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e (57) Abstract: A coated article is provided with an absorbing layer(s). The coating is, in certain example embodiments, designed
so that significant changes in visible transmission can be made by adjusting thickness of the absorbing layer without significantly
affecting certain other characteristics such as certain color values. Such coated articles may be used monolithically or in the context
of insulating glass (I(3) units in different embodiments of this invention, and may or may not be heat treated.
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TITLE OF THE INVENTION

COATED ARTICLE WITH ABSORBING LAYER

[0001] This invention relates to a coated article having an absorbing layer. In

certain example embodiments, the absorbing layer may be adjusted in order to

selectively alter transmission of the coated article. In certain examples, the thickness
of the absorbing layer (i.e., absorption layer) can be adjusted to significantly adjust

the transmussion of the coated article without adversely affecting coloration thereof.

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] Consider the conventional coated article discussed below, which

includes the below-listed layers on a glass substrate proceeding from the glass

substrate outwardly:

Layer Thickness

(Glass Substrate

TiO, 180 A

ZnO, 100 A

Ag 105 A

NiCrO, 30 A

Sn0; 595 A

Zn0y 120 A

Ag 130 A

NiCrO, 30 A

SnO; 100 A

Si3N, 195 A
[0004] While the aforesaid conventional coated article has excellent sheet

resistance properties, it has a visible transmission of over 70%. Unfortunately, such

high visible transmissions are undesirable in certain instances. For example, it is
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sometimes desirable to have a window such as an IG window unit which has a much

lower visible transmission.

[0005] However, trying to transform a double-silver type complicated coating
such as that set forth above into a form where visible transmission is significantly
changed typically results in many other characteristics (e.g., color, heat treatability,

etc.) also being significantly altered. Because of such multi-faceted changes which

tend to occur simultaneously when a change is made, the result is typically that an

entirely new coating must be designed.

[0006] A coated article glass/SnO»/Ag/NiCrOx/Sn0O-/Ag/NiCrOx/Sn0O- is also
known. However, this coating is not heat treatable and does not have a heat treatable

mate that substantially matches the optical characteristics thereof.

[0007] In view of the above, it will be appreciated by those skilled in the art
that there exists a need for a coated article including a coating which can easily and

efficiently be adjusted to allow for different values of visible transmission, and which

may be heat treated in certain example instances.

BRIEF SUMMARY OF EXAMPLE EMBODIMENTS OF INVENTION

[0008] In certain example embodiments of this invention, a coated article 18
provided so as to include a coating which can easily and efficiently be adjusted to
allow for different values of visible transmission to be realized. Moreover, in certain
example embodiments, the coating may be designed so that significant changes in

visible transmission can be made without significantly affecting certain other

characteristics such as certain color values.

[0009] In certain example embodiments of this invention, a coated article 1s

provided which is both heat treatable (e.g.. can be thermally tempered) and can realize

desirable color.

[0010] An absorbing layer(s) can be provided in the coating. The thickness of
the absorbing layer can be adjusted in order to significantly changes the visible
transmission of the coated article in certain example embodiments of this invention.

Moreover, in certain example embodiments, the coating can be designed in a manner
)
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so that the thickness of the absorbing layer can be changed in order to significantly
change visible transmission without significantly changing certain color
characteristics such as reflective color of the coated article. This allows, for example,
the absorbing layer to be used in order to increase and/or reduce visible transmission

of a coated article while substantially maintaining the reflected color of commercially

acceptable products.

[0011] In certain example embodiments, by adjusting the thickness of the
absorbing layer, the transmission can be tuned to the desired level without adjusting
the thickness of any other layer in the coating. This may be advantageous in that
coatings with different transmission values can be set up without significant layer
changes. This may provide the opportunity to customize the transmission level of a
coated article for a particular application without having to use much different coater
configurations or set-up procedures. For example, the transmission can be tuned

solely by adjusting the absorbing layer thickness until the desired visible transmission

level is reached (e.g., from 135 to 65% 1n an IG unit).

