WO 2007/044781 PCT/US2006/039670 MULTIPLE CAVITY
LOW-EMISSIVITY COATINGS RELATED APPLICATIONS The present
application claims priority to U.S. utility application no, 11/360,266, filed

erohebrvargi23, 2006 ("the '266 application™), U.S. Patent SpAppksatinnes o
No. 11/398,345, filed April 5, 2006, and to U.S. provisional application no.

60/725,891, filggt ATihateberAVITA0RD MBS RATY Tt PR @/hich

are incorporated herein by reference. The present application is a
continuation-in-part of the '26écapptcafien; kdkhbNaF THE INVENTION

10 The present invention relates to thin film coatings for glass and other
substratesThe pairtisiarathicaivent@ame | aesity |owleMissiiity apatingfon no.

that_a-ﬁ%m%ﬂ@&ti%@f&ﬁfr@%%gj ; i@%@gd&@%@ﬁggﬁé@ Qﬁgﬁgﬁgg}? E‘E’d Patent
quipgment 1or aep | n J1im coatings. L

RO Ao b AL SR AT ahSr AR applcatin
TypiballPotRes 3adivded ondeicived 1dy €06 tdrantick reshietitmafileacinerhisio are
or MpERIeYeSIhdFanIRAaBle sl eHICIHERL Nt bR dMERERAY allReliaDAieR. in-part

whiclgf%een%%ﬂg is”a %8nductive metal like silver, gold, or copper, reduces
the transmlssioﬁpofﬁeaﬁ'through the coating. The dielectric film is used to

antireflect the infrared-reflectign film and to control 20 other properties and
characteristics of the coating,Fé'éEH qE Eﬁﬁ)!%ﬁ%bility. Commonly

1ldsed dieIeﬁ:Hti%C rpea terr&a!g inr%:tgl'lrgj ere éiggstg f’iﬁgrra] Cﬁitin’ En i.rlxJ rg %&5 rqlélxtg’ aarltgdother
titanium, amon others. Mos commercially QvalableIow-enis w?y

coatfysiFEse ottt MggaienamiHesmindacRBiEBxty canlings that are
coatesfdtapsgrandrireiclaatsitofilm Al2d eveasingdhedinsabesaf sdv@iment for
filmsdiébgslig%-@rm%j‘yiéxaqﬁggpg can increase its infrared reflection.

alsor

However, this can edtice the visible transmission of the coating,

Grabity of the Coating. P ABE AR Lo AtV e S omsanty

R N
one or two layers of infrared-reflection film and two or more layers of fransparent
dielectric film. The infrared-reflection film, which generally is a conductive metal
like silver, gold, or copper, reduces the transmission of heat through the coating.
The dielectric film is used to antireflect the infrared-reflection film and to control

20 other properties and characteristics of the coating, such as color and durability.
Commonly used dielectric materials include oxides of zinc, tin, indium, bismuth,
and titanium, among others.

Most commercially available low-emissivity coatings have one or two siiver

layers each sandwiched between two coats of fransparent dielectric film.

25  Increasing the number of silver films in a low-emissivity coating can increase iis

infrared refiection. However, this can also reduce the visible fransmission of the

coating, and/or negatively impact the color of the coating, andfor decrease the

durability of the coating. Perhaps for these reasons, low-emissivity coatings with
three silver layers historicaily have not found much place in the market.
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It would be desirable to provide a low-emissivity coating that includes

three infrared-reflection film regions and has desirable coating properties
and characteristics. SUMMARY OF THE INVENTION 5 In certain
srobodinmerds, the invention provides a transparent substratechasngstuzes7o
generally opposed major surfaces with a multiple cavity low-emissivity
coating on a desired one of the major?Surfaces The coating comprises, in

sequenge, ixgpy 6@%9&@5?911% ééjg?#gctm e LS HANRA (gﬁgtthree

dielectric film region, a first ed-re IIm'region; a secon
trﬁﬁ@ﬁ%‘?éﬁ%‘?@?@ctﬂ@‘ldﬁ'ﬁ%gﬁﬂ‘? d‘@%c&‘?&'fﬁﬁ’&re@?@ﬂ%c%ﬁ’f’ﬁﬂ?s and
regiemceetisiicktransparent dielectric film region, a third infrared-reflection
film region, and a fourth transparent dielectric film region. In the present

embodiments, the coatinguiagmmetavdicirstegianp of at least 0.22. The
metal/dielectric ratio is defined as the combined thickness of the first,

second Jramdrthindamfradiderdde i rinfitnmt@yipnwidasda driaydwraunsobsbete
154k arsyoidha i &b&%@ﬁ%ﬂiﬂfﬁ@g TR é‘lﬂﬁ%aégﬂmw&tﬁlgsmty

film regions. S me mbodiments of the invention provide a trans arent )

s B e Nadi G8RePhIN S SRR SHHERSF surtaReSORAIP CRIDRTSRS:
cagtydove-&ensshdtdasvatingaion sudesirodtomedf mémﬁafenmmfaafe@emhééc

C‘?ﬁfﬂﬂﬁsﬁ@rmIariﬁ%’@’lﬂﬂa?%ﬂlééﬂ&ﬁicimmnth@gﬂﬁﬁi%?@é@@d@rt%ﬂééﬁﬁ‘ent dielectric
L}ﬁwardll)é a first transR‘aé%&t I(_1(|9|15=fle{:tr|c {llm region a}h rg tr et dislectric
infrare rqlectlon fiffn region, asecc&hd?}a{ﬁgpé-}’e% ATt egiiti region, a

sép ﬁagtnffrar%mwﬁ@fﬁéﬁﬂmﬂ@‘gf&m raqnmdamaraswrmf@vémw digipctric

rein fedickirh ﬂmf@‘&éﬂ%ﬁﬂam@ﬁﬂs rﬁﬁi%aﬂﬁ@ feabosI FHR HPAS RGN Fatio of

d'S ‘?&é@&i! %? o0, JiLt ?es emb diments, iahe coating prelerably
dle asfj 8 I}%e metalldie

has a meta ectric ratio ectric ratio Is

déih B taseeradotnBithbd tﬂi@fﬁ%’é@f’@ﬁﬁé fil regionsidediy thirgombined
infnate@sreﬂ'ewmwdjrsecegﬁ)mﬁrdi\édedobynhmmkénedew&mﬁsm@im.
first, second, third, and fourth transparent dielectric film regions.

Preferaﬁ@“&%’ﬁP&H%@PBﬁﬁ%ﬂBé‘ﬁ%@ BERY SR TRNSpRISHA SEbFERImbAY Y
glezinguerdlheprrdddega satard péhe, thatpkitdassydtieastisudty coating

b%%ﬁé‘sl?@&‘ EmPaYfe Wo?@ﬁr&%ﬁge%@%&%ﬁ fasdrs8XPASRY Ggr%e from

between-pane space of the unit, In the 30 preseént embodiments, the

IR ARG oPros RSB S BB EIE Y SRS OMR o o frs

POTA8 260808087 0region, a second transparent dielectric film region, a second
infrared-reflection film region, a third transparent dielectric film region, a third
infrared-reflection film region, and a fourth transparent dielectric film region. in the
present embodiments, the coating preferably has a metal/dielectric ratio of af least
0.258. The metal/dielectric ratio is defined as the combined thickness of the first,
second, and third infrared-reflection film regions divided by the combined
thickness of the first, second, third, and fourth transparent dielectric film regions.
Preferably, the fransparent substrate is part of a muliiple-pane insulating glazing unit
that includes a second pane, the unit has at least one between-pane space, and
the desired major surface is exposed to a between-pane space of the unit. In the
present embodiments, the insulating glazing unit preferably has an exterior
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reflected color characterized by an ah color coordinate of between about

+1.5 and about -2 and a bh color coordinate of between about 0 and

about -3. Certain embodiments of the invention provide a transparent

substiaigsgving two generally opposed major surfaces with@rrstis8sos o

cavity low-emissivity 5 coating on a desired one of the major surfaces.

The coating comprises, in sequence ffom the desired major surface

outwardly, adist uanspargr sislectic. fim reaion: & fiSleen apout +1.5 and
gion; a second transparent dielectric film region,

a SeB8nd aAft arBo CRALRRIAINME PEBRIWeaNIRRaut ArssbRBRY R Iectric film

region, g g iitaegrefiection I ieaion: andlalourhHansRAlostate
dielectric ilm'region.’In‘the presentembodiments, the'coating
prERErgNhaana e AINIRIE COKOF StiTastest eliist 01ppieHavitilanareNssivity

ragingeinedasitbe aambingd thigknessiaddbe firak seaond canthises in

! e O ot | HG a6 S
g et e
Pf@fbfﬁﬁf@ﬁ"tﬁef%dﬁfﬁa%feéﬁﬁg%fg%rﬁa&‘?'bf%\ JecardidiARspaigat dielectric
inBiaidninel az gamititharsdckitteson Stoondipane, e tisitdiassat dedstiric

ongNRYRE Q'ﬁﬂ%%%??&r&fé@ﬂ&?fﬂﬁ%&%ﬂ% égfﬁﬂﬁetr%éb‘%ﬁ?ﬂ'ié%&ric

betweenh-pane space of the unit. In the present embodiments, the
indMatifgoBiazifly (it prefsrinRMeRd et el rantitgn AEebas §ps 2
moedalldigectdmretiobadaineats DtRS irfrentierialviniistddcargflads pefiredasitye
r%naﬂjQSQ@@llﬁé%ogpﬁﬁdﬁﬂ%iﬂjQéég{éia%ﬂf‘ﬁ% a«%ﬂé mlx%ﬂ‘@:\t‘tw_rﬁm regions
ow-emissivity coating on a desired one ajor surraces. e
cAHREF B Ee COTLRH MRS T et SRR LI, and fourth
ouevardiy nhdieaidmBiparegionticl Bamftrdlity tbgibanwdient sapeiraieiapagiata
SiM@ﬁip@%ﬁ@ﬂﬂsﬁ%ﬂi@%ﬂﬁﬂh@i@*\ﬂQHé@dfﬂ?mEﬁQi(?qs@cw&%é?ﬁ tlmit has at
cqmprising,sijver, a third transpar lelectric film reqgion, a thir

ot kb e e e o e G
presiwaeepdisdiThaersof e codtindrhicanieseiidrareesiceatfo Seatnedsing

0.gRzihhermetetitielraits satibis tdainfthacetbromsebine thickness of
the first, second, and third layers comprising silver divided by the

combinddl SRTENASBheEiReTits tsckbypttiani RICHARSGLURIRS HrRR5paMaYNg two
digtpetan fibppteeto rmjdreigsablywiteoladgihasavisyian-os snititiptatd on

insulati I thatinglud d , '
T oM R Re et o

exXposeiRs MBisiERCH Al sfhe @ SrtheranraTenfflsaeide im region, a first
enzbedionepmisirii eiivay ntiegpodoissnapitrent dielectric film region, a second layer
comprising silver, a third transparent dielectric fiim regioh, a third layer comprising
silver, and a fourth transparent dielectric film region. in the present embodiments,
the coating has a metal/dielectric ratio of at least 0.22, The metal/dielectric ratio is
defined as the combined thickness of the first, second, and third layers comprising
silver divided by the combined thickness of the first, second, third, and fourth
transparent dielectric film regions. Preferably, the glass pane is part of a muitiple-
pane insulating glass unit that includes a second glass pane, the unit has at least
one hetween-pane space, and the desired major surface is exposed to a beiween-
pane space of the unit. In the present embodiments, the insulating glass unit
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WO 2007/044781 PCT/US2006/039670 4 preferably has an exterior
reflected color characterized by a chrome magnitude number of less than
about 1.82. In some of the present embodiments, the metal/dielectric ratio
watleasiHA5. Optionally, the first, second, and third layerspcomgrigingss7o
silver each have a thickness of between about 75 angstroms and 5 about
275 angstroms. Additionally or alterna‘%vely, the first, second, third, and

fowém%@gﬁ RaLein QﬁéﬁﬁF'&ﬁ%@é@%Q? ganRplpaaly cach have rﬂé&ﬁﬂbde

sica ness of between about 100 angstroms and about 800

arﬁ‘éf&fﬁ%? |l?%%ﬁ‘?@“ RBY IHRfirst RABRPTaiRG iFSIaY SRS Inghe
silvetafdietebipiceadishschinesst aRbet@piinnalyotitel G tasersindiresnddicirdBoydrs

