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(57) ABSTRACT 

Titanium and aluminum cathode targets are disclosed for 
sputtering absorbing coatings of titanium and aluminum 
containing materials in atmospheres comprising inert gas, 
reactive gases such as nitrogen, oxygen, and mixtures 
thereof, Which can further comprise inert gas, such as argon, 
to form nitrides, oxides, and oxynitrides, as Well as metallic 
?lms. The titanium and aluminum-containing coatings can 
be utilized as an outer coat or as one or more coating layers 

of a coating stack. 
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SUBSTRATES COATED WITH MIXTURES OF 
TITANIUM AND ALUMINUM MATERIALS, 
METHODS FOR MAKING THE SUBSTRATES, 
AND CATHODE TARGETS OF TITANIUM AND 

ALUMINUM METAL 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application Ser. No. 60/458,819 ?led Mar. 28, 2003, 
Which is herein incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to coatings 
comprising titanium and aluminum on substrates, methods 
for coating such mixtures, and titanium and aluminum 
containing materials as sputtering targets. 

[0004] 2. Description of Technical Considerations 

[0005] Technology for depositing speci?c types of metal 
lic or metal oxide-containing coatings on larger area sub 
strates includes various methods, such as vapor deposition, 
like chemical vapor deposition; spray pyrolysis; sol-gel; and 
sputtering, such as magnetic sputtering vapor deposition 
(“MSVD”). Larger area substrates of around 1 square foot 
(30 square centimeters) and larger provide challenges in 
economically consistent production of quality coated sub 
strates by virtue of the siZe of the substrate that is coated. 
Consistency in coating uniformity and reduction of defects 
in the coating of larger areas require equipment that is able 
to handle the larger substrates and the volumes of coating 
material and the fabrication of the coated substrate. Such 
equipment is generally more expensive to purchase and 
operate; thus making ef?cient operation of the equipment 
imperative for cost-effective production. 

[0006] Speci?c metallic (metals and/or metal oxide) con 
taining coatings on substrates can exist as multi-layered 
coatings in Which each layer is comprised of the same or 
different materials from one or more applications of the 
coating materials or precursors. Also, a layer of the coating 
can have one or more ?lms from more than one application 

of the same or different materials. Examples of multi-layered 
coatings on a substrate are conventional silver-based loW 
emissivity coatings that are deposited on both glass and 
plastic substrates, generally by sputtering. 
[0007] In sputtering to deposit metals and metal oxides on 
larger surface area substrates, like sheets or panels of light 
transmitting materials, like plastic or glass, cathode targets 
have been used of the speci?c metal for deposition as the 
metal or metal oxide on the substrate. For larger area 
substrates of plastic and glass, such as ?oat glass With a 
surface area of at least 1 square foot (30 square centimeters), 
elongated cathode targets have been used. The targets are 
elongated to a length substantially the length or Width of the 
substrate to be coated. For example, US. Pat. Nos. 4,990, 
234 and 5,170,291 to SZcZyrboWski et al. and 5,417,827 to 
Finley disclose sputtering silica and silicides, such as tran 
sition metal silicide (NiSiZ), in an oxidiZing atmosphere to 
deposit dielectric oxide ?lms. 

[0008] US. Pat. No. 5,320,729 to NariZuka et al. discloses 
a sputtering target With Which a high resistivity thin ?lm 
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consisting of silicon, titanium and aluminum, and oxygen 
can be produced. The target is formed by selecting the grain 
siZe of silicon poWder and titanium and aluminum dioxide 
poWder drying the poWders by heating and mixing the dried 
poWders to obtain a mixed poWder containing from 20 to 80 
percent by Weight of silicon, for example 50 to 80 percent, 
the remainder being titanium and aluminum dioxide, pack 
ing the mixed poWder in a die, and sintering the packed 
poWder by hot pressing to produce a target Which has a 
tWo-phase mixed structure. The sputtering target is used to 
manufacture thin ?lm resistors and electrical circuits. 

