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e\ (57) Abstract: A method of making a coated article is provided, where the coated article may be used in a window and may have at
least one infrared (IR) reflecting layer in a low-E coating. The IR reflecting layer may be of silver. In certain example embodiments,
at least krypton (Kr) gas is used in sputter-depositing a silver inclusive ER. reflecting layer. It has been found that the use of Kr gas
in sputtering Ag targets results in an IR reflecting layer having improved resistance and emittance properties.
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TITLE OF THE INVENTION
METHOD OF MAKING COATED ARTICLE WITH IR REFLECTING
LAYER(S) USING KRYPTON GAS
10001] This application relates to a coated article including at least one

infrared (IR) reflecting {ayer of a material such as silver or the like. In certain
embodiments, the sitver based IR reflecting layer is formed by sputtenng a target
comprising silver in an atmosphere comprising krypton (Kr) gas. Surprisingly, it has
been found that the use of krypton gas in the sputtering of silver in such coatings
unexpectedly causes emissivity and/or resistance of the coating to decrease in an
advantageous manner. Coated articles herein may be used in the context of insulating

glass (IG) window units, monolithic window applications, lJaminated windows, and/or
the like.

BACKGROUND AND SUMMARY OF EXAMPLE EMBODIMENTS OF
THE INVENTION

[0002) Coated articles are known in the art for use in window applications
such as insulatmg glass (IG) window units, vehicle windows, monolithic windows,

and/or the like. In certain example instances, designess of coated articies often simve
for a combination of high visible transmmission, desired color, low emissivity (or
emittance ), low sheet resistance (R,), low {-values m the context of (G window units,
and/or low specific resistivity. Desired visible transmission and color may permit
coated articles to be used in applications where these charactenstics 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
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articles to block significant amounts of infrared (IR) radiation so as to reduce for

example undesirable heating of vehicle or building interiors.

[0003] Thus, 1t will be appreciated that low emittance values, low sheet
resistance (R,) and low specific resistivity are desirable features in many situations.
For coated articles having a coating including an IR reflecting layer(s) of Ag or the
like, it is the IR reflecting layer(s) that primarily determines the emittance, sheet
resistance, and specific resistivity (or resistance) values of the coated article. It is
noted that specific resistivity (or resistance) of a particular layer or coating is R,
multiplied by thickness of the IR reflecting layer(s). Specific resistance/resistivity
(SR) is thus a good indicator of the quality of an IR retlecting layer; 1n particular, a

better more conductive IR reflecting layer (e.g., silver based layer) has a lower

specific resistance.

[0004] Consider a typical coated article with the following layer stack. This
coated article is suitable for use in an IG (insulation glass) window unit. For the

coated article listed below, the coating includes layers that are listed from the glass

substrate outwardly.

Layer Thickness (A)
Glass
TiO, 140 A
SnO, 100 A
ZnAlO, 70 A
Ag 118 A
NiCrO, 20 A
SnOy 223 A
SiNy 160 A
[0005] As is typically the case, the silver (Ag) layer was formed by sputtering

a planar silver target in an atmosphere including only argon (Ar) gas. The silver (Ag)
layer of the above coated article has a thickness of 118 angstroms (A) and a sheet
resistance (R;) of 4.6 ohms/square. This translates into a specific resistivity (R

multiplied by thickness of the IR reflecting layer) for the silver IR reflecting layer of

5.43 micro-ohms.cm.
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[0006] While the aforesaid specific resistivity (SR) of the silver IR reflecting
layer is adequate in many situations, it would be desirable to improve upon the same.
For example, if the specific resistivity (SR) of the silver layer could be lowered, then
the coating could realize improved thermal properties (e.g., lower U-value, lower
emittance, and/or the like) given an IR reflecting layer of the same thickness. Thus, a
lower specific resistance of the IR reflecting layer(s), and thus a lower R, and
emittance/emissivity are desirable, as they permits thermal properties of the coating to

be improved.

10007] In view of the above, it will be appreciated that reduced emittance,
reduced sheet resistance, and reduced specific resistance are often desired properties
in certain coated articles. Certain example embodiments of this invention seek to
provide a method and/or system for making coated articles which permits the coated

articles to have reduced emittance and/or resistance values.

[0008] - In certain example embodiments of this invention, it has surprisingly
been found that the use of krypton (Kr) gas in the sputter chambe? when sputter-

| depositing an IR reflecting layer of or including silver unexpectedly improves the
quality of the IR reflecting layer thereby permitting the coated article to realize

improved thermal properties with a given thickness of the IR reflecting layer.

[0009] In particular, in certain example embodiments of this invention, it has
been found that the use of at least Kr gas in the sputtering process of the IR reflecting
layer unexpectedly results in an IR reflecting layer with a lower specific resistivity
(SR). The lower the SR of an IR reflecting layer, the lower the emittance of the
coated article with an IR reflecting layer of a given thickness. Likewise, the lower the
SR of an IR reflecting layer, the lower the U;value of an IG unit including a similar
coating having an IR reflecting layer of a given thickness. Thus, lowering the SR of
an IR reflecting layer permits thermal properties of a coated article to be improved
given an IR reflecting layer(s) of like thickness. Alternatively, lowering the SR of an
IR reflecting layer permits thermal properties of a coated article to remain
substantially the same while reducing the thickness of the IR reflecting layer(s) which

may be desirable for increasing visible transmission or the like in certain situations.