Z%ﬁaﬂaﬁﬁgrﬁ&efr\%@mpﬂava or R aiernalivielyydan féi?éu?‘?%oﬁﬁgéﬂmsa&%

r%rth tr parent dielectric film regions can optionally each have a total

LOTF HMIREA AL G SUCHINFS SR AP a5 Pon . and
aﬁ@gﬁbm%m@%ﬁ firesegioembardisntivris|iyeachdzritegeiatabpiysical

twa;@afégg%mmgg @oﬁ[@tmvgug}eﬁweseaﬁ@ Qifist 866 se5aREn Aaymome
com r|3|tn% 1$‘|Iver and seg? avity between the secon d thir ers
ol ShkeTauets

iy HGER SN EL AR B SRS "ﬁavmg qese

15% comprlsmg sif Ver, Wi
thitkbriseen BB@Weéwab@mﬁtmaﬁ@@,tﬁhw 90 aysiress. an@@ﬁ"@@ﬁgublﬁr

peikapsibetvernichedtdY) anasEampans @Q@Ma?&@ aRgsHEnBR)hs

DESCRIETIGN OF, e PRAVINGS Fighycd 5 8 0raph shiowing e, 5o
spectra prop Higs of a commercially 20 availaple I Siver

loANSHHER AP E 8NPSO FIasIOoR S JrapPshslvitR) RIRS AP <RIt PropERidRe
ofcadtioh ink areg tweftecties tohitgyin fesarslayasswitacarainst and second

empodiments 4l dna Rresent éQXSEE'%sz@%‘éﬁ%%%?tﬁ‘e%&@%&%@%%ép&s

spectral properties of a high infrared 25 reflection coating in accordance

wRASRIHEAA EhiBotiRGRE dH tilethviiRichY UgainrRiosals mtia A ckness of
a\rsitaibéa dduible3Siv endetommissd/ igpeaadBy . dhgumms isoa setegrabetween

CraSsiBL6H ARgLRiAe ey 8ha F4BsIFR&BRRINg a high infrared reflection

coating in accordance with certain embodiments of the invention. WO
2007/044781 PCTI%%%%Z%ON OF THE DRAWINGS

Figure 1 is a graph showing the specitral properties of a commercially
available double silver low-emissivity coating.

Figure 2 is a graph showing the spectral properties of a high infrared
reflection coating In accordance with cerfain embodiments of the present
invention.

Figure 3 is a graph comparing the spectral properties of a high infrared
reflection coating in accordance with certain embodiments of the invention against
a commercially avallable double silver low-emissivity coating.

Figure 4 is a schematic cross-sectional side view of a substrate bearing a
high infrared reflection coating in accordance with certain embodiments of the
invention.
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5 Figure 5 is a schematic partially broken-away cross-sectional side view
of a multiple-pane insulating glazing unit bearing a high infrared reflection
coating in accordance with certain embodiments of the invention. Figure 6

isve sehemagic cross-sectional side view of a coater used in eertaig06/039670
embodiments of the invention. DETAILED DESCRIPTION OF
PREFERRED EMBODIMENTS The féllowing detailed description is to be

read w '%i&rfee ?”Caes%%é?neaﬁ%r&a"%ﬁg b%;é’&ﬁ%%%&‘%&é%@&éﬁérﬁs dife R of a
drawingshave k& reference” numerals. The drawings, which are not =
nEXdERIErNG beaiatingepletise epibhers Ehb oM etherarstas; coating in
indeodedricelimi teetsieapebofithensvwsritiomvakilted artisans will recognize
that the examples provided herein have many useful alternatives that fall
within (FA0SER 55T TREEIFER REIFS SRRNaHIOUBIECER BRI LR AT
ceainginnante dernikvawonn the art for years. Single silver low-emissivity
coatings provide advantageous infrared 15 reflection, commonly in the

neighborhoqskehf £t DReuhip Abieblowapissiel Raabmmales further

improvements in terms of high visible transmission and high infrared _
reflectiothd hetendng, dwniededeptaiotioal selnge andatiewitfrardersafiectiothe

leYRRiHRL GANDSACTIGY SILHRING 3P OHRIeAIVEF AN R THSSY oA BRnce

For example, while increasing the amount of silver i a double silver

cOHMRTASay PP LTS iHT AR MR PatEIY JPoBcHlR [RRItoRFIRH e
eerbbifineninfzadesrerefté dtiendedgto divol 10 &&8pe i sfdificinveotmohicvlied

a gauhig siverdcoating aving aaa0eiRe AnGRIAHOHRERrARGEIGRAY AR eful
ORI CEota Taen st & MGHY S hevaniageons
commergialiy avalRbifdayBigailvandanne RHashdY HeRB M N KiiswS TRRR art
S%%WS transmjssion (the curve that.gﬂggﬁ ardly conyex in th%vmble

wilelEAtin raRGS) LNEJRLETIaE YohCORBRR RN R S e WRlTRRS
coritention enawieiliewivensinihorangl pfo? BlglaBsdriedilsenlayemissivity
degbimgsivedr anHRMinshsRReatng Wihd o fhigrasiselaadaviigonlued high
R e R T SR AR o e
levels that can be achieved using a double silver low-emissivity coating. For
example, while increasing the amount of silver in a double silver coating may
hoost the infrared reflection above 97%, the road toward even higher infrared
reflection, e.g., above 98.5%, is difficuit o achieve in a double silver coating
having a good balance of other properties (high visible transmission, good color,

durability, etc.).

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

2 is a graph showing the spectral properties of a high infrared reflection
cpatiagrikxageordance with certain embodiments of the presggt Bsano6/039670
invention. Here again, the graph shows transmission (the curve that is
upwardly. convex in the visible wavele%gth range) and glass -side

o A A R TR PR don o Bty TR

mfr%l%%ﬁe@ﬁ&'ﬁ@r%%@ht%éﬂh@% 48®lich higher than that of 10
the douhle silver coatln S be reciated hy referrin

Figure g%vruc |sa a Hb Sﬂ’?@&??eé) Baﬁﬁ)g?tl g rared
hu@?ﬂﬁ%meewéﬂ@cﬁbrﬁ@@aﬁﬁgca am@hth@@@mf thitsimrntsiivel domtiprgsent
lHG'r\&rat@hd%Ye%@@;}rﬁ@ﬁ@@ﬁﬁﬁ%%hﬂaﬁéﬁﬂ%@mhﬁdquﬁ?@"i‘h&ﬂﬁlﬂﬁférdly.
e | two, coatin can e att resen

B B S S e R Syt e
s.%'if%%rﬁ% Cweavﬁdrééfﬁe%ééﬁ WrvelRegfevanger ﬁﬂmmel@ﬁanslm@shgﬁrmg

fothihbigh i eoiaiifigstiareceaimparable. Moreover, the cutoff between
visible wavelengths and infrared wavelengths is much sharper for the

present B¢ tsdsdiveubimeasaniviestingid isnaspizianertise that of

dd»h&)l:dnsﬂieesm‘i@ahagﬁ(t@e ‘Chi@/ESpdﬂ{Wi‘ﬁaétwﬂbrﬁdiﬁi’@é)bJ rassering Bighyure
inffa O e t ar ter
ofgenogﬁgcé e%f?éleeg(r;lg_gﬁ é%?é’;ﬂ P’% é J}é%b g%%ver eﬁr%gsswm c%ét]1 lmnéred

ar g EGHRD FRRtngo c@?ﬂdaf’éa & ’f%ﬁqaw@m/@}%wmlmreoatm@@ ﬁ@e
prexapafugh dafrdredrelectite dofading (efiddtioltiplectauiyitoed Bpissbdtyvo

CQJ%E!B Bg.7 hesA membeh ahbenaficialsarereriesy TharasYind Adch higher
uss orts several of these ropertles In some cases, properties
il Sp fséeﬁa?e.#ﬁe& 0eifgHels. 8“ RIcTRANRG) 570 BsBelgisgamdnat the

are rep
prevelatafosaiblg ransrisriosuidadeds e abrtingases, thegerpbipeMesaver,

rleua@r&@cbfmsawé& b{}@ibié \k)ébtv’éfcl?@ﬂ% W@W%J&Btﬁ% f%aﬁmmf,r ﬁ:ar
es e erties are for it wherein bo
pg%ljeqs arére clear 2 g 5 Ifhe 1 F e%eﬁ{ggs ﬁh$8 F tan for

b&&v@@ﬁb@ﬁé@ﬁ@@e{mwmﬁ delineaipstivihgeisiesk of rg@%har@gh ifrared
168fteatioOicetinESE pHaeBie SPRUARSIANRAY BAVEI N R imitbFhFa ifiLefriciency

compared to double silver low-emissivity coatings, and even more so compared to
single silver low-emissivity coatings.

The present high infrared reflection coating (or “multiple cavity low-
emissivity coating”) 7 has a number of beneficial properties, The ensuing
discussion reports several of these properties. In some cases, properties are
reported herein for a single (i.e., monalithic) pane 12 bearing the present coating 7
on one surface 18. In other cases, these properties are reported for an |G unit 3
having the present coating 7 on its #2 surface 18. In such cases, the reported
properties are for an 1G unit wherein both panes are clear 2.2 mm soda lime ficat
glass with a 2 inch between-pane space filled with an insulative gas mix of 90%
argon and 10% air. Of course, these specifics are by no means limiting to the
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WO 2007/044781 PCT/US2006/039670 7 invention. Absent an express
statement to the contrary, the present discussion reports determinations
made using the well known WINDOW 5.2a computer program (e.g.,
salckatingreenter of glass data) under standard ASHRAE  cenlitkengs/&9670
As noted above, the high infrared reflection coating 7 provides exceptional
thermal insulating properties. The coating 7 comprises three