[0009] Sputtering cathode targets of various metallic 
materials are useful in vacuum deposited loW emissivity 
(“LoW-E”) coating stacks Which usually have the folloWing 
general layer sequence: S/(Dl/M/P/Dz)R Where: 

[0010] S is a substrate, such as a transparent substrate 
like glass; 

[0011] D1 is a ?rst transparent dielectric layer, usually 
a metal oxide, and can include one or more trans 

parent dielectric ?lms; 

[0012] M is an infrared re?ective layer, usually silver 
or other noble metal; 

[0013] P is a primer layer to protect the underlying 
infrared re?ective layer; 

[0014] D2 is a second transparent dielectric ?lm simi 
lar to D1; and 

[0015] R is an integer equal to or greater than one and 
is the number of repetitions of the above layers. 

[0016] The dielectric layers, D1 and D2, adjust the optical 
properties of the coating stack. These layers also provide 
some physical and chemical protection to the fragile infrared 
re?ective layer(s). Unfortunately, many process-friendly and 
cost-effective dielectric materials are often susceptible to 
abrasion and corrosion as Well. For example, Zinc oxide, 
e.g., as disclosed in US. Pat. No. 5,296,302, Which usually 
forms a crystalline ?lm, is susceptible to attack by acids and 
bases; bismuth oxide, Which usually forms an amorphous 
?lm, is soluble in certain acids; tin oxide, Which usually 
forms an amorphous ?lm, is susceptible to attack in certain 
basic environments. 

[0017] The P primer or blocker layers, as they are knoWn 
in the art, are incorporated into such loW emissivity coatings 
to protect the M layer or ?lm from oxidation during the 
sputtering process. The M layer, like silver, is susceptible to 
breakdoWn during deposition of the overlying dielectric 
layer or ?lm if the oxygen to reactive gas ratio is high, e.g., 
greater than 20 percent of the gas volume. The primer layers, 
Which can be composed of pure metal layers or ceramic 
layers, act as sacri?cial layers by preferentially oxidiZing to 
protect the underlying silver layer or ?lm. Generally thicker 
primer layers are necessary if the loW emissivity coating is 
to survive the high temperature of a glass fabrication process 
(up to 650° C. or 1202° F.), e.g., bending and tempering of 
soda-lime glass. 

[0018] To reduce corrosion, some LoW-E coating stacks 
have an overlaying protective overcoat of a chemically 
resistant dielectric layer. This layer has desirable optical 
properties, manageable sputter deposition characteristics, 
and is compatible With other materials of the coating stack. 
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The titanium dioxide ?lms disclosed in US. Pat. Nos. 
4,716,086 and 4,786,563 are protective ?lms having the 
above qualities. There are other chemically-resistant mate 
rials that have limitations, e.g., are more challenging to 
sputter. Silicon oxide disclosed in Canadian Patent No. 
2,156,571, aluminum oxide and silicon nitride disclosed in 
US. Pat. Nos. 5,425,861; 5,344,718; 5,376,455; 5,584,902; 
and 5,532,180, and in PCT International Publication No. 
WO 95/29883 are examples of such materials. The sputtered 
multi-layered silver-based loW emissivity coatings and glass 
With these coatings are used in automotive and WindoW 
glaZing applications. 
[0019] It is knoWn that the primer layer continues to 
oxidiZe during high temperature processing, and it is desir 
able for the oxidation to continue to completion in order to 
reduce visible light absorption from the primer layer. This 
effect is better utiliZed for metals that form metal oxides With 
loW absorption coef?cients, e.g., titanium and aluminum. 
For performance glaZing applications, this leads to a higher 
visible light transmission to infrared transmittance ratio. If 
the oxidation continues beyond consumption of the primer 
layer to full oxidation, the coating can degrade and perfor 
mance can suffer. Metal ions in the dielectric layers can 
inter-diffuse With the silver layer, and the Well-de?ned 
interface can become fuZZy. This can lead to a loss of the 
antire?ective behavior and loss of a continuous silver layer. 
The degree of oxidation of the primer is related to several 
factors, including the reactivity of the metal (Gibbs free 
energy), the density of the oxide formed during heating, and 
the diffusion or dissolution of oxygen in the oxide or metal. 
For example, a metal, such as titanium, in a thin ?lm of less 
than around 20 Angstroms Will pass through several oxida 
tion states before reaching the thermally stable phase of 
TiO2. Titanium has been a preferred choice of material for 
primer layers in loW emissivity multi-layered coatings. 

