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(57) Abstract: A coated article is provided so as
to have fairly neutral a* and/or b* color values at
high viewing angles such as 45 and/or 60 degrees
off-axis. In certain example embodiments, the neutral
a* and/or b* values at high viewing angles (VA) are
caused by lessening the thickness of a bottom titanium
oxide layer. Coated articles herein may be used in
the context of insulating glass (IG) window units, or
in other suitable applications. The coating comprises
at least, outwardly form the glass substrate: a layer
comprising titanium oxide, a dielectric layer, a contact
layer, a fist layer comprising silver provided over and
in contact with said contact layer, a dielectric layer,
a second layer comprising silver, a dielectric layer.
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TITLE OF THE INVENTION

HEAT TREATABLE COATED ARTICLE WITH REDUCED COLOR SHIFT
AT HIGH VIEWING ANGLES

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] Windows including glass substrates with solar control coatings provided
thereon are known in the art. Such windows may be used in the context of architecturat

windows, automotive windows, and/or the like.

[0002] 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 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 &
need in the art to approximatety color match HT and non-HT windows in the same
building. Color matching is often thought of in terras of a normal viewing angle (i.e.,

directly on-axis or O degree viewing angle looking straight at the window).

[0003] However, color at high viewing angles may also be important in certain

applications. For example, significant coloration (e.g., very red or very yellow) at high

viewing angles (e.g., 45 and/or 60 degrees off-axis) are often undesirable.
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[0005] WO 02/04375 (comesponding to U.S. Sérial. No. 09/794,224.) discloses a heat
treated (HT) low-E coating including a pair of silver layers and numerous dielectric
layers. The Examples 1-3 in WO 02/04375 are primarily designed for automotive uses
such as vehicle windshields. Accordingly, the Examples of WO 02/04375 utilize silvers
layers that arc about 105 A thick in an effort to achieve high visible transmission. This
desire for very high visible transmission and automotive characteristics results in a rather
high TS% (Total Solar energy transmittance) of about 46.75% (see Table 8 on page 38)
and a rather high SHGC (Solar Heat Gain Coefficient) well above (.4.

[0006] However, in architectural applications (e.g., for use in IG window units),
TS% and SHGC are more important and are generally desired to be lower than the values
realized by the Exampies in WO 02/04375. Thus, when the coating of WO 02/04375 was
tailored for architectural applications, the result was a thicker upper silver layer (130 A)

in order to lower the TS% and SHGC to desirable ranges. A resulting commercially sold
HT architectural coating in this regard is set forth below (this was used in IG units), with

the layers listed in order form the glass substrate cutwardly.

Conventional HT Coated Article

Layer Thickness
Glass Substrate 1-10 mm
TiO; 75 A
SisNg ‘ 165 A
NiCrOy 26k

Ag 98 A
NiCrO, 26 A
SN0, 525 A

Si3N4 165 A

Q8
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NiCrO, 26 A
Ag 130 A
NiCrO, 26 A
SnO; 100 A
SisN, 210 A
[0007] The aforesaid conventional 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).

[0008] Table 1: Color Shift Charactenistics of Article from Above
Color Characteristic Odeg. VA  45deg. VA 60 deg. VA
Glass Side Reflective

a’* -0.31 0.11 -0.35

b* -0.73 3.46 4.66

L* 26.97 31.65 43.29

Ab*, n/a 4.19 5.39
Film Side Reflective

Q™ -1.35 0.98 0.79

b* 3.44 6.51 6.16

L* 25.57 30.94 45.61
[0009] It can be seen from the above that while the glass side a* color value is

fairly stable and neutral upon viewing angle (VA) change from 0 to 60 degrees, the
glass side b* color value realizes significant change/shift upon viewing angle change
from 0 to 45 and/or 60 degrees (1.e., Ab* i1s high). More importaﬂtly, the b* value
moves drastically toward and into a high positive b* region (e.g., b¥*=4.66 at the 60

degree viewing angle). These high b* values at the high viewing angles of 45 and 60

3
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degrees are undesirable since they cause the coated article to appear yellow to a
viewer when viewed at such angles. This yellow coloration (i.e., high b* value) at
high viewing angles is problematic in that: (a) it can be aesthetically displeasing to
the eye, and/or (b) it can prevent a HT coated article such as the one described above

from colorwise matching a non-HT counterpart having fairly neutral off-axis

coloration.

