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ABSTRACT

A coated Substrate is disclosed. The coated Substrate

includes a Substrate and a coating composition over the
Substrate comprising at least one metal based layer Selected
from tungsten, chromium, tantalum, molybdenum, alumi
num, niobium, and mixtures and alloys thereof, and mix
tures and alloys of cobalt and chromium; and at least one

dielectric layer including SiN, where x/y ranges from 0.75
to 1.5, over the metal based layer. The AErnes. (T),

AEs (R1) and AEels (R2) of a non-heat treated,

coated Substrate as compared to a heat treated, coated
Substrate according to the present invention are no greater
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METAL BASED COATING COMPOSITION AND
RELATED COATED SUBSTRATES

and alloys thereof, and mixtures and alloys of cobalt and
chromium; and at least one dielectric layer including a

FIELD OF THE INVENTION

from 0.75 to 1.5, over the metal based layer.
0008. In another non-limiting embodiment, the present
invention is a coated Substrate comprising a first dielectric

0001. The present invention relates to novel functional
coatings and Substrates coated therewith.
BACKGROUND

0002 Glass substrates are used for a variety of purposes,
from automotive to architectural applications. Generally,
glass manufacturers produce Standard size glass sheets in
large quantities and then cut the glass to size based on the
customer requirements. Some of the glass will have to be
bent into various shapes. Typically, glass is shaped using a
bending process which requires heating the glass. In addi
tion to bending, glass may be Subjected to a heating opera
tion for tempering or heat Strengthening, as is well known in
the art. The most efficient bending, tempering and heat
Strengthening processes take place at temperatures ranging

between 1150° F (621° C) and 1450° F (78.8° C).
0003) Depending on the end use of the glass substrate, the

glass will need to exhibit various performance properties
Such as emissivity, Visible light reflectance, color, etc. The
glass Substrates can be coated with a functional coating So
that the Substrate can achieve the desired performance
properties. Functional coatings Such as photocatalytic coat
ings, Solar management coatings, low emissivity coatings,
conductive coatings, etc. are well known in the art.
0004 AS can be gleaned from the above, customers often
require a glass Substrate that will be both coated and heat
treated. In many instances, it is desirable to form a heat
treated, coated Substrate by first coating the Substrate and
then heat treating it. If the heating Step is being performed
to bend the glass, for example, it is simpler to apply a coating
composition to a flat glass Substrate and then bend the
Substrate than Vice versa.

0005 For a given project, such as a commercial construc
tion project, a customer will need coated glass that has been
heat treated and coated glass that has not been heat treated.
Ideally, the heat treated, coated glass and the non-heat
treated, coated glass will exhibit the same appearance and
provide similar functional characteristics. This would be the
Simplest Solution for both the glass manufacturer and the
CuStOmer.

0006. It has been difficult to design coating compositions
for glass Substrates that allow the coated Substrate to have
the same appearance after it has been exposed to a heating
operation Such as bending, tempering or heat Strengthening
as it did before the heating operation. It would be desirable
to have a durable coating composition that can be applied to
a glass Substrate to provide a coated Substrate having the
Same appearance regardless of whether or not the coated
Substrate has undergone a heating operation. The present
invention provides Such a coating composition.
SUMMARY OF THE INVENTION

0007. In a non-limiting embodiment, the present inven
tion is a coated Substrate comprising a Substrate and a
coating composition over the Substrate comprising at least
one metal based layer Selected from tungsten, chromium,
tantalum, molybdenum, aluminum, niobium, and mixtures

silicon nitride having a formula of SiN., where x/y ranges
layer including a silicon nitride having a formula of SiN.

where x/y ranges from 0.75 to 1.5, over the Substrate, a metal
based layer Selected from tungsten, chromium, aluminum,
tantalum, molybdenum, and mixtures and alloys thereof, and
mixtures and alloys of cobalt and chromium over the first
dielectric layer; and a Second dielectric layer including a

silicon nitride having a formula of SiN., where x/y ranges

from 0.75 to 1.5, over the metal based layer.
0009. In yet another non-limiting embodiment, the
present invention is a coated Substrate comprising a first
metal based layer Selected from tungsten, chromium, tanta
lum, molybdenum, aluminum, niobium, and mixtures and
alloys thereof, and alloys of cobalt and chromium over the
substrate; an infrared reflective layer over the first metal
based layer; and a Second metal based layer Selected from
tungsten, chromium, tantalum, molybdenum, aluminum,
niobium, and mixtures and alloys thereof; and mixtures and
alloys of cobalt and chromium over the infrared reflective
layer and a dielectric layer over the Second metal based
layer.
0010. In a further non-limiting embodiment, the present
invention is a method for making a coated Substrate com
prising depositing a metal based layer Selected from tung
Sten, chromium, tantalum, molybdenum, aluminum, nio
bium, and mixtures and alloys thereof; and mixtures and
alloys of cobalt and chromium on a Substrate; and depositing