[0020] The technology of metal and metallic coatings and 
multi-layered coatings Would be advanced by a more chemi 
cally and/or mechanically durable coating that could be used 
as a protective coat for the substrate or multi-layered coated 
substrate or also useful as a dielectric or primer layer in 
multi-layered coatings on substrates. 

SUMMARY OF THE INVENTION 

[0021] The present invention involves coatings of at least 
mixtures of titanium and aluminum-containing materials on 
?at and/or curved substrates that can be larger than at least 
1 square foot (30 square centimeters). In one non-limiting 
embodiment of the invention, the titanium and aluminum 
containing coatings (“Ti—Al coating”) have a Weight ratio 
of titanium-containing materials to aluminum-containing 
materials, respectively, in the range of around 99:1 to 1:99 
for the mixture of titanium and aluminum-containing mate 
rials (“Ti—Al containing materials”), such as 40 to 80 
titanium to 20 to 60 aluminum, such as 50 to 80 titanium to 
20 to 50 aluminum, such as 50 to 70 titanium to 30 to 50 
aluminum, such as 60 to 70 titanium to 30 to 40 aluminum. 
Application of the Ti—Al containing materials can be via 
several coating techniques Well knoW in the art, such as but 
not limited to vapor deposition, spray pyrolysis, sol gel 
and/or sputtering methods. The ?at or curved substrates can 
be, but are not limited to, non-metallic uncoated base 
substrates, plastics, PET, glass, light-transmitting substrates, 
and already coated variations of these substrates and the like 
in the form of ?at, curved or contoured substrates. 
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[0022] In one non-limiting embodiment of the present 
invention, the Ti—Al coating is deposited by sputtering 
Ti—Al containing materials from cathode targets. These 
targets can be elongated planar or cylindrical targets com 
prised of at least titanium and aluminum mixtures or alloys. 
The targets can also have other materials, such as transition 
metals, like silicon, silicon-transition metal, or transition 
metal and/or silicon. The targets can also have other mate 
rials to affect the conductivity of the cathode target. Targets 
of titanium and aluminum mixtures can be sputtered in an 
atmosphere comprising inert gas, nitrogen, oxygen, and/or 
mixtures thereof to produce titanium and aluminum metal 
containing coatings including oxides, nitrides and oxyni 
trides, as Well as metallic ?lms on substrates. The titanium 
and aluminum metal cathode target compositions of the 
present invention comprise suf?cient metal to provide target 
stability and a desirable sputtering rate. 

[0023] The titanium and aluminum-containing targets, 
Which as oxides, nitrides and/or oxynitrides materials are 
very hard and chemically resistant, produce sputtered 
mechanically and/or chemically durable titanium and alu 
minum mixture or alloy compound coatings. When the 
Ti—Al mixtures are sputtered in pure argon, or in an oxygen 
and argon gas mixture, the resultant titanium and aluminum 
mixture coating is more chemically resistant than titanium 
and aluminum alone and harder than titanium oxide alone. 

[0024] A purpose of these titanium and aluminum mix 
tures is to provide target materials that sputter readily in inert 
gas, reactive gas or gas mixtures, to produce extremely 
durable coatings With variable optical properties. Each target 
material combination can produce coatings With different 
optical constants, i.e., refractive index and absorption coef 
?cient. When sputtered reactively, each target material com 
bination can also produce coatings With a range of optical 
constants, Which generally increase as the reactive gas 
mixture, With or Without inert gas, such as argon, is varied 
from oxygen, to combinations of oxygen and nitrogen With 
increasing proportions of nitrogen, to nitrogen. 

