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TITLE OF THE INVENTION

COATED ARTICLE WITH IR REFLECTING LAYER(S) AND OVERCOAT
FOR IMPROVING SOLAR GAIN AND VISIBLE TRANSMISSION

[0001] This application relates to a coated article having a low-emissivity
(low-E) coating that includes at least one infrared (IR) reflecting layer of a material
such as silver, gold, or the like, and a dielectric overcoat designed to increase solar
heat gain coefficient (SHGC) of the coated article. A dielectric undercoat may also be
designed to increase SHGC of the coated article in certain example embodiments. In
certain example embodiments, the overcoat and/or undercoat are designed to increase
SHGC and visible transmission (TY or Tvis), and still provide for desirably low
normal emittance (En). It has surprisingly been found that overcoat and/or undercoat
designs herein advantageously provide for increased SHGC and/or visible
transmission (Tvis) values of the coated article, and good durability, without

significantly reducing normal emissivity (En).

BACKGROUND AND SUMMARY OF EXAMPLE EMBODIMENTS OF
THE INVENTION

[0002] Coated articles are known in the art for use in window applications
such as insulating glass (IG) window units, vehicle windows, monolithic windows,
and/or the like. In certain example instances, designers of coated articles often strive
for a combination of high visible transmission, substantially neutral color, low
emissivity (or emittance), low sheet resistance (Rs), and/or low specific resistivity.
High visible transmission and substantially neutral color may permit coated articles to
be used in applications where these characteristics are desired such as in architectural
or vehicle window applications, whereas low-emissivity (low-E), low sheet resistance,
and low specific resistivity characteristics permit such coated articles to block
significant amounts of IR radiation so as to reduce for example undesirable heating of

vehicle or building interiors.

[0003] However, conventional coated articles are often lacking with respect to

one or more of: (i) mechanical durability, and/or (ii) ability to realize a combination
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of good/high visible transmission (Tvis), high solar heat gain coefficient (SHGC), and
low emissivity.

[0004] U.S. Patent No. 6,210,784 in Example 2 discloses a layer stack of
glass/Ti0/ZnO/Ag/Ti/Ti0/SnO/S10/SiN. However, this coated article is silent as to
SHGC and is only able to achieve a visible transmission of 78.6% measured
monolithically.

[0005] In warm climates, low SHGC values are desired together with high
visible transmission. Thus, the prior art typically desires low SHGC values which
teaches away from example embodiments of this invention. However, in colder
climates high SHGC values are often desired. SF (G-Factor; EN410-673 2011) and
SHGC (NFRC-2001) values are calculated from the full spectrum (Tvis, Rg and Rf)
and may be measured with a spectrophotometer such as a Perkin Elmer 1050.

[0006] In view of the above, it will be appreciated that there exists a need in
the art for a coated article including a coating (e.g., in the context of a monolithic or
1G window unit) which has the ability to realize one or more of: (i) good durability,
(11) high SHGC, (111) high Tyis, and/or (iv) low normal emissivity (En).

[0007] Certain example embodiments of this invention relate to a coated
article having a low-emissivity (low-E) coating that includes at least one infrared (IR)
reflecting layer of a material such as silver, gold, or the like, and a dielectric overcoat
designed to increase solar heat gain coefficient (SHGC) and visible transmission (Tyis)
of the coated article. A dielectric undercoat of the coating may also be designed to
increase SHGC and/or visible transmission of the coated article in certain example
embodiments. In certain example embodiments, the overcoat and/or undercoat are
designed to increase SHGC and visible transmission while also providing for
substantially neutral color and/or desirably low normal emittance (E.). It has
surprisingly been found that overcoat and/or undercoat designs herein advantageously
provide for increased SHGC and/or visible transmission (Tyis) values of the coated
article, without significantly reducing normal emissivity (En) and allowing for
substantially neutral color.

[0008] In certain example embodiments, a double pane IG window unit
including the coating (e.g., on surface #2 or surface #3) may have an SHGC value of

at least 0.60, more preferably of at least 0.65; more preferably at least 0.66; and most
2
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preferably of at least 0.67. In certain example embodiments of this invention, coated
articles are able to realize a visible transmission (TY or Tvis) of at least about 68%,
more preferably at least about 70%, still more preferably of at least about 72%, more
preferably of at least about 74%, more preferably of at least 80% measured
monolithically, and most preferably of at least 85% measured monolithically; and a
normal emissivity (En) of no greater than 0.2, more preferably no greater than 0.10,
and most preferably no greater than 0.045. In certain example embodiments of this
invention, coated articles can realize a combination of high visible transmission (Tvis)
and a high solar heat gain coefficient (SHGC) which is desired for cold climates. In
view of the above, it is possible to permit the coated article, such as an IG window
unit for example, to realize excellent properties such as high SHGC, high visible
transmission, low emissivity, and good durability. For coatings according to example
embodiments of this invention, a high SHGC is preferred because the coating is
adapted for use in northern climates. The high SHGC desired for this coating is the
opposite of low SHGC values desired for coatings for use in southern/hot climates.
[0009] Coated articles herein may be used in the context of insulating glass
(IG) window units, or in other suitable applications such as monolithic windows,
laminated windows, and/or the like.

