, and wherein a second film comprising

zirconium oxide or niobium oxide is deposited over the underlying film.

32. The substrate of claim 25 further comprising a base film deposited beneath the

underlying film, wherein the base film comprises silica and/or titania.
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