[0025] In one embodiment of the present invention, the 
coatings With Ti—Al mixtures permit a Widening of the 
range of the oxidation of the primer layers and better control 
of the thermal processing of the loW emissivity coatings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a sectional vieW (not to scale) of a coated 
article incorporating features of the invention; 

[0027] FIG. 2 is a graph of coating composition versus 
position for a coated glass plate; 

[0028] FIG. 3 is a graph of sheet resistance versus Weight 
percent titania for a coated article incorporating features of 
the invention; 

[0029] FIGS. 4 and 5 are graphs of re?ectance versus 
time for coated articles of the invention; 

[0030] FIG. 6 is a graph of re?ectance versus time for a 
coated article of the invention; 

[0031] FIG. 7 is a graph of re?ectance versus time for a 
coated article of the invention; 

[0032] FIG. 8 is a graph of thickness versus atomic 
percent aluminum for a coating of the invention; 
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[0033] FIG. 9 is a graph of sheet resistance versus position 
for a coated glass plate; 

[0034] FIG. 10 is a graph of sheet resistance versus Weight 
percent aluminum for a coated article of the invention; 

[0035] FIG. 11 is a graph of sheet resistance versus atomic 
percent titanium for a coating of the invention; 

[0036] FIG. 12 is a graph of sheet resistance versus atomic 
percent aluminum for a coating of the invention; 

[0037] FIGS. 13 and 14 are graphs of sheet resistance 
versus thickness for coatings of the invention before and 
after heating; 

[0038] FIGS. 15 and 16 are graphs of transmittance 
versus thickness for coatings of the invention before and 
after heating; 

[0039] FIG. 17 is a graph of percent coating removed 
versus time for various coatings of the invention; 

[0040] FIG. 18 is a graph of time until 80 percent coating 
removal versus atomic percent aluminum for a coating of the 
invention; 
[0041] FIG. 19 is a graph of percent coating removed 
versus time for various coatings of the invention; and 

[0042] FIG. 20 is a graph of refractive indeX and eXtinc 
tion coef?cient versus atomic percent aluminum and Weight 
percent aluminum for coatings of the invention. 

DESCRIPTION OF THE INVENTION 

[0043] As used herein, the terms “coating ?lm” or “?lm” 
refer to a region of a desired or selected coating composi 
tion. A “coating layer” or “layer” can include one or more 
coating ?lms. A “coating stack” or “stack” includes one or 
more coating layers. As used herein, spatial or directional 
terms, such as “left”, “right”, “inner”, “outer”, “above”, 
“beloW”, “top”, “bottom”, and the like, relate to the inven 
tion as it is shoWn in the draWing ?gures. HoWever, it is to 
be understood that the invention can assume various alter 
native orientations and, accordingly, such terms are not to be 
considered as limiting. Further, as used herein, all numbers 
expressing dimensions, physical characteristics, processing 
parameters, quantities of ingredients, reaction conditions, 
and the like, used in the speci?cation and claims are to be 
understood as being modi?ed in all instances by the term 
“about”. Accordingly, unless indicated to the contrary, the 
numerical values set forth in the folloWing speci?cation and 
claims can vary depending upon the desired properties 
sought to be obtained by the present invention. At the very 
least, and not as an attempt to limit the application of the 
doctrine of equivalents to the scope of the claims, each 
numerical value should at least be construed in light of the 
number of reported signi?cant digits and by applying ordi 
nary rounding techniques. Moreover, all ranges disclosed 
herein are to be understood to encompass the beginning and 
ending range values and any and all subranges subsumed 
therein. For eXample, a stated range of “1 to 10” should be 
considered to include any and all subranges betWeen (and 
inclusive of) the minimum value of 1 and the maXimum 
value of 10; that is, all subranges beginning With a minimum 
value of 1 or more and ending With a maXimum value of 10 
or less, e.g., 1 to 7.2, or 3.5 to 6.1, or 5.5 to 10, just to 
illustrate a feW. The terms “?at” or “substantially ?at” 
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substrate refer to a substrate that is substantially planar in 
form; that is, a substrate lying primarily in a single geomet 
ric plane, Which substrate, as Would be understood by one 
skilled in the art, can include slight bends, projections, or 
depressions therein. Further, as used herein, the terms 
“deposited over”, “applied over”, or “provided over” mean 
deposited, applied, or provided on but not necessarily in 
contact With the surface. For eXample, a coating “deposited 
over” a substrate does not preclude the presence of one or 
more other coating ?lms of the same or different composi 
tion located betWeen the deposited coating and the substrate. 
For instance, the substrate itself can include a coating such 
as those knoWn in the art for coating substrates, such as glass 
and ceramics. All references referred to herein are to be 
understood to be incorporated by reference in their entirety. 