[0010] The undesirable glass side reflective b* color shift of the aforesaid
coating is illustrated as the "conventional" coating in Fig. 3 (i.e., the line with the
boxes). Fig. 3 clearly illustrates the undesirable high b* color values realized by the

aforesaid conventional coating at viewing angles of 45 and 60 degrees.

[0011] Accordingly, it will be appreciated by those skilled in the art that there
exists a need in the art for a coating which realizes a more neutral (i.e., closer to zero)

b* value at high viewing angles, and which is still capable of achieving low SHGC

and/or TS % values.

BRIEF SUMMARY OF THE INVENTION

10012] An object of this invention is to provide a coated article that realizes a
rather neutral glass side reflective a* and/or b* value(s) at high viewing angles of 435

and/or 60 degrees.  The coated article may be heat treated (HT) (e.g., thermally

tempered) in certain embodiments. In certain example embodiments of this invention,
coated articles herein have glass side reflective a* and/or b* value(s) no greater than
1.2 (absolute value) (more preferably no greater than 1.0, and most preferably no
ereater than 0.8) at a viewing angle of about 60 degrees off-axis (i.e., 60 degrees from
normal). Such neutral coloration at high viewing angle(s) i1s advantageous in that it
tends to be aesthetically pleasing and may also enable HT coated articles to

approximately colorwise match non-HT neutral colored counterparts in a more

efficient and desirable manner.

[0013] Another object of this invention is to provide a coated article (e.g.,
monolithic or IG unit) having a SHGC (surface #2 of an IG unit) of no greater than

0.45 (more preferably no greater than 0.41, and most preferably no greater than 0.40),

4
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and/or a TS% of no greater than 40% (more preferably no greater than 37%, and most

preferably no greater than 34%).

10014] Another object of this invention is to provide a coated article having
glass side reflective a* and/or b* color value(s) that is/are more neutral (i.e., is closer

to 0) at a 45 and/or 60 degree viewing angle, than at about a 0 degree viewing angle.

[0015] Surprisingly, it has been found that one or more of the aforesaid
objects 1s achievable by thinning the titanium oxide layer located below the bottom
silver layer 1n the aforesaid conventional coating. This thinning of the titanium oxide
layer surprisingly results in a b* color value that moves toward neutral, and stays
around neutral, at high viewing angles (VA) such as about 60 degrees. Thickening of

the upper silver layer is a further option that may help achieve a more neutral color at

high viewing angle(s) in this respect.

[0016] Another object of this invention is to fulfill one or more of the above-
listed objects.
10017] In certain example embodiments of this invention, one or more of the

above-listed objects is/are achieved by providing a heat treated (e.g., thermally
tempered) 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 silicon nitride; a first contact layer; a first layer comprising
silver provided over and in contact with said first contact layer; a dielectric layer; a
second layer comprising silver; another dielectric layer; and wherein the layer
comprising titanium oxide has a thickness of from 20 to 60 A, the coated article has a
Total Solar (TS) value of no greater than 40%, and the coated article has glass side

reflective a* and b* color values of from -1.0 to +1.0 at a viewing angle of 60

degrees.

[0018] 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 glass substrate, the coating comprising, from the glass
substrate outwardly: a layer comprising titanium oxide; a dielectric layer; a first
contact layer; a first layer comprising silver provided over and in contact with said

first contact layer; a dielectric layer; a second layer comprising silver; another
5
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dielectric layer; and wherein the coated article has glass side reflective a* and b*

values that are closer to 0 at a viewing angle of 60 degrees than at a normal viewing

angle of 0 degrees.