CA 02593023 2007-06-29
WO 2006/078479 PCT/US2006/000545

[0010] Thus, it can be seen that lowering the SR of an IR reflecting layer is
advantageous. As discussed herein, it has been found that the use of at least Kr gas in
the sputtering process for the IR reflecting layer(s) surprisingly results in an IR

reflecting layer(s) with a lower SR.

[0011] In certain example embodiments of this invention, there is provided a
method of making a coated article for use in a window unit, the method comprising:
providing a glass substrate for supporting a multi-layer coating; and depositing an
infrared (IR) reflecting layer comprising silver on the glass substrate, wherein said
depositing of the IR reflecting layer comprises sputtering at least one target
comprising silver that is located in a chamber; providing at least krypton gas in the

chamber during said sputtering of the target comprising silver.

[0012] In other example embodiments of this invention, there is provided a
method of making a coated article including a layer comprising silver, the method
comprising: sputtering at least one target comprising silver that 1s located in a
chamber; and providing at least kryptbn gas in the chamber during said sputtering of

the target comprising silver.

[0013] In still further example embodiments of this invention, there is
provided a coated article including a coating supported by a glass substrate, the
coating comprising: at least one infrared (IR) reflecting layer comprising silver
located between at least first and second dielectric layers; and wherein the IR

reflecting layer further comprises krypton.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIGURE 1 is a cross sectional view of a coated article according to an

example embodiment of this invention.

[0015] FIGURE 2 is a cross sectional view of a coated article according to

another example embodiment of this invention.

[0016] FIGURE 3 is a graph plotting emissivity (or emittance) of an IR

reflecting layer as a function of the percentage of krypton gas used in sputtering of the
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sitver inclusive IR reflecting layer, accordng to example embodiments of this

mvention.

[0017] FIGURE 4 is a graph plotting specific resistance (SR) of an IR
reflecting layer as a function of the percentage of krypton gas used in sputtering of the

sitver inclusive IR reflecting layer, according to example embodiments of this

invention.

{0018] FIGURE 5 is a graph plotting standard emissivity of an IR reflecting
layer as a function of the krypton gas used in sputtening of the silver inclusive IR
reflecting layer, according to example embodiments of this invention.

[0019] FIGURE 6 is a graph plotting nommalized emittance/emissivity and
sheet resistance (R,) of an IR reflecting layer as a function of krypton gas used in
sputtering of the silver inclusive IR reflecting layer, according to example

embodiments of this mvention.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS OF THE
INVENTION

10021] Referring now to the drawings in which like reference numerals
indicate like parts throughout the several views.

[0022} Coated articles herein may be used in applications such as moneolithic
windows, IG window units, vehicle windows, and/or any other suitable application
that includes single or multiple substrates such as glass substrates. Coated articles

according to different embodiments of this inventions may or may not be heat treated
(€.g., thermally tempered).

[0023] In certain example embodiments of this invention, it has surprisingly
been found that the use of krypton (Kr) gas in the sputter chamber when sputter-
depositing an IR reflecting iayer of or including silver unexpectedly improves the
quality of the IR reflecting layer thereby permitting the coated article to realize
improved thermal properties with a given thickness of the IR reflecting layer.

5
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[0024] In particular, in certain example embodiments of this invention, it has
been found that the use of at least Kr gas in the sputtering process of the IR reflecting
layer unexpectedly results in an IR reflecting layer with a lower specific resistivity
(SR). The lower the SR of an IR reflecting layer, the lower the emittance of the
coated article with an IR reflecting layer of a given thickness. Likewise, the lower the
SR of an IR reflecting layer, the lower the U-value of an IG unit including a similar
coating having an IR reflecting layer of a given thickness. Thus, lowering the SR of
an IR reflecting layer permits thermal prdperties of a coated article to be improved
given an IR reflecting layer(s) of like thickness. Alternatively, lowering the SR of an
IR reflecting layer permits thermal properties of a coated article to remain
substantially the same while reducing the thickness of the IR reflecting layer(s) which

may be desirable for increasing visible transmission or the like in certain situations.

10025] Conventionally, argoh (Ar) gas alone was used to silver (Ag)
sputtering to form IR reflecting iayers in low-E coatings. However, as explained
herein, unexpectedly advantageous results have been found to occur when Kr gas is
used either alone or in combination with an inert gas such as Ar or the like when
sputtering Ag to form IR reflecting layers. The relative atomic masses of Ar and Kr
are about 40 and 83, respectively. It is believed that the use of Kr is advantageous
with respect to silver sputtering because Kr with a higher mass than Ar transfers more
energy af the collision with the silver target, thereby causing not only single Ag atoms
to be released from the target but also causing clusters consisting of several Ag atoms
to be released from the silver target so that they can then move toward the substrate to
form the silver-based IR reflecting layer. It has been found that depositing clusters on
the substrate when forming the IR reflecting layer results in the generation of stable
seeds for nucleation growth of the IR reflecting layer; and this leads to a more evenly
or substantially uniform distribution of material for the IR reflecting layer thereby

allowing a continuous IR reflecting layer to be formed either quicker or at a lower
thickness.