a dielectric layer including a layer of SiN., where x/y

ranges from 0.75 to 1.5, over the metal based layer.
0011. In another non-limiting embodiment, the present
invention is a method for modifying the R1 color of a coated
Substrate including a first dielectric layer including a Silicon

nitride having a formula of SiN. Over the Substrate, a metal

based layer Selected from tungsten, tantalum, chromium,
aluminum, molybdenum, and mixtures and alloys thereof;
and mixtures and alloys of cobalt and chromium over the
first dielectric layer and a Second dielectric layer including

a silicon nitride having a formula of SiN. Over the metal

based layer, wherein X/y ranges from 0.75 to 1.5, comprising
adjusting the thickness of the Second dielectric layer.
0012. In yet another non-limiting embodiment, the
present invention is a method for modifying the R2 color of
a coated Substrate including a first dielectric layer including

a silicon nitride having a formula of SiN, over the Substrate,

a metal based layer Selected from tungsten, tantalum, chro
mium, aluminum, molybdenum and mixtures and alloys
thereof; and mixtures and alloys of cobalt and chromium
over the first dielectric layer and a Second dielectric layer

including a silicon nitride having a formula of SiN. Over the

metal based layer, where x/y ranges from 0.75 to 1.5,
comprising adjusting the thickness of the first dielectric
layer.
DESCRIPTION OF THE INVENTION

0013 All numbers expressing dimensions, physical char
acteristics, quantities of ingredients, reaction conditions, and
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the like used in the Specification and claims are to be
understood as being modified in all instances by the term
"about'. Accordingly, unless indicated to the contrary, the
numerical values Set forth in the following Specification and
claims may 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 parameter should at least be construed in light of
the number of reported Significant digits and by applying
ordinary rounding techniques. Moreover, all ranges dis
closed herein are to be understood to encompass 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., 1.0 to 7.8, 3.0 to
4.5, and 6.3 to 10.0.

0.014 AS used herein, the terms “on”, “applied on/over',
“formed on/over”, “deposited on/over”, “overlay” and “pro
Vided on/over” mean formed, overlay, deposited, or pro
vided on but not necessarily in contact with the surface. For
example, a coating layer "formed over a Substrate does not
preclude the presence of one or more other coating layers of
the same or different composition located between the
formed coating layer and the Substrate. For instance, the
Substrate can include a conventional coating Such as those
known in the art for coating Substrates, Such as glass or
ceramic.

0015. As used herein, aesthetic properties (i.e., transmit
ted color, reflected color and brightness) as viewed from the
coated Side of the Substrate are referred to as R1 properties,
and aesthetic properties as viewed from the uncoated Side of
the Substrate are referred to as R2 properties.
0016. As used herein, a coated Substrate is “color stable”
if AEene(1.5:1) (T), AEene(1.5:1) (R1) and AEene(1.5:1) (R2) of
the non-heat treated coated SubStrate compared to the heat
treated, coated Substrate are no greater than or equal to 8
units, for example, no greater than or equal to 5 units, or no
greater than or equal to 1 unit. "Heat treated Substrate” refers
to a coated Substrate heated to a temperature of at least 1150

F. (621. C.). The method used to calculate AE per the CMC

color difference equation can be found in the Principle of
Color Technology by Roy S. Berns, Third Edition, John

Wiley and Sons, 117-118, (2000) which is incorporated by
reference. The L*a*b* data used should be for a CIE

standard illuminant D65 and a CIE standard observer angle
of 10 degrees.
0.017. In a non-limiting embodiment, the present inven
tion is a coated Substrate comprising at least one metal based
layer and at least one dielectric layer. According to the
present invention, Suitable Substrates include glass, Steel,
ceramic, etc. In a non-limiting embodiment of the invention,
the glass is made Via conventional float glass processes.
Suitable float processes are described in U.S. Pat. Nos.
3,083.551; 3,220,816; and 3,843,346, which are hereby
incorporated by reference. In another non-limiting embodi
ment of the invention, the Substrate is a glass float ribbon.
0.018. According to the present invention, the metal based
layer has a single film or multi-film configuration and
overlays the Substrate. In a non-limiting embodiment of the
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invention, the metal based layer provides physical and
chemical durability to the coated Substrate and comprises a
metal that is corrosion resistant, hard, and able to withstand