'Wﬂ@éﬁﬁoﬁe“'%%@ﬂt B%%%Q&%ﬁ%@%é&%%ﬂg £00ra E'@s&?@'@@éﬁé‘?on

tylplcallgJ r or another e ectrlcalleﬁconductlve ma erla and they impart
%?ﬁ&ﬁﬁ@%ﬁ@ggtaﬂea KSR PTG pfe 2 Rader
remmmme(efgthecyfaietﬁetm;g:o@mgr 7406 lglesdl Odttan Brddr2/stgudmed ASHRAE
Pegfeiiakily, the sheet resistance of this coating 7 is less than 2.5 O/square
(e.g., less than 2.0 O/square, less than 1.75 4/square, less than 1.5
0/squarés ortegeabiass thahidh3bf8aid qafiee)ioW/tolitine” desindddexekbpfional

shegisesisidangy %d@%@'ew @é%ﬂ@ﬁ%ﬁﬂg?&%@ %dﬁ%pég%%gﬁtzon
app}j}u{;gtlons @0 §néb%§ efelirred coating em dlrtnents (e. gg h

exemprany il $t&8 1R BRI HBR R % RS Y?fa?fc@”&’f er
leigqifiaally epofisigtiveenatadhl anddbeyin et &3 arionaiycoWishatieesistance

reﬁlﬁtanaaatm@the&@waq}féam@%ﬁs@ta@y%ﬁee%ﬁm@%éeﬁh&ath@ﬁg@ess
rgBr e. Othe method éﬁgg‘ﬁn in the art as being useful fo

caﬁ)culatlng SR Eres s?tg PhEcEsiace %%ﬂﬂ%‘*?gafsﬁ less than
excepisnally (o\g- eteussthatyzmxaan@msménme‘m@mmyref ke troeatingg

7@5@%*‘@? 9,08 Eetgrablyadhs emisshvitnafis,< g&f?@dﬂé%éﬁ%% d&lﬂ%@t

0.04 (e less than 0.03, or even less than 0. 025 Wh the desire
EC "@ﬁn%%”'\/ﬁ? éﬁﬁﬁﬁds@‘@c‘féﬁegn@\%‘?@H’?@P%@oﬁ%fﬁ%@pﬂiﬁi@?ﬁ a

apyilicetioofs, rafiemel e cadtipge fembokicoatitsg @nghotlimentst(gayy, thien stacks
expmplaly iR\ Siarksdaauiaied pe%‘g{%&oé@q@s@Qh%W'?ﬁ'\f%%féﬁssSJ&ﬂnas

0.023, 25 less than 0.022, or even less than 0.021. In one em ment
HRRYhis Rty SY stHstiR-0 DB0SHRe Griafancarpl iecariing s7ve kst B1BasUgRess
waerdeypiastiyriasiecpa 4qmtaqmbeofcahwhﬁb%d§madﬁmh gHuisiIvE)bdig

WRLKEWBRIR ATSRSOt 8L NS IRIRLSdiSeserein in accordance with

its well-known meaning to refer to t e ratio o ation 30 emitted by a
surfaceﬁmtiwaﬁc@ammsenmwdm;ﬁsbrmkbhdy@:bﬁ@/mmeor example, the

emissivity of the coating 7 is less than 0.06. Preferably, the emissivity of this
coating 7 is less than 0.04 (e.g., less than 0.03, or even less than 0.025). While
the desired level of emissivity can be selected and varied to accommodate
different applications, a number of preferred coating embodiments (e.g., the
exemplary film stacks tabulated below) provide an emissivity of less than 0.023,
less than 0.022, or even less than 0.021. In one embodiment, the emissivity is
about 0.020. In contrast, an uncoated pane of clear glass would typically have an
emissivity of about 0.84.

The term “emissivity” is well known in the present art. This term is used
herein in accordance with its well-known meaning to refer to the ratio of radiation
emitted by a surface to the radiation emitted by a blackbody at the same
temperature. Emissivity is a characteristic of both absorption and reflectance. It
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temperature. Emissivity is a characteristic of both absorption and
reflectance. It WO 2007/044781 PCT1US2006/039670 8 is usually
represented by the formula: E = | - Reflectance. The present emissivity

valyescane determined as specified in "Standard Test Meplaqe;:EQ66/039670
Emittance Of Specular Surfaces Using Spectrometric Measurements”

NFRC 301- 93, the entire teachings of&vhich are incorporated herein by
reference., Emissivity 5 can pe calculated.by multiplying the measured
ST R R B8 TS vkothoc 3P IBRGEY e present
préITEYishsailRSsiraRecdetaambindl assseanifing pRgreaidvesinMethod For
engissidtco DAlgpat0 42 uriacad disiog Eg&#&h&ﬁbfﬂ%élﬁ@%ﬂl 3 el lgRC 301-
enaissivit cqating. 7 provides exceptional solar heat gain. . .
o T & S B T oo et
a RARdRRY GeleHiRted v imettivlyioR e oraasidRstishesiatasidansridy HEIGGA6.
a WeitlptaisThettedre eoatinyrenaf mppiteatisnswvbase iy osaliune &50aiA be

Wif@ﬂﬁ’ﬁﬁ@@%ﬂ%ﬁ%ﬁﬂ&?&fﬂi}m‘? }?%{m climates, for example, it is

especially desirable to have low solar heat gain windows. For example,
solar heategditoadefiioiants:bicahtnd? drandwelaiysais, gaBerali¥nt coating 7

neoial ey geo ol
Cﬁ%%_*?ﬁﬁ%‘%%é@ﬁifgi’%"ﬁﬁ O e R iy B e

a RRInSoelfinient (RRTE sfrishbow/s duwEastiomar daddent selsr speliatipn that
buddidgyitted itistaugbea tenditer getietet @t sunumitbe shapphgind where low
afigiaradatiRl-ARRlcAHORS bkeheser BmsplaiNeakoaimh A08 HEIGRL RIRYS:
a vital role in maint &nlnig a comfortable environment within the 20

bdﬁcﬁﬁ%&?cr% GPHE %sr{ cnaﬁf%ﬁsﬁagﬁﬁ} ROVt RoWST SPIRPIRatERIE
wifleat agiin goafigicatiatflishosti S satdr belawgaie geedfiaiymetommendsol&r
heabigmigs FOMEsiHeA A BratsaiRFORINGPINLIGRE HPB Y osed to a
B S T G g A g S
low solar heat gain coatings where y?he92§ s SeteCled g HTRGE A
loW 8fiRTE it thesk fewest siderebsinyiiteoviisiblesiaaesitndieasd a lot of

lower ievel thamilsidealareticsinwensigdammisitietrelectraesidiondat gain
higherlee! e i edlAs AcoRssaHenCe windows Beand (Re8fin e

coatjngs may nave unacceptably low vi e transmission an

sAHiaa: T ﬁoirt_fﬁ(@agﬁ,ﬁg%{}&ﬁ@ggﬁcial to provide windows of this nature with

coatings that establish a low solar heat gain coefficient (i.e., low solar heat gain
coatings). Low solar heat gain coatings would be highly desirable for many
window applications.

A tradeoff is sometimes made in low solar heat gain coatings whereby the
films selected to achieve a low SHGC have the effect of decreasing the visible
transmittance to a iower level than is ideal and/or increasing the visible reflectance
to a higher level than is ideal. As a consequence, windows bearing these
coatings may have unacceptably low visible transmission and/or a somewhat
mirror-iilke appearance.

The present coating 7 provides an exceptionally low solar heat gain
coefiicient. For example, the solar heat gain coefficient of the present IG unit 3 is
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30 The present coating 7 provides an exceptionally low solar heat gain
coefficient. For example, the solar heat gain coefficient of the present IG
unit 3 is WO 2007/044781 PCT/US2006/039670 9 less than 0.4.
Rrefaahhsrshe present IG unit 3 has a solar heat gain coeffigient:ofodesssro
than 0.35 (e.g., less than 0.33, or less than 0.31), less than 0.29, or even
less than 0.28 (such as 0.27 or less). While the desired SHGC level can

baesslaLled. 2nshyara ! ‘??%%QEéﬁl%%% Frsialenty %?Ih%%tf%%% eS8 Rient of

preferred embodiments'5 ere the coating 7 Is one

o BFRORAR i oA B anBlde E\%W@SHQ@ {0 8. RBuirgven less
solarHbat (michcoeliZientiedd)etviientte 2 sindl GRS oy batwess SR

a%@%&e@%'&&%ﬂrggaa@lﬁf@f’@ﬁ?ﬁ;ﬁﬁ%@ﬂs@%%@@%ﬂ%@eﬁ%ﬁ ents

within a or more of these ranges while at the same time prov%mg
eeqp'u‘é%n% BFRIRY 4iR08I6F Péﬁ@’é@m?ﬂ@af@&bm%ﬁd?&m@ﬁ brdsmib

1@@5&@@@5%(@3@%@ yisilseteahgatissieficant of heteddreldm®)ahd 0.29

SC{@WQ ARARBerlD2ERMING 26 HdRSIBIS bRlaNGR QRIREHIES é@ml&)‘?owde a

a5 %rﬁ)nsmgn)é hi ﬁ /dlelectrlc r%h as descrlbed below, The
term Solar heat'gain cgé’l?l@é’ 18T ﬂnﬁ‘ tARG SRR LRSI Yidng
wWEHIRREMN?IrAelahiag. Referelat eargmaried b AR Gra0-88H{1BU83, the
emﬁ#&:ﬂ:&t&ﬂ@é@gﬁr@fwﬂm:@@mww&@{@éi mé@ieéwﬂ%r%eﬁ% Jéa@s

Ia ing the meth dolo bedded in the
kno%,vgri:}%}/\@r%%68%3[éJ agcogrjpu gr% OPa'Ql A ?Nﬂ}?o%?/vfﬁ{ \fveh'gh
bé%ﬁ%?éﬁlﬂ?gfﬁféf'ﬁﬁﬁﬁlﬁﬁﬁ@"ié?éﬁ@#ﬂé’s discussed above, the present
coating Thhasrextepiionalt epiicabprpaties ué@dn@%ﬂnala%ora&nae with its

tr%@%ﬁb@vﬁommﬁs %@&éﬂéﬁ%sﬂ?ﬂ h?@%%'% av A fﬁg DSire

films selected to achieve good thermal | nsulatln propertle

effRTBIOF LAY 718 NSHROTS RS PYoTRTBF hal RO Gnan be
idesttUiRteth eshog tifeeryn etleogoimpntmbatidad’ ipribk desl dmexaeptiobaly 5.2a
c%}pm@émo&famtal visible transmission and thermal insulating ‘
properties. For example, the 25 present IG unit 3 (and the present pane
12, whetheemiomadlithieitr te penattheti@unitiduistthg pistdies discussed

tr@B&ﬁE'ﬂﬁ@%@efﬁfﬁ'&ﬁE? Wa?snch‘éét(éﬁai gpaeleh Qﬁlé}t@%)xs Prelg "V,

theﬁ) ? t1G um;é Egand the resentgﬁane 12, w er monolithic or

insulated) achiaves ¥ vilis ﬁ%ﬁ‘f RS Qﬂ’ﬁr‘&ﬁ@?%é{‘f?ﬁ%(@%mms

ghReigeled to achieve good thermal insulating properties have the effect of
restricting the visible transmission to a level that is lower than ideal.

