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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 film and to control
other properties and characteristics of the coating, such as color and durability.
Commonly used dielectric materials include oxides of zing, tin, indium, bismuth,

and titanium, among others.

Most commercially available low-emissivity coatings have one or two silver
layers each sandwiched between two coats of transparent dielectric film.
Increasing the number of silver films in a low-emissivity coating can increase its
infrared reflection. However, this can also reduce the visible transmission of the
coating, and/or negatively impact the color of the coating, and/or decrease 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.
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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 multiple-pane insulating glazing 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-reflection film regions
each comprising silver. In the present embodiments, the insulating glazing unit has

a visible-thermal efficiency ratio of greater than 2.37.
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opposedidirst arahtsedonhmeajbrasunfaces. In the present embodiments, the
coated pane is part of a muitiple-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
silver. 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 transmittance of 0.65 or more.

in certain embodiments, the invention provides a transparent substrate

having a major surface bearing a low-emissivity coating. The coating comprises a
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advantageous commercially available double silver low-emissivity coating. This
graph shows transmission (the curve that is upwardly convex in the visible
wavelength range) and glass-side reflection (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% transmission 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
reflection 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
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such cases, the reported properties are for an IG unit wherein both panes are
clear 2.2 mm soda lime float glass with a %z 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 sheet resistance
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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 0.016866.
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 coating 7
provides exceptional solar heat gain properties. As is well known, the solar heat
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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 1G 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
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present coati ngf 7 has exceptional optical properties.
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&ﬁh;ﬁfsﬁl@)%@tar@%bfécﬁé‘a%' AGfevene R tBRshitkhABe 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 \}isible transmittance of
about 0.73. Here, the infrared-reflection film regions are thinned to provide the

desired transmittance. -

The term “visible transmittance” is well known in the art and is used herein
in accordance with its well-known meaning. Visible transmittance, as well as
visible 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
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I %!)rcnglp%feﬂ*%d %lments 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 embodiments, this ratio is about 2.37. In other embodiments, this ratio is
about 2.44. Certain preferred embodiments (e.g., where the coating 7 is one of
the exemplary film stacks tabulated below) provide an 1G 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.

Another useful parameter to consider is T4, i.€., the transmittance at 740
nm. The present coating 7 can provide a particularly low T4, 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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and other reported optical properties. Preferably, the
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of #isuintiaked-redecion fiimaegides aeon})z@oﬁoa isgyraaler Hpnal 50 angstroms,
gYée?tEPﬂh%h hlef'é%lgstroms, or even greater than 200 angstroms. 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 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-reflection film regions
100, 200, 300 are silver layers having respective thicknesses of 122A, 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 128A, 157A, and

207A.
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efficiency ratio of greater than 2.0 but less than 2.5

(e.g., about 2.4-2.5), such as about 2.44. Another
was@os72par anet er to consider is T740, i.e., tPEI/US2006/039434

transmttance at 740 nm The present coating 7 can

provide a particularly |low T740, while at the sane

time providing high levels of visible transmttance
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azklvgé Further, in sone enbodi nents, the thickness of
%t& one of the infrared-reflection film regi ons
100, O2eQyrodPOf érabodirahes provides 4 sOatedgsbsivate, (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
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angstrons. Additionally or alternatively, the first,
waewondi21and third infrared-reflection filmrePtDOS2006089434

optionally have a conbi ned thickness of greater than

425 A, greater than 450 A, greater than 460 A greater

than 470 A, greater than 475 A, or even greater than

é}‘%%t A\Nhé_}% tlié‘?n&ﬂ’tfﬁ’é’géﬁgrﬁht Hal1 5 b&AERA! %ﬂetépﬁ%ﬁ%ﬁé iwhich can

I'n sone ca e fi
epiionally, beisyacudted fﬂl@ﬂr\wﬂeaw of fillsct witin alri and insgiagike gas (e.g.,
%ﬁ 200, 300 are silver layers having respective
Jknesses of 122A, 149A and 206A. | n anot her

gnboq*h@eﬂlts}] tkﬂﬁg&%ﬂp'dﬂﬁ%tﬁ@ flﬁh r\%gl%n' 20 qg%ﬁph%@%\@’ (JP some
dases adl&ﬁ:tly eivegct majorfsuriace d§i afribe $00stre2@02. 30WUs ditre region 20
Gl 58T SRR RS BACATEETES b conss
afissotinligr il trtaospwepadteilennmcalﬁlny dassanad lcases, othie difrst dransparent
SUEGRESH o0 M S L BT LA Ry o
Idy@rsr e!!tsedésn:ylbed of Uss.l P?aebwt 5,296,302 atheotebcm@@b bhivblchessuseful
cf %lggtflcs;g%teﬂals oAree \pgﬂrpg{a%?éé’gelg@ J@%ereﬂc% r}gee’?'uq c'ioi‘élegttric film
lﬁﬁﬁéﬂdllsntﬁmttflstmm(fsecmﬁlbjkjﬁﬁﬁ(ld%l @fkif_h&@s’m:c ﬁn&tﬁﬁr b'ﬁi}ﬁut:ﬁ titanium,
a.relative r un reflectiyve fil
g, Sabpviim T’ elieSereoarit s Ficps i andor

gmwohld;‘(pﬁltrme haPakedeiysed. W th the goal of this having
a particularly great lowering of emssivity while at

t he saeEfirsi Fandpeent disldcie MAT tdgidH 20!dangpe@d el layer of a
V|S|blﬁ?transm3fg and visjble reflection
giels A

PP SIAgc MalriR ingje lyen|stusefalf iwqﬁralmprﬁaea@@ that this

lﬁlﬁ‘@r élethe 1dyet bareshdedi eﬁﬁﬁ)dt@r@ of Izlnm dxi%&' BBt 8Rd8 Ereferred to
hi cker than at |east one of the

beﬂﬁw &-8din ablach iasn Zﬁ+pn>r r'égh%wé bewnéﬁrat%tthwh;\theatsuch a
er?%%tlayé fan Ye ?ﬁplb@&ﬁtwn?ho t\ﬁo drin gr%t@@?ﬂga%ﬁ@* bfférent dielectric

diments of I's nature _ o .
mﬁkrlaHSedlnr@ﬂaétemﬁdmenﬁ,rtég|fu3$t trangpaient dieledtde fltmaeglon 20

ésdgrf%rfsbé %t%{ba&ﬁ HiGGes8 o B, Rirg' 4 %@E&l%th@ %Qﬁgﬁles (e.g.,

I ments prOV|de an ar range erei
&gi@dddl 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 example, between the first
infrared-reflection film region 100 and the surface 18 of the substrate 12, there
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 175 angstroms, 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
identified by the reference number 100. This film region 100 preferably is
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Publication relating to blocker layers are incorporated herein by reference. Many

other materials can be used, such as nickel, chromium, nickel-chrome, etc.