[0012] In certain example embodiments of this invention, there 1s provided a
coated article which includes at least one absorption layer for absorbing at least some
amount of visible light. The coating may be designed so that by adjusting thickness
of the absorption layer (or absorbing layer), the visible transmission of the coated
article can be changed by at least 7% (more preferably at least 10%, and most
preferably at least 15%) without causing one or more of: (a) glass side reflective a*
coloration to change by more than 2.0 (more preferably not more than 1.5, and most
preferably not more than 1.0); (b) glass side reflective b* coloration to change by
more than 2.0 (more preferably not more than 1.5, and most preferably not more than

1.0); (¢) film side reflective a* coloration to change by more than 3.0 (more

preferably not more than 2.0); and/or (d) tilm side reflective b* coloration to change

by more than 2.0 (more preferably not more than 1.5, and most preferably not more

than 1.0).

[0013] In certain example embodiments, there is provided a coated article
including a coating supported by a glass substrate, the coating comprising: first and

second infrared (IR) reflecting layers comprising silver, wherein said IR reflecting

3
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layers are spaced apart from one another by at least one dielectric layer that is located
therebetween, and wherein the first IR reflecting layer is located closer to the
substrate than is the second IR reflecting layer; an absorption layer comprising NiCr
located such that both of the first and second IR reflecting layers are located over the
absorption layer, wherein the absorption layer comprising NiCr is sandwiched

between and contacting first and second layers comprising silicon nitride.

[0014] In other example embodiments, there is provided a method of tuning a
coating of a coated article to adjust visible transmission to a desired level without
significantly affecting certain color values, the method comprising: providing a
coated article comprising: first and second IR reflecting layers spaced apart from one
another by at least one dielectric layer, the second IR reflecting layer being located
over the first IR reflecting layer; at least one dielectric layer located over the second
IR reflecting layer; and an absorption layer; and adjusting a thickness of the
absorption layer, without adjusting the thickness of any other layer in the coating,
sufficiently to change a visible transmission of the coated article by at least 10%, and
wherein as a result of this thickness change of the absorption layer a glass side

reflective a* value of the coated article does not change by more than 1.5.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIGURE 1 1s a cross sectional view of a coated article according to an

example embodiment of this invention.

[0016] FIGURE 2 is a cross sectional view of the coated article of Fig. 1 being

used in an 1G window unit according to an example embodiment of this invention.

[0017] FIGURE 3 i1s a cross sectional view of a coated article according to

another example embodiment of this invention.

DETAILED DESCRIPTION OF EXAMPLES OF THE INVENTION

[0018] Referring now more particularly to the figures, like reference numerals

herein indicate like parts or layers throughout the several views.
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[0019] 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.

[0020] Coated articles (e.g., monolithic or IG units) according to certain
embodiments of this invention preferably have a visible transmission of from about
20-68% measured monolithically (more preferably from 20-65%, and most preferably
from about 30-60%), and of from about 15-65% measured as an IG unit (more

preferably from 15-60%, and most preferably from about 20-55%).

[0021] In certain example embodiments of this invention, a coated article is
provided so as to include a coating which can easily and efficiently be adjusted to
allow for different values of visible transmission to be realized. Moreover, in certain
example embodiments, the coating may be designed so that significant changes in

visible transmission can be made without significantly affecting certain other

characteristics such as certain color values.

[0022] An absorbing layer(s) can be provided in the coating. The thickness of
the absorbing layer can be adjusted in order to significantly changes the visible
transmission of the coated article 1n certain example embodiments of this invention.
Moreover, in certain example embodiments, the coating can be designed in a manner
so that the thickness of the absorbing layer can be changed in order to significantly
change visible transmission without significantly changing certain color
characteristics such as reflective color of the coated article. This allows, for example,
the absorbing layer to be used in order to increase and/or reduce visible transmission

of a coated article while substantially maintaining the reflected color of commercially

acceptable products.

[0023] In certain example embodiments, by adjusting the thickness of the
absorbing layer, the transmission can be tuned to the desired level without adjusting
the thickness of any other layer in the coating. This may be advantageous in that
coatings with different transmission values can be set up without significant layer
changes. This may provide the opportunity to customize the transmission level of a
coated article for a particular application without having to use much different coater

configurations or set-up procedures. For example, the transmission can be tuned
5
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solely by adjusting the absorbing layer thickness until the desired visible transmission

level is reached (e.g., from 15 to 65% in an IG unit).

[0024] Surprisingly, it has been found that by locating the absorption layer in
a certain position(s) in a coating (variants discussed herein) and via the use of certain
materials, the overall coating can be designed so as to allow thickness adjustments to
the absorbing layer to be made to adjust visible transmission of the coated article to a

desired level without adversely affecting certain coloration characteristics of the

coated article to any significant extent.