[0026] In certain example embodiments of this invention, the IR reflecting
layer 9 (e.g., silver layer) has a specific resistivity (SR) of no greater than 5.0, more

preferably no greater than 4.5, more preferably no greater than 4.0, even more
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preferably no greater than 3.9, and amost preferably no greater than 3.8, and sometimes
no greater than 3.7 micro-ohms.cm. Such low SR values permit U-values and
emittance of the coating to be lowered given a particular thickness for the IR
reflecting layer(s). It has been found that such low SR values may be achieved
through the use of krypton (Kr) gas in the sputtering chamber(s) (often in combination
with another gas or gases. such as Ar) when the silver inclusive IR reflecting layer 1s
being sputter-deposited. A better more conductive IR reflecting layer has a lower SK,

and SR 1s a good indicator of the quality of an IR reflecting layer.

[0027] In certain example embodiments of this invention, the use of Kr in
sputtering the silver inclusive IR reflecting layer causes the SR of the IR retlecting
layer to drop at least 5%, more preferably at least 10%, even more preferably at least
12%, still more preferably at least 14%, and most preferably at least 15% (compared
to if only Ar was used in sputter-depositing the IR reflecting layer).

[0028] The coated articles shown in Figs. 1-2 are provided for purposes of
example only, and are not intended to be limiting. Thus, it will be appreciated that the
use of Kr in sputtering an IR reflecting layer(s) may be used in connection with any
other suitable coating in other embodiments of this invention. The coated articles of
Figs. 1-2 are not intended to be limiting, and are only provided for purposes of
understanding. For instance, the instant invention may also be used in connection
with double-silver coatings, or any other suitable coating which includes one or more
IR reflecting layer(s). In double silver coatings, one or both of the silver layers may

be depositing using at least krypton gas in the silver target's sputtering chamber.

[0029] Figs. 1-2 are cross sectional views of different coated articles
according to example embodiments of this invention. The coated articles include
glass substrate 1 (e.g., clear, green, bronze, or blue-green glass substrate from about
1.0 to 10.0 mm thick, more preférably from about 1.0 mm to 6.0 mm thick), and a
multi-layer coating (or layer system) provided on the substrate either directly or
indirectly. As shown in Figs. 1-2, the coatings may comprise dielectric layer 3,
dielectric layer 5, zinc oxide inclusive layer 7, IR reflecting layer 9 including or of
silver or the like, upper contact layer 11 of or including an oxide of nickel chrome

(e.g., NiCrOy), optionally a layer 12 consisting of or comprising titanium oxide (TiOy)

7
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(see Fig, 2 embodiment), & metal oxide inclusive layer 13, and dieiectnc fayer 15 of or
including a material such as silicon nitnde and/or silicon oxynitride which may in
certain example mstances be a protective overcoat, Other layers and/or matenals may
also be provided in certain example embodiments of this invention, and it is also
possible that certain layers may be removed or split in certain example instances.

10030} In monolithic instances, the coated article includes only one substrate
such as glass substrate 1 (see Figs. 1-2). However, monolithic coated articles herein
may be used in devices such as IG window units for example. Typically, an IG
window unit may include two spaced apart substrates with a gap defined
thercbetween. Example IG window units are Ulustrated and described, for example,
m U.S. Patent Nos. 5,770,321, 5,800,933, 6,524,714, 6,541,084 and US
2003/0150711,"

An example 1G window unit may include, {or example, the coated glass
substrate 1 shown m Fig. I or Fig. 2 coupled to another glass substrate (not shown)
via spacer(s), sealant(s) or the like with a gap being defined therebetween. This gap
between the substrates in IG unit embodiments may in certain instances be filled with
a gas such as argon (Ar) or the like. An example IG unit may comprise a pair of
spaced apart substantially clear giass substrates each about 4 mm thick one of which
is coated with a Jow-E coating described herein in certain example instances, where
the gap between the substrates may be from about 5 to 30 mm, more preferably from
about 10 to 20 mum, and most preferably about 16 mm. 1n certain example instances,
the low-E coating may be provided on the side of the inner glass substrate t facing the
gap (although the coating may be on the other substrate in certain alternative
embodiments). In certain example 1G unit embodiments of this invention, the low-E
coating is designed such that the resulting IG unit (¢.g., with, for reference purposes, a
pair of 4 mm clear glass substrates spaced apart by 16 mm with Ar gas in the gap) has
a U-value of no greater than 1.25 W/{m"X), more preferably no greater than 1.20
W/(m’K), even more preferably no greater than 1.15 W/(mzK), and most preferably
no greater than 1.10 W/(m’K). U-value is measured in accordance with EN 673,
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[0031] Referring to Figs. 1-2, the bottom dielectric layer 3 may be of or
include titanium oxide in certain example embodiments of this invention. The
titanium oxide of layer 3 may in certain example instances be represented by T10Ox,
where x is from 1.5 to 2.5, most preferably about 2.0. The titanium oxide may be
deposited via sputtering or the like in different embodiments. In certain example.
instances, dielectric layer 3 may have an index of refraction (n), at 550 nm, of at least
2.0, more preferably of at least 2.1, and possibly from about 2.3 to 2.6 when the layer
is of or includes titanium oxide. In certain embodiments of this invention, the |
thickness of titanium oxide inclusive layer 3 is controlled so as to allow a* and/or b*
color values (e.g., transmissive, film side reflective, and/or glass side reflective) to be
fairly neutral (i.e., close to zero) and/or desirable. Other materials may be used in
addition to or instead of titanium oxide in certain example instances. In certain

