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(57) Abréegée/Abstract:

A solar control coating (30) Includes a first phase adjustment 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 least one infrared reflective film and (ii) at least one absorptive film.
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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
¥ 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
e layers (46, 58, 70) includes a metal functional multi-tilm layer mmcluding (1) at
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A least one mfrared reflective film and (i1) at least one absorptive film.
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CROSE REFERENCE TO RELATED APFLICATHON
1000 This application ciaims prionity o United Slales Provisional Palent Applicglions
MNosg, 82(212,6685, Bled Seplember 1, 2018, and 827311 444, Tilad March 22, 2018, hoth of

which arg herein ncorporated by reference i their entirety.

BAUKGROUND OF THE INVENTION
Field of the invention
OGEE] 1 his invention relalas gensrally 1o a solar control costing having ons or mora meia
funcional multli-fim lavers compnising gt least ong infrared reflechive film and sl least one
absorptive film.
Technical Consigerations
D003 Solar control coatings block or filter selecied ranges of slectromagnetic radiation,
typicaily radiation in the infrared region andsor ultraviclst region of the sisciromagnstic
spaectrum. These solar control coalings are placed on ransparencies, such as windows, o
raducs the amount of ssiecied ranges of solar energy entering a buliding. This reduces the
neal bulldup inside the buliding.
(00041  The solar heat gain costficient {(SHGE) s 8 measure of how well the coating blocks
sotar heat. The lower the SHEGL, the more solar heat is blocked, La,, the lowsr the solar
neat buiidup nsige the hudiaing.
{0851 The light o solar gain (LSG) ratio is the ratio of the franamitiance of visibie {ight
divided by the SHGL.
{BO88T The pverall heat ranster coeflicient (U faclor) is a measure of haat loss, 8.4,
through the window. The lower the U factor, the lowsr the haat ranster through the window,
i.e., the higher the insulating level of the window,
SO07]  While solar control coatings provide good solar insuiation properties, it would be
usetul o improve the soiar control properties of these coatings. For example, it would be
usetul to decrease the SHLU and/or 10 Ncrsase he fight o solar gain (L) ralio.
(OG08Y  To decresase the SHEGU, the thicknesses of the infrared reflective melal lavers
couid De increased. However, this would also maks the solar control coaling more refiective
of visibie light., Consumers prefer ransparencies with high visible light ransmitiancse but low
visible light refisctance (both interior and axderior visible light refiectancs). Further,
ncreasing the thicknesses of the infrared reflective metal lavers incraases the sensitivity of
the solar conirol coating o random or systematic variations in the thicknasses of the fiims
making up the coaling. This can aller or adversely impact upon the performance of the

coaling or the sesihalics of the cosling. Additionally, increasing the thicknesses of the
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nrared reflective metal layers tends (0 decreass the durability of the coaling o chemical
and/or mechanical allack. Moreover, the acoessibie regions of the aestheatic/ooior space st
are most broadiy appssiing and thal can be reached using convenlional soiar controd
coatings emploving ong or more pericds of disleciric/silver/dislecinic struciures, ars
consirainad by the designs of conventions! solar contrad coatlings.

FRO0E! Thergfore, | would be desirable 0 provide a solar control coating that providss
enhancad solar conire! and/or sesthelic performancs. For exampie, i would be dasirabise {0
arovide g8 solar conbrol cogiing having 8 ow sofar heat gain ooethicient (SHGL) 1o prevent
heat buildup inside of 3 buliding. For extample, i would be desirable 1o provide g solar
control cogting having 2 high light io solagr gain rafic (L8403, A high L3G indicales goed sgiar
negt blocking while sfiowing visible Hight o pass through the coaling.  This mproves he
ratural ighting inside the buliding. For exampie, i would be desirable 1o provide a solar
control coating having commaercially desirable sesthelics andfor g larger avaliable oolor
space, For example, #would be desirabls {0 provide 3 non-heabirealsd solar conirgd

coating having one or more of the above advaniages.

SURMMARY OF THE INVENTION
00107 A solar control coating comprises a plurality of phase adiusiment layers and a
olurality of metal functional iayers. Al least oneg of the metal lunclional iayers CoOMYses 8
mstal functional mulli-im laver comprising (1) at isast one infrared reflactive film and (i) at
iast one absorplive BimM ComMprising coppsy.
1304911 The solar conirpl coaling provides 3 mm reference insuiating giass unit {3 mm
referencs IGUD values of luminous ransmittance {1 of not greatsr than 84 percent, a solar
heat gain coefficilent (SHGE) of not greater than 0.28, and a light to solar gain (L5G) ratio of
at east 1.64.
o013 The solar control cosating provides Smm reference insulating glass unit {8mm
reference 1GU) values of luminous fransmitiancs (T of not gresalier than 84 percent, 8 soiar
neat gain coeflicient (SHGO) of not grealer than §.29, and a light 1o solar gain (LoG) ratic of
ai least 1.85.
093 A coated grticle comprises & first ply having a first maior surface and an opposad
seoond major surfacse. A solar condrel eoatling s ibeated over g least one of the major
surfaces of the first ply. The solar control coaling comprises a plurality of phase adjustment
lavers and a pluraglity of metal functional layers. Al lsast one of the melal funclional layvers
comprises a metal functional mulli-lilm layer comprising {§) at least ong infrarsd refiective fiim
and {ii} at lsast one absorptive film comprising copper.
0141 The solar control coating can be a no-heat-treated solar control coating.
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SRIEF DRSURIFTION OF THE URAWINGS
G451 The invention will be described with references 1o the oliowang drawing figures
wharein iike refsrence numbers identity ks paris ihroughout
a0i8]  Fig. 1 is a side view (not 1o scale) of 3 coated arlicle having a solgr control coating
of the invention;
O Fig. 2 18 g side view {(not 1o scaie) of the cogted article of Fig. 1 Blustrating 8
multifaver structure of an sxemplary solar controf coating of ihe invention;
N8 Fig. 3 s g side view {(not 1o scaie) of the solar control cosling of Figs. T or &
incorporated into an insuiating glass unit GU} and
048] Fig. 4 is a side view {not {o scale) of the solar conirol eoating of Figs. Tor 2

incorporated into a laminated unit.

DESCRIFPTION OF THE PREFERRED EMBODIMENTS
100201 Spatial or directional terms, such as Yleft’, “right’, “inner”, “outer”, "above’, "beiow’,
and ths liks, relals to the invention as i is shown in the drawing figures. Mowever, the
nvantion can assums vanous alternative onsntalions and, aceardingly, such ierms ars nol 1o
be considered as imiting.
24l Al numbers used in the specification and claims arg {0 be undersiood as Deing
modified in all instances by the lerm "gbot”. By "about” is meant 2 range of plus oF mHNUS
ten percent of the slaled valus.
D023 Al ranges disclosed herein ancompass the beginning and ending rangs vaiues
and any and all subranges subsumed therein, The ranges disclosed hersin represend the
avarage valuss over the specifiad range.
100237 With respect o cosling lavers or films desorbed hersin, the lorm "over means
farther from the substrate {or base layer) on which the coaling layer or film under diIscUssion
is iocated. For sxample, 8 second layer located “over a first layer msans that the second
iaver is located farther from the subsiraie {or base layer) than is the first layer. The seoong
laver can be in direct confact with the first laysr. Allernatively, one or mors ¢they layers can
e located bebwean the Tirst layer and the second layer.
00241 The term “Him” means a region having a chemically distinct and/or homoganagus
composition. A Tlayer comprises one or more fiims”. A "coaling” comprisss ong or mors
‘layers’.
160251 The terms "polymer” or "polymene” include gligomers, homapolymers, copolymesrs,
and terpolymers, .g., polymers formed from two oF maore types of Monomers or polymers,
100281 The term "uliraviolst radiation” means eisciromagnstic radialion having &
wavelength in the rangs of 100 nm fo less than 380 nm. The {erms “visible radiation” or
“visible light” mean sleciromagnstic radiation having a wavelength in the range ¢of 380 nm 1o
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80 nm. The termn “infrared radiation” means slectromagnetio radiation having & waveisngth
i the range of gresier than 780 nm {0 100,000 nm.  The term “solar infrared radiafion
maans electromagnetic radiation having 8 wavslength in the rangs of 1,800 nm {p 3,080 nm.
The term “thermal nfrared ragialion” means sisciromagnetic radialion having 8 wavekengii
it ine rangs of greater than 3,000 nn 1o 100,000 nm.

Y AN documenis reterred 1o hersin arg Tincorporaiad oy referencs’ in their antirety.
G028 The farm "oplical thickness” means (he geomelric (hickness of the malerial
mullipliag by the refractive index of the malernial at a8 referencs wavelength of 580 nm. For
exampis, a maisna! having a geomelric hickness of & nim angd 8 refractive ndex ot 2 at a
referencs waveienglh of 550 nm would have an optical thickness of 10 nm.

0297 The terms "empered” or "heat-ireated” mean that the srlicls or coating undsy
disgussion has been healed 10 8 lemperature suificient 1o achisve thermal lempearing, heat
anding, and/or heal-strengthsning. 1his definttion mciudes, for sxampie, healing ne arlicls
iny an oven or furnace 8t g lempersture of at least BB, such as gt least 80070, such a3 al
east 62070, for a period of time 10 achisve thermal temperning, heat bending, andfor heat
strengthening, For example, the healing can be for a period of time in the range of 1 {0 15
ninyies, such as 1 o & minutss.

G83GE  The term "non-heagbireated” means nol tempersd or heab-lrested, or not designed
{0 b tempered or heal-frealed for final usse.

0311 The ferms "meial” and "'mstal oxide” includs sticon ang silica, respactively, a3 wel
as raditionally recognized metals and meaial oxides, even though siicon convenlionally may
not e considered g metal,

O032F By "atlsast’ s meant “grester than or sgual {67, By "nol greatsr than” is meand
“iess than or equal io”.

G033 Any reference o amounis, uniess otherwise specified, s “by weight percent”
0034 Thickness values, unless indicated 1o the contrary, are geomstric thickness values,
0035 A dopant’ s & malerial present in an amount less than 18 wi%, such as less
ihan 5 wh.%, such as iess than 4 wi %, such as isss than £ wi%. For exampis, iess than 1
wi.%. rorexample, less (han 0.0 wil%. Forexampie, less than 4.1 wills.

R038]  The ferm Tincludes” i synonymous with "comprises”.

8371 The ferm “curabie” means a maisnal capabie of pobmenzing or crossiinking. By
‘cured” is meand that the matenal s al least partly polymerizad or oross-linked, preferably
fuity polymeanzed or cross-inKead.

0038 The term “critical thickness” means a geometric thickness above which a malenal
forms a continuous, uninterruptad fayver, andg dslow which the material forms discontinuous

regions or isiands of the materal rather than a continuous layer.
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G038 The term "sffective thickness” refers {0 the theorslival geometric thickness of &
maierial deposited below s critical thickness bul al deposiiion paramelers (8.4, d8pOsHIOnN
rate, ling speed, oo} which would provids a continuous layer of the malerial al the raporiad
thickness value if it were deposiled above iis grifical thickness., For sxampls, i g malanal
deposited at a deposition ling speed of X omfsec is known 10 form & confinuous iayer Raving
a geometric thickness of 18 rn, then increasing he ling spsed fo 2X would be axpecisd
deposit a coaling having a geomelic thickness ¢f & nm. However, § & nim 1S below the
critical thickness of the material, then the deposited coating would not have g conbinuous,
uniform thickness of 5 nm but would form discontinucus or islanded struciures. This I8
referred {o herain a8 a “laver or 8 "B having an "affective thickness™ of b nm.