[0025] For example, the coating may be designed so that by adjusting
thickness of the absorption layer (or absorbing layer), the visible transmission of the
coated article can be changed by at least 7% (more preferably at least 10%, and most
preferably at least 15%) without causing one or more of: (a) glass side reflective a*
coloration to change by more than 2.0 (more preferably not more than 1.5, and most
preferably not more than 1.0); (b) glass side reflective b* coloration to change by
more than 2.0 (more preferably not more than 1.5, and most preferably not more than
1.0); (¢) film side retlective a* coloration to change by more than 3.0 (more
preferably not more than 2.0); and/or (d) film side reflective b* coloration to change

by more than 2.0 (more preterably not more than 1.5, and most preferably not more

than 1.0).

[0026] In the example context of IG units, this visible transmission can be
coupled with at least one of: (a) a SHGC no greater than about 0.35, more preferably
no greater than about 0.30, and most preferably no greater than about 0.28; and
(b).fairly neutral reflective color from the exterior of the IG unit such that reflective

a* 1s from —6.0 to 2.0 (more preferably from -5.0 to 0.5), and reflective b* is from —

7.0 to 1.0 (more preferably from -5.0 to —1.0).

[0027] In certain example embodiments, measured monolithically, the coated
article may have a glass side reflective a* value of from -8 to +2, more preferably
from -6 to +1, and/or a glass side reflective b* value of from -15 to +3, more
preferably from -6 to 0. In certain example embodiments, measured monolithically,

the coated article may have a film side reflective a* value of from -6 to +2, more
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preferably from -3 to 0, and/ox a film side reflective b* value of from -3 to +12, more

preferably from 0 to +3.

[0028] In certain example embodiments of this invention, a coated article is
provided which is both heat treatable (e.g., can be thermally tempered) and can realize

desirable color. In other embodiments, heat treatment is not needed.

[0029] Frgure 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.G mm thick, more preferabl y from about 1.0 mm to 3.5 mm thick), and coati ng {or
layer system) 30 prowded on the substrate 1 either directly or indirectly. The coating
(or layer system) 30 includes: silicon nitride layer 3 (e.g., a first dielectric laver),
absorbing layer (or absorption layer) 5, silicon nitride layer 6 (e.g., second dielectric
layer), first lower contact layer: 7 (which contacts IR reflecting layer 9), first
conductive and preferably metallic infrared (IR) reflecting layer 9, first upper contact
layer 11 (which contacts layer 9), second dielectric laver 13 (which may be deposited
in one or multiple steps in different embodiments of this invention), silicon nitri de
layer 16, 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 overcoat dielectric 1ayer
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 30 which is provided om glass or plastic substrate 1.

[0030] In certain example embodiments of this invention, dielectric layexs 3, 6
and/or 16 may be of or include silicon nitride. The silicon nitride in these layers may
be of the stoichiometric type (i.e., SisN,), or of a non-stoichiometric type. For
example, in certain example instances silicon nitride layers 6 and/or 16 may be Si-rich
tn certain example embadiments of this invention. Example Si-rich silicon nitride
fayers are described in U.S. Patent No. 6,686,050.

In certain example embodiments of this inven tion,

silicon nitride in any silicon nitride layer discussed herein may be doped with Al (e.g.,
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from 1-15% Al, more preferably from about 1-10% Al) or any other suitable

conductive material.

[0031] Absorption layer 5 1s, in certain example embodiments of this
invention, located between and contacting dielectric layers 3 and 6. In certain

example embodiments, each of layers 3 and 6 surrounding the absorption layer Sis a
nitride layer and is substantially or entirely non-oxidized. This 1s advantageous in that
it helps prevent (or reduce the likelihood of) the absorption layer from being oxidized
during heat treatment, thereby better allowing the absorption layer to perform its
intended function of absorbing at least some amount (e.g., at least 5%, more

preferably at least 10%) of visible light. It will be appreciated that 1f a layer becomes

too oxidized, it no longer can function as an absorption layer.

[0032] In certain example embodiments of this invention, absorption layer 3
may be of or include NiCr (any suitable ratio or Ni:Cr). In certain example
embodiments, it is desired that the absorption layer comprises from 0-10% oxygen,
more preferably from 0-5% oxygen, and most preferably from 0-2% oxygen (atomic
%). While NiCr is a preferred material for the absorption layer 5, it is possible that
other materials may instead be used. For example, in certain other example
embodiments of this invention, the absorption layer 5 may be of or include Ni, Cr,
NiCrN,, CrN, ZrN, or TiN. These materials may be desired for heat treatability
purposes. In non-heat treatable embodiments, any of the aforesaid materials may b’e

used for the absorption layer 5, as well as other materials such as Ti, Zr, N10Oy, or the

like.