alternative embodiments, the Ti in oxide layer 3 may be replaced with another metal.

10032] Dielectric layer 5 is optional, and may be of or include a metal oxide
such as tin oxide in certain example embodiments of this invention. Metal oxide
inclusive layer 5 may be provided in order to improve adhesion between titanium
oxide layer 3 and zinc oxide layer 7 in certain example embodiments. The tin oxide
layer 5 may be doped with other materials such as nitrogen in certain example
embodiments of this invention. In certain instances, tin oxide inclusive layer 5 may
be advantageous in that it may increase the throughput of the coater producing the
coating or save costs, compared to if this portion of the coating was of titanium oxide
or silicon nitride which are slower to sputter and/or more expensive (although these

materials are also possible).

[0033] Lower contact layer 7 in certain embodiments of this invention 1s of or
includes zinc oxide (e.g., ZnO). The zinc oxide of layer 7 may contain other materials
as well such as Al (e.g., to form ZnAlOy) in certain example embodiments. For
example, in certain example embodiments of this invention, zinc oxide layer 7 may be
doped with from about 1 to 10% Al (or B), more preferably from about 1 to 5% Al (or
B), and most preferably about 2 to 4% Al (or B). The use of zinc oxide 7 under the

silver in layer 9 allows for an excellent quality of silver to be achieved.
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[0034] Infrared (IR) reflecting layer 9 is preferably substantially or entirely
metallic and/or conductive, and may comprise or consist essentially of silver (Ag),
gold, or any other éuitable IR reflecting méterial. IR reflecting layer 9 helps allow the
coating to have low-E and/or good solar control characteristics such as low emittance,
low sheet resistance, and so forth. The IR reflecting layer may, however, be slightly .
oxidized in certain embodiments of this invention. Since at least Kr gas is used in
sputter-depositing the IR reflecting layer 9 comprising silver in certain example
embodiments of this invention, the resulting IR reﬂecting 1ayer may include krypton
in addition to silver. In certain example embodiments of this invention, the IR
retlecting layer 9, 1n addition to including silver, compriées from about 0.01 to 2%
krypton, more preferably from about 0.1 to 2% krypton, and sometimes from about

0.2 to 1.5% krypton (atomic percent).

[0035] In certain example embodiments of this inventibn, the target-to-
substrate distance of the silver target (e.g., silver planar target) used 1n sputtering IR
reflecting layer 9 is reduced compared to conventional practice. Surprisingly and
unexpectedly, it has been found that properties of the IR reﬂectingflayer 9 can be
improved by reducing the distance between the substrate 1 and the sputtering target(s)
used in forming the IR reflecting layer(s) 9. For example, it has been found that a
reduction in-the target-substrate distance for a target(s) used in sputtering an IR
reflecting layer(s) 9 results in an IR reflecting layer © having one or more of: (a)
reduced sheet resistance.(R;) given a common layer thickness, (b) reduced emittance
or emissivity, (c) improved crystallinity, and/or (d) a higher and thus 1mproved
extinction coefficient (k). Accordingly, in certain example embodiments of this
invention, IR reflecting layer(s) 9 are formed by sputtering a target which 1is located
closer to the substrate 1 than conventionally. In certain example embodiments of this
invention, IR reflecting layer(s) 9 is/are fo@ed by sputtering where the Ag target
being sputtering 1s located in accordance with a target-substrate distance of less than
or equal to about 110 mm, more preferably less than or equal to about 100 mm, more
preferably less than or equal to about 95 mm, still more pi‘éferably less than or equal
to about 90 mm, even more preferably less than or equal to about 80 mm. Further

details of the target-to-substrate distance for the silver target used in forming IR

10
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reflecting layer O are discussed in U.S. Provisional Patent Application 60/619,687.

|0036] The upper contact layer 11 may be of or include an oxide of Ni and/or
Cr. In certain example cmbodiments, upper contacs layer 11 may be of or include
nickel (Ni) oxide, chromium/chrome {Cr) oxide, or a nickel alloy oxide such as nickel
chrome oxide (NiCrQ,), or other suifable materiai(s). The use of, for example,
NiCrO, in this layer allows durability to be improved. The NiCrOy layer 11 may be
fully oxidized in certain embodiments of this invention (i.e., fully stoichiometric), or
alternatively may only be partiaily oxidized. In certain instances, the NiCrQ, layer (]
may be at least about 50% oxidized. Contact layer 11 (e.g., of or including an oxide
of Ni and/or Cr) may or may not be oxidation graded in different embodiments of this
mvention. Oxidation grading means that the degree of oxidation int the layer changes
throughout the thickness of the layer 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. Descriptions of vanous types of
oxidation graded contact layers are set forth in U.S. Patent No. 6,576,349,

Contact layer 11

(e.g., of or including an oxide of Ni and/or Cr) may or may not be continuous in

different emnbodiments of this invention across the entire IR reflecting layer.

