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GAIN COEFFICIENT CROSS-REFERENCE TO RELATED
ARBLIGATIQNS The present application claims priority to UpStABRlicatiaas
No. 60/725,891, filed October 11, 2005, U.S. Patent Application No.
11/360,266, filed February 23, 2006, and U.S. Patent Application No.
11/398,345, filed April 5, 2006, the entire disclosures of which are
incorporated herein by reference. FIELD OF THE INVENTION The
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Low-emissivity coatings are well known in the art. Typically, they include
one or two layers of infrared-reflection film and two or more layers of transparent
dielectric film. The infrared-reflection film, which generally is a conductive metal
like silver, gold, or copper, reduces the transmission of heat through the coating.
The dielectric film is used to antireflect the infrared-reflection fiilm and to conirol
other properties and characteristics of the coating, such as color and durability.
Commoniy used dielectric materials include oxides of zinc, tin, indium, bismuth,
and titanium, among others,

Most commercially available low-emissivity coatings have one or two silver
layers each sandwiched between two coafs of transparent dielectric film.
Increasing the number of silver films in a low-emissivity coating can increase its
infrared reflection. Howaever, this can also reduce the visible transmission of the
coating, and/or negatively impact the color of the coating, and/or decreass the
durability of the coating. Perhaps for these reasons, low-emissivity coatings with
three silver layers historically have not found much place in the market.



It would be desirable to provide a low-emissivity coating that has desirable
coating properties and characteristics. BRIEF DESCRIPTION OF THE
DRAWING Figure 1 is a graph showing the spectral properties of a
soonmreiaily available double silver low-emissivity coating pleigyureosissais4
graph showing the spectral properties of a high infrared reflection coating
in accordance with certain embodiments of the present invention. Figure

3 is a graph comparing the spectral properties of a high infrared reflection
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Figure 5is a schematic partially broken-away cross-sectional side view of a
multiple-pane insulating glazing unit bearing a high infrared reflection coating in
accordance with certain embodiments of the invention.

Figure 6 Is a schematic cross-sectional side view of a coater used in certain
embodiments of the invention.

SUMMARY OF THE INVENTION

Certain embodiments of the invention provide a first pane having opposed
first and second major surfaces. In the present embodiments, the first pane is
part of a mulliple-pane insUEating giazing unit that includes a second pane. The
insulating glazing unit has at least one betweén-pane space, and at least one of
the first and second panes has a coated interior surface that is exposed to a
between-pane space of the insulating glazing unit. This coated interior surface
bears a low-emissivity coating that includes three infrared-refiection film regions
sach comprising silver. in the present embodiments, the insulating glazing unit has
a visible-thermal efficiency ratio of greater than 2.37.



In certain embodiments, the invention provides a coated pane having
opposed first and second major surfaces. In the present embodiments, the
coated pane is part of a multiple-pane insulating glazing unit that includes
wosmoonpane. The insulating glazing unit has a between-pan@spage;o434
the coated pane defines a #2 surface of the insulating glazing unit, and
the #2 surface is exposed to the between-pane space. The #2 surface
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opposed first and second major surfaces. In the present embodiments, the
coated pane is part of a mulfiple-pane insulating glazing unit that includes a
second pane. The insulating glazing unit has a between-pane space, the coated
pane defines a #2 surface of the insulating glazing unit, and the #2 surface is
exposed to the between-pane space. The #2 surface bears a low-emissivity
coating that includes three third infrared-reflection film regions each comprising
sitver. In the present embodiments, the three infrared-reflection film regions have a
combined thickness of greater than 460 angstroms, and the insulating glazing unit

has a visible transmiitance of .65 or more.

In certain embodiments, the invention provides a transparent substrate
having a major surface bearing a low-emissivity coating. The coating comprises a



3 WO 2007/047211 PCT/US2006/039434 first infrared-reflection film
region having a thickness, a second infrared-reflection film region having
a thickness, and a third infrared-reflection film region having a thickness.
imdhenpoesant embodiments, the thickness of the third infraragrrebiestiomns4
film region is greater than the thickness of the second infrared-reflection
film region, and the thickness of the second infrared-reflection film region
is greater than the thickness of the first infrared-reflection film region. The
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yézasy. Bhghgslilo@slow-emissivity coatings provide advantageous infrared
reflection, commonly in the neighborhood of 97%. Double silver
low-emissivity coatings offer further improvements in terms of high visible
transmission and high infrared reflection. There are, however, practical
ceilings on the infrared reflection levels that can be achieved using a
double silver low-emissivity coating. For



example, while increasing the amount of silver in a double silver coating
may boost the infrared reflection above 97%, the road toward even higher
infrared reflection, e.g., above 98.5%, is difficult to achieve in a double

silvelepating that requires a balance of other properties (highMisiblgs/039434
transmission, good color, durability, etc.). Figure 1 is a graph showing the

spectral properties of a highly advantageous commercially available
double silver low-emissivity coating. This graph shows transmission (the
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Figure 1 is a graph showing the spectral properties of a highly
advantageous commercially available doublé silver low-emissivity coating. This
graph shows transmission (the curve that is upwardly convex in the visible
wavelength range) and glass-side refiection (the curve that is downwardly
concave in the visible wavelength range) for a glass sheet bearing the double
silver low-emissivity coating. While this particular double silver coating offers
excellent spectral properties, it has been reported that conventional double silver
coatings allow anywhere from 5% to 50% fransmission in the infrared wavelength
range (U.S. patent 6,262,830, column 6, lines 43-51).

Figure 2 is a graph showing the spectral properties of a high infrared
feﬂection coating In accordance with certain embodiments of the present
invention. Here again, the graph shows transmission {the curve that is upwardly
convex in the visible wavelength range) and glass-side reflection (the curve that is



for the present coating 7 (the curves delineated with solid lines) than for
the double silver coating (the curves delineated with circles). Thus, the
high infrared reflection coating 7 is believed to provide a quantum leap

fevang -teyms of energy efficiency compared to double sy ysr06/m39434
low-emissivity coatings, and even more so compared to single silver

low-emissivity coatings. The present high infrared reflection coating has a
number of beneficial properties. The ensuing discussion reports several
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resisERNER LIRS SRANGLRIRRMEASYEID (.e., monalithic) pane 12 bearing
the present coating 7 on one surface 18. In other cases, these properties are
reported for an G unit 3 having the present coating 7 on its #2 surface 18. In
such cases, the reported properties are for an 1G unit wherein both panes are
clear 2.2 mm soda lime float glass with a % inch between-pane space filled with
an insulative gas mix of 90% argon and 10% air. Of course, these specifics are
by no means limiting to the invention. Absent an express statement to the
contrary, the present discussion reports determinations made using the well
known WINDOW 5.2a computer program (e.g., calculating center of glass data)
under standard ASHRAE conditions.

As noted above, the high infrared reflection coating 7 provides exceptional
thermal insulating properties. The coating 7 comprises three infrared-reflection
film regions 100, 200, and 300. These film regions are typically silver or another
electrically conductive material, and they impart exceptionally low shest resistance



standard fashion using a 4-point probe. Other methods known in the art as
being useful for calculating sheet resistance can also be used. The
coating 7 also has exceptionally low emissivity. For example, the

PYSFIvIN-] the coating 7 is less than 0.06. Preferably, the gpaissivity:0fos34
this coating 7 is less than 0.04 (e.g., less than 0.03, or even less than

0.025). While the desired level of emissivity can be selected and varied to
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example, it is especially desirable to have low solar heat gain win ows
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The term "emissivity” Is well known in the present art. This term is used
herein in accordance with its well-known meaning to refer {o the ratio of radiation
emitted by a surface to the radiation emitted by a blackbody at the same
temperature. Emissivity is a characteristic of both absorption and reflectance, It
is usually represented by the formula; E = 1 — Reflectance. The present
emissivity values can be determined as specified in “Standard Test Method For
Emittance Of Specular Surfaces Using Spectrometric Measurements” NFRC 301-
93, the entire teachings of which are incorporated herein by reference. Emissivity
can be calculated by multiplying the measured sheet resistance by 0.016868.
Using this method, a coating 7 that provides sheet resistance of about 1.25, for
example, can be determined to have an emissivity of about 0.021.

In addition to low sheet resistance and low emissivity, the present coaling 7
provides exceptional solar heat gain properties. As is well known, the solar heat



buildings in the southern United States. Further, windows that are
exposed to a lot of undesirable sun benefit from having a low solar heat
gain coefficient. Windows on the east or west side of a building, for
wstancaqtend to get a lot of sun in the morning and afternopar/kBerecs/039434
applications like these, the solar heat gain coefficient plays a vital role in
maintaining a comfortable environment within the building. Thus, it is
particularly beneficial to provide windows of this nature with coatings that
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coatings may have unacceptably low visible transmission and/or a somewhat

mirror-iike appearance.

