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TITLE OF THE INVENTION

COATED ARTICLE WITH REDUCED COLOR SHIFT AT HIGH
VIEWING ANGLES

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application is related to U.S. Patent Application Serial No.
09/794,224, filed February 28, 2001, and also to U.S. Patent Application Serial No.
09/978,184, filed October 17, 2001, both of which are hereby incorporated herein by

reference.

BACKGROUND OF THE INVENTION

[0002] Windows including glass substrates with solar control coatings
provided thereon are known in the art. Such windows may be used in the context of

architectural windows, automotive windows, and/or the like.

[0003] Commercial architectural applications often require that certain
windows in a building be heat treated (HT) (e.g., thermally tempered) while others
need not be. Given that some buildings thus require the use of both heat treated (HT)
and non-HT windows, it will be appreciated by those skilled in the art that there
sometimes exists a need in the art to approximately color match HT and non-HT
windows in the same building. Color matching is often thought of in terms of a
normal viewing angle (i.e., directly on-axis or O degree viewing angle looking straight

at the window).

[0004] However, color at high viewing angles may also be important in
certain applications. For example, high degrees of certain types of color shift upon a
large change in viewing angle are often undesirable. Consider the conventional non-
HT coated article discussed below, which has been commercially sold by the assignee
of this application prior to the filing date hereof and includes the below-listed layers

on a glass substrate proceeding from the glass substrate outwardly:
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Conventional Non-HT Coated Article
Layer Thickness
Glass Substrate 1-10 mm
TiO, 180 A
ZnO; 100 A
Ag 105 A
NiCrO, 304
SnO, 595 A
ZnO; 120 A
Ag 130 A
NiCrO, 30 A
SnO, 100 A
SisNg 1954

[0005] The aforesaid conventional non-HT coated article, has the following

color characteristics at both a normal viewing angle (i.e., straight-on 0 degree viewing
angle) and higher viewing angles (VA) such as 45 degrees and 60 degrees off-axis

(measured monolithically).

Table 1: Color Shift Characteristics of Article from Above

Coior Characteristic Odeg. VA 45deg. VA 60 deg. VA
Glass Side Reflective

a* -0.7 2.11 29

b* 0.62 0.16 -0.73

L* 26.93 31.39 44.97

Aa* n/a 2.81 3.6

aq
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Film Side Reflective
a* -2.86 2.88 4.2
b* 143 -0.51 4.2
L* 24.7 29.68 44.29
[0006] It can be seen from the above that while the glass side b* color value is

fairly stable upon viewing angle (VA) change from 0 to 60 degrees, the glass side a*
color value realizes significant change/shift upon viewing angle change from 0 to 45
and/or 60 degrees (i.e., Aa* is high). Unfortunately, since Aa*, (glass side reflective)
is rather high having a value of 3.6 given a viewing angle (VA) change of about 60
degrees, the color of the coated article (measured monolithically) becomes
significantly more red upon this change in viewing angle. In other words, the glass
side reflective a* value of 2.9 at the 60 degree VA is red in color, whereas the a*
value of ~0.7 at the 0 degree VA is fairly neutral. This change in color (i.e., becoming
significantly more red) upon VA change from 0 to 60 degrees is undesirable —
especially if one is trying to approximately color match another coated article that is

not so red at such a high viewing angle.

[0007] Stated another way, the rather high Aa*, value of 3.6 due to a 60
degree viewing angle change is undesirable. This a* shift is further problematic for
the coating described above since the a* value progressively moves further from

| neutral (i.e., becomes more red) as it moves toward the 60 degree VA value of 2.9.
While smaller Aa* values given such a viewing angle change have been achieved by
others in the past, the same has not been achieved in the context of the aforesaid

coating materials.

[0008] The undesirable glass side reflective a* color shift of the aforesaid
coating is illustrated as the "conventional” coating in Fig. 3 (i.e., the line with the
boxes). The significant lateral movement of the glass side reflective a* value shown
in Fig. 3 is undesirable, especially since it moves progressively away from neutral as

viewing angle increases to 60 degrees.

[0009] Accordingly, it will be appreciated by those skilled in the art that there

exists a need in the art for a coating which experiences less of a glass side reflective

3
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a* shift upon significant change in viewing angle (e.g., need for a smaller Aa*g value).
For example, there may exist a need in the art for a coating that does not become as

red as viewing angle increases to 60 degrees.

BRIEF SUMMARY OF THE INVENTION

[0010] An object of this invention is to provide a coated article that
experiences a Aa*; (glass side reflective) value of no greater than 3.0 given a viewing
angle (VA) change from about 0 to 60 degrees. In certain example embodiments, this
Aa*, value may be no greater than 2.5, even more preferably no greater than 2.0, more
preferably no greater than 1.5, and sometimes no greater than 1.0. It is noted that the
Aa*; values herein are measured monolithically, even though the coated articles may
be used either monolithically or in the context of an insulating glass (IG) window unit

or the like.