To the contrary, the present coating 7 provides an exceptional combination
of total visible transmission and thermal insulating properties. For example, the
present IG unit 3 (and the present pane 12, whether monolithic or as part of the IG
unit 3) has a visible transmittance T, of greater than 0.45 (i.e., greater than 45%).
Preferably, the present |G unit 3 {(and the present pane 12, whether monolithic or
insulated) achieves a visible transmittance T, of greater than 0.55 (e.g., greater
than 0.6), greater than 0.83, or even greater than 0.64. While the desired level of
visible fransmittance can be selected and varied to accommodate different
applications, certain preferred embodiments (e.g., where the coating 7 is one of
the exemplary film siacks tabulated below) provide an IG unit 3 (or a pane 12,
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than 0.6), greater than 0.63, or even greater than 0.64. While the desired
level of 30 visible transmittance can be selected and varied to
accommodate different applications, certain preferred embodiments (e.g.,

wihesesthrLeating 7 is one of the exemplary film stacks tabuletegdsbalgwds7o
provide an IG unit 3 (or a pane 12, WO 20071044781
PCT/US2006/039670 10 which can b&monolithic or part of the 1G unit 3)

h I t repter th n 0.65, such bout 0,66 In
ﬁﬁ”;%%iﬁ?é‘%é;%ﬁaﬁo R SR Ry R R Jenlgrcs or

it &fe s%l%’%l%‘ijaﬁ?%@}@/e a visible transmlttance of greater
than 0. 7 %f%. CH]QH #C)Zé)naqre%lg()d ents '[%’tnarfllo O%gz(fl{lg Dg%nn%éé%geand

the film reglon hlckness COMPOSIone are seled

viSHRPasii ifsneeientedds achiges ﬂéi@blmérm@w@ﬂ@'cﬁmtﬁmﬂwan 0.7,
regieaisrctuaro ptivhadly dverthineser thaprovide. the %&h@déé@@sfﬁgtﬁ{ﬁﬁ%glon

A%Eﬂ@@%%%r@t% %ﬂgh'c%'é: gg[té%é @QGP V SEE‘ WIIt Qﬂgloi ié%ée of

sth each ielectric films (such as OXI nitride, an
ﬁ%’ ?fmr&?gﬁﬂaf%é%ﬂﬁ? t%@gs TeaipRY ?ﬁﬁﬁh@ﬂﬁ@’é}? thmned to
|nﬁémﬂ@sfu‘lmé&alrpdrmmnﬂlareathammyhﬂ%ﬂé&tﬂy\@WWﬁl@&@mIb’|%an

trayas pAREE WH B RRY OB PE rlﬂg{eafg %ﬁa% plR et L r(lg!fch as oxide,

para aph rthe revious paragraph) in combination with having
R e Sk T hoNh BB AR T, P
witHigraagt ometalr prstiernf theesmgbs IS alosrribetbiisbly anoliokin a visible

cqramﬁmmwnmwm%mﬁéeeqﬁ% FEHEQ%%%&Q%%%‘% W-E0h 18 the
m rt&f{g'gl I’IC ra .The t%rm 'visih ransmlttance is well known in the

seé’ ﬁg |hn P LRISHPILRERATRY 1R BT RFBR FRERITRY. Wrlingss
tré?fs’i‘?ﬁtfﬁ?ﬁ?e'ﬂér§r%ﬂe§§0KW§|§I@ rr@mam%u@amber@e@emmdﬂﬁne ranges
acstapdeetih MdRE B00crmantand2h Eest MatbeddacReterniningdha

Sg@édaggd@f{s&rﬁ% %1# l\llatloﬁ)%r[té(tas of Glazing Materials and Fading

Resistance of Systems nal Fenestration Rating Council

|nc|c|)rpomceracdwe¢ Pesenibaicd0Rlvau Wﬁ%dﬂ%@f%ﬁ@@%ﬁ%@ﬁerein
w u [ e used in calculating
th@ﬁﬁ%%%%@%ﬁ% opr?lgg@éﬁ p't%ﬁ'%ﬁ% % %Te?‘éar% ) t?ﬂe cohted HPas

subiafstreantR SrEsBRdsiaTEYes agecaptansal waﬁgﬁﬁs:s@wc@te@dam
wikbsé iethkdrian Sratssidningdhtetdartbaciaipiecd Distleadthoperties of Glazing

Materials and Fading Resistance of Systems (National Fenestration Rating
Council Incorporated, adopted December 2001, published January 2002). The
well known WINDOW 5.2a computer program can be used in calculating these
and other reported optical properties.

Preferably, the coated substrate (i.e., the present pane) 12 has a spectral
transmission curve with a peak fransmission located in the visible wavelength
range. This is readily apparent in Figure 2. In certain embodiments, this spectral
fransmission curve has a halfwidth of less than 360 nm, less than 320 nm, less
than 310 nm, less than 305 nm, less than 300 nm, less than 290 nm, less than
280 nm, less than 275 nm, less than 265 nm, or even less than 250 nm. In these
embodiments, the coating 7 provides a highly advantageous narrow transmission
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range. This is readily apparent in Figure 2. In certain embodiments, this
spectral transmission curve has a halfwidth of less than 360 nm, less than
320 nm, less than 310 nm, less than 305 nm, less than 300 nm, less than
200 ndaseithan 30 280 nm, less than 275 nm, less than 2651MiRz@% /039670
even less than 250 nm. In these embodiments, the coating 7 provides a
highly advantageous narrow transmissfon WO 2007/044781.-

P S / 70 11 curve, which desirably has high visible . .
e e A L SRR o g e il e
arfBkcBhiidh SN G dBIP s Do frtvise SRMIgNalingierreslansiliietween highly
waaewmgﬁmsmuxmi@buer@f@meddﬂfmgaqW@zv@dm%thﬁaﬂéﬁ %%@I@ngths. In
erphadiment atj jti (i.e.. jogether with having any 5

maximum ha%%%r‘?%o{t}({a% g%%%%) Lg%gjl%r{?{%ﬁ}}e@géb ﬁ‘?%?feg %Vﬁ%"fﬁ%ﬁ&lﬁ/g[haar}y
is "GPATHEP thalieghRpigreaRov el T BISTRAVEPE AEteMas 2 Strliwidtr batrs
gresatder than I¢5mg@his caanbeddesirabledtepieaidisg highdevets Qfeater

vigigle wsmi.ttanﬁ%s%%hw%&%ﬁépﬂ[ﬂg@%%@ )4@?'%%8 Y Wsible
Thre reﬁent coatlng Yé#rowdes exceptional efficiency interms o th_e low

3 'EETQJ’ RS PXR BuRRiARtRarte aRkHiR ¥ Hiectha®iHAYon with high
visible frﬁagr&éé%zﬁ}fg rat] &f&&?@!&é@@%@lﬁ%@{&%fﬁ
the visible-therm

[
HGC is referred to herein as aﬁgﬁ%i?fn@% low

unity) over

ra?fg%f BRE! PELL FPREIGIRN 3NatHRs AR Ve rdmapRMIRAtRReWiRaigh Visible
glieanemigrion2 Phorativer gritdecrahemiRadcd fesanimgiedert edity) over SHGC
enaberiteantts nki all s GERManiRan 2ASeAESFRLIBAME sidsdm EGHIES.
thﬁq}szf 75 reTateBEthan 2.4, greater than 2.42, or even greater than 2.43.
In' Some ierﬁrl'ﬁaoe i rftssgiﬁ?ée?a{nsqsiag?@fi NG b eERYHRaN S
raficHNapEiereierthedimepefbiscatiorisoodiatrrita i3 vaneatettiban 2.34,
capéingr tHaropne Qfgibaexammpiary dikaistagks thyllates belgwlmranigdesan .

I i i lsikle- thermal,efficiency ratig of greater than 2.0 byt

Rl %&ég%ﬁf*‘é%ﬁ‘ﬁfééfe D LS ARy o e
uEbRY! FefAmERTAH eapiars nprdiments, (Re ruhsreithmeeaing A0isrene of
T e presepibcositingtdteaepueyidenalpaltisulady lowd 140, avkilengtahesinle-

swﬁng@ma&x&ﬂé%me&é@y&lwﬂ%@stﬁré%mgaf%?ﬁ?da% g%g'gg.a,

protgertles. For_example; the present pane 12 prefera as a
le¥ Cth%%aﬁ%,zo‘weven less 25 than 0.20. Perhaps more preferably, the

presentpafc 1 g MiS3 MRl RIGoAkider is Trac, 1.8, the transmittance at 740
nm. The present coating 7 can provide a particularly low Tv4g, while at the same
time providing high levels of visible transmittance and good color properties. For
example, the present pane 12 preferably has a T74 of less than 0.30, or even less
than 0.20. Perhaps more preferably, the present pane 12 (when monolithic, or
when part of an insulating unit) has a Trs of less than 0.15 (e.g., less than 0.1,
less than 0.07, less than 0.08, or even less than 0.05). While the desired level of
transmittance at 740 nm can be selected and varied to accommodate different
applications, certain preferred embodiments (e.g., where the coating 7 is one of
the exemplary film stacks tabulated below) provide a coated pane 12 {which can
be monolithic or part of the IG unit 3) having a Tz of about 0.04.



10

15

20

25

30

when part of an insulating unit) has a T740 of less than 0.15 (e.g., less
than 0.1, less than 0.07, less than 0.06, or even less than 0.05). While the
desired level of transmittance at 740 nm can be selected and varied to

;6onMAgake different applications, certain preferred embagdipgséR@ero
where the coating 7 is one of 30 the exemplary film stacks tabulated

below) provide a coated pane 12 (whith can be monolithic or part of the

IG unit avm T74 of .about 0.04. WO 2007/044781
PCT/US %"I'ﬁé’apnreascg RGOSR P O ieen it AB Grceptional,

pr%?f@?ﬁ?éfff@t’%‘r@“@*b@*bfﬁmhpf ipartal lndyigivesrit teifajsle Tokafodtmgvals
|nemﬁ@mytﬁa@&tﬁ&ﬁf&@@m@aﬂﬂ%7ﬁ%ﬁ6ﬁ¢@ﬂ§&é@@b®f"F@@ff%ncern The

a@&lm%'h?sféh%mﬁ%f%é%?t% Cfejao'lge U%}‘nco Ce‘ﬂg” he fol %% n%ﬁ)é?g@@ﬁy

discussion of color Is reported usin nown CO

"2 @R o I ARTtEHE, these %@Rfr%@d]ﬁ%@@r@@ﬂﬁi%té’@memng the
usingetnpt subscriptdnd.s,) anrap@dnt e aReRSRbHE Canve rioRal uswh
TR KR8 &I SIS AR R RSN B 90 0l BhB2:

ree observer). The present color properties can be gedies, ahegriel

SOBEaT hernnRegittreands trteantiertanshrgiesrinhiehMdethod E
|n%@&ptbmmﬁrhéeemmbgsrefemmeuam&“dlpqnmm%wfyltréfaﬁaﬂcﬁé
exceptignally neutral (i.e., colorless) appearance in reflection, with any

appreciabfe 5f5FBeifg o?’ﬁtpllé%%lr?d'hﬁé@ﬂﬁ‘é”?@ﬂe&%ﬂ@bld??epé?ﬂéﬂess)
hergiesis e ewekfionwiite awterprefdble preseril@GainipldRingfidbe He

sustresegide R 3@%@&*&%@\ Ranehice %H&W&'P&'ﬂﬂﬁ@; éi?s' "Tﬁ%‘y&

ted C‘?Fdor characterized an ah color co nate o

unit exhibits
18 Borlo it AT L SRSt B SoAERHoloP OB RTRPETER e
aBgeot %drﬁwbtbiti  tefeetetmstaticentstespedsnnam dyroaldecoordinate of

eBUREIMeBLOIQUL WREEBKLIWIRINEL Y, NRIdheRRufRELAL RERERIEG o

eggw%tte abc%e the rr%redsr%rétn {G unit has,an (ﬁxte iior reflecctied color
caéh%acterlze by a CRrome MAgAItdEMERTBE A RRRLY RS LheR St
offaiein- (REMNSF RisBAhER ZbAn2Dn3e6: withia dornracgdy settetiapoabidhe
coaiirgs iGachicves aalthwwwemw&araaae AR EARNOBPAY IRGroma
ES AL IR @gf%%iéegé' ¥ f'L%" N3 f WeYaLaAliS. DECOMEs 8.
Y tends Po ﬁ Fer f’aL|

more difficult pursuit, and the %/ trea h grea
metal tllﬁcﬁn@sg‘)m?@&)ﬂ/éﬁa% E6Rr ISFopRAtiegsathiavigusy theoisfesewiral
ceptiesare paliticatatdyigunarisighebecor there dirkidie elsigisatng wegdrs,

however, this becomes a more difficult pursuit, and the difficulty tends to increase
with greater total metal thickness. Moreover, the color properties achieved by the
present coatings are particularly surprising given the metal/dielectric ratios used in
certain embodiments disclosed herein.