0407 A3 mm reference IGU is definsd as having two spaced apart 3 mm placss of
CLEAR glass separated by a gap of 0.5 inch {1.2 mm]} filled with air, with the coaling on the
Mo, 2 surface. By "3 mm referance IGU value™ is meani the reporied value {center of
alazing) when the cosling is ncorporatad into 8 3 mm refersnce IGU on the No., 2 surfacs,
604191 A "B reference GV is defined as having two spaced apart 8 mm pigces of
CLEAR glass separated by a gap of 0.5 inch {1.2 mm) filled with air, with the coating on ihe
No. 2 surface, By “Bmm reference IGU valug” is meant the reporied value {canter of glazing)
when the cosling is incorporated into 8 Smm refergnce 16U on the No. £ surface,

(00421 A 'reference laminated unit’ is definad a3 having two plies of 2.1 mm clear giass
sonnacted by a .78 mm interlaver of polwvinyd butyral and with tha coaling on the No. 2
surface, A reference laminated unit valus means the reporisd value when the coaling 8
incorporated inlo a reference laminasted unit on the No. 2 surface.

63431 The term "solar control coating” refers 10 & ooating comprissd of one or mors
iavers or films that affect the soler properties of the cosated articls, such as the amount of
solar radigtion reflecied from, absorbad by, or ransmiitsed frough he coaling.

30441 Optical and solar control performance values {e.g., visible light ransmitance
andfor haze), unless indicsted o the contrary, are those determinged using a Perkin kimear
1050 Spectrophotomester. Reference 1GU valuss (both 3 mim and 8, unless indicated (o
the confrary, are determined in sccordance with OFTICS (v8.0} software and WINDOW
{v7.3.4.0) software available from Lawrence Berksley Natlional Laboraiory, measurac centey
of glazing {COG), calculated sccording to NFRC 2010 (which includes NFROC 100-2010)
standard defaull sstlings.

Fa0451 U factors, unless indicated to the contrary, are winter/night U faclors.

0481 BHGCO values, unless indicated 1o the contrary, are summernday vailues.

G047 Shest resistance values, uniess indicatsd to the condrary, are those delermmsd
uaing o four-point probe {8.g., Nagy instruments S0-800 measurement device or Alessi four-
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DOINt probe) Suriace oughness values are thoss delarminsd using an instrument
Dinansion 3100 Atomic Force Microscope.

160487 Oolor values {(e.g., L7, &%, b% {7, and hus®) are in accordancs with the 1878

LimL AR oolor sysiam specitied by the intermnationsl Commission on Hiumination.

BUEET  The L, &% and b" values in the specification and claims represant oolor center
noint values., A referencs U {3 mim or § mm) or reference lamingied unit incorporating the
sgdar controd cosling of the invention within normal manufacturing varistion should have a
sbemo color difference, relstive i the cender poird value, of less than 4 OMC unils {is.,
Azome < 4}, prafarably less than 2 OMU unils {Le,, Akomo < 2}

BOS%]  Tne discussion of the invention may describs certain features as being
"pariicularly’ or ‘preterably’ within ceriain limitations {8.g., "preferably’”, "more preferably’, or
"gven more preferably”, within cerlain limitations). It is o be undersiood that the invention is
not imited o these particular or preferred limitations but sncompasses the entire scops of
the disciosurs,

0051 The invention comprises, consists of, or consists essentially of, the following
aspacts of the invention, in any combination. Various aspects of the invention are lusirated
iy separais drawing Higures, Howsver, iLis {0 be undersiond that this is simply for eass of
jiustration and disgussion. in the practics of the invention, ong of more aspects of the
Vention shown in ong drawing figure ¢an be combined with one or more aspecis of the
invantion shown in one of more of the olher drawing figures.

O88L]  The invention will be discussed with referance {0 an architectural transparency,. By
“architectural ransparancy’ is meant any transparency located on g buillding, such as a
wingdow, 1G4, or & sky light. However, it is 10 be understood that the invention is not limited
o use with architectural transparencias but could be practiced with ransparencies in any
desired field, such as laminaied of non-laminaled residentisl sndior commaercial windows,
andior transparencies for land, alr, space, above watler andfor undernwater vehicles.
Tharefore, { i3 10 be understood that the specificaily disclosed examples are preseniad
simply 1o explain the general concepis of the invention, and that the invention is not limited
to these speciic axampies. Addiionally, while a typical Mransparency” can have sufficient
visible light fransmission such that matsrials can be viewed through the transparsncy, in the
practice of the invention, {he "ransparency” nesd not be transparent {o visible light but may
be fransiucent,

0053] A coalsd ariicle 10 incomorating fealures of the invention is llusiraled in Figs. 1
and 2. The coated article 10 inciudas a substrate or first ply 12 having & first maior surface
14 and an oppdsed second maior surfacs 18,

{0054} A solar controt costing 30 of the invention is located over al least one of the major
surtaces 14, 18 of the first ply 12, In the examples shown in Figs. 1 and 2, the solar control
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coating 30 s located over at lsast a portion of the second major surface 18 of the first ply 12
AS shown It Fig. 1, he solar control coaling 30 comprises a st phase adiustiment laver 40,
A first matal funclionald laver 48 i locaisd over the first phase adjusiment layer 40, An
optional first primer laver 48 can be pcated over the first metal functional layer 48, A secony
phase adiustment laver 8U is kocated over the oplionat first primer lsyer 48, i present. &
second metal funclions! layer 58 is koated over the second phase adiustiment laver 50, An
gptiongl second primer lBver 80 can be beated over the seoond mets! functions! laver 58, A
third phase adiusiment laver 62 is localed over the oplionsl second primer laver 80, i
present. A third melal functional layver 70 is localed over the third phase adiustment laver
B4, An ophons thhird primer layer 72 can bs locaied over the third mets! funclions! laver 7.
A fourth phase adiusiment layer 88 is oested over the optiona! third primer laver 72,
present. An optional proiecive igyer B2 ¢an be ocated over the fourth phase adiusiment
layer 86, Al isast one of the metal funclionad layers 48, 88, 70 comprises a melal functional
muit-film layer comprising (i) &l least one infrared reflsctive film and (i) st least ons
absorplive film.

{GE58]  The first ply 14 can be transparent or transiucent o visible radiation. By
“transparent” 8 meant having visible radiation fransmittance of greater than 0% up to 100%.
Sliternalivaly, ihe ply can be ransiucent. By Mransiucent’ is meant diffusing visible radiation
auch that obiects on the side opposite a viewer are not clearly visible, Examples of suitable
matenials include, but are not limited to, plastio substrates (such as acrvilic polymers, such as
poivacryiales, polvalkyimethacryviates, such as polymsthvimsihacrviales,
poivethyimethacrylates, polypropyimethacryiates, and the like; polyurethanes;
polycarponates; polyalkyileraphihalates, such as polysthvisneterephihalate (PET)
polvpropyienstersphthalales, polvbulviensterephthalates, and the like; nolysiloxans-
coniaining polymers; or copolymers of any monomars for praparing these, or any mixiures
thereof}; ceramic subsirates; glass subsirates; or mibdures or combinations of any of the
apove. For sxample, the ply can comprise conventional soda-lime-silicate glass, borosilicals
Giass, of ieaded glass. 1he glass can be clear glass. By “clear glass” is meant non-tinted or
NON-COIored giass. Allematively, the giass can be tinted or othenwise colored glass, The
giass can be non-heal-trealed or heal-ireaied glass. The glass can be of any type, such as
conventional float glass, and can be of any composiiion having any optical properties, e.4.,
any vaiue of visibie radigtion fransmiltance, uliraviciet radiation fransmiltance, infrarsd
raciation Fansmitiances, and/or total solar snergy ranamitiance. By Moal glass” s meant
giass formead by a conventional foal process in which molten glass is deposiied onlo &
motten metal bath and controliably cooled to form a ficatl glass ribbon.

Q068 The tirst ply 12 can be clear oot glass or can be tinted or colored glass., The first
phy 12 can be of any desired dimensions, &.9., 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®,
soiargresn®, Solexira®, GL-208, GL-35™ Solarbronze®, Solargrav® glass, Pacifica®
giass, SolarBiue® glass, and Optiblue® glass, all commercially available fom PG
cusings ing. of Pillsburgh, Pennsylvania.

1G37] The phase adjustment layers 40, 58, 82, 88 comprise nonmsisdic layers., For
axampis, the phase sdisiment layers 40, 50, 62, 8¢ comprise dielaciric or semiconductor
mateniais. For example, the phase adiustimant layers 440, 80, 82, 86 can compwise oxides,
ritricies, oxynitrides, borides, carbides, oxyearbides, borocarbides, boronitrides,
sarbonitrides, andfor mixtures, combinations, bands, or glioys thereof, Examples of suitgble
miaterals for ihe phase adjustment lavers 40, 50, 82, 88 include oxides, nifrides, or
cvriindes of Ganium, nafrum, Zirconiurm, niobium, zine, bismuth, lead, indium, tin, siicon,
aiuminum, boron, and midures, combinations, blends, or sliovs thereof. These can have
small amounts of other malerials, Exampiss include manganese in bismuth oxide, tin in
ncium oxide, ete, Additionally, oxides of metal alioys or matal mixtures can be used.
Examples includs oxides comntaining zine and tin {&.g., zinc stennate), oxides of indium-tin
alioye, silicon nitndes, silicon aluminum nitrides, or sluminum nitrides.  Further, doped melal
axides, suboxides, nilrides, subnifridss, or oxynitrides can be used. Examples include
Snumony or ndium doped n oxides of nicksd o boron doped silicon oxides, Particular
axampies of matenals includs zinc oxides, in oxides, silicon nitridas, sticon-aluminum
nitrides, sificon-nicke! nitrides, sillicon-chromium nitfides, antimony dopsad tin oxide, #in dopsd
Zine oxide, siuminum doped ZINc oxids, indium dopead zine oxide, Hitlanium oxide, and/or
mixiures, combinations, ends, or allovs thereof,

SBSET Une or more of the phase adjusiment Igyers 40, 50, 82, 88 can comprise & single
matarial, Allernatively, one or more of ihe phase adiustment lavers 48, 80, 82, 88 can
comprise mullipie materials andfor muiltipls films. The phass adiustment lavers 44, 50, 82,
GG can comprise 8 siralified sequence of fiims of chemically distinct materials or phasses
BRGIOr may compriss ong or mors composites of one of more chemically distinet materials or
ORases. [ ne difterent phase adiusiment lavers 40, B0, 82, 88 can comprise the same or
ditterent materisls. The phass adjustment lavers 40, 50, 82, 88 can have the sama or
different thicknesseas,

G088 The phase adiustment layers 40, 80, 82, 88 sllow adiusimant of the sonstructive
and dsstructive oplical interfersnces of slectiromagneatic radistion partially reflected from,
and/or partislly transmiliad by, the varicus interface boundaries of the lavers of the solar
control costing 30, Varying hs ihicknesses and/or composilions of {he phase adjustmsnt
avars 40, B4, 82, 88 can changs the overall refleciance, ransmitlancs, andfor abagrptance
of the solar contral coating 30, which can alter the solar condrol performance, thermal

infrared insulating performancs, oolor, andfor aesthetics of the solar control coating 30.
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Addiionally, the phass adiusiment iayers 40, 8§, 82, 88 can provide chemical andior
mechanical proteciion for other iavers of the solar control coating 30, such as the matal
funchonal iavers.

IOGE8T  Whers high visiDie lght ransmiffancs is desired, the phase adjusimeant layers 44,
50, 82, 88 can acl as antiretiective iavers 1o antirefisct the metal funclions! lavers i reduce
ihe oversll visible Bght reflectance andior incraass hs visible light ransmiliance of the solar
control coating 30, Materials having refractive indices around 2 are particulary usetul for
antirstiection of melal functional igyers.

G084 One or mors phase adiusiment iavers ¢an be located between the ply 12 and the
owermosi metal functions! isyer. Une or mors phass adiustment layers ¢an be loeatsd
cedween the uppermost mets! funclional ayer and the ambilan snvironment, e.4., air.

BHEZE N ihe iustrales exempiary coating 30, the first ohase agjustment ayver 40 8
weated over gt least a portion of the second maior surfacs 18 of the first ply 12, The first
nhase adisiment iaver 40 can be 8 singis ayer or Can compriss one of more fiims of
ardirafiective malerials andfor dislecinc malerisls desoribed above. The tirst phase
adgiustinent iaver 40 can be ransparent o visible Bght. The tirst phass adiustment laver 40
riay OF may not axhibit minimal absorgtion in one or More regions of the slechromagnstic
spectrum, for example, visibis light.