[0011] Another object of this invention is to provide a coated article that
experiences a Aa*, (glass side reflective) value of no greater than 2.0 given a viewing
angle (VA) change from about 0 to 45 degrees. In certain example embodiments, this

Aa*; value may be no greater than 1.5, and even more preferably no greater than 1.0.

[0012] Another object of this invention is to provide a coated article having a
glass side reflective a* color value that is more neutral (i.e., is closer to 0)atads

and/or 60 degree viewing angle, than at about a 0 degree viewing angle.

[0013] Surprisingly, it has been found that one or more of the aforesaid
objects is achievable by thinning the titanium oxide layer located below the bottom
silver layer in the aforesaid conventional coating. This thinning of the titanium oxide
layer surprisingly results in stabilization of the glass side a* color value upon

significant increase in viewing angle.

[0014] Another object of this invention is to fulfill one or more of the above-

listed objects.

[0015] In certain example embodiments of this invention, one or more of the
above-listed objects is/are achieved by providing a coated article including a coating
supported by a glass substrate, the coating comprising, from the glass substrate

4
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outwardly: a layer comprising titanium oxide; a first layer comprising silver; a
dielectric layer; a second layer comprising silver; another dielectric layer; and
wherein the layer comprising titanium oxide has a thickness of from 40 to 150 A, and
wherein the coated article has a Aa*, (glass side reflective) value, measured

monolithically, of no greater than 3.0 over a viewing angle shift of about 60 degrees.

[0016] In certain other example embodiments of this invention, one or more of
the above-listed objects is/are fulfilled by providing a coated article including a
coating supported by.a substrate, the coating comprising from the glass substrate
outwardly: a layer comprising titanium oxide; a layer comprising a metal oxide; a first
layer comprising silver; a@ielectric layer; and wherein the layer comprising titanium
oxide has a thickness of from 40 to 150 A, and wherein the coated article has a Aa*,
glass side reflective) value, measured monolithically, of no greater than 3.0 over a

viewing angle shift of about 60 degrees.

[0017] In certain other example embodiments of this invention, one or more of
the above-listed objects is/are fulfilled by providing a coated article including a
coating supported by a substrate, the coating comprising from the glass substrate
outwardly: a layer comprisingvtitanium oxide; a layer comprising a metal oxide; a
layer comprising silver; a dielectric layer; another iayer comprising metal oxide;
another layer comprising silver; a dielectric layer; and wherein the coated article has a
glass side reflective a* value of from —1.0 to +1.0 and a glass side reflective b* value
from ~1.5 to +1.5 (more preferably from 1.0 to +1.0) at a viewing angle of about 60

degrees.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIGURE 1 is a cross sectional view of a coated article according to an

example embodiment of this invention.

[0019] FIGURE 2 is a cross sectional view of the coated article of Fig. 1 being

used in an IG window unit according to an example embodiment of this invention.
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[0020] FIGURE 3 is an a* versus b* graph illustrating glass side color values
upon significant viewing angle shifts for the conventional coating described above

compared to Examples 1-2 of this invention which are set forth below.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Certain example embodiments of this invention relate to a coated
article having a reduced glass side reflective a* color shift upon significant changes in
view angle (VA). It is noted that glass side reflective a* values are measured herein
monolithically, even though the final coated article may be monolithic or otherwise

(e.g., IG window unit).

[0022] Surprisingly, it has been found that by thinning the bottom titanium
oxide (TiOy, where 1 <= x <=3, or any other suitable stoichiometry) layer compared
to the 180 A thickness described in the coating above, glass side reflective a* color
shift (i.e., Aa*s) can be significantly reduced. In certain example embodiments of this
invention, the titanium oxide layer is thinned from the 180 A thickness referenced
above to a thickness of from 40 to 150 A, more preferably from 50 to 125 A, and even

more preferably from 70 to 110 A

[0023] In certain example embodiments, such thinning of the titanium oxide
layer enables the coated article to have color (a* and/or b*) that is more neutral at a
high viewing angle such as 45 and/or 60 degrees off-axis, than at a normal (0 degrees
on-axis) viewing angle. This is advantageous in that (a) the color of the coated article
is less offensive at high viewing angles (i.e., a more neutral color at angle can be
achieved), and/or (b) the off-axis color of the coating is easier to approximately match

with other coatings. In certain example embodiments of this invention, the coated
article has a glass side reflective a* value of from —1.5 to +1.5 (more preferably from

-1.0 to +1.0) and a glass side reflective b* value from —1.5 to +1.5 (more preferably
from ~1.0 to +1.0) at a viewing angle of about 60 degrees, thereby achieving fairly

neutral coloration at this high viewing angle.

[0024] In certain example embodiments of this invention, it has also been

found that the respective thicknesses of the infrared (IR) reflecting layers (e.g., Ag
6
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layers) may also play a part in stabilizing a* values upon significant changes in
viewing angle. In particular, making the upper IR reflecting layer thicker than the

lower IR reflecting layer has been found to be helpful in this regard.