[0044] The instant invention relates to titanium and alu 
minum-containing ?lms or layers that can be used as dielec 
tric, primer, and/or protective layers or ?lms that can protect 
all or selected ones of the underlying coating layers or ?lms 
of a coating stack from mechanical Wear and/or chemical 
attack. In the folloWing discussion, the embodiments of the 
invention can protect underlying infrared re?ective metal 
layers or ?lms as part of a functional ?lm or layer and metal 
oXide layers of the type present in any conventional type of 
coating stack. 

[0045] The titanium and aluminum-containing ?lms or 
layers of the present invention can be formed or deposited 
over substrates by various methods, such as but not limited 
to sol gel, vapor deposition, and sputtering. 

[0046] For both the CVD and the spray pyrolysis methods 
of coating the titanium aluminum materials of the present 
invention, the temperature of the substrate during formation 
of the coating thereon should be Within the range that Will 
cause the metal containing precursor to decompose and form 
a coating. As should be appreciated, the loWer limit of this 
temperature range is largely affected by the decomposition 
temperature of the selected metal-containing precursor. For 
the titanium-containing precursors, like those of US. Pat. 
No. 6,027,766 (Greenberg et al.) and others Well knoWn in 
the art, the minimum temperature of the substrate Which Will 
provide suf?cient decomposition of the precursor is typically 
Within the temperature range of 400° C. (752° to 500° C. 
(932° The upper limit of this temperature range can be 
affected by the substrate being coated. For example, Where 
the substrate is a glass ?oat ribbon and the coating is applied 
to the ?oat ribbon during manufacture of the ?oat ribbon, the 
?oat glass can reach temperatures in eXcess of 1000° C. 
(1832° The ?oat glass ribbon is usually attenuated or 
siZed (e.g., stretched or compressed) at temperatures above 
800° C. (1472° If the coating is applied to the ?oat glass 
before or during attenuation, the coating can crack or crinkle 
as the ?oat ribbon is stretched or compressed, respectively. 
Therefore, in one practice of the invention, the coating is 
applied When the ?oat ribbon is dimensionally stable, e.g., 
beloW 800° C. (1472° for soda-lime-silica glass, and the 
?oat ribbon is at a temperature to decompose the metal 
containing precursor, e.g., above 400° C. (752° Forming 
a coating by CVD or spray pyrolysis methods is particularly 
Well suited for practice during the manufacture of the glass 
?oat ribbon. In general, a glass ?oat ribbon is manufactured 
by melting glass batch materials in a furnace and delivering 
the re?ned molten glass onto a bath of molten tin. The 
molten glass on the bath is pulled across the tin bath as a 
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continuous glass ribbon While it is sized and controllably 
cooled to form a dimensionally stable glass ?oat ribbon. The 
?oat ribbon is removed from the tin bath and moved by 
conveying rolls through a lehr to anneal the ?oat ribbon. The 
annealed ?oat ribbon is then moved through cutting stations 
on conveyor rolls Where the ribbon is cut into glass sheets of 
desired length and Width. US. Pat. Nos. 4,466,562 and 
4,671,155 provide a discussion of the ?oat glass process. 

[0047] Temperatures of the ?oat ribbon on the tin bath 
generally range from 1093° C. (2000° at the delivery end 
of the bath to 538° C. (1000° at the exit end of the bath. 
The temperature of the ?oat ribbon betWeen the tin bath and 
the annealing lehr is generally in the range of 480° C. (896° 

to 580° C. (1076° F.); the temperatures of the ?oat ribbon 

in the annealing lehr generally range from 204° C. (400° to 557° C. (1035° peak. 

[0048] US. Pat. Nos. 4,853,257; 4,971,843; 5,464,657; 
and 5,599,387 describe CVD coating apparatus and methods 
that can be used in the practice of the invention to coat the 
?oat ribbon during manufacture thereof. Because the CVD 
method can coat a moving ?oat ribbon yet Withstand the 
harsh environments associated With manufacturing the ?oat 
ribbon, the CVD method is Well suited to provide the coating 
on the ?oat ribbon. 