Preferably, the magnitude of at least one of the a, and by, coordinates is
negative (in some embodiments, both are negative). In certain embodiments, at
least one these color coordinates (e.g., by) is significantly away (e.g., by at least
0.25, at least 0.3, or at least 0.5 in magnitude) from the vertical and/or horizontal
axes of the color space (l.e., away from the “"zero” coordinates). As one
approaches the vertical and/or horizontal axes of the color space, a small change
in the magnitude of a, or by may translate info a considerable change in terms of
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25 certain embodiments disclosed herein. Preferably, the magnitude of at
least one of the ah and bh coordinates is negative (in some

embodiments, both are negative). In certain embodiments, at least one
tweswwearooordinates (e.g., bh) is significantly away (e.q., Byraidsmsi9670
0.25, at least 0.3, or at least 0.5 in magnitude) from the vertical and/or
horizontal 30 axes of the color spacek%e away from the "zero"

CRREGn aéSﬁ%a@a%E@etr%o%gé‘cﬁéérﬁlﬁev‘?él% A/l R RS oy
the color space, a small change in the magnitude of ah or bh may
trSH%ﬁ%?@qﬁ%o a considerable change in terms of WO 2007/044781

PCT/ “Sﬂ@@@%%@aﬂ%&?% QBHS%‘%Q‘?Sﬁé&%deéo?o?‘%ﬁﬁtag'%%%'b?\%’ngr in
red f1%I]@Ees bein hereb%%ncroached The present coating 7 can achieve

a TeHEL R TRt i SRR BIRIRE P e mOR ISP nddeng & ShRting 7 is
preterbihe eisotilanyiisi(etapkeviabriathe codéiaden iss!Bvgnthefithenit exhibits

exaeriand o staeks-tahstated A1 &%@l!ﬁ%@&@%@?d%ﬁ e%BiRits ang
refLectted color cha%é)‘?cterlzPed b% 8ah color ¢ ordlgate of tween %bout

+TRNG A6t PTG hEREe e 5 BRPESTRS of
coBHiRRRERIUbENeRI bout 0.5 (el abefmeemp@g bémcéata:b@um)-

- The38 G ABOYTdn & proRBRELERRRAINEALS w@mmﬁ@mmﬁ@égrm%r
egﬁg@gwe{_mg hereln& therl or notf and bh Wlthl the not d.

%eneng a%of'fn ex r|o reffactad co olfm% 3(:atrére§ee ior

es)
é‘aﬁﬁérﬁ@p a*gﬁ*fﬂef&émn%@ pieise ﬁﬁawb@@mmeémﬂi% fags ghant
aboutslidBZasTleesdasit aiility oBmeme:ewrammeﬂﬂeﬁe@a doletiptipéinededeh

0@&9&2@9&&0& 399&%@%@% g%@ﬂé%websfﬁy%t@aa% i )tbj ?ﬁlﬁng is

preC|ate ewing an | earlng the present coati
cgﬁ?ba?%?fﬁ"détf‘é L?mtgﬂﬁ\afmn@%tv@r HB&tl%%”ﬂﬂatth%v%f%?ﬁ éi%!%gt&avn
amoyrss@f inf@uredis efedtigntfibn cdata gy dsaritae ovoitaismhexdataitsraounts

plgasingHapsmiltadqplor. Preferably, the IG unit exhibits a transmitted
color characterized by an ah color coordinate of between about -3.5 and

about -6 lEngrasbht ¢6lonit adsdiedibicf botivesdngabmshiiletd Z2braneraiboilty,

+he 1 & G @!ﬁ@f@?f(&%ﬂ?@@@%‘?%@&n%%9 é*ﬁeaC%IHFQ:o'&cﬂH&é)Ef
q{ referrz)(?lé 1 stacks tabulated or detailed below), the IG unit exhlblts
o}

%‘?‘th? P AR B afh Bn %%%r%@é?mﬁtité’ oPBRGRSeAPOU

aliédb-and about +4.5. In certain preferred embodiments (e.g., where the coating
is one of the preferred film stacks tabulated or detailed below), the IG unit exhibits
a transmitted color characterized by an ay, color coordinate of between about -4
and about -5.5 (e.g., between about -4.5 and about -5) and a by, color coordinate
of between about +2.5 and about +4.25 (e.g., between about +3 and about +3.5).
These embodiments represent a broader embodiment group wherein the
magnitude of at least one of the ay, and by coordinates is negative for transmitted
color.

Figure 4 exemplifies certain embodiments that provide a coated substrate
12 having a major surface 18 bearing a multiple cavity, low-emissivity coating 7.
The coating includes, in sequence from the major surface 18 outwardly, a first
transparent dielectric film region 20, a first infrared-reflection film region 100, a
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and about -5.5 (e.g., between about -4.5 and about -5) and a bh color
coordinate of between about +2.5 and about +4.25 (e.g., between about
+3 and about +3.5). 25 These embodiments represent a broader
wnhodiersigroup wherein the magnitude of at least one cftharadv@rndssTo
bh coordinates is negative for transmjtied color. Figure 4 exemplifies
certain embodiments that provide a coated substrate 12 having a major

SUERGR ]@ah@ HBg ATBIRLE BRV Gy RIS S MPL GPAHRG - r%ﬁegnﬂw film

n sequence fr m the major surface 18 outwardly, a first

coaU
g9 %i?@ﬁ Mt f@?gﬁ?"f’élj 8*& 96i1S five: g Entbito R FAR FEgisRTon
1007 sevit® 20070447 SAURIC TADS 2006/ 0896R0c Tithsezmon &&andpdiignte 4,

digiestec Silsaree aien Aichseeenaiairaed1eflestan, fﬂlﬂhd@t}ﬂioﬁe%goar@ not

thrrd trans ent dcfglectr Ic film region 60, a third infrared-reflection film
regron anrﬁna ourth Fransparent dielectric film region 80. In Figure 4,

Optlonarh@clﬂeé flassapionsrPRckias 313E @b@\é&bn@ém#gw&%%e@r@f
%t 5re ur d| all en}pogrments Thusé@g resent coatrnﬁrncl

RWwo- cavit D8RS Bt th F&%H&?Sﬂrg‘% &48 er

leasttwo cavrtrgg *HGr E)
é\étv|afiir%%fni@d%rﬁf@aﬁqh@rns'@@jﬁrtsetm@@m&wbt@@}aemt embodiments,

infraeeetieslast oniildeaions. |!h$ﬁﬁ&$ &%ﬂ&izﬁf@r&@nﬁffﬂmwmﬂhrﬁ&%r
n tocareslot r embodiments, the coatin ree
R@%Q%%]ﬁ%c%v%gé n s¥orir]1ebo the both em é\/g én??hpes?h eacrc%? oefstﬁe

chitiassi a@‘ﬁﬁﬁﬁrhé%%ﬁe%r%a&@éhﬁé@@@aﬁ @ebaps GB0R Pefarably
peetvesas: minse: pooi&rat ywbbetweeh about 400A and about 750A. Some
embodiments of the invention provide a metal/dielectric ratio that has

surprrsrﬁaweo‘é@%ﬁﬁaf%dﬁaib%iammwarvrégﬁrr@e%r!@f@ﬁ@c ratio that has
"metaistighe ticen Touratiad’ mvih estosplithieknesstef alldike ihbrarestairiicietion

filgygediong,gnEMboGIments igvolying, silyer.[0g. é@ﬁé&ﬁéﬂem'%ﬁ S (in

divided by the total thickness of the transparent ectric frm regions (not

c8‘i?HHHG“SHE? HYOkERGaghyer 1ihe dolg! b%*\r%éawqﬁs«ahewégeﬁr the total
etmibodinsaritbietirensretaiddathic fitoregrederablycisiatintgastybRcktddastrs

Okl ﬁrare%t 9@&@} leastQe 260k RVER B 4fASHLO @%é{:arar@ée@mg%w

are l;t)%ddm?nts \{vggrer his ratio_is between about 0.27 and
%re ggg eas af leas east 0.25, at ieast (.26, or even at least
0.27. Tabulated below are exemplary embodiments wherein this ratio is between
about 0.27 and about 0.28.

Each infrared-reflection film region 100, 200, 300 can advantageously
comprise (optionally at least 50 atomic percent of, in some cases consisting
essentially of) silver. Further, in some embodiments, the thickness of at {east one
of the infrared-refleciion film regions 100, 200, 300 is greater than 150 angsiroms,
greater than 175 angstroms, or even greater than 200 angstroms. Additionally or
aliemnatively, the first, second, and third infrared-reflection fiim regions can
optionally have a combined thickness of greater than 425 A, greater than 450 A,
greater than 460 A, greater than 470 A, greater than 475 A, or even greater than
485 A. In one embodiment, this combined thickness is about 477 A. For
example, in some cases, the first, second, and third infrared-reflection film regions
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Each infrared-reflection film region 100, 200, 300 can advantageously
comprise (optionally at least 50 atomic percent of, in some cases
consisting essentially of) silver. Further, in some embodiments, the

thicknessplsat least one 25 of the infrared-reflection film regiqRsikeh:29%6%70
300 is greater than 150 angstroms, greater than 175 angstroms, or even

greater than 200 angstroms. Addltlonéﬁy or alternatively, the first, second,

anghth niryed-r ton fil ns.can optionally hav '

trllgu5 gsgg o?gr%g?esrl thgrfl )ﬁ@rﬁ rg%a?e C&H%%OW ysrea 1%§§ﬂrq496%§Aa”d
%ﬁ%r tHArPRTH, @?@&E@m%mmﬁm@ﬁ@@éh@ﬁmﬁmm%& o

omaenwlmahmeme thisesptmb el dbtekiapsadsaaHirdréd-ferEaioe KA RIGons

in SMEH62868 aesfireh &9@% %é@g%gﬂ%@?% %%69@15'& regIaNS g

Céé‘ 007/044781 PCT/U 2006/0 are silver
‘having respective thicknesses of 122A, 149A and 206A. In

another@éﬁggdgy,%%l%% Mﬁgqﬁg'% 83’3 hlr c%df%?aéd ﬁectrorhrﬂm

exa éﬂe IN SOMe cases t secon rared re tlon
S {355 ﬁdvfé@b%ogﬂk?@ﬁ*}wéé m\%@q@saéawéowwé@rs@fss&ver)
1218/9\ COBhKesrtticEr283 Af Gdctin3etBodinents3proljds resseeo ikl andast

thﬁsbimfraf%%rﬁﬂﬁémé%ﬁ‘Afeﬂui‘%Bﬁléeé}ﬁBd%‘aM@ mc%m Rl l‘?ess is

er of silver) ata com ined thlc ness o

Iagg % discrete Ia%l/

leas %%C 85%t§§8 I ﬁ'tylé?fﬁeBﬂWWrﬁt‘I’éa@f'%ﬁ@Aﬂ@r &8n é’ﬂ‘f@%\s’c’s
ssgmemﬁ@@météhebmmtgpmugfcmmammmwﬁhese igok0 836i8BGvg a
Heseica Epiptivielyt lasgRmgosntalissliagtivafilmate e silvap) lﬁne facniltatmg