10037) Optional titanium oxide layer 12 is provided on and over the IR
reflecting layer 9, and directly on and contacting the contact layer [ 1 in the Fig. 2
embodiment. It has unexpectedly been found that the provision of a layer 12

consisting essentially of or comprising titanium oxide over IR reflecting layer 0
unexpectedly improves the quality of the IR reflecting layer thereby permitting the
coated article to realized improved thermal and/or optical properties in certain
example embodiments. The titanium oxide layer 12 may be stoichiometric {T105) or
non-stoichiometric i different embodiments of this invention. In certain example
embodiments, the layer may be of or include titanium oxide {e.g., TiO,, where x may
be from about 1.5 to 2.5, more preferably from about 1.65 to 2, even more preferably
from about {.75 to 2, or any other suitable value). Anather example advantage of the
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provision of the titanium oxide inclusive layer 12 over the IR reflecting layer is that it
permits antireflection characteristics of the coated article to be improved, which
results in a higher visible transmission through the coating. Thus, the titanium oxide
layer also permits visible transmission to be increased in certain example
embodiments, and/or permits a thicker silver-based IR reflecting layer to be used
without sacrificing visible transmission, in certain example embodiments of this
invention. In certain example embodiments, the titanium oxide layer may be provided
over the IR reflecting layer, and may be located between (a) a first layer comprising
an oxide of Ni and/or Cr, and (b) a second layer comprising a metal oxide such as tin
oxide or alternatively a layer comprising silicon oxynitride and/or silicon nitride. In
certain example embodiments of this invention, the provision of the titanium oxide
layer over the IR reflecting layer surprisingly results in an IR reflecting layer with a

lower specific resistivity (SR).

[0038] Referring to Figs. 1-2, dielectric layer 13 may be of or include a metal
oxide such as tin oxide in certain example embodiments of this invention. Metal
oxide inclusive layer 13 is provided for antireflection purposes, and also improves the
emissivity of the coated article and the stability and efficiency of the manufacturing
process. Moreover, tin oxide in layer 13 provides good adhesion to the titanium oxide
in layer 12, and provides for good durability in this respect. The tin oxide layer 13
may be doped with other materials such as nitrogen in certain example embodiments

- of this invention. In certain instances, tin oxide inclusive layer 5 may be
advantageous in that it may increase the throughput of the coater producing the
coating or save costs, compared to if this portion of the coating was of titanium oxide
or silicon nitride which are slower to sputter and/or more expensive (although these

materials are also possible to replace the layer 13).

[0039] Dielectric layer 15, which may be an overcoat in certain example
instances, may be of or include silicon nitride (e.g., Si3Ny) or any other suitable
material in certain example embodiments of this invention such as silicon oxynitride.
Optionally, other layers may be provided above layer 15. Layer 15 1s provided for

durability purposes, and to protect the underlying layers. In certain example
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embodiments, layer 15 may have an index of refraction (n) of from about 1.9 to 2.2,

~ more preferably from about 1.95 to 2.05.

[0040] Other layer(s) below or above the illustrated coatings may also be
provided. Thus, while the layer system or coating in each figure is "on" or "supported
by" subétrate 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 3 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
Jayer(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. For example and without limitation, layer 5 and/or

layer 13 may be removed in certain example situations.

[0041] 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. 2 embodiment are as follows, from the glass substrate
outwardly (e.g., the Al content in the zinc oxide layer 7 may be from about 1-10%,

more preferably from about 1-3% in certain example instances):

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

Layer Preferred Range (A) More Preferred (A) Example (1&)
TiO, (layer 3) 30-400 A 30-250 A 180 A
SnO, (layer 5) 10-300 A 10-100 A 20 A
ZnAlO, (layer 7) 10-300 A 60-120 A 50 A

Ag (layer 9) 50-250 A 30-150 A 130 A
NiCrO; (layer 11) 10-80 A 20-70 A 30 A

TiOy (layer 12) 10-300 A 20-100 A 40 A

SnO, (layer 13) 40-400 A 100-200 A 160 A
SisN, (layer 15) 50-750 A 150-350 A 210 A
[0042] In certain example embodiments of this invention, coated articles

herein may have the following low-E (low emissivity), solar and/or optical
13
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characteristics set forth in Table 2 when measured monolithically. The specific

resistivity (SR) and sheet resistance (R;) are of the silver based IR reflecting layer 9.