[0025] The use of the thin titanium oxide layer herein to stabilize a* values
upon viewing angle change may be used in order to provide a coated article (e.g., non-
HT) which colorwise approximately matches a HT counterpart coated article such as
that described in U.S. Serial No. 09/794,224 which is incorporated herein by
reference, both at normal viewing angles and at higher viewing angles such as 45 and

60 degrees off-axis.

[0026] Certain embodiments of this invention provide a low-E coating or layer
system that may be used in applications such as insulating glass (IG) window units,
vehicle windows, skylights, glass doors, and the like. Coated articles (e.g., monolithic
or IG units) according to certain embodiments of this invention preferably have high
visible transmission of at least 65% (e.g., when using clear glass substrates from 1.0
to 10 mm thick). In the example context of IG units, this high visible transmission is
coupled with at least one of: (a) SHGC no greater than about 0.45, more preferably no
greater than about 0.40; (b) a rather low Aa*, (glass side reflective) value, measured
monolithically for the coated substrates(s), given a viewing angle (VA) change from
about 0 to either 45 or 60 degrees; (c) fairly neutral transmissive color such that
transmissive a* is from —6.0 to +5.0 (more preferably from —5 to —0), and
transmissive b* is from -2.0 to 4.0 (more preferably from 1.0 to 3.0); and/or (d) fairly
neutral reflective color from the exterior of the IG unit (i.e., Rg/Rqy) such that
reflective a* (i.e., a*;) is from —5.0 to 2.0 (more preferably from —3.0 to 0.5), and

reflective b* (i.e., b*,) is from ~7.0 to 1.0 (more preferably from —5.0 to -1.0).

[0027] Figure 1 is a side cross sectional view of a coated article according to
an example non-limiting embodiment of this invention. The coated article includes
substrate 1 (e.g., clear, green, bronze, or blue-green glass substrate from about 1.0 to
10.0 mm thick, more preferably from about 1.0 mm to 3.5 mm thick), and coating (or
layer system) 27 provided on the substrate 1 either directly or indirectly. The coating
(or layer system) 27 includes: titanium oxide layer 3 (e.g., a first dielectric layer), first

lower contact layer 7 (which contacts layer 9), first conductive and preferably metallic

7
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infrared (IR) reflecting layer 9, first upper contact layer 11 (which contacts layer 9),
second dielectric layer 13 (which-may be deposited in one or multiple steps in
different embodiments of this invention), second lower contact layer 17 (which
contacts layer 19), second conductive and preferably metallic IR reflecting layer 19,
second upper contact layer 21 (which contacts layer 19), third dielectric layer 23, and
finally fourth protective dielectric layer 25. The "contact” layers 7, 11, 17 and 21
each contact at least one IR reflecting layer (e.g., Ag layer). The aforesaid layers 3-25
make up low-E (i.e., low emissivity) coating 27 which is provided on glass or plastic

substrate 1.

[0028] In certain preferred embodiments of this invention, the thickness of
titanium oxide Iéyer 3 is controlled so as to enable a reduced Aa*; value(s) given a
viewing angle change of from about 0 to 45 and/or 60 degrees as explained above. In
this respect, the low Aa*, values described herein are enabled by, inter alia,
controlling the thickness of titanium oxide layer 3 so as to be from 40 to 150 A, more
preferably from 50 to 125 A, and even more preferably from 70 to 110 A.
Surprisingly, this reduced thickness of the titanium oxide layer 3 compared to the
coating described above in the Background section tends to stabilize the glass side
reflective a* value upon significant viewing angle change so that the a* value does

not becomes too red at high viewing angle(s).

[0029] Infrared (IR) reflecting layers 9 and 19 are preferably metallic and/or
conductive, and may be made of or include silver (Ag), gold, or any other suitable IR
reflecting material. However, metallic Ag is the material of choice for the IR
reflecting layers 9 and 19 in certain example non-limiting embodiments of this
invention. These IR reflecting layers help enable coating 27 to have low-E and/or
good solar control characteristics. The IR reflecting layer(s) may be slightly oxidized

in certain embodiments of this invention.

[0030] The upper contact layers 11 and 21 (i.e., "upper" means the contact
layers on top of the respective IR reflective layers 9, 19) are of or include nickel (Ni)
oxide, chromium/chrome (Cr) oxide, or a nickel alloy oxide such as nickel chrome
oxide (NiCrOy), in certain example embodiments of this invention. The use of, for

example, NiCrOj for/in these layers enables durability to be improved, compared to