[0033] 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 allow 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.

[0034] 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 (N1)
8
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oxide, chromium/chrome (Cr) oxide, or a nickel alloy oxide such as nickel chrome
oxide (NiCrQy), in certain example embodiments of this invention. The use of, for
example, NiCrQOy for/in these layers enables durability to be improved, compared to
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 NiCrQy 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, NiCrO4Ny, zinc
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 Ni1CrOy) 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.

[0035] 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.,
ZnQy, where x if from 0.6 to 1.2 in different embodiments, more preferably x is from
0.7 to 1.0) in example embodiments of this invention. For example, lower contact
layer(s) 7 and/or 17 may consist essentially of zinc oxide in certain embodiments of
this invention, while in other embodiments of this invention lower contact laver(s) 7
and/or 17 may include or consist essentially of ZnAlOy, 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.,
Zn0y, ZnAlOy, or the like) for lower contact layer(s) 7 and/or 17 allows visible
transmission of the resulting coated article to be increased (compared to if NiCrOy
was used for these layers), allows sheet resistance Ry and/or emissivity to be reduced,

and overall may allow solar performance to be improved. In ZnQ, inclusive contact
9
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layer(s) 7 and/or 17, x may be set so that the layer s fully stoichiometric (e.g., ZnO),
or alternatively may be set to a value from 0.4 to 0. 99 so that the 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 sput¥er 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.

[0036] It has been found that by using ZnO., ZnAlQy, or the like for the lower
contact layer(s) 7 and/or 17, while using NiCrOy fox 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 we 11 as acceptable durability
(mechanical and/or chemical). The highly durable INiCrOy is used for the upper
contact layers 11 and/or 21 for durability purposes, while the solar controlling ZnOx,
ZnAlQy, or the like 1s used for the lower contact lay-er(s) 7 and/or 17 to improve
visible transmission and/or other solar characteristics. In other words, the NiCrO,
provides good durability, especially when on top of the Ag layers, and the zinc oxide

inclusive contact layer(s) enable high visible transm.ission to be combined with low

sheet resistance Ry and/or good solar performance.

[0037] Dielectric layer 135 acts as a coupling layer between the two halves of
the coating 30, and 1s 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.

[0038] Dielectric layers 23 and 25 allow the environmental resistance of the
coating 30 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., SnO»),
although other materials may instead be used. Dielectric overcoat layer 25 may be of
or include silicon nitride (e.g., Si3INy) 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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[0039] Other layer(s) below or above the illustrated coating 30 may also be
provided. Thus, while the layer system or coating 30 is "on" or "supported by"
substrate 1 (directly or indirectly), other layer(s) may be provided therebetween.

Thus, for example, coating 30 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 30 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.

10040] Figure 2 1llustrates the coating or layer system 30 being utilized in an
insulating glass (IG) window unit. Coatings 30 according to any embodiment herein
may be used in IG units as shown in Fig. 2. The IG unit includes first and second
glass sheets 1 and 31, with space or gap 32 therebetwen. These two glass substrates
1,31 (e.g. float glass 1-10 mm thick) are sealed at their peripheral edges by a
conventional sealant and/or spacer (not shown) 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 32 with a gas such as argon, a
typical, high insulating value IG unit may be formed. Optionally, insulating space 32
may be at a pressure less than atmospheric pressure in certain alternative
embodiments (with or without a gas in space 32), although this of course is not

necessary i1n all embodiments. The coating 30 may be on the inner surface of either

substrate facing the gap 32.