ﬁ?u a{ed at the ?uter tlons of the coatin Y\}Vﬁﬁthe oal of this

h%vmG a paricular grfe\gggo%veﬂ'r?ﬂﬁr%lls %'ﬁﬂsﬁ\’?‘g/ & df é?t‘é’gn@‘?ﬁﬁ@es
fd&ﬁﬁ%ﬂﬂﬁ mw&eraﬁy\fgbroafd@%t opigibfdhedniemisbiefectiv Vilsiblegions can
refbmpﬂm?eﬁlafasmwwwmééaimhﬁﬂxébéo@bmﬂ %@@oﬁ&@@at least
infran [ C e thicker

et T AL RRCE A T8 SRR Paed, Rt ol e
IR A $nte i iaferesreliaginn il tEeaiomitha dsufickers tﬂ@tmﬂjﬂl’st

infriseeziireflection fitmegigiom thakisrtmeke btlianrite digstounts.
infrared-reflection film region, by one or more of the noted amounts. Some
embodinfERtSTBoRBeHt 7 AeAT ANASFERT NG REED Hepi S Reted inp@red-

refiéetiom fflim negion Is thickerttizantteerfissinftrrednetiest amfilmgegion at

bywadt 10 A, at least 20 A, at least 25 A, or even at least 30 A. Additionally or
alternatively, the third infrared-reflection film region can be thicker than the second
infrared-reflection film region by at least 25 A, at least 35 A, at least 40 A, or even
ai least 50 A,

One group of embodiments provides a coated substrate (e.g., a coated
pane, such as a glass pane, optichally having a major dimension of at least 1
meter, or at least 1.2 meters) bearing a low-emissivity coating 7 that comprises
three infrared-reflection film regions 100, 200, 300 having a combined thickness of
between 420 A and 575 A, optionally in combination with a metal/dielectric ratio
within one or more of the ranges described above.
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least 10 A, at least 20 A, at least 25 A, or even at least 30 A. Additionally

or alternatively, the third infrared-reflection film region can be thicker than
the second infrared-reflection film region by at least 25 A, at least 35 A, at
leasodOAs I even at least 50 A. 25 One group of embodimegigptanides 7o
a coated substrate (e.g., a coated pane such as a glass pane, optionally
having a major dimension of at least 19 meter, or at least 1.2 meters)

b f
P s e A B

fHﬁB‘%f?’%&" o&fbﬁ%ﬁl;}‘?ﬁ%nﬁﬁﬁﬁ@ﬁﬁﬁﬁ%‘?ﬂ&%ﬁ’;‘mémﬁtﬁ@\‘%“’@@e film
wittgivesnerortimeoferof the sivegelagascribel abbovyeisivD RPOFRNM /@&hsisting

PeLlARA0A0AA98 ithnERe diLanagare N%rﬁ@tﬂg%%ﬁ}%l\?&%ased

f!%%ﬂ%m
3 0 are described below in further détail. Briefly, though, some preferred

Kedidielir fralide tiBsReriIRRes iR ﬂ’é”f@rrﬁﬁ‘%lﬁ?& Bﬂ;@r‘? BLERC
céﬁi{ﬁ@ﬁﬁ@‘(bﬁ%@ﬁﬁaﬁ%@ﬁ&@ﬂl@ s8dsendialdpdipeiberPwithabigsihthpbethey

Lﬁ&!&éﬁ ﬁm@aaﬂa{sméw 6#19@9:014&%6?@@2” drrilayene iﬁéﬂfﬁ@;&mﬁa@@%
ree si r-containin an Op | ve a thiCKNess O
DR R el R e
a feiekadBe seirdmliedn mgiﬁsgmaﬁtjw@s@t@mr&fmwmgfsaﬁ@?éf one
prgtRsaky taetwgﬁn1a®<h%t&<@waaaldm@@as%5%emi@@@rerab@d%mmmeosane
thi\'?sd? tlﬁ'ée g S&QF t{at{e l%zluaes %asfgeéa teha Ién ajo dlme Se'%(r)en?\
at Ieas 8meter or at east 1.2 meters), and g ass e¥vls par
of BHHRIRIPREDARE TTRSuRRFSHGRISS ML @ﬁaeﬁwa@%svﬁtf@ag%r@mww be

glasscabeel Nidieratthar, onfiliplevpaee anitihesaiketaeengangsnace
1500, which can o tlonaléy be evacuated, filled with air, or filled with air

and insUMegpest io dhedRybiranoprrens sitleeisie g apg S 4fe§0, 80, in
diederiricfilbodRotons 28:H6E thes8innrelimae a0 givetdsihakel sl of

thﬁét%‘é’ﬁ‘ éﬁ&&?@éﬂ‘éﬁoaa%&' éﬁ@i@'ﬁﬁhtf}é‘?m%@%ﬁe%‘?&% ﬁ?&%&?ﬁ% ut

out 9 s.more preferably between about 1
a688 %@EWH&@%%&E’&?&E gty SRS EFO RO GERGH t?ﬁ‘*%’r’é more

deketdilThe first transparent dielectric film region 20 is applied over (in

some 20 cases, directly over) a major surface 18 of the substrate 12. This
"Q}pz'@st "fransparent dielectric’ film region 20 is applied over (in some

ﬂlgsrsg,ldlrectiy over) a major surface 18 of the substrate 12. This film region 20
can be of any composition that includes at least some (or, opiionally, consists
essentially of) transparent dielectric film. in some cases, the first transparent
dielectric fitm region 20 Is a single layer. In other cases, it comprises a plurality of
layers. As described in U.S. Patent 5,296,302 (the feachings of which concerning
useful dielectric materials are incorporated herein by reference), useful dielectric
fitm materials for this purpose include oxides of zinc, tin, indium, bismuth, titanium,
hafnium, zirconium, and alloys thereof. Film comprising silicon nifride and/or
silicon oxynitride can also be used. The film region 20 can optionally include one
or more absorbing dielectric and/or metal films, such as to control shading, color,

or other optical properties.
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can be of any composition that includes at least some (or, optionally,
consists essentially of) transparent dielectric film. In some cases, the first
transparent dielectric film region 20 is a single layer. In other cases, it
eEonpsisRsRplurality of layers. As described in U.S. Patent ;2865308039670
(the teachings of which concerning 25 useful dielectric materials are
incorporated herein by reference), usful dielectric film materials for this

purpose.inc ge oxides ofzm n, ipdium, bis th titanium
conue i ARSE el A BadE O ol Ehcr

oﬁmﬁ-ﬂé%ﬁ%@@%@hééa Sméeﬁmyﬁfé@kﬁe%ot@awwawfﬁ&%%ﬁés
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OfZifGoxide &QQ&%&%&%@F ﬁ%dﬁé\/a 8‘%&&331%3_ ﬂ@?c‘?ﬁaﬂ@eg(y& i

It should be understoo though, that su¢h a 5 single layer can b

répBRAE\INRRG Bt ‘FHBFéeﬁ‘ng‘é‘?&@ Werton fieR Haﬁé?erlals In certain
embodiments, & firSLiIraRmRaNahd! %ﬁf@tfn"ghﬁﬁgi‘éﬂt%Qelgw{;ﬁﬁ?%@lon

graded thickness of film, having a compaosition that changes

g@dﬁ‘ﬁ?ﬂﬁ'&ﬁﬁépﬂv{ﬁ‘?‘i‘ﬁe?@&sﬁﬁ‘%ﬁ’ét%«?é”ﬁo‘?ﬁ'?ﬁe %‘i&%ﬁ‘ﬁt@ fﬁ‘clﬁ’%dﬂ‘i@e
phetitior esftotimdndsxté flrgt rapepéeent Hieleowiodim beioan 1BL0irst

ﬁqma@a%fféeﬂctﬁ@mmg%@yoﬁfti?@@ag@%%é&éeq@L&*}ﬁé @s@%@:ﬁ%lf%ge
aving a refractive index o or greater, Far example, be e firs
infrare 8& renﬁ%%%on Imr Vﬁdfgoaaﬂﬁsfﬁg SW‘I%C r%[:')gﬁh%ftgf%sr#ﬁt
tH@fr@CtBemla@ﬁ)anfa‘géwgyeﬁtﬁprdma@ra%%%emu@@smm&sﬂmﬁmﬁﬁs is

thedJrasrn1 sefspgtiveniad s Otk POHESRHMS, M%asm HigsHesiserss
tojaltickness e Ao leas iian Jo5 annstroms Jese lan 199 Agstiama,
less than 1 angstroms fess haﬁ ahgs roms, ﬁess

angstrmthV%f}alﬁs’d)th?ﬁhﬂéQ a%tfgmsl?f%e%arfﬁ@mama Figioe 4s
t I Inm reagion.| I%IItII ytere nce.nu er
h(%ﬂ[ﬁh ‘%r%g?or%i%% re era yﬂggcont?ésuous t(r)eq %rg rprgferagw

pﬁ%feaP%ﬁpadt%tw M@@hférvﬁér@é gPRtactingtthy gheaRylsaréanedRlidbgidrst
fitrargmian2deldatyislitabiginraoe draflaatiperndtarial @ABction material can

be used. Silver, gold, and copper, as well as alloys thereof, are the most
commonly used infrared-reflection film materials. Preferably, the infrared-
reflection film consists essentially of silver or silver combined with no more than
about 5% of ancther metal, such as another metal selected from the group
consisting of gold, platinum, and palladium. This, however, is by no means
required.

When desired for protection of the infrared-reflection lfilm during application
of subsequent film and/or during any heat treatment (e.g., tempering), a first
blocker film region 105 can optionally be provided over and contiguous to the first
infrared-reflection fiim region 100. This blocker film region 105 can be provided to
protect the underiying infrared-reflection film region 100 from chemical attack. in
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be used. Silver, gold, and copper, as well as alloys thereof, are the most
commonly used infrared-reflection film materials. Preferably, the infrared-
reflection film consists essentially of silver or silver combined with no more
Raneahauta? of another metal, such as another metal selggteghdsaspdhg o
group 25 consisting of gold, platinum, and palladium. This, however, is by
no means required. When desired fotgrotection of the infrared-reflection
fllm uring application uent f|| and/ durin heat

tréa mengfé 8% ginal%gﬁ% a f| f ea[:ﬁomi’?er’fl AT %ﬁd’%% @4:%3{ Bﬁtﬂ?ﬁ%y
béspiavigakesiaeatsd @mlgaﬁu@ft@twmn%hrﬁmweﬁe@mﬁm cases
regign d44s Tmseleskey ﬁitmnéa@m.a&ﬁmae@rmdw d0ePEQERC thecker

nf fil h ttack. |
SN o N e R A SN T O
ot SR dre SHIKPRIGEI ARIchIap BB/ Aetog IFerRasiian Ehfb@d’h’ﬁ‘@nf%ma In
thandtge r eoh ibaiiamt, me@ablsaaplfmd AN 30 esCasessii@igascasrger of
WHSB%"'Q%@J&E‘ 5%&?@50 %8!?‘( Ol gﬁ'é%ﬁ}h{ %e&é&?&éu%o&&& b IR";‘QCT

region) at least an outer nes that titanium metal I1s converted

td BEEEHRAR &%Qﬁ'@ﬁr% HERNBIAREAPduringeaepBERa® oPDVBItyIRG T
filRublivatomo thedatiem bo dilaket, Myeisleckanditnpoegiah HOSits e pdsitedas &

|y OfmBliRRR: USRI dRGHam VS5 0B BQ&'EMBR&W@&H%&@%%@
in detajl in PCT International Publication No. WO 97/486