[0010] In an example embodiment of this invention, there is provided a coated
article including a coating supported by a glass substrate, the coating comprising: a
first dielectric layer; an infrared (IR) reflecting layer comprising silver on the glass
substrate, located over at least the first dielectric layer; a contact layer on the glass
substrate located over and directly contacting the IR reflecting layer; a multilayer
overcoat comprising a dielectric high index layer having a refractive index (n) of at
least 2.2, a dielectric medium index layer having a refractive index (n) of from 1.9 to
2.1, and a dielectric low index layer having a refractive index of no greater than 1.7,
and wherein the medium index layer is located between and directly contacting the
high index layer and the low index layer; and wherein the coating has a normal
emissivity (En) of no greater than 0.2, more preferably no greater than 0.10, still more
preferably no greater than 0.045, and a visible transmission of at least 80% (more

preferably at least 85%) measured monolithically.



WO 2018/160936 PCT/US2018/020609

[0011] In certain example embodiments of this invention, there is provided a
coated article including a coating supported by a glass substrate, the coating
comprising: a first dielectric layer; an infrared (IR) reflecting layer comprising silver
on the glass substrate, located over at least the first dielectric layer; a contact layer on
the glass substrate located over and directly contacting the IR reflecting layer; a
multilayer overcoat comprising a dielectric high index layer having a refractive index
(n) of at least 2.2, a dielectric medium index layer having a refractive index (n) of
from 1.9 to 2.1, and a dielectric low index layer having a refractive index of no
greater than 1.7, and wherein the medium index layer is located between and directly
contacting the high index layer and the low index layer; a multilayer dielectric
undercoat between the glass substrate and the IR reflecting layer, wherein the
dielectric undercoat comprises the first dielectric layer which directly contacts the
glass substrate and is a medium index layer having a refractive index (n) from 1.9 to
2.1, and a second dielectric layer which is a high index layer having a refractive index
(n) of at least 2.2, and wherein in the undercoat the first dielectric layer is located
between the glass substrate and the second dielectric layer; and wherein the coating
has a normal emissivity (En) of no greater than 0.2.

[0012] In certain example embodiments of this invention, there is provided a
coated article including a coating supported by a glass substrate, the coating
comprising: a first dielectric layer; an infrared (IR) reflecting layer comprising silver
on the glass substrate, located over at least the first dielectric layer; a contact layer on
the glass substrate located over and directly contacting the IR reflecting layer; a
multilayer overcoat comprising a dielectric high index layer comprising an oxide of
bismuth and/or titanium, and a dielectric low index layer having a refractive index of
no greater than 1.7, and wherein the low index layer is located between at least the
high index layer and the contact layer; and wherein the coating has a normal
emissivity (En) of no greater than 0.2 and/or a visible transmission of at least 80% or

at least 85% measured monolithically.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIGURE 1 is a cross sectional view of a monolithic coated article

according to an example embodiment of this invention.
4
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[0014] FIGURE 2 is a cross sectional view of a monolithic coated article

according to another example embodiment of this invention.

[0015] FIGURE 3 is a cross sectional view of a monolithic coated article

according to another example embodiment of this invention.

[0016] FIGURE 4 is a cross sectional view of a monolithic coated article

according to another example embodiment of this invention.

[0017] FIGURE 5 is a cross sectional view of part of an insulating glass (IG)
window unit including the coated article of any of Figs. 1-4 according to an example

embodiment of this invention.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS OF THE
INVENTION

[0018] Referring now to the drawings in which like reference numerals

indicate like parts throughout the several views.

[0019] Coated articles herein may be used in applications such as monolithic
windows, 1G window units such as residential windows or commercial windows,
patio door windows, vehicle windows, and/or any other suitable application that
includes single or multiple substrates such as glass substrates. Certain example
embodiments of this invention are particularly adapted for residential window and
patio door applications where high heat gain and high visible light transmission is

desired.