Table 2: Low-E/Solar Characteristics (Monolithic; no HT)

Characteristic General More Preferred Most Preferred
R; (ohms/sq.): <= 5.0 <=4.0 <= 3.0

SR of Ag (microohms.cm): <=4.5 <=4 <= 3.8

Ep: <= 0.10 <= 0.06 <= 0.040

Tyis (%): >= 4() >= 70 >= 80

[0043] In certain example embodiments, a single l1ite according to example

embodiments may have a sheet resistance of no greater than 4.5 ohms/square (more
preferably no greater than 3.3 ohms/square), a normal emittance/emissivity of no
greater than 0.049 (more preferably no greater than 0.035), and a visible transmission
of at least about 87%. An IG unit including the lite would have a reduced visible

transmission, such as at least 80%.

[0044] It can be seen from the above that the coated article has a reduced (i.e.,
better) SR for the silver IR reflecting layer 9 compared to the 5.43 micro-ohms.cm
value mentioned above where no Kr is used in sputtering of the Ag and the titanium
oxide layer 12 is not present. Thus, it can be seen that the use of Kr in sputtering of
the silver, and/or the presence of the titanium oxide layer 12, surprisingly result in

improved specific resistivity of the IR reflecting layer, and thus improved thermal

properties.

10045] Moreover, coated articles including coatings according to certain
example embodiments of this invention may have the following optical characteristics
(e.g., when the coating(s) is provided on a clear soda lime silica glass substrate 1 from

1 to 10 mm thick, preferably about 4 mm thick). In Table 3, all parameters are

measured monolithically.

Table 3: Example Optical Characteristics (Monolithic)

Characteristic General More Preferred
Tys (or TY)IL. C, 2 deg.): >= 70% >= 80% (or >= 85%)
a* (Ill. C, 2°): -2.5to +1.0 -2.0t0 0.0

14
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b*; (Il1. C, 2°): -1.0 to +4.0 0.0to 2.5
| O >=00 >=93

R;Y (IIL C, 2 deg.): 1 to 7% 1 to 6%
a*s (I1. C, 2°): -5.0 to +4.0 -1.5to +3.0
b (1L C, 2°): -14.0 to +10.0 -10.0 to 0
L*s: 22-30 24-2'7

R.Y (1l C, 2 deg.): 1 to 10% 1 to 9%

2%, (TIL G, 2°): 5.0 t0 +4.0 1.5 t0 +3.0

b*, (I1. C, 2°): -14.0 to +10.0 -10.0 to 0
L*,: 27-36 30-35

[0046] Moreover, coated articles including coatings according to certain

example embodiments of this invention have the following optical characteristics
when the coated article is an IG unit in certain example embodiments (e.g., for
purposes of reference, when the coating is provided on a clear soda lime silica glass
substrate 1 from 1 to 10 mm thick, preferably about 4 mm thick) on surface #3 of an

IG window unit. It is noted that U-value is measured in accordance with EN 673.

Table 4: Example Optical Characteristics (IG Unit)

Characteristic General More Preferred
Tyis (or TY)IIL. C, 2 deg.): >= 70% >= T8%
a*; (I1l. C, 2°): -4.0 to +1.0 -3.0 to 0.0
b*: (11l. C, 2°): -1.0 to +4.0 0.0t0 3.0
Routsiae Y (111. C, 2 deg.): <=14% <=12%
a*on (111, C, 2°): -3.0to +3.0 -2 to +2.0
b*oue (111. C, 2°): -10.0 to +10.0 -6.0to 0
RinsiceY (I11. C, 2 deg.): <=14% <=12%
a*insige (111. C, 2°): -5.0 to +4.0 -1.5 to +3.0
b*insigze (1. C, 2°): - -14.0t0 +10.0 -10.0to 0
U-value (IQ)(W/(m°K)):  <=1.25 <=1.15 (or <= 1.10)
[0047] In certain example embodiments of this invention, the titanium oxide

layer 12 over the IR reflecting layer may be oxidation graded. In certain example
embodiments, the titanium oxide layer 12 may be more oxided at a location further
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from the IR reflecting layer 9 than at a locarion closer to the IR reflecting Jayer 9.
Surprisingly, this has been found to improve the adhesion of the titanium oxide layer
12 to the underlying layer such as a layer compnsing NiCrQ, 11 or silver 9. In other
exampic embodiments of this invention, the titanium oxide 12 fayer may be more
oxided at a focation proximate a central portion of the fayer than at respective
locations closer to the upper and lower surfaces of the layer 12. Again, this has been
found to improve the adhesion of the {ayer (2 compriging titanium oxide to the layers

below (9 or 11) and above (13) the titanium oxide layer 12. Further details are
discussed in 60/6285,164,

[0048] Figs. 3-6 are graphs which illustrate the surprising results associated
with the use of Kr in sputtering Ag for the IR reflecting layer 9. Each of these graphs,
namely Figs. 3-6, illustrates that improved results {e.g., lower specific resistance,
lower emissivity, or lower sheet resistance) are achieved when Kr gas is used in the
process of sputtering the Ag (arget for the IR reflecting layer 9. Figs, 3-6 will be
discussed below in more detatl with respect to certain examples of this invention.