8
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the use of certain other materials (e.g., compared to zinc oxide). NiCrOy layers 11
and/or 21 may be fully oxidized in certain embodiments of this invention (i.e., fully
stoichiometric), or may be at least about 50% oxidized in other embodiments of this
invention. While NiCrOy is a preferred material for upper contact layers 11 and 21,
those skilled in the art will recognize that other materials may instead be used (e.g.,
oxides of Ni, oxides of Ni alloys, oxides of Cr, oxides of Cr alloys, NiCrO:Ny, ziné
oxide, tin oxide, or other suitable material) for one or more of these layers in
alternative embodiments of this invention. It is noted that upper contact layers 11
and/or 21 may or may not be continuous in different embodiments of this invention,
depending upon their respective thickness(es). Upper contact layer(s) 11 and/or 21
(e.g., of or including NiCrOy) may or may not be oxidation graded in different
embodiments of this invention. Oxidation grading means that the degree of oxidation
in the layer(s) changes throughout the thickness of the layer(s) so that for example a
contact layer may be graded so as to be less oxidized at the contact interface with the
immediately adjacent IR reflecting layer than at a portion of the contact layer(s)

further or more/most distant from the immediately adjacent IR reflecting layer.

[0031] The lower contact layers 7 and 17 ("lower" means the contact layers on
the underneath side of the IR reflecting layers 9, 19) are of or include zinc oxide (e.g.,
ZnOy, where x if from 0.6 to 1.2 in different embodiments, more preferably x is from
0.7 to 1.0) in preferred, but non-limiting, embodiments of this invention. For
example, lower contact layer(s) 7 anci/or 11 may consist essentially of zinc oxide in
certain embodiments of this invention, while in other embodiments of this invention
lower contact layer(s) 7 and/or 11 may include or consist essentially of ZnAlOx,
where x is set to a value such that the %Al (by weight) in the layer is from about 0-
15%, more preferably from about 0-6%, and most preferably from about 1-4%. The
use of these materials (e.g., ZnOy, ZnAlOQx, or the like) for lower contact layer(s) 7
and/or 17 enables visible transmission of the resulting coated article to be increased
(compared to if NiCrO, was used for these layers), enables sheet resistance R and/or
emissivity to be reduced, and overall enables sdlar performance to be improved. In
ZnOy inclusive contact layer(s) 7 and/or 17, x may be set so that the layer is fully
stoichiometric (e.g., ZnO), or alternatively may be set to a value from 0.4 to 0.99,

more preferably from 0.7 to 0.99, and most preferably from 0.8 to 0.99 so that the
9
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layer(s) is more conductive (e.g., this can be done by reducing the amount of oxygen
gas and increasing the amount of Ar gas used during a sputter coating process).
Additionally, in certain embodiments of this invention, layer(s) 7 and/or 17 have an
index of refraction of from 1.8 to 2.2, more preferably from about 1.9 to 2.1, so that

for example layers 3 and 7 clearly represent separate and distinct films.

[0032] It has been found that by using ZnOy, ZnAlQy, or the like for the lower
contact layer(s) 7 and/or 17, while using NiCrOy for the upper contact layer(s) 11
and/or 21, the resulting coated article can achieve a combination of high visible
transmission and reduced sheet resistance R, as well as acceptable durability
(mechanical and/or chemical). The highly durable NiCrOy is used for the upper
contact layers 11 and/or 21 for durability purposes, while the solar controlling ZnO,
ZnAlQx, or the like is used for the lower contact layer(s) 7 and/or 17 to improve
visible transmission and/or other solar characteristics. In other words, the NiCrOy
provides good durability, especially when on top of the Ag layers, and the zinc oxide
inclusive contact layer(s) enable high visible transmission to be combined with low

sheet resistance R, and/or good solar performance.

[0033] Second dielectric layer 13 acts as a coupling layer between the two
halves of the coating 27, and is of or includes tin oxide (e.g., SnO; or some non-
stoichiometric form thereof) in certain embodiments of this invention. However,
other dielectric materials may instead be used for layer 13, including but not limited
to silicon nitride, titanium dioxide, niobium oxide, silicon oxynitride, zinc oxide, or

the like.

[0034] Third and fourth dielectric layers 23 and 25 enable the environmental
resistance of the coating 27 to be improved, and are also provided for color purposes.
In certain example embodiments, dielectric layer 23 may be of or include tin oxide
(e.g., Sn0Oy), although other materials may instead be used. Dielectric overcoat layer
25 may be of or include silicon nitride (e.g., Si;Ny) in certain embodiments of this
invention, although other materials may instead be used such as titanium dioxide,
silicon oxynitride, tin oxide, zinc oxide, niobium oxide, or the like. Layer 23 may be

omitted in certain example embodiments of this invention.

10
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[0035] Other layer(s) below or above the illustrated coating 27 may also be
provided. Thus, while the layer system or coating 27 is "on" or "supported by"
substrate 1 (directly or indirectly), other layer(s) may be provided therebetween.
Thus, for example, coating 27 of Fig. 1 may be considered "on" and "supported by"
the substrate 1 even if other layer(s) are provided between layer 3 and substrate 1.
Moreover, certain layers of coating 27 may be removed in certain embodiments, while
others may be added in other embodiments of this invention without departing from

the overall spirit of certain embodiments of this invention.