heating for 20 minutes to a maximum temperature of 1200
F. (649 C.). Suitable materials for the metal based layer

include metals. Such as tungsten, chromium, tantalum,
molybdenum, niobium, and mixtures and alloys thereof, as
well as mixtures and alloys of cobalt and chromium, which
are commercially available under the Stellite(R) family of
products from Deloro Stellite in Geshan, Indiana.
0019. In another non-limiting embodiment of the inven
tion, the metal based layer is a highly reflective material
Such as aluminum.

0020. According to the present invention, the metal based
layer can have any thickness. For example, the thickness of
the metal based layer can range from 1 nm to 50 nm, for
example, from 2 nm to 25 nm, or 3 nm to 20 nm.
0021. The thickness of the metal based layer can affect
the Visible transmittance of the coated Substrate. Generally,
the thicker the metal based layer, the lower the visible light
transmittance of the coated Substrate.

0022. The metal based layer of the present invention can
be applied using conventional techniqueS Such as magnetron

sputtered vacuum deposition (“MSVD). Suitable MSVD

methods of deposition are described in the following refer
ences, which are hereby incorporated by reference: U.S. Pat.
Nos. 4,379,040; 4,861,669; and 4,900,633.
0023. According to the present invention, a dielectric
layer overlays the metal based layer. The dielectric layer
provides mechanical durability and impacts the aesthetic
properties of the coated Substrate. The dielectric layer can be
made up of a single film or multiple films. In a non-limiting
embodiment of the invention, the dielectric layer is a Single

film comprising SiN., where x/y ranges from 0.75 to 1.5,

for example, SiN. Optionally, a layer of titanium nitride,
chromium nitride or tungsten nitride as well as mixtures
thereof can be over the dielectric layer.
0024. In another non-limiting embodiment of the inven
tion, the dielectric layer is made up of multiple films. For

example, the multiple film configuration can comprise (i) a

first dielectric film comprising SiN, having an index of

refraction; (ii) a Second dielectric film over the first dielec
tric film having an index of refraction lower than the index

of refraction of the first dielectric film; and (iii) a third

dielectric film comprising SiN. Over the second film. In one

non-limiting embodiment of the invention, the Second

dielectric film has an index of refraction that is at least 0.25,

for example, at least 0.2 or at least 1.8, less than the index

of refraction of the first SiN, film. An example of a suitable

material for the Second dielectric film is Silicon dioxide.

0025 The dielectric layer can be any thickness. For
example, the thickness of the dielectric layer can be at least
5 nm, for example, from 10 nm to 50 nm, or from 20 nm to
40 nm.

0026 Generally, the thickness of the dielectric layer has
a dominant effect on the R1 aesthetic properties of the coated
substrate. The strength of the effect depends on the thickness
of the metal based layer. The effect is more pronounced for
thicker metal based layers. The thickness of the dielectric
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layer has a lesser effect on the R2 aesthetic properties of the
coated Substrate as compared to the R1 properties.
0027. The dielectric layer of the present invention can be
applied using MSVD as discussed above in reference to the
metal based layer, as well as CVD and Spray pyrolysis
methods, which are well known in the art.

0028 Suitable CVD methods of deposition are described
in the following references, which are hereby incorporated
by reference: U.S. Pat. Nos. 4,853,257; 4,971,843; 5,536,
718; 5.464,657; 5,599,387; and 5,948,131.

0029 Suitable spray pyrolysis methods of deposition are
described in the following references, which are hereby
incorporated by reference: U.S. Pat. Nos. 4,719,126; 4,719,
127; 4,111,150 and 3,660,061.