[0019] In certain other example embodiments of this invention, one or more of
the above-listed objects is/are fulfilled by providing a method of making a coated
article, the method comprising: sputtering a layer comprising titanium oxide so as to
be supported by a glass substrate; sputtering a layer comprising silicon nitride on the
glass substrate over the layer comprising titanium oxide; sputtering a first contact
layer on the glass substrate over the layer comprising silicon nitride; sputtering a first
layer comprising silver on the glass substrate over and in contact with the first contact
layer; sputtering a dielectric layer on the substrate over the first layer comprising
silver; sputtering a second layer comprising silver on the substrate over the dielectric
layer; sputtering another dielectric layer on the substrate over the first and second
layers comprising silver; and after said sputtering steps recited above, heat treating the
glass substrate with the coating thereon in order to thermally tempering the glass
substrate, and wherein after said heat treating the coating article has glass side

reflective a* and b* color values that are closer to 0 at a viewing angle of 60 degrees

than at a normal viewing angle of 0 degrees.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIGURE 1 1s a cross sectional view of a heat treated coated article

according to an example embodiment of this invention.

[0021] 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.

10022] FIGURE 3 1s an a* versus b* graph illustrating glass side color values

upon significant viewing angle shifts for the conventional coating described above

compared to Example | of this invention which is set forth below.



CA 02505696 2005-05-10

WO 2004/058661 PCT/US2003/039940

DETAILED DESCRIPTION OF THE INVENTION

[0023] Certain example embodiments of this invention relate to a heat treated
coated article having fairly neutral coloration at high viewing angles such as at about
45 and/or 60 degrees off-axis. It is noted that off-axis (i.e., at 45 and 60 degree

angles) a* and b* values herein are measured monolithically, even though the final

coated article may be monolithic or otherwise (e.g., IG window unit).

[0024] 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 75 A thickness described in the conventional coating above, glass side
reflective b* color can be significantly improved (i.e., more neutral in this case) at
high viewing angles. In certain example embodiments of this invention, the titanium
oxide layer is thinned from the conventional 75 A thickness referenced above to a

thickness of from 20 to 60 A, more preferably from 30 to 60 A, and even more

preferably from 40 to 50 A.

10025] In certain example embodiments, such thinning of the titanium oxide
layer enables the coated article to have color (a* and/or D*) 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
1s 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.

[0026] 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
layers) may also play a part in stabilizing a* and/or b* values upon significant
changes in viewing angle. In particular, making the upper IR reflecting layer at least
30 A thicker (more preferably at least 35 A thicker, and even more preterably at least
40 A thicker) than the lower IR reflecting layer has been found to be helpful in

improving color at high viewing angles in some instances.

[0027] The use of the thin titanium oxide layer herein to render a* and/or b*

color values more neutral at high viewing angles may be used in order to provide a

7
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HT coated article which colorwise approximately matches a non-HT counterpart coated
article such as that described 1in U.S. Patent Application 2004-0121165 Al both at normal

viewing angles and at higher viewing angles such as 435 and 60 degrees oft-axis.

[0028] 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 (¢.g., monolithic or
IG units) according to certain embodiments of this invention preferably have 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 visible iransmission is coupled with at
least one of: (a) SHGC no greater than about 0.43, more preferably no greater than about
0.41, and most preferably no greater than about 0.40; (b) a TS% of no greater than 40%,
more preferably no greater than 37%, and most preferably no greater than 34%; (c) fairly
neutral glass side reflective a* and/or b* value(s) no greater than 1.2 (absolute value),
more preferably no greater than 1.0, and most preferably no greater than 0.8, at a viewing
~ angle of about 60 degrees off-axis (i.e., 60 degrees from normal); (d) fairly neutral
transmissive color at & normal viewing angle such that transmissive a* is from -6.0 to
+5.0 (more preferably from -5 1o —0), and transmissive b* is from -2.0 t0 4.0 (more
preterably trom O to 3.0); and/or (e) fairly neutral. reflective color from the exterior of the
IG unit (i.e., Rg/Rou) at a normal viewing angle such that reflective a* (i.c., 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 10
1.0 (more preferably from —5.0 to —1.0).