[0036] Figure 2 illustrates the coating or layer system 27 being utilized on
surface #2 of an IG window unit. Coatings 27 according to any embodiment herein
may be used in IG units as shown in Fig. 2. In order to differentiate the "inside" of
the IG unit from its "outside", the sun 29 is schematically presented on the outside.
The IG unit includes outside glass pane or sheet (i.e., substrate 1 from Fig. 1) and
inside glass pane or sheet 31. These two glass substrates (e.g. float glass 1-10 mm
thick) are sealed at their peripheral edges by a conventional sealant and/or spacer 33
and may be provided with a conventional desiccant strip (not shown). The panes may
then be retained in a conventional window or door retaining frame. By sealing the
peripheral edges of the glass sheets and replacing the air in insulating space (or
chamber) 30 with a gas such as argon, a typical, high insulating value IG unit is
formed. Optionally, insulating space 30 may be at a pressure less than atmospheric
pressure in certain alternative embodiments (with or without a gas in space 30),
although this of course is not necessary in all embodiments. While the inner side of
substrate 1 is provided with coating 27 in Fig. 2, this invention is not so limiting (e.g.,
coating 27 may instead be provided on the interior surface of substrate 31 in other

embodiments of this invention).

[0037] Turning back to Fig. 1, while various thicknesses may be used
consistent with one or more of the objects discussed herein, exemplary preferred
thicknesses and example materials for the respective layers on the glass substrate 1 in

the Fig. 1-2 embodiment are as follows:

11
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Table 2 (Example Materials/Thicknesses; Fig. 1 Embodiment)

Layer Preferred Range (A) More Preferred (2\) Example (A)
TiO, (layer 3) 40-150 A 70-110 A 90 A
ZnOy (layer 7) 25-200 A 40-150 A 100 A
Ag (layer 9) 50-250 A 180-150 A 95 A
NiCrOy (layer 11) 5-100 A 15-60 A 30 A
SnO; (layer 13) 0-1,000 A 400-800 A 580 A
ZnOy (layer 17) 25-200 A 40-150 A 120 A
Ag (layer 19) 50-250 A 80-220 A 139 A
NiCrOy (layer 21) 5-100 A 15-60 A 30 A
SnO, (layer 23) 0-500 A 70-200 A 100 A
SisN, (layer 25) 0-500 A 120-320 A 190 A
[0038] In certain exemplary embodiments of this invention, coating/layer

systems 27 according to all embodiments above have the following low-E (low
emissivity) characteristics set forth in Table 3 when provided in the context of an
insulating glass (IG) window unit (see Fig. 2), absent any significant heat treatment
such as tempering or heat bending (although heat treatment may be performed in
other embodiments of this invention). It is noted that in Table 3 the term E, means

normal emissivity/emittance.

Table 3: Low-E Characteristics (no heat treatment)

Characteristic General More Preferred Most Preferred
R (ohms/sq.): <=5.0 <=3.5 <=2.8
Eq: <=0.07 <=0.04 <=0.03
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[0039] Moreover, coated articles including coatings 27 according to certain

exemplary embodiments of this invention have the following solar characteristics

(e.g., when the coating(s) is provided on a clear soda lime silica glass substrate 1 from

1 to 10 mm thick) in monolithic form. In Table 4 below, R.Y is visible reflection

from the glass (g) side of the monolithic article, while R¢Y is visible reflection from

the side of the monolithic article on which film (f) (i.e., coating 27) is located.

Table 4: Monolithic Solar Characteristics

Characteristic
Tyis (or TY){IL C, 2 deg.):
a* (1ll. C, 2°):
b*, (1L C, 2°):
R.Y (1. C, 2 deg.):
a*y (IIl. C, 2°):
b*, (1ll. C, 2°):
Aa*g (0 to 45° VA):
Aa*; (0to 60° VA):
ReY (1. C, 2 deg.):
a*s (1. C, 2°):
b*: (1. C, 2°):
SHGC:
SC:
Tuimaviolet:
Tuv damage weighted:

Sheet Resistance (Ry):

General
>= 70%
-6.0t0 0.0
-4.0t04.0
1to 10%
-2.0t04.0
-7.0t0 1.0
<=2.0
<=2.5
1t07%
-5.0t05.0
-9.0 to 10.0
<=0.49
<=0.56
<=50%

<=0.50

<= § ohms/sq.