[0020] Referring to the Fig. 1 and Fig. 2 embodiments for example, in certain
example embodiment of this invention, there is provided a coated article including a
coating 25 supported by a glass substrate, the coating 25 comprising: a first dielectric
layer (2, 3, or 7); an infrared (IR) reflecting layer comprising silver 9 on the glass
substrate 1, located over at least the first dielectric layer (2, 3, or 7); a contact layer 11
on the glass substrate 1 located over and directly contacting the IR reflecting layer 9;
a multilayer overcoat comprising a dielectric high index layer 21 having a refractive
index (n) of at least 2.2 (more preferably of at least 2.25), a dielectric medium index

layer 22 having a refractive index (n) of from 1.9 to 2.1 (more preferably from 1.95 to

5
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2.06), and a dielectric low index layer 23 having a refractive index of no greater than
1.7 (more preferably no greater than 1.6), and wherein the medium index layer 22 is
thinner than each of the high and low index layers 21 and 23 and is located between
and directly contacting the high index layer 21 and the low index layer 23; and
wherein the coating 25 has a normal emissivity (En) of no greater than 0.2, more
preferably no greater than 0.10, still more preferably no greater than 0.045, and the
coated article has a visible transmission of at least 80%, more preferably of at least
85% or of at least 90%, measured monolithically. In the overcoat the medium index
layer 22 may be at least 50 A thinner than each of the high index layer 21 and the low
index layer 23, more preferably the medium index layer 22 may be at least 100 A or
140 A thinner than each of the high index layer 21 and the low index layer 23. The
low index layer 23 may be of or include an oxide of silicon such as SiOz. The high
index layer 21 may be of or include an oxide of titanium such as TiOz2, or an oxide of
bismuth such as Bi2Os. The medium index layer 22 may be of or include an oxide of
zinc such as zinc oxide and/or zinc stannate. The overcoat may further comprise an
outermost layer 24 of or including silicon nitride and/or silicon oxynitride (see Fig. 2).
The coated article may have an SHGC value of at least 0.60, more preferably of at
least 0.65, even more preferably of at least 0.66, and most preferably of at least 0.67,
measured monolithically or in a double pane I1G unit for example. The coating 25
may also include a dielectric undercoat between the glass substrate 1 and the IR
reflecting layer 9, wherein the dielectric undercoat may include a first dielectric layer
2 which may be a medium index layer having a refractive index (n) from 1.9 to 2.1
(more preferably from 1.95 to 2.06) and a second dielectric layer 3 which is a high
index layer having a refractive index (n) of at least 2.2 (more preferably of at least
2.25), and wherein the first dielectric layer 2 is located between, and possibly
contacting, the glass substrate 1 and the second dielectric layer 3. In the undercoat,
the first dielectric layer 2 may comprises zinc oxide or silicon nitride, and the second
dielectric layer 3 may comprises an oxide of titanium and/or bismuth. The coating
may further include a layer of or including zinc oxide and/or zinc stannate 7 located
under and directly contacting the IR reflecting layer 9. The layer comprising zinc
oxide and/or zinc stannate 7 may be located between and directly contacting the IR

reflecting layer 9 and second dielectric layer 3 of the undercoat in certain example

6
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embodiments such as shown in Figs. 1-4. The contact layer 11 may be of or include
any suitable material such as Ni, Ti, NiCr, NiCrOx, NiCrMo, NiTiNbOx or
NiCrMoOx. The coated article of any of Figs. 1-4 may be provided in an IG window
unit as shown in Fig. 5 for instance, and the 1G unit may have a U-value of no greater
than 0.30 Btuw/h ft F. It has surprisingly been found that the coating is able to increase
transmission and SHGC values, which are particularly desirable for coatings adapted
for use in windows in cold climates, while maintaining substantially neutral color.
[0021] We found that, in order to increase visible transmission and SHGC, the
undercoat can be made of two different index materials layers, first layer 2 adjacent
the glass is a medium index around n=2 (such as 1.9~2.1), and the second layer 3 is a
high index material such as index n=2.3 (such as 2.2~2.5), and the overcoat can be
made to have a high index layer 21 (n=2.3, such as 2.2~2.5), then followed by another
medium index layer 22, n around 2 (such as 1.9~2.1), then followed another low
index layer 23, such as n<1.7 or <1.6. In such design, it was found that the solar gain
was greatly enhanced as was visible transmission in a surprising and unexpected
manner.