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 substraie 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 erther directly or indirectly, The coating (or layer system) 27
includes: titanium oxide layer 3 (e.g., a first dielectric layer), dielectric silicon nitride

layer 4 which may be SiaNy, of the Si-rich type for haze
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reduction, or of any other suitable stoichiometry in different embodiments of this
Invention, first lower contact layer 7 (which contacts layer 9), first conductive and
preferably metallic infrared (IR) reflecting layer 9, first upper contact layer 11 (which
contacts layer 9), dielectric layer 13 (which may be deposited in one or multiple steps
1n different embodiments of this invention), another silicon nitride layer 14, 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), dielectric layer 23, and finally 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.

[0030] In certain preferred embodiments of this invention, the thickness of
titanium oxide layer 3 is controlled so as to enable glass side reflective a* and/or b*
values that are fairly neutral (i.e., close to zero) at high viewing angles such as 45
and/or 60 degrees. In this respect, the low glass side reflective a* and/or b* color
values described herein are enabled by, inter alia, controlling the thickness of
titanium oxide layer 3 so as to be from 20 to 60 A, more preferably from 30 to 60 A,
and even more preferably from 40 to 50 A. Surprisingly, this reduced thickness of the
titanium oxide layer 3 compared to the coating described above in the Background

section enables much more neutral glass side reflective b* values at high viewing

angles (e.g., see the Fig. 3 graph comparison).

[0031] Intrared (IR) retlecting 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
retlecting 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.

[0032] The contact layers 7, 11, 17 and 21 may be of or include nickel (Ni)
ox1ide, chromium/chrome (Cr) oxide, or a nickel alloy oxide such as nickel chrome

oxide (NiCrQOy), in certain example embodiments of this invention. The use of, for

9
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example, NiCrOy for/in these layers enables durability to be improved. The NiCrOy
layers 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 Ni1CrOx is a preferred material for the contact layers, those skil}led In
the art will recognize that other materials may instead be used. Contact layer(s) 7, 11,
17 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 layef may be graded so as to be less oxidized at the contact
interface with the immediately adjacent IR reflecting layer than at a porﬁon of the

contact layer(s) further or more/most distant from the immediately adjacent IR

reflecting layer.

[0033] Silicon nitride dielectric layer 4 1s provided so as to improve heat-

treatability of the coated articles, e.g., such as thermal tempering or the like.

[0034] 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.

[0035] 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., SnO3),
although other materials may instead be used. Dielectric overcoat layer 25 may be of
or include silicon nitride (e.g., Si3Ny) 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.

[0036] Other layer(s) below or above the illustrated coating 27 may also be
provided. Thus, while the layer system or coating 27 1s "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"

10
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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.

[0037] 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" ot
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).

10038] Turning back to Fig. 1, while various thicknesses may be used
consistent with one or more of the objects discussed herein, exemplary thicknesses
and example materials for the respective layers on the glass substrate 1 in the Fig. 1-2

embodiment are as follows, from the glass substrate outwardly:

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

Layer Preferred Range (‘3\) More Preferred (A) Example (A)
TiO, (layer 3) 20-60 A 30-60 A 45 A

SiNy (layer 4) 50-250 A 140-200 A 165 A
NiCrO, (layer 7) 10-50 A 15-35 A 26 A

11
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Ag (layer 9) 50-250 A. 30-120 A 98 A
NiCrOy (layer 11) 10-50 A 15-35 A 26 A
SnO, (layer 13) 0-1,000 A 400-800 A 525 A
SiN, (layer 14) 50-250 A 100-200 A 165 A
NiCrOy (layer 17) 10-50 A 15-35 A 26 A
Ag (layer 19) 50-250 A 80220 A 141 A
NiCrOy (layer 21) 10-50 A 15-35 A 26 A
SnO; (layer 23) 0-500 A 70-200 A 100 A
SisN, (layer 25) 0-500 A 120-320 A 224 A
[0039] 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), and such coated articles may be heat

treated (e.g., thermally tempered) in certain embodiments of this invention.