3083 he trst phase agiustment iayer 40 can comprise any of the phase agjusimsnt
maianals descnbed above, For exampls, the fret phase adiustiment laver 40 can compiise a
meial oxide, 8 mixiure of melsl Gxides, or a melal alioy txide. For sxampig, the firsi phase
adiusiment laver 40 can comprise goped or hon-dopsd oxides of Zine and bin.

8841 The first phass adjustment layver 40 can have an optical thickness in the range of
43 v to 100 nm. For exampls, an optical thickness in the range of 50 nm o 80 nm. For
exampis, an optical hickness in the range of 70 nm 1o 80 nm.  For exampis, an oplical
ickness e range of 75 nm 1o 786 nMm.

{80851 The first phase adiustment iayer 40 gan have & geomelric thickness in the rangs of
0 nm 0 50 nm. For example, a8 geemelric thickness in the range of 28 nm o 48 nm, For
gxampie, a gaomeinc thickness in the range of 38 nim o 40 M. For sxampie, a geomelic
ihickness in the range of 37 mim o 38 nm.

G086 As shown in Fig. 2, the first phase adjusiment layer 40 can comprise 2 multi-film
struciure having & first film 42 and & second fiim 44, The second film 44 can be loosted over
the first fiim 42,

08T The first film 42 can comprise, for axampie, an oxide of a metal alloy or a mikiure
of metal oxides. For example, the first film 42 can be an oxide of an slloy of zinc and tin. By
“an alloy of zinc and in” is meant both frue slloys and also midures. The oxide of an alioy of
Zine and Un can be inat odbiained from magnetron spuliering vacuum deposition (MSVD)



CA 02997104 2018-02-28

WO 2017/040563 PCT/US2016/049554

from a cathode of zine and in. The cathode can comprise zine and tin in proportions of &
wi % 10 80 wi% zine and 85 wi% o & wi% tin, such as 10wt % o 80 wi% zinc ang Bl
wi % 1o 10 wi% lin. However, other ratics of zing 0 i could aiso be usad, An exempiary
axide of @ metal alloy for the first Hiim 42 can be wrillsn 88 Jngdnxex (Formuda 1) whers
¥ vanes n the range of graaler than § o less than 1. Formstance, ¥ can be greater than
O and can bs any fradtion or decimal greater than 0 and less than 1. The sioichiomsiric form
of Formuia 18 "ZreSntds, commoniy referred {0 88 Zing stannale. A zing stannats 1ayer can
he sputter depesited from a cethode having 52 wi.% zing ang 48 wi% in in the presence of
gRygen. For axamphs, ihe first film 47 can comprise zine stanngis.

GOBRT A doped 2ng oxide can be deposited from g 2ing cathads that moiudes anothsy
raterial o improve the sputiering characlenstics of the cathode. For example, the zine
cathode can inciude g small amouni oftin{eg, up D 10 wl%, such as up o S wil%} 0
iprove sputening. i which case, the resulfant 2ine oade Bl would ncluds g small
parcerdage of tin oxide, 2.0, up o 10 wi % lin oxide, a.g., up 1o & wit % lin oxide. bxampiss
of the oihsy materials include aluminum, ndium, and combingtions thereol, Praferably, ine
other material comprises lin. A tin doped zine oxide materis! deposiied from a cathode
comprising 90 wil.% zine and 10 will% 0, in the presence of oxygsn, s reterred 0 hersin as
Ll BG40,

IRGEST The second film 44 can comprise 3 melal oxide, 5 doped melal odde, or an oxgs
mixiurs., 109 second film 44 ¢an compriss a metsl oxide or & doped msial oxids, For
axample, the second film 44 can comprise Zing oxide or doped Zine oxide., For exampls, the
seoond Him 44 can comprise tin doped zing oxide, For exampis, the second film 44 oan
sompriss Anld 84/ 10,

ITET  The first Bl 42 can have an oplical thickness in the range of 30 nim o 70 nm. For
gxampie, an oplical thickness in the rangs of 40 nm 1o 80 nm. For exampls, an optical
thickness in the range of 44 nm 1B 54 . For exampis, an oplical thickness in the rangs of
48 ran 1o DE nm.

FOO71E The tirst iim 42 can have 8 geomeing thickness in the rangs of 15 nm 1o 35 nim.
For exampie, a8 geometric thickness in the rangs of 20 nm 1o 30 nm. For exampis, a8
geometric thickness in the range of 22 nm 0 27 om. For exampie, a geomelric ihickness in
the rangs of 44 nm © 25 nm.

GO7EE  The second film 44 ¢an have an oplical thickness in the rangs of 10 nim 1o 40 nm.
For example, an oplical thickness in the range of 16 nm to 38 nm. For example, an oplica
thickness in the range of 20 nm o 30 nm.  For example, an optical thickness in the rangs of
28 nin 10 28 nm.

07T 3l  The second tilm 44 can have 8 geometric hickness i ihe range of b nm o 20 nm.

For asampls, 8 geomairic thickness nthe range of 8 nm 0 18 nm. For axampls, a8

10
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geometnio thickness in the rangs of 10 om0 10 nmt. FOr axample, 8 geomaing Hickness in
the range of 13 nm o 14 nm.

GOT4AY  The metal functionsd layvers 48, 58, 70 can bs single fiims. For example, tha mela
functional invers 48, 58, 70 can sach comprise a coninuous metal iim. By "continuoug”
matal fim i meant an unbroken or non-disgonnectad m, such a8 8 homogensous .
BOTEY O, one or more of the metal lunclions! ayers 48, 58, 70 can be g melal funclional
miudt-Rim layer. By "melal funchional mulli-iam iaver 18 meant g laver comprsing {) at least
ong infrarad reflactive film and (1) at least one absorptive fim. The intrared refisctive film
can have reflectivity in the solar infrared andior thermal infrared portions of the
sdectromagnetic spectrum. The absorptive Hilm can exiibit enhanced absorplivity it one or
more portions of the slectromagnatic spechrum. FOP exampie, ennanged absorptivity in ine
visibie radiation region and/or the infrared radiation region and/or the ulfravinist radiafion
region of he sleciromagnetic specirum.

G781 A metlal functional multi-film layer can comprise an absorplive film over an infrargd
retiective film. The shsorpiive filim can bBe In giredt contact with an overiying oplional primer
iaver.

0877 A metal funchional multh-iim iayer can comprise an infrarad refischive Tilm over an
absorptive fiim. The absorptive film can be in girect contact with the undsriving phass
adivustment layer,

0078 A metal functional muli-fiim layer can compriss an infrared reflective im nealed
between two absorptive films. The upper absorptive filim can be in direct contact with an
gverlying oplional primer layver. Ths iower absorptive film can be in direct contact with fhe
underiving phase adiustment layer., Oplionally, & primer laver can be localsd balween the
lower absorptive film and the underiving phase adiustment layer.

0781 Examples of infrared reflective films includs continuous metal fiims. Examples of
infrared reflective metals useful for the infrared reflective films include noble or near noble
metals. Examples of such metals include silver, gold, pigtinum, palladium, osmium, indium,
rhcdium, ruthenium, copper, mergury, rhsnium, aiuminum, and combinations, mixiures,
biends, or glioys thereol, For exampie, one or more of the metal funstional films can
comprise a continuous metallic sibver film.

TOOB8] Examples of absorplive materiais tor the absorplive film inciude mestlais, such as
aold, silver, copper, nickel, palladium, plalinum, ungsten, rnodium, ndum, tantalum, on,
tin, aluminum, lead, zing, chromium, molvbdsnum, niobium, coball, manganase, ilanium,
silicon, chromium, and combinations, mixfures, dlends, or alioys thareol. For exampis, ons
or mare of the absomptive ilms can comprise coppar. Une or more of the absorplive Hims

can comprise alioys or super alloys of two or more of the above malerials. For example,

11
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alloys of nicked, chromium, or nicks! and chromium, For example, nconel® 840, nconel®
817, Inconsl® 828, Inconel® 8§80, andfor Inconel® 718,

8T The first melal funclional iaver 48 can comprise a metal functional multi-diim layer
as dascribed above,

H0ELET  Allermnatively, the first metal funclional layer 48 can compnise a single infrared
refiective fiim comprising any of the above infrared reflective metals. For sxample, the first
metal iuncliona! laver 48 can comprise a confinuous fiim of mataliic silver.

3083 The first mets! flunclions! isyer 48 can have a geomelric thickness in the range of §
vy 0 8 nm. For skample, 8 geomsatric thickness in the range of 7 rin o 20 nm. For
sXampia, 8 geometng thickness inhe range of 10 nm © 15 nm. For examgie, 3 geomslnio
hickness in the range of 11,5 iy io 12.5 nm.

IpGB4] Oplions! primer layers 48, 80, 77 can be locgied in direct gontact with the
associaled underving metal funchional tayvers. Ths primer lavers 48, 80, 72 protect the
assccialed metal funclional layers during the cosling process and/or subseguent processing,
such as thermal fempenng. T he pritmer matenal is deposited as a metal, During subseguent
processing, such as the deposition of the overlyving phase adiustment laver andfor thermal
fempenng, some or &l of the mstal primer oxidizes, When oxids or nitrids maternials are
Lsed in the phase adiustment lavers, the primer igyvers 48, 80, 72 can comprise oxophiilic or
ritrophaiic maianials, respectively. The primer lavers 48, 80, 72 need not be sl the same
material. The primer igyvers 48, 80, 72 nesd not be of the same thicknsss.

0851 Cxampies of matenals uselul for the primer layvers 48, 80, 72 includs Banium,
FHODIUT, ungsten, nickel, chromium, Fon, anialum, @rconium, sluminum, sificon, indium, 8,
Zine, molybdenum, halnium, bismuth, vanadium, manganess, and combinalions, mixklures,
slends, or aliovs thersot,

FRURGE  The oplional first primer aver 48 can b iocatsd over the first melsl tunchonal laver
6. 1he first primer {ayer 48 can be & sihgle Timy or @ mulliple film layer, The first primer
ayer 48 can comprise any of the primsy materniais deseribed above. For example, the first
DEMST laver 48 can comprise tlanium. For exampis, the hirs! primer layer 48 ¢an be
deposited as titsnium msial,

SGU8TE  The first primer laver 48 can have a geometric thickness or sifective thickness in
the range of G.5 nm o 10 om. Forexampis, e range of 1 nm 0 5 . For examplds, in
e range of 1.5 nm 1o 2.5 . For sxample, 2 nm,

G0BE]  The sscond phase adiusiment laver 50 is located over the first metal functional
laver, such a8 ovear the optional first primer layer 48, i prasent. The second phase
adgiustment layer B0 can comprise one or more of the phase adiustment materials andior

films described above for the phase adiusiment layers,

12
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IHDEY  The second phase adiusiment izyver DO 0an have an oplical thicknass i he sangs
of 80 nm o 200 nm. For exampie, an optlical thicknass in the range of 100 nm 1o 180 nm.
For example, an optics! thickness o the range of 130 nm o 148 nim.  For exampis, an
opticat thickness in the range of 138 nm 1o 138 nm.

GHBGT  The second phase adiustiment iaver 50 ¢an have & geomelrio thickness n the
ranas of 440 run o 1040 i, For sxampis, 8 geomeine ickness i the range of 50 nm o 84
. FOr exampie, 3 geometric thickness in the range of 65 nm o 70 nm.  For exampis, a
gaomeiric thickness in the range of 88 nm o 88 nm.

B The sscond phase adivstment layer 58 can De a2 single fim o & mulbi-film
siructure, For example, the second phase agiustment igver 50 can includs a Tirst film 52, &
second m 54, and g third figm 50,

00821 The first film 52 andfor the third film 58 can comprise 3 metal oxide or a dopsed
medal oxids, For exampie, the first i 52 and/or the third film 58 can comprise NG oxids oF
doped 2ine oxide. For exampig, the first film 5¢ angdior the third Tilm 58 can compriss tin
doped zinG oxide. For exampls, the first film 58 and/or the third Tilm 58 can compriss Anl)
S0/10,

083 The second film 84 can comprise an oxide of a meial alloy, For exampie, an oxide
COMDBISING &inc and in. For sxampie, ihe second fim 54 can compnse zinge stannsis.
N84T The first film 52 {andfor the third Tilm 56} can have an oplical thickness in he rangs
of 10 nm o 40 nm. For exampis, an oplical thicknass in ihe rangs of 16 nm to 38 nm. Fop
gxample, an oplical thickness in the range of 20 nm {0 35 nm.  FOr example, an oplica
thickness in the range of 28 nm {0 30 . The tirst film 82 and the third Him 58 can comprise
the same or diftersnt matsrigls angd ¢an ba of the same or differsent thickness.