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 deposited in a non-metallic
form (e.g., as a non-metallic material selected 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 the ranges noted herein for the optional blocker film regions.
For example, exemplary thicknesses for the optional blocker film region generally
range from 3-25 A, such as 3-18 A.
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dielectric materials are incorporated herein by

reference), useful dielectric filmmterials for this
w@eoposeli ncl ude oxides of zinc, tin, indium PCEOBL006/039434

titanium hafnium zirconium and alloys thereof. Film

conprising silicon nitride and/or silicon oxynitride

may al so be used. The first transparent dielectric
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tlfanélgérehﬂﬁisewo?dr rﬁ@fén@kﬁt ilaofre cnasbe%ﬂh@rselﬁﬂd aadspdrent dielectric
surface of the substr er.e.can
ﬁi{wswpag%bagmyﬂﬁﬁé A igostiBtre.Taaaral dgeGric AyetRn (tionaly,
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I n sone cases, desired total ‘gﬁl ckne s i'sS
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strons, or even | éss than 140 angstroms Referring
a trangtiquuricom, ongdranspatent ndipleckic- materalt itcbnarﬂﬂl'% with

,?&?égiﬂ aSstarieHdrh hRAsUB¥r %tlége ref erence nunber 100. This
m r%gl 0

n 100 preferably’iscontiguous to, i.e., in
di re%eﬁﬂ%@'llﬁl@irat‘éerfﬁrﬁ%gl%t@thet E’@co?iﬁtlﬁfrarfeacr@fl&ftlohhﬁrn region

first transparent dieleCtric nlreglon .
200i tB1$ Elm ragien 800 pferablyiis ﬁomtwus i tf@a@utaéfa%ézﬂ the second

tr%lns}ﬁgtrent g%llé%trlcaﬂ% Fe%%eio ?&ﬁ itébl@%fﬁ%ré&’YéﬂécﬂSﬁ &terial can

conmonl Yy used I are -reflection
bmmdu, au@l a@s@tee,rm yandtdeppenor alieysrie¢!idiogiops 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
cbntiguous 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.g., cases where oxide film is reactively deposited directly over this blocker film
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filmconsists essentially of silver or silver conbined
with no nore than about 5% of another netal, such as
wa@pwreninet al sel ected fromthe group consi stPemUsL006/039434
gold, platinum and palladium This, however, is by no
means required. \Wen desired for protection of the
infrared-reflection filmduring application of
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S hoBie 405 PIECRRIB ealmaem, oty ofe ATt ynder the
ské@@rﬁwinﬁ’alé&@léoﬂlcﬂvmmegi@ﬁmoosasw@eml obi um are di scussed
in detail in PCT International Publication No. WO

97/ 4884 %hird hearlspardit Rigseddfic filth 3efOT U positiomsl between the

SP6PB! INERroSHRIRFIEN U RISy 20D <AL b ah e Arariapfisgion fim

rBiek &oo0. WQ%H@ar@hthiﬁbctﬁbflmgl@ﬁ 60 i$ als@raes@d@u fin®tegion,
enbodi nents, the coating 7 conprises

anef ¢aa} Belreferedttp s el SrﬁCP@% iSBA rcﬂ“?’e@@l‘{?‘ ovBe thifd fransparent
8tk fWﬂ' r%@ 0(13@(91 c@ﬁtbeoafﬂnﬁg{e AR dPaf Bingfe Wﬁhﬁiﬁreﬁth@é@ctnc

I's provid locker filmregion that is deposited in
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part or all of the third transparent dielectric film region 60 can have a graded
composition.

The next illustrated film region is the 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, copper, or an alloy comprising one or more of these
metals). In some particular embodiments, the third infrared-reflection film region
300 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.
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within any one of the ranges noted herein for the
opti onal bl ocker filmregions. For exanple, exenplary

wa hiocksrsses for the optional blocker film regP@ruS2006/039434
generally range from 3-25 A such as 3-18 A In certain
preferred enbodi nents, the first blocker filmregion
105 has a particularly small thickness, such as | ess
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there are at |east five, or even at | east seven, such
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di el Seftable t lp’ff}ﬁSﬁ@@mehggpg%?l Hhirkblgchgr fimgegion generally
raRGP I%nk | 205 (RAPbE @188 | A CHWFttﬁkkﬁ%eBVméy%@d}é@H |n some

transition from one transparent dielectric materi al
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rare I ection I mregion mregi on
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eﬁ/%ﬁol@%? gﬁ%ﬂ?pﬂr gl Gt SHobrCint Flé;mré 8910 BjctRer ﬁﬂ'y region can

suita rar edreflectlonma rial can be us
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one or nore of these netals. In sone particular
enbodivemttse lerge immbaredt ridakectfilon regipns coyryidse sin certain
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out
one or more of the blocker film regions. Thus, in some embodiments, directly over

at feast one of the infrared-refiection 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 all three of these blocker film
regions is less than 30 A, less than 25 A, less than 20 A, less 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 fiim or
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nmetal, such as another netal selected fromthe group

consisting of gold, platinum and pall adium Wen
waelewioet1if or protection of the second PCT/US2006/039434

infrared-reflection filmregion 200, a second bl ocker

filmregion 205 can optionally be provided over and

contiguous to the second infrared-reflection film
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Reference is made to Table 3 below.

The total thickness of the present coating 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 angstroms, 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

paragraph.
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at least three transparent dielectric |ayers.

Optionally, there are at |east five, or even at |east
waewand72such | ayers. As an alternative to one PCT/DB2086/039434

di screte layers, part or all of the third transparent

dielectric filmregion 60 can have a graded

conposition. The next illustrated filmregion is the
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eposi ti over | Wg I'n anot her enbodi ment
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rrat s “éTf}o%'i 018 2f d 8 ,@g{,g@[wg -metallic blocker film

Many ot her eri al’s can be used, such as

ni ckgl g0 ﬁ%ré?ﬂbd%ﬁﬁt% e &@EQHPQrOIC?IS Ghe Ml@n@?& Sf at least one of

t hi cknesses for t ptional third bl ocker m.regi on
tBesnferradreflacjion finy Eegﬂcrrxsm(t@, 260,/3009s ggeater tAan mﬁgp{selgreater
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an “one“or ocker I'n the co
$evond, and third infrared-reflection film regions can optionally have a comblned