RS BPURSLBE PR BiCREH RO To BidTKis: |§§}€?§‘5‘P2§ Ttum, and
indmguvated herein by reference. In 10 other embodiments, the blocker
film region 105 can comprise a material selected from the group
consistint B SN RRS R 2RI aINARIRR Timd ﬁ?&?rh%@e*’a”y range
ziioonittAs AxenfRinAtHiokhessed $o§«themmmagtﬂeta(dhmkna®gmmay be
0Q8S 8y A SIBCE M3 138idh(8) i 1RS AeBHENESrEE. A. However, greater

thicknesses may be 15 used for any blocker film region(s) in the coating,

_if desired.serrspaebeibedisenbigratrdgbrissieombleitardfyekerdtgred (e.g.. a

nbﬁéer&kc(%gteeamieIegée%ma&eréﬁl)dae%a%m{aﬁp%péaeﬂrefeﬁeﬁaea#yrfmfn
each oft gkgéglqu. re |ons gOfS T e ma erial used, for
32) onP g he %'éa usé ot ex ﬁ tlfea oxide, mtrlde
a% e, can e'dan OXIde nitri Or OXynitri e Is ma €rral can

aé(/a’m’&ﬁ@@%slﬂ' bie W%G%W‘aﬂﬁtﬁgﬁﬁi@lv be sputtered from a ceramic

target either in an inert atmaosphere, a nitriding atmosphere, or a slightly oxidizing
atmosphere. In some embodiments, a substoichiometric sputterable targst
material is used. For example, the target material can optionally comprise
substoichiometric titania, TiOy, where x is less than 2. Alternatively, a ZnAlO
target may be used. [n still other embodiments, a ceramic target comprising
titanium, silican, and oxygen is used. If so desired, a very thin metal film (e.g.,
less than 25 A, less than 20 A, less than 15 A, less than 10 A, less than 9 A, or
even less than 8 A) can be applied directly over the infrared-reflection film, and
directly over this thin metal film there can be applied a dislectric blocker film
region (which optionally has a thickness of less than 50 A, less than 40 A, less
than 30 A, less than 25 A, less than 20 A, or even less than 15 A). When
provided, the very thin metal film can, for example, be deposited as a metallic film
comprising titanium, niobium, nickel, chromium, nickel-chrome, zing, tin, zinc-tin,
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20 target either in an inert atmosphere, a nitriding atmosphere, or a
slightly oxidizing atmosphere. In some embodiments, a substoichiometric
sputterable target material is used. For example, the target material can
eptianalhrcemprise substoichiometric titania, TiOX, where »(Siessothaibs7o
2. Alternatively, a ZnAlO target may be used. In still other embodiments,
a ceramic target comprising 25 titanil]ﬂw, silicon, and oxygen is used. If so
desi i i | film_ (e n. o]

T, B A b o FR A A R St
appiRE girdeaRisie i Pifar8H- R tIRSTInMealC amatayaver this fifRe
neetabtilmetheréheathiberaylifich addsbatiiric hieskstshnm sagioatwiniokphere

optienalydlasa MIKHRL PGSR IAbaQdhdaRR Bt R an kﬁé\;"'thgtelré@@ﬁbe

+ 30 A, less than 25 A, less than 20 A, or even less than 15 A). e

pPIURRREC e VEHy TATRIBLAY RN SRITIATG GRS, BeCarRIBSiategt gan be
nsptatiefiln aonimpristmgstighiijurmaclivbiaimonptiesl, chrenmets) target can be
n%@@ymémgetm@%g& WO 2007/044781 PCT/US2006/039670

19 aluminum, indium, zirconium, or a combination including at least one of
these inatedatsitigsiherovithad rerdodioesisthibe metéihie mMateriplsemnthree

thesg-grdaediments. lpduninein) filre-dgsialinie denasliedanuashiagiy
atmosphere, and txf%dlellectrlc bl‘ijoéke fllrg refglon can b}ﬁ %elgosne either
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usettmsiediaufiumateet.can ve nopreialie inmate b rselesiRshtiyore abgy@roup
?Hanmmrgf <|éh %m,abt?ﬁgﬁig?%@%rﬁﬁkgmrﬂfé,i_ﬂzﬁ?[@%@\é%}ﬁmaﬁﬁhﬁfﬁe
one partic Qup o1 e odiments, t coatin mprises three
T oL b i SR S PSR e i s ToF Ve e gocker
ofiibriegion 1B\ wilbli GrHier) ehdie repsevineted beseitefailtheceptional
thiidsed gpasitefbiz asnon-asekedlictfanms(e. . ar@men-metalticemateliiabnts

iapsis i . aReica- s
o A e e e pooes

efeRBEIlineARS ehEMRRcRIvESS HryagiPatieh rﬂﬂﬁéﬂ@ta[ﬁﬁﬁ]%gion can be
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regiona ot oA R e PR A Ml a iy

as les diments jnvolve

AUBBLHNRSNGS. YIRS SERDBRER iEshbaa REAiNTA IR dedess than
depdsitesg tham Or Aosesbioake Almmegéonisssstham Snétallithiignmot shown in

Figure 4, a blocker film region can optionally be provided under the first infrared-
reflection fifm region 100 as well.

The second iransparent dielectric film region 40 is positioned between the
first infrared-reflection film region 100 and the second Infrared-reflection film
region 200 (the region between these two film regions 100, 200 being referred to
herein as the “first cavity”). The film region 40 can be referred to as a first
“spacer” film region, which is located in the first cavity. This first spacer film region
40 can be a single layer of a single transparent dielectric material, or it can be a
plurality of layers of different transparent dielectric materials. In some cases, the
second transparent dielectric film region 40 comprises at least three transparent
dielectric layers. Optionally, there are at least five, or even at ieast seven, such
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small thickness, such as less than 25 A, less than 20 A, less than 15 A,
less than 20 10 A, less than 7 A, less than 6 A, or even less than 5 A.
Whitsaat:sizown in Figure 4, a blocker film region can optiormadtytreeos/osos7o
provided under the first infrared- reflection film region 100 as well. The
second transparent dielectric film regigﬂ 40 is positioned between the first
infrayed-reflection Sl eal whipfraedsefieption

25 sbeisin 300 (e af%g D B e ke o%'“s%gg?he
refFRE%JABRRAEAS fieleslia ElmiPyiomERisrRelriis 4 eied roraprsiion
to Eptofiaty @pm?ia‘ém bggiogradnhéd;hrmmmecbm dme firshesantyt Bhigctric
firgh SRASEHL AL IR RN ARFALRG ?eé&ﬁ:@é@ et 3uR0Me 2RPRA R Fegion

dielictric material, or it can be a plurality of layers of different transparent
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filrasrisgtontad stedingisedoatdeatitahvoticaiamepertist dielectric layers.

Optionally, there are at least five, or even at least seven, such WO )
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m region preferably is contig

seRthaciasitEparent dielectric film region 40. Any suitable infrared
reflection, matef é%&ééa%lrog?&e“?%ﬁ’ SHG as_sélg(ljlv r?n?r%'r%'ﬁ%@ﬁe%ﬁfagﬁ Sl fegion

alloys including one or more of these metals. In some partic

entB8difh ERESNEh &' Refrel M e FRSEEH RN N SRlien@bs D%t AIgVistes \Rvebrand
siluentiynmnis rte diveithenonth dnerdiairaizatib A ofirof roRimeommeRlissurizias fim

ar}%@?&ﬁ'%aéa??l%%%ﬂsféP?%rﬁéﬁa%Bfé? Qﬁ))pﬂifdttié]%P&%@lg’_@lﬁi[ﬂ}lg}id?&‘i{ In

palladium. 15 When desired for protection of the second infraréd-reflection
fil PR RS SR HI R K iR G e 505 CRRYSHiBRAIIY Brme cases

préxigledaseemance oxide film is reactively deposited directly over this blocker film
region 205) at least an outermost thickness of that titanium metal is converted to a
fitanium oxide of varying stoichiometry during deposition of overlying film. In other
_cases, the blocker film region 205 can comprise a material selected from the
group consisting of nickel, chromium, zine, tin, aluminum, indium, and zirconium.
In another embodiment, the blocker film region 205 is deposited as a layer of
niobium or one of the non-metallic blocker film materials discussed above. The
blocker film region 205, for example, can optionally comprise the above-noted
arrangement of. a very thin metal film directly over film region 200, and; a
dielectric film directly over this very thin metal film. Alternatively, the dielectric film
can be deposited directly over film region 200,



contiguous to the second infrared-reflection film region 200. This blocker
film region 205 can comprise, for example, any material that is readily
oxidized. In certain embodiments, a thin layer of titanium metal is applied,

aRe Reenssgases 20 (e.g., cases where oxide film is reactivgly, depasited-,
directly over this blocker film region 205) at least an outermost thickness

of that titanium metal is converted to a2titanium oxide of varying
osition of overl

stoichiome urjpg,de ing film. In other cases, the
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fllrﬂn@gﬁﬂgagé\é%lyg J@%géﬁ%%%%ﬁﬁ can be deposited directly over film

region 200. WO 58051039670 21 Suitable
thicknesges filrtheeriiana): sesesddinskesditn F&ﬂ'ﬁ%@@%ﬂé‘@%@%e% the
rangeffom =30 A isdn Al 3.8 A. Greater thicknesses may used,
i oere gk bt et SR R en Bogm
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re%ogogg i I%g&%edFW|tQ|n thg "second cavity"), and can be reterred to as
the Eecorﬂ' SRR (88 Ve the n Sast & Bl | SHARC IANSI Fegfsnan
60REEMBEa Kingle tay@oof dishreje aersparentadielectfiche abédalzostarent
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o) third transparent ielectric, film region 60 comprises at
e o R S R e
20 or MR ShrskRg Sl o pibn apbies| meRenties.
The next illustrated film region is the third infrared-reflection film region 300.
This film region 300 preferably is contiguous to the outer face of the third
transparent dielectric film region 60. Any suitable infrared reflection material can
be used (e.g., silver, gold, copper, or an alloy comprising one or more of these
25 metals). In some particular embodiments, the third infrared-reflection film region
300 consists essentially of silver or silver combined with no more than about 5%
of another metal, such as another metal selected from the group consisting of

gold, platinum, and pailadium.

When desired for protection of the third infrared-reflection film region 300, a
30 third blocker film region 305 can optionally be provided over and contiguous to the
third infrared-reflection film region 300. This blocker film region 305 can comprise
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alternative to one or more discrete layers, part or all of the third

transparent dielectric film region 60 can have a graded composition. The
film region 60 can optionally include one or more absorbing dielectric
avulosmetaifiims, such as to 20 control shading, color, or etheuspticakss7o
properties. The next illustrated film region is the third infrared-reflection

film region 300. This film region 300 fgreferably is contiguous to the outer
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Given the large number of blocker film regions provided in certain
embodiments, it can be advantageous to use a very small thickness for one or
more of the blocker fiim regions. Thus, in some embodiments, directly over at
least one of the infrared-reflection film regions there is provided a blocker film
region having a thickness of less than 20 A, less than 15 A, less than 7 A, less
than 6 A, or even less than 5 A. Further, in some embodiments, the coating 7
includes three blocker film regions 105, 205, 305, and the combined thickness of
all three of these blocker film regions is less than less than 60 A, less than 45 A,

less than 30 A, less than 25 A, less than 20 A, less than 18 A, or even less than
15 A,
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desired. In certain embodiments, the third blocker film region 305 has a
particularly small thickness, such as less than 25 A, less than 20 A, less
than 15 A, less than 10 A, less than 7 A, less than 6 A, or even less than

Wb Muhdemnat shown in Figure 4, a blocker film region can eptianallyshess7o
provided under the third 20 infrared-réflection film region 300 as well.