T085] The first film 52 {andior third film 58} can have a geomelric ihickness in the range
of 5 nm o 20 nm. For axampis, a geomsinge thickness ntherange of 8 nm o 18 nm. For
example, & geomelric thickness in the rangs of 10 nim 1o 18 nm.  For example, @ gsomstric

thickness in the rangs of 14 nm ¢ 18 nm.
IGOB8T  The second fiim 54 can have an oplical thickness in the rangs of 50 nm {o 1040 nm.

For sxampia, an oplical thickness in the rangs of 70 nm 1o 80 nm. For exampie, an optical
thickness in the range of 76 nim o 80 nm.  For exampis, an oplical thickness in the range of
£8 i o 79 nm.

FOO8TT  The sscond film 54 can have 8 geomatnic thickness in the range of 25 nm {0 50
nm. For example, a gsomsiric thickness in the rangs of 38 nm {0 45 nm. For exampls, 8
gaomeric thickness in the range of 38 nm 0 44 nm. For example, a geomeino thickness in
the range of 38 nm o 40 nm.

FGOBET  The second metal funclions! laver 58 is located over the second phase adiusimernt

fayer 50, The second meial functiona! laver B3 0an be a singls film comprising an infrared

13
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retiective film 87, Allemalively, the second metlasl funclions! laver 58 can comprise a muill-
fitm layer., i the example Hlusirated in Fig. 2, the second metad functionad laver 88 is 8 meial
functional mudti-tm layer comprising the infrarad reflective tilm 57 and an absorptive film 58,
1he absorplive tim 58 can be bbealed over or under the infrarad reflective film 87,
Preferably, the absorptive film 88 s locsted over the infrared raflective film 57,

IOG88]  The infrared reflective Him 57 comprises any of the infrared rafiaciive matarials
dascribed above, For exampls, a continuous metal iy, For example, & continuous silver
fiim,

(G008 The infrared reflective Bim 57 can have g geomelric thickness inthe rangs of 8§
s o 25 nm. For sxampls, g geomesinic thickness in the rangs of 7 nm o 20 nm. For
sxampie, & geomeainc thickness inthe rangs of 10 nm o 18 nm.  For example, a geomeatric
thuckness in the range of 15 nm o 16 nm.

{0189 The absorplive film 58 can include any of the absorplive materials desgribed
above, For example, the gheorptive fili 58 can comprise an alioy of nickel and chromium,
For example, the abaorptive film 58 can comprise nconal® 800, Inconal® 817, Inconal® 8§25,
incongl® 880, andior Inconel® 718, For exampils, the absorptive film 58 can comprise
nconsi® 800,

304027 The absorplive film 58 can havs an sfective thickness inthe range of O nm o 2
T FOor example, an effeciive thickness inthe ranges of 8.1 nm o 1.5 nm. For example, an
effective thickness in the range of .25 nm o 1 nm.  For exampls, an effective thickness in
the range of 0.8 e 8.75 nm.

LiElixy. The oplional second primer laver 80 can be locatad over the seoond melal
funclional laver §8. The second primer laver 60 can include of any of the primer materials
and can be any of the thicknesses described above with respect io the oplional first primer
fayer 48, Por exampls, ihe second primer 80 can comprise Htanium.

(B0104] The second primer layer 60 can have a gaometdric thickness or effsctive thickness
in the range of 0.5 nm o 10 nm. For sxample, a geometnic thickness or effective thickness
in the range of 1 nm o & nm.  Por sxampie, a gesomsiric thickness or effective thicknsss in
the range of 1.5 nm 0 2.8 nm. For example, a geometric thickness or effective thickness in
he range of 2 nm e 2.25 nm.

TGOT08E  The thivd phase agiustment layer §2 18 located over the second mestal funcliona
laver 58, such as over the optional second primer layer 80, § presaent. The third phase
adiustment layer 62 can includs any of ihe phass adjustment materiads andfor films as
discussed sbove with respect {o the frst and sscond phase sdjustment layvers 40, 80, For
axampie, the third phase adiustment layver 82 can be g mull-film structure. For exampls, ths
third phase agiusiment iayer 62 can mclude s first THm &4, 8 second film 88, and a third film
88,
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BOEY The third phasse adiustiment layer 82 can have an optical thickness in the range of
4 run 1o 200 . For exampls, an optical thickness in the rangs of 120 nm {o 180 nm. For
sxsmpie, an optical thickness n the ranges of 1580 nm 0 170 nm.  For exampiz, an oplical
NICKNEss N ine rangs of 158 nm 1o 1548 nm.

(G007 The third phase adijusiment laysr 62 can have g geomelric thickness in the rangs
of 45 nm o 100 nm. For example, 38 geometric thickness in the rangs of 80 i to 80 nm.
For gxample, g geometnic thickness in the range of 75 i to 85 nim.  For axampls, 8
geomsinic thickness in the rangs of 78 nm 1 80 nim.

(BETE8E  The Tirst fiim 64 andfor third fiim 88 can comprise g meis! oxide or 8 doped melal
OXIS. FOr eXxampie, ZINe oXids oF goped Zing oxXids.  For exampls, Un doped zing oxide. For
gxample, Jnll 80718, The sepong tim 88 can comprise an oxide of & metal alloy. For
SXAMBEE, an OXIge somprsing aine and fin. For sxample, z2ing stannaie.

RA08]  The first film 84 {andfor third film 88) can have an optical thickness in he rangs of
o o 40 nm. For exampls, an optical thickness in the range of 18 nm o 38 nm. For
exampe, an optical thickness in the rangs of 20 nm to 38 nim. For scampls, an aptica
thickness i the rangs of 28 nm (0 28 nm. The first filim 84 and tha third film 88 ¢an b of the
same oF cifferent {hickness.

100418] The tirst Biim 84 {and/or third film §8) can have a geomslric thicknass in the rangs
aof & nm o 20 nm. For sxampie, a geomsing thicknaess nthe range of S nm 0 18 nm. bor
axample, g geomelnge iickness in the rangs o 10 nm o 15 nm.  For example, a geometnic
fhickness in the range of 13 nim o 14 nm.

B 1] The second fim 68 can have an oplical thickness in the range of 70 nm to 1440
. Por example, an optical thickness in the range of 80 nm o 120 nm. For exampls, an
optical thickness in the rangs of 80 nm o 110 nm. For eccample, an optical thickness in the
range of 102 nm 0 104 nm.

0112 The ssoond fim 88 can have & geomelric thicknass inthe ranges of 32 nm o 70
T FOr axampie, 8 geomeinic thickness in tha rangs of 40 nm 0 &0 nm. For examnie, a
gaometric thickness in the rangs of 45 nmt 10 55 nm.  For example, 8 geometrie thickness in
the rangs of 51 nm to 82 nm.

0113 Ths third mstal tunclional layer 70 can be a singls film or & mulli-fiim structure, In
the example Husirated in Fig. £, the third metal funclional iaver 70 is & melal funclional muilti-
tHim layer comprising an absorptive film 71 and an infrared reflective film 73. The metal
functional muiti-film layer of the third metal functional iayer 70 can have any of the film
orientations desonbead above for the second melal tunctional layer 58, The absorptive film
1 can be ocated over o under the infrared reflective iim 73, The absorplive film 71 ¢an be

iocated under the infrared reflactive film 73
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TOUT14]  The abeorplive tHim 71 can include any of the absorptive malerials desoribed
above. For example, the absorptive film 71 can be a mseialiic film. For example, the
absorptive film 71 can comprise gold, silver, copper, nickel, ron, tin, sluminum, lesd, zing,
CHrOMLIm, and compinations theraol, For sxample, oopper.

fRE95] The absorptive Tilm 71 can have a physical or sischive thickness in the range of 1
nm e 10 nm. Porexample, in the rangs of 2.5 nm 0 4.5 nm.  For sxample, in the range of 3
N I 4 p. o gxampie, n e ranges of 3.5 nm i 3.75 nm.

U118 The infraved refiective Tilm 73 oan be g conlinuous metal film. For examnie, &
sortinuous metailio fim.  For sxampple, a metsilic silver film.

917 The infrared refischive im 73 can have a geometnic hickness inthe range of 5
10 30 . For exampis, 8 geometric thickness in the range of 10 nm {0 25 nm. For
BXBITIHS, 8 geomedric hickness in the range of 18 nm o 20 nm.  For sxample, g geomelric
thickness i ine range of 18 nm 0 18 nm.

B0 18] The oplional hirg primer laver 72 ean inciude any of the primer materials
described above., For exampie, the third primer layer 72 can comprise tanium.

00118 The Inird primer iayer 72 ¢an have 3 geomelric thickness or sffective thickness in
tha range of LS im0 10 nm. For exampls, nhe rangs of 1 nm 1o § nm. For sxample, in
the range of 1.5 nmio 2.5 nm. For exampls, in the range of 2 nm i 2.3 nim.

(001281 Ths fourth phase adiustment layer 88 can comprise one or more of the phass
adiustment matenals ang/or tiims giscusssed above with respsct {0 the first, sscond, or third
phase adiusiment layvers 40, B, B

04211 The fourth phase adiustimant laver 86 can have an oplical thicknass in the range
of 30 nm o 100 nm. Por example, an oplical thickness in the range of 40 nm o 80 nm. For
axampie, an oplical thickness in he rangs of 50 nm [0 70 nm.  For sxample, an oplicsl
thickness i ihe rangs of 58 nm to 58 nm.

OG22 The fourth phase adiustment laver 86 can have a geomelric thickness in the
range of 15 nm o 80 nm. For axampis, 3 geomealnic thickness in the range of 20 nm o 40
nMm. POr exampie, a8 geometnic thickness in the rangs of 25 nm o 35 nm. For exampie, s
geometric thickness in the range of 28 nm & 30 nm.

B3923] The tourih phase adiustmeant gyer 88 can comprise & first film 88 and a secong
film 80,

IB8124] The first film 88 can comprise a maial oxide or & dopsd maial oxids. For
exXampie, ZiNe oxide or doped ZiNe oXide, For example, in doped zing oxide, For sxampie,
£ BR/10, The second il B0 can comprise an oxide of g metal alloy. For example, an
SXIGE COMBRSING 2INe and in, For examps, Zine stannsts.

IG0125] The first film 88 can have an optical thickness in the range of 4 nm o 40 nm. For
axampte, an oplical thickness in the range of 10 nm {0 30 nm. For example, an oplical
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thickness in the range of 14 nm o 22 nm. For example, an oplical thickness in the range of
18 am o 18 nm.

IG0128] The tirst film 88 can have a geometne thickness in the range of 2 mm 1o 20 nm.
PO sxampis, 8 geomeine thickness in the range of 5 nm o 15 nm. Por axampls, 8
aaomelio thicknass inthe rangs of 7 nm o 11 i, For example, a geometric thicknass in
ine range of 8 nm o 10 ram,

LT The second Tiim BO can have an oplical thicknsss in the range of 10 nm 1© 80 nm.
FOr example, an optical thickness in e range of 20 nm 10 80 i, For exampie, an oplica
thickness in the range of 30 i o 50 i, Por exampls, an optica! ihickness n the range of
43 nin 10 45 .

TB0128] The sscond film 80 can have a geometric thickness in the range of & nm o 40
P PO SXamplie, & geomelric hicknsss i the range of 10 nm o 30 nm. Forexampie, &
gaometnic thickness in the ranges of 15 nm 10 25 nm.  For exampis, a geometric hickness in
the range of 20 nm o 22 nm.