[0022] Fig. 11is a cross sectional view of a coated article according to an
example embodiment of this invention. The coated article includes glass 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 6.0 mm thick), and a multi-layer coating
(or layer system) 25 provided on the substrate 1 either directly or indirectly. As
shown in Fig. 1, the coating 25 is of or includes medium index dielectric layer 2 of or
including silicon nitride (e.g., SisNa, or some other suitable stoichiometry), zinc
oxide, zinc stannate, or the like, dielectric layer 3 of or including a high index metal
oxide such as an oxide of titanium (e.g., TiOx where “x” is from 1 to 2, more
preferably about 2), an oxide of bismuth, or an oxide of niobium, zinc oxide inclusive
contact layer 7 (e.g., ZnOx where “x” may be about 1; or ZnAlOx or zinc stannate), IR
(infrared) reflecting layer 9 including or of silver, gold, or the like, upper contact layer
11 of or including any suitable material such as Ni, Ti, NiCr, an oxide of Ni and/or Cr
(e.g.. NiCrOx), NiCrMo, NiTiNbOx or NiCrMoOx, and a transparent dielectric
overcoat of or including high index layer 21 of or including a high index material

such as bismuth oxide, titanium oxide (e.g., TiO2), or niobium oxide, medium index

7
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layer 22 of a material such as zinc oxide, tin oxide, or zinc stannate, and low index
layer 23 of a low index material such as silicon oxide (e.g., Si02). Of course, any
silicon nitride inclusive layers 15 may further include Al, oxygen, or the like, and
other layers may be doped with other materials. Other layers and/or materials may
also be provided in the coating 25 in certain example embodiments of this invention,
and it is also possible that certain layers may be removed or split in certain example
instances. Moreover, one or more of the layers discussed above may be doped with
other materials in certain example embodiments of this invention. All layers may be
formed by sputter deposition in certain example embodiments of this invention.
[0023] High index layers dielectric layers 3 and 21 are preferably of or
including a high index metal oxide such as an oxide of titanium (e.g., TiOx where “x”
is from 1 to 2, more preferably about 2), an oxide of bismuth, or an oxide of niobium.
However, other element(s) may be added to these layers. For example one or both of
high index dielectric layers 3 and/or 21 may be of or include high index material such
as TiZrOx, YTiOx, TiSnOx, TiZnSnOx, TiNbOx, or the like. The addition of Zr, Y, Sn,
or Nb for example to the titanium oxide is advantageous, for example, in that it results
in a difference in atomic radii of Ti and the other metal(s) which causes a disruption
in lattice formation and hence impedes the formation of crystals, thereby resulting in a

coating that is more thermally stable upon heat treatment such as thermal tempering.

[0024] High index layer(s) 3 and/or 21 may also be formed of or including
NbBiOx. In such embodiments, metal content of the NbBiOx inclusive high index
layer may be from 55-99% Nb, more preferably from 60-95% Nb, still more
preferably from 70-90% Nb, and from 1-45% Bi, more preferably from 5-40% Bi,
still more preferably from 10-30% Bi (atomic %).

[0025] Fig. 2 is a cross sectional view of a coated article according to another
example embodiment of this invention. The Fig. 2 embodiment is the same as the
Fig. 1 embodiment described above, except that the overcoat in the Fig. 2
embodiment also includes an outermost layer 24 of or including silicon nitride and/or
silicon oxynitride that may be located over and directly contacting the low index layer
23. The outermost layer 24 of or including silicon nitride and/or silicon oxynitride

may have a thickness of from 50-200 A, more preferably from 75-150 A, and most

8



WO 2018/160936 PCT/US2018/020609

preferably from 80-120 A. This layer 24 is preferably thin and is provided in order to

improve durability of the coating.

[0026] Fig. 3 is a cross sectional view of a coated article according to another
example embodiment of this invention. The Fig. 3 embodiment is the same as the
Fig. 1 embodiment described above, except that in the Fig. 3 embodiment medium

index layer 22 is omitted.

[0027] Fig. 4 is a cross sectional view of a coated article according to another
example embodiment of this invention. The Fig. 4 embodiment is the same as the
Fig. 2 embodiment described above, except that in the Fig. 4 embodiment medium

index layer 22 is omitted.

[0028] In monolithic instances, the coated article includes only one substrate
such as glass substrate 1 (see Figs. 1-4). However, monolithic coated articles herein
may be used in devices such as IG window units for example. Typically, as shown in
Fig. 5, an IG window unit may include two spaced apart substrates 1 and 42, with an
air gap 4 defined therebetween. Example IG window units are illustrated and
described, for example, in U.S. Patent Nos. 5,770,321, 5,800,933, 6,524,714,
6,541,084 and US 2003/0150711, the disclosures of which are all hereby incorporated
herein by reference. An example IG window unit as shown in Fig. 5 may include, for
example, the coated glass substrate 1 shown in any of Figs. 1-4 coupled to another
glass substrate 42 via spacer(s), sealant(s) or the like with a gap 4 being defined
therebetween. This gap 4 between the substrates in IG unit embodiments may in
certain instances be filled with a gas such as argon (Ar). An example IG unit may
comprise a pair of spaced apart substantially clear glass substrates each about 3-4 mm
thick one of which is coated with a coating 25 herein in certain example instances,
where the gap 4 between the substrates may be from about 5 to 30 mm, more
preferably from about 10 to 20 mm, and most preferably about 12-16 mm. In certain
example instances, the coating 25 may be provided on the side of the inner glass
substrate 1 facing the gap, i.e., surface #3 (although the coating may be on the other
substrate 42 in certain alternative embodiments). In other example embodiments, the
1G window unit may include additional glass sheets (e.g., the IG unit may include

three spaced apart glass sheets instead of two).