More Preferred
>= 75%
-5.0to-1.5
1.0t0 3.0
3t07%
-0.5t02.5
-6.0t0 0.0
<=1.5
<=1.5

1to 6%
-4.0t03.0
-7.0t0 8.0
<=045
<=0.53
<=45%
<=0.48

<=5 ohms/sq.
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[0040]

embodiments of this invention as shown in Fig. 2, have the following solar

Meanwhile, IG window units utilizing coatings 27 according to certain

characteristics (e.g., where the coated glass substrate 1 is a clear soda lime silica glass
substrate from 2 to 7 mm thick, and the other soda lime silica glass substrate 31 is
clear and from 2 to 7 mm thick, absent any significant heat treatment). In Table 5
below, R,Y is visible reflection from the outside or exterior of the window (i.e., from
where the sun is located in Fig. 2), and R¢Y is visible reflection from the interior side
(e.g., from within the building interior), and the a*, b* values under these respective
reflection parameters also correspond to glass (g) side (i.e., from outside the window
in Fig. 2) and film (f) éide (i.e., from interior the window in Fig. 2). It is noted that

the characteristics in Table 5 below are measured in the context of an IG unit, except

that the Aa* values are measured monolithically, before the monolithic article is

assembled in the IG unit.

Table 5: IG Unit Solar Characteristics

Characteristic General More Preferred

Tys (or TY)(IM. C,2 deg.): >= 65% >= 67%
a* (Il C, 2°): -7.0t0 0.0 -5to-1.5
b* (TIL. C, 2°): -2.0t04.0 1.0t0 3.0

R.Y (IlL. C, 2 deg.): 7to0 13% 9t011%
a*; (1ll. C, 2°): -3.0t02.0 -20t0 0.5
b*; (1Il. C, 2°): -5.0t0 1.0 -4.0t0-1.0
Aa*; (0to 45° VA):  <=2.0 <=15
Aa*; (0t0 60° VA): <=2.5 <=15

ReY (1IL. C, 2 deg.): 7 to 14% 10 to 12%
a*e (111. C, 2°): -4.0t02.0 -2.5t00.5
b*e (111. C, 2°): -5.0t05.0 -4.0t0 3.0

SHGC: <=045 <=0.40

14
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SC: <=049 <=0.46

U-value: 0.20 t0 0.30 0.22t00.25

Tuitravioles: <=45% <=40%

Tuv damage weighted: <=045 <=0.39

[0041] Moreover, it is noted that a diamond-like carbon (DLC) inclusive layer

may be provided over coating 27 in certain example embodiments of this invention.
EXAMPLES

[0042] The following examples are provided for purposes of example only,
and are not intended to be limiting. Example processing techniques used for
sputtering the Example coatings may be found in related U.S. Serial No. 09/978,184.
Each of the following Examples was made via sputtering so as to have approximately
the layer stack set forth below, from the glass substrate outwardly. The listed

thicknesses are approximations:

TABLE 6: LAYER STACK FOR EXAMPLES 1-2

Layer Thickness
Glass Substrate 6 mm
TiO, 90-95 A
ZnOy 100 A

Ag | 95-97 A
NiCrOy 304
Sn0, 560-590 A
ZnOy 120 A

Ag 135-150 A
NiCrOx 30 &
SnO, 100 A
SisN, 185-200 A

15
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[0043] It can be seen that the coating(s) set forth above include a titanium
oxide layer significantly thinner than that of the comparative coating discussed in the
Background. It is believed that this thinner titanium oxide layer is a significant factor
in achieving the low Aa* values discussed herein upon VA change. It is also believed
that making the upper Ag layer significantly thicker (e.g., at least 5% thicker, more
preferably at least 10% thicker, and most preferably at least 25% thicker) than the
lower Ag layer helps stabilize a* values upon viewing angle change. After the
coatings were formed, each of the Example coated articles was analyzed |
monolithically, the results being set forth in Table 7 below. The visible
characteristics set forth below in Table 7 were measured in accordance with I1l. C, 2

degree observer, which is known in the art.

Table 7: Optical Characteristics of Examples 1-2 (Monolithic)

Example 1 Example 2

Visible Transmission (Y)(Ill. C 2 deg.): 75.68% 75.09%

a* -3.42 -3.82

b* 1.67 1.56
Glass Side Reflective RY)({l1 C, 2 deg.): 5.49% 5.54%

a* 0.54 0.29

b* -5.56 -5.53
Film Side Reflective (FY)(Ill. C, 2 deg.):  4.38 4.43

a* A -5.57 -3.07

b* 6.86 7.03
Sheet Resistance (R)(ohms/square): 2.37 2.21
[0044] The Examples were also analyzed at different viewing angles using a

Perkin Elmer Lambda 900 in order to determine color shift due to viewing angle
change. The results are set forth below in Tables 8-9. It is noted that in Tables 8-9, as
everywhere herein, the 0 degree viewing angle may be truly O or alternatively may be

approximately O such as 2 deg. observer.
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Table 8: Color Shift Characteristics of Example 1 (Monolithic)
Color Characteristic - 0deg. VA 45deg. VA 60 deg. VA

Glass Side Reflective Color

a* 0.54 0.76 -0.36
b* -5.56 -1.75 1.06
Aa*, n/a 0.22 0.90

Table 9: Color Shift Characteristics of Example 2 (Monolithic)
Color Characteristic Odeg. VA 45deg. VA 60deg. VA

Glas’s Side Reflective Color

a* 0.29 1.44 0.42
b* -5.53 -0.57 -0.55
Aa*, /a 115 0.13
[0045] These Aa* values, upon viewing angle change, are improvements over

the comparative coating discussed above in the Background Section. After such
Example coated articles are made, they may be used in the context of IG window
units. It will be appreciated by those skilled in the art that the low Aa*, values upon
the aforesaid viewing angle (VA) changes achieved by thinning the titanium oxide
layer (and possibly adjusting the Ag thicknesses) are surprising improvements in the

art.