[0049] The CVD coating apparatus can be employed at 
several points in the ?oat ribbon manufacturing process. For 
example, CVD coating apparatus can be employed as the 
?oat ribbon travels through the tin bath after it exits the tin 
bath, before it enters the annealing lehr, as it travels through 
the annealing lehr, or after it exits the annealing lehr. 

[0050] As can be appreciated by those skilled in the art, 
concentration of the metal-containing precursor in the car 
rier gas, the rate of ?oW of the carrier gas, the speed of the 
?oat ribbon (the “line speed”), the surface area of the CVD 
coating apparatus relative to the surface area of the ?oat 
ribbon, the surface areas and rate of ?oW of exhausted 
carrier gas through exhaust vents of the CVD coating 
apparatus, more particularly, the ratio of exhaust rate 
through the exhaust vents versus the carrier gas input rate 
through the CVD coating unit, knoWn as the “exhaust 
matching ratio”, and the temperature of the ?oat ribbon are 
among the parameters Which Will affect the ?nal thickness 
and morphology of the coating formed on ?oat ribbon by the 
CVD process. 

[0051] US. Pat. Nos. 4,719,126; 4,719,127; 4,111,150; 
and 3,660,061 describe spray pyrolysis apparatus and meth 
ods that can be used With the ?oat ribbon manufacturing 
process. While the spray pyrolysis method, like the CVD 
method, is Well suited for coating a moving ?oat glass 
ribbon, the spray pyrolysis has more complex equipment 
than the CVD equipment and is usually employed betWeen 
the exit end of the tin bath and the entrance end of the 
annealing lehr. 

[0052] As can be appreciated by those skilled in the art, 
the constituents and concentration of the pyrolytically 
sprayed aqueous suspension, the line speed of the ?oat 
ribbon, the number of pyrolytic spray guns, the spray 
pressure or volume, the spray pattern, and the temperature of 
the ?oat ribbon at the time of deposition are among the 
parameters Which Will affect the ?nal thickness and mor 
phology of the coating formed on the ?oat ribbon by spray 
pyrolysis. 
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[0053] As is knoWn by those skilled in the art, the surface 
of the glass ?oat ribbon on the molten tin (commonly 
referred to as the “tin side”) has diffused tin in the surface 
Which provides the tin side With a pattern of tin absorption 
that is different from the opposing surface not in contact With 
the molten tin (commonly referred to as “the air side”). This 
characteristic is discussed in Chemical Characteristics of 
Float Glass Surfaces, Seiger, J ., JOURNAL OF NON 
CRYSTALLINE SOLIDS, Vol. 19, pp. 213-220 (1975); 
Penetration of Tin in The Bottom Surface of Float Glass: A 
Synthesis, Columbin L. et al., JOURNAL OF NON-CRYS 
TALLINE SOLIDS, Vol. 38 & 39, pp. 551-556 (1980); and 
Tin Oxidation State, Depth Pro?les of S-i 2+—and SnA: 
and oxygen Diffusivity in Float Glass by Mossbauer Spec 
troscop, Williams, K. F. E. et al., JOURNAL OF NON 
CRYSTALLINE SOLIDS, Vol. 211, pp. 164-172 (1997). As 
can be appreciated by those skilled in the art, a coating can 
be formed on the air side of the ?oat ribbon While it is 
supported on the tin bath (by the CVD method); on the air 
side of the ?oat ribbon after it leaves the tin bath by either 
the CVD or spray pyrolysis methods, and on the tin side of 
the ?oat ribbon after it exits the tin bath by the CVD method. 

[0054] US. Pat. Nos. 4,379,040; 4,861,669; 4,900,633; 
4,920,006; 4,938,857; 5,328,768; and 5,492,750 describe 
MSVD apparatus and methods to sputter coat metal oxide 
?lms on a substrate, including a glass substrate. The MSVD 
process is not generally compatible With providing a coating 
over a glass ?oat ribbon during its manufacture because, 
among other things, the MSVD process requires negative 
pressure during the sputtering operation, Which is dif?cult to 
form over a continuous moving ?oat ribbon. HoWever, the 
MSVD method is acceptable to deposit the coating over the 
substrate, e.g., a glass sheet. As can be appreciated by those 
skilled in the art, the substrate can be heated to temperatures 
in the range of 400° C. (750° to 500° C. (932° so that 
the MSVD sputtered coating on the substrate crystalliZes 
during deposition process, thereby eliminating a subsequent 
heating operation. 