9
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[0029] Other layer(s) below or above the illustrated coatings 25 of Figs. 1-4
may also be provided. Thus, while the layer system or coating is "on" or "supported
by" substrate 1 (directly or indirectly), other layer(s) may be provided therebetween.
Thus, for example, the coating of Fig. 1 may be considered "on" and "supported by"
the substrate 1 even if other layer(s) are provided between layer 2 and substrate 1.
Moreover, certain layers of the illustrated coating may be removed in certain
embodiments, while others may be added between the various layers or the various
layer(s) may be split with other layer(s) added between the split sections in other
embodiments of this invention without departing from the overall spirit of certain

embodiments of this invention.

[0030] While various thicknesses may be used in different embodiments of
this invention, example thicknesses and materials for the respective layers on the glass
substrate 1 in the Fig. 1-4 embodiments are as follows, from the glass substrate
outwardly (e.g., the Al content in the zinc oxide layers and the silicon nitride layers
may be from about 1-10%, more preferably from about 1-3% in certain example

instances):

Table 1 (Example Materials/Thicknesses; Fig. 1-4 Embodiments)

Layer Preferred Range (A) More Preferred (A) Example (A)
SixNy or ZnSnO (layer 2)  20-400 A 50-200 A 80 A
TiOx or BiOx (layer 3) 30-300 A 50-300 A 240 A
ZnAlOx (layer 7) 10-230 A 30-120 A 40 A
Ag (layer 9) 60-160 A 80-140 A 107 A
contact (layer 11) 10-60 A 20-40 A 26 A
TiOx or BiOx (layer 21)  80-400 A 160-250 A 190 A
ZnO or ZnSnO (layer 22) 20-140 A 30-80 A 40 A
SiO> (layer 23) 50-700 A 150-600 A 500 A
SixNy (layer 24) 50-200 A 80-120 A 100 A
[0031] In certain example embodiments of this invention, coated articles

herein (e.g., see Figs. 1-4) may have the following low-E (low emissivity), solar

10
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and/or optical characteristics set forth in Table 2 when measured monolithically,

absent any heat treatment (thermal tempering).

Table 2: Low-E/Solar Characteristics (Monolithic; non-HT)

Characteristic General More Preferred Most Preferred

Rs (ohms/sq.): <=11.0 <=10 <=9

En: <=02 <=0.10 <=0.045

Tvis (%): >= 80 >=85 >=90
EXAMPLES

[0032] The following examples are provided for purposes of example only,

and are not intended to be limiting. The listed thicknesses are approximations and are
in units of nm. Refractive index (n) values herein are at 550 nm. Below modeled are
a Comparative Example (CE) 1, Example 1 according to the Fig. 3 embodiment, and

Example 2 according to the Fig. 1 embodiment.

Table 3: Layer Stacks for CE 1 and Examples 1-2

n @ 550 | Comparative
Material nm Example 1 Ex. 1 Ex. 2
Index
| value d Experiment
LT o | s
. | 365 0 0
TiO2 2.3 6 20 19
2.6 2.6 2.6
11 10.7 10.7
4 4 4
TiO2 2.3 314 33.6 24
8

Optical data for Comparative Example (CE) 1 and Examples 1-2 are as follows. Note
that Y refers to visible transmission, that SHGC(2) refers to SHGC when the coating
is on surface #2 of a double pane IG unit, that SHGC(3) refers to SHGC when the

coating is on surface #3 of a double pane IG unit.

11
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Table 4. Optical Data for CE 1 and Examples 1-2.