0030 The metal based layer and the dielectric layer
discussed above comprise the “basic coating Stack' of the
present invention and are referred to herein as the “basic
metal based layer” and the “basic dielectric layer', respec
tively. AS discussed below, layers of other materials can be
incorporated into the basic coating Stack to provide different
performance properties.
0031. In another non-limiting embodiment, the coating
Stack of the present invention comprises additional dielectric
layers. The coated Substrate comprises a first dielectric layer
over the Substrate, a metal based layer over the first dielec
tric layer, and a Second dielectric layer over the metal based
layer.
0.032 The first and second dielectric layers have the same
composition and thickness as described above in reference
to the basic dielectric layer. In a coated Substrate having first
and Second dielectric layers, the R1 and R2 aesthetic prop
erties can be controlled by varying the thickness of the
dielectric layers. When the coated substrate of the present
invention is used as a member of a multi-ply glazing unit, the
coated Surface typically faces the interior of the Structure
within which the window is installed so that the R2 prop
erties are the properties viewed from the exterior of the
Structure. The primary effect of adjusting the thickness of the
second dielectric layer is modifying the R1 color of the
coated Substrate. The primary effect of adjusting the thick
ness of the first dielectric layer is modifying the R2 color of
the coated substrate. The strength of the effect depends on
the thickness of the metal based layer. The effect is more
pronounced for thicker metal based layers.
0.033 Suitable materials for the metal based layer for this
non-limiting embodiment include metals. Such as tungsten,
chromium, tantalum, molybdenum, aluminum, and mixtures
and alloys thereof, as well as mixtures and alloys of cobalt
and chromium which are commercially available under the
Stellite(R) family of products. The metal based layer can be
applied as described above.
0034. The first and second dielectric layers can be applied
using conventional techniques Such as CVD, Spray pyroly
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based layer, a Second metal based layer over the infrared
reflective layer and a dielectric layer over the Second metal
based layer. Suitable materials for the infrared reflective
layer include metals Such as gold, copper, and Silver as well
as mixtures and alloys thereof.
0036) The composition and thickness of the first and
Second metal based layers are as discussed above for the
basic metal based layer. The metal based layers can be
applied as discussed above.
0037. The composition and thickness of the dielectric
layer is as discussed above for the basic dielectric layer. The
dielectric layer can be applied as discussed above.
0038. The infrared reflective layer can be any thickness.
For example, the thickness of the layer of infrared reflective
material can range from 1 nm to 50 nm, for example, from
1 nm to 25 nm, or from 2 nm to 20 nm. Generally, the thicker
the infrared reflective layer, the lower the emissivity of the
coated Substrate.

0039 The infrared reflective layer of the present inven
tion can be applied using conventional MSVD techniques as
discussed above.

0040 According to the present invention, the various
embodiments of the coated Substrate exhibit the following
performance properties: an emissivity of no greater than 0.8,
for example, 0.3 to 0.7 or 0.3 to 0.6, a visible transmittance
no greater than 90%, for example 2% to 85% or 5% to 60%,
and an R2 visible reflectance of at least 4%, for example, 4%
to 70% or 10% to 70%. The coated Substrate is also color
stable.

0041 Although not required, all of the described embodi
ments of the present invention can include a protective
overcoat as the last layer of the coating Stack to provide
improved chemical and/or mechanical durability. Examples
of Suitable protective coatings include, but are not limited to,
a layer of coating comprising Silicon dioxide, Zirconium
dioxide, titanium dioxide, niobium dioxide, chromium diox

sis, and MSVD as discussed above.

ide and Silicon oxynitride as well as mixtures thereof.
0042 Coated Substrates according to the present inven
tion can be used in various applications Such as automotive
applications, architectural applications, etc. In a non-limit
ing embodiment, the coated Substrate of the present inven
tion is included in an insulating glass unit.
0043. In addition to the coated substrates described
above, the present invention also encompasses methods for
making the coated Substrates. In one non-limiting embodi
ment, the method of the invention comprises depositing a
metal based layer Selected from tungsten, chromium, tanta
lum, molybdenum, aluminum, niobium, and mixtures and
alloys thereof; and alloys of cobalt and chromium on a
Substrate; and depositing a dielectric layer comprising

0035) In yet another non-limiting embodiment of the
invention, an infrared reflective layer and a Second metal
based layer are included in the coating Stack of the present
invention. More particularly, the coated Substrate of the
present invention comprises a first metal based layer over
the Substrate, an infrared reflective layer over the first metal

based layer.
0044) The present invention further encompasses meth
ods for modifying the R1 and R2 color of a coated substrate
by adjusting the thickness of the first or Second dielectric
layer.