[0055] The coated substrate can be heated during the 
sputtering operation. The sputter coating can be crystalliZed 
Within the MSVD coating apparatus directly and Without 
post heat treatment by using high energy plasma and/or ion 
bombardment. 

[0056] One method to provide a coating using the MSVD 
method is to sputter a coating on the substrate, remove the 
coated substrate from the MSVD coater and thereafter heat 
treat or treat by using atmospheric plasmas on the coated 
substrate to crystalliZe the sputter coating. For example, but 
not limiting to the invention, With the MSVD method, a 
target of titanium metal and aluminum metal sputtered in an 
argon/oxygen atmosphere having 40 to 100% oxygen, the 
remainder argon gas mixture, for example 50 to 80 percent 
oxygen, the remainder argon gas mixture, at a pressure of 
5-10 millitorr to sputter deposit a coating of titanium alu 
minum oxide at the desired thickness on the substrate. The 
coating as deposited may not be crystalliZed. The coated 
substrate can be removed from the coater and heated to a 
temperature in the range of 400° C. (752° to 600° C. 
(1112° for a time period suf?cient to promote formation 
of the crystalline forms of titanium aluminum oxide and 
mixtures and oxide compounds of titanium and aluminum. 
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Where the substrate is a glass sheet cut from a glass ?oat 
ribbon, the coating can be sputter deposited on the air side 
and/or the tin side. 

[0057] In one aspect of the present invention, oxides, 
nitrides, and oxynitrides comprising titanium and aluminum, 
titanium and aluminum-silicon, titanium and aluminum 
silicon-transition metal can be sputtered using dc magnetron 
sputtering. For this purpose, titanium and aluminum, With or 
Without other materials such as silicon or transition metals, 
can be used for the sputtering targets. Coating transmittance 
and re?ectance are measured as an indicator of the optical 
properties of refractive index and absorption coef?cient. 
Electrical sheet resistance in ohms per square is measured as 
an indicator of the emissivity and the solar performance, i.e., 
the solar energy transmitted and re?ected. A decrease in 
sheet resistance indicates an enhancement in these proper 
ties. 

[0058] In one non-limiting embodiment of the invention, 
titanium and aluminum and titanium aluminum-silicon mix 
ture or alloy cathode targets can have a Weight ratio of 
titanium-containing materials to aluminum-containing 
materials ranging betWeen 1 to 99 Weight percent aluminum 
and 99 to 1 Weight percent titanium, for example 10 to 95 
Weight percent aluminum, or 20 to 80 Weight percent 
aluminum, or 20 to 60 Weight percent aluminum, such as 20 
to 50 Weight percent aluminum, such as 20 to 40 Weight 
percent aluminum, such as 30 to 40 Weight percent alumi 
num. The metals of titanium, aluminum With or Without 
silicon can be sputtered in argon, nitrogen, and/or oxygen; 
for example in an argon-oxygen gas mixture With up to 100 
percent oxygen, or in a nitrogen-oxygen gas mixture con 
taining up to 95 percent oxygen. Titanium-aluminum-silicon 
alloy cathode targets can have some of the silicon substituted 
With transition metal. In one non-limiting embodiment if the 
invention, the amount of transition metal is beloW 15 percent 
by Weight based on the combined Weight of titanium and 
aluminum, silicon and transition metal, for example in the 
range of 5 to 15 percent, With at least 5 percent silicon based 
on the total Weight of titanium and aluminum, silicon and 
transition metal. 

[0059] Titanium and aluminum-silicon-transition metal 
alloy cathode targets With 5 to 15 Weight percent transition 
metal and 5 to 65 Weight percent silicon, for example 5 to 
10 Weight percent transition metal, and 5 to 40 Weight 
percent silicon, can be sputtered, for example, in inert gas 
such as argon, in 100% oxygen, in argon-oxygen gas mix 
tures, or in nitrogen-oxygen gas mixtures containing up to 
95 percent oxygen. In one non-limiting embodiment of the 
invention, titanium and aluminum-transition metal alloy 
cathode targets can contain up to 20 Weight percent transi 
tion metal based on the combined Weight of titanium and 
aluminum, but can contain more transition metal or other 
transition metal subject to the limitation that the alloy 
remain nonmagnetic for magnetron sputtering. 