CE1 Ex. 1 Ex. 2
Y (%)
Tt a%
b*
Y (%)
Monolithic .
optics  (m | 8|2
'€, 2deg b*
obs) Y (%)
Rt a*
b*
Alvis] (100-TT-
Rf) 5.9 5.7 4.7
Y (%) 81.9 | 82.1 82.4
T |a* -1.93 | -1.85 | -1.89
b* 2.09 | 1.32 1.15
IG Optics (i Y (%) 11.9 | 121 12.8
'C',2deg | Rg|a* 0.36 0.24 0.54
obs) b* -448 | -3.43 | -3.43
Y (%) 11.8 11.9 12.5
Rf | a* 084 | 062 | 0.96
b* -3.53 | -3.43 | -4.47
Normal Emissivity.(En)
Tvis (%) 0.819 | 0.821 | 0.824
Double | Tsol (%) 0.585 | 0.606 | 0.616
slazing EN | SHGC(3) 0.653
410- SHGC(2) 0.607 | 063 | 0.64
673Thermal | Uyal 1.153 | 1.164 | 1.165
Performance | |55 (3) 125 | 121 | 1.21
LSG(2) 1.35 1.3 1.29
Y (%) 73.9 | 742 | 7438
T |a* -3.14 | -3.02 | -3.09
Trinle b* 3.59 | 2.12 1.76
glazing IG Y (%) 14.8 15.1 16.3
Optics (Il | Rg | a* 0.61 0.42 0.85
'C, 2 deg b* -55 | -474 | -5.42
obs) Y (%) 14.8 | 15.1 16.3
Rf | a* 061 | 042 | 0.85
b* -55 | -474 | -5.42

12
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Tvis (%) 0.739 | 0.742 | 0.749
Triple Tsol (%) 0.465 | 0.491 | 0.502
glazing EN | SHGC(25) 0.529 | 0.554
410- SHGC(52)

673Thermal | Uval
Performance 1SG(3)

1.4 1.34 1.33
LSG(2) 1.4 1.34 1.33

[0033] It can be seen from the data above that the overcoats provided in
Examples 1 and 2 surprisingly and unexpectedly increased both visible transmission
(Y or Tvis) and SHGC values of the coated articles, compared to Comparative

Example (CE) 1, while maintaining substantially neutral color and low emissivity.

[0034] Example 3 according to the Fig. 4 embodiment was modeled, and was
the same as Example 2 except that the SiO2 layer 23 was 25 nm thick and a silicon
nitride layer 24 was provided at a thickness of 10 nm. Example 3 also increased

visible transmission and SHGC compared to CE 1 in an unexpected manner.

[0035] In an example embodiment of this invention, there is provided a coated
article including a coating supported by a glass substrate, the coating comprising: a
first dielectric layer; an infrared (IR) reflecting layer comprising silver on the glass
substrate, located over at least the first dielectric layer; a contact layer on the glass
substrate located over and directly contacting the IR reflecting layer; a multilayer
overcoat comprising a dielectric high index layer having a refractive index (n) of at
least 2.2, a dielectric medium index layer having a refractive index (n) of from 1.9 to
2.1, and a dielectric low index layer having a refractive index of no greater than 1.7,
and wherein the medium index layer is thinner than each of the high and low index
layers and is located between and directly contacting the high index layer and the low
index layer; and wherein the coating has a normal emissivity (Ea) of no greater than
0.2, more preferably no greater than 0.10, still more preferably no greater than 0.045,
and the coated article has a visible transmission of at least 80%, more preferably of at
least 85%, measured monolithically.

[0036] In the coated article of the immediately preceding paragraph, the low

index layer may comprise an oxide of silicon such as SiOx.
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[0037] In the coated article of any of the preceding two paragraphs, the high
index layer may comprise an oxide of titanium such as TiOz2, or an oxide of bismuth.
[0038] In the coated article of any of the preceding three paragraphs, the
medium index layer may comprise an oxide of zinc such as zinc oxide and/or zinc
stannate.

[0039] In the coated article of any of the preceding four paragraphs, the
overcoat may further comprise an outermost layer comprising silicon nitride and/or
silicon oxynitride that is located over and directly contacting the low index layer,
wherein the outermost layer comprising silicon nitride and/or silicon oxynitride may
have a thickness of from 50-200 A, more preferably from 75-150 A, and most
preferably from 80-120 A. Note that all thicknesses discussed herein are physical
thicknesses.

[0040] In the coated article of any of the preceding five paragraphs, the high
index layer may comprise an oxide of titanium and/or bismuth, the medium index
layer may comprises an oxide of zinc, and the low index layer may comprise an oxide
of silicon.

[0041] In the coated article of any of the preceding six paragraphs, the coated
article may have, measured monolithically, a visible transmission of at least 85%,
more preferably of at least 90%.

[0042] In the coated article of any of the preceding seven paragraphs, the
coated article may have an SHGC value of at least 0.60, more preferably of at least
0.65, even more preferably of at least 0.66, and most preferably of at least 0.67.
[0043] In the coated article of any of the preceding eight paragraphs, the
coating may further comprise a dielectric undercoat between the glass substrate and
the IR reflecting layer, wherein the dielectric undercoat may comprise the first
dielectric layer which may be a medium index layer having a refractive index (n) from
1.9 to 2.1 (more preferably from 1.95 to 2.06) and a second dielectric layer which is a
high index layer having a refractive index (n) of at least 2.2 (more preferably of at
least 2.25), and wherein the first dielectric layer is located between, and possibly
contacting, the glass substrate and the second dielectric layer. In the undercoat, the
first dielectric layer may comprises zinc oxide or silicon nitride, and the second

dielectric layer may comprises an oxide of titanium and/or bismuth.
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[0044] In the coated article of any of the preceding nine paragraphs, the
coating may further comprise a layer comprising zinc oxide and/or zinc stannate
located under and directly contacting the IR reflecting layer. The layer comprising
zinc oxide and/or zinc stannate may be located between and directly contacting the IR
reflecting layer and second dielectric layer of the undercoat.

[0045] In the coated article of any of the preceding ten paragraphs, the contact
layer may comprises Ni and/or Cr, and may be of for example NiCr, NiCrOx,
NiTiNbOx, or NiCrMoOx.

[0046] In the coated article of any of the preceding eleven paragraphs, the
coating in certain example embodiments may contain no more than one IR reflecting
layer comprising silver. However, in other embodiments, a second IR reflecting layer
of or including silver may be located between at least the glass substrate and the first
recited IR reflecting layer.

[0047] An IG window unit may include the coated article of any of the
preceding twelve paragraphs. The IG unit may have a U-value of no greater than 0.30
Btu/h ft F.

[0048] In the coated article of any of the preceding thirteen paragraphs, in the
overcoat the medium index layer may be at least 50 A thinner than each of the high
index layer and the low index layer, more preferably the medium index layer may be
at least 100 A or 140 A thinner than each of the high index layer and the low index
layer.

[0049] In the coated article of any of the preceding fourteen paragraphs, the
high index layer(s) may be of or include any of TiOx, TiZrOx, YTiOx, TiSnOx,
TiZnSnOx, or TiNbOx.

[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
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

1. A coated article including a coating supported by a glass substrate, the
coating comprising:

a first dielectric layer;

an infrared (IR) reflecting layer comprising silver on the glass substrate,
located over at least the first dielectric layer;

a contact layer on the glass substrate located over and directly contacting the
IR reflecting layer;

a multilayer overcoat comprising a dielectric high index layer having a
refractive index (n) of at least 2.2, a dielectric medium index layer having a refractive
index (n) of from 1.9 to 2.1, and a dielectric low index layer having a refractive index
of no greater than 1.7, and wherein the medium index layer is thinner than each of the
high and low index layers and is located between and directly contacting the high
index layer and the low index layer; and

wherein the coating has a normal emissivity (Ex) of no greater than 0.2 and the

coated article has a visible transmission of at least 80% measured monolithically.

2. The coated article of claim 1, wherein the low index layer comprises

an oxide of silicon.

3. The coated article of claim 2, wherein the low index layer comprises
Si0o.

4, The coated article of any preceding claim, wherein the high index layer

comprises an oxide of titanium.

5. The coated article of any preceding claim, wherein the high index layer

comprises TiOz.

6. The coated article of any of claims 1-3, wherein the high index layer

comprises an oxide of bismuth.
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7. The coated article of any preceding claim, wherein the medium index

layer comprises an oxide of zinc.

8. The coated article of any of claims 1-6, wherein the medium index

layer comprises zinc stannate.

9. The coated article of any preceding claim, wherein the overcoat further
comprises an outermost layer comprising silicon nitride and/or silicon oxynitride that
is located over and directly contacting the low index layer, wherein the outermost
layer comprising silicon nitride and/or silicon oxynitride has a thickness of from 50-

200 A,
10. The coated article of any preceding claim, wherein the high index layer
comprises an oxide of titanium and/or bismuth, the medium index layer comprises an

oxide of zinc, and the low index layer comprises an oxide of silicon.

11. The coated article of any preceding claim, wherein the coated article

has a visible transmission of at least 85% measured monolithically.

12. The coated article of any preceding claim, wherein the coated article

has a normal emissivity (Ea) of no greater than 0.10.

13. The coated article of any preceding claim, wherein the coated article

has an SHGC value of at least 0.60.

14. The coated article of any preceding claim, wherein the coated article

has an SHGC value of at least 0.66.

15. The coated article of any preceding claim, wherein the coated article

has an SHGC value of at least 0.67.
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16. The coated article of any preceding claim, wherein the coating further
comprises a dielectric undercoat between the glass substrate and the IR reflecting
layer, wherein the dielectric undercoat comprises the first dielectric layer which is a
medium index layer having a refractive index (n) from 1.9 to 2.1 and a second
dielectric layer which is a high index layer having a refractive index (n) of at least 2.2,
and wherein the first dielectric layer is located between the glass substrate and the

second dielectric layer.

17. The coated article of claim 16, wherein the first dielectric layer
comprises zinc oxide or silicon nitride, and the second dielectric layer comprises an

oxide of titanium and/or bismuth.

18.  The coated article of any of claims 16-17, wherein the coating further
comprises a layer comprising zinc oxide located under and directly contacting the IR

reflecting layer.

19.  The coated article of claim 18, wherein the layer comprising zinc oxide
is located between and directly contacting the IR reflecting layer and the second

dielectric layer.

20. The coated article of any preceding claim, wherein the contact layer

comprises Ni and/or Cr.

21. The coated article of any preceding claim, wherein the coating contains

no more than one IR reflecting layer comprising silver.

22. An IG window unit including the coated article of any preceding claim.
23. The coated article of claim 22, wherein the IG unit has a U-value of no
greater than 0.30 Btu/h ft F.
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24, The coated article of any preceding claim, wherein in the overcoat the
medium index layer is at least 50 A thinner than each of the high index layer and the

low index layer.

25. The coated article of any preceding claim, wherein in the overcoat the
medium index layer is at least 100 A thinner than each of the high index layer and the

low index layer.

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

a first dielectric layer;

an infrared (IR) reflecting layer comprising silver on the glass substrate,
located over at least the first dielectric layer;

a contact layer on the glass substrate located over and directly contacting the
IR reflecting layer;

a multilayer overcoat comprising a dielectric high index layer having a
refractive index (n) of at least 2.2, a dielectric medium index layer having a refractive
index (n) of from 1.9 to 2.1, and a dielectric low index layer having a refractive index
of no greater than 1.7, and wherein the medium index layer is located between and
directly contacting the high index layer and the low index layer;

a multilayer dielectric undercoat between the glass substrate and the IR
reflecting layer, wherein the dielectric undercoat comprises the first dielectric layer
which directly contacts the glass substrate and is a medium index layer having a
refractive index (n) from 1.9 to 2.1, and a second dielectric layer which is a high
index layer having a refractive index (n) of at least 2.2, and wherein in the undercoat
the first dielectric layer is located between the glass substrate and the second
dielectric layer; and

wherein the coating has a normal emissivity (En) of no greater than 0.2.

27.  The coated article of claim 26, wherein the low index layer in the

overcoat comprises an oxide of silicon.
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28.  The coated article of any of claims 26-27, wherein the high index layer

in the overcoat comprises an oxide of titanium.

29.  The coated article of any of claims 26-27, wherein the high index layer

in the overcoat comprises an oxide of bismuth.

30. The coated article of any of claims 26-29, wherein the overcoat further
comprises an outermost layer comprising silicon nitride and/or silicon oxynitride that

is located over and directly contacting the low index layer.

31. The coated article of any of claims 26-30, wherein the coated article

has an SHGC value of at least 0.66.

32, The coated article of any of claims 26-31, wherein in the overcoat the
medium index layer is at least 100 A thinner than each of the high index layer and the

low index layer.

33. A coated article including a coating supported by a glass substrate, the
coating comprising:

a first dielectric layer;

an infrared (IR) reflecting layer comprising silver on the glass substrate,
located over at least the first dielectric layer;

a contact layer on the glass substrate located over and directly contacting the
IR reflecting layer;

a multilayer overcoat comprising a dielectric high index layer comprising an
oxide of bismuth, and a dielectric low index layer having a refractive index of no
greater than 1.7, and wherein the low index layer is located between at least the high
index layer comprising the oxide of bismuth and the contact layer; and

wherein the coating has a normal emissivity (En) of no greater than 0.2 and a

visible transmission of at least 85% measured monolithically.
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34, The coated article of claim 33, wherein the high index layer comprises

an oxide of Bi and Nb, and contains more Nb than Bi.

35.  The coated article of claim 34, wherein the high index layer
comprising the oxide of Bi and Nb has a metal content of from 60-95% Nb and from

5-40% BI (atomic %).

36.  The coated article of any of claims 1-5 or 7-25, wherein the high index
layer comprises one or more of TiZrOx, YTiOx, TiSnOx, TiZnSnOx, and TiNbOx.

37.  The coated article of any of claims 1-3 or 6-25, wherein the high index

layer comprises an oxide of Bi and Nb, and contains more Nb than Bi.
38. The coated article of any of claims 1-3, 6-25, or 37 wherein the high

index layer comprises an oxide of Bi and Nb, and has a metal content of from 60-95%

Nb and from 5-40% Bi (atomic %).
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