SiN, where x/y ranges from 0.75 to 1.5, over the metal
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0045. The present invention will be illustrated by the
following non-limiting examples.
EXAMPLES

0046) The following non-limiting examples are included
to illustrate the present invention. Samples 1-12 were pre
pared in a conventional laboratory MSVD coater under
Standard coating conditions. The Substrate was a 6 mm thick
piece of clear glass. The various configurations of the
coating Stacks are shown in Table 1. The described coating

layers were applied over a Substrate from left to right (i.e.,
the first dielectric layer was applied first, then the metal

based layer was applied, etc.) as described in Table 1.
0047. In Samples 3, 4 and 7-12, the first dielectric layer

was a multiple film configuration comprised of a first film of
silicon nitride, a film of silicon dioxide over the first film of
Silicon nitride and a Second film of Silicon nitride over the

film of silicon dioxide. More particularly, in Samples 3 and
4, the first dielectric layer was comprised of a 24 nanometer

(nm) thick first film of SiN., a 7 nm thick film of silicon

dioxide over the first film of silicon nitride and a 24 nm thick
Second film of silicon nitride over the film of silicon dioxide.

In Samples 7 and 8, the first dielectric layer was comprised
of a 18 nm thick first film of silicon nitride, a 14 nm thick
film of silicon dioxide over the first film of silicon nitride
and a 18 nm thick second film of silicon nitride over the film

of silicon dioxide. In Samples 9 and 10, the first dielectric
layer was comprised of a 18 nm thick first film of silicon
nitride, a 28 nm thick film of silicon dioxide over the first
film of silicon nitride and a 18 nm thick second film of

silicon nitride over the film of silicon dioxide. In Samples 11
and 12, the first dielectric layer was comprised of a 18 mm
thick first film of silicon nitride, a 10 nm thick film of silicon
dioxide over the first film of silicon nitride and a 18 nm thick
Second film of silicon nitride over the film of silicon dioxide.

0.048. In Samples 1, 2, 5 and 6, the first dielectric layer
was comprised of SiN.
0049. The metal based layer for each sample was com
prised of Stellite(R) 6B alloy, and the protective overcoat was
comprised of Silicon dioxide (if one was present).

strates. The Taber test involves imparting a standard level of
mechanical exposure to each Sample using a Gardner Taber
Abraser commercially available from the Paul N. Gardner
Company, Inc. in Pompano Beach, Fla. The Taber test was
performed as follows. First, a load of 500 grams was
employed on both wheels of the Gardner Taber Abraser. The
two abrasive wheels on the instrument were specified as
Calibrase CS-10F having a specified durometer hardness of
72+5. Second, a 4 inch by 4 inch example was taped at two
edges to a 5-7s inch diameter platen. Third, the Sample was
abraded 10 cycles, removed from then platen and cleaned
using towels and 50/50 solution of isopropanol/deionized
Water.

0051. The recorded Taber score is then calculated in the
following manner: the diffuse reflectance, Y(CIE 1931 Y, X,
y chromaticity space), was measured using a TCS Spectro
gard calorimeter (commercially available from BYK-Gard
ner) at four positions around a circle that corresponded to the
Taber abrasion track. The Spectrogard calorimeter was run
in large aperture “specular-excluded” mode with an Illumi
nant D65, 2 observer. The average of the four diffuse
reflectance measurements was recorded as the Taber Score.

A higher Taber Score indicates more diffuse reflectance from
the abrasion track and is interpreted as indicating a greater
degree of damage.

0.052 A color stability test was also performed on the
samples. The chromaticity values (L*a*b* for a CIE stan
dard illuminant D65 and a CIE standard observer angle of

10) were measured using a Perkin-Elmer Lambda 9

UV/VIS/NIR spectrophotometer prior to heat treatment.
Each sample was then heated to a temperature of 1200 F.

(649 C.) for 20 minutes and then the chromaticity values

were measured again. AEenes. (T), AErnes (R1) and
AEenes (R2) were calculated from the measured data as
described above.
TABLE 2

Performance Properties of Samples 1-12

TABLE 1.

Sample

Taber Score

AE(T)

AE(R1)

AE(R2)

Description of the Coating Configurations
for the Various Samples

1.
2
3
4
5
6
7
8
9
1O
11
12

O.O9
O.O8
O.O6
O.O9
O.O4
O.O8
O.O7
O.O8
O.O7
O.O9
O.O9
O.O7

O.96
1.O1
2.07
1.08
O.63
O.93
O.99
1.OO
O.93
O.89
1.17
1.68

1.22
2.11
1.52
1.32
2.40
1.51
1.49
1.33
1.54
1.50
1.12
2.10

122
1.64
1.62
1.70
1.18
O.56
1.32
1.44
O.64
O.84
O.74
1.OO

Thickness of Thickness of
the First
the Metal

Thickness of
the Second

Thickness of

Dielectric

based layer

Dielectric

the Protective

Sample

Layernm

nm.