TRGEI2E The optional proteciive laver 82 can be the {erminal laver of ihe solar controd
coating 30, The optional proftective layer 82 can comprise ons of more nonmesiadiic
matenais, such as those descniad above with regard o the phase agiustimant isyers.
Alternatively, the protective laver B2 can comprise a metal malerial. The gplional proteciive
myer B can provigs chemicsl and/or mechanical protacion o the undernving coaling iavers.
The gptlional prolachive lgver ¥4 can provide phase adjusiment and/or adsorplion. Ths
profective laver 82 can be a single #im or have a muili-iilm struciure.

FOHI3N In addition (o or instead of the ferminal optiong! profective laver 92, ong oFf more
other oplional profective lavers 82 can be iocated wilhin the soiar control coaiing 30, oy
exampie, batweean Wwo oF more of the phase adiusiment iayers.

FG043M] The options! protective layer 82 can include, Tor exampls, s melal oxide or msial
nitride material. For exampls, ihe profective ayer 82 oan comprise an eads of Blamium, for
sxampie Hanium dioxide (1.8., anial

0801321 The oplional protective laver 82 can have an oplical thickness in the range of 1
nm i 30 nim. For exampls, an optical thickness in the range of 2 nm {0 20 nm. For
gxampis, an oplical thickness in the rangs of 4 nm o 14 nim. For examples, an oplical
thickness in the rangs of 10 nm o 12 nm.

G333 The optional protective iaver B9 can have a geomslric thickness or afiective
thickness in the rangs of 0.5 nm {o 18 nm. For sxampile, inthe range of 1 nm o 10 nm. bor
sxampie, ntherange of 72 Mo ¥ nm. Por sxample, in the rangs of S nm o & nm.

00134] The solar contrgl coating 30 can be 8 non-heat-frested ooating.

01381 The lpvers andfor films of (he solar condrol ¢oating 30 ¢an be formed by any

conventional method, Exampises of such meihods inciude sonvantional chemical vapor
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daposiion (UYL andior physical vapor deposition {(PVD) methods., Examples of CVD
DICCESSes INolUGE SRray DYToivsis. bxampies of VL Drocessas inciuds siaciron haam
svaporation and vacuum spullanng, such as magnetron spuller vapor daposiion (MEVU
{iher coaling methods could 3i80 be usad, such as, but not limited to, solgel daposition.
Line or more lavers or films can be formead by ong msthod and ons or more other iavers or
films can be formed by a gifferent method, Por example, the coaling 30 can be formed by
MDY

0138 Fig. 3 shows the oogsted arlicis 140 of Figs, 1 and & incomorsted into an msulaling
gigss unit {GUY HO0, The first melor surface 14 (No. 1 surface) faces the buliding sxterior,
L., 1S an ouler maior surface, and the second major surtacs 16 (No. 2 surface ) faces he
interipr of the builking. The insulating giass unl 100 includes a second ply 118 having an
cutwardly Tacing maior suface 120 (Mo, 3 surface) and an inwardly facing major surfacs 122
(NG, 4 surfacs) TRS numbenng of the ply surfaces s In keeping with conventional praclicsa
in the fenestration arnt.

00137 The second piv 118 18 spaced Trom he first ply 12, Ths first and second plies 1&,
118 can be connecisd {ogethar in any sulfable mannsr, such as by being adhesively bonded
10 a conventional spacer frame 144, A gap or chambear 126 i Tormed bebween the fwo pliss
14, 118, The chamber 140 can be filled with g seisciad aimosphers, such 88 gas, for
axamplie, air or 8 non-reactive gas such as argon or Kivpion gas. In the ilusirated sxampie,
the solar controd coaling 30 logataed on the No. 2 surface 18, Howsvear, the solar contro!
coating 30 could be iocaled on any of the other surfaces, For exampie, the solar controd
coating 30 could De iocatad on the No. 3 surface 120, For example, the solar control coating
30 could be located on the No. 1 surface 14 or the No. 4 surface 122,

338 The sscond ply 118 can be of any of the materials described above for the first
piv 12, The second ply 118 can be ihs same as the first piy 12 or the second ply 118 can be
ditterent than the first phy 12, The first and second plies 12, 118 can sach be, for example,
ciear fioal giass or can be linted or coiored glass or one ply 12, 118 can be olsar glass ang
the other ply 12, 118 ¢olored glass.

SO0138] Fig. 4 shows the cogisd anticie 10 incorporaied inio g laminated unit 130, ins
amnated il 130 noludes Ine first piy 1€ and the second ply 118 comnnedciad by & poliymeanc
interiayer 132, The solar conirol coaling 34 18 shiown on e No. 2 suriace 18, Howsver, a8
with the 1GU 100 described abovs, the solar control cosgting 30 could bs on any of the
surfaces 14, 10, 120, or 12,

FR01440Y The solar conlrgd coating 30 provides g 3 mm reference 1GU SHEE of not greater
than .3, For exampis, nol greater than 0.28. For sxampie, not greater than 0.28. For
exampie, nol greater than (.47, For exampie, not greaier (han 0,26, For sxample, not
gregier than 0.28. For example, not greater than §.24.
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04411 The solar controd costing 30 provides a 3 mm reference IGU SHEC in the rangs
0210 0.3, Forexample, nheange T 0210 028, such as 0.2 10 0,28, such as 8.2 10
(.24, such as 0,21 o U250, Foraampie, in e range of .22 1o 8.435.

001427 The solar control costing 3U provides g 3 mm reference iGU visible ight
transmittance of not greater than 70%. For example, not greater than §5%. For sxample,
not greater than 80%. For sxample, not greater than $7%. For exampls, nof greater than
55%. For exampie, in he range of 40% © 85%. For example, in the rangs of BU% {0 85%.
o example, in ihe rangs of £1% 10 54.5%.

031431 The solar control coaiing 30 provides 8 3 mim reference U visibie light sxisrior
raflectance of not greater than 25%. For axample, not greater than 20%. For axample, not
graaier than 15%. For exampde, ot grealer than 14%. For example, i the range of 10% (o
16%. For sxampie, in ihe range of 12% i 13.5%.

01441 The solar control costing 30 provides 2 3 mm referancs IGU visibie light inlsrior
retiactance of not gresier than 25%. For example, not greaster than £2%. For exampis, not
greater than 20%. For example, in the rangs of 18% {0 22%. For exampis, i the range of
18% io 20%.

RHT4ST  The solar controd coating 30 provides a 3 mm referances 1GU LG ratio of al isast
1.8, Por exampie, al least 1.88. For axample, at leasi 1.8, For example, al least 2. For
gxampis, ntharange of 1.8 10 .5, For exampis, Intherange of .1 10 2.4, FOr exampis, in
the range of 2.4 10 2.37.

G0148] The solar controd coating 30 providaes & 3 mm relarence IGU ransmifted LY in the
range of 74 {0 80, Forexample in the range of 75 {0 78, For example in the range of 78.5 (o
8.5,

I0447Y  The solar control coating 30 provides g 3 mm reference IGU ansmilled ™ n the
rangs of <8 {0 -3, For exampie in the ranges of -0.0 10 -4, For exampie in the rangs of ~5.£ 1o
-4 25,

081481  The zolar control cogling 30 provides 2 3 mm reference IGU ransmitled b™ in the
range of § 0 8, For exampls in the range of 1 1o &, For example in the range of 2.8 0 4.8
R4S The solar control coating 30 grovides a 3 mm reference 1GU sexdernior reflected LT
in the range of 30 o 56, For exampie in the rangs of 35 o 48, For exampls in the range of
47,810 43.4.

IBGIB0T The solar control coaling 30 provides g 3 mm reference GU exterior reflecied &7
iy the rangs of -4 0 8. For example in the range of -3 {o -1, For example in the range of +
271 -1.8.

TO0184T  The solar control coating 30 providses 2 3 mm referencs U aextarior reflscied b7
i the range of <7 0 0. For axample in the rangs of -8 o -1, For exampis in the range of +
5.8 0 -4.1,
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NG4S The solar control coating 30 provides & 3 mm reference 1GU interior reflacled U7
i the range of 35 o 85, For axampis in the range of 40 {0 §2. For sxampis in the range of
48 {0 B

TSI The solar conrnd coating 30 provides 8 3 mm reference IGU inlerior reflacisd 87
1 the rangs of -8B 10 G, For saxampis in the rangs of 8.2 10 -1, For sxkampis in ihe range of -
5.8 {0 -4.5

G0184] The solar controd costing 30 provides & 3 mm reference IGU interior reflected b”
in the range of -5 o 8. For example in the range of -4 {0 -1, For exampie in the rangs of -
3.5 0 -2,

FR0T55] The solar control coating 30 provides a sheet resistancs of less than 10 ohms per

sauare (o). For axample, less than 5 0. For sxampile, less than £ Lo, For example,

isas than 1 {/n. For sxample, in the rangs of greaier than 0 o 1.5, For example, in the
range of gresterthan 8o 1.

G088 The solar condrol coating 30 can have an emissivily in the rangs of 0,04 (0 0.04
For exampls, in the rangs of 0.043 1o 1.037.

SG048TT The solar control coating 30 provides g 3 mim referancs IGU Winterinight U
factor in the ranges of (0.8 o 3 Walt per square meter Kelvin {Wim2-K}. For example, in ihe
range of 110 2.5 WimZ-K, For exampls, in the range of 1.5 & 1.7 Wimd-®. For examplg, in
the range of 1.6 10 1.87 Wimd-iK

G858 The solar control coating 30 provides g 3 mm referencs sl Summenfday U
faciorinthe range of 1.4 10 1.8 Wim2-K. For sxampig, in the rangs of 1.52 1o 1.57 Wimd-K.
IBOIEGT  The soler control coating 30 provides a reference laminated unit fransmitted L™ in
ihe rangs of 85 to 85, For exampies, in the range of 72 1o 80, For example, in the range of
St 7.

e8i88Y  The solar control coating 30 provides & reference laminaied unil transmilted 8% in
the range of 210 -8. For example, in the ranges of 110 -4, For example, in the range of 0.5
i -2.5.

G084 The solar control coating 30 provides a referencs laminated unit ransmitied b in
the rangs of 2 0 8. For axample, in the range of 3 {0 7.5, For sxample, in the range of 4.5
0 8.5,

04621 The solar contro coating 30 orovides a referance laminated unit refiecied
{axianorn L® in the ranges of 40 10 85, For example, in the range of 44 {o 5. For exampie,
the rangs of 45.5 {0 47.5.

BG9831 The solar conirel coating 30 provides a reference iaminated unit rellected
{exterior 8% in the range of -8 {0 18, For exampis, in the rangs of -8 {6 -15. For sxampig, in

the range of =10 1o -12.
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81841 The solar conirol coaling 30 provides a reference laminated unit retiscied
{fexterion Y in the range of § i -8, For exampis, in the rangs of -2 10 -8, For sxampis, in
the range of -3 10 -5,

BOI8S!  The solar control coating 30 provides a reference laminatsad unit refiagiag
(ntariory L in the rangs of 45 {0 85, For exampie, i the ranges of 5010 60, For axampis, in
ihe rangs of 54.5 10 58.5,

BG988E The solar controf coating 30 provides & referencs iaminated uni refiecied

(irterion) &% in the rangs of -6 {0 -18. For example, in the range of -8 o -14. For exampig, in

the range of 10 0 -14.
GIETY The solar control coating 30 provides a referance laminated uni refiected

{inferior) b” in the rangs of 3.8 fo -10. For sxampls, in the range of 4.5 {0 -8.5. For

axampls, ntherangs ot 8.5 1 -7.5.

EXAMPLES
TG0988] Table 1 shows sxemplary coatings of ihe nvention.,  1ne reported thicknessss an
gaomelric thicknesses in nanomaters {nm). £S5 means zino stannate deposited from &
cathode hawing 58 wi% 2ing and 48 wi.% tin in the prosence of oxygen. 140 msans iin
doped zine oxide deposifed from a cathode with 10 wi.% tin and 80 wi% zinc in the
prasence of eovgen (e, £nQ 83/10). Ag means siver. TiOx means g Hanium primer ayer
deposited as a metal and oxidized during processing.  INC msans Incons!® 800, Cu means
meiallic copper. TiO: means an oxide of tHanium, for example fHanium dioxide (titanial.
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show 3 mim referencs IGU valuas for the Samples of Table 1.
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{1} &t least one infrared reflective film and (i) st least one absomtive film.