[0060] The titanium and aluminum, titanium aluminum 
silicon, titanium-aluminum-silicon-transition metal, and 
titanium and aluminum-transition metal cathode target com 
positions of the present invention can be determined by 
chemical analysis from pieces of target material to deter 
mine Weight percent of silicon, or transition metal. The 
coating compositions can be measured using X-ray ?uores 
cence to determine the Weight percent titanium, aluminum, 
silicon, or transition metal. 

Dec. 2, 2004 

[0061] The targets can be generally elongated having a 
length larger than their Width and ranging from 30 up to 100 
centimeters or more. In one embodiment of the present 
invention, coatings can be produced on a large-scale mag 
netron sputtering device capable of coating glass up to 
100x144 inches (2.54><3.66 meters). 

[0062] The article having at least one ?lm or layer of 
titanium and aluminum materials of the present invention in 
a coating can be an article having a sputtered LoW-E coating 
stack on a substrate. The titanium and aluminum material 
containing coating can be a protective layer over the coating 
stack. The substrate can be made of any material, e.g., 
plastic, glass, metal or ceramic. In one non-limiting embodi 
ment of the invention, the substrate is transparent, e.g., 
nylon, glass or Mylar® plastic sheet. In the folloWing 
discussion, the substrate is glass. The glass can be of any 
composition having any optical properties, e.g., any value of 
visible transmittance, ultraviolet transmission, infrared 
transmission and/or total solar energy transmission. Types of 
glasses that can be used in the practice of the invention, but 
not limited thereto, are disclosed in US. Pat. Nos. 4,746, 
347; 4,792,536; 5,240,886; 5,385,872; and 5,393,593. 

[0063] The sputtered coating stack can have any arrange 
ment including, but is not limited to, a base layer also 
referred to as a dielectric layer, a phase matching layer or an 
antire?ective layer; an infrared re?ecting metal layer, such 
as a silver ?lm or any noble metal; a primer or protective 
layer, Which can be, but is not limited to, a deposited 
stainless steel ?lm, a niobium ?lm, a deposited copper ?lm 
or a deposited titanium ?lm, and a-second dielectric layer or 
antire?ective layer. Coating stacks that are single silver ?lm 
coating stacks that can be used in the practice of the 
invention, but not limiting to the invention, are disclosed in 
US. Pat. Nos. 4,320,155; 4,512,863; 4,594,137; and 4,610, 
771. 

[0064] For one speci?c coated glass, the dielectric layers 
can have Zinc stannate; the primer layer can be deposited as 
metallic copper, and the IR layer can be silver. Although not 
required, the base layer can be deposited on the air surface 
of a glass sheet cut from a ?oat glass ribbon. The air surface 
is the surface opposite the surface of the ?oat ribbon 
supported on the molten pool of metal, e.g., as disclosed in 
US. Pat. No. 4,055,407. An exemplary coating stack as 
described above is disclosed in the above-mentioned US. 
Pat. Nos. 4,610,771 and 4,786,563. 

[0065] The titanium and aluminum-containing layer, e.g., 
protective layer, of the instant invention is discussed beloW 
in combination With one non-limiting con?guration of a 
functional coating stack, but it should be appreciated that the 
protective layer can be used With many different types of 
functional coatings knoWn to those skilled in the art. 

[0066] With reference to FIG. 1, there is shoWn a coated 
article 40 having a functional coating stack 42 of a type 
typically found in LoW E sputter coated articles having tWo 
infrared re?ective metal layers. The coating stack 42 is 
carried on a substrate 14. In general, the coating stack 42 
includes a base layer 44 that can include one or more ?lms 
of different dielectric materials or antire?ective materials or 
phase matching materials, a ?rst infrared re?ective metal 
layer 46, a primer layer 48 to prevent degradation of the 
metal layer 46 during sputtering of a dielectric layer or 
anti-re?ective layer or phase matching layer 50. The layer 50 






