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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certain enbodi nents, the third blocker filmregion 305

has a particularly small thickness, such as | ess than
wazoonp42ess than 10 A, less than 7 A | ess t haPCBUS000039434

even |less than 5 AL Wile not showmn in Figure 4, a

bl ocker filmregion can optionally be provided under

the third infrared-reflection filmregion 300 as well.
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?WQH@B?PEHPC'@?%? & ﬁ?eﬁ'gf’a%”al s. In some cases, the
fourth transparent dielectric filmregion 80 conprises
at | east three transparent dielectric |ayers.
Optionally, there are at |east five, or even at |east
seven, such layers. As an alternative to using one or
more di scret e | ayers, part or all of the fourth
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SEARRELRRATHOR! hE Al IS réflechBR cByRpRr eci ated tha
the present coating 7 desirably includes at |east four
transparent dielectric filpgiggqons 20, 40, 60, 80. In

some enbodi nents, FILM | SAMPLE A"
Zn+0 159 A
Ag 122 A
Ti 20 A
Zn+0 562 A
Ag 149 A
Ti 20 A
Zn+0 655 A
Ag 206 A
Ti 20 A
Zn+0O 236 A
Si3N4 101 A
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the coating 7 conprises one or nore, two or nore, oOr
even three or nore nitride or oxynitride filns, such

w@g00an42enst one, at | east two, or even at | eaRCT/UR006039434

films conprising silicon nitride and/or silicon
oxynitride. In some enbodi nents of this nature, the
coating 7 includes at |east one nitride or oxynitride

fil mtantboadvd museém@é B nate |e'x5|9|BIa‘Fy tilkd Q@c@@fﬂla%an be used
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bet ween t he Zri+Gst | 10894 secorfi®92200 591 A
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That is, ift forms|(or_is, paft 6% of t spacer
filmregi gnEMREf ere S Tat %é The

total thigknéds of t[R86pkes nt 2084k i ng 72%1Abe vari ed
to suit the rgqui renepg A of [di fp@Aent |applsdati ons. In

certain prefgied en‘%qWen_s 2t1QeAtot al WRI c I

t hi ckness [of_, .t he coat s gI t ha

angst rons,—&'-:&{g t han
1,900 angstrons, or even greater than 2 000 angstrons.

For al‘%l@@%ﬂivﬂmﬂgtré’tbﬁ%toé%érréx%mg%r ﬁﬁﬁb{a‘cﬁ?fﬁ&?t%@n be used
the coating's total i'ckness can opt1onal

af vaiitzgennslyasdhe highoplarsd refiectipasgeinspecified in this
par agr aph. I n one particular group of enbodinments, the

t hi ckness of the thi rd [ nf-lrﬁél_e@@efl ection filmregion

300 is r 1t !
i nfrar egr :?It :I:t |t (I’)]f]\n l |F L‘ "‘ _[@SﬂEsgnjet ﬁ:cgﬂldckness
of the second i nfrareanf@fl ect 169 Ai | m region 200 is
greater than the th|ckagss |of t#2e Air s
infrared-reflection| filynregion,d@. This group of
enbodi nents i s advapt %EBUS in é&r}{m of providi ng good
Ag 149 A
Ti 20 A
Zn+0 235 A
Si3N4 185 A ‘
Zn+0 235 A
Ag 206 A
Ti 20 A
Zn+0 236 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:
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reflected color properties. In one subgroup of these
enbodi nents, the first 100, second 200, and third 300

WO pdorasedt r ef | ection fil mregions each conpri SECT/U82006/039434
consi st essentially of) silver. For purposes of the
present specification, the first reflection-region
ratio is defined as being the thickness of the first
infrared-reflection filmregion 100 over the thickness
of the second infrared-refggtd #n fil mregion 200, and
the second reflectijon fﬁﬁ;fnfl vy, és defi ned as being
the thickness of the géLunq .%..u edref |l ection film
regi on 200 over thd tFiRkness dF9dhe third
infrared-reflection fiAgn regi on23@0. In sone
particul ar enbodi mgnt sy at || easjg gne of the first and
second reflection-reg%%_ ratio% habless t han 0. 85,
| ess than 0.83, or |e eds tHa .80. Optionally,
the first and second SidNfedti on0Pdyi on ratios are both
| ess than 0.83, sugh zmﬂabﬁut @3829 and 0.723
respectively. In sgme ggbodi meqig jof tjhe present
group, the thicknegs of: at |l eas é;e 0

infrared-reflection filhregio 0 00, 200, 300 is
greater than 150 A | gfeRen t h&RS1V5 or even
greater than 200 A.| AdAgt i Jmal P96dr alternatively, the
first, second, and jthifg infrargpArefliection film

regi ons can optional | ﬂb@nve %g i ned| t hi ckness of
greater than 425 A gz_'éa e th O A, greater than
460 A, greater than 438NA_lor dObA grelater than 485 A.
In certain enbodi nents, this conbined thickness is
about 7 § ' £

s ecorlfiies hand 25818 AR feprbdbnBtlE of BT s ot BLekibRints
WhereirPdileas3 00e af thesspacer layagdite dielectng coatspetwesmtwo

t hi cknesses of 122 149.. . h
bllaGnRRRTe Tt a1 o 2RNSI0  Qoord Qe b sgme of
fhese exdbpinesnts, the bimecarapesing sitieorf mitrige, mayehavela thacidess of at
third i red-reflecti kl mregions 100, 200, 300
lgpgt %qugé{) %1 89%tr|§aﬂaﬂ%ng?QcL‘§pect i ve thicknesses of 128

A, 157abfe 5 aeldw2illustrsted a figrthee erempidiryriint stack tHahean be used
gév%% angteogglg,u;?érh;gseoétinﬁa fy atsra‘%l %Sr’r?p%rraetﬂte cgétlenlg?%ts rtrllé: high infrared

reflection coating 7. Here, the coating is representative of a class of embodiments

wherein a triple silver coating is provided with at least about 50 angstroms of film

comprising silicon dioxide directly on the substrate.
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filmregion 20 conprises film (optionally conprising
zi nc oxide, such as a zinc tin oxide) having a
wo edormenive i ndex of 1.7 or greater. For exanpP@T/US2006/039434
between the firstinfrared-reflection filmregion 100
and the surface 18 of the substrate 12, there can
advant ageously be provided a desired total thickness
of filmthat has a refractive index of 1.7 or greater.

In certai n enbodi nents,

is less than 195 an

this desired total

t hi ckness

st ron®ABLESE t han 190 angstrons,

| ess than 175 angst

r aFtEM |

t han 145 angstronmns,

For purposes of thils
di el ectric-region r
t hi ckness of the fi
region 20 over the

dielectric filmregi
advant ageousl y be |
0.6, while at the §
than 0.34, greater

even greater than Q.