[0041] Turning back to Fig. 1, while various materials and thicknesses may be

used in different embodiments of this invention for layers in coating 30, example

thicknesses and materials for the respective layers on the glass substrate 1 in the Fig. 1

embodiment are as follows (from the glass substrate outwardlv):

Example Materials/Thicknesses; Fig. 1 Embodiment

Layer Preferred Range (z&) More Preferred (}i) Example (A)

11
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SisNy (layer 3) 40-150 A 60-110 A S0 A

NiCr (layer 5) 10-200 A 15-100 A, 33 0r63 A
SisN, (layer 6) 40-200 A 60-130 A 100 A
ZnO, (layer 7) 25-200 A 40-150 A 75 A

Ag (layer 9) 50-250 A 50-150 A. 20 A
NiCrO, (layer 11) 5-100 A 15-60 A 30 A

SnO; (layer 13) 10-1,000 A 400-800 A S80 A
Si;N, (layer 16) 40-200 A 60-130 A 100 A
7n0, (layer 17) 25-200 A 40-150 A 75 A

Ag (layer 19) 50-250 A 30-220 A L 74 A
NiCrO, (layer 21) 5-100 A 15-60 A 30 A

SnO, (layer 23) 0-500 A 70-200 A 100 A
Si;N, (layer 25) 0-500 A 120-320 A 194 A
[0042] In certain exemplary embodiments of this invention, coating/dayer

systems 30 according to certain example embodiments have the following low-E (low

emissivity) characteristics before and/or after heat treatment. It is noted that the term

E, means normal emissivity/emittance and Ry means sheet resistance.

Low-E Characteristics (no heat treatment)

Charactenstic
R (ohms/sq.):

E.:

EXAMPLES

General More Preferred Most Preferred
<=35.0 <=3.5 <= 2.8
<= (.07 <= (.04 <= (.03
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[0043] 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. Patent No. 6,686,050,

the disclosure of which 1s incorporated herein by reference.

[0044] Examples 1 and 2 are in accordance with the Fig. 1 embodiment, and

have the layers shown in Fig. 1 with the below listed thicknesses (layers listed from

the glass substrate outwardly).

Examples 1 and 2: Layer Stack

Layer Example 1 Example 2
Glass Substrate

Si;Ny (layer 3) 80 A 80 A
NiCr (layer 5) 33 A 62.5 A
SisN, (layer 6) 100 A 100 A
ZnO (layer 7) 75 A 75 A

Ag (layer 9) 80 A 80 A
NiCrO, (layer 11) 30 A 30 A
SnO; (layer 13) 580 A 580 A
SisNy (layer 16) 100 A 100 A
ZnO (layer 17) 75 A 75 A

Ag (layer 19) 174 A 174 A
NiCrO, (layer21) 30 A 30 A
SnO, (layer 23) 100 A 100 A
SisN, (layer 25) 194 A 194 A
[0045] It can be seen that the only difference between Examples 1 and 2 1s the

thickness of the absorption layer 5. In Example 1, the absorption layer 5 is 33 A

thick, whereas in Example 2 it is 62.5 A thick. Examples 1 and 2 were characterized

by the optical characteristics set forth below.
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Optical Characteristics of Examples 1-2 (Monolithic)

Example 1 Example 2

Visible Transmission (Y)(Il. C 2 deg.): 60 % 46 %

a*® -4.5 -3.7

b* 4 -1.8
Glass Side Reflective RY)III C, 2deg.): 135 % 10.5 %

a* -6 -5

b* . -3 -4.2
Film Side Reflective (FY)(Il. C, 2deg.): 7 % 7.5 %

o -5 -2.4

b* 2.3 3.3
SHGC: 0.29 0.22
[0046] It can be seen from the tables above that the increased thicknesss of the

NiCr absorption layer 5 in Example 2 (compared to Example 1) resulted ina much
lower visible transmission in Example 2 (compared to Example 1). In particular,
Example 2 had a visible transmission of only 46.12 % compared to 60 % in EExample

1. This is because the NiCr absorption layer 5 thickness was greater in Examaple 2; all

other layers were unchanged.

[0047] Surprisingly, it has been found that by locating the absorption layer 5
in the location illustrated in Fig. 1 and Examples 1-2, the overall coating allo ws
thickness adjustments to the absorbing layer 5 to be made to adjust visible
transmission of the coated article to a desired level (e.g., without adjusting th €

~ thickness of any -other layer in the coating) without adversely affecting coloration of
the coated article to any significant extent. For example, it is surprising and
unexpected that from Example 1 to Example 2, the increase in thickness of absorption
layer 5 resulted in a large change in visible transmission of 13.88 % (i.e., 60 — 46.12 =

13.88), but only a minor change of 1.0 in the glass side reflective a* value (1.e., the

difference between -6 and -3). It is also surprising that from Example 1 to Example 2

14
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the increase in thickness of absorption layer 5 resulted in a large change in visible
transmission of 13.88 %, but only a minor change of 0.8 in the glass side reflective b*
value (i.e., the difference between -5 and -4.2). In a similar manner, it is surprising
and unexpected that from Example 1 to Example 2, the increase in thickness of
absorption layer 5 resulted in a large change in visible transmission of 13.88 %, but

only a minor change of 0.8 in the film side reflective b* value (i.e., the difference

between 3.3 and 2.93).