Table 3: Low-E Characteristics (post-HT)

Characteristic General More Preferred Most Preferred

R; (ohms/sq.): <=15.0 <= 3.5 <=2.8

En: <= 0.07 <= 0.04 <=0.03

[0040] 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 (HT or non-HT). In Table 4 below, R,Y is

visible reflection from the glass (g) side of the monolithic article, while R¢Y 1s visible

12
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reflection from the side of the monolithic article on which coating/film (f) (i.e.,

coating 27) is located.

Table 4: Monolithic Solar Characteristics

Characteristic General More Preferred
Tvis (or TY)L. C, 2 deg.): >= 55% >= 60%

a*, (Ill. C, 2°): -6.0 t0 0.0 -5.0to -1.5

b*, (Ill. C, 2°): -4.0t0 4.0 1.0t0 3.0
R,Y (1ll. C, 2 deg.): 1 to 10% 3 to 7%

a*s (1ll. C, 2°): -2.0t0 4.0 -0.5t0 2.5

b*, (Ill. C, 2°): -7.0to 1.0 -6.0 to0 0.0

a*, (60" VA): -1.2t0 1.2 -1.0to 1.0

b*, (60" VA): -1.2t0 1.2 -1.0to0 1.0

Aa*, (0to 60" VA): <=2.5 <=1.5

Ab*, (0to 60° VA):" <=6 <=3
ReY (IIl. C, 2 deg.): 1 to 7% 1to 6%

a*¢ (I11. C, 2°): -3.0t0 5.0 -4.0 to 3.0

b*¢ (Ill. C, 2°): -9.0 to 10.0 -7.0 to 8.0
Tuttraviolet: <=40% <=35%
Sheet Resistance (Rs): <=7 ohms/sq. <=4 ohms/sq.
[0041] Meanwhile, IG window units utilizing coatings 27 according to certain

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

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). 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
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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) side (i.e., from

interior the window in Fig. 2). It is noted that the characteristics in Table 5 below are

measured 1n the context of an IG unit, except that the A a*/b* values and the 60

degree viewing angle a*, b* values are measured monolithically, before the

monolithic article is assembled in the IG unit.

Table 5: IG Unit Solar Characteristics (HT)

Characteristic
This (or TY)IL. C, 2 deg.):
a* (Ill. C, 2°):
b* (1ll. C, 2°):
R,Y (Ill. C, 2 deg.):
a*; (1ll. C, 2°):
b*, (Ill. C, 2°):
a*y (60" VA):
b*, (60° VA):
Aa*, (0 to 60° VA):
Ab*, (0 to 60° VA):
ReY (Ill. C, 2 deg.):
a*¢ (I1. C, 29):
b*¢ (111. C, 2°):
SHGC (surface #2):
SC (#2):

TS %:

General

>= 65%

-7.0t0 0.0

-2.0t04.0

7to 13%

-3.0t0 2.0

-5.0t0 1.0

-1.2t0 1.2

-1.2t01.2

<=2.5

<=6

7to 14%

-4.0to 2.0

-3.0t0 5.0

<=0.45

<= (.49

<= 40%

14

More Preferred

>= 67%

-6to-1.5

1.0t0 3.0

9t0 11%
-2.0t0 0.5
-4.0t0-1.0
-1.0to 1.0
-1.0to 1.0
<= 1.5
<=3

10 to 12%
-2.51t0 0.5
-4.0 to0 3.0
<= 0.40
<= 0.45

<=37%
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Tutraviolet: <= 40% <= 35%

[0042]) Morcover, it Is noted that a diamond-like carbon (DLC) inclusive layer

may be provided aver coating 27 in certain example embodiments of this invention.
EXAMPLE

{0043] The following example is provided for purposes of example only, and
is not intended to be limiting. Example processing techniques used for sputtering the
Example coating may be found in related U.S, Sertal No, 6,576,349, The following
Example 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 EXAMPLE ]