00T 3]

intrared reflect

The solar control coating 30 of clauss 1
NBing an

A solar controd coating 30
and a plurality of metal funct
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The values in Tables 2 and 3 were calouiated using OFPTICS v8.0 and WHRDOW

Clauss 1
(dause 2

he mvention can be desonbed turther in the llowing numbered clauses
iavers 40, 4, 82, 88

vi.3.4.0 software (cenier of giazing) with NFRC standard defaull seltings. The oolor
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COMPHsInG an infrared refiective film 57 and & third metal functiona! laver 70 comprising &
rmatal funchional multi-film laver comprising {1} & least one infrared reflaclive filem 73 and (i)
at isast onge absorplive film 71 comprising copper.

B0IT4] Ciause 3 The solar condrol coaling 30 of clauss 2, whersin the first melal
funclional layer 48 comprises g continuous metaliic film, preferably silver,

OS] Ldause 4 The solar conirel coating 30 of clauses 2 or &, whersin the infrared
rafiective film 57 of the second metal funcliona! laver 58 comprises a continuous mealaliic
film, preferably silver.

SOV Clausse D The solar controd coating 30 of any of clauses 2 o 4, wherein the
second metal lunclional layver 58 comprises a metal funclional multi-fiim laver comprising (i)
ihe infrared reflective film 57 and (i) at least one absorptive fiim 88, preferably comprising an
afloy of nicks! and chromium,.

G177 Liause § The solar conirol coating 30 of clause 5, wherain the absorptive film
58 of the second metal inclional laver 58 iz bcated over the infrared reflective film 57 of the
second metal funchional layer 58,

B0E7R]  Clause 7 The solar conbrol coating 30 of any of clauses 2 10 6, whersin the gt
ipast one nfrared retlective film 73 of the third metal functiona! layer 70 comprises &
continucus metallic fim, preferably silver.

00978 Clause 8 The solar conirad coating 30 of any of clauses & o 7, wherain the at
isast ons infrared refiactive fiim 73 of the third metal functionad layver 70 is located over the gt
isast one absorplive film 71 of the third metal funclional laver 70,

BE80 Clause 8@ The solar control coating 30 of any of clausses 2 10 &, comprising & first
nivase adiusiment laver 40 having an optical thickness in the range of 40 nm o 100 nmy,
wharain the Hrst mela! functional layer 48 is located over the first phese adjustment layer 40;
SSCond phase aajustment layver 50 having an optical thickness in the rangs of 80 nm o 200
T, wherein ine second metal iunciional isvver 58 is localed over the second phase
adiusimeant iaver 50; a third phase adjustment laver 62 having an oplical thicknass in the
range of 80 nm {0 200 nm, whersin the third metal functional laver 70 located over the third
phase adiustment layer 62; a fourth phase adiustment layer 88 having an oplics! thickness In
e range of 30 nm {0 100 nm loeataed over the third metal functional laver 70; and &
protechive iaver 87 having optical thickness in the range of 1 nm o 30 nm bealed over the
fourth phase adiustment ayer 88,

D018 Clsuse 10 The solar conirol coating 30 of clause 1, comprising a first phase
adjustment laysr 40 having an oplical thickness in the range of 40 nm to 100 am, preferably
an oplical thickness in the range of 50 nm {o 80 nm, more preferably an oplical thickness in
e range of 70 nm o 80 nm; a first metal funclional iaver 40 iocated over the first phase
agiustment layer 40, wherein the first melal unclionsl layer 48 comprises & continuous
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msiaiiic Tilm, praforably sitver; a first primer laver 48 located over the first melal funclionsd
layer 48; a second phase adiustment laver 5 locsted over the optional first primer layer 48,
whersin e second phase adjusiment layer 50 has an optical thickness in the range of 80
A fo 200 nm, preferadly an oplinal thickness in the range of 180 nmn o 180 nmy, more
preferably an optical ’Eh&ﬂkﬁ&&& i NS rangs of 130 nm o 1440 iy 3 sscond meial funcliona
iayer 58 ipcated over the second phase adjustment layer 54, whersin the second meais
tunclions! layer 58 comprises g metal funcliona! multi-iim laver comprising {0 an infrared
rtiective tim 57 and (i) at leas! one sbsorptive Hlm 59, preferably comprising an alloy of
nickel and chromiung a second primer yver 80 bcated over the second meta! fundions
Imyar 58; a third phase adjustment layer 82 iocalad ovar the oplional second primer layver 84,
wharain the third phase adiustiment laver 62 has an oplical thicknsss in the range of 80 nm
o 208 o, preferably an oplical thickness in the range of 120 rn o 180 nm, more prafergbly
ary optical thickness in the rangs of 150 nm 0 170 nem; g third metal funcional layer 70
ineated over the third phase adiusiment iaver G2, wherain ihe third meta! funcliona! layer 70
comprises & metal funchiona! mulli-iim ayer comprising {i) at ioast one infrared reflective film
{3 and (i) ot least one abhsorptive im 71 comprising copper; 8 thivd primer iayer 72 ocaled
aver the hrd metal tunglional laver 70; g fourtlh phgse adiustment laver 86 locsied over the
aoptionst third primer layer {2, wharsin the fourth phase adiustment laver 88 has an oplical
inickness in ihe rangs of 30 nm o 100 nm, preferably an oplical thickness in the range of 40
arn 0 80 nm, more preterably an oplica! thickness in the range of 508 nm o 70 nm; and &
srotechive layer 82 kocaled over the fourth phase sdiustment layer 88, wherein the protective
aver 84 has an optical thickness in the range of 1 nm o 30 nm, preferably an optioa
ihickness in the range of 2 nm {o 20 nm, mors preferably an oplical thicknass in the rangs of
4 nm i 14 nm.

BGEBE] Clause 11 The solar controd coaling 30 of clause 1, comprising & first phass
adgiustment layver 40; a first melal funclional laver 48 localed over the first phase adiustmeant
iavaer 40; oplionally, a Tirst primer laver 48 iocated over the first metal funchional iaver 48, 3
second phase adiusiment laver 50 located over the optional first primer laver 48; a second
metal funclional laver 58 located over the second phase adiustment laver 50; optionally, a
sacond primer layer 84 iooated over the second mslal funchional layer B8; g third phass
adiustment iaver 62 localed gver the aplional ssgond primer laver 80, 2 third melal funclionsl
imyer 70 locaied over the third phase adjustment layver 82; oplionally, a third primer laver T2
iocaied over the third metal funclional layer 78; a fourth phase adjustment layer 86 locatsd
geer the oplional third primer laver 72; and optionally, g protective igver 82 locstsd over the
rourih phass agjustment layer 8¢, whersin s isast ong of the msial funclional laysrs 48, 88,
0 comprises & metal funcliona! multi-fim layer comprising (i) &t isast one infrared refladdive

film and (ii) at least one absorplive fiim.
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IGHI83Y Clause 12 The solar control coaling 30 of clsuse 11, whearsin the phass
aciustment igyvers 40, 50, §2, 80 comprise dislecing or semiconducior maisrials,

G0184) Clause 13 The solar controd coating 30 of clausss 11 or 12, wherain ihs phass
adivsimeant layars 40, B0, 82, 8E compise oxides, nirides, oxynllrides, Loridss, Cardides,
oxyearbides, horocarbides, boronitrides, carbonitridas, and/or mdurss, combinations,
hiands, or alloys thereof.

Ig0t8%]  Clause 14 The solar control coating 30 of any of clauses 11 io 13, wherein the
ohase sdiustment lavers 48, 50, 82, 88 comprise oxides, nitrides, or exynitrides of Hlanim,
hatnium, Zirconium, pigbium, zine, bismuth, lead, indium, fin, silioon, sluminum, HOFGN, ang
rmixtures, combinalions, blends, or alioys therof.

U888 Clause 15 The solar confrol coating 30 of any of clausses 11 (o 14, whersin ihe
first phaze adjustment laver 40 comprises oxides of zine andior tin.

IB8187] Clause 18 The solar contral coating 30 of any of dlaims 11 o 1§, wherein the first
nhase adiusiment laver 44 has an optical hickness m the range of 40 nom o 100 nm,
areferably an oplical thickness in the range of 50 nm o 80 nm, more preferably an oplical
thickness in the range of 70 nm {0 80 nm.

B01881  Clause 17: The solar contrgl coaling 30 of any of glauses 11 10 16, whersin the
first phass adiustment iaver 40 has g geomelne ckness in he rangs of 20 nm {0 50 nm,
oreferably & geometric thickness in the rangs of 25 nm 1o 45 nm, more preferabiy a
gaometnio hickness in Ihe rangs of 35 nm o 440 .

01887 Clause 18 The solar control coating 30 of any of clauses 11 1o 17, whergin ihe
first phase adiustment layer 40 comprisas a first film 42 and a second film 44,

0188 Clauss 18 The solar control coating 30 of clause 18, wherein the iirst film 44
comprises an oxide of a melsl slloy, preferadly zing sfannate,

30184] Clauss 20: The solar control costing 30 of clauses 18 or 18, wherein the ssoond
fitm 44 comprises a metal oxide or g doped metal oxide, preferably 8 doped zing oxide, mors
nreferably fin doped zing oxigs.

FO0182Y  Clause 21: The solar control cosating 30 of any of clauses 18 {0 20, wherein {he
first film 42 has an optical thickness in the range of 30 nm to 70 nm, preferably an optical
thickness i the range of 40 nm {0 80 nm, more preferably an oplical thickness in ths rangs
af 44 nm 1o 54 nm

301831 Clause 22 The solar control coaling 30 of any of clauses 18 in 21, wherein the
firat film 42 has a geomsiric thickness in the range of 15 nm (o 35 nm, preferably a
ceomatric thickness in the range of 20 nm {o 30 nm, more preferably a geomaeatnic thickness
11 the range of 22 nm o 27 nm.

R84 Clause 23 The solar conirgd coating 30 of any of claims 15 {0 22, wherein ihe
sscond film 44 has an optical thickness in the range of 10 nm fo 40 nm, preferably an oplicas
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thickness in the rangs of 18 i {0 38 nmy, mors preferably an oplical thickness in the rangs
ot 20 nm o 30 nm.

FODIEEY  Ciause 24 The soiar condrol eoating 34 of any of clauses 18 {o 43, whergin tha
second fim 44 has a geometric thickness in the range of § nm o 20 nm, preferablv 8
aeomelric thicknass in ihe range of & nm o 138 nm, mors prefarably a geomstric thicknass in
the range of 10 nm o 15 nm.

01881 Clauss 25 The solar control coating 30 of any of clauses 11 to 24, whersin the at
east one infrared refiechve layer 87, 73 comprises g cordinusus metial fiim,

G187 Ulsuse 28 The solar contrad cealing 30 of any of clauses 11 o 25, wherein the at
feast ong infrarsd refisctive film 57, 73 comprises al isast one of silver, gold, pigtinum,
paiadium, osmium, ridium, rhodium, rutheniurm, copper, meroury, rhenium, aluminum, and
miiures, combinations, bisnds, or alioys thereod, preferably siiver.

QG88T  Clause 27 Ths soigr conlrol coating 30 of any of clauses 11 1o 28, whersin the at
ieast one ahsorptive fiirm BB, 71 comprises at lsasi one of goid, silver, copper, nickal,
paliadgium, piatinum, tungsten, rhodium, indium, fantaium, ron, in, aluminum, l8ad, 2ing,
chromium, moeivbdanum, nNiobium, codall, mangansss, tlanium, siicon, chromium, and
mixiures, combinations, blends, or aliovs thereol.

B0188] Clause 28: The solar contro! coating 34 of any of clauses 11 fo 27, whersin {he
first metial lunclionsl layer 46 comprises & single film having a geomealric thicknass inthe
range of 5 nm {0 25 nm, preferably 8 geometric thickness in the rangs of 7 nm to 20 nm,
more preferably a geometrie thickness in the range of 10 am o 15 nm.