[0046] Fig. 3 is a graph plotting the a*, b* color values of Examples 1-2
above, compared to the conventional coated article described in the Background. It
can be seen from Fig. 3 that the conventional coated article (with thicker titanium
oxide layer) experiences a much more drastic a* shift with the change in viewing
angle than do Examples 1-2. Moreover, and perhaps just as important if not more
important, it can be seen that Examples 1-2 have a much more neutral éolor (a*, b*
closer to zero) than does the conventional coated article at the 60 degree VA. Such

neutral coloration at high viewing angles may be especially helpful in (1)
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approximately matching HT counterpart coatings, and/or (2) reducing strong

coloration upon viewing angle change.

[0047] Terms used herein are known in the art. For example, intensity of
reflected visible wavelength light, i.e. "reflectance" is defined by its percentage and is
reported as RyY or Ry (i.e. the Y value cited below in ASTM E-308-85), wherein "X"
is either "G" for glass side or "F" for film side. Herein, RY means glass side
reflective reflectance and FY means film side reflectance. "Glass side" (e.g. "G")
means, as viewed from the side of the glass substrate opposite that on which the
coating resides, while "film side" (i.e. "F") means, as viewed from the side of the

glass substrate on which the coating resides.

[0048] Color characteristics are measured and reported herein using the CIE
LAB a*, b* coordinates and scale (i.e. the CIE a*b* diagram, Ill. CIE-C, 2 degree
observer). Other similar coordinates may be equivalently used such as by the
subscript "h" to signify the conventional uée of the Hunter Lab Scale, or Ill. CIE-C,
10° observer, or the CIE LUV u*v* coordinates. These scales are defined herein
according to ASTM D-2244-93 "Standard Test Method for Calculation of Color
Differences From Instrumentally Measured Color Coordinates” 9/15/93 as augmented
by ASTM E-308-85, Annual Book of ASTM Standards, Vol. 06.01 "Standard Method
for Computing the Colors of Objects by 10 Using the CIE System" and/or as reported
in IES LIGHTING HANDBOOK 1981 Reference Volume.

[0049] The term "shading coefficient" (SC) is a term well understood in the
art and is used herein according to its well known meaning. It is determined according
to ASHRAE Standard 142 "Standard Method for Determining and Expressing the
Heat Transfer and Total Optical Properties of Fenestration Products” by ASHRAE
Standards Project Committee, SPC 142, September 1995, SC may be obtained by
dividing solar heat gain coefficient (SHGC) by about 0.87. Thus, the following
formula may be used: SC=SHGC/0.87.

[0050] While the invention has been described in connection with what is
presently considered to be the most practical and preferred embodiment, it is to be

understood that the invention is not to be limited to the disclosed embodiment, but on

18



WO 2004/058660 PCT/US2003/039939

the contrary, is intended to cover various modifications and equivalent arrangements

included within the spirit and scope of the appended claims.
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CLAIMS

L. A coated article iﬁcluding a coating supported by a glass substrate, the
coating compﬁs@ng, from the glass substrate outwardly:

a layer comprising titanium oxide;

a first layer comprising silver;

a dielectric layer;

a second layer comprising silver;

another dielectric layer; and

wherézin the layer comprising titanium oxide has a thickness of from 40 to 150
A, and wherein the coated article has a Aa*, (glass side reflective) value, measured

monolithically, of no greater than 3.0 over a viewing angle shift of about 60 degrees.

2. The coated article of claim 1, wherein the coated article has a Aa*,
glass side reflective) value, measured monolithically, of no greater than 2.5 over a

viewing angle shift of about 60 degrees.

3. The coated article of claim 1, wherein the coated article has a Aa*,
glass side reflective) value, measured monolithically, of no greater than 2.0 over a

viewing angle shift of about 60 degrees.

4. The coated article of claim 1, wherein the coated article has a Aa*,
(glass side reflective) value, measured monolithically, of no greater than 1.5 over a

viewing angle shift of about 60 degrees.
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5. The coated article of claim 1, wherein the coated article has a Aa*,
(glass side reflective) value, measured monolithically, of no greater than 1.0 over a

viewing angle shift of about 60 degrees.

6. The coated article of claim 1, wherein the titanium oxide layer has a

thickness of from 50 to 125 A.

7. The coated article of claim 1, wherein the titanium oxide layer has a

thickness of from 70 to 110 A.

8. The coated article of claim 1, further comprising a layer comprising
zinc oxide located between and contacting each of the layer comprising titanium

oxide and the first layer comprising silver.