Laycr Thickness
Glass Substrate 6 mm
TiO, 45 A
SiN, 165 A
NiCrO, 26 A
Ag 08 A
NiCrO, 26 A
Sn0, 533 A
SiN, O 165A
NiCrO, 26 A
Ag 141 A
NiCrO, 26 A
Sn» 100 A
SisNg 224 A

15
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[0044] It can be seen that the coating set forth above for this Exaniple includes
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 fairly neutral a* and/or b* values at high viewing
angles such as at 60 degrees off-axis. It is also believed that making the upper Ag
layer significantly thicker (e.g., at least 30 A thicker, more preferably at least 35 A
thicker, and most preferably at least 40 A thicker) than the lower Ag layer helps
provide neutral coloration at high viewing angles. The coating was formed on the
glass substrate so as to have a visible transmission of 61.78%, and thereafter was heat
treated for thermal tempering. Following the heat treatment (HT), the coated article

was analyzed monolithically, the results being set forth in Table 7 below.
Table 7: Optical Characteristics of Example 1 (Monolithic - HT)
Example 1
Visible Transmission (TY)(IlIl. C2 deg.):  75.02%
a* -3.96
b* 1.65
Glass Side Reflective (RY)(III C, 2 deg.):  5.46%
a* 1.57
b | -5.32

Film Side Reflective (FY)(Ill. C, 2 deg.):  4.58

a* -3.17
b* 6.72
Sheet Resistance (R;)(ohms/square): 2.39
[0045] The Example coated article, HT and monolithic, was 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 Table 8. It
is noted that in Table 8, as everywhere herein, the 0 degree viewing angle may be

truly O or alternatively may be approximately O such as 2 deg. observer.

16
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10046] Table 8: Color at High Viewing Angles of Example 1 (Monolithic)
Color Characteristic Odeg. VA 45deg. VA  60des. VA
(Glass Side Reflective Color

a* 1.57 1.44 0.42
b* -5.32 -0.57 -0.55
Aa*, n/a 0.13 1.15
Ab¥, n/a 4.75 4.77
(0047] It can be seen from Table 8 that the coated article, in monolithic form.

exhibited neutral coloration (a* and b*) at the 60 degree viewing angle. This is
advantageous for the reasons discussed above, and is believed to be a result of the
precise control over the thickness of the titanium oxide layer described above. This
neutral coloration at high viewing angles is a significant improvement over the
conventional coating described in the Background section above. After such Example

HT coated articles are made, they may be used in the context of IG window units.

(0048] Fig. 3 is a graph plotting the a*, b* color values of Example 1 above,
compared to the conventional coated article described in the Background over a range
of viewing angles. It can be seen from Fig. 3 that the conventional coated article
(with thicker titanium oxide layer) experiences a much more yellow (i.e., non-neutral)
b* value at high viewing angles of 45 and 60 degrees, than does Example 1. This
more neutral coloration of Example 1 at such viewing angles is advantageous in (1)

approximately matching HT counterpart coatings, and/or (2) reducing strong

coloration at high viewing angle(s).

[0049] Based on the Example above, a modeled IG unit may have the

following characteristics set forth in Table 9 below:
Table 9: IG Unit Modeled From Example (HT)

Exampie 1
Visible Transmission (TY)(Ill. C 2deg.):  67.24%
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a* -3.2
b* | | 1.79
Glass Side Reflective (RY)(l1 C, 2 deg.): 9.2%
a*® : -0.61
b* -3.29

Film Side Reflective (FY)(ll. C, 2 deg.): 11.06

a* -2.16
b* = 2.07
10050} 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 1s
reported as R,Y 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. Transmittance herein means solar
transmittance, which is made up of visible light transmittance (TY), IR transmittance,
and UV transmittance (Tyv). Total solar energy transmittance (1S) can be

characterized as a weighted average of these transmittance values as is known in the

art.