The present coating 7 provides an exceptionally low solar heat gain
coefficient. For example, the solar heat gain coefficient of the present IG unit 3 Is
less than 0.4. Preferably, the present |G unit 3 has a solar heat gain coefficient of
less than 0.35 {e.g., less than 0.33, or even less than 0.31 in some cases). While
the desired SHGC level can be selected and varied to accommodate different
applications, some preferred embodiments (e.g., where the coating 7 is one of the
exemplary film stacks tabulated below) provide an IG unit 3 having a solar heat
gain coefficient of less than 0.3, such as between 0.25 and 0.29 (e.g., about 0.27).

The term “solar heat gain coefficient” is used herein in accordance with its
well known meaning. Reference is made to NFRC 200-93 (1993), the entire
teachings of which are incorporated herein by reference. The SHGC can be



above, the present coating 7 has exceptional optical properties. As noted
above, a tradeoff is sometimes made in low solar heat gain coatings
whereby the films selected to achieve good thermal insulating properties

Raveothpebigct of restricting the visible transmission to a leyglthabiss/o39434
lower than ideal. To the contrary, the present coating 7 provides an

exceptional combination of total visible transmission and thermal
insulating properties. For example, the present IG unit 3 (and the present

pafRicaRiedhasiver teomsitidotngxsapairediatidn dhaumieB krewra WkIBIGW 5.2a

trapspiitansedra@f greater than 0.45 (i.e., greater than 45%). Preferably,
the present IG unit 3 (and the present pane 12, whether monolithic or
insulatedl) eemidveion viitne hansiaidldhee ! bsgriacpronantiosdiyeussed
grentes, tham@4ent\balndrerde sixesbirmel ebvisibirosamerlithanesenanace,
selqpiad and X@%ﬁ%&o RAegemmodate ‘r’ﬁé%rte”a%r%"Eﬁé't?r?“s%ﬁ CETUL fims
preferreé) embodiments e.g., where the coating /'is one oF{ﬁe exemplary
fildekteierdeashiare @ erd ey msduritating erenattisg Savesanefiest @hich can
bergapieotithissonsisia tedrifieidGonnis Skbeming B \Wad ertnangmittance of

greater thag,0.65:! *’{r@; c?é) %E&%A%g%ﬁﬁ%@&gka&&%%ﬂg combination

embodiments, the fi thickness compositions are selecte

to Ycrfal¥sinlfsisRstrissaRiRan dhesgt daguiatingnpirperipeaEPfsOPfe, the
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deSTPE PN AR RLRREE! YRENE i A0RI0R RFSFRIMRERRCE WRGEIekMBRG iic or
thinawtedetdl rebiseeshe rsivlentaesortfance Withf itsastsii-bronwhihdergingreater
Vigigle drensmviirnge. sl iasevisinlesrligsiantratndan daternined
acordenge it NER S Standard Test Method for Determining the
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computer’program can be used In’calculating the'se an er reported
optical pkppegiparticular group of embodiments, the film region thicknesses and

compositions are selected to achieve a visible transmittance of greater than 0.7,
greater than 0.71, or even greater than 0.072. In some cases, the film region
thicknesses and compositions are selected to achieve a \}isibfe transmittance of
about 0.73. Here, the infrared-reflection film regions are thinned to provide the

desired transmittanca.

The term "visible transmittance” is well known in the art and is used herein
in accordance with its well-known meaning. Visible transmitfance, as well as
vigibie reflectance, can be determined in accordance with NFRC 300, Standard
Test Method for Determining the Solar and Infrared Optical Properties of Glazing
Materials and Fading Resistance of Systems (National Fenestration Rating
Council Incorporated, adopted December 2001, published January 2002). The



Preferably, the coated substrate (i.e., the present pane) 12 has a spectral
transmission curve with a peak transmission located in the visible
wavelength range. This is readily apparent in Figure 2. In certain

eroheghiments, this spectral transmission curve has a halfwiggh @ ¥e68039434
than 360 nm, less than 320 nm, less than 300 nm, less than 290 nm, less
than 275 nm, or even less than 250 nm. In these embodiments, the
coating 7 provides a highly advantageous narrow transmission curve,

whRtHaRsrABIN Ra¥Higie GRIBIHSHREfEE Bpasamt aRculrndhesftye
aafld atHbersasredispacanorasiessan exceptionally steep slope between
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wavelengths. In"¢ertain embodiments, the coating 7 a
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(esgenwhenethecoating/ Thenrarbdhesxenmaslitingtagksdads lstedible
b I ' ] isthle- lgiency ratio of
g?é%\'zgeﬁ%ﬁgze?g% U%Gfggg{ﬁﬁ;%ﬁg%%g g * Sﬁ%%ﬂ%%% .g()ﬁﬁmgﬁch as about
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This ratlio preferably is greater than 2, greater than 2.2, or even greater than 2.3.
In some preferred embodiments, this ratio is greater than 2.33, greater than 2.34,
greater than 2.37, greater than 2.4, greater than 2.42, or even greater than 2.43.
In some embodimenis, this ratio is about 2.37. In other embodiments, this ratic is
about 2.44. Certain preferred embodiments (e.g., where the coating 7 is one of
the exemplary film stacks tabulated below) provide an |G unit 3 having a visible-
thermal efficiency ratio of greater than 2.0 but less than 2.5 {e.g., about 2.4-2.5),
such as about 2.44.

Ancther useful parameter to consider is Ty, i.€., the transmittance at 740
nm. The present coating 7 can provide a particularly low Ty, wh‘ile at the same
time providing high levels of visible transmittance and good color properties. For
example, the present pane 12 preferably has a T4 of less than 0.30, or even less
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WO 2007/047211 PCT/US2006/039434 than 0.20. Perhaps more
preferably, the present pane 12 (when monolithic, or when part of an
insulating unit) has a T740 of less than 0.15 (e.g., less than 0.1, or even

wes:than05). While the desired level of transmittance at 7GR GRM 19234
selected and varied to accommodate different applications, certain

preferred embodiments (e.g., where the coating 7 is one of the exemplary
film stacks tabulated below) provide a coated pane 12 (which can be

mieABIAIe. oFsatep? theraGrafenedivh dvineresTTupest alib (witz04neiglitics or
exgiaphiasorarahl @ahgdimends thal,pepvide ;sraled RUDSIERtNAE 0.1, or
haynoamar sicedabrannaaniahniaedielienion, loysemisalviy
coatln%3 . Generally, the coating includes, in 'sequence from the major
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foGrintiahepuns dract@Rori® ¥gion 80. In Figure 4, optional blocker
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enbpdiag %réhﬁatﬁ%ﬁ%ﬁ%@eﬁﬁi@ﬂﬁﬁ POSoREHG K ARl RHQRH B

regions 100, 200, 300 is greater than 150 angstroms, greater than 175
AR B8 TRRCg TR AR L 086 R HEt AL AR BREARA dpfrared-
alteftectivrefmtiegifirsB0Se edhid] manbpairehithielestticdiibotigiodiBn, @giods can
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reate n reater than r r tha or
o R A e R e B e R R R henon,
abisge &1y Rt rrspisshimplesmbedmritases, the first, second, and third
infrare(t&ﬂﬂﬁﬁ@ﬂaﬁlfﬁﬂ@c?i@ﬂﬁlml%icﬂf@ﬁ)d?%@rmlb@f é@)ﬁlﬁfﬁabwm
r Ve thi 9 06A nother em iment,
the c r%\tén&‘Bég(i?%ﬁ%:?l?:agsﬁg%gﬁéﬁﬁ%ﬁ%ﬁéﬁéﬁp?e% ?%ggocr%ﬁesé%% s, the
firtS¥uiEdn @Dl iPA IR PET RIS RyibRN 0 oY A (Rpsirane
sibfdind ayferssbavtiegitesfectagdiiclote 2505 300li2Rfeat & Alaransl angstroms,

greater than 175 angstroms, or even greater than 200 angstroms. Additionally or

alternatively, the first, second, and third infrared-refiection film regions can
optionally have a combined thickn.ess of greater than 425 A, greater than 450 A,
greater than 460 A, gréater than 470 A, greater than 475 A, or even greater than
485 A. In one embodiment, this combined thickness is about 477 A. For
example, in some cases, the first, second, and third infrared-refiection film regions
100, 200, 300 are silver layars having respective thicknesses of 1224, 1494, and
206A. In another embodiment, the combined thickness is about 492 A. For
example, in some cases, the first, second, and third infrared-reflection film regions
100, 200, 300 are silver layers having respective thicknesses of 1284, 157A, and
207A.
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207A. 11 WO 2007/047211 PCT/US2006/039434 Certain embodiments
that have been discovered to be particularly desirable provide for the
second and third infrared-reflection film regions (each of which can
sptionaltyhe a layer, such as a discrete layer of silver) havimgaus2006/039434
combined thickness of at least 325 A, at least 335 A, at least 340 A, at
least 350 A, or even at least 355 A. In some embodiments, this combined
thickness is 355- 395 A. Here, a relatively large amount of reflective film

(e.g., sifvaifpiis copRclnaRitchaltheie bratidisecuated BobeorritstiAdY coating,
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ed below in Briefly, though, somemerre

C
e PEBIRARIR b BUiERS e fiPIEGRAs O FHETBHIATSE ShAr gy
caiitsistitige s Senthiatlyirdfsideniizdivth@seregion can be thicker than the second

infrared-reflection film region by at least 25 A, at least 35 A, at least 40 A, or sven
atleast 50 A,

One group of embodiments provides a coated substrate (e.g., a coated
pane, such as a glass pane, optionally having a major dimension of at least 1
meter, or at least 1.2 meters) bearing a low-emissivity coating 7 that comprises
three infrared reflection film regions 100, 200, 300 having a combined thickness of
between 420 A and 575 A.

The infrared-reflection film regions 100, 200, 300 are described below in
further detail. Briefly, though, some preferred embodiments provide these film
regions in the form of silver layers each consisting essentially of silver, with these
three layers optionally being the only silver layers in the coating. In one particular
embodiment of this nature, the substrate 12 Is a glass sheet having a major
dimension of at least one meter (or at least 1.2 meters), and this glass sheet is
part of a multiple-pane insulating glass unit that includes at least one other glass

12



three layers optionally being the only silver layers in the coating. In one
particular embodiment of this nature, the substrate 12 is a glass sheet
having a major dimension of at least one meter (or at least 1.2 meters),
and thizgtass sheet is part of a multiple-pane insulating glasstnstthaibso434
includes at least one other glass 12 WO 2007/047211
PCT/US2006/039434 sheet, where the multiple-pane unit has a
between-pane space 1500, which can optionally be evacuated, filled with
a|rS’EﬁefrII@’B%tW%lF’&WB‘%EEMlU@”g%@(@ Ee““’%‘b?f?”?ﬁ@?ﬁ%tﬁgﬁsh’ﬁ}@h?a“
dielpitsrialifilive region=2a1 | Sigepeith aierdidilzametcasemdliratthtioverRs(e.g.,
majosyirface 18 of the substrate 12. This film region 20 can be of any
composition that includes at least some (or, optionally, consists
essentuantymf)rﬁtamsmrarehdlelel@:fmdllmnImgmmeoaﬁes;aﬂﬁecﬁrmer (in some

”aéh%%@r%ﬂ[acﬂ )'%W%S?%l%@@ 13 %ﬁﬁ@&@%‘ie'ﬁ‘é’thﬁﬂ%ﬁé?;e%on 20

comprises a p urality o ers. As described in U.S. Patent 5,29
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AR I, 3 B e o <D e Sl Hdd il
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gratgia W%%ﬁﬁ@?)nwwﬁicﬂéaﬁ@!e@weé Ypskh e @ﬁn@ﬁ&x@@éerrﬁ%&ﬁéhls
particulakeoibotiyaentsicthestirst sranapayentidieteaisafitminesias (2farred to
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a réfractive index o of greater. For examp betw the
|an B-1RYRICEBR ffn @ﬁ?&ﬁqwtanww@rsm%%efas@@f f?fe‘&ﬁ?f@t’n‘?at@%%ctﬁc

theneterials. In certain embodiments, the first transparent dielectric film region 20
comprises a graded thickness of film, having a composition that changes (e.g., in
a gradual manner) with increasing distance from the substrate 12.

In some particular embodiments, the first transparent dielectric film region
20 comprises film (optionally comprising zinc oxide, such as a zinc tin oxide)
having a refractive index of 1.7 or greater. For exampie, between the first
infrared-refiection film region 160 and the surface 18 of the substrate 12, there
can advantageously be provided a desired fotal thickness of film that has a
refractive index of 1.7 or greater. In some cases, this desired {otal thickness is
less than 195 angstroms, less than 180 angstroms, less than 175 angsiroms, less
than 165 angstroms, less than 145 angstroms, or even less than 140 angstroms.

Referring again to Figure 4, the first infrared-reflection film region is
ideniified by the reference number 100. This fiim region 100 preferably is
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can advantageously be provided a desired total thickness of film that has
a refractive index of 1.7 or greater. In some cases, this desired total
thickness is less than 195 angstroms, less than 190 angstroms, less than

o Rngeiroms, less than 165 angstroms, less than 145 angstaise&hi0434
even less than 140 angstroms, Referring again to Figure 4, the first

infrared-reflection film region is identified by the reference number 100.
This film region 100 preferably is 13 WO 2007/047211
PCINi$82096/03%438 civatignbysical, kentdnt dirdfat {hiey sicter caneacf vikh first
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s s another metal selected from the qr istin :
R S R ey e o SRS MO vy v
dEOREFHRY protstdiopiFNKE g realiasiestion fitn BRIMBEApSIIEXtION BPans
subseigeent film and/or during any heat treatment (e.g., tempering), a first
blocker film region 105 can optionally be provided over and contiguous to
the first %ﬁﬁr&%?@ﬂé@fiawtﬁﬁﬁ%@fdéem argersehRscie, TPndkEte ArRYSation
cani bemsmopisiedio protectdieny nsterlyieg intratraentefegtiaarifariregjom first
1%903@?‘%%2#&%‘ 1?656‘8%1 Bbti%%ﬁf%%éﬁfeﬁé&é MHLHR WGudBE to the first
ad m e useful.

example, readily oxidized ma L In certain embodiments, a thin

|lafEER TR ARGHY AT ?Q'a'bﬁé/gd,%‘ﬁi hlodihidradedien (105 camBePipHERS o
oxideciinthis vedetiviely ivfepeditefiediime tirovayicudblafilumckie midtal atigidn) In
atdeastaboURIMeatitickaess of Gial HiaN WRIMARIdS SO 88 d0sful. In

titanium oxide of varyln%,st |chiometrﬁ, uring deposition of overlying film.
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te chin%s of this CT.Public tko%flatiﬂ% to %Iocketrolay(%rs ar

inc'oar%%rat%)a ee?eihlabl’{}nl%fg%%cg_ £\¥1y Otier matenalscan %Viﬂ’geﬁ@ - I

Sm’@grnwggd@ﬁ%imﬁ,Ep{qgk@’:d‘ﬁ%rf@’i@{c_’i% is deposited as a layer of
niobium. Useful blocker layers comprising niobium are discussed in detall in PCT

International Publication No. WO 97/48649. The teachings of this PCT
Publication relating to blocker layers are incorporated herein by reference. Many
cther materials can be used, such as nickel, chromium, nickel-chrome, etc.

In one group of embodiments, the coaling 7 comprises three infrared-
reflection film regions directly over at least one of which {and opfionailly over each
of which) there is provided a blocker film region that is deposited in a non-metallic
form (e.g., as a non-metallic materlal selected from the group consisting of an
oxide, a nitride, and an oxynitride, including substoichiometric forms therecof). In
this group of embodiments, the thickness for each such blocker film region can be
within any one ¢f the ranges noted herein for the optional blocker film regions.
For example, exemplary thicknesses for the opticnal blocker film region generally
range from 3-25 A, such as 3-18 A.
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In one group of embodiments, the coating 7 comprises three infrared-
reflection film regions directly over at least one of which (and optionally
over each of which) there is provided a blocker film region that is

sdaposited-# & non-metallic form (e.g., as a non-metallic mageriatselestosss
from the group consisting of an oxide, a nitride, and an oxynitride,

including substoichiometric forms thereof). In this group of embodiments,
the thickness for each such blocker film region can be within any one of
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lesswhain 10 A, less than 7 A, less than 6 A, or even less than 5 A. While
not shown in Figure 4, a blocker film region can optionally be provided
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frenadHel stipRHERS). ove veRt erIPaksalfilficregin mw@e&n@ﬁother with

infrereskiaflectandimaregsusitatel his film region 200 preferably is
contiguous to the outer face of the second transparent dielectric film
region 40angxsilivabrde flaagiendedbn searsddniarpd-reflection film region

200. This film region 200 preferably is contiguous to the outer face of the second
fransparent dielectric film region 40. Any suitable infrared reflection material can
be used, such as sliver, gold, and copper, or alloys inéiuding one or more of these
metals. In some particular embodiments, the infrared-reflection film consists
essentially of silver or silver combined with no more than about 5% of another
metal, such as another metal selected from the group consisting of gold, platinum,
and palladium.

When desired for protection of the second infrared-reflection film region
200, a second blocker film region 205 can optionally be provided over and
céntiguous to the second infrared-reflection film region 200. This blocker film
region 205 can comprise, for example, any material that is readily oxidized. In
certain embodiments, a thin layer of titanium metal is applied, and in some cases
{e.q., cases where oxide film is reactively deposited directly over this blocker film
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be used, such as silver, gold, and copper, or alloys including one or more
of these metals. In some particular embodiments, the infrared-reflection
film consists essentially of silver or silver combined with no more than
Fhowibiaeianother metal, such as another metal selectedgiramdfngs/ososs4
group consisting of gold, platinum, and palladium. When desired for
protection of the second infrared-reflection film region 200, a second
blocker film region 205 can optionally be provided over and contiguous to

theegies i) afrigasd sefetaiorrsi thickopsh Po0aMRanbisoRetdilmcoryEAoR
CaffapRmPHRR o) ewmgle;t@awmwi@hmﬁj igereadibnoxidizedyity eritaim
emb fjllment thin, | &{%lem metal |52%ng ncftln some ¢ a}/%e
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titanium oxide of varying stoichiometry during deposition of overlying film.
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etc. Suita Iet ort e optlonalritzcond blocker film reéglon
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legsdhan gl l%%ééﬂmlﬂ'ﬁ)lﬁé lessdhan ), less than 6 A, or even less

than 5 A. While not shown in Figure 4, a blocker film region can optionally
be provities tnirdetrdhepasecorie!prirarditratigairofdilisn pegidoned G etwessl|the

Thedhird raarparetdisieqHc il esianb isRosiHeNaeheiver4be fim
second mfrarg *reflectlon film reglon 00 and t%% thlr infrared-r ;Iectlon
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diglatarrigilin Wgﬁgoﬁﬁmggransparent dieleciric ﬂ!m reglcn 60 comprises

at least three transparent dielectric layers. Optionally, there are at least five, or
aven at least seven, such layers. As an aliernative {o one or more discrete layers,
part or all of the third transparent dielectric film region 60 can have a graded
compaosition.

The next illusiraied film region is the third infrared-refiection film region 300.
This film region 300 preferably is contiguous to the outer face of the third
transparent dietectric film region 60. Any suitable infrared reflection material can
be used (e.g., silver, gold, copper, or an alloy comprising one or more of these
metals). In some particutar embodiments, the third infrared-reflection film region
300 consists essentially of silver or silver combined with no more than about §%
of another metal, such as another metal selected from the group consisting of

gold, platinum, and palladium.
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at least three transparent dielectric layers. Optionally, there are at least
five, or even at least seven, such layers. As an alternative to one or more
discrete layers, part or all of the third transparent dielectric film region 60
vamdenveragraded composition. The next illustrated film regiormiszteer039434
third infrared-reflection film region 300. This film region 300 preferably is
contiguous to the outer face of the third transparent dielectric film region
60. Any suitable infrared reflection material can be used (e.g., silver, gold,;
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Given the large number of blocker film regions provided in certain

embodiments, it can be advantageous to use an exceptionally small thickness for
one or more of the blocker film regions. Thus, in some embodiments, directly over
at least one of the infrared-reflection film regions there is provided a blocker film
region having a thickness of less than 7 A, less than 6 A, or even less than 5 A,
Further, in some embodiments, the coating 7 includes three blocker film regions
105, 205, 305, and the combined thickness of ali three of these blocker film
regions is less than 30 A, less than 25 A, less than 20 A, iess than 18 A, or even
less than 15 A,

The fourth transparent dielectric film region 80 is located further from the
substrate 12 than the third infrared-reflection film region 300. In some, though not
all, embodiments, this film region 80 defines the coating’s outermost face 77
(which face can optionally be exposed, i.e., not covered by any other fim or
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optionally be provided under the third infrared-reflection film region 300 as
well. Given the large number of blocker film regions provided in certain
embodiments, it can be advantageous to use an exceptionally small
thickness et one or more of the blocker film regions. Thus saEImB6/039434
embodiments, directly over at least one of the infrared-reflection film
regions there is provided a blocker film region having a thickness of less
than 7 A, less than 6 A, or even less than 5 A, Further, in some
ersiisdiatntsheewtnliaes Taieoldiels shie 8l tedier treaadipmssings @5 of
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oo S ok PRla U, ARG YRl
%&@ﬁgtrgp%\@nq%gmﬁtpiyyaang@%ﬂggmms in some cases, the latter

noted fiim is located either between the first 100 and second 200 infrared-
reflection film regions or between the second 200 and third 300 infrared-reflection
film regions. That is, it forms {or is part of) one of the spacer film regions.
Reference is made to Tabie 3 below.

The total thickness of the present coatling 7 can be varied to suit the
requirements of different applications. In certain preferred embodiments, the total
physical thickness of the coating 7 is greater than 1,750 angstroms, greater than
1,800 a‘ngstroms, greater than 1,900 angstroms, or even greater than 2,000
angstroms. For any embodiment disclosed in this specification, the coating's total
thickness can optionally fall within any one or more of the ranges specified in this
paragréph.

18



together with at least one other nitride or oxynitride film (optionally
comprising silicon nitride and/or silicon oxynitride) having a thickness of
greater than 50 angstroms, greater than 75 angstroms, greater than 100

ARosiroms greater than 150 angstroms, or even greater thagrkfBoosn39434
angstroms. In some cases, the latter noted film is located either between

the first 100 and second 200 infrared- reflection film regions or between
the second 200 and third 300 infrared-reflection film regions. That is, it
forms (dn isneareditubn@obthel spewetifigntse fiorbickReserehibe ibirddafeered-
tT?éﬂsﬁro]tﬁemm-r_ bericiab tgﬁ_ﬁﬁsﬁé ?ﬂéhe}rme_tmhle@@%mtgné c@&f&@l Viafigdd-
o suit the requirements of different applications. In certain preferre .
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WEBCR00 72047 208 piiry/ 88D ou6reIodaciarbiémp spdiitraidusrerise (or
expprdineepisitng thiskness of the third infrared reflection film region 300

is greater than the thickness of the second infrared- reflection film region
200, anfaneurexerakibe tiessst shadHnien-tandeso RAICRHGURDRIGSS

grgsthesdhanbisgtitiekneseabtbetistisiiaredenfigeioorimragion 0over
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ected color properties. In one subgrou these"embodiments, the first
1087esinrREPO0 2R dstsirinsd 0P s fish SUERR AR P dfoRecRE Hrirared-
canfiptiten(Gmcoutist 283 entaliiothrikress-of herptost inbhthd-pfesdon film

S%éf&ﬁ%n e frstySHEQUPBHBEIRREAND i3 1drlingd asheinetths second
thickness of the first infrared-reflection film region 130 over the th{%‘éﬂ%?&o.

off e LORg R ARSI IREE AT PadtSh 51, 4Rdr (Rle ¥ELORT
refdetitioaitye dierfirsitianis Mmdd'%@b@ng'aﬂ'@mmamgﬁolﬁ@ﬁb|§é$:c§lmﬁ 0.83,

infraueds rafleeiion ilmdeoron 2Q0.evekthe thickness of the third
infrared-reflection film region 300. In some particular embodiments, at

least onks ebthe dirdodimbatsafide present group, the thickness of at least one of
the infrared-reflection film regions 100, 200, 300 is greater than 150 A, greater

than 175 A, or even greater than 200 A. Additionally or alternatively, the first,
second, and third infrared-reflection film regions can optionally have a combined
thickness of greater than 425 A, greater than 450 A, greater than 460 A, greater
than 475 A, or éven greater than 485 A. In certain embodiments, this combined
thickness is about 477 A. For example, in some cases, the first, second, and third
infrared-reflection film regions 100, 200, 300 are silver layers having respective
thicknesses of 122 A, 149 A, and 206 A. In other embodiments, the combined
thickness is about 492 A. For example, in some cases, the first, second, and third
infrared-reflection film regions 100, 200, 300 are silver layers having respective
thicknesses of 128 A, 157 A, and 207 A.

in some embodiments of the present group, the first transparent dielectric
film region 20 comprises film (optionally comprising zinc oxide, such as a zinc tin
oxide) having a refractive index of 1.7 or greater. For example, between the first
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reflection-region ratios is less than 0.85, less than 0.83, or even less than
0.80. Optionally, the first and second reflection-region ratios are both less
than 0.83, such as about 0.819 and 0.723 respectively. In some
evabodimenis of the present group, the thickness of at least rgighotla®9434
infrared-reflection film regions 100, 200, 300 is greater than 150 A, greater
than 175 A, or even greater than 200 A. Additionally or alternatively, the
first, second, and third infrared-reflection film regions can optionally have
a doFRHiHdETEAHAES B9 igRcLIR Aldh a8 TRCY 1SRRI aPASTN] B ibster
thauard60vAntggeatsty teaprdvide A palesived igtelddciihens 486 tHat battain
embpalimentaelis £9BPIEsaHNiFKBGES S ARBULAI AL HRPILIRTRIG In

some, cases, the first, second, and third infrared-reflection film regions
1001408 8055 AP g R 7 ULV AMERRBEs S P E03 7o
14gngstenmas2B8sAhan dbsaargaittocimess dhahd €0 arysicomthiokeiessléss than
aboy 494 ferk@r example, in some cases, the first, second, and third

infrared-reflection film regions 100 2_;%‘0, 300 are silver. layers hayin ,
respectivr:e%r It crllsgs‘?’s%fst%c% 5%51%,”%’5 R,pgﬁfba’é’odiejﬁ‘ﬁﬁ%o%%‘sn ratio s defined

enfSdinRne biclnesrebdst fijpd tipnsrerans diplgrEpaiimreste dpeviirie
regiqikrAscontsinRetilfaiopiienadiieeMPASNG HHICaOXIdRisSuEB asha zinc

bR B [N PR e BRI AR e S e
infPRHEAAILHRRINBE I TRLFEROP Foo PRIt B30 Aate I8Te RS hdfrare 1)
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thatas, A LRIKARUING ING R0 T O B GALSS: }Ho?%?iﬁe%m%%%%%%& this

desired total thickness is less than 195 angstroms, less than

anBRERRIY teadtrist i??%@%ﬂ?ﬁﬁ%?%@%%%ﬁ%@%&%%@ EESIEG
l4gngngibrenh sisoloswe imltds dherifiddidrangstroms. For purposes of this
disclosure, the primary dielectric-region ratio is defined as being the
thickness of the first transparent dielectric film region 20 over the

thickness of the fourth transparent dielectric film region 80. This ratio can
advantageously be less than 0.75, or even less than 0.6, while at the

same tinepRPtionsdlypeineweeater BiamBidd, Gieatehtamei3eagreataised

th%@!\%n ggs%ues )? s the high infrared reflection coating 7:

TABLE 1

“FIEM | SAMPLE A~
Zn+0 159 A
Ag 122 A
Ti 20A
Zn+0 562 A
Ag 148 A
Ti 20A
Zn+0 655 A
Ag 206 A
Ti 20 A
Zn+0 236 A
Si3N4 101 A
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greater than 0.40. In one exemplary embodiment, this ratio is about 0.47.

A primary dielectric-region ratio within any one or more of these ranges
can optionally be adopted for any embodiment of the present group, or for
any silaiyeimbodiment disclosed in this specification. Tablege-bgieMbs/o30434
shows one exemplary film stack that can be used advantageously as the
high infrared reflection coating 7: TABLE | FILM SAMPLE A=" Zn+0O 159
AAg 122 A Ti20A Zn+O 562 A Ag 149 A Ti 20 A Zn+O 655 A Ag 206
A Ti 20 Agtipolow dlushztes togeange wveNRGUY darstagks that can be used
P Cad\An21306(05%k34 e Tadhend-Aetomwilussratestihgee more exemplary film
stacks that can be used advantageously as the high infrared reflection
coating 7: TABLE 2 Ell M' - SAMPITABLEAMPILE C SAMPLE D Zn+O

165 A 164 A 164 HLNG 115AMAER B | 79AMPRE & 2BAMBLE {0 591 A
592 A 591 A Ag ZB4N 147 ABEA A Ti 2064 A0 A B5 Al64 A
Ag 117 A 117 A 117 A
Ti 20 A 20 A 30A
Zn+0 591 A 592 A 591 A
Ag 154 A 147 A 154 A
T 20 A 20 A 35 A
Zn+0 665 A 665 A 665 A
Ag 206 A 208 A 206 A
Ti 20 A 20 A 35 A
Zn+0 214 A 214 A 210 A
Si3N4 - 100 A 100 A 100 A

Table 3 below illustrates yet another exemplary fitm stack that can be used
advantageously as the high infrared reflection coating 7:

TABLE 3
<FILM__ | THICKNESS /|
Zn+0 159 A
Ag 122 A
T 20 A
Zn+0 562 A
Ag 149 A
Ti 20 A
Zn+0 235 A
Si3N4 185 A
Zn+0 235 A
Ag 206 A
Ti 20 A
Zn+0 238 A
Si3N4 101 A

Table 4 below illustrates still ancther exemplary fiim stack that can be used
advantageously as the high infrared reflection coating 7:
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Zn+0 665 A 665 A 665 A Ag 206 A 208 A 206 A Ti 20 A 20 A 35A Zn+0O
214A 214A 210A S13N4 100 A 100 A loo A Table 3 below illustrates yet
another exemplary film stack that can be used advantageously as the
Wighranfraradireflection coating 7: TABLE 3 FILM THICKNE S8 TZ13+10s b5 34
A Ag122ATi20A Zn+O 562 A Ag 149 A Ti 20 A Zn+O 235 A Si3N4
185 A Zn+O 235 A Ag 206 A Ti 20 A Zn+O 236 A Si3N4 101 A Table 4
below illustrates still another exemplary film stack that can be used

advantageously as the high infrared reflection coating 7: 21 WO
2007/047211 PCTIUS2006/0394342F | THICKNESS Zn+O

50 A Ag 122 ATi20 A |—FIEM | THICKNESS
Zn+0 159 A
Ag 122 A
Ti 20 A
Zn+0 231 A
Si3N4 100 A
Zn+0 231 A
Ag 149 A
Ti 20 A
Zn+0 655 A
Ag 206 A
Ti 20 A
Zn+0 236 A
Si3N4 101 A

Tables 3 and 4 above are representative of a class of embodiments
wherein at least one of the spacer layers (the dielectric coats between two
infrared-reflective layers) includes a film comprising silicon nitride. In some of
these embodiments, the film comprising silicon nitride may have a thickness of at
least about 50 A, or at least about 100 A.

Table 5 below Hlustrates a further exemplary film stack that can be used
advantageously, perhaps optimally as a temperable coating, as the high infrared
reflaction coating 7. Here, the coating is representative of a class of embodiments
whereih a iriple silver coating is provided with at least aboutf 50 angstroms of film
comprising silicon dioxide directly on the substrate.
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Zn+0 231 A Si3N4 100 A Zn+0O 231 A Ag 149 A Ti 20 AZn+0O 655 A
Ag 206 A Ti 20 A Zn+0O 236 A Si3N4 101 A Tables 3 and 4 above are
representative of a class of embodiments wherein at least one of the
spaeer7layais (the dielectric coats between two infrared-reflegting JayarSkas
includes a film comprising silicon nitride. In some of these embodiments,
the film comprising silicon nitride may have a thickness of at least about
50 A, or at least about 100 A. Table 5 below illustrates a further exemplary
film stack that can be used advantageously, perhaps optimally as a
temperable coating, as the high infragede reflection coating 7. Here, the
coating is representative gt grglass 0T BAMOREIEENTS wherein a triple silver
coating is provided with af leaghabout 50-aggstroms of film comprising
silicon dioxide directly on the,gupstrate. 2g¥O 20071047211
PCT/US2006/039434 TA 3LEA% FILM THICKNESS Si02 >50 A Zn+O
164 A Ag130ATi35A ;Zn+Qi599 A A%%Q\S A Ti35A

Zn+0 589 A
Ag 165 A
Ti 35A

Zn+0 667 A
Ag 218 A
Ti 35 A

Zn+0 213 A

Si3N4 100 A

Table 6 below illustrates another exemplary film stack that can be used
advantageously, perhaps optimally as a temperable coating, as the high infrared
reflection coating 7:

TABLE 6
= FILM. ¢ THICKNESS.
Si02 >50 A
Zn+O | - 165A
Ag 135 A
Ti 35A
Zn+0 626 A
Ag 171 A
Ti 35 A
Zn+0 693 A
Ag 225 A
Ti 35 A
Zn0 216 A
Si3h4 103 A

Table 6 is representative of a class of embodiments wherein a low-
emissivity coaling includes three infrared-reflective films having a combined
thickness of at least about 525 angstroms. [n addition, the outermast two infrared-
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Zn+0 667 A Ag 218A Ti 35A Zn+0 213 A Si3N4 100 A Table 6 below
illustrates another exemplary film stack that can be used advantageously,
perhaps optimally as a temperable coating, as the high infrared reflection
epatngd471ABLE 6 FILM :THICKNESS1 Si02 >50 A Zn+Grd0hdobgodsany
A Ti35A Zn+O 626 A Ag1l71 A Ti35AZn+0O 693 A Ag 225 A Ti 35A
Zn+0 216 A Si3N4 103 A Table 6 is representative of a class of
embodiments wherein a low- emissivity coating includes three
infiefledivefikosie SieheravitigentorabineiiPriflig itrsoatingst tlsbig 528
angsgamssdadditingsttb@outermost two infrared- 23 WO 2007/047211.
PCT/1JS2006/03 flectl e fllms S embodiments ionally
have a ?o%m@rneaqﬁlc fess 'crf eas Q%t(%%gg&m r%r%us&l %ﬂsgeéggé%ﬁ
infehtis FIaad dasrrarpds @Fﬁ?ﬁéﬂ@%fﬁﬁ*éfiﬁﬁ&%ﬂb&%@d% @suasffafe

coatethglnss faneelnsaseosdidsge Mitbsike resentanetiecs, aspleptiaie by
suitable washing or chemical preparation. The present coating 7 is deposited on
the surface 18 of the substrate 12, e.q., as a series of discrete layers, as a
thickness of graded film, or as a combination including at least one discrete layer
and at least one thickness of graded film. The coating can be deposited using any
suitable thin film deposition technique. Thus, the present invention includes
method embodiments wherein, using any one or more thin film deposition
techniques, the film regions of any embodiment disclosed herein are deposited
sequentially upon a substrate {e.g., a shest of glass or plastic). One preferred
method utllizes DC magneiron sputtering, which is commonly used in industry.
Reference is made to Chapin’s U.S. Patent 4,166,018, the teachings of which are
incorporated herein by reference.

Briefly, magnetron sputtering involves transporting a substrate through a
series of low pressure zones (or “chambers” or “bays”) in which the various film
regions that make up the coating are sequentially applied. Metallic film is
sputtered from metaliic sources or “targets,” typically in an inert atmosphere such
as argon. To deposit transparent dielectric film, the target may be formed of the
dielectric itself (e.g., zinc oxide or titanium oxide). More commoniy, though, the
dielectric film is applied by sputtering a metal target in a reactive atmosphere. To
deposit zinc oxide, for example, a zinc target can be sputiered in an oxidizing
atrosphere; silicon nitride can be deposited by sputtering a silicon target (which
may be doped with aluminum or the like to improve conductivity) in a reactive
atmosphere containing niirogen gas. The thickness of the deposited film can be
controlied by varying the speed of the substrate and/or by varying the power on
the targets.

Ancther method for depositing thin film on a substrate involves plasma
chemical vapor deposition. Referénce is made to U.S. Patent 4,619,729
(Johneock et al.) and U.S. Patent 4,737,379 (Hudgens et al.}, the teachings of
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12 having a surface 18 is provided. If desired, this surface 18 can be
prepared by suitable washing or chemical preparation. The present
coating 7 is deposited on the surface 18 of the substrate 12, e.g., as a
sasiam ofiserete layers, as a thickness of graded film, or as@r/ms2006/039434
combination including at least one discrete layer and at least one
thickness of graded film. The coating can be deposited using any suitable

thin film deposition technique. Thus, the present invention includes
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With contmued reference to Figure 8, the substrate 12 is positioned at the

beginning of the coater and conveyed into the first coat zone CZ1 (e.g., by
conveying the substrate along transport rollers 10). This coat zone CZ1 is
provided with three sputtering chambers (or "bays”), C1 through C3, which are
adapted collectively to deposit a first transparent dielectric film region 20
comprising zinc tin oxide. All three of these bays are provided with sputtering
targets comprising a compound of zinc and tin. Each of these bays is illustrated
as having two cylindrical sputtering targets, although the number and type (e.g.,
cylindrical versus planar) can be varied as desired. These first six targets are
sputtered In an oxidizing atmosphere to deposit the first transparent dielectric film
region 20 in the form of an oxide film comprising zinc and tin. The oxidizing
atmosphere here can consist essentially of oxygen {(e.g., about 100% O;) at a
pressure of about 4 x 16" mbar. Alternatively, this atmosphere may comprise
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deposition involves the decomposition of gaseous sources via a plasma
and subsequent film formation onto solid surfaces, such as glass
substrates. The film thickness can be adjusted by varying the speed of

1o Sesifata as it passes through a plasma zone and/or bypyahyigkiBoss4
power and/or gas flow rate within each zone. Turning now to Figure 6,

there is depicted an exemplary method for depositing a high infrared
reflection coating 7 in accordance with certain embodiments of the
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film comprising titanium and having a thickness of about 20 angstroms.

The substrate 12 is then conveyed through a third coat zone CZ3, a fourth
coat zone CZ4, and a fifth coat zone CZ5, in which zones the second transparent
dielectric film region 40 is applied in the form of an oxide film comprising zinc and
tin. The third CZ3 and fourth CZ4 coat zones each have three active sputiering
bays. The fifth coat zone CZ5 has two active sputtering bays (there may be
unused bays and/or coat zones along the way). In each of the bays C6-C13,
there are mounted two cylindrical targets each comprising {i.e., inciuding a
sputterable target material comprising) a compound of zinc and tin. Each of these
sputtering bays C6-C13 is provided with an oxidizing atmosphere. For example,
the oxidizing atmospheres in the third CZ3, fourth CZ4, and fifth CZ5 coat zones
gan each consist essentially of oxygen (e.g., about 100% O;) at a pressure of
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25 WO 2007/047211 PCT/1JS2006/039434 argon and oxygen. With
reference to Table 4 below, a power of about 36.7 kW is applied to the

first two targets, a power of about 34.6 kW is applied to the second two
ta/98tsy a9, Power of about 35.5 kW is applied to the th'rdﬂl@’f}l}gf&ﬁ% 434
The substrate 12 is conveyed beneath all six of these targets at a rate of
about 310 inches per minute, while sputtering each target at the noted
power level, thereby depositing the first transparent dielectric film region
20aisbthe foroY efan. qxi@mﬁlmeigom@riﬁiﬁ@mﬁ RABseliRraBshhaB g
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the bays 06-013, there are mounted two cylindrical targets each
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coatpospibaf (igc arbiiat £actsafrehelsebout 4 x 10" mbar). The sputtering
bays C14, C15 in this coat zone CZ6 each have a planar target. The target in bay

C14 is a metallic silver target, and the target in chamber C15 is a metallic titanium
target. A power of about 8.9 kW is applied to the silver target, while the substrate
is conveyed beneath this target af a rate of about 310 inches per minute, fo
deposit the second infrared-reflection film region 200 as a metallic sitver fitm
having a thickness of about 149 angstroms. The subsirate is then conveyed (at
the same speed) beneath the metallic titanium target in bay C15, with a power of
about 8.1 KW being applied to this target, to deposit a second blocker film region
205 comprising titanium and having a thickness of about 20 angstroms.

The substrate 12 is then conveyed through a seventh coat zone CZ7, an
sighth coat zone CZ8, and a ninth coat zone CZ9, wherein collectively the third
transparent dielectric fiim region 60 is applied. Each of these coat zones has
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sputtering bays C6-C13 is provided with an oxidizing atmosphere. For
example, the oxidizing atmospheres in the third CZ3, fourth CZ4, and fifth
CZ5 coat zones can each consist essentially of oxygen (e.g., about 100%
Qo aspregpure of 26 WO 2007/047211 PCT/US2006/039434 rabfidlidodas
10-3 mbar. Alternatively, one or more of these atmospheres can comprise
argon and oxygen. As shown in Table 4 below, a power of about 50.2 kW
is applied to the first two targets in the third coat zone CZ3, a power of
aboutd Splitdfhiphapp)iacitedttessecbagibpoctadgeteith thisaytiaddeh & QE3,
a%eg%%a&%ﬁé%émﬁ% BRSNS N EN G arEs% Bdbays
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OB i e e
sputtering each target at the noted power level, such that the third transparent
dielectric film region 60 is applied as an oxide film comprising zinc and tin and
having a thickness of about 655 angstroms.

The substrate 12 is then conveyed into a tenth coat zone CZ10 where the
third infrared-reflection film region 300 is applied. This coat zone CZ10 coniains
an inert atmosphere (e.g., argon at a pressure of about 4 x 10" mbar). The active
bays C25, C26 in this coat zone CZ10 are each provided with a pianar target.
The target in bay C25 is a metaliic silver target, and the target inbay C26is a
metallic titanium target. A power of about 12.6 kW is applied to the silver target,
while the substrate is conveyed beneath this target at a rate of about 310 inches
per minute, thereby depaositing the third infrared-reflection film region 300 as a
silver film having a thickness of about 208 angstroms. The substrate is then
conveyed berneath the titanium target in chamber C26, while sputtering that target
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the same speed) beneath the metallic titanium target in bay C15, with a
power of about 8.1 kW being applied to this target, to deposit a second
blocker film region 205 comprising titanium and having a thickness of

QY2 Angstroms. The substrate 12 is then conveyed threilgh @ 006/030434
seventh coat zone CZ7, an eighth coat zone CZ8, and a ninth coat zone

CZ9, wherein collectively the third transparent dielectric film region 60 is
applied. Each of these coat zones has 27 WO 2007/047211

Pﬁﬂmww%utmreewpwedm@db@yﬁ;tm@ﬁmhcswemmg&xé 32075 in
t
R R U R B R s o o ©

CZPS " eStargets here all comprlse a sputterable materlal that is a
compour efizsnaiend intheacbnottieasarcogh zordsysnirovedednsv@Z B a

OWHRM%&@@&%@@ %%ﬁﬁ?%@t' %ﬂé‘é@’ﬂ?%%r@m 2bR309%

2 at a pressure of about 4 x 10-3 mbar). Alternatively, this atmosphere
b BB S Gon LSRR RGN BramEE R S R S BpEreo
thedfirshévetetardetsat theeselehtls tboat G hayHeasy eitiabout 45.5
gtgg&ﬁc@gat E%%gfg%iwwqmgtg%? e 1&@&@@?:%%9%?#@&@:&13
er of abou is ed to argets in thi
G2 R 0GP AL BB R oM BRSPS b A i o
eigtitid derlttamgets CUS: (vintenihpewbrufcaBdi® hesinee ispaiipilieaibaysheach
S%@an@tety&twcsatéhmtﬁ[%ttaﬁge@%aweﬁh@r@@ﬂ gzxgaar\@rrot:aw?t%ﬂ dWhe
lied to the third two in. thi e power. 0 u
|s a ?ﬁeztprs@t tv%%g%gtsgm%é%mrﬁh Roat zaose&%@gpm

p@w@r@f ﬁ@bma&srsw%oéaﬁnamd*méwm %W@%&éétsfhﬁowg @é’é@
zaine 41 Atovadl o v i-0iaheuk etk dstapiiasting tyedhiidwooxygen

tﬁég tsa@om'??%ﬁﬁﬁjca%% é)ﬁ&%ﬁ#%gﬂﬁt%%('%&991\6%}(&%?8&%%&{ "091]:3 or
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about 655 angstroms The substrate 12 is then conve}/ed m}‘o ahte t coat
Z&lﬁlg @zi@aﬁ]g?e {h@nd a power of about 19.6 kW is appiled to t
targets in this zone CZ11. A power of about 20.1 kW is applied to the two targets

in the twelfth coat zone CZ12. A power of about 21.5 kW is applied to the first two
targets in the thirteenth coat zone CZ13, a power of about 19.4 kW is applied to
the second two targets in this coat zone CZ13, and a power of about 19.3 kW is
applied to the third two targets in this zone CZ13. The substrate 12 is conveyed
beneath all of the noted tat'gets in CZ11 through CZ13 at a rate of about 310
inches per minute, while sputtering each of these targets at the noted power level,
such that an inner portion of the fourth transpatent dielectric film region 80 is
appiied as an oxide film comprising zinc and tin and having at a thickness of about
236 angsiroms.

Finally, the substrate 12 is conveyed into a fourteenth coat zone CZ14,
wherein the outermost pottion of the fourth transparent dielectric film region 80 is
applied. This coat zone CZ14 has three sputtering bays C34-C38, each
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third infrared-reflection film region 300 is applied. This coat zone CZ10
contains an inert atmosphere (e.g., argon at a pressure of about 4 x 10-3
mbar). The active bays C25, C26 in this coat zone CZ10 are each
RERVigeshY¥ith @ planar target. The target in bay C25 is a metgliGailyer o:0434
target, and the target in bay C26 is a metallic titanium target. A power of
about 12.6 kW is applied to the silver target, while the substrate is
conveyed beneath this target at a rate of about 310 inches per minute,

theoetgkﬁgpmsithogdlmeimmdﬂhafeamﬁimaﬂmﬁdm sibme egion, 308 paseassivET

filg, having #thigkness,okate ?@&%HQ%QH@%%H%M@%Q 1208 cz14
conve gtbeneath the tltanlum tar% in chamber C26, while sputtering
thﬁfetngC PEYIORE WELYR 47 BT ?@%&o%%?ﬁé@ﬁ?&eé?@?} ﬁ%‘?‘%\?&ﬁcﬁ

atzputierableNargetasaerce pbsiiicartwith ol soladirefihourd gital @UBum. tAepfoven of
of@m@wwwwt@m MAEihRYIg R IDIRkRe RLALRAWED z0one CZ14,
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noted targets in coat zones CZ11through CZI 3 comprises a
sputterable target material that is a compound of zinc and tin. The coat
zones CZ11 through CZ1 3 are all provided with oxidizing atmospheres,
each consisting essentially of oxygen (e.g., about 100% 02 at a pressure
of about 4 x 10'3 mbar). Alternatively, one or more of these atmospheres
can comprise argon and oxygen. A power of about 17.9 kW is applied to
the first two targets in the eleventh coat zone CZ1 1, a power of about
21.1 kW is applied to the second twgmugats in this coat zone Cle, and

CZI1. Ryp wler o‘?’ “%?)Yl kvv IS applle?tc}’the two tar&ets y

(kW) (kW) (kW) (kW)
Ct 36.7 C11 44 .8 C21 447 C31 21.5
_ Cc2 34.8 C12 49 c22 49 Cc32 19.4
C3 355 C13 456 C23 45.5 C33 19.3
C4 7.1 C14 8.9 Cc24 47.8 C34 31.9
C5 7.8 C15 8.1 C25 12.6 C35 34
C6 50.2 c18 50.3 C26 8.1 C36 37.4
c7 451 C17 455 C27 17.9
C8 49.5 C18 48.9 C28 21.1
C8 53.1 C19 52.5 Ccz29 19.6
C10 477 C20 48.2 C30 20.1
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in the twelfth coat zone CZ12. A power of about 21.5 kW is applied to the
first two targets in the thirteenth coat zone CZ13, a power of about 19.4
kW is applied to the second two targets in this coat zone CZ13, and a
ReWSHQhaRopt 19.3 kW is applied to the third two targets mﬁpiﬁtég 4
3. The substrate 12 is conveyed beneath all of the noted targets in %%‘%% 3
through CZ13 at a rate of about 310 inches per minute, while sputtering
each of these targets at the noted power level, such that an inner portion
of the fourtheapsppesateiaietisitfitnts eftas iBlsiticappied asnafesxioked, it
f"%&@%lamzf 5PRc VAN a%wg&ag@ay@éﬁgﬂsaﬁaoinaeme&n&%a be

angstroms. Finall e substrate 12 is conveyed intg a fourteenth coa
zdﬂéd@ﬁﬁefwﬁk‘é{h%'fﬂﬂ?é?ﬂ%ﬁﬂ%?% H%‘F?H’é"?&ﬂ?fhﬁ?ﬁﬁ%&?@ﬁ? of the
dielgetnidsfilntaiegion 80 is applied. This coat zone CZ14 has three
sputtering bays C34-C36, each 29 WO 2007/047211
PCT/US2006/039434 containing a nitrogen atmosphere, optionally with
some argon, at a pressure of about 4 x 10"3 mbar. The sputtering bays
C34 through C36 in this coat zone CZ14 are each provided with two
cylindrical targets. Each of these targets comprises a sputterable target
material of silicon with a small amount of aluminum. A power of about
31.9 kW is applied to the first two targets in the fourteenth coat zone
CZz14, a power of about 34.0 kW is applied to the second two targets in
this coat zone CZ14, and a power of about 37.4 kW is applied to the third
two targets in this zone CZ14. The substrate 12 is conveyed beneath all
of the targets in CZ14 at a rate of about 310 inches per minute, while
sputtering each of these targets at the noted power level, such that the
outermost portion of the fourth transparent dielectric film region 80 is
applied asa nitride film comprising silicon and a small amount of
aluminum and having a thickness of about 101 angstroms. TABLE 4 Bay
Power Bay Power Bay Power Bay Power (kW) (kW) (kW) (kW) CI 36.7
C1144.8C2144.7C3121.5 C234.6C1249C2249C3219.4
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15

20

C335.5C1345.6 C2345.5C3319.3 C47.1C148.9C2447.8C3431.9
C57.8C158.1C2512.6 C3534 C650.2 C16 50.3C268.1 C3637.4 C7

45.1 C17 45,5 C27 17.9C849.5C1848.9 C2821.1 C953.1C1952.5

029 19.6 C1047.7 C20 48.2 C30 20.1 30 WO 2007/047211 MCsLLp
PCT/US2006/039434 While some preferred embodiments of the

' i escribed, it should be understood that various
RERR SR B

changes, a ions and modifications may be made therein without
departing from the spirit of the invention and the scope of the appended
claims. 31 MCSLLP WHAT IS CLAIMED IS: 1. A first pane having

R P LSRR IHBL S IREP N ISR IBRL AL the firs

multiple-pané insulating unit includes a seco ne,

e L e PR 08 occon
REWERRsPARSTRARE ARG ig@%ﬂ%ﬁﬁ'@%%ﬁﬁ&%ﬁﬂé&%ﬁf space,

surface bearing a low-emissivity coating that in irst, second'an

wihEebIRTraredrireflection Hay re0ionseaChh MBP Sing: slvVenainglitslnosed to a

infrared-reflection film 10 region being closest to the first pane of the three

biefiaren-pelircien fmragionss IBarReeoRd drfrarad-seflectondinhieditns urface

being further from the first pane than the first infrared-reflection film

beegrien, Hheothishindsarrg-tefiestiomiimsegians baing duthenimana thelirstrrared-

pane than the second infrared-reflection film region, and wherein the

repsonshiriraredgeilestioaciinsagienifthinker thag e ditsttped-reflection film

infrared-reflection film region by at least 30 angstroms, wherein the three
rinfieneaskiefestiondilm tRgitins have acephined thickresseiaisatenithaggions,

t:e&;econd infrared-reflection film region being further from the first pane than
the first infrared-reflection film region, the third infrared-reflection film region
being further from the first pane than the second infrared-reflection film region,
and wherein the second infrared-reflection film region is thicker than the first
infrared-reflection film region by at least 30 angstroms, wherein the three
infrared-reflection film regions have a combined thickness of greater than 460
angstroms and yet the insulating glazing unit has a visible transmittance of 0.65
or more.

2. The pane of claim 1 wherein the combined thickness of the three
infrared-reflection film regions is greater than 470 angstroms.

3. The pane of claim 2 wherein the combined thickness of the three

infrared-reflection film regions is greater than 485 angstroms.

4, The pane of claim 1 wherein said visible transmittance is 0.66 or more.
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angstroms and yet the insulating glazing unit has a visible transmittance of
0.65 or more. 2. The pane of claim 1 wherein the combined thickness of
the three 20 infrared-reflection film regions is greater than 470 angstromﬁ;g,.{:S LLp
3. The pane of claim 2 wherein the combined thickness of the three
infrared-reflection film regions is greater than 485 angstroms. 4. The pane

of claim 1 wherein said visible transmittance is 0.66 or more. 32 MCSLLP

%. Thel panedsrecairh2iMhéreitessid e mbst mes bfweedhfizedairaféisfiection
film regions have a combined thickness of at least 325 angstroms. 6. The

fiaHe PPemii ¥ rhersiPtRechinshness Giciirar S2E1REBHANE- regions

have a combined thickness of at least 340 angstroms. 5 7. The pane of _
laim 8WhERR tRE BB NG hitafe Qi BRash ik Indgod Tedlpstion film
combined thickness of at least 355 angstroms, 8. The pane of claim 1
BRI 41 SIBH REHOH VG has S2He rBBETHREE less than

s a LNEab oL L IRN SPAEIT, 35 P Tk B FREBRd i on i

laim 1,wherein the i | lazi it h isible- th | effici
e s TR s e
isiblezth | effici tio js_greater th 42.1512. Th f
Hiaim 10 GRS (8 GBI st Bt o s L th SR i @ sheet

rgg}?tgggg ﬁ{ %ggqﬁawq%e& e@h an innermost of the infrared-
re

ection film regions there'is provided a total thickness of less than 195

Qnosteams of Hanspareal dfe@ﬁ%‘i’éiﬂ'@{@"é'&%@éefﬁ?&ﬂéé? nex-ef ﬂra@‘;é sheet

20 greater. 14. A transparent substrate having a major surface bearing

@/?g{aam&syiitgbgggqn%m%@g@&@mprising a first infrared-reflection

.
film region having a
10.  The pane of claim 1 wherein the insulating glazing unit has a visible-

thermal efficiency ratio of greater than 2.37.

11.  The pane of claim 10 wherein the visible-thermal efficiency ratio is
greater than 2.42.

12.  The pane of claim 10 where the visible-thermal efficiency ratio is about
2.4-2.5.

13. The pane of claim 1 wherein beneath an innermost of the infrared-
reflection film regions there is provided a total thickness of less than 195
angstroms of fransparent dielectric film having a refractive index of 1.7 or
greater.

14. A transparent substrate having a major surface bearing a low-emissivity
coating, the coating comprising a first infrared-reflection film region having a
thickness, a second infrared-reflection film region having a thickness, and a

third infrared-reflection film region having a thickness, where the thickness of
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thickness, a second infrared-reflection film region having a thickness, and

a third infrared-reflection film region having a thickness, where the

thickness of 33 MCSLLP the third infrared-reflection film region is greater

than the thickness of the second infrared-reflection film region, and the CsLLp
thickness of the second infrared- reflection film region is greater than the
thickness of the first infrared-reflection film region, the coating comprising,

thenihisda infssrduriestionwin: salpa fist rastpardmrditiectitcfiness of the
region; _bf) the first infrared-reflection film region; c) a second transparent
Srﬁg‘f&ﬂrie fersraRcipHiredegirnintadddediniekopsnimldsigiecend infrared-
third tran? arent dielectric film region; 10 f) the third infrared-reflection film
{ 2518‘%%) E{Woﬁﬁ%"ﬂdﬁs%%ﬁr&#é?&fhe fieregRm olvHedinsinfisse d-reflection
fﬁecond ang third iﬁfrared-refle,ctio? film regions each comprise silver,

t

NREFEI thd S CORHNHRYSR TSI CAiIRT R TP THIERES BIAMAKS first
infrared-reflection film region Qy at least 30 angstroms, wherein 15
betweéh the ﬁrﬁ%#?%?e%%?éﬁzﬁﬁb‘%ﬁﬂ?ﬁ%gg%ﬁ &ft'said major surface of
the syRstrate, there.is a desired total thickness. of transparent dielectric
film ha%\?ing aﬁ}gﬁﬁc i{/ne%f(’r\r é}i%{[?.&ﬁ%‘? m@a{‘gﬁtgﬁid desired total thickness

being (gss than Jumangaloms. andaisrein he segand and third

infrared-reflection film regio ave a combine

angstr@)ms aﬂqeygéég% &Q%Q%égﬂvgégg}]ef@as a monolithic visible

transmittance of greater t erein' the THFRE infrared-reflection

film re@jons t}ﬂfﬁre %rﬁ%élggr}mﬁg%%ﬁ?oﬁ%e%@% than 460 angstroms.

15. The substrate o wherein the com ea;thickness of the

secon] and due iRy ApdySIeCHRR AN iRgiAns 3 at least 340 angstroms.

34 16. The pane of claim 15 wherein the contbineéd thickness of the
seconghand 4 fourth transparent dielectric film region:

wherein the first, second, and third infrared-reflection film regions each
comprise silver, wherein the second infrared-reflection film region is thicker than
the first infrared-reflection film region by at least 30 angstroms, wherein
between the first infrared-reflection film region and said major surface of the
substrate there is a desired total thickness of transparent dielectric film having a
refractive index of 1.7 or greater, said desired total thickness being less than
195 angstroms, and wherein the second and third infrared-reflection film regions
have a combined thickness of at least 325 angstroms and yet the coated
substrate has a monolithic visible transmittance of greater than 0.65, wherein
the three infrared-reflection film regions have a combined thickness of greater
than 460 angstroms.

15, The substrate of claim 14 wherein the combined thickness of the second

and third infrared-reflection film regions is at least 340 angstroms.
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third infrared-reflection film regions is at least 355 angstroms. 17. The
substrate of claim 14 wherein the combined thickness of the three
infrared-reflection film regions is greater than 470 angstroms. 5 18. The
substrate of claim 17 where the combined thickness of the three MCSILP
infrared-reflection film regions is greater than 485 angstroms. 19. The

féjbstr te of claim 14 wherein said coated maéor surface has a sheet

sistah®® BRSOG4 DEEERE B Taekinsstiiicioressinl tae second and

herei sa(if cQated major surface has a sheet 10 resistance of about
t%?%'— &3 (;{&‘g'?é?fﬂ", A& '&S0S 48 BF Baith P\ AReR9ESd desired total

1t Pi.Ckn%Séiséil Sé répea rc‘nf1 Z:Fa%? glsﬁrgvrpagkgg the combined thickness of the three
infrared-reflection film regions is greater than 470 angstroms.

18.  The substrate of claim 17 where the combined thickness of the three
infrared-reflection film regions is greater than 485 angstroms.

19.  The substrate of claim 14 wherein said coated major surface has a sheet
resistance of less than 1.4 Q/square.

20.  The substrate of claim 14 wherein said coated major surface has a sheet

resistance of about 1.25-1.3 Q/square.

21. The substrate of claim 14 wherein said desired total thickness is less

than 175 angstroms.
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