G200 Clause 28 The solar control coaling 30 of any of clauses 11 1o 28, whersin ths
optional primer layvers 48, 80, 72 comprise 2 malenial sslected from the group consisting of
Htanium, niobium, fungstien, nicksl, chromium, ron, antaium, Sirconium, alumnum, siicon,
indivm, tin, zine, molybdenum, hafnium, bismuth, vanadium, mangansss, and mixiures,
combinations, blends, or alioys thereo!, preferably {Hanium.

02011 Clause 30 The solar control coating 30 of any of clausses 11 1o 28, wherein the
optional first primer layver 48 has a geometlric thickness or efiective thicknsess in the range of
.5 nm to 10 nm, preferably in the range of 1 nm o § nm, more praferably in the range of 1.5
nm o 2.5 nm.

FGO202  Clause 31: The solar contrgd coating 30 of any of clauses 11 {o 30, wherein the
second phase sdiusiment laver 30 has an oplical thickness in the rangs of 80 nim o 200 nm,
prafarably an opticsl thickness in the range of 100 nm o 180 nm, more preferably an oplical
thickness iy the rangs of 130 v o 140 i,

FR0203] Clause 32 The selar control costing 30 of any of clauses 11 10 31, wherein the
second phase adjiustment layer & hags & goomelrio thickness in the ranges of 40 am 1o 100
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i, praferably & geometne thickness n the rangs of U rim 1o 80 nim, more preferably a
geomeinc thicknass in e rangs of 86 nm o 70 .

G284 CUlause 33 The solar control coaling 30 of any of clauses 11 o 32, wharein the
sacond phase adiushment lsver 80 comprises & first film 52, & second film &4, and a third film
58,

IG02051  Clause 34 The solar confrof coating 30 of clause 33, wherein the firsi Bim &Y
and/or the third film 58 comprises g metal oxide or 8 doped melal oxide, preferably zing
axide or doped zine oxide, more peferably in dopad 2ine oxids,

FR02081 Clause 35 The solar control coating 30 of clauses 33 or 34, whearein the segond
fiim 54 comprises an oxias of 8 metal giioy, prefersbly zing stanngts.

BO2GTT Clause 368 The solar conirgd cealing 30 of any of clauses 33 {0 35, whersin ihe
tirst film 52 andior the third fim 58 has an oplical thickness in the rangse of 10 nm {o 40 nm,
pratarably an optica! thicknsss in the range of 18 nm o 38 nm, more preferably an oplicad
thickness in the range of 20 nm o 35 nm,

IBG208T Clauss 37 The solar control cogting 30 of any of clauses 33 to 38, wherein the
first film &2 and/or third fiim 58 has g geomelric thickness in the rangs of § nm ©© 20 nm,
praferably 8 geometric thickness in e rangs of 8 nim o 18 run, morg preferabdly 8 geomeino
trickness in the rangs of 10 nm o 18 nim.

02087 Clause 38: The solar condrol coaling 30 of any of clauses 33 fo 37, whersin the
sacond fim 54 has an optical thickness in the range of 50 nm o 180 nm, praterably an
optical thickness in the range of 70 nm o 80 nm, more preferably an optical thickness in the
range of 8 nm (o 80 nm.

TB0210Y Clause 38: The solar control coating 30 of any of clauses 33 10 38, wherein the
sacond film 54 has a geomelnic thickness in the range of 25 nim o 580 nm, preferably 2
geometric thickness in the rangs of 35 nim 10 456 nm, more preferably a geometnic thickness
it the rangse of 38 im0 42 nim,

0214l Clause 40 The solar conbrol coating 30 of any of clauses 11 {0 38, wherain the
second mets! functiong! igyer 88 comprises a matal functional muiti-ftdm syer compising an
infrarad reflective film 57, preferably silver, and an absorplive film 58,

02421 Clause 41. The solar control coating 30 of clause 44, wherain the infrarad
reflective filrn 57 has a geometric thickness in the range of 5 nnt o 25 nm, preferably a
geomelric thickness in the rangse of 7 nm to 20 nm, more preferably 8 geometric thickness In
the rangs of 10 im0 18 nm.

G313 Clause 42 The solar control cealing 30 of olauses 40 or 41, whersin the
absomiive film 58 comprises an slioy comprising nicksd, chromium, or both nickal and

SO,
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0214]  Clause 43 The solar control coating 30 of any of clauses 40 {o 42, whersin the
absorpiive Hlm 59 has a geomeinic thicknass in the ranges of § nm fo 2 nm, preferably 2
geaomelric thickness in the range of 8.1 nm 1o 1.8 nim, more praferably & geomaetnic thickness
nine range of 028 nmio 1 o

P0345] Clause 44 The solar control coating 30 of any of clauysses 11 10 43, wherain tha
cepbional second primer laver 80 has a geomsirie thicknass or effeclive thickness in the rangs
of 8.8 nim i 10 nm, preferably a geometric thickness in the range of 1 nm to S nm, more
prateraidy & geometric thickness in the range of 1.5 nm 10 2.5 nm.

U218 Clause 45 The solar control coating 30 of any of olauses 11 v 44, whersin ihe
third phase adiusimsnt laver 62 has an optical thickness in the range of 90 nm o 208 nim,
preferably an optical thickness i the range of 120 nm o 180 nm, more preferably an optical
thickness in the range of 180 nm ¢ 170 nm.

02177 Clause 480 The solar control coating 30 of any of clauses 11 10 45, whersin the
third phase adiusiment iayer 82 has 3 geomeinc Ihickness in the rangs of 45 pm {o 100 i,
oreferably a geometric ihickness in e ranges of 5 nm {0 B0 nm, more preferably a
geometric thicknsss in the range of 75 nm o 85 nm,

G0218) Clause 47 The solar control coating 30 of any of clauses 11 (o 48, wherein the
third phass adiustment layer B2 comprises a first tim 84, 3 sacond film 88, and g hird film
e,

G028 Clause 48 The solar control cogting 30 of clause 47, wherain the first film 84
ands/or the thirdg film 88 comprise a8 meial oxide or g doped mstal oxide, preferably zine oxidse
or dopad Zine oxide, more preferably tin doped 2ine oxids,

002207 Clause 48: The solar control cogting 30 of clauses 47 or 48, whersin the second
fiim 08 comprises an oxide of a2 matal alloy, preferably zine stannate.

0L Clsuse &0 The solar control ooating 30 of any of clauses 47 o 48, wherein the
first film 84 andfor third filrm 88 has an gplical thickness in the rangs of 10 nm © 40 nm,
orefarably an oplical thickness in the range of 18 nim 1o 38 nm, more preferably an oplical
thickness in the rangs of 20 nm to 30 nm.

BE22EY Clause 51 The solar coniral coating 30 of any of clauses 47 o 58, whersin the
st Blm 84 anddor third Bim 68 has 3 gsometnio thickness in he range of 5 nm o 20 nim,
prefsrably 8 geomelnic thickness in ihe rengs of & nm o 18 nim, more praferably 8 geometric
thicknsss in the range of 10 om0 15 nm.

023 Clause 50 The solar control coating 30 of any of clausses 47 1o 48, whearein (he
second fiim 86 has an optical thickness in the range of 708 nm (o 140 nm, prefarably an
gplical hckness n the rangs of 80 nm fo 120 nm, mors preferably an optical thickness in

e rangs of 90 nm to 110 nm.
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G02347  Clause 51 The solar controd costing 30 of any of clauses 47 to 50, wherein the
second Him 88 has a geometric thickness in the range of 35 nm to 70 v, preferably a
gaomeaine nckness in the rangs of 40 nim o 60 nm, more preferably a geomelric thicknass
i the range of 45 nm 1o 85 nm.

BGEES] Ulause B The solar conirol costing 30 of any of clauses 11 {0 81, whersin {he

third metal funclional layer 74 comprises an absorptive film 71 and an infrared reflective film

60228 Clause B3 The solar control ooating 30 of clause 82, wherein the infrarad
rafiective film 73 comprises a melalic silver Tilm.

002271 Clause 54: The solar coniro! coaling 30 of clauses 52 or 53, wherain the infrared
ratiective film 73 has g geomelic thickness in the rangs of & nim 1o 30 nm, preferably a
geometric thickness in the rangs of 10 nm o 28 nm, mors preferably § geomaeiric thickness
i ihe rangs of 15 nm o 20 nm.

IGG2E8] Clause 55 The solar control coating 30 of any of clausss 52 to 54, wherein ihe
absorplive film 71 comprises a metallic material, preferably copper.

G228 Clause 58 The solar control coating 30 of any of clausss 52 o 58, whereain tha
apsorpliive Him 71 nas g physical ¢r eftective thickness in the rangs of 1 nim o 10 nm,
oreferably in the range of 2.8 nm to 4.5 nim, more preferably in the rangs of 3 nm to 4 nm.
R0L30T  lause 57 The solar confrol coating 30 of any of clauseas 11 {0 58, wherein the
gptional third primer laver 72 has 8 geomelric thickness or effective thickness in the range of
0.8 nm o 10 nm, preferably in the range of 1 nm o 5 nm, mors preferably in the range of 1.5
a0 2.5 nm.

00231 Clause 58 The solar condrof coating 30 of any of dlauses 11 o §7, wherein the
fourih phase agjustment iayer 86 has an optical thickness in the range of 30 nm 1o 100 nm,
preferably an oplical thickness in the rangs of 40 nim 1o 80 nm, mors preferably an optical
thickness in the range of 50 nm o 70 nm.

02327 Clause DY The solar control coating 30 of any of clauseas 11 to B8, whersin the
fourth phase agiusiment iayer 88 has a geomelric thickness in the range of 15 nm o 50 nm,
prederably a geomedric thickness in the range of 20 nm o 40 nm, more preferably a
geomsinge thickness n the range of 25 nm o 35 nm.

TO0233] Clause &0 The solar confrol coaling 30 of any of clauses 11 o 58, wherain the
tourth phass adiustment laver 88 comprisas 2 first film 88 and g second film 80.

(60234 Clause §81: The solar confrol eoating 30 of clause 80, whersin the first film 88
COmprises a8 melal oxide or doped metal oxide, praferably Zine oxide or doped Zine oxigs,
TOre preterably tin dopsd 2ine oxide.

{02381 Clause §2) The soiar control ooating 3U of clauses 680 or 81, wherein the second

film 80 comprises an oxide of a8 metal alipy, preferably zine slannates.
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NS oA control coating 30 of any of olauses 80 o 82, wharein the
first fiim 88 has an oplical thickness in the range of 4 nm 10 40 nm, preferably an optical
thicknass in the rangs of 10 nm to 30 nm, more preferably an oplical thickness in the range
of 14 nm o 22 nm.

23T Clause 64 The solar condrol coating 30 of any of clauses 80 o 63, wherein the
trst fiimm 88 has a geometnic thickness in the rangs of 2 nim o 20 nmy, praferably a geometric
ickness in the range of & nm o 15 nm, more preferably a geomeiric thicknass in the range
of 7 nm o 11 .

BEL3B] Clause 68 The solar controf costing 30 of any of dauses 80 fo 84, whersein the
second film 80 has an oplicad thickness in the range of 18 nm o 80 nm, preferably an optical
thickness in the rangs of 20 nim 1o 80 nm, more preferably an optical thickness in the range
of 30 i o 50 nim,

00238 Clauss B8: The solar control coating 30 of any of clauses 80 {o 65, whersin the
second fim B0 has g geomelric thickness in the range of & nm © 40 nm, preferably a
geomelric thickness in the range of 10 nm to 30 nm, more preferably 8 geometric thickness
i the range of 15 nm o 258 nim.

100248  Clause 67 The solar control coating 30 of any of clauses 11 {o 88, wherein the
aptional proteciive layer 82 comprises an oxide of Hanium, for example tanium dioxide.

1 G0441] (auss 88 The solar control coating 30 of any of clauses 11 in 87, whersin the
protactive layer 84 has an oplical thickness in the rangs of 1 nm o 30 nm, preferably an
optical thickness in the range of 2 nm o 20 nm, more preferably an oplical thickness in the
range of 4 nim to 14 nm.