[6051] 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 use 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

18
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for Computing the Colors of Objects by 10 Using the CIE System" and/or as reported
in IES LIGHTING HANDBOOK 1981 Refercnce Volume.

|0052] The term “shading coefticient” (SC) is a term well understood in the
art and is used herein according to its well known meaning, It is defermined according
to ASHRAE Standard 142 "Standard Method for Determining and Expressing the
Heat Transfer and Total Optical Propertics of Fenestration Products” by ASHRAE
Standards Project Committee, SPC 142, September 1995, SC may be obtaimed by
dividing solar heat gain coefficient (SHGC) by about 0.87. Thus, the following
formuia may be used: SC=SHGC/0.87.

[0053] While the inventton has been described in connection with what is
presently considered to be the most practical and preferred embodiment, it 1s to be
understood that the invention is not to be limited to the disclosed embodiment, but on

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

included within scope of the appended claims.
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CLAIMS

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

a layer comprising litanium oxide;

a layer comprising silicon nitride;

a first contact layer;

a first layer comprising silver provided over and in contact with said first contact
layer;

a dielectric tayer;

a second layer comprising silver;

another dielectric layer; and

wherein the layer comprising titanium oxide has a thickness of from 20 to 60 A,

the coated article has a Total Solar (TS) value of no greater than 40%, and the coated

article has glass side reflective a* and b* color values of from -1.0 1o +1.0 at a viewing

angle of 60 degrees.

2. The coated article of claim 1, wherein the coated article has glass side

reflective a* and b* color values of from -0.8 to +0.8 at the viewing angle of 60 degrees,

and a Aa*g (glass side reflective) value ot no greater than 2.5 over a viewing angle shift

of about 60 degrees.
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3. The coated article of claim 2, whercin the coated article has a Aa*, (glass
side reflective) value of no greater than 1.5 over the viewing angle shift of about 60

degrees.

4. The coated article of claim 1, wherein the titaniwm oxide layer has a

thickness of from 30 to 60 A, and is sandwiched between and contacts each of the glass

substrate and the layer comprising silicon nitride.

5. The coated article of claim 1, wherein the coated article has a TS of no
greater than 37%.
6. The coated article of claim 1, wherein the second layer comprising silver

is at least 30 A thicker than the first layer comprising silver.

7. The coated article of claim 1, wherain the second layer comprising silver

is at least 40 A thicker than the first layer comprising silver.

8. The coated articie of claim 1, wherein the coated article is thermally

tempered, and has a sheet resistance of no greater than 4 ohms/square.

g. The coated article of ciaim 1, wherein the coated article comprises an IG

window unit.
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10.  The coated article of claim 1, whercin the coated article has glass side

reflective a* and b* values that are both closer to zero at a 60 degree viewing angle than

at a normal or O degree viewing angle.

11.  The coated article of claim 1, wherein the coated article has a SHGC of no

greater than 0.45.

12. The coated article of claim 1, wherein the coated article has a SHGC of no

greater than 0.41.

13. A method of making a coated article, the method comprising:

sputtering a layer comprising titanium oxide so as to be supported by a glass
substrate, the layer comprising titanium oxide having a thickness of from 20 to 60 A;

sputtering a layer comprising silicon nitride on the glass substrate over the layer
compristag titanium oxide;

sputtering a first contact layer on the glass substrate over the layer comprising
siiicon nitride;

sputtering a first layer comprising silver on the glass substrate over and in contact
with the first contact layer;

sputtering a dielectric layer on the substrate over the first layer comprising silver;

sputtering a second layer comprising silver on the substrate over the dielectric

layer,
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sputtering another dielectric layer on the substrate over the first and second layers
comprising silver;

after said sputtering steps recited above, heat treating the glass substrate with the
coating thereon in order to thermally tempering the glass substrate, and wherein after said
heat treating the coating article has glass side reflective a* and b* color values of from -
1.0 to +1.0 at a viewing angle of 60 degrees; and

coupling the heat treated glass substrate with the coating thereon to another glass
substrate in order to form an insulating glass (1G) window unit which has a Total Solar

(TS) value of no greater than 40%.

14.  The method of claim 13, wherein the IG window unit has a SHGC of no

greater than 0.41.
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