Oéld%v e
atérj’b+ s

rsthAdra
t hi Tkne:
Ofh+29.

ess, t han
ané“ |m
thahi 0

4Zh+0|1

b SRHICKINE SIS 5
L Ieggogﬂ
def "?ﬁ‘éﬁ
nspaft 8t di e
Thi%Qéﬂ%Loe
2 op al |y
dﬁ%ﬁter

DS ur
5s of3sthe fa
oneGeiénpla

angstrons, |ess
140 angstrons.
gri mary
s (being the
lectric film
urth transparent
can
ven | ess than
bei ng greater
than 0.37, or
ry enbodi nent,

this ratio is about
ratio within any oﬁ
optional ly be adoptje
present group, or fcwzﬂf ot he”1@Mbodijment di scl osed
inthis specificatloﬁmSNéble 110@Aow shows one
exenplary filmstack that can be used advant ageousl y
as the hi i nf argg%reflectlon 7: TABLE

1Tabl @b %BP‘BW' ‘1'%" S afialRen PeEw &Hgﬁ?&hﬁ‘%r"?“ﬁelﬁed

Shaalayebhay, fanaReopimaly 28 ARhARAMINS byatty, b8 edhigh infrared
i nf r§§ed r%flec#?ﬁ% coatlng 7hﬁ%ABLE 2 ?gble 3 bglow

refleciioncealing et anot her exenplary film stack that can
be used advant ageously as the high infrared reflection
coating 7: TABLE 3 Table 4 belowillustrates stil

m st d @t can be used

el ectric-region
ranges can
nt of the

A\ prpfaay di
e of ese
any € di g

?o(

anot her exenplary film )
. FILM | THICKNESS
Si02 >50 A
Zn+O 165 A
Ag 135 A
Ti 35A
Zn+0 626 A
Ag 171 A
Ti 35A
Zn+0 693 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 infrared-reflective films having a combined

thickness of at least about 525 angstroms. In addition, the outermost two infrared-
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advant ageously as the high infrared reflection coating

7: TABLE 4 Tables 3 and 4 above are representative of a
web@3m4nil enbodi nents wherein at | east one of PEEUS2006/039434

spacer |layers (the dielectric coats between two

infrared-reflective layers) includes a film conprising

silicon nitride. In some of these enbodi nents, the

SPbNEREE 740 s igend o Alforay (84S Syl ispeso o
& l¢mslt @poul 38fsangstremsa furt her exenplary fil m st ack
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S willu s |2not her

BEatiret 70 b1 T uialfl 8 S pettad SR AR 85
tﬁ%h@woﬁmédfjémﬁlt’ry ofgsa doﬁ’lmﬁ;@hlll_r%élimﬁ% af_lllgastamet discrbieghyer

n ection.co a

Sl 0 e kS orate . ThbserTsea b Gpavsiteg using any

d.MaBIR thR filint deposiibh RethniteUdBss the @Gesent invention includes
infrared-reflective filns having a co 'Qﬁﬂhéhl ckness

methed aneppdimghigyheseis, ‘éﬁﬁ@%?%ﬁ%e Off MOy eRqsidion

@Hﬁlﬂgﬂwtthé h fé@fdr@r&@h?%h%ﬁlrﬂﬁtﬁiislcl&ed 'heﬁéilr@ Bre deposited
i rents can optiona have a conbi ned thi ckness

Qﬁqugﬂthilbfaaonaaﬁmstra@s(eagag%ﬁhwf otage op Pl@%ﬂr OnR/RisfereRd
r'n@mo'ddﬁﬁzé@bbﬁgé?r@troﬂrs%GHéﬂlrﬂ:ﬁ \Aﬁ]l&ﬂ@%@%hﬂﬁ&?&ééﬁ i‘ﬁ mdustry

ass pane. In accordance wth

a coate
efgs@me isretasiede C@Dﬁhﬁo@t& &ateni 2, 194 1y the @aﬁﬂﬂa@% OﬁwhﬁCB are
gg&ﬁb%g%rgfe,@g ti&dncd hi s surface 18 can be prepared

e vvas I'ng or chem cal preparation. The
pr es rieflyoaiagnetran sputigspe #ivolyes danspertisg pfsabstratg typugh a

%é}%gfotsl‘ RSk épetsg%l i cq?%S or « ﬁac‘rar a%gé'l ?)Isa\y%‘) lrgwﬁg:é ?Iél@varlous film
lcegmsrllaatl roake g thmknqagngtard sapentalty afiplied.eMetalig/@m is
sputtered from metallic 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 commonly, 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 sputtered in an oxidizing
atmosphere; 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 nitrogen gas. The thickness of the deposited film can be
controlled by varying the speed of the substrate and/or by varying the power on
the targets.

Another method for depositing thin film on a substrate involves plasma
chemical vapor deposition. Reference is made to U.S. Patent 4,619,729

(Johncock et al.) and U.S. Patent 4,737,379 (Hudgens et al.), the teachings of
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and at | east one thickness of graded film The coating

can be deposited using any suitable thin film
waele@osiion techni que. Thus, the present i nvent@DOS2006/039434

i ncl udes net hod enbodi nents wherein, using any one or

nore thin filmdeposition techniques, the filmregions

of any enbodi nent di scl osed herein are deposited
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applied sputterln%ametal tar in a reactiyve
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ﬁr@f |Eﬁ§re‘élaf€ﬂ@@ho‘hﬁ%tr8%|8ﬁ 100 com ﬁ§|h sAverYa ﬁFsﬁ"éﬁj@Ré’f fRin region
ilicon nitride can deposi y sputtering a

15(?5 cropIising Hapiunwa mongyaB@qg@pjé%elqﬁ;tflﬁ filgp REIPILAQ §pmMprising
EIH@th bgﬁet 8 sbE LK BacBRE SN i }edlé‘n QO(‘S @é‘t?lbhé’ Rg silver, a

at nosphere contal ni ng ni trogen gas. hi ckneSs of
sevond bfswkeL B Tegian Hhoamershatiioniiada wr%@r}sm@e&trﬁi@lectnc

@ﬁ@%&oﬂ%ot éb?n@r’]s@ﬁ]ﬂﬁ& fin Gﬁgé °§ HRY Nf?ér)ébl rﬂgﬂééﬁsﬂ ?iﬁ%?c%q@n‘i‘ 300

argets ep03| ting t
comprisigbsitveataethirdoddokesfilpl ragion wﬁamlsmggﬁmlum and a fourth

58R Rl Atagcc APl uReRBpldes s PouleRbE! e bibetihe
glicoml nifride tover & éayeh comsnmh@ ginb tlnfoxmieL ch are _

e N A S e s L T
Iseyinrdeg of/ihe cdapdrasorcoansled 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.qg.,
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 10° mbar. Alternatively, this atmosphere may comprise
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subsequent filmformation onto solid surfaces, such as

gl ass substrates. The filmthickness can be adjusted
whoovasRing t he speed of the substrate as it peEHES2006/039434

t hrough a plasma zone and/or by varying the power

and/or gas flowrate within each zone. Turning now to

Figure 6, there is depicted an exenplary nethod for

agg@g?ﬂa%hg&e% Ry réf?lglan@é g(ﬂ]gé ELaghd n% ﬁ@ﬁéﬂ Shbbut 86.7 kW is

W t'h cef n ment s nventr on.
afptied tatherfirsthoartargetse agoiven bf abou’n 3Ri6gN ds applisdisdide second

d [ t
R T
fcﬂjbeirfte“% ie cbn\léépeﬁ?wneathw sfboofpthese teggets gd: atrate ahebdet 31
irst infrared-re n
stiesder Mh i oS Raph it g 1S need siRr idvel, Wereby
ddé)bémhgl fhe ArsEeauprdritanssaretin digpne2d initte forhmofrarghdde film
|S|n zinc tin oxi

ORI RLE PG AT ABH ﬁv'n%artgﬁkf&%%g@%e%ﬂ&% BGRYLS ver,

a seqpaduBbesker? ik ithdh cRbpst iAPa e6aNd coal gom CaniwErein
athird trans%grent dielectric film

toe it indaned-sefigstion fimpsadian 109 i gPpied ?ffeg%b’ oyer @Plfﬁﬁt’( i on

tférlsﬁhfeﬁ%féféc?rﬂpﬁlﬁ%foh%on Ohel de¢Bhd caattAone Ay @Cdféﬁlded with
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alébugle theenuraber afner wp@ of targets oy be &h@nqezi i EneylgegatinphayC4 is

%Fnrett{ilﬁ: aret {é?%é][g %re%g %&@?%eff CS Gy ‘?ﬂ&glhb ﬂia?ndlﬁ‘ i—’arget

st coat Zo %&{19 he substrate
E‘he)slg)stratms jponyeyegl bea_slegthlto? stm.tgrgg a taig ef arauti3d0 inches
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fllm 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 sputtering
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., including 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

can each consist essentially of oxygen (e.g., about 100% O.) at a pressure of
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cylindrical versus planar) can be varied as desired.

These first six targets are sputtered in an oxidi zi ng
w@rewosphner e to deposit the first transparent dPElr/E81006/¢39434

filmregion 20 in the formof an oxide film conprising

zinc and tin. The oxidizing atnosphere here can

consi st essentially of oxygen (e.g., about 100% O2) at
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I9)4ET 14 fC 1A titis o 200k Gméabyhaiemnslehamtgr@tf iThettarget in bay
B P05 A AT B il g
aRgs! [A%’Bi/ver of about 8.9 kW is applied to the silver target, while the substrate
is conveyed beneath this target at a rate of about 310 inches per minute, to
deposit the second infrared-reflection film region 200 as a metallic silver film
having a thickness of about 149 angstroms. The substrate 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
eighth coat zone CZ8, and a ninth coat zone CZ9, wherein collectively the third

transparent dieleciric film region 60 is applied. Each of these coat zones has
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The substrate 12 is then conveyed through a third coat
zone CZ3, a fourth coat zone CZ4, and a fifth coat

wQ@owe/0€2%, in which zones the second transpar ePCT/US2006/039434
dielectric filmregion 40 is applied in the formof an
oxide filmconprising zinc and tin. The third CZ3 and
fourth CZ4 coat zones each have three active

a0 Ao B8N Bl 05 RS SRR Ayl vt

(magié @1 6chaiugh @idsaralim GF 71 baysv@id thrd)urgreGEh acef intCig8, lsagipays

Conoush 620 Eré 2Rl Bt el yegp ot

ﬁﬁzte&rﬁal tHat BoEorhsoUTE) ogeznmoairmbﬂum dEadh aﬁtheseamiattzones Eeprrhvnded
t hese sputteri a vided W t o
St 200l R HSIsRBRe CaRais %SRBI HESRYERR S godlt 100%
e\, BPa Pheysafe d)matfohe4 &hioridmeass, Alfeﬁmlaittvbly@&ﬂs atamskphefd tay

CZ5 coat zones can each consist essentially of oxygen
gmgrise AEENEANY GBYEXR) at a pressure of about 4 x 10' 3

mbar . A fbiver rddovueby.3 mcﬁs @;Spneart@tm‘f.rbm@etafge@mh@eesenth
can conprise argon and

pratFaNe £470 APOWET obRAMt 4§¥5"C"9NHWPE“G§§BIth%ae‘i%‘dttwe‘largets In
frid &dat2¥Re b@?gsﬁ& alpBweP 8f MBJ’[ ‘18(93@&/ i€ ap@ne@za theAthReWRb

of about 45.1 kWis applied he sec two targets

tanoeth |lrstm€o%qnez%% &mweaﬁaa%ptﬁé%ér kWfis a%‘tﬁd t@éh%f'PWVV%
%Zgét's &tHe Qi V\%ﬁ}ﬁ C?Qﬂ icﬂetd% WHQ%I Sovdt df @béut@? k@zr?s applled to

about Wis applied first
thmsqcan@ @/v@ targets nretms;@nat ﬁOGQ) &ZBZ an@apryer af MH% KW is
e
?Eﬁﬂétd Ctégrt'ne? thlﬁ'WtM?:ﬁBQis Iﬁ%lg Q%If}é r@Z’é,f %\O;Ethér‘W abgﬁtgﬁ 8 kiNis
appleiddd thefinshiva targads Mbemrtg eoat 2onetGdS whilne [wxer of about

Flg: g{‘v@{s\m@qn%‘@@ heoéec%ﬁﬁ ltUi/? ﬁg%slﬂw lécéﬁ%@g@ﬁhag power

ar e coat zone
pbalsout &7 .8atWI us agibicd th\Ne third ppbitardetsdn thie zere 648. (The

B8 B BB ek bt g v
Zeﬁg@lts rnfl tCZ?(’tlnroegh OZB3at & r%lagup{ﬁ aﬁ‘?‘g)?f r?\émazﬂas B magmetnghgm e

Htriiengh Bl 4tife Bptediaiies Tvah sHER Bias Y ifb oG diptt

Hléﬂictﬁd?ﬁnﬁ@gi@ﬁcﬁotlé APPIRRY &NEN dxneé ivh bbmpflmhglzmegamlrtlnéléhd
'th.ﬁS %l tlhl%lgnésg otfg ofxtoéég angsﬁgm%)(I de

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 contains
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 planar target.
The target in bay C25 is a metallic silver 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, thereby depositing the third infrared-reflection film region 300 as a
silver film having a thickness of about 206 angstroms. The substrate is then

conveyed beneath the titanium target in chamber C26, while sputtering that target
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filmconprising zinc and tin and having a thickness of

about 562 angstrons. The substrate 12 is then conveyed
WO n100/047281 Xt h coat zone CZ6 wherein the secondPCT/US2006/039434

infrared-reflection filmregion 200 is applied

directly over the second transparent dielectric film

regi on 40. The sixth coat zone CZ6 has an inert
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f about 8.
g @Stoamg@ree a&@%@ﬁ%@fﬁ@%ﬁk@%r@dah@ch@ércfdo 'ﬁrﬂr%@%w'th two
c@l@@nﬁ&"f@l“deﬁ Nehd thirRRhiHR R Sohe tiZ18 h%sttﬁ‘r'eé@ﬁ@ﬁérnﬂj‘ bays each

ut 20 Tangstrons. The substrate 12 is then convey

pqudﬁﬁgwowyﬁwm tergasafbaysfe3 1dhroudhrCe3 gietin G- Eaﬁ*éof the
Gﬁ% taffats i daPhohesQ8s 1 12 eggtzﬁz %ﬂu%s@éé&@?éﬂ@k%get

rd transparent regl on 'S
rraqmal dlpt an@hmbumdw@fs@n@@m tizomhbe caats?:qmleéé?zsﬂﬁ Uhtaeigh el 13

apéa%{ﬁ; Rﬁ)@lfb‘cégﬁﬂ ox?éﬂ%ihg %@ﬁoé&fﬁ&‘) %bgi‘f ga%§t@%g§&entlallx of oxygen
(@gyab@.ltlﬁ)(l%] oawga nGassuee of ahouCZe 1%mbaayg\ltmtwﬁvmor

né%éﬁto?{hee rétr%g Hered ﬁ?art %[r?;%s% 5}8&? Rl lox rise a

&1 1A I's a“conpoun zi nc and
tin. Al:';amhr@f abdnﬂslé Tloaltis apples] toéh@flmtvdetarge‘ts in te eleventh

OB BRSBTS aBERER L e Mg
thﬂb abént zoNet G Natahdt @l power lof abadtrmespkiarie apﬁh,ect:tprtbe itrsel two
SHORT TS BRYES A GONE o oL 8P oSl & AR BN Foec
nratri@qmrftrpéoaabmﬁ C252 5A06Mies ofippduteX] .3 Wi appkaondhé Vit two
targe?s in the thlrteenth 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 targets 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 transparent dielectric film region 80 is
applied as an oxide film comprising zinc and tin and having at a thickness of about
236 angstroms.

Finally, the substrate 12 is conveyed into a fourteenth coat zone CZ14,
wherein the outermost portion of the fourth transparent dielectric film region 80 is
applied. This coat zone CZ14 has three sputtering bays C34-C36, each
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this coat zone CZ7, and a power of about 48.9 kWis
applied to the third two targets in this zone CZ7. A
w@owen4n2il about 52.5 kWis applied to the firsSPCT/WB2006/039434
targets in the eighth coat zone CZ8, while a power of
about 48.2 kWis applied to the second two targets in
this coat zone CZ8, and a power of about 44.7 kWis

e |- » . I
BRI RoR SR, P BRaR B Rorhefuct e bichsufd of
abarirexd 0’ mbpare Thierpitterdng bays{e34thoougkhtB@ insthisavaat zene CZ14

R bl roliisl B Baceity b geggpgie

sapitérable tacget natertal obisitican widr gstmalliamaunt of aluminuDZoA poiwer of

<PBOEST iy Marlphaf PP MBIFERRIA Mo RhnbpiRTonfidBgzra.

appoveerrodiabouif 3420 & isZpPliecdiohbs spesndriwoliaegetsimi this coat zone

GRS bR By Lol BRI e U0 one

G214appid fubsaatear? iedodeefed baneathpali ofithg tarpels iaC@ 1¢iah a rate

n ving a thickness of abqut. 655 angstrons. .Th
Baharolfas ebrinaieoufle Saitéd 237 PE T8 Baet i fae noted
p@ﬁlb@SOO lavak rsalcﬂi thc?t tHTI_d'htblderimiﬁst @b&i@ﬂrcﬂciéﬂeefbﬂrtn trahisparenedgjelentric film

0 is .appl.ied. j s, cpat zone. 0 contains an inert
a9 EPris PePIed 35 a niidsimAoTIPTSINgslgeD A el mopt of
aldMBUPAEd havifa AGERNERs BRMISOEAD! #hg6tromst hi s coat zone
CZ10 are each provided with a planar target. The
target in bay C25 is a netallic silver target, and the
target in bay C26 is a netallic titaniumtarget. A
power of about 12.6 kWis applied to the silver
‘target, while the substrate is conveyed beneath this
target at a rate of about 310 inches per mnute,

t hereby depositing the third infrared-reflection film
region 300 as a silver filmhaving a thickness of

about 206 angstroms. The $pRgErAte is then conveyed
beneath the titaniumtarget 1 n chanber C26, while
spBayer i Rpwédrdt tBayet @PoweppweBay ev¢lPoyfergbolRays. 1) Power

kW so 4das deposit al thinndl bl ocker |} rregi on 305
o#ﬁr‘r@l)f p céPrr%\{)i m{'{}’ﬁe X (léw)

in the f a film 5ing titg \nd _havi ng

t hicknegs 36f7 abou1R0 a8 r pnsC21 44.7 C31 21.5
c2 34.6 C12 49 Cc22 49 C32 19.4
C3 35.5 C13 45.6 C23 45.5 C33 19.3
C4 7.1 C14 8.9 C24 47.8 C34 31.9
C5 7.8 C15 8.1 C25 12.6 C35 34
C6 50.2 Cc16 50.3 C26 8.1 C36 37.4
C7 45.1 C17 45.5 c27 17.9
C8 49.5 C18 48.9 C28 211
C9 53.1 C19 52.5 C29 19.6
Cc10 47.7 C20 48.2 C30 20.1
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The substrate 12 is then conveyed through an el eventh
coat zone CZ1 1, a twelfth coat zone CZ12, and a

wo boortoermt h coat zone CZ13, wherein coll ecti vePgT/UREN€039434
is deposited an inner portion of the fourth
transparent dielectric filmregion 80. The eleventh
coat zone C 11 has three sputtering bays, each with
£ WD ; . _ o _
cz1 JyieHRleifotel el SRDArAEof g rpRhRsinictton Bserbed. i
shpultitherindgrsteod ta30varignsi charigesrdapdions angmedifigatipngingy be

i i cal . 1.0 .

A% BUT IS8 beb 2lifg S S Sl RIORGRY (30 Seopct tne
appendatt ¢laimls. t ar get s (bays C31 through C33 are in
Cz13). Each of the noted targets in coat zones CZ1 1
t hrough CZ13 conprises a sputterable target nateria
that is a compound of zinc and tin. The coat zones CZ1
1 through CZ1 3 are all provided wth oxidizing
at nospheres, each consisting essentially of oxygen
(e.g., about 100% Q2 at a pressure of about 4 x 10'3
nbar). Alternatively, one or nore of these atnospheres
can conprise argon and oxygen. A power of about 17.9
kWis applied to the first two targets in the eleventh
coat zone CZ1 1, a power of about 2 1.1 kWis applied
to the second two targets in this coat zone CZ1 1, and
a power of about 19.6 kWis applied to the third two
targets in this zone CZ1 1. A power of about 20.1 kW
is applied to the two targets in the twelfth coat zone
Cz12. A power of about 2 1.5 kWis applied to the
first two targets in the thirteenth coat zone CZ13, a
power of about 19.4 kWis applied to the second two
targets in this coat zone CZ13, and a power of about
19.3 KkWis applied to the third two targets in this
zone CZ13. The substrate 12 is conveyed beneath all of
the noted targets in CZ1 1 through CZ13 at a rate of
about 310 inches per mnute, while sputtering each of
these targets at the noted power |evel, such that an
i nner portion of the fourth transparent dielectric
filmregion 80 is applied as an oxide film conprising
zinc and tin and having at a thickness of about

31



236 angstronms. Finally, the substrate 12 is conveyed
into a fourteenth coat zone CZ14, wherein the
wouioensmst portion of the fourth transparent dPEr/E81006/¢39434
filmregion 80 is applied. This coat zone CZ14 has
three sputtering bays C34-C36, eachcontaining a
nitrogen at nosphere, optionally with sone argon, at a
I ut 4 x 10'3 nbar. The sputtering bays
?ﬁr‘%@gﬂﬁ @gg in this coat zone CZ14 are each
prow ded with two cylindrical targets. Each of these
qLarggt ni : i,al ¢Qfs
1671 DB RR e R DSk i By SeqlutibjorybiceR, st pane
bebguiarBofla Bukivle-sarepipsileting glarihg uhit thst indwdesaa spaondipane,

5oL, 525 068 RS AR ol e

at (st GiEldf, thafficst anp @eeond paradsthes Bdoated Werbrspphcethat

h ird ' ' ' 14. Th b
x5 ot et B sbatdod Mot fflRe ghha HIF SRS 2
intatier urfagd detrity athW-amwmyebanmmwmemcmed; threepmﬂfr‘emd— ng

t hese tar ets at t ower |evel. .such

Fikition Hel BB Fagt cpapTng SbeT S AR oAU TR o =
Viliitstb 86dririat efficleRty ROIoT giéhtérsthanpldzed as a nitride film
conprising silicon and a small anount of al um num and
havi ng a thickness of about 101 angstrons. TABLE
AWi Iree $ARE oPEISHET WREreeiib 9itIBHesmeal effifignéynaEiblis Greater than
have been described, it shoul d be understood that
3/4¢-i ous changes, adaptatlons and nodifications may be
made therein w thout departing fromthe spirit of the

I nvention and the scope of the appended clai ns. WHAT | S
TLAI VEePRS: oficlaim 1 whete thaNisitierdhangabpifieisaey fatipds abe 2.4-

gcond maj or surfaces, the first pane being part of a
mul ti pl e-pane insulating glazing unit that includes a
second pane, wherein the insulating glazing unit has

t | wher one
R b T R L ST S
tseunsittance bb®.66 or mopsed to a bet ween- pane space of the
insulating glazing unit, said coated interior surface
bearing a lowem ssivity coating that includes three
5.nf r Jhegané bedainos where said visible transmittance is 0.66 or more.

6. The pane of claim 1 where the three infrared-reflection film regions have a

combined thickness of greater than 460 angstroms.

7. The pane of claim 6 where the combined thickness of the three infrared-

reflection film regions is greater than 470 angstroms.

8. The pane of claim 7 where the combined thickness of the three infrared-

reflection film regions is greater than 485 angstroms.
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filmregions each conprising silver, the insulating
glazing unit having a visible-thernal efficiency ratio
w@boognerter than 2.37. 2. The pane of claim 1l RMBEUS2006€39434

visible-thermal efficiency ratio is greater than 2.42.
3. The pane of claim 1 where the visible-thernal
efficiency ratio is about 2.4- 2.5. 4. The pane of

| ai [ [ ' ' ion fi
G o1 Be PERERECRHE 1 WESH Bh SIBERCSERI 4R g Recton im
regiansrhavenh epmbiseddhickndssiof at leaakdas angstemss 0. 66 or
nore. 6. The pane of claim 1l where the three
infrared-reflection filmregi ons have a conbi ned
10hi cKhe panebf gaiend evherdinthelé@ermagitiwo infrargd-reflestiomfilen

of. claim6 where t conbi i the three
BoipFs Palh P RBrEg PTG R G BTells { han 470
angstrons. 8. The pane of claim 7 where the conbi ned

t. hi ckness of _the ree i.nfraredreflection filmredgi ans
o' ort B8 papS ohdA 38 WHRGUR MS ARG e 86 ffreg el A
rafiehehave adbebliesitthickessiof tah Rash$3Bamgbtroafd. ection film
regi ons have a conbi ned thickness of at |east 325
angstrons. 10. The pane of claim9 wherein the

1QUt eMpeSané 6 claifi 1 aftefein ebldesatahintdrionsurégiennss deesta
conbi ned thickness of at |east 340 angstrons. 11. The
rgsifi@nege otless thato! -WEUPRIAEt he out er npst t wo
infrared-reflection filmregi ons have a conbi ned

t hi ckness of at |east 355 angstrons. 12. The pane of

1@ ai fhe pane cérlaing diwheceiatsaid ¢aated intarios guiaReN3fad Shest
réggt%hcg%?%ﬁélﬂqcfs-?.% s'z/gﬁéarle.ha” 1.4 Wsquare. 13. The
pane of claim

I"wherern said coated interior surface
has a sheet resistance of about 1.25-1 .3 Wsquare 14.
1?422 i A fpa%fg a)? lpl%immé &%%E%eﬂegt%na%% ner‘?i{bslt BP & ThPAre8 reflection

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

transparent dielectric film having a refractive index of 1.7 or greater.

15. A first pane having opposed first and second major surfaces, the first pane
being part of a multiple-pane insulating glazing unit that includes a second pane,
wherein the insulating glazing unit has at least one between-pane space, wherein
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, said coated
interior surface bearing a low-emissivity coating that includes three infrared-
reflection film regions each comprising silver, the three infrared-reflection film
regions having a combined thickness of greater than 460 angstroms, the insulating

glazing unit having a visible transmittance of 0.65 or more.

16.  The pane of claim 15 wherein the combined thickness of the three infrared-

reflection film regions is greater than 470 angstroms.
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filmregions there is provided a total thickness of

| ess than 195 angstrons of transparent dielectric film
whanogr2al refracti ve i ndex of 1.7 or greater. BEI/US006/039434

first pane havi ng opposed first and second ngj or

surfaces, the first pane being part of a nultiple-pane

insul ating glazing unit that includes a second pane,

er e | o p 0

8Lt wo e pafe LRSI Blof Pl Tbritcq ARkaBls SRR tyBPgyrarec-

saftectien bindrqgionsds reater thamd 86langstemmor surface that is

exposed to a between-pane space of the insul ating

glazing unit, said coated interior surface bearing a

HBw effies pane diyclaimats wigereinakid visibla deasmittaaee is 0.66 or more.

infraredreflection filmregions each conprising

silver, the three infrared-reflection filmregions

havi nthepamsbi daich 15 whrasan ofitegnesttt@d of b in#afd-reflection

: he i nsul at,i. | azi it havi
PSS 3t oS S gt pane o
claim 15 wherein the conbi ned thi ckness of the three

ipfr edreflefcti.on i|lmregions is greater than 470 _
Zﬁgst ‘?}?@?11979 eﬁlf@ b%wher@pn £ QURTNSS igfraredryeflection film
efdtistefetPeskHIASS tidkrchE of ékflé@sti?m)ra%?%érﬁg.l ection

filmregions is greater than 485 angstrons. 18. The
pane of claim 15 wherein said visible transmttance is

0166 THe P@*tﬁéi‘of d8m i’dﬂ@h&?nﬁth@fouférﬁo@ o WhSIRLRA18&on film

out er nos wo of the infrared-reflection filmregions
FegiRnsavEhrerabinet tigness obat least|38angsPemangst r ons.
20. The pane of claim 19 wherein the outernbst two
infrared-reflection filmregions have a conbi ned
28i ckHspansy ofglaimetiswhegad said)seatedinterforsurfape hpaashett
j O, uber @b 4t rnmost two infrared-reflection
ﬁsfgrtné.ﬂr%g?fons tﬁg@é'gﬁé&"g%ﬁ%hed t hi ckness of at |east 355
angstrons. 22. The pane of claim 15 wherein said

Fhan. TP el TGS BT o A5 el oS8T
saistarmeadfetount 261108 OfdgubRce has a sheet resistance of
about 1.25-1 .3 Wsquare.

24.  The pane of claim 15 wherein the insulating glazing unit has a visible-

thermal efficiency ratio of greater than 2.37.

25. The pane of claim 24 wherein the visible-thermal efficiency ratio is greater
than 2.42.

26.  The pane of claim 24 where the visible-thermal efficiency ratio is about 2.4-
2.5.

27.  The pane of claim 15 wherein beneath an innermost of the infrared-
reflection film regions there is provided a total thickness of less than 195

angstroms of transparent dielectric film having a refractive index of 1.7 or greater.
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24. The pane of claim 15 wherein the insulating
gl azing unit has a visiblethermal efficiency ratio of
w@e@anenit han 2. 37. 25. The pane of clai m 24 WneT/@52006/039434

the visible-thermal efficiency ratio is greater than
2.42. 26. The pane of claim 24 where the
visible-thermal efficiency ratio is about 2.4- 2.5.
27. The pane of claim 15 wherein beneath an i nnernost
of the infraredreflection filmregions there is
2. oviAdansparentsiubsinate lharing achajoesyrfadedreatiaf aadnysemissisity

: el I | i refracti
e RREBRL e BLARL W R By R o
thiwkness, a seapod indnarddxosdlebléoar filmgegioh dnaviegi ssthiokneys, and a third

, [ t.h gati.ng,c risi a first . .
ifi@ekEnectof AR FouRM AMHY puBie B0 PRE e tiruiase ol theyhird
isﬁagrre}r(ideﬂerftiba rf';ljad Tegibh dx:grba?r fh'dn(rjthe G?%:Kmesb av 'tl‘](cegsetond infrared-
thickness, and a third infrared-reflection fi .regjon
ofeg T iradioR g e fickipes it i fecnd Gurpo-relehng
riegionas great@fthae theothickhéss dfeige izt infragdderifiectidrn@im rebmn, the
thi.ckness of the second infraredreflection film

F0241'Y FOMRHH e HEOT RRIAIRRISE S\yfadeRutwRidbh d
infrared-reflection filmregion is greater than the

t hi clgyess adirstithmshpbrepit diefektrird réegbhection film
region, the coating conprising, fromsaid ngjor
surface outward]y: %?’ a first transparent dielectric
fil m¥egi &1 fing '”¥rﬁ@ feflegtion{im 4pQ00ir ef | ection film
region; c) a second transparent dielectric film

regi @): - dh seBend REANrMIAABAHK fIRf feRfdron 11 m regi on:

e) athird transparent dielectric fiimregion; f) the
third infrared-reflection filmregion; g) a fourth
t r ansipar efite spaenddnfraredreflestioretimoiegiother ei n the first,
second, and third infrared-reflection filmregions

each gonpLi;seq i t .third
i nf rgﬁed- %é’fﬁ’?edegtéb%%r ?tldﬁ?ég?glﬂgre%%’ ng a conbi ned
f) the third infrared-reflection film region;

9) a fourth transparent dielectric film region;

wherein the first, second, and third infrared-reflection film regions each comprise
silver, the second and third infrared-reflection film regions having a combined

thickness of at least 325 angstroms.

29. The substrate of claim 28 wherein the combined thickness of the second
and third infrared-reflection film regions is at least 340 angstroms.

30. The pane of claim 29 wherein the combined thickness of the second and
third infrared-reflection film regions is at least 355 angstroms.

35



t hi ckness of at |east 325 angstrons. 29. The substrate
of claim 28 wherein the conbined thickness of the
wae@ondg2and third infrared-reflection fil mregPOnES1086/039434

at | east 340 angstrons. 30. The pane of claim 29
wherei n the conbi ned thi ckness of the second and third
infrared-reflection filmregions is at |east 355

gst . . i _ .0] .
T o RoTuardie FARRARMIRSR iR tecbPrep Ll fint s
haveck perskined thickegseef greatar theo 460 gogsteames. 32. The
substrate of claim3 1 wherein the conbi ned thickness
of the three infrared-reflection filmregions is
¢2.cat Hre subsirate7of caigsd rwhereindBe combireddbickatss affthe thmeen

' thi h h
relarteRet b ARTBLRRE 3 e BRSO BREET " han 48
angstrons. 34. The substrate of claim 28 wherein said
Phan ToRR o5 o 38 SombPEn SRS i s e
infraregi-reflscticth fiimatgidnsty greated taacBsharystoseet

resi stance of about 1.25-1 .3 Wsquare. 36. The
substrate of claim 28 wherein the first transparent

84.el etHer substratedffoRgin@B WIRTRIN SRS cddtbdMizfor ilfade has a sheet
refractive index of é.? or greater, and wherein

isSsiRCRs §f irssitiar (-4 RSAYR'8d-refl ection fil mregion and
said major surface of the substrate there is a desired

total_thickness of filmthat has a refractive index of
30.7 okhegyubsirate ofiaity 2Pokhereld said epatedmeiorasisfapeihag a sheet

Je%%‘?ark@%* aﬂ’gét pgg_s'tgﬁggg ara/ - The substrate of claim 36
] ' HaE

wherel n sai desired thickness is less than 175
angstrons.

36.  The substrate of claim 28 wherein the first transparent dielectric film region
comprises film having a refractive index of 1.7 or greater, and wherein between

the first infrared-reflection film region and said major surface of the substrate there
is a desired total thickness of film that has a refractive index of 1.7 or greater, said

desired total thickness being less than 195 angstroms.

37. The substrate of claim 36 wherein said desired total thickness is less than

175 angstroms.
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