9. The coated article of claim 1, wherein the coated article comprises an

IG window unit.
10. The coated article of claim 1, wherein the coated article has a visible
transmission of at least 65% and a sheet resistance (Rs) of no greater than 5

ohms/square.

11.  The coated article of claim 1, wherein said dielectric layer comprises

tin oxide, and wherein said another dielectric layer comprises silicon nitride, and
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wherein a layer comprising tin oxide is located between said another dielectric layer

comprising silicon nitride and said second layer comprising silver.

12. A cqated article including a coating supported by a substrate, the
coating comprising from the glass substrate outwardly:

a layer comprising titanium oxide;

a layer comprising a metal oxide;

a layer comprising silver;

a dielectric layer; and

wherein the layer comprising titanium oxide has a thickness of from 40 to 150
A, and wherein the éoated article has a Aa*, (glass side reflective) value, measured

monolithically, of no greater than 3.0 over a viewing angle shift of about 60 degrees.

13.  The coated article of claim 12, wherein the coated article has a Aa*,
(glass side reflective) value, measured monolithically, of no greater than 2.5 over a

viewing angle shift of about 60 degrees.

14.  The coated article of claim 12, wherein the coated article has a Aa*,
(glass side reflective) value, measured monolithically, of no greater than 2.0 over a

viewing angle shift of about 60 degrees.

15. - The coated article of claim 12, wherein the coated article has a Aa*,
(glass side reflective) value, measured monolithically, of no greater than 2.0 over a

viewing angle shift of about 45 degrees.

88}
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16.  The coated article of claim 12, further comprising another layer

comprising silver located over said dielectric layer.

17.  The coated article of claim 12, wherein said metal oxide comprises
zinc oxide, and wherein said zinc oxide is in direct contact with each of said layer
comprising titanium oxide and said first layer comprising silver, and wherein the layer

comprising titanium oxide directly contacts the substrate.

18. The coated article of claim 12, wherein the coated article is used in an

1G window unit.

19. A coated article including a coating or layer system supported by a
glass substrate, the coating or layer system comprising from the glass substrate
outwardly:

a) a titanium oxide inclusive layer;

b) a zinc oxide inclusive contact layer;

¢) a silver inclusive layer contacting the zinc oxide inclusive layer b);

d) a nickel chrome oxide inclusive layer contacting the silver inclusive layer
c);

e) a tin oxide inclusive layer;

f) a zinc oxide inclusive layer;

g) a silver inclusive layer;

h) a nickel chrome oxide inclusive layer; and

i) a silicon nitride inclusive layer;
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wherein the coated article has a sheet resistance (R;) of no greater than 5.0
ohms/square, and wherein the coated article has a Aa*, (glass side reflective) value,
measured monolithically, of no greater than 3.0 over a viewing angle shift of about 60
degrees; and

wherein the coated article is not tempered or heat bent.

20. A coated article including a coating supported by a glass substrate, the
coating comprising from the glass substrate outwardly:

a layer comprising titanium oxide;

a layer comprising a metal oxide;

a first layer comprising silver;

a dielectric layer;

a second layer comprising silver;

another dielectric layer; and

wherein the coated article has a Aa*, (glass side reflective) value, measured

monolithically, of no greater than 2.5 over a viewing angle shift of about 60 degrees.

21.  The coated article of claim 20, wherein the coated article has a Aa*,
(glass side reflective) value, measured monolithically, of no greater than 1.5 over a

viewing angle shift of about 60 degrees.

22, The coated article of claim 20, wherein the coated article has a Aa*,
glass side reflective) value, measured monolithically, of no greater than 1.0 over a

viewing angle shift of about 60 degrees.
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23.  The coated article of claim 20, wherein the second layer comprising

silver is at least 10% thicker than the first layer comprising silver.

24.  The coated article of claim 20, wherein the second layer comprising

silver is at least 25% thicker than the first layer comprising silver.

25.  The coated article of claim 20, wherein the layer comprising titanium

oxide directly contacts the glass substrate.

26. A coated article including a coating supported by a substrate, the
coating comprising from the glass substrate outwardly:

a layer comprising titanium oxide;

a layer comprising zinc oxide;

a layer comprising silver;

a dielectric layer;
wherein the layer comprising zinc oxide is sandwiched between and is in direct
contact with the layer comprising titanium oxide and the layer comprising silver; and

wherein the layer comprising titanium oxide has a thickness of from 40 to 150

27. A coated article including a coating supported by a substrate, the coating
compﬁsing from the glass substrate outwardly:

a layer comprising titanium oxide;

a layer comprising a metal oxide;
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a layer comprising silver;

a dielectric layer;

another layer comprising metal oxide;

another layer comprising silver;

a dielectric layer; and

wherein the coated article has a glass side reflective a* value of from -1.0 to
+1.0 and a glass side reflective b* value from -1.5 to +1.5 at a viewing angle of about

60 degrees.
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