[0048] When Examples 1 and 2 are used in IG window units, for example, the
respective transmissions drop accordingly. For example, the visible transmission of

Example 1 would drop to about 54% and the visible transmission of Example 2 would

drop to about 40% in an IG unit.

[0049] Examples 3 and 4 are in accordance with another embodiment of this

invention shown in Fig. 3, with the below listed thicknesses (layers listed from the

glass substrate outwardly).

Examples 3 and 4: Layer Stack
Layer Example 3 Example 4

(Glass Substrate

TiO (layer 2) 135 A 135 A
Si;Ny (layer 6) 100 A 100 A
ZnO (layer 7) 75 A 75 A

Ag (layer 9) 110 A 110 A
NiCrO, (layer 11) 20 A 20 A

SnO, (layer 13) 660 A 660 A
SisNy (layer 16) 100 A 100 A
ZnO (layer 17) 75 A 75 A

Ag (layer 19) 149 A 149 A
NiCr (layer 5) 25 A 72.5 A

15
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SisNy (layer 25) 245 A 245 A
[0050] It can be seen that the only difference between Examples 3 and 4 1s the

thickness of the NiCr absorption layer 5 which is located over the top Ag layer in the
double-silver stack. In Example 3, the absorption layer 5 is 25 A thick, whereas i

Example 4 it is 72.5 A thick. Examples 3 and 4 were characterized by the optical

characteristics set forth below.

Optical Characteristics of Examples 3-4 (Monolithic)

Example 3 Example 4

Visible Transmission (Y)(1ll. C 2 deg.): 60.4 % - 46.2 %

a* -3 -4

b* -0.2 -2
Glass Side Reflective (RY)(III C, 2 deg.): 10.5 % 12.5 %

a* -3.1 0.8

b* -6.5 -12
Film Side Reflective (FY)(IIl. C,2deg.): 17 % 20.1 %

a* -3.9 3.5

b* 5.2 10.4
SHGC: 0.32 0.25
[0051] It can be seen from the tables above that the increased thickness of thhe

NiCr absorption layer 5 in Example 4 (compared to Example 3) resulted in a much
lower visible transmission in Example 4 (compared to Example 3). In particular,
Example 4 had a visible transmission of only 46.2 % compared to 60.4 % in Example

3. This is because the NiCr absorption layer 5 thickness was greater in Example 4; all

other layers were unchanged.

[0052] Surprisingly, it has been found that by locating the absorption layer 5
in the location illustrated in Fig. 3 and Examples 3-4, the overall coating allows
thickness adjustments to the absorbing layer 5 to be made to adjust visible

transmission of the coated article to a desired level (e.g., without adjusting the
16
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thickness of any other layer in the coating) without adversely affecting coloration of
the coated article to any significant extent. For example, it is surprising and
unexpected that from Example 3 to Example 4, the increase in thickness of absorption
layer 5 resulted in a large change in visible transmission of 14.2 % (i.e., 60.4 — 46.2 =
14.2), but only a minor change of 0.4 in the film side reflective a* value (i.e., the
difference between -3.9 and -3.5). It is also surprising that from Example 3 to
Example 4 the increase in thickness of absorption layer 5 resulted in a large change in

visible transmission of 14.2 %, but only a minor change of 1.0 in the transmissive a*

color value.

[0053] When Examples 3 and 4 are used in IG window units, for example; the
respective transmissions drop accordingly. For example, the visible transmission of
Example 3 would drop to about 54% and the visible transmission of Example 4 would
drop to about 40% 1n an IG unit. It can also be seen from Examples 1-4 above that
Examples 1-2 may be more desirable in certain respects than Examples 3-4, since the
SHGC values for Examples 1-2 are lower than those of Examples 3-4, respectively.

In other example embodiments of this invention, it may be possible to modify

Examples 3-4 by replacing layer 11 with an absorbing layer of NiCer.

[0054] Terms used herein are known in the art. For example, intensity of
reflected visible wavelength light, 1.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.

[0055] 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

17
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Differences From Iﬁstrurnentally 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.

[0056] The term "shading coetficient” (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.