0024237 Clsuse 88 The solar control coating 30 of any of clauses 11 o 88, wherein the
profective iayer U2 has a geometric thickness in the range of 0.5 nm 1o 18 nm, preferably a
gaemetnc thickness in the range of 1 nm o 10 nm, more preferably g gaometric thickness in
merange ot 2 om o ¥ nm.

BULE3] Liauss 70, Tha solar control coating 30 of any of causes 1 to 88, wherein the
apiar conirol coating 30 provides a 3 mim reference IGU BHGO of not greater than L3,
preferably not greater than .27, more praferably not greater than .25,

OU2ed] Ulause 71 The solar contrel coating 30 of any of clauges 1 {0 78, whersin the
solar controd coaling 30 provides a 3 mm reference IGU SHGC in the range of 0.21 ip 0.25,
preferably in the range of 8.22 to 0,235,

08245 Clause 72: The solar controd soating 30 of any of clauses 1 {0 71, whereln the
sgiar contral coating 30 provides a 3 mm reference 1GU visible light ransmiitancs in the
ranges of 40% to 68%, preferably in the range of 80% {o 55%, more preferably in the rangs of
S1% 1o 54.5%.
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082487 Clause 73 The solar control coating 30 of any of dlauses 1 1o 72, wharein the
solar control coating 30 provides a 3 mm reference 1GU vigible Haht exterior reflectance in
ihe rangs of 10% o 15%, preferably in the range of 12% o 13.5%.

BG4 7]  Clauss 74 The solar conlrol coating 30 of any of clausas 1 o 73, wherein the
solar control cogling 30 provides a 3 mm referance 1GU visible light interior reflactance in the
rangs of 18% o 22%, preferably in the range of 18% o 20%.

G0248] Clause 78 The solar control cogting 30 of any of clauses 1 to 74, wharein the
soiar controd coating 30 providas & 3 mm reference IGU LEG ralioin the range of 1.8 10 2.5,
praferably n the range of 2.1 0 2.4, more prefersblv in the range of 2.2 10 2.37.

002491 Clause 78 The solar conirol coating 30 of any of clausas 1 10 75, whersin the
soiar control coaling 30 provides a 3 mm reference IGU fransmilted LW in the range of 74 o
80, praferably in the range of 75 © 78, more preferably inthe range of 78.5 to 78.5.

6823061  Clauss 77 The solar control coaling 30 of any of clauses 1 1o 78, wherein the
sotar control coating 30 provides g 3 mm reference GU ransmitted e inthe range of -8 1o -
3, preferably in the rangs of -5.5 to ~4, mors prefarably in the rangs of -8.2 1o -4.25.

BEEET} Clause 78 The solar control coaling 30 of any of clauses 1 1o 77, wherein the
$0iar controd coating 30 provides a 3 mm reference IGU rensmilted B inthe range of 8 o 6,
praferably in the range of 1 1o §, more preferably inthe range of 2.8 in 4.8,

1002354]  Clause 78 The solar control coating 30 of any of clauses 1 to 78, whersin the
agiar controf coating 30 provides a 3 mim reference IGU exterior refiected L® in the rangs of
30 o 5O, preferably in the range of 36 1o 48, more preferably in the range of 41.8 to 43.2.
TO0253]

1002547  Clause 80 The solar control coatling 30 of any of clauses 1 {0 78, whersin the
saiar controd coating 30 provides a 3 mm reference GU exisrior reflecied a7 in the range of +
& {0 §, preferably in the rangs of -3 10 -1, mors preferably in the range of 2.7 {0 -1.4.
G285 Clause 81 The solar control coating 30 of any of clauses 1 {o 80, wharsin the
soiar contrgl coaling 30 provides a8 3 mm referencs IGU exienior reflectad B inthe rangs of -
7 to O, preferably in the range of -8 {0 -1, more prafarably in the range of -5.8 o ~4.1.
(GO2581 Clause 82: The solar contral coaling 30 of any of clauses 1 {o 81, wherein the
sobar control cogting 30 provides a8 3 mm reterencs 1GU intenior reflected L7 in the range of
35 10 &6, praferably in ihe range of 40 o 52, more preferably in the ranges of 48 to 58,
TGUESTT  Cimsuse 83 The seiar confrol cogting 30 of any of ciauses 1 1o 82, wharsin the
sclar conirel coatling 30 provides a 3 mm reference 1GU interior reflecied a7 in the range of -
& {0 {, preterably in the range of 8.2 1o -1, more preferably in the rangs of 8.8 {6 -4.5.
BUEERE Clauss 84! The solar control coating 30 of any of dauses 1 o 83, wherein the
solar conirgl cogting 30 provides 32 3 mm refersnos U interior reflected b® in the range of -

3 {0 0, prefergbly in the rangs of -4 {0 -1, more preferably in the range of 3.5 1o -2,
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JRUESB]  Claugs 85 The solar controf coating 30 of any of clauses 1 o 84, wherain the
sodar controt coating 30 provides a sheet resistance of less than 10 ohms per square (¥,
praterably lass than 2 O, more preferably less than 1 8.

HHLRNT Clauss 88! The solar conlrol coating 30 of any of clausas 1 to 88, whersin the
soiar contrel coaling 30 has an emissivily in the range of 0.02 {o 0.04, preferably in the rangs
of 3.023 {o 0.037.

G8281] Clause 87 The solar control costing 30 of any of clauses 1 o 88, wherein the
solar control conting 30 provides 2 3 mim reference U Winter U factor in the range of 0.8 1o
3 ¥vall per square meler Relvin (WimZ-K}, preferably in the range of 1 10 2.8 WimZ-K, mors
preferably in the rangs of 1.5 0 1.7 Wim2-K.

100262  Clauss 88: The solar conirol coating 30 of any of olauses 1 {o 87, whersin the
soigr control coating 30 provides a 3 mm reference IGU Summer U factorin the rangs of 1.4
1o 1.8 Wiméd-K, preferably in the range of 1.82 {0 1.587 Wima-K.

(026831 Clause BO &n insuiating glass unit {IGU) 100 comprising the solar control coating
3G of any of clauses 1 {6 88,

B0264]  Ulause B0 A laminated unit 130 comprising the solar control coating 30 of any of
clauses 1 o 88.

OUEGE] Clauss 01! A coaled arlicle 10, comprising 8 substrate and the solar controd
coating 30 of any of clauses 1 fo 88,

1OU288] Hwill be readily apprecialed by those skilled in the art that modifications may be
made (o the nvention without departing from the concepts disclosed in the foregoing
description. Accordingly, the parlicular embodiments described in detail hersin are
Hustrative only and are not iimiting o the scope of the invention, which is to be given the full
breadih of the appendead claims and any and all sguivalents thereof,
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Ywhat is claimed is;

1. & solar contral costing 30, comprising:

8 pluraily of phase adiustiment lavers 40, 50, 82, 848; and

& piuraily of metal functiong! lavers 48, 88, 74,

whiersin al isast ong melal tunclional layer 48, 538, 70 comprises g malgl
funclional mudli-bim laver comprising () st isast ong infrared reflective film and (i} st

isasi one absorplive film COMPDrising CopRer.

2. The siar control coating 30 of claim 1, comprising:

g first metsl functional layer 46 comprising an infrared refiective film;

g second metal funclions! laver 568 comprising an infrared raflective fiim 57;
1t

a third metal funclional layer 70 comprising the metal functiona! multi-film
ayer compnsing (i) &l ieast one intrared refisctive film 73 and (ii) st least one

absorptive film 71 comprising copner.

3. 1he solar control coating 30 of claim 2, wherein the first metsl funclional layer

48 comprises 8 conlinuous metaliic fiim, preferabiy siiver.

4, The solar control coatling 30 of claims 2 or &, wherein the infrared reflective
film &7 of the second meial funclional iaver 38 comprises a continuous metallic Tim,

areterably silver,

3. The soiar control coating 30 of any of claims 2 1© 4, wherein the sscond metal
functional layer 58 comprises a metal functional multi-film laver comprising (i) the
infrared reflective film 57 and (it} st lsast ong absorptive film 58, praferably

comprising an alloy of nickel and chromium.

&. 1he solar conirel coating 30 of claim 5, wharein {he absorpiive iim 58 of the
second metal funcliona! laver 58 is incated over the infrared reflective film 57 of the
second metal funcional laver 58,

{. The soiar control coating 30 of any of claims 2 {0 §, whersin the al least one

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

continueus metallic tim, preferably siiver.
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3. The solgr control coating 30 of any of claims 210 7, wharein the al lsast one
gifrared reflective fim 73 of the third metal functional layver 70 is locatad over the &t

mast ons absorplive film 71 of the third melal functional layer 70,

o

The solar control costing 30 of any of claims & o 8, comprising:

g tirst phase adiustiment layer 4C having an opticad thickness in ths
range of 40 nm & 180 nm, wherein the first metal funclions! layer 48 is located over
the first phass adiustmenti laver 40;

& second phase agiustiment laver 540 having an optical thickness in the
range of 80 nm o 200 nim, whearein the sscond msial functional iaysr 58 ig lpcated
over the second phass adiustment ayer 50;

a ihird phase adiustment layer 82 having an oplica! thickness in the
rangs of 80 nm {o 200 nm, wherein the third metal funclional laver 70 localed over
the third phase adjustment layer 82,

a fourth phase adiusiment laver 88 having an optical thicknsss in the
rangs of 30 nm o 1608 iy localed over the third metal functionsd laver 70; and
a profective iayer 92 having oplical thickness inthe range of 1 nm o

30 nm localed over the {fourth phase adiusiment layer BB,

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

a first phase adjustment layer 40 having an oplical thickness in the
range of 40 nm 10 100 nm, praferably an oplical thickness in the rangs of 50 nm o 80
nm;

a first matal functional layver 48 ocated over the first phase agdiustment
layer 40, wherain the first metal funclional laver 48 comprises 8 continuous melaliic
film, preferably siiver,;

a first primsr layer 48 iocataed ovar the frst metal funchional laver 48,

a second phase agiustment layer 50 iocaled over the first primer layer
48, wherein the second phase adiusiment layer 50 has an optica! thickness in ths
range of 80 nm 0 200 nm, preferably an optical thickness in the range of 100 nm o
1640 nny;

a saecond metal functionsl igyer 58 iocalsd over the ssocond phase
agiustment layer 50, wherein the second melal functional iayer 58 comprises 8 meial
funclional mutti-tim ayer comprising {1} an infrared reflective film §7 and (i) at leas?
NS absorptive film S8 comprising an alloy of nickel and chromium;

& secong primsy layser &6l iocated over the second mats! funclionad

aver B8&;
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& third phase adiustiment ayar 82 locatad gver the second primey
iaver 60, whersin the third phase adiustment laver 82 has an optical thickness in the
range of 80 nm o 200 nm, preferably an oplical thickness inthe range ot 120 mm o
180 ram;

R third meial functional iayer 70 iooalsd over the third phase adiustment layer
G2, wherein the third metal functional iaver 70 comprises the meial funchonal multi-
tilm laver comprising (i} g least one infrared reflective film 73 and (i) st leasi one
ataorpiive fiim 71 compnising copper;

a third primey lgyer 72 Dogted over the third melsl functional laver 70;

a towih phass adjustiment igyer 86 located over ihe third primer layer
¢ 2, whergin the fourth phass adiusiment iaver 88 has an optical thickness in the
range of 30 nm o 100 om, preferably an oplica! thickness in the rangs of 40 nm io 80
iy ang

a protective laver B located over the fourth phass adiustment layer
B8, wherein the protechive layer 892 has an oplical inickness i the range of * nm o

34 nm, preferably an optical thickness in the rangs of 2 i o 20 nim.

11. The solar control coating 30 of any of ¢laims 1 o 10, wherain the solar contral
Coatng 3U provides 8 3 mm reference IGU SHGL Inthe range of 0.8 10 0.3,
praferably 0.2 1o 0.25.

12, The soiar control coating 30 of any of claims 1 10 11, wherein he solar contrsl
aoating 30 provides a 3 mm refersnee [GU LG ratio in the range of 1.8 1o 2.5,
prafarably .1 0 2.4

13 An insulating glass unit {IGU} 100 comprising the coating 30 of any of ¢laims
1o 14
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