EXAMPLES

[0049] The following examples are provided for purposes of example only,
and are not mtended to be limiting.

{0050]) Table 5 sets forth thirty-one (31) example silver IR reflecting layers 9
that were made using different process parameters. In Table 5, the "flow” columns
represent gas flows of Ar and/or Kr as indicated in units of sccm in the chamber
where the silver target was sputiered to form the silver IR reflecting layer, the "total
stiver flow" cotumn represents the total combined gas flows of Ar and Kr used in
sputtering the siiver IR reflecting layer, the "silver thickness” column represents the
thickness of the sputter-deposited silver IR reflecting layer in units of angstroms (A),
the R, resistance column indicates sheet resistance of the silver IR reflecting layer in
units of ohms/square, the "tin present” column indicates whether tin oxide Jayer 5 was
present in the Fig. | stack, and the L*, a* and b* film side color/hghtness values are
indicative 0f these values as measured on the resuiting stack having layers as shown
in Fig, 1.
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[0051] It can be seen in Table 5 that the silver IR reflecting layers 9 sputier-
deposited using only Ar gas in the sputter chamber or bay (e.g., examples 1.0, 1.1,
1.2,1.5,1.6,1.9,1.14 and 2.7-2.11 in Table 5) had relatively high specific resistance
(SR) values; all of at least 4.06 micro-ohms.cm where available. However, it can also
be seen that the use of Kr gas in sputtering the silver resulted in significantly reduced
SR values for the sputter-deposited silver layers. For instance, in example, in
Example 1.7 where 150 sccm Kr gas was used in sputtering the Ag IR reflecting layer
9, the SR of the IR reflecting layer 9 dropped to 3.5 micro-ohms.cm (this represents a
drop m SR of at {east about 14%). Inexamples 1.3,1.8,1.11, 1.12, 1.13, 1.15§, 2.1
and 2.12 where Kr gas was used in sputter the Ag IR reflecting layer 9, the SR of the
IR reflecting tayer dropped to 3.71, 3.76, 3.60, 3.85, 3.69, 3.56, 3.69, and 3.64 micro-
ohms.cm, respectively. Each of these represents a significant and unexpected
advantageous drop in SR of the IR reflecting layer 9 due to the use of Kr in sputter-
depositing the IR reflecting layer. Thus, it can be seen that the use of Kr in sputter-
depositing the silver inclusive IR reflecting layer surprisingly results in a significant

drop in SR (and thus sheet resistance for a given thickness) of the IR reflecting layer,
which 1s highly desirable.

{0052] Fig. 3 1s a graph plotting emissivity {or emittance) of an IR reflecting
layer 9 as a function of the percentage of krypton gas used in sputtening of the silver
inclusive IR reflecting layer, for certain of the examples listed in Table 5 in the
context of the Fig. 1 layer stack. The white dots in Fig. 3 (and Fig. 4) indicate
example data points. The "X" shown in the Fig. 3 graph indicates the area of lowest
emissivity. The region where this "X" 18 present indicates a Kr gas flow that
represents about 55-75% (more preferably about 70%) of the total gas flow in the
s1iver sputtermng chamber or bay (the remainder of the gas flow is Ar). Thus, it will
be appreciated that excellent results may be achieved using a combination of at least
Kr and Ar gas in the silver target sputtering chamber when sputter-depositing a silver
based IR reflecting layer according to certain example embodiments of this invention.

{0053] Accordingly, in certain example embodiments of this invention, from
about 40-100% of the total gas flow in the chamber including the silver target(s) for
sputter-depositing the IR reflecting layer is Kr, more preferably from about 50-90% of
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the total gas flow is Kr, and most preferably from about 55-85%, most preferably
from about 70-80% of the total gas flow is Kr (with part or all of the remainder of the
gas flow being of an inert gas such as Ar, or the like).

[0054] Fig. 4 is a graph plotting specific resistance (SR) of an IR reflecting
layer 9 as a function of the percentage of Kr gas used in sputtering of the silver
inclusive IR reflecting layer 9, for certain of the examples listed in Table 5 in the
context of the Fig. 1 layer stack. As shown m Fig. 4, the SR is largely independent of
total gas flow, but 1s highly dependent on the level of Kr used during sputtering of the
Ag target. The optimal level of Kr is around 70-80% of the total gas flow where the
total flow dependence is minimized, At this level, a SR of 3.7 micro-ohms.cm, or
Iess, can be aclueved. This indicates that a relatively robust process can be used with
from about 55-85%, more preferably 70-80%, of Kr gas flow (with all or part of the
remainder of the total gas flow in the Ag target chamber/bay being of Ar or the like)

in order to optimize SR, and thus sheet resistance and emissivity of the coated article.,

[0055) Fig. § is a graph plotting standard emissivity of an IR reflecting laver
as a function of the krypton gas used in sputtering of the silver inclusive IR reflecting
layer, according to different examples of this invention. Again, 1t can be seen from
the data in Fig. 5 that the use of Kr gas in sputter-depositing the Ag IR reflecting layer

resuits in improved (i.e., lower) emuissivity values for the coating.