[0057] While the invention 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 the spirit and scope of the appended claims.

18
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CLAIMS

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

first and second infrared (IR) reflecting layers comprising silver, wherein said IR
reflecting layers are spaced apart from one another by at least onc dielectric layer that is located

there between, and wherein the first IR reflecting layer is located closer to the substrate than is

the second IR reflecting layer; and

an absorption layer comprising NiCr located such that both of the first and second IR
reflecting layers are located over the absorption layer, wherein the absorption layer comprising
NiCr is sandwiched between and contacting first and second layers comprising silicon nitride;

wherein satd coated article is designed so that when the thickness of only the absorption
layer is changed sufficiently to change visible transmission of the coated article by at least 10%,

a glass side reflective a* valuc of the coated article does not change by more than 1.5.

2. The coated article of claim 1, wherein said first layer comprising silicon nitride is
located between the glass substrate and the absorption layer comprising NiCr, and wherein a
layer comprising zinc oxide is located between and contacting the second layer comprising

silicon nitride and the first IR reflecting layer comprising silver.

3. The coated article of claim 1, wherein said first and second IR reflecting layers

are spaced apart by at least: a layer comprising tin oxide, a layer comprising silicon nitride and a

layer comprising zinc oxide.

|9
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4. The coated article of claim 1, whercin said coated article has a sheet rcsistance

(R;) of no greater than 5.0 ohms/square.

5. The coated article of claim 1, whercin said coated article has a sheet resistance

(Rs) of no greater than 3.5 ohms/square.

6. The coated article of claim 1, wherein said coated article has a visible

transmission of from 20-65 %, measurcd monolithically.

7. The coated article of claim 1, wherein said coated article has a visible

transmission of from 30-60 %, measured monolithically.

8. The coated article of claim 1, wherein said coated article is an 1G window unit

having a visible transmission of from 15-60% and has an SHGC of no greater than 0.30.

9. The coated article of claim 1, whercin said coated article is designed so that when

the thickness of only the absorption layer is changed sufficiently to change visible transmission

of the coated article by at least 15%, a glass side reflective a* value of the coated article does not

change by more than 1.5.

10.  The coated article of claim 1, wherein said coated article is designed so that when

the thickness of only the absorption layer is changed sufficiently to change visible transmission

20
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of the coated article by at least 15%, a glass side reflective a* value of the coated article does not

change by more than 1.0.

11.  The coated article of claim 1, wherein said coated article is designed so that when

the thickness ot only the absorption layer is changed sufficiently to change visible transmission

of the coated articlc by at least 10%, a glass side reflective b* value of the coated article does not

change by more than 1.5.

12. A coated article including a coating supported by a glass substrate, the coating

comprising:
first and second infrared (IR) reflecting layers comprising silver, wherein said IR
reflecting laycrs arc spaced apart from one another by at least one dielectric layer that is located

therebetween, and wherein the first IR reflecting layer is located closer to the substrate than is

the second IR reflecting layer; and

an absorption layer located such that both of the first and second IR reflecting layers are

located over the absorption layer, wherein the absorption layer is sandwiched between and

contacting first and second nitride inclusive layers;

wherein said coated article is designed so that when the thickness of only the absorption

layer 1s changed sufficiently to change visible transmission of the coated article by at least 10%,

a glass side reflective a* value of the coated article does not change by more than 1.5.

13. The coated article of claim 12, wherein the coated article is heat treated.

21



CA 02556569 2006-08-15
WO 2005/091864 PCT/US2005/005619

1/3

SigNy 25
SnOo ' 23
NiCrOx - 21

19

CQI

Zn0 - 47
30— SigNy 16
' Sn09 13

NiCrOyx . 11

(-

n0 X 7

SigN4 _' 6
NiCr . A

SigNy ' 3

(Glass _ 3
Substrate .

Fig. 1

SUBSTITUTE SHEET (RULE 26)



CA 02556569 2006-08-15
WO 2005/091864 PCT/US2005/005619

2/3

' Substrate |
Substrate

Fig. 2

32

30

31

SUBSTITUTE SHEET (RULE 26)



CA 02556569 2006-08-15
WO 2005/091864 PCT/US2005/005619

3/3

Sigh 4 25
NiCr 3

:
.
A
n

16

-

0 ..
'
"
9
0 |

SigN4
z

Glass

Substrate

Fig. 3

SUBSTITUTE SHEET (RULE 26)



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings

