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(54) Title: SOLAR CONTROL COATING WITH ENHANCED SOLAR CONTROL PERFORMANCE

(57) Abstract: A solar control coating (30) includes a first phase adjustment
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layer (40); a first metal functional layer (46); a second phase adjustment layer
(50); a second metal functional layer (58); a third phase adjustment layer

(62); a third metal functional layer (70); a fourth phase adjustment layer (86);
and optionally, a protective layer (92). At least one of the metal functional
layers (46, 58, 70) includes a metal functional multi-film layer including (i) at
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least one infrared reflective film and (ii) at least one absorptive film.
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CROSS REFERENCE TO RELATED APPLICATION
IGO01]  This application claims prionity 1o United Slates Provisions! Palend Applications
Mos. 82/212,685, fled Seplember 1, 2018, and 82/311,440, iled March 22, 2016, hoth of

which are herein incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION
Fiald of the invention
062} This invention relates generally io a solar control costing having ans or mors metlal
functional multi-film lavers comprising at least one infrared reflective film and st least one
absorptive film.
Technical Considerations
{0803] Solar control coatings block or filter selected ranges of slectromagnetic radiation,
typically radistion in the infrared region andior ultraviclst region of the slsclromagnstic
spectrum. These solar control coatings are placed on ransparendies, such as windows, {o
reduce the amount of sslected ranges of solar energy entering a buliding. This reduces the
heat bulldup inside the building.
{0084] The solar heat gain cosfficient (SHGC) I8 a measurs of how well the coating blocks
solar heat. The bwer the SHGC, the mors solar heat is blocked, La,, the lower the solar
heat bulldup inside the building.
{00351  The light fo solar gain (LSG) ratio is the ratio of the transmittance of visible light
divided by the SHGC.
{00081 The overall heat transfer coefliclent (U faclor) is 3 measure of heat loss, 8.g.,
through the window. The lowsr the U facior, the lower the heat ransfer through the window,
i.e., the higher the insulating level of the window,
(G007 While solar control coatings provide good solar insulation properties, it would be
useful o improve the solar confrol properties of these coatings. For example, it would be
useful fo decrease the SHGC and/or 1o increase ths light to solar gain {(L3G) ratio.
[G008]  To decrease the SHGC, the thicknesses of the infrared reflective metal layers
could be increased. However, this would also make the solar control coating more reflective
of visible light. Consumers prefer fransparencies with high visible light ransmitfance but low
visible lght reflectance {both interior and axierior visible light reflectance). Further,
increasing the thicknesses of the infrared reflective metal lavers increases the sensitivity of
the solar control coating to random or systematic variations in the thicknasses of the films
making up the coating. This can aller or advarsely impact upon the performance of the

coating or the aesthstics of the costing.  Additionally, increasing the thicknesses of the
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infrared reflective metlal lavers tends o deorsase the durability of the ceating to chemical
sndior mechanical altack. Moreover, the aocessible regions of the sesthetic/color space that
gre most broadly appealing and that can be reached using conventional solar controd
coatings amploving one or more pericds of disleciric/sitver/dielsciric struciures, ars
constrained by the designs of conventions! solar confrael coatings.

f00081 Tharefore, it would be desirable to provide a solar control coating that provides
snhanced solar conired andfor aesthetic performancs. For example, | would be dasirabie (o
provide a solar control coating having a low solar heat gain coeflicient (SHGT) o prevent
heat buildup inside of 3 bullding. For example,  would be desirable to provide a solar
control coating having 2 high light to solgr gain ratic (LSG). A high L3G indicates good solar
heat blocking while allowing visible light o pass through the coating. This nproves the
ratural lighting inside the building. For sxample, it would be desirable 1o provide a solar
control coating having commercially desirable sesthetics andfor a larger availlable color
space. For example, it would be desirable fo provide a non-heatireated solar contrad

coating having one or more of the above advantages.

SUMMARY OF THE INVENTION
68101 A solar control coating comprises s plursiity of phase adjustment layers and a
plurality of metal functional layers. Al least one of the mets! functional ayers comprises a
metal functionsl multi-Bim laver comprising (1} at least one infrared reflective film and (ii) st
lgast ong absorptive film comprising copper.
[80414]  The solar conirol coating provides 3 mm reference insulating glase unit (3 mm
reference IGU) valuss of lumineus fransmittance (T} of not greater than 84 percent, a solar
heat gain coefficlent (BHGC) of not greater than .28, and a light to solar gain (L8G; ratio of
at least 1.84.
[0812] The solar control coating provides S8mm reference insulating glass unit (8mm
reference {GU) values of luminous fransmitfancs (T of not greater than 64 percent, 8 solar
heat gein coefficient (SHGC) of not greater than §.29, and a light to solar gain {LS3) ratic of
al lsast 1.85,
88431 A coated article comprises & first ply having a first major surface and an opposed
second maijor surface. A solar control coating is lncated over at least one of the major
surfaces of the first ply. The solar control coating comprises a plurality of phase adjustment
layers and a plurality of metal functional layers. At least one of the metal functional lavers
comprises g metal functionsl mulli-fifm layver comprising (i) al least one infrarsd refiective film
and (i} at least ong absorptive film comprising copper.
{0014] The solar control coating can be a non-hsat-ireated solar control coating.
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BRIEF DESCRIPTION OF THE DRAWINGS
[6018]  The invention will be described with references o the following drawing figures
whereln ke refersnce numbers iderdify ke parls throughout.
[8648]  Fig. 1 s 5 side view (not to scale) of 8 coated article having 2 soler control coating
of the invention;
[B017]  Fig 2 is a side view (not 1o scale) of the costed article of Fig. 1 fllustrating s
muitilayver structure of an sxemplary solar control coating of the invention;
{00481  Fig. 3 s a sids view (not o scale) of the solar control coating of Figs. 1 or 2
incorporated into an insulating glass unit {IGU}; and
{0048] Fig. 4 i= a side view {not o scale) of the solar conltrol costing of Figs. Tor2

incorporated into & laminated unit,

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0020] Spatial or directional terms, such as "left”, "right”, “inner”, "outer”, "above”, "below”,
and the like, relate to the invention as it is shown In the drawing figures. However, the
invention can assums various allernalive orlsntations and, accordingly, such terms arg not o
be considered as limiting.
{00241 Al numbers used in the specification and claims are o be understood as being
modifisd in all instances by the term "gboyt”. By "about’ is meant a range of plus of minus
ten percent of the slaled valus.
00221 Al ranges disclosed herein encompass the beginning and ending rangs values
and any and all subranges subsumed therein. The ranges disclosed hersin represent the
avarage valuss over the specified range.
6023]  With respect o coating layers or films desoribed herein, the term “over” means
farther from the substrate {or base laver) on which the coating layer or film under discussion
is located. For sxample, 8 second layer located “over” a first layer means that the second
laver is located farther from the subsirate {or base layer) than is the first layer. The second
laver can be in direct contact with the first laysr. Allernatively, one or more other layers can
be located betwean the first layer and the second layer.
{00241  The term “film” means a region having a chemically distingt andfor homogeaneous
composition. A Ylayer” comprizes one or more “fims”. A “coaling” comprises one or more
“layers”.
{60251  The terms “polymer” or "polymeric” include oligomers, homapolymers, copolymers,
and terpolymers, 8.¢., polymers formed from two or more types of monomers or polymeans.
{0038]  The teym "ullraviolst radiation” means elsctromagnetic radiation having a
wavelength in the range of 100 nm to less than 380 nm. The terms “visible radiation” or
“vigible lght” mean slecromagnstic radiation having a2 wavelength in the range of 380 nm to
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780 mm. The term "infrared radistion” means slecromagnetic radiastion having & wavelength
in the range of greater than T80 nm {o 100,000 nm. The term “solar infrared radiation”
maans slectromagnetic radiation having s wevalength in the range of 1,000 nm {0 3,000 nm,
The term “thermal infrared radiation” means slsciromagnetic radiation having s wavebength
in the rangs of greater than 3,000 nm o 100,000 nm.

D027 Al documents referred in hersin ara "incorporated by reference” in their entirety,
G028 The term "optical thickness” means the geometric thickness of the malerisl
muitiplied by the refractive index of the materisl st 8 reference wavelength of 850 nm. For
exampls, a material having a geometric thickness of § nm and a refractive indexof 2 at a
reference wavelength of 880 nm would have an optical thickness of 10 nm.

0281 The terms Yempered” or “heatdreated” mean that the srlicle or costing undsy
dizeussion has been healed (0 3 temperature sufficient 1o achisve thermal fempering, heat
hending, andfor heab-strengthening. This definition includes, for example, heating the articls
in an oven or furnace &t s lempersturs of at least 580°C, such as st least 80070, such a5 at
least 820°C, for a perivd of time o achigve thermal tempering, hesat bending, andfor heat
strengthening, For example, the heating can be for a pericd of times inthe range of 10 18
minuies, such as 1 o 5 minutss,

(00301  The ferm "norvheabtrested” means not tempered or heabtrested, of not designad
o be tempered or heat-freated for final use.

0034 The terms “metal” and “metal oide” include silicon and silica, respectively, as well
as fradiionally recognized metals and metal oxides, evern though sificon conventionally may
not be considerad a melal,

IG8321 By “at lsast” s meant “greater than or sgual {07, By "not grester than” is meant
“less than or equal 107

00331 Any reference to amounts, unless otherwise specified, is “by weight percent”.
i0034] Thickness values, unless indicated to the contrary, are geomstric thickness values.
8035]  A'dopant s & malerisl present in an amount less than 10 wi%, such as less
than 5 wi.%, such as iess than 4 wi %, such as lese than 2 wi.%. For example, less than 1
wi%. Forexample, less than 0.5 wi%. For example, less than 0.1 wi%.

[8038] The term “includes” is synonymous with “comprises”.

(88371 The term “curable” means a malerial capable of polymerizing or crosslinking. By
‘cured” is meant that the material is al least partly polymerized or cross-linkad, preferably
fusily polymerized or cross-linked.

[0838] The term "oritical thickness” means a geomaetric thickness above which a material
forms a continuous, uninterrupled laver, and below which the material forms discontinuous

ragions or islands of the matersl rather than a continuous layer.
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60391 The term "sifective thickness” refers 1o the theorstival geometric thickness of a
material deposited balow s oritival thickness but af deposition parameters {e.g., deposition
rate, line speed, olo.) which would provide a continuous layer of the material at the reporied
thickness value If i were deposiied above iis oritical thickness. For example, ¥ o malerial
deposited at a deposition line speed of X onvsec is known o Torm a continuous layer having
a geometric thickness of 10 rm, then increasing the line speed to 2X would be expected
deposit a coating having a geometric thickness of § nm. However, § 5 i is below the
critical thickness of the material, then the deposiied coating would not have a continuous,
uniform thickness of 5 nim but would form discontinuous or islanded struclures, This is
referred to herain as a Ylayer” or g "Him” having an “effective thickness” of § nm.

(00407 A3 mn reference IGL s defined as having two spaced apart 3 mm pleces of
CLEAR glass separated by 8 gap of 0.8 inch (1.2 mm) filled with air, with the coating on the
Mo, 2 surface. By "3 mim reference IGU value” is meant the reporied value {ceptar of
glazing) when the costing is incorporatad into 2 3 mm reference H8U on the No. 2 surface.
100441 A “Bmm reference IBU s defined as having two spaced apart 8 mm pisces of
CLEAR glass separsted by a gap of 0.5 inch {1.2 mm) filled with alr, with the coating on the
N, 2 surface. By “8mm reference 1GU valug® is meant the reported value {center of glazing)
when the coaling is incorporated into 8 8mm reference 1GU on the No. 2 surface.

00421 A ‘reference laminated unll’ is defined as having two plies of 2.1 mm clear glass
connacted by a 0.78 mm inderiayer of polyvinyt butyral and with the coaling on the No. 2
surface. A reference laminated unit valus means the reporisd value when the coatling is
ncorporated info a reference laminated unit on the No. 2 surface.

00431 The term "solar control caating” refers {0 & costing comprised of one or more
layers or films that affect the soler properties of the coated articls, such as the amount of
solar radiation reflected from, absorbed by, or ransmiited through the coating,

30441  Optical and solar control performance values {a.g., visible light ransmiltance
andfor haze), unless indicated o the confrary, are those delermined using a Perkin Elmaer
1050 Spectrophotomester. Reference IGU values (both 3 mm and 8w, unless indicated to
the conirary, are determined in accordance with OPTICS (vB.0) software and WINDOW
{¥7.3.4.0) software available from Lawrence Berkeley National Laboratory, measursd center
of glazing {COG), caloulated according to NFRC 2010 (which includes NFRC 100-2010)
standard defaull setlings.

100451 U factors, unless indicated 10 the condrary, are winter/night U faclors.

00481  SHBC values, unless indicated o the confraty, are summer/day values.

IB047]  Shesiresistance values, unless indicated to the contrary, are those delermined
using & four-point probe {e.g., Nagy instruments SE-800 measursment device or Alesst four-
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point probe). Surface roughness values are those defermined using an instrument
Dimension 3100 Atomic Force Microscope.

30487 Colorvalues (g.g., L, 8% b% %, and hue®) are in accordancs with the 1978
CIELAR color system specifisd by the International Commission on Humination.

{B0481  The L7, &% and b” values in the specificetion and claims represent color canter
point values, A reference IGU {3 mm or § nwn) o reference leminaled unit incorporaling the
actar contrel coating of the invention within normal manufacturing variation should have a
AEomo color difference, refative fo the cender point value, of less than 4 CMC units {Ls.,
SEome < 4}, preferably ioss than 2 MO unils {Le., 8Eome < 2}

{8050} The discussion of the invention may describs certain festurss as being
"particularhy” or "preferably” within cerlain limitations {s.g., "preferably”, "more preferably”, or
“gven more preferably”, within cerlain limitations). I is o be undersiood that the invention is
not fimited to these particular or preferred Bmitations bt encompassss the entire scope of
the disclosurs,

i6051)  The invention comprises, consists of, or consists essentially of, the following
aspects of the invention, in any combination. Various aspects of the invention are lusirated
in separale drawing figures. However, itis fo be understond that this is simply for ease of
Hlustration and discussion, in the praclios of the invention, one or more aspects of the
invention shown in one drawing figure can be combined with one or more aspects of the
invantion shown in one or more of the other drawing figures.

[B082]  The invention will be discussed with referance {0 an architectural fransparency. By
“arehifectursl ransperency” is meant any fransparency located on a building, such as a
window, IGU, or a sky light. However, i is {0 be understood that the invention is not limited
e use with architectural transparsncies but could be practiced with ransparencies in any
desired field, such as laminated or non-laminaled residentisl sndfor commaercial windows,
andéor transparencies for land, air, space, above water and/or underwater vehicles.
Therefore, # is to be undersiood that the specifically disclosed exemples are presented
simply to sxplain the general concepts of the invention, and that the invention is not limited
o these speciiic examples. Additionally, while a typical “fransparency” can have sufficient
visible light transmission such that materials can be viewed through the transparsnay, in the
practice of the invention, the “transparency” need not be transparent {o visible light but may
be fransiucent,

B053] A coated ariicle 10 incomporating features of the invention is Hlusirated in Figs. 1
and 2. The coated article 10 includes a substrale or first ply 12 having a first major surface
14 and an opposed sscond major surfacs 18

(0541 A solar control costing 30 of the invention is located over al least one of the major
surfaces 14, 18 of the first ply 12. [n the examplas shown in Figs. 1 and 2, the solar conirol
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coating 30 s located over at least a portion of the second major surface 18 of the first ply 12.
As shown in Fig. 1, the solar control coating 30 comprises a first phase adiustment laver 40,
A first metal functionad laver 48 s localed over the first phase adjiustment layer 40, An
optional first primer laver 48 can be incated over the first metal functional layver 48. A second
phass adiusiment layer 50 is located over the optiona! first primer lsyer 48, ¥ present. &
second meatyl functions! layver 58 is located ovar the second phase adjustment layer 30, An
optional sscond primer leyer 80 oan be located over the second mela! functionsl layer 58, A
third phase adiusiment layer 82 is located over the oplionsl second primer layer 80, i
prasent. A third melsl functional layer 70 is located over the third phase adiustment layver
82, An oplional third primer laver 72 can be localed over e third metal functionat laver 70,
A tourth phase adiusiment laver 88 is loeated over the optional third primer laver 72,
presernt. An optional prolective layer 92 ¢an be locatsd over the fourth phase adiusiment
layvar 86, Al lsast one of the metal functionad lavers 48, 88, 70 comprises a metal functional
rudti-film layer comprising (i) a! least one infrered reflective fitm and (i) st least one
absorptive film.

[GUSS]  The first ply 12 can be ransparent or translucent to visible radiation. By
“transparent” s meant having visible radiation transmittance of greater than 0% up 1o 100%.
Alternatively, the ply can be trgnsiucent. By “ranslucent” is meant diffusing visible radiation
such that obiscls on the side opposite a viewsr gre not clearly visible. Examples of suitable
materiale include, but are not limited to, plastic substrates (such as acrvlic polymers, such as
polvacrylaies; polvaliyimethacrviates, such as polymethyimsthaoryiales,
polvathyimethacrylates, polypropyimethacrviates, and the lke; polvurethanses;
polycarbonates; polyalkyiterephithalates, such as polysthyisneterephthalate (PET),
polypropylenaterephthalaies, polybutviensterephthalates, snd the lke; polysiioxans-
containing polymers; or copolymers of any monomers for preparing these, o any mbdures
thereof); ceramic subsirales; glass subsirates; or mixtures or combinations of any of the
above. For example, the ply can comprise conventional soda-iime-silicate glass, borosilicate
glass, or leaded glass. The glass can be clear glass. By "clear glass” is meant non-dinted or
non-colored glass. Allematively, the glass can be tinted or otherwise colored glass. The
glase can be noncheat-realed or heal-ireated glass. The glass can be of any type, such as
conventional float glass, and can be of any composition having any optical properties, e.g.,
any vaiue of visible radiation ransmiltance, ultraviciet radistion ransmiliance, infrared
radigtion ransmittance, and/or total solar ensrgy ransmitiance. By “loat glass” s meant
glass formed by a conventional final process in which molten glass is deposited onio 8
molten metal bath and controliably cooled to form a floal glass ribbon.

IBOSEY  The first ply 12 can be dear float glass or can be tinted or colored glass. The first
ply 12 san be of any desired dimensions, e.g., length, width, shape, or thickness, Examples
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of giass that can be used for the practice of the invention include clear glass, Starphire®,
Solargreen®, Solexira®, GL-208, GL-35™, Solarbronze®, Solargray® glass, Paclfica®
glass, SolarBlue® glass, and Optiblue® glass, all commercially available from PSS
industries ine. of Pitlsburgh, Pennsyivania,

{0887 Thes phase adiustment layers 40, 58, 82, 88 comprise nonmeisdlic lavers. For
axampls, the phase sdjusiment layers 40, 50, 82, 86 comprise dielsciric or semiconductor
materiale. For exampls, the phase adiustment lavers 40, B0, 82, 86 can comprise oxides,
pitrides, oxynitrides, borides, carbides, oxyoarbides, borocarbides, boronitrides,
sarbonitrides, andfor miztures, combinationg, blends, or alioys thereofl. Examples of suitsble
materials for the phase adjustment lavers 40, 50, 82, 88 includs oxides, nilrides, or
coynitrides of tlanium, hafnium, zirconium, niobium, zing, bismudh, lead, indium, tin, silicon,
atuminum, boron, and midures, combinations, blends, or allovs thereo!. These can have
small amounts of other materials, Examples nclude mangansse in bismuth oxide, tin in
indium oxide, ste. Additionally, middss of metal alfoys or matal mixtures can be used.
Examples include oxides confaining zinc and tn {e.q., zing stannate)}, oxides of indium-tin
alloys, silicon nitrides, siicon sluminum nitrides, or sluminum nitrides. Further, doped metal
oxiches, suboxides, nilrides, subnifrides, or oxynilrides can be used., Examples include
antimony or indium doped tin oxides or nicksd or boron doped silicon oxides. Particular
axampies of materials include zinc oxides, fin oxides, sHicon nitrides, sllicon-aluminum
nitrides, silicon-nicke! nitrides, slificon-chromivm nitrides, antimony dopad tin oxide, tin doped
zing oxide, aluminum doped zinc oxide, indium doped zine oxide, titenium oxide, andfor
mixiuras, combinations, blends, or alloys thereof.

{0088] Ons or more of the phase adjusiment layers 40, 80, 82, 88 can comprise a single
matarial, Allernatively, one or more of the phase sdiustment layers 40, 80, 82, 88 can
comprise multipls malerials andfor multiple films. The phass adiustment lavers 40, 50, 82,
86 can comprize a siratified ssquence of films of chamically distinet materials or phasss
andior may comprise ong or more composites of ons or more chemically distingt malerials or
phases. The different phese adjustment layvers 40, 50, 82, 88 can comprise the same or
different materiale. The phase adiustment lavers 40, 50, 82, 88 can have the sames or
different thicknesses.

(60331 The phase adiustment lavers 40, 80, 82, 88 sllow adjusiment of the constructive
and desfructive oplical interferencs of electromagnetic radistion parlially reflecied from,
andfor partislly transmited by, the varicus interfacs boundaries of the layers of the solar
control costing 30, Varying ths thicknesses and/or compositions of the phase adjustmsnt
fayers 40, 80, 82, 88 can changs the overall refleclance, ransmitiance, andfor absorptance
of the solar contred coating 30, which can alter the solar control performance, thermal
infrared insulating performance, color, andfor aesthetics of the solar control coating 30.
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Additionally, the phase adiusiment layers 40, 84, 82, 88 can provide chamical andior
meachanical protection for other lavers of the solar control coating 30, such as the metal
functional layers.

{H0807  Whers high visible ight ransmiltancs s desired, the phase adjusimant layers 40,
5, 82, B8 can acl as antreflective layers to anfireflect the metal funclional layvers to reduce
the overall visible light reflactance andior increase the visible light transmiliance of the solar
control coaling 30, Materials having refractive indices around 2 are particularly useful for
antirsfischion of melal functiona! layers.

00841 One or more phase adiustment lavers can be located batween the ply 12 and the
lowermost metlal functional lsyer. One or more phase adjiustment layers can be locsted
betweean the uppermost medal funclional laver and the amblent environment, 2.g., air.

(B082T In the Hlustraled exemplary coating 34, the first phase adjustment layver 40 is
eated over at least a portion of the second malor surface 18 of the first ply 12, The first
phase adiusiment laver 40 can be 3 single laver or can comprise one of mora Hims of
artireflective materials andfor dielecinic malerisls desoribed above. The first phase
adiustment layer 40 can be rengparent 1o visible ight. Thae first phass adiustment layer 40
iy of may not axhibit minimal absorption in one or more regions of the electromagnstic
spectrum, for example, visible light.

[3083] The first phase adiustment layer 40 can comprise any of the phese adjustment
materials described above. For example, the first phase adjustment layer 40 can comprise a
metal axide, a mixiure of metal oxides, or a metal alloy txide. For sxample, the first phase
adjustiment laver 40 can comprise doped or non-doped oxides of zine and tin.

f0884] The first phase adjustment layer 40 can have an optical thickness in the rangs of
43 o to 100 nm. For example, an opticat thickness in the range of 50 nm o 80 nm. For
exarnple, an optical thickness in the ranges of 70 nm o 80 nm. For exampls, an optical
thickness in the range of 75 nm 1o 78 nm.

f0088]  The first phase adjustment laver 40 can have & geometric thickness in the rangs of
20 nm o 80 . For exampde, a geometric thickness in the rangs of 28 nm to 48 nm. For
example, a geomelric thickness in the range of 35 run {o 40 nm.  For example, a geomelric
thickness in the range of 37 nm io 38 nm.

(00881 As shown in Fig. 2, the first phase adjusiment layer 40 can comprise a multi-film
struciure having @ first film 42 and @ second film 44, The second film 44 can be located over
the first filrm 42,

FOO8Y]  The first film 42 can comprise, for example, an odde of a metal alloy or a miklure
of metal oxides. For exampls, the first film 42 can be an oxide of an slioy of zinc and tin, By
“an alloy of zinc and tin” is meant both true alloys and also midures. The oxide of an alloy of
zine and tin can be that oblained from magnetron sputtering vacuum deposition (MSVD)
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from a cathode of zine and fin. The cathode can comprise zine and tin In proportions of §
wi % 10 88 wi% zinc and 85 wi% fo 5 wi% fin, such as 10wt % 1o 80 wi% zinc and 80
wi% 1o 10 wi% tin. However, other ralics of Zine o iin could slso be used. An exemplary
axide of a metal aliny for the fret film 42 can be writlen as ZneBSn Gy (Formuda 1) where
‘¥ varies in the range of greater than 0 to less than 1. For instance, *x’ can be greater than
O and can be any fraction or decimal greater than 0 and less than 1. The sloichiomedric form
of Formula 1 Is "ZreSm3s”, commonly referred {0 85 2ing stannate. A #inc stannats layer can
be sputier deposited from a cathode having 52 wi% zing and 48 wi. % tin in the presence of
gxygen. For sxamphe, the first film 42 can comprise zine stannals.

fG088] A doped zing oxide can be deposited from g zing cathode that includes another
rraterial to improve the sputlering charscteristios of the cathode. For example, the zine
cathode can includs s small amountoftinfeg., up o 10 wli%, suchss up o Swl%i o
improve spulering. In which case, the resultant zine oide fim would include 2 small
percentage of tn oxide, 2.g., up o 10 W% fin oxide, e.g., up 1o § wi % tin oxide. Examplss
of the other materials include slumingm, ndium, and combingtions theveo!, Preferably, the
other material comprises Hn, A tin doped zine oxide materisl deposiled from a cathode
comprising 80 wi% zine and 10 wl% tin, in the presence of oxygen, is referred o herein as
£ni3 8010,

0089 The second film 44 can comprise 8 melal oxide, 3 doped matal oxide, or an axide
mixiurs. The second film 44 can comprise a metsl oxide or a dopad mstal oxids. For
axample, the second film 44 can comprise zinc oxide or doped zine oxide. For sxampls, the
seoond fim 44 can comprise Hn doped zine oxide. For eample, the second film 44 gan
compriss £nld SO0,

00787 The first film 42 can have an oplical thickness in the range of 30 nmto 70 nm. For
sxample, an optical thickness in the rangs of 40 nim to 80 nm. For exampls, an optical
thickness in the range of 44 nm o 54 . For exampls, an oplical thickness in the rangs of
48 o o B2

0711 The frst §im 42 can have a geometric thickness in the rangs of 15 nm to 38 nm.
For example, 8 geometric thickness in the range of 20 nm 1o 30 nim. For example, a
geomelric thickness in the range of 22 nm I 27 o, For example, 8 geomelric thickness in
the range of 24 nm 0 25 nm.

{00741  The szcond film 44 can have an oplical thickness in the range of 10 rm fo 40 nm.
For example, an optical thickness in the range of 18 nm to 38 nm. For example, an oplical
thickness in the range of 20 nm o 30 nm. For exampls, an optical thickness in the rangs of
28 non 1o 28 nm.

(G873} The sscond film 44 can have & geometric thickness In the rangs of 5 nm to 20 nm.

For exampls, 8 geomedric thickness in the rangs of 8 nm o 18 nm. For exampls, a
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geomatric thickness in the rangs of 10 nm to 15 nm. For axample, 8 geametrie thickness in
the range of 13 nm o 14 nm.

{80741 The metal funcliona! layers 48, 88, T can be single fiims. For example, the metal
functional layers 48, 88, 70 can each compriss a continuous metal film. By "continuoug”
metal flm is meant an unbroken or non-disconnectad film, such a3 3 homogensous Tilm,
BE7E] O, one or mors of the metal funcliona! lyers 48, 58, 70 can be a2 melal funclional
multi-film layer. By "metal functional multi-film layer” is meant & layer comprising (i) at least
one infrarad reflective film and {ii} at least one absorptive film. The infrared reflective fiim
can have reflectivity in the solar infrared andfor thermal infrared portions of the
slectromagnetic spectrum. The absorplive film can exhibit enhanced absorplivity none or
more portions of the slectromagnetic spectrum. For example, snhanced absorplivity in the
visible radistion ragion andior the infrared radiation region and/or the ulfraviolst radiation
ragion of the slecromagnetic spectrum.

[0078] A metsl functional mult-film layer can comprise an absorptive film over an infrared
refiective fim. The sbsorplive film can be in direct contact with an overlying oplional primer
layar.

G877 A metal functional mult-fils lsver can comprise an infrared reflective film over an
absorptive film. The absorptive film can be in direct contact with the underlving phase
adjustment layer,

00781 A metal functional mulii-film layver can compriss an infrared reflactive film located
batween two absorptive films. The upper absorptive film can be in direct contact with an
gvarlying optional primer layer. Thes lower absorplive film can bs in direct conlact with the
underiyving phase adjustment layer. Optionally, & primer layer can be localed belween the
lower absorplive film and the underving phase adjustment layer,

[GO78] Examples of infrared reflective films Includs continuous matal films. Examples of
infrarsd reflective metals useful for the infrared reflsctive films include nolile or near nobis
metals. Examples of such metals include sitver, gold, platinum, palladium, csmium, iridium,
rhodium, ruthenium, copper, mergury, rhenium, aluminum, and combinations, mixtures,
blends, or alloys thereof, For example, one or more of the metal functional films can
comprise & continuous metallic sibver film.

(6880 Examples of absorplive materials for the absorplive film include metals, such as
gold, silver, copper, nicksl, palladium, platinum, tungsten, rhodium, iridium, tantalum, ron,
{in, sluminum, lead, zing, chromium, molybdenum, nioblum, coball, manganese, Hitanium,
silicon, chromium, and combinations, mixtures, blends, or alioys thereof. For example, ane
or more of the absomptive films can compriss coppsar. One or more of the absorptive fiims

can comprise alloys or super alloys of two or more of the above materials. For example,
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alloys of nicked, chromium, or nicke! and chromium, For sxample, hconsf® 840, nconel®
817, Inconel® 825, Inconel® 890, andfor inconel® 718

[Be81]  The first madal functional laver 48 can comprizse a melal functional multidiim layer
as described above,

{00821  Allermatively, the first metal funcliona! layer 48 can comprise a single infrared
reflective il comprising any of the above infrared reflective metals. For sxample, the first
metal functional laver 48 can comprise a continuous film of metaliic siver.

[B883] The first metsl funclionsl layer 48 can have a geometlric thickness inths range of 5
ran o 28 nm. For sxample, 2 geomsiric thickness inthe range of 7 rim 1o 20 nm. For
gxample, a geometric thickness in the rangs of 10 nm o 18 nm. For exampls, 2 geomelric
thickness in the rangs of 115 nm o 12.5 nm.

66841  Oplional primer layers 48, 80, 72 can be located in direct contact with the
associated underlying metal funcional layvers. The primer lavers 48, 80, 72 protect the
asscoiated metal funclionsl layvers during the coating process and/or subsequsnt processing,
such as thermal tempering. The primer material is deposited as a metal, During subsegquent
processing, such as the deposifion of the overlving phase adiustment layer andfor thermal
tempering, some or all of the mstal primer exddizes. When oxids or nitrids materials ars
used in the phase adiustment layers, the primer layers 48, 80, 72 can comprise oxophillic or
nitrophillic materials, respectively. The primer layers 48, 80, 72 need not be all the same
material. The primer lavers 48, 80, 72 nead not be of the same thicknsss.

{08851 Examples of materials useful for the primer lavers 48, 80, 72 include tHanium,
riobium, twngsten, nicksl, chromium, ron, antalum, zirconium, aluminum, sillcon, indium, B,
Zine, molybdenum, hafnium, bismuth, vanadium, manganess, and combinations, mixiures,
blends, or alloys thersof,

{6088] The optional first primer laver 48 can be locatsd over the first metlal funclional laver
48. The first primer layer 48 can be & single film or a multiple il layer. The first primer
layer 48 can comprise any of the primer msterisls described above. For example, the first
primer layer 48 can comprise fHanium, For sxampls, the firgt primer layer 48 can be
deposited ss fitsnium metal,

FG087]  The first primer layer 48 can have a geometrie thickness or sffective thickness in
the range of 0.5 nm 10 10 nm. For exampls, in the range of 1 nm o 8 nm. For examples, in
the range of 1.8 nm o 2.5 nm. For sxample, 2 nim,

[6088]  The second phase adiustment layer 50 is located over the first metal functional
lavar, such as over the optional first primer laver 48, ¥ present. The second phase
adiustment layer B0 can comprise one or more of the phase adjustment materials andfor

fitms described above for the phase adjustment layers.
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fOBEET  The second phase adiustmaent layer B0 can have an oplical thickness in the rangs
of 80 nm o 200 nm. For example, an optical thickness in the range of 100 nm to 180 nm.
For example, an optical thickness in the renge of 130 nm o 140 nm.  For exampls, an
optical thickness in the range of 138 nm to 138 nm.

f60887 The second phase adiustment iayer 50 can have & geometric thickness in the
range of 40 nm {o 100 nm. For sxample, a geomstrio thicknass in the range of 50 nm i 80
am. For example, 8 geometric thickness In the range of 85 nm to 70 rwn. For exampls, a
geomelric thickness in the range of 88 nm o 88 nm.

081 The ssoond phase adiusiment laver 50 can be 2 single ilm o & mulli-film
structure, For example, the second phase adiustment laver 50 can include a firstfilm 582, 8
second film 54, and a third film 56

(80821  The first film 52 andior the third film 58 can comprise a metal oxide or 8 dopsd
metal oxide. For example, the first film 82 and/or the third film 58 can comprise zinge oxide or
doped zing oxide. For example, the first film 52 andfor the third film 58 can compriss tin
doped zine oxide. For example, the first film 52 and/or the third film 58 can compriss £nG
90/10,

(G083 The second film 54 can comprizse an oxide of a3 melsd slloy. For example, an oxide
comprising zine and tin. For example, the second film 54 can comprise zine stannats.
{00841  The first film 52 {and/or the third film 58} can have an optical thickness in the rangs
of 10 nm o 40 nm. For example, an oplical thicknass in the rangs of 18 nm o 38 nm. For
exampla, an oplical thickness in the rangs of 20 nm fo 35 nm.  For exampls, an oplical
thickness in the range of 28 nm {0 30 nm.  The first film 82 and the third film 58 can comprise
the same or different materiale and can be of the same or different thickness.

30851 The first fim 52 {andfor third film 58} can have a geomelric thickness in the range
of 5 nm o 20 nm. For sxample, a geomesiric thickness in the range of 8 nm o 18 nm. For
example, 8 geomelric thickness in the rangs of 10 nm o 18 nm.  For exampls, a geometric
thickness in the range of 14 nm i 18 nm.

G098 The second film 54 can have an oplical thickness in the rangs of 50 v to 100 nm.
For exampla, an oplical thickness in the rangs of 70 nm 1o 80 nm. For exampls, an aplical
thickness in the range of 78 nm {o 80 nm.  For example, an oplical thickness in the range of
T8 rn o 78 nim,

{60877 The second film 54 can have a geometric thickness in the range of 25 nm o 80
. For example, a geomebie thickness In the range of 38 nm 1o 45 nm. For example, &
geometric thickness in the rangs of 38 nm 0 42 nm. For example, a geomelric thicknsess in
the rangs of 38 nm {o 40 nm.

(G088 The second metal funclionsa! layer 58 is located over the seoond phase adjusimerd

layer 50, The second metal functional laver 58 can be a singls film comprising an infrared
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raflective film 87, Allematively, the second metsl funclional layer 58 can somprise a mudt-
filmn layer. In the axample Hlusirated in Fig. 2, the second metal functionad layver 58 is a metal
funcliona! mult-Him layer comprising the infrarsd reflective film 57 and an absorplive film 58,
The absorplive film 59 can be Ipealed over or under the infrarad reflective film 87,
Preferably, the absorptive film 58 s located over the infrared reflective film 57,

G081 The infrared refloctive film 57 comprises any of the infrared reflactive malerials
described sbove. For exampla, a continuous matal film. For example, a continuous silver
film,

9010087  The infrared reflective film 57 can have 8 geomelic thickness in the rangs of §
mwm to 25 ., For sxample, a geomsirio thickness In the range of 7 nmio 20 nm. For
gxample, 8 geomelric thickness in the rangs of 10 nim to 18 nm. For example, a geometric
thickness i the range of 158 nm io 18 nm.

G011 The absorplive film £8 can include any of the absorplive materials desoribad
above, Forexample, the shsorptive il 58 can comprise an alloy of nicksl and chromium,
For example, the absorptive film 59 can comprise Inconel® 800, Inconal® 817, Inconal® 6285,
Incong!® 890, andior Inconel® 718, For example, the absorptive film 59 can comprise
inoonel® 800,

[304902]  The absorplive film 58 can havs an sffective thickness inthe range of O nm o 2
. For sxample, an effeciive thickness in the rangs of 0.1 nmiio 1.5 nm. For example, an
effective thickness in the rangs of .25 nm io 1 nm. For exampls, an effective thickness in
the rangs of 0.5 nim to 8.75 nm.

jo0103] The oplional second primer laver 80 can be lonsted over the sscond metal
functional layer 88. The second primer layer 80 can include of any of the primsy msterials
and can be any of the thicknesses described above with respect fo the oplional first primer
layer 48, For exampls, the second primer 80 can comprise Gtanium.

fE0184]  The second primer layer 80 can have a geomedric thickness or effective thickness
in the rangs of 0.5 nm o 10 nm. For sxample, a geometrio thickness or effective thickness
in the range of 1 nm o & nm. For sxample, a geomselric thickness or effective thickness in
the range of 1.5 om t0 2.8 nin. For sxample, a geometric thickness or effective thickness in
the range of 2 nm to 2.25 nm.

FOO408]  The thind phase adjustment layer 82 is located over the second mstal functional
laver 88, such as over tha optional second primer layer 80, i present. The third phase
adiustment layer 82 can include any of the phase adjustment materisls andfor films as
discussed above with respect {o the first and sscond phase adjustment layers 40, 0. For
axampls, the third phase adiustment layer 82 can be a multhfilm structure. For example, the
third phase adiusiment layer 82 can include & first flim 64, 3 second film 88, and a third film
88,
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O8] The third phase adivstment layer 82 can have an opticad thickness in tha range of
&G ron to 200 nm. For example, an optical thickness in the rangs of 120 nm {o 1803 nm. For
exgmple, an optical thickness in the range of 180 nm to 170 nm. For exampis, an oplical
thickness in the rangs of 158 nm to 158 nm.

(B0907]  The third phase adjustment layer 82 can have s geometric thickness in the rangs
of 48 nm o 100 nm. For example, 2 geometric thickness in the rangs of 80 im to 80 nm.
For example, 8 geomelric thickness in the range of 75 rim o 83 nm.  For example, 3
geomelric thickness in the rangs of 78 nm (o 80 nm.

[B6168]  The first film 64 and/or third film 88 can comprise a metal oxdde or 8 dopad metal
oxide. For exampie, zine oxide or doped zine oxide. For exampls, tn doped 2ing oxide, For
sxample, Znld 80/10. The second film 88 can comprise an oxide of & metal alioy. For
sxample, an oxide comprising zinc and tin. For example, zing stannele.

D008 The first film 64 (andfor third film §8) can have an optical thickness in the rangs of
1w io 40 nm. For example, an optical thickness inthe range of 18 nm 10 38 nm. For
example, an optical thickness in the rangs of 20 nm to 30 in. For sxampls, an oplical
thickness in the rangs of 28 nm o 28 nm. The fred film 84 and the third film 88 can be of the
same of different thickness.

009181 The Hrst film 84 {andfor third film 88) can have a geomstric thickness in the rangs
of & am o 20 nm. For example, a geomelric thickness inthe range of S nm to 18 nm. For
gxample, a geomelric thickness in the range of 10 nm o 18 nm. For example, 8 geometlric
thickness in the rangs of 13 nm {o 14 nm.

081441 The second film 66 can have an optical thickness In the range of 70 nm o 140
nm. For example, an optical thickness in the range of 80 nm o 120 nm. For exampls, an
optical thickness in the range of 80 nm to 110 nm. For example, an oplical thickness in the
range of 102 nm © 104 nm.

0112} The seoond film 68 can have 8 geomelric thickness in the rangs of 35 nm o 70
nm. For example, a geomelric thickness in the rangs of 40 nim 10 60 nm. For sxample, a
geomeftric thickness in the range of 48 nm {0 85 nm. For example, a geometric thickness in
the range of 51 nm o 82 nm.

[08113] The third metal functional layer 70 can be 3 single film or a mulli-film structure. In
the example Hustrated in Fig. 2, the third metal funclional layer 70 is & melal functional multi-
film layer comprising an absorptive film 71 and an infrared reflective film 73, The metal
functional multi-iilm layer of the third metal functional layer 70 can have any of the film
orientations described above for the second melal functional layver 58, The absorplive film
71 can be looaled over or under the infrared reflective film 73, Tha aheorptive film 71 can be

located under the infrared reflective film 73,
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(001141 The abeorplive film 71 can include any of the sbsorptive materials desoribed
above. For example, the absorptive film 71 can be a medallic film. For example, the
absorptive film 71 can comprise gold, siiver, copper, nickel, ron, tn, sluminum, lead, zing,
chromium, and combinations thereof, For example, copper.

(001457 The absorplive film 71 can have a physical or effsctive thickness in the range ¢f 4
nm o 10 nm. For example, in the rangs of 2.5 nm o 4.8 nm. For sxample, inthe range of 3
nm {o 4 nm. For eeample, inthe range of 3.8 nm o 375 nm.

B8]  The infrared refleciive film 73 can be a continuous metal film. For example, g
cortinucus metalic film. For sxample, a metslic sitver film,

f00417] The infrarsd reflective Bim 73 can have a geomeirie thickness in the range of 8
ran to 30 . For example, a8 geometric thickness in the range of 10 i o 258 nm. For
exampls, 2 geometdric thickness in the range of 18 nm o 20 nm. For example, 3 geomelrio
thickness in the rangs of 18 nm &0 18 nm,

[O0118] The optional third primesr laver 72 can include any of the primer materials
described above, For exampie, the third primer layer 72 can comprise Hanium,

(O0H18] The third primer layer 72 can have a geometric thickness or sifective thickness in
the rangs of 0.5 nm to 10 nm. For example, in the rengs of 1 nm io § nm. For example, in
the range of 1.5 nm o 2.8 nm. For example, in the range of 2 nm 0 2.3 nm.

01201 The fourth phase adiustment layer 88 can comprise one or more of the phasea
adjustment materials and/or films discusssd above with respect to the first, second, or third
phase adjustment layers 40, 50, B2

(884217 The fourth phase adiustment laver 86 can have an optical thicknass in the range
of 30 nm fo 100 nm. For example, an oplical thickness in the range of 40 nm {o 80 . For
sxampie, an oplical thickness in the range of B0 nm 1o 70 nm. For example, an opticsl
thickness in the range of 58 nm o 88 nm.

[B0122]  The fourth phase adiustment layver 88 can have a geometric thickness in the
rangs of 15 nm to 50 nm. For exampls, a geometric thickness in the range of 20 nmto 40
nm. For example, a geometric thickness in the range of 28 rim 1o 38 nm. For example, &
geometric thickness in the range of 28 nm o 30 nm.

{00423] The fourth phase adjustment layer 88 can comprise a first film 88 and a2 second
film 80.

{00424] The first film 88 can comprise a matal oxide or a dopsd metal oxide. For
gxample, zinc oxide or doped zine oxide. For example, tin doped zing oxdide. For sxample,
£niG 8010, The second film 80 can comprise an wmdde of g metal alloy. For example, an
oxide comprising zine and fin. For axample, zine stannsts.

B0128]  The first film 88 can have an optical thickness in the rangs of 4 nm o 40 nm. For
agxample, an oplical thickness in the range of 10 nm f0 30 nm. For sxample, an oplical
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thickness In the range of 14 nm o 22 nm. For example, an optical thicknass in the range of
18 nm io 18 nm,

{08128] The first film 88 can have a geometric thicknass in the range of 2 i to 20 nm.
For sxample, g geomesiric thickness in the range of 5 nm o 18 . For exampls, g
geometric thickness In the rangs of 7 nm o 11 i, For exampls, 8 geomstric thicknass in
the range of 8 nm o 10 nm.

001271 The second film 80 can have an oplical thickness in the rangs of 10 nm o 80 nm.
For example, an optical thickness in the rangs of 20 nm {0 80 nm. For ecmmple, an optical
thickness in the range of 30 nm o 80 nm. For exampls, an optics! thickness in the range of
4% rn o 45 nm.

304281  The second film 80 can have s geometric thickness in the range of 5 im0 40
e, For sxample, 2 geometric thickness in the range of 10 nm o 30 nm. For example, 2
geomelric thickness in the range of 15 nm 1o 28 nm. For exampls, a geomelric thickness in
the range of 20 nmto 22 nm,

001281 The optionsl proteciive layer 82 can be the termingl laver of the solar controd
coating 30, The optional protactive laver 82 can comprise ans or mors nonmetallic
materials, such as thoss described above with regerd 1o the phase adjustment layers.
Altarnatively, the prolsctive laver 32 can compiise a metal material  The optional protective
laver B2 can provide chemical andfor mechanical protection o the underlying coating layers.
The optional prolective laver 92 can provide phase adjusiment andfor absorplion. The
profective laver 82 can be a single Blm or have a multi-filim struclure.

0138] In addition to or inslead of the terminal oplional profective laver 82, one or more
cthar optional protective lavers 92 can be locaetad within the solar control costing 30, For
axample, between wo or more of the phase adjustment layers.

{60131 The optionsl protective laver 82 can includs, for exampls, & metal oxide or melgl
nitride material. For example, the protective laver 82 can commrise an exide of ttanium, for
sxample Hlanium dicxide {L.e., litania),

{60132] The oplional profective fayer 82 can have an optical thickness in the range of 1
am o 30 nm. For example, an optical thickness in the range of 2 nm o 20 nm. For
exampls, an oplical thickness in the rangs of 4 nm o 14 nm. For example, an optical
thickness in the range of 10 nm o 12 nm.

0331 The optional profective laver 82 can have a gsomstris thickness or effective
thickness in the range of 0.8 i {o 18 nim. For sxample, inthe range of 1 am o 10 nm. For
gxample, in the rangs of 2 nm o 7 nm. For example, in the range of S o & nm.

f60134] The solar control coating 30 can be a nor-heat-treated coating.

f00138] The lavers andfor films of the solar control costing 38 can be formed by any

conventionsl method. Examples of such methods include sonventional chemical vapor
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deposition {CVD) andior physieal vapor deposition (PVD) methods, Examples of CVD
processes include spray pyrolvsis. Examples of FVD processes includs elactron beam
svaporation and vacuum spultering, such as magnstron spuller vapor deposition (MSVDL
Other coating mathods could also be used, such as, but not imited to, solge! deposition,
Ona or more lavers or films can be formead by one msthod and one or more other lavers or
films can be formed by a different method, For example, the coaling 30 can be formed by
MEVDL

DO138]  Fig. 3 shows the oosted article 10 of Figs. 1 and $ incomorsted infe an ingulating
glass undt {IGU) 100, The first major surface 14 (No. 1 surface) faces the building exterior,
Le., is an ouler major surface, and the second major surfacs 16 (No. 2 surface) faces the
interior of the building. The insulating glass unit 100 includes & second ply 118 having an
autwardly facing major surfase 120 {No. 3 surface) and an inwardly facing major surface 122
{Mo. 4 surface). This numbsering of the ply surfaces Is in keeping with conventional practics
in the fenesiration art.

[00437]  The second ply 118 is spaced Trom the first ply 12. The first and second plies 12,
118 can be connecled fogether in any sulfable marner, such as by being adhesively bonded
to & conventional spacer frame 124, A gap or chamber 126 is Tormed belween the two pliss
12, 118, The chamber 128 can be flled with & selacied gimosphers, such as gas, for
sxampls, air or & nonreactive gas such as argon or krypion gas. In the Hustrated sxample,
the solar contred coating 30 located on the No. 2 surface 18, Howsver, the solar contrdl
coating 30 could be located on any of the other surfaces. For sxample, the solar contrnl
coating 30 could be located on the No. 8 surface 120, For examples, the solar control coating
30 could be located on the No. 1 swiface 14 or the No. 4 surface 122,

{B0138] The sscond ply 118 can be of any of the malenals described sbove for the first
ply 12, The second ply 118 can be the same as the first ply 12 or the second ply 118 can be
different than the first ply 12. The first and second plies 12, 118 can sach be, for sxample,
clear float glass or can be tinted or colored glass or ons ply 12, 118 can be olsar glass and
the other ply 12, 118 colored glass.

IB013%] Fig. 4 shows the costed article 10 incorporated into g leminated unit 130, The
laminated unil 130 ncludes ihe first ply 12 and the second ply 118 connscled by a polymeric
interlayer 132. The solar conirol coating 30 is shown on the No. 2 surface 18, Mowsver, as
with the IGU 100 described above, the solar conirol coating 30 could be on any of the
surfaces 14, 18, 120, or 122.

FG01401  The solar conlrol coating 30 provides 8 3 mm reference 1GU SHECO of not greater
than 0.3, For example, not greater than §.28. For sxample, not greater than (.28, For
exampie, not greater than 0.27. For example, not greater than .28, For sxample, not
gresier than 0.25. For sxample, not greater than 0.24.
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004411 The solar control coating 30 provides a 3 mm reference IGBU BHGC in the range
G020 03 Forexample, intherange of D20 028 suchas 0.2 0 0.28, suwchas 8.2 fo
024, such as 0.21 1o 0.25. Forexampls, in the range of 0,22 1o 8.235,

(001427 The solar control costing 30 provides a 3 mm reference 1GU visible light
transmiftance of not greator then 70%. For exemple, not greater than 85%. For sxampls,
not greater than 60%. For sxampls, not greater than 87%. For example, nof grealer than
BE%. For example, in the range of 40% o 85%. For example, in the range of 50% o 55%.
For sxample, in the rangs of 51% o 54.5%.

004431 The solar control coaling 30 provides 8 3 mim reference HBU visible light exterior
reflectance of not greater than 25%. For example, not greater than 20%. For axample, not
greaier than 158%. For emmple, not greater than 14%. For socample, in the range of 10% 1o
18%. For example, in the range of 12% to 13.5%.

H0H44]  The solar controd costing 30 provides a 3 mm reference IGU visible light interior
reflsciance of not grester than 25%. For axampls, not greater than 223%. For exampls, not
graater than 20%. For example, in the rangs of 18% fo 22%. For example, in the range of
18% to 20%.

604451  The solar controf coating 30 provides a 3 mm reference 1GU LBG ratio of al lsast
1.8, For exampls, at lsast 1.85. For axample, atieast 1.8, For example, al least 2. For
gxampls, inthe range of 1.6 0 2.5, For example, intherange of 2.1 10 2.4, For ssamiple, In
the range of 2.2 to 2.37.

FOO148] The solar control coating 30 provides & 3 mm reference IGU ransmifted L in the
range of 74 {o 80. Forexample inthe range of 7510 78, Forexampleinthe range of 78.5 {0
78.5.

G8147]  The solar conirol coating 30 provides & 3 mm reference IGU ansmitied 8™ in the
range of -8 {0 -3, For example in the range of -85 fo -4, Foremmplsin the rangs of 4.2 {0
-4 25,

001481  The solar control coating 30 provides a 3 mm refersnce IGU ransmitted b in the
range of 0o 8, Foreampleintherange of 1108, Forexampleintherange of 2810 4.8,
(001487  The solar control coating 30 provides a 3 mim reference 16U sxierdor reflected L
in the range of 30 to 50, For example in the rangs of 35 {o 48. For exampls in the range of
41,8 10 43.2.

IBG150] The solar conirol coating 30 provides & 3 mm reference IGU exterior reflected a”
in the range of -4 f0 0. For example in the range of -3 to -1, For example in the range of -
27t -1.8

(6015847 The solar control coating 30 provides a 3 mm referencs [GU exterior reflected b*
in the range of -7 to 0. For exampls in the rangs of -8 i -1, For exampls in the rangs of
58041
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IB0Y82]  The solar control coating 30 provides & 3 mim referance IGU interior reflected U
in the range of 38 0 85, For example in the rangs of 40 0 82, For sxample in the range of
48 10 52

fO0153]  The solar contrel coating 30 provides 8 3 mm reference 1GU inferior reflecied 87
i the range of -8 10 0. For axampls in the rangs of 8.2 10 -1, For example in the range of -
58in-4.8

[00154]  The solar control coating 30 provides & 3 mm reference 16U interior reflacted b
in the range of -5 10 §. For example in the range of -4 fo -1, For example in the range of -
3& -2

015581 The solar control coaling 30 provides a shee! resistancs of less than 10 ohms per
squars (Vo). For example, less than 5 O/o. For sxample, less than 2 /o, For example,
lsss than 1 {/n. For example, in the range of greater than 0 o 1.5, For example, in the
rangs of gregterthan 0to 1.

FOO188]  The solar control coating 30 can have an emissivily in the rangs of 0.02 10 0.04,
For example, In the rangs of 0.023 1o 0.037.

f0487]  The solar confrol coating 30 provides 3 3 mm references GU Winter/night U
factor in the range of (1.8 fo 3 Walt par square meler Kelvin {(Wim2-K). For example, in the
range of 1 to 2.5 Wim2-K. For exampls, ntherange of 1.8 {0 1.7 Wim2-¥. For sxample, in
the range of 1.8 1o 187 Wimz-K.

{66158 The solar control coating 30 provides 8 3 mm reference IGU Summerfday U
factor in the range of 1.4 f0 1.8 Wim2-K. For sxample, in the range of 1.82 o 1.57 Wima-K.
(881881 The solar control coating 30 provides a reference laminated unit transmitted L™ in
the rangs of 85 to 85, For exampls, in the range of 72 1o 80, For sxample, in the range of
510 77

[884188] The solar condrol costing 30 provides a reference laminated unit transmitied a” in
the range of 2 1o -8. For example, in the range of 1 o -4, For example, in the range of -0.5
o -2.58.

[88184] The solar control coating 30 provides a reference laminated unif ransmitted b¥ in
the range of 2 o 8. For exampls, in the range of 3 t0 7.5, For sxample, in the range of 4.8
fo 6.5,

[B0482F The solar control coating 30 grovides a reference laminated unit reflected
{saderiorn) L* in the range of 40 to B5. For sxample, in the range of 44 {0 80, For example, in
the rangs of 45.5 {p 47.5.

[8G9483]  The solar control coating 30 provides a reference laminated unit reflecied
{extericr} 8* In the range of -6 {0 <18, For example, in the rangs of -8 0 18, For scample, in

the range of 10 to -12,
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601841 The solar condrol coating 30 provides a reference laminated unit reflscted
{exterior) b in the range of B lo -B. For example, in the range of -2 1o -8, For exampls, in
the range of -3 {o -8

[BO485]  The solar control coating 30 provides a reference laminated unit reflectad
{interior) L in the rangs of 45 {o 85, For example, in the range of 8010 60, For example, in
the rangs of 54.5 to B85,

[B8488]  The solar controd costing 30 provides a reference laminated unit reflected
{interior; 8% in the range of -8 0 -18. For sxample, in the range of -8 to -14. For example, in
the range of ~10 10 -12,

[QGI87]  The solar control coating 30 provides a referance laminated unit reflacted
{interior) b" in the rangs of -3.8 fo -10. For sxample, inthe range of 480 -85, For

sxample, nthe renge of 5.5 10 7.5

EXAMPLES
[BG488] Table 1 shows sxemplary coatings of the invention. The reported thicknessss are
geomelric thicknesses in nanomesters {nm}. 28 means zine stennate deposited from &
cathode having 852 wi.% 2ing and 48 wi.% tin in the pressnce of oxygen. 720 means tin
doped zine oxide deposited from a cathode with 10wl % tin and 80 wi% zinc inthe
prasence of oxvgen (Le., Zn BI/MD). Ag means siiver. TiOx means g titlanium primer layer
deposited as a metal and oxidized during processing. INC msans Incone!® 800, Cu means
metallic copper. TiO: means an oxide of tanium, for example titanium dioxide (fitania).
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comprising an infrared reflective film 57; and o third metal funclional layer 70 comprising 8
matal functional muld-film layer comprising (i} ot least one infrared reflective film 73 and (i)
at lsast ons absorptive film 71 comprising copper.

74 Clause 3 The solar control coating 30 of clause 2, whersin the first metal
funotional iayer 48 comprises s continuous metaliic fim, preforably sihar,

P78} Clause 40 The solar conirel coating 30 of clauses 2 or 3, wherein the infrared
reflective film 57 of the second metsl functional layer 58 comprises a8 continuous metaliic
film, proferably silver.

Ho178]  Clause & The solar control coating 30 of any of causes 2 o 4, wherein the
second metal functional layer 58 comprises a metsl funclional multi-flim layer comprising ()
the infrared reflective film 57 and (i} 2! least one absorptive film 58, preferably comprising an
alloy of nicks! and chromium,.

Be1T7E  Clause 8 The solar control costing 30 of clause 5, whersin the sbeorptive @ilm
58 of the second matal unctional laver 58 is located over the infrared reflective film 57 of the
second metal funclional layer 53

00178} Clause 71 The solar control coating 30 of any of clauses 2 1o 8, wherein the st
ipast one infrared reflective film 73 of the third metal functional layer 70 comprises a
continuous metallic film, preferably silver.

00178]  Clause 8. Tha solar confrol coating 30 of any of clauses 2 fo 7, wherein the at
isast one infrared reflective film 73 of the third mestal functional layer 70 is located over the at
Isast one absorplive film 71 of the third metal funclional laver 70.

(001807 Clause & The solar control coating 30 of any of clauses 2 0 8, comprising = first
phase adiustment layer 40 having an oplical thickness in the range of 40 nrn to 100 ni,
wherain the first metal functional layer 48 is located over the first phese adiustment layer 40;
ssoond phase adjustmernt layer 50 having an optical thickness in the range of 80 nm {o 200
nm, wharein the second metal functional layer 88 is located over the second phase
adiustment layer 50; 8 third phass adjustment layer 62 having an optical thickness in the
range of 80 nm {o 200 nm, wherein the thind metal functional layer 70 located over the third
phase adjustment layer 82; a fourth phase adiustment layer 88 having an oplics! thicknsess in
the range of 30 nm to 100 nm loeated over the thind metal functional laver 70, and &
protective layer 82 having optical thickness In the range of 1 nm o 30 nm bbealed over the
fourth phase adjustment layer 88,

00181] Clause 10 The solar condrol coating 30 of clause 1, comprising a first phase
adjustment laysr 40 having an optical thickness in the range of 40 nm o 100 am, preferably
an oplical thickness in the range of 50 nm {o B0 nm, more preferably an optical thickness in
the range of 70 nm to 80 nm; a first metal functional layer 46 located over the first phase
adjustment layer 40, whearein the first metal funclional layver 48 comprises 8 continuous
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mietallic film, preferably sifver; a first primer laver 48 locsted over the first metal funclionst
layer 48; & second phase adiustmant layer 80 located over the optional first primer layer 48,
whersiy the sscond phase adiusiment layer 80 has an optical thickness in the range of 80
nm io 200 nm, preferably an oplical thickness in the range of 100 nm o 180 nm, more
preferably an optical th}ckness in the rangs of 138 nm {o 140 nm 8 second metal funcliongl
fayer 58 located over the second phase adjustment layer 50, wherein the second metsl
funclional layer 58 comprises g metal funclional multi-ilm layer comprising {1 an infrared
roflsctive fiim 57 and {#) at least one sbsorptive film 89, preferably comprising an afloy of
nicksl and chromivr & second primer fayer 80 located over the second mstal funclional
lmyar 58; g third phase adjustment layer 82 localed over the optional second primer layer 80,
wharain the third phase adjiustment laver 82 has an optical thicknsss in the rangs of 80 nm
i 200 nm, preferably an optical thickness in the range of 120 nm to 180 nm, more preferably
gy opticy! thickness in the rangs of 180 nm 1o 170 nmy; g third mets! funclional layer 70
incated over the third phase adjusiment layer 82, wherein the third metal functional layer 70
comprises & metal funciional multi-film layer comprising {1} at lsast one infrared reflective fim
T3 and {if) ot least one absorptive 8im 71 comprising copper; a third primer layer 72 located
over the third medal funclional laver T0; a fourth phase adiustment laver 86 located over the
optionsd third primer layer 72, wherein the fourth phase adjustment laver 86 has an oplicg
thickness in the rangs of 30 rim 1o 100 rm, preferably an oplical thickness in the range of 40
nm o 80 nm, more praferably an optical thickness inthe range of 80 nm o 7O nm; and &
protective layer 82 located over the fourth phase sdiustment layer 88, wharein the protective
eyer 82 has an optical thickness in the range of 1 nm 1© 30 nm, preferably an optical
thickness in the range of 2 nm o 20 nm, morg preferably an optical thickness in the rangs of
4 nm o 14 nm.

[8gi82] Clause 11: The solar control coaling 30 of clause 1, comprising & first phase
adiustment laver 40; & first metal funciional layer 48 located over the first phase adjustmant
favar 40; oplionally, s first primer layer 48 located over the first metal functional laver 48, a
seoond phase adiusiment layer 80 located over the optional first primer layer 48; a second
metal funclional layer 58 located over the second phase adiustment layer 50; optionally,
sacond primsr fayer 80 located over the second metal funclional layer 88; a third phase
adiustment layer 62 located over the optionsl second primsr layer 80; a third metal funclionsl
layer 70 located over the third phase adjustment layer 82; oplionally, a third primer layer 72
iocaled over the third metal funclional layver 70; a fourth phase adjustment layer 88 located
over the optional third primer laver 72; and optionally, a protective layer 82 located over the
fourth phass adjustrment laver 88, whersin st Isast one of the metal functiona! layers 48, 88,
70 comprises a metal functiona! multi-film laver comprising (i) st least one Infrared reflective

film and (i) af lzast one absorptive film.
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O8] Clause 12 The solar controf coatling 30 of clause 11, whersin the phass
adiustment layers 40, 80, 82, 86 comprise disleciric or semiconductor malsrials.

00184 Clause 13 The solar conirgd coating 30 of clausss 11 or 12, whersln the phase
adivsiment layers 40, B0, 82, 88 comprise oxides, nilrides, oxynitrides, borides, carbides,
oxycarbides, borocarbides, boronitrides, carbonitrides, andfor miktures, combinations,
blends, or alloys thereof.

fo0488]  Clause 14 The solar control coating 30 of any of clauses 11 to 13, whersin the
phsse adiustment lavers 40, 80, 82, 88 comprise oddes, nitrides, or oonitrides of Hlanium,
hafnium, zirconium, niobiurm, zing, bismuth, lead, indium, tin, silioon, gluminum, boren, and
midures, combingtions, blends, or alloys thereof.

(B0188]  Clause 15 The solar confrol coating 30 of any of dlauses 11 o 14, wharsin the
first phase adiustment layer 40 comprises oxides of zinc andfor Hin.

IB0187]  Clause 18: The solar control coating 30 of any of claims 11 lo 18, wherein the first
phase adiusiment layer 40 has an optics! thickness in the range of 40 om o 100 nm,
prefarably an oplical thickness in the range of 50 nm to 80 nm, mors preferably an oplical
thickness in the range of 70 rm o 80 nim.

001881 Clauss 17: The solar confrol coating 30 of any of olauses 11 to 16, whersin the
first phase adjustment layer 40 has a geomelric thickness in the rangs of 20 nm to 850G nm,
preferabdy a geometric thickness in the rangs of 25 nm 1o 45 rim, more preferably a
geometic thickness In the range of 35 nm o 40 i,

(001881 Clause 18 The solar control coating 30 of any of dauses 11 1o 17, wherein the
first phase sdiustment layer 40 comprises a first film 42 and a second fim 44,

009807 Clauss 18 The solar control coating 30 of clause 18, wherain the first film 42
comprises an omdds of a metal alioy, preferably zine stannate.

[00184] Clauss 20: The solar control coating 30 of clauses 18 or 18, whersin the sesond
fitm 44 comprises a metal oxide or g doped metal oxdde, preferably 8 doped zine oxide, more
preferably fin doped zinc oxide.

01821 Clause 21 The solar control coating 30 of any of dauses 18 to 20, wherein the
first film 42 has an optical thickness in the range of 30 nm o 70 nm, preferably an optical
thickness in the range of 40 nm 0 80 nm, more preferably an oplical thickness in the rangs
of 44 nm {0 B4 nm.

[00183]  Clause 22 The solar control coating 30 of any of clauses 18 o 21, wherain the
firat film 42 has a geomeiric thickness in the range of 18 nm to 35 nm, praferably a
geometric thickness in the range of 20 nm to 30 nm, more preferably a gsomelric thickness
iy the range of 22 nm o 27 nm.

Be184] Clause 33 The solar control coating 30 of any of claims 18 1o 32, wherain the
second film 44 has an opticsl thickness in the range of 10 nm o 40 nm, preferably an optical
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thickness in the range of 18 nm o 38 nmy, mors preferably an oplical thicknass in the range
of 20 nm fo 30 am.

o088l Clause 24 The solar condrol coating 30 of any of clauses 18 {o 23, whersin the
second film 44 has a geometric thickness in the range of 5 nm to 20 nm, profersbly a
geometric thickness in the rangs of & nm o 18 nmy, more preferably a geometric tickness in
the range of 10 nm o 15 nm.

001881 Clause 25 The solar control coating 30 of any of clauses 11 10 24, whersin the al
least one infrared reflechive layer 87, 73 comprises a condinuous melal film.

01897 Clause 28: The solar conirol coating 30 of any of clauses 11 fo 25, wherein the at
least one infrarsd reflsctive film 57, 73 comprizes at least ona of siiver, gold, platinum,
paliadium, osmium, ridivm, rhodium, ruthenium, copper, meroury, rhenium, aluminum, and
mblures, combinations, blends, or slloys thereof, preferably siiver.

fegi88l  Clause 27 The scigr controf cogting 30 of any of clauses 11 1o 26, wherein the at
isast one absorplive film 58, 71 comprises at lsast one of gold, siiver, copper, nickel,
palladium, platinum, tungsten, rhodium, irdium, tantalum, ron, tn, aluminum, lead, zineg,
chromium, molybdenum, niobium, coball, mangansese, titanium, silicon, chromium, and
mixtures, combinations, blends, or alloys thereof.

{00188]  Clause 28: The solar coniro! coating 38 of any of clauses 11 o 27, whereln the
first metal funclional layer 46 comprises a single film having a geometric thickness in the
range of 5 nm o 28 nm, preferably 8 geometric thickness in the rangs of ¥ nm to 20 nm,
maore preferably a geometric thickness in the rangs of 10 nm o 15 nm,

(00200 Clause 28 The solar confrol coating 30 of any of clauses 11 {o 28, whersin the
optional primer layers 48, 80, 72 comprise a malerial sslected from the group consisting of
titanium, niobium, tungsten, nicksl, chromium, iron, tantalum, zirconium, aluminum, silicon,
indium, tin, zine, molybdenum, hafnium, bismuth, vanadium, mangansss, and mixiures,
combinations, blends, or alloys thereof, preferably {anium.

[80201] Clause 30 The solar control coating 30 of any of clausss 11 to 28, wherein the
optional first primer laver 48 has a geometric thickness or effective thickness in the range of
£.5 nm o 10 nm, preferably in the range of 1 nm fo § nm, more prefergbly inthe rangs of 1.5
nm i 2.5 nm.

FOO203  Clause 31: The solar controd coating 30 of any of clauses 11 {o 30, wherein the
second phase adjustrment laver 80 has an optical thickness in the rangs of 80 nm fo 200 nm,
praferably an opticel thickness in the range of 100 nm to 180 nm, more preferably an optical
thickness in the range of 130 nm o 140 nm.

FO0203]  Clause 32 The solar control costing 38 of any of clauses 11 {0 31, wherein the
second phase adjustment layer 50 has s geometrio thickness in the range of 40 am to 100
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nm, praferably & geomelnc thickness in the rangs of 50 rim 1o 80 nim, more preferably a
geomeatric thickness in the range of 88 nm o 70 nm.

[00204]  Clause 33 The solar control coating 30 of any of clausas 11 {o 32, whersin the
second phase adiustment lsver 80 comprises o first filrm 42, 3 second film 54, and a third film
&8,

fon265] Clouse 34: The solar control coating 3C of clause 33, wherein the first film &2
andfor the third 8im 58 comprises & metal wdde or a doped melal oxide, preferably gine
axide or doped zinc oxide, more preferably in doped 2ine oxide,

002087 Clause 38 The solar conbrol coating 30 of clauses 33 or 34, wharein the second
film 54 comprises an oxide of 3 melal alloy, preferably zine stannate,

0267 Clause 36 The solar contred coating 30 of any of clauses 33 {o 38, whersin the
first fitm 52 and/or the third fiim 58 has an optical thickness in the rangs of 10 nm o 40 nm,
preferably an optical thickness In the range of 18 nm lo 38 nm, more preferably an oplical
thickness in the range of 20 nm o 38 nm.

e208] Clause 37 The solar control coating 30 of any of clauses 33 o 38, wherein the
firs? filn 52 andfor third film 58 has g geomelric thickness i the range of § mm {0 20 nm,
preferably 2 geomeiric thickness in the rangs of 8 nm o 18 rn, mors preferably g geometric
thicknass in the rangs of 10 nm o 18 nim.

[06208] Clause 38: The solar condrol coating 30 of any of clauses 33 {o 37, whersin the
seoond film 54 has an optics] thickness in the range of 50 nm {o 100 nm, preferably an
optical thickness in the range of 70 nim 1o 80 rim, more preferably an optical thickness in the
range of 78 nm o 80 nm.

[00218]  Clause 38: The solar control coating 30 of any of clauses 33 to 38, wherein the
second fiim 54 has g geomelric thickness in the range of 28 nm o §0 nm, welerably a
geometric thickness in the range of 35 nm 10 48 nim, more preferably a geometrie thicknass
in tha rangs of 38 nm {0 42 nm,

062141  Clause 40; The solar condre! coating 30 of any of clausses 11 fo 38, wherein the
second mets! functiona! layer 58 comprises a metal funclional multi-film layer comprising an
infrared reflective fim 57, preferably siiver, and an absorptive film 58.

[002123]  Clause 41. The solar contro! coating 30 of clausse 40, wherein the infrared
reflective fim 87 has 2 geometric thickness in the range of 5 nim to 25 nm, preferably a
geometric thickness in the range of 7 nm to 20 nm, more preferably 8 geometric thickness in
the range of 10 m io 18 nm.

002131 Clause 42: The solar contral coating 30 of clauses 40 or 41, wherein the
absorptive film 58 comprises an slloy comprising nicksl, chromium, or both nicke! and

ehromium.
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[00214] Clause 43: The solar control coatling 30 of any of clauses 40 to 42, whersin the
absorplive film 59 has a geometric thickness in the range of § nim o 2 nmy, preferably a
geometric thickness In the range of .1 nm o 1.8 nm, more preforably a geomelric thickness
ntherange of 028 nm o 1 nm

IN034E]  Clauss 44 The solar control coating 30 of any of clauses 11 10 43, wherein the
optional sscond primer laver 80 has a geomsire thickness or effective thickness in the range
of 0.8 nm o 10 nm, preferably 8 geometric thickness in the range of 1 nm to § nm, more
preferably & geomedric thickness inthe range of 1.8 nm {0 2.8 nm.

[002187  Clause 45: The solar control coating 30 of any of clauses 11 io 44, whersin the
third phase adiustment layer 62 has an optical thickness in the range of 90 nm o 200 nm,
preferably an oplical thickness in the range of 120 nm o 180 nm, more preferably an optical
thickness in the range of 150 nm o 170 nm.

082177 Clause 46 The solar control coating 30 of any of clauses 11 1o 45, wherein the
third phase adjusiment layer 82 has a geomelnic thickasss In the range of 45 nm fo 100 nmy,
praferabiy a geometric thickness in the range of 80 nim o 80 nim, more preferably a
geometric thickness in the range of 75 nm o 88 nm.

60218 Clause 47 The solar control coating 30 of any of clauses 11 (o 48, wherein the
third phass adiustment layer 62 comprises a first fiim 84, 3 second film 88, and a third film
68,

(603481  Clause 48: The solar controd coating 30 of clause 47, wherein the first film 84
and/or the third film 88 compriss 3 metal oxide or a doped mestsl oxide, preferably zine oxide
or doped zine oxide, mors preferably tin doped 2ing oxide.

(002207 Clsuse 48 The solar conbrod costing 38 of clauses 47 or 48, whersin the second
film 66 comprises an oxide of a matal slloy, preferably zinc stannate.

(G022t Clause 800 The solar control coating 30 of any of clausas 47 to 48, wherein the
first film 84 andfor third filrn 88 has an optical thickness in the rangs of 10 nm t© 40 nm,
prefarably an optical thickness In the range of 18 nm {o 38 nm, mors preferably an optical
thickness in the rangs of 20 nim o 38 nm.

{00222} Clause 51 The solar contral coatling 30 of any of clauses 47 o 50, wherein the
first film 84 andfor third 8im 88 has g geometric thickness in the range of 5 nm o 20 nim,
preforably a geometric thicknass in the rangs of 8 nm to 18 nm, more preferably a8 geometric
thickness in the range of 10 nm o 158 nm.

[86223F Clause 50: The solar control coating 30 of any of clauses 47 to 48, wharein the
secend film 86 has an optical thickness in the range of 70 nm to 140 nm, prefarably an
optical thickness in the range of 80 nm to 120 am, more preferably an optical thickness In

the range of 80 nm fo 110 nm.
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002341 Clause 81 The solar control costing 30 of any of clausss 47 to 50, wherein the
saoond film 88 has g geomeiric thickness in the rangse of 38 nm to 70 nm, preferably a
geomelric thickness in the rangs of 40 nm to 80 nm, more preferably a geometric thickness
in the range of 45 nm o 85 nm.

[08325F  Clause 52 The solar condrol coaling 30 of any of olauses 11 {6 51, whersin the
third metal funclional layer 70 comprises an absorptive film 71 and an infrared reflective film
fo8228]  Clauss 83 The solar control coating 30 of clause B2, wherein the infrared
reflactive film 73 comprises a melaliic silver film.

002271 Clause 54 The solar condrol coating 30 of clauses 82 or 83, wherein the infrared
reflective film 73 has a geomstlric thickness in the rangs of 8§ rm 0 30 nm, preferably a
geomsetric thickness in the range of 10 nm {0 25 nm, more preferably & geomeilric thickness
in the rangs of 15 nm 1 20 nm.

(802381  Clause 55 The solar control coating 30 of any of clauses 52 o 54, whersin the
absorptive film 71 comprises a metallic material, preferably copper.

(002281 Clause 88 The solar contrdd coating 30 of any of clausses 82 to 58, wherein the
absorplive film 71 has g physical or effective thickness in the range of 1 nim o 10 nm,
praferably In the range of 2.5 nm to 4.8 nm, more preferably in the rangs of 3 nm o 4 nm.
002307 Clsuse 57: The solar confrol coating 30 of any of clauses 11 {o 88, whersin the
optional thind primer layer 72 has 8 geomelric thickness or effective thickness in the range of
0.5 nm o 10 nm, preferably in the range of 1 nm to 5 nm, more preferably inthe range of 1.5
am io 2.5 nm.

{00231]  Clause 88: The solar control coating 30 of sny of dauses 11 lo 57, whersin the
fourth phase adjustment layer 88 has an optical thickness in the range of 30 nm 1o 100 nm,
preferably an optical thickness in the rangs of 40 nim to 80 nm, mors preferably an optical
thickness in the range of 50 nm to 70 .

(0062321 Clause 89 The solar control coating 30 of any of clauses 11 o 58, whersin the
fourth phase adiusiment layer 80 has a geomeiric thickness in the range of 15 nm o 50 nm,
preferably & geometric thickness in the range of 20 nm o 40 nm, more preferably a
geometlric thickness in the range of 25 nim to 38 nm.

f00233] Clause 80 The solar conrol coating 30 of any of clauses 11 io 58, wherein the
fourth phase adjiustment laver 88 comprises a first film 88 and s second film 80.

{60234] Clause 81 The solar conirol coating 30 of clause 80, whersin the first film 88
comprises a melal oxide or doped metal oxide, preferably Zine oxide or doped zine oxids,
more preferably tin doped zine oxide.

00238]  Clause 62 The solar control coating 30 of clauses 80 or 81, wharein the second

film 90 comprises an oxide of a8 metal alloy, preferably zine slannate.
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HO2MG]  Clause 83 The solar control coating 30 of any of clauses 80 to 82, wharain the
first filrm 88 has an optical thickness in the range of 4 nm 1o 40 rwn, preferably an optical
thickness in the rangs of 10 nm to 30 nm, more preferably an optical thickness in the range
of 14 nm o 22 nm.

02371 Clause 84 The solar conlrol coating 30 of any of clauses 80 o 63, wharein the
tirst film 88 has a geometric thickness in the rangs of 2 rim 10 20 nm, praferably a geometric
thickness in the range of § nm o 18 nm, more preferably a geomstnic thickness in the range
of 7 nm o 11 .

(603381 Clause 85 The solar sontrof coating 30 of any of clauses 80 to 84, whersin the
second film 80 has an oplica! thickness in the rangs of 10 nm {0 80 nm, preferably an optical
thickness in the range of 20 i 1o 80 nim, more preferably an oplical thickness in the range
of 30 rim o 50 nim.

[00238] Clauss 88: The solar control coating 30 of any of clauses 80 to 85, whersin the
second film B0 has 8 geomelric thickness in the rangs of 5 nm o 40 nm, preferably &
geometnc thickness in the range of 10 rm to 30 nm, more preferably a geomatric thickness
in the range of 18 nm e 28 nm.

602401 Clause 87 The solar control coating 30 of any of clauses 11 {o 86, wharein the
optional profective leyer 82 comprises an oxide of tHanium, for example ttanium dicxdde.
{80241] Ciauss 88! The solar control coating 30 of any of olauses 11 0 87, whersin the
protective layer 82 has an opticsl thickness in the range of 1 nm to 30 nm, preferably an
oplical thickness In the range of 2 nm & 20 nm, more preferably an optical thickness in the
rangs of 4 nm 1o 14 nm.

002427  Clause 89: The solar control coating 30 of any of clauses 11 to 88, wherein the
protective layer 82 has a geometric thickness in the range of 0.5 nm 1o 18 nm, preferably a
geometric thickness in the range of 1 nm to 10 nm, mors preferably 8 geometric thickness in
therangs of 2 nm o 7 nm.

292431 Clauss 70, The solar controf coating 30 of any of cdauses 1 to 88, wherein the
solar control coating 30 provides a 3 mm refersnce 1GU SHGO of not greater than 0.3,
preferably not greater than 0.27, more preferably not greater than §.25.

802441 Clause 71: The solar control coating 30 of any of clauses 1 o 78, whersin the
solar control coating 30 provides a 3 mm reference KoU 8HGC in the range of 0.21 {o 0.25,
preferably in the range of 0.22 {o 0235

(002487 Clause 72: The solar control coating 30 of any of clauses 1 to 71, wherein the
solar control coating 30 provides a2 3 mm reference IGU visible light transmittance in the
range of 40% to 88%, preferably in the range of 50% o 55%, more preferably in the rangs of
51% 1o 54.8%.
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(002487 Clause 73 The solar control coating 30 of any of clauses 1o 72, wharein the
sodar control coating 30 provides a 3 mim reference IGU visible light exterior reflectance in
he rangs of 10% to 15%, preferably in the range of 12% 1o 13.5%.

(08347  Clauss 74 The solar control cogling 30 of any of clauses 1 o 73, wharein the
solar confrol coating 30 provides a 3 mn referancs 1GU visible light interdor reflectance in the
rangs of 18% to 22%, preferably iy the range of 18% fo 20%.

{00248] Clsuse 78: The solar control coating 30 of any of clauses 1 to 74, wharsin the
solar control ooating 30 provides a 3 mm reference IGU LEG rafio in the range of 1.8 10 2.5,
preferably in the range of 2.1 {0 2.4, more preferably iy the rangs of 2.2 t0 2,37,

002481 Clause 78 The solar conirol coating 30 of any of clauses 1 {0 75, whersin the
solar control coating 30 provides a 3 mm reference IGU transmilted LY inths range of 74 {0
80, preferably in the range of 78 & 78, more preferably in the range of 78.5 1o 78.5.

(0025861 Clauss 77 The solar controd coating 30 of any of clauses 1 o 78, wherein the
solar control coating 30 provides a 3 mm reference IGU transmitled & in the rangs of -8 1o -
3, preferably in the rangs of -5.5 to ~4, more preferably in the rangs of -8.2 10 4.25.

882817  Clause 78 The solar control coating 30 of any of clauses 1 o 77, wherein the
solar controed coating 30 provides a 3 mm reference IGU ransmitted b inthe range of B io §,
preferably in the rangs of 1 lo B, muore preferably in the range of 2.8 o 4.8,

(0623521 Clauss T8 The solar control coating 30 of any of clauses 1 to 78, wherein the
solar control coating 30 provides a 3 wim reference 1GU exterlor refiected L¥ in the rangs of
3¢ to 50, preferably in the range of 35 1o 48, more preferably in the range of 41.8 0 43.2.
[0025%

{60254] Clause 80: The solar condrol coating 30 of any of clauses 1 o 78, whersin the
solar contral coating 30 provides 8 3 mm reference IGU axterior reflecied 2% in the range of »
4 {0 @, preferably in the rangs of -3 {0 -1, mors preferably in the range of -2.7 o -1.8.
00285 Clausse 81 The solar conirol coating 30 of any of clauses 1 to 80, wherein the
solar control coating 30 provides a 3 mm refsrence 10U exterior reflected b” in the range of -
7 to O, preferably in the range of -8 {o -1, more prafersbly in the range of 5.8 v 4.1,
[00288] Clause 82: The solar control coating 30 of any of clauses 1 o 81, wherein the
solar control costing 30 provides 2 3 mm reference 1GU interior reflected LU in the range of
35 to 55, preferably in the range of 40 to 82, more preferably in the range of 48 to 52,
(00258717 Cisuse 83: The solar control coating 30 of any of clauses 1 to 82, wharein the
solar conirol coating 30 provides a 3 mm reference IGU interior reflecied 8% In the range of -
8 to 0, prefersbly in the range of -8.2 (o -1, more preferably in the rangs of -5.8 to 4.8,
(002887 Clauss 84: The solar control coating 30 of any of dauses 1 to 83, whersin the
solar control coating 30 provides g 3 mm refersnos e interior reflected b° In the range of -

& {0 O, preferably in the range of -4 {0 ~1, more preferably in the rangs of -3.5 0 2.
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08288 Clauss 88 The solar controf coating 30 of any of clauses 1 1o 84, wherain the
solar controf coating 30 provides a sheet resistance of less than 10 ohms per square (¥,
praferably less than 2 Mo, mors preferably less than 1 (o,

IR0 Clausse 88 The solar contral coating 30 of any of clauses 1 to 85, whersin the
solar control coating 20 has an emissivity in the range of 0.02 to .04, preferably in the range
of $5.023 o 0.037.

[ae28t]  Clause 87 The solar confrol coating 30 of any of clauses 1 to 88, wherein the
solar control costing 30 provides 2 3 mim reference 13U Winter U factor in the mnge of 0.8 o
3 Watl per square meter Kelvin (Wim2-K}, preferably in the rangs of 1 0 2.5 Wim2-K, more
preferably in the range of 1.5 to 1.7 Wim2-K.

{00F62] Clauss 88 The solar confrol coating 30 of any of clauses 1 to 87, whersin the
soiar confrof coating 30 provides a 3 mm reference 18U Summer U factorintherangs of 1.4
o 1.8 Wim2-K, preferably in the range of 1.82 10 1.587 Wim2-K.

[B0283] Clause 89: An insulating glass unit (IGU) 100 comprising the solar condrol coating
3G of any of clauses 1 1o 88.

{90264} Clause 80: A laminated unit 130 comprising the solar control coating 30 of any of
clauses 1 io 88

[002858]  Clause 91 A cosled article 10, comprising & subsirate and the solar control
coating 30 of any of clauses 1 o 88,

[00388] Hwill be readily appreciated by thoss skilled in the art that modifications may bea
made 1o the invention without departing from the concepts disclosed in the foregoing
description. Accordingly, the particular embodiments described in detail hersin are
Hustrative only and are not limiting o the scope of the invention, which is to be given the full
breadth of the sppended claims and any and all squivalents thereof.
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What is claimed is;

1. A solar control coating 30, comprising:

& piuralily of phase adjustment layers 40, 50, 82, 86; and

& piuralily of mela! funclional layers 48, 58, 70,

whersin 2t lsast one melal functional layer 48, 58, 70 comprises g metal
functional multi-ilm laver comprising () ot loast one infrared reflective 8im and (N &t

isast ong absorptive film comprising copper.

L The sclar control costing 30 of claim 1, comprising

a first metsl functional layer 48 comprising an infrared reflective film;

a second metal funclional layer 58 comprising an infrared reflactive film 57;
angd

a third metal functional layer 70 comprising the metal funclional multi-film
layer comprising {1} af least one infrared reflective film 73 and (i) st least one

absorptive film 71 comprising copper.

3. The solar control coating 30 of daim 2, wherein the Tirst metal funclional layer

46 comprises a8 confinuous metallic filim, preferably silver.

4, The solar control coating 30 of claims 2 or 3, whersin the infrared reflectiva
film 57 of the sscond metal funclional layer 58 comprises a continuous metallic Hlm,
preferably sitver.

&. The solar control coating 30 of any of claims 2 © 4, wherein the sscond metal
funclional layer 58 comprises a metal funclional multi-film laver comprising (i) the
infrared reflective film 57 and (i} al least one absorptive film 58, preferably
comprising an alloy of nickel and chromium,

&. The solar conirel coating 30 of claim 5, whaerein the ahsorptive film 58 of the
second metal functional layer 58 is located over the infrared reflective film 57 of the
second matal funclional layer 58,

7. The solar controd coating 30 of any of claims 2 10 §, whesin the at least one

infrared reflective film 73 of the third metal funclions! layer 70 comprises a

continuous metaliic film, preferably sibver.
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8, The solar control coating 30 of any of clalms 2 {0 7, wherein the at least one
nfrared reflective film 73 of the third metal functional layer 70 is Incated over the at

lsast ong absorplive film 71 of the third meial funcliona! layer 70

@

The sclar control coating 30 of any of claims 2 io 8, comprising:

a first phase adjustment layer 40 having an optical thiskness in the
rangs of 40 nm o 106 nm, whersin the first metal functional layer 48 is located over
the first phase adjustmsni laver 40;

& second phase adjustment laver 50 having an optlical thicknass in the
range of 8¢ nm o 200 nm, wharein the sscond mstal functional iaysr 58 is lpcated
over the second phase adjustment fayer 50;

a third phase adjustment layer 62 having an optical thickness in the
rangs of 80 i {o 200 nm, wherein the third melal functional lavsr 70 located over
the third phase adiustment layer 62;

g fourth phase adjustmant layer 88 having an optics! thickness in the
rangs of 30 nm to 100 nm localed over the third metal functions! laver 70; and
a protective layer 92 having optical thickness inthe range of 1 nm {o

30 nm located over the fourth phase adiustment layver 86,

18 The solar control coating 30 of claim 1, comprising:

a first phase adjustment layver 40 having an oplical thickness in the
range of 40 nm to 100 nm, preferably an optical thickness in the range of S0 nm o 80
nm;

a first matal functional layer 48 located over the first phase adjustment
layer 40, whersin the first metal functional layer 48 comprises a continuous metallic
filmm, preferably silven

a first primer layer 48 located over the first metal functional layer 48;

a second phase adjustment layer 50 located over the first primer layer
48, wherein the second phase adjusiment laver 50 has an opfical thickness in the
range of 80 nm o 200 nm, preferably an optlical thickness in the range of 100 nm to
160 nm;

a second metal functional layer 58 loeatsd over the sscond phase
adjustment layer 50, wherein the second meial funclional layer 58 comprises a melal
functional multi-film layer comprising (8} an infrared reflective film 87 and {ii) &l least
one absorptive film 58 comprising an alloy of nickel and chromium;

a second primsy laver 60 losatad over the second mets! funclionad

taver 58;
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a third phase adjustment laver 82 looated over the second primaey
fayer 80, whersin the third phase adiustment layer 82 has an optical thickness in the
range of 80 nm o 200 i, preferably an oplical thickness i the range of 128 mm o
180 rmy;

8 third metal funclional layer 70 iocaled over the third phase adjustment layer
82, wherein the third metal functional layer 70 comprises the metal functional multi-
film layer comprising (i} of least one infrared reflective film 73 and (i) =t least ons
absorplive film 71 comprising copper,

a third primer layer 72 bosted over the third metal functional layer 70;

a fourth phass adjustment layer 88 located over the third primer layer
72, whersin the fourth phase adjustment layer 88 has an optical thickness in the
range of 30 nm to 100 nm, preferably an optical thickness in the range of 40 nm (o 80
rum; and

a profective laver 82 located over the fourth phase adjustment layer
88, wherein the proteclive layer 92 has an optical thickness in the rangs of | nm o

33 nm, preferably an optical thickness in the range of 2 nim o 20 nm.

11, The solar control coaling 30 of any of claime 1 {o 10, wherein the solar confrol
coating 30 provides & 3 mm reference 1GU MG in the range of 0.2 10 0.3,
preferably 0.2 o 0.28.

12. The solar control coating 30 of any of claims 1 o 11, wherein the solar control
coating 30 provides a 3 mm reference 1GU LBG ratio in the range of 1.8 10 2.5,

praferably 2.1 t0 2.4,

13 An insulating glass unit (IGU} 100 comprising the coating 30 of any of claims
1o 12
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