Layer nm

Overcoat Inm

1.
2
3
4
5
6
7
8
9
1O
11
12

47
47
55
55
12
12
50
50
64
64
46
46

18
17
18
17
15
14
17
16
17
16
19
18

38
38
38
38
37
37
37
37
37
37
43
43

1O

1O

1O
1O
1O
1O

0050. The exemplary coated substrates were subjected to
a Taber test to measure the durability of the coated Sub

0053 Samples 13-16 were prepared in a conventional
laboratory MSVD coater understandard coating conditions.
The Substrate was 6 mm thick clear float glass. The coating
stack of Sample 13 comprised a 25 nm thick first dielectric
layer of SiN over the substrate, a 16 nm thick metal based
layer of Stellite(R6B alloy over the first dielectric layer, a 35
nm Second dielectric layer of SiN. Over the metal based
layer and a 15 nm thick protective layer of Silicon dioxide
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over the Second dielectric layer. The coating Stack of Sample
14 comprised a multiple film first dielectric layer over the
substrate made up of 16 nm of SiN, 31 nm of silicon oxide
over the SiN and 16 nm of SiN over the silicon dioxide,
a 16 nm thick metal based layer of Stellite(E6B alloy over
the first dielectric layer, a 35 nm second dielectric layer of
SiN over the metal based layer and a 15 nm thick protec
tive layer of Silicon dioxide over the Second dielectric layer.
The coating Stack of Sample 15 comprised a multiple film
first dielectric layer over the Substrate made up of 70 nm of
SiN, 19 nm of silicon oxide over the SiN. and 16 nm of
SiN over the silicon dioxide, a 16 nm thick metal based
layer of Stellite(R6B alloy over the first dielectric layer, a 35
nm Second dielectric layer of SiN. Over the metal based
layer and a 15 nm thick protective layer of Silicon dioxide
over the Second dielectric layer. The coating Stack of Sample
15 comprised a multiple film first dielectric layer over the
substrate made up of 70 nm of SiN., 19 nm of silicon oxide
over the SiN and 19 nm of SiN over the silicon dioxide,
a 16 nm thick metal based layer of Stellite(E6B alloy over
the first dielectric layer, a 35 nm second dielectric layer of
SiN over the metal based layer and a 15 nm thick protec
tive layer of Silicon dioxide over the Second dielectric layer.
0.054 Table 3 shows various performance properties of
the Samples in an insulating glass unit made up of two, 6 mm
clear glass plies with a 12 mm air gap. A coating of the

present invention was applied on the #2 Surface (i.e., inboard
Surface of outboard ply). The performance properties were
determined using Lawrence Berkeley National Lab’s WIN

CONCLUSIONS

0056. As can be seen from Table 2, coated substrate
according to the present invention exhibits good durability
as represented by a Taber Score. The exemplary coated
substrates exhibited Taber scores of no greater than 0.09.
The tested Samples also demonstrated excellent color Sta

bility as demonstrated by AErnes. (T), AErnes (R1)
and AEenes (R2). The exemplary coated Substrates
exhibited a AEels. (T) of no greater than 2.07, a
AFns (R1) of no greater than 2.40 and a AEels (R2)
of no greater than 1.70. AS Stated above, a coated Substrate
is "color stable" if the AEenes. (T), a AEenes. (R1)
and a AEels (R2) of the non-heat treated coated Sub

Strate and the heat treated Substrate are no greater than or
equal to 8 units.
0057 Based on Table 3, it is expected that coated Sub
Strates according to the present invention can exhibit the
following properties when incorporated into an insulating
glass unit as described above: a visible light transmittance
no greater than 22%, for example no greater than 19%, an
R2 Reflectance no greater than 42%, for example, no greater
than 39% or no greater than 35%, an R1 Reflectance no
greater than 30%, for example, no greater than 28%, or no
greater than 26%, a shading coefficient no greater than 0.30,
for example, no greater than 0.28, or no greater than 0.25, a
U-Value no greater than 0.45, for example, no greater than
0.42, or no greater than 0.41. The color stability of these

exemplary Substrates is demonstrated by a AEas. (T) of
no greater than 1.1, a AEenes (R1) of no greater than 1.0
and a AEs (R2) of no greater than 1.9. The Substrates

DOW 5.2.17 algorithm based on the measured spectropho
tometric data.

can also be produced in a variety of colors as demonstrated
by the chromaticity values.
0058. It will be readily appreciated by those skilled in the

0.055 A color stability test was also performed on the
samples. The chromaticity values (L*a*b* for a CIE stan
dard illuminant D65 and a CIE standard observer angle of
10) were measured using a Perkin-Elmer Lambda 9
UV/VIS/NIR spectrophotometer prior to heat treatment.
Each Sample was then heated to raise the temperature of the
sample to 1150° F (649 C.) for 20 minutes and the
chromaticity values were measured again. The measured

art that modifications can be made to the invention without

departing from the concepts disclosed in the foregoing
description. Such modifications are to be considered as
included within the Scope of the invention. Accordingly, the
particular embodiments described in detail hereinabove are
illustrative only and are not limiting as to the Scope of the
invention, which is to be given the full breadth of the
appended claims and any and all equivalents thereof.

data was used to determine color stability via AEenes.
(T),
AEsme 1.s. (R1) and AEsme 1.s. (R2) as described
above.
TABLE 3

Performance Properties of Samples 13-16
U

Visible Light

R2 Visible

R1 Visible

Value

Transmittance

Reflectance

Reflectance

Shading

Sample

%

%

%

Coefficient

Btu ?hr

ft - F.

13

17

34

28

O.23

O41

14

19

31

27

O.24

O41

15

18

33

26

O.25

O42

16

16

39

26

O.24

O41

Color AEcmc(1.5:1) AEcmc(1.5:1) AEcmc(1.5:1)
(a, b)
(T)
(R1)
(R2)
-2.0, 0.9
-1.3, -4.1
-5.6, -16
-7.2, -5.7

O.6
O.6
1.1
1.1

O.8
1.O
1.O
O.9

O.9
O.3
1.3
1.9

"Shading coefficient. The SC value was calculated using National Fenestration Research Council (NFRC) summer, daytime stan
dard conditions.

The U-value was calculated using NFRC winter, nighttime standard conditions.
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What is claimed:

1. A coated Substrate comprising:
a. a Substrate; and

b. a coating composition over the Substrate comprising:
i. at least one metal based layer Selected from tungsten,
chromium, tantalum, molybdenum, aluminum, nio
bium, and mixtures and alloys thereof, and alloys of
cobalt and chromium; and

ii. at least one dielectric layer comprising SiN., where

X/y ranges from 0.75 to 1.5, over the metal based
layer.
2. The coated Substrate according to claim 1, wherein the
metal based layer comprises an alloy of cobalt and chro
mium.

3. The coated Substrate according to claim 2, wherein the
metal based layer has a thickness ranging from 1 nm to 50
.

4. The coated Substrate according to claim 1, wherein the
dielectric layer is SiN.
5. The coated Substrate according to claim 4, wherein the
dielectric layer has a thickness of greater than or equal to 5
.

6. The coated Substrate according to claim 4, further
comprising a layer of titanium nitride, chromium nitride,
tungsten nitride or mixtures thereof over the dielectric layer.
7. The coated Substrate according to claim 1, wherein the
dielectric layer is a multiple film configuration comprising

(i) a first dielectric film comprising SiN having an index of

refraction; (ii) a Second dielectric film over the first dielec

tric film having an index of refraction lower than the indeX

of refraction of the first dielectric film; and (iii) a third

dielectric film comprising SiN. Over the Second film.

8. The coated Substrate according to claim 7, wherein the

first and third dielectric films are the Same material.

9. The coated Substrate according to claim 7, wherein the
Second dielectric film is Silicon dioxide.

10. The coated Substrate according to claim 1, further
comprising a protective overcoat as the last layer of the
coating Stack, the protective overcoat Selected from Silicon
dioxide, Zirconium dioxide, titanium dioxide, niobium diox

ide, chromium dioxide and Silicon oxynitride as well as
mixtures thereof.

11. The coated Substrate according to claim 1, wherein a
non-heat treated, coated Substrate as compared to a heat

treated, coated Substrate has a AEenes. (T), a AEenes.
(R1) and a AErnes (R2) no greater than 8 units.

12. The coated Substrate according to claim 1, wherein the
Substrate is glass.
13. The coated Substrate according to claim 12, wherein
the glass Substrate is incorporated into an insulating glass
unit.

14. The coated Substrate according to claim 13, incorpo
rated into an insulating glass unit, wherein the insulating
glass unit exhibits at least one of the following: a visible
transmittance of no greater than 90% and an R2 visible light
reflectance of greater than 4%.
15. A coated Substrate comprising:
a. a Substrate;

b. a first dielectric layer comprising SiN where x/y
ranges from 0.75 to 1.5 over the substrate;
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c. a metal based layer Selected from tungsten, chromium,
tantalum, molybdenum, aluminum and mixtures and
alloys thereof; and alloys of cobalt and chromium over
the first dielectric layer; and

d. a second dielectric layer comprising SiN., where x/y

ranges from 0.75 to 1.5, over the metal based layer.
16. The coated substrate according to claim 15, wherein
the first and/or Second dielectric layer is a multiple film

configuration comprising (i) a first dielectric film comprising

SiN having an index of refraction; (ii) a second dielectric

film over the first dielectric film having an index of refrac

tion lower than the index of refraction of the first dielectric

film; and (iii) a third dielectric film comprising SiN. Over

the second film.

17. The coated substrate according to claim 15, wherein
the metal based layer comprises an alloy of cobalt and
chromium.

18. The coated substrate according to claim 17, wherein
the metal based layer has a thickneSS ranging from 1 nm to
50 nm.

19. The coated substrate according to claim 15, wherein
the first and/or Second dielectric layer is SiN.
20. The coated substrate according to claim 19, wherein
the first and/or Second dielectric layer has a thickness of
greater than or equal to 5 nm.
21. The coated Substrate according to claim 15, wherein
a non-heat treated, coated Substrate as compared to a heat

treated, coated Substrate has a AEenes. (T), a AEenes.
(R1) and a AEenes (R2) no greater than or equal to 8
units.
22. The coated Substrate according to claim 15 wherein
the Substrate is glass.
23. A coated Substrate comprising:
a. a first metal based layer Selected from tungsten, chro
mium, tantalum, molybdenum, aluminum, niobium,
and mixtures and alloys thereof, and alloys of cobalt
and chromium over a Substrate;

b. an infrared reflective layer over the first metal based
layer;
c. a Second metal based layer Selected from tungsten,
chromium, tantalum, molybdenum, aluminum, nio
bium, and mixtures and alloys thereof, and alloys of
cobalt and chromium over the infrared reflective layer;
and

d. a dielectric layer over the Second metal based layer.
24. A coated Substrate according to claim 23, wherein the
infrared reflective layer is Selected from gold, copper and
Silver as well as mixtures and alloys thereof.
25. A coated Substrate according to claim 24, wherein the
infrared reflective layer is silver.
26. The coated Substrate according to claim 24, wherein
the infrared reflective layer has a thickneSS ranging from 1
nm to 50 nm.

27. A method for making a coated Substrate comprising:
a. depositing a metal based layer Selected from tungsten,
chromium, tantalum, molybdenum, aluminum, nio
bium, and mixtures and alloys thereof, and alloys of
cobalt and chromium on a Substrate; and

b. depositing a dielectric layer comprising SiN., where
X/y ranges from 0.75 to 1.5, over the metal based layer.
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28. The method according to claim 27, wherein depositing
the metal based layer comprises depositing an alloy of cobalt

cobalt and chromium over the first dielectric layer, and a

and chromium.

based layer, wherein X/y ranges from 0.75 to 1.5, comprising
adjusting the thickness of the Second dielectric layer.
33. A method for modifying the R2 color of a coated

29. The method according to claim 28, wherein depositing
the metal based layer comprises depositing a layer having a
thickness ranging from 1 nm to 50 nm.
30. The method according to claim 27, wherein depositing
the dielectric layer comprises depositing SiN.
31. The method according to claim 30, wherein depositing
the dielectric layer comprises depositing a layer having a
thickness of greater than or equal to 5 nm.
32. A method for modifying the R1 color of a coated

Substrate including a first dielectric layer comprising SiN

over the Substrate, a metal based layer Selected from tung
Sten, chromium, aluminum, tantalum, molybdenum and
mixtures and alloys thereof, and mixtures and alloys of

second dielectric layer comprising SiN. Over the metal
Substrate including a first dielectric layer comprising SiN

over the Substrate, a metal based layer Selected from tung
Sten, tantalum, chromium, aluminum, molybdenum and
mixtures and alloys thereof, and mixtures and alloys of
cobalt and chromium over the first dielectric layer and a

second dielectric layer comprising SiN., where x/y ranges

from 0.75 to 1.5, over the metal based layer, comprising
adjusting the thickness of the first dielectric layer.