[0056] Fig. 6 is a graph plotting normalized emittance/emissivity and sheet
resistance (R;) of a silver IR reflecting layer as a function of krypton gas used in
sputtering of the silver inclusive IR reflecting layer, according to examples of this
invention where the layer stack was ZnQ/Ag/NiCrOx/Zn0 (different from the layers
stacks discussed above) The target-to-substrate distance (TSD) for the data of Fig. 6
was about 90 mm. Again, it can be scen from the data in Fig. 6 that the use of Kr gas
in sputter-depositing the Ag IR reflecting layer results in improved (i.e., lower)
emittance and sheet resistance (R,) values for the IR reflecting layer and thus the
coating.

{0057] While the invention has been described in connection with what is

presently considered to be the most practical and preferred embodiment, it is to be

understood that the invention is not to be limited to the disclosed embodiment, but on
18
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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 method of making a coated article for use in a window unit, the method
comprising:

providing a glass substrate for supporting a multi-layer coating;

depositing an infrared (IR) reflecting layer comprising sifver on the glass
substrate, wherein said depositing of the IR reflecting layer comprises sputtering at least
one target comprising siiver that 18 located in a chamber; providing at least krypton gas in
the chamber during said sputtering of the target comprising sifver; and

wherein a mixture of krypton and at least another inert gas are provided in the
chamber during sputtering of the target comprising silver, and wherein from about 55-
85% of total gas flow in the chamber during sputtering of the target comprising silver is
made up of krypton gas, and wherein substantially a remainder of the total gas flow

includes another gas which 1s the at least another inert gas.

2. The method of claim 1, wherein the another inert gas comprises argon gas.

3. The method of claim 1, wherein the IR reflecting layer comprising silver has a

specific resistance (SR) of less than or equal to about 4.0 micro-chms.cm.

4. The method of claim 1, wherein the IR reflecting layer comprising silver has a

specific resistance (SR) of less than or equal to about 3.8 micro-ohms.cm.
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5. The method of claim 1, wherein the IR reflecting layer comprising silver has a

specific resistance (SR) of less than or equal to about 3.7 micro-ohms.cm.

6. The method of claim 1, wherein the use of krypton gas in depositing the [R
reflecting layer causes a specific resistance of the IR rcflecting layer to drop at least 5%

éompared to if no krypton gas was used during said depositing.

7. The method of claim 1, wherein the use of krypton gas in depositing the IR
reflecting layer causes a specific resistance of the IR reflccting layer to drop at least 10%

compared to if no krypton gas was used during said depositing.

8. The method of claim 1, wherein the use of krypton gas in depositing the IR
reflecting layer causes a specific resistance of the IR reflecting layer to drop at least 14%

compared to if no krypton gas was used dunng said depositing.

9. The method of claim 1, wherein the coated article has a visible transmission of

at least 40%, and wherein the coating has a sheet resistance (R,) of no greater than 5.0

ohms/square.

10. The method of claim 1, wherein the coated article has 4 visible transmission
of at least 70%, and wherein the coating has a sheet resistance (R,) of no greater than 4.0

ohms/square.
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11. The method of claim 1, further comprising forming;

at least one dielectric layer located between the glass substrate and the IR
retlecting layer,

a layer comprising an oxide of Ni and/or Cr located over and directly contacting
the IR reflecting layer comprising silvet;

a layer compnsing titantum oxide located over and directly contacting the layer
comprising the oxide of Ni and/or Cr;

a layer comprising a metat oxide located over and directly contacting the layer
comprising titanium oxide; and

a layer comprising silicon nitride located over the layer comprising the metal

oxide.

12. The method of claim 1, further comprising forming a layer comprising 2inc
oxide, and wherein the IR reflecting layer is located over and directly contacts the layer

comprising zinc oxide.

13. The method of claim 1, further comprising coupling the glass substrate with
the coating thereon to another substrate in order to form an insulating glass (IG) window

unit, and wherein the IG window unit has 2 U-value of no greater than 1.15 W/(m“K).

14. The method of claim 1, wheremn the coated article has an a¥* value of from -

2.5 to +], and a b* value of from -1 to +4.
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15. A method of making a coated article including a layer comprising silver, the
method comprnsing:

sputiering at least one target comprising silver that 1s located 1n a chamber;

providing at least krypton gas in the chamber during said sputtering of the target
comprising stlver; and

wherein a mixture of krypton and at least another inert gas arc provided in the
chamber during sputtering of the target comprising silver, and wherein from about 55-
85% of total gas in the chamber during sputtering of the target comprising silver is made

up of krypton gas, and wherein substantially a remainder of the total gas flow includes

another pgas which is the at least another inert gas.

16. The method of claim 15, wherein the another inert gas comprises argon gas.
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Normalized Emittance

Silver Sputtenng Improvements

TSD 90 - Emittance, Resistance, Extinction Coefficient for
ZnO-Ag-NiCrOx-Zn0 layer stack
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