Given the large number of blocker flln?%glons provided in certain

embodi canff)e adv ntageous to ver small hlcﬁ‘ﬁ ss fo
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transparent 15 dielectric layefs. Optiona ast five, or even
at least Sewmrit sarche appreciated that the present coating 7 desirably includes at

least four transparent dielectric film regions 20, 40, 60, 80. In some embodiments,
the coating 7 comprises one or more, two or more, or even thres or more nitride or
oxynitride films, such as at least one, at least two, or even at least three films
comprising silicon nitride and/or sllicon oxynitride, In some embodiments of this
nature, the coating 7 inciudes at least one nitride or oxyniiride film (optionally
comprising silicon nitride and/or silicon oxynitride) having a thickness of less than
150 angstroms, less than 140 angstroms, or even less than 125 angstroms (this
type of convention globally meaning greater than zero), together with at least one
other nitride or oxynitride film (opticnally comprising silicon ﬁitride and/or silicon
oxynitride) having a thickness of greater than 50 angstroms, greater than 75
angstroms, gréater than 100 angstroms, greater than 150 angstroms, or even
greater than 175 angstroms. In some cases, the latter noted film is located either
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layers. As an alternative to using one or more discrete layers, part or all of
the fourth transparent dielectric film region 80 can have a graded
composition. The film region 80 can optionally include one or more
ssongingitielectric and/or metal films, such as to control skatitiggeetsps7o
or other optical properties. 20 Thus, it.can be appreciated that the present
coating 7 desirably includes at least 12 r transparent dielectric film

regdeRsed Gnd Gir&80,030a40 §9&ﬁ@%qgf@%$eﬂ%ﬁﬁm 9&5189@}9&?&%@%
(0] or mor O Or more, or en three or maQre nitrjae or__oxynitriae
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cd?n%?félﬁ@ 8@ Hieriskagerdfim sitigionsoxPesiceivintse maembsdifmentshe
ofddisrgS RatvpRisBaesheakiRdriddn el Ides A Rastan e Ritts-P FRNAtHES e d

filg, @/ptionally comprising silicon nitride and/or silicon oxynitride) having
a thickness of less than 150 angstroms, less than 140 angstroms, or even

less tha'nthEJtaﬂWﬁ(@&hﬁ’%%&ﬁ@@&%m@ﬁ%@Ha\lgé! MeRRING stEt the
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t latt ted. fil
E%% R I GO SR
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s@@maie@oo and third 300 infrared-reflection film regions. That is, it forms
(or is part of) one of the spacer film regions. Desirably, the outermost film
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beevaiRs trﬂn'%tégé&%ﬁ FESURMGDR %@@@Qh@@@k&ﬁa%ﬁa@%f@%n film

preferr #9 mbodiments, the total physical thickness of the coatin

FEd 95 cre e e o e TrsopRiet e o lperosion
thHi9-1, 305 dngietromsmbrdivemigrénmivirdag2f60id Geamg stiopns:ifiog ajvpd
eraheslineniolipripsaddn ti%ﬁ@%ﬁﬁ&%ﬁﬁ%f‘h%é‘&éﬁ'%éﬂ@ﬁt’s thigkfiessoo,

n 0 Iy fa re of the ranges specified in this
pa?ac(éggp h onc(!evé‘ar icular gro cﬁe g?ﬁﬂ%'au @nf?gfﬁrésttﬁ%fjﬁe%f 1§ (Or
tfﬁﬂﬂlﬁiﬁﬁgﬁégmlalfy of) silver. Optionally, the coating 7 also has a metal/dielectric

ratio within one or more of the ranges described above.

For purposes of the present specification, the first reflection-region ratio is
defined as being the thickness of the first infrared-reflection film region 100 over
the thickness of the second infrared-reflection film region 200, and the second
reflection-region ratio is defined as being the thickness of the second infrared-
reflection film region 200 over the thickness of the third infrared-reflection fitm
region 300. In some particular embodiments, at least one of the first and second
reflection-region ratios is less than 0.85, less than 0.83, or even less than 0.80,
Optionally, the first and second reflection-region ratios are both less than 0.83,
such as about 0.819 and 0.723 respectively,
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reflection film region 300 is greater than the thickness of the second
infrared- 15 reflection film region 200, and the thickness of the second
infrared-reflection film region 200 is greater than the thickness of the first

infees@dseftection film region 100. This group of embodimentg4§iszo0s/039670
advantageous in terms of providing good reflected color properties. In

one subgroup of these embodiments, %Re fII’St 100, second 200, and third
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140 angstroms.

For purposes of this disclosure, the primary dieleciric-region ratio is defined
as being the thickness of the first transparent dielectric film region 20 over the
thickness of the fourth transparent dielectric film region 80. This ratio can
advantageously be less than 0.75, or even less than 0.6, while at the same time
optionally being greater than 0.34, greater than 0.35, greater than 0.37, or even
greater than 0.40. In one exemplary embodin{ent, this ratic is about 0.47. A
primary dielectric-region ratio within any one or more of these ranges can
optionally be adopted for any embodiment of the present group, or for any ofher
embodiment disclosed in this specification (e.g., in combination with one or more
of the optional ranges noted for the metal/dielectric ratio).
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film region 20 comprises film (optionally comprising zinc oxide, such as a
zinc tin 15 oxide) having a refractive index of 1.7 or greater. For example,
between the first infrared-reflection film region 100 and the surface 18 of
e shipslialg 12, there can advantageously be provided a dgsjiedsikalses7o
thickness of film that has a refractive index of 1.7 or greater. In certain
embodiments, this desired total thickR@ss is less than 195 angstroms,

less than 190 angstroms, less than 175 20 angstroms, less than 165

oo ATt e B SRRy LR ATl e
Foepmbipers&dasneass dituidisslréansegpeirh disielivie Stricregigio 2¢ dvibich may be
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2Q gver the, thickness.of the fo transparent dielectric film yegio .
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wiRERinede Iisnesime’ HistisreRcbéthgnftctiet Ghiransaaignsdiaieplsa film
0. 3igieaterdnam{ 55/ (He/ MYEihDEestat it e Mlehd, 08SREBRBIFIANN these
er ﬂgm%?é}&st,m%sf%'&% %%?5&9-3%7-;—’é\a18¥'m2£y %@Jﬁﬁt.%'rea% nrrc?ﬂﬂ% about
within any oné or more Fiiese ranges can opﬁona ly'bé g op?e for any
erRiSdiPh&YEDT SFaisietiant abeub 0 for &rapitEe By eentitiRvaRgement of
diselzsett ithitiscpedieation(gndinc aoiiiaatiercalitniopepsrraranabitie
Oﬁg&ae%ep%grmmef USSR dgleclic, f@ﬂg}- ;\;%é 20008 rareo-
PCTIUS2006/039670 26 Certain embodiments of the‘invention provide a
pdRiEGHP A3 combined thickness of the first transparent
dielectrig film req; [ S 12 ' tel
film regiiﬁgg:é;pﬁsegsé[? %ﬁ%&%kﬁ%gi%{egﬁpé&?g@guﬁ traégc)cglgﬁﬁj%igeiﬁgzme
filReIbrP8B 8vhich may be the outer coat) divided by the S combined
thickness of the second 40 and thigd, g9 gransparent dielectric film regions
(which may be the first and™SgFpRE SPEEELEvErS) respectively). In these
embodiments, this ratio preferably 1s/greatgr fhan about 0.43, greater than
about 0.45, or even greater th%n about qgg , Coatings having this
arrangement of dielectric thickl% ss have heen found to facilitate excellent
properties, including 10 gopd 9 ?r, high Xé?
e 1l

le transmission, etc., even
when large amounts of infraret-refléction % is ysed. Table 1 below
shows one exemplary film stack&hat can'fé {isedias the

_ Ti 20 A
TiQ2 546 A
Ag 206 A
Ti 20A
TiO2 280 A

Table 2 below illustrates three more exemplary film stacks that can be used
as the present coating 7:
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present coating 7: TABLE 1 ::FILM STACK'A TiO2 132 A Ag 122 A Ti

20 A TiO2 468 A Ag 149 A Ti20 A TiO2 546 A Ag 206 A Ti 20A TiO2
280 A 15 Table 2 below illustrates three more exemplary film stacks that
oAd beytieatkias the present coating 7: WO 2007/044781  per/us2006/039670
PCT/US2006/039670 27 TABLE 2 FILM STACK BT STACK C -STACI B
Sn02 165 A 164 A 164 A Ag 117A 11%A 117A Ti20 A20 A 30 A Sn02
591 A592 A591 A Ag 154 A 147 A 154 A Ti 20A 20A 35A Sn02 665 A
665 A 665 A Ag 206A 208A 206A Ti 20 A 20 A 35A Sn02 314A 314A
310A Table 3 below illustrates a furthgy gxemplary film stack that can be

used, 5 perhapS@EER €MRETEDIE BORIRE AL € DrERENERagTIng 7. Here,
the coating is | gno2 165 A 164 A 164 A
Ag 117 A 117 A 117 A
T 20 A 20 A 30 A
Sn0?2 501 A 592 A 591 A
Ag 154 A 147 A 154 A
Ti 20 A 20 A 35A
Sn02 665 A 665 A 665 A
Ag 206 A 208 A 206 A
Ti 20 A 20A 5 A
SnO2 314 A 314 A 310 A

Table 3 below fllustrates a further exemplary film stack that can be used,
perhaps as a temperable coating, as the present coating 7. Here, the coating is -
representative of a class of embodiments wherein a iriple silver coating is
provided with at least about 50 angstroms (such as about 100 A) of film

- comprising silicon dioxide directly on the substrate,

Table 4 below iliustrates another exemplary film stack that can be used,

TABLE 3
TEFEEM. [ THICKNESS: |
Si02 >50 A
Zn+0 164 A
Ag 130 A
Ti 35A
Zn+O 599 A
Ag 165 A
Ti 35A
Zn+0 667 A
Ag 2184
Ti 35 A
Zn+0 313 A

perhaps as a temperable coating, as the present coating 7:



representative of a class of embodiments wherein a triple silver coating is
provided with at least about 50 angstroms (such as about 100 A) of film
comprising silicon dioxide directly on the substrate. TABLE 3 ..F1___

NG

o5~ Si02>50 A Zn+0O 164 AAg 130 A Ti 35Aﬁ5&§§?%}%670

Ag 165A Ti 35A Zn+0 667 A Ag 218 A Ti 35 A Zn+0 313

below illustrates another exemplary fil&tack that can be used, perhaps
as a temperable coating, as the present coating 7: WO 2007/044781
PCT/US2006/039670 28 TABLE AT? Ay Hl SS° Si02>50 A

Zn+0 165 A Ag 135 A Ti 35AA
A Ag 225 A 8102

10

15

20

4 A Ti35A Zn+0 693

Zn+0
Ag
Ti

Zn+Q
Ag
Ti

Znt0
Ag
Ti

Znt0O

Table 4 Is representative of a class of embodiments wherein a low-
emissivity coating includes three infrared-reflective films having a combined
thickness of at least about 525 angstroms. In addition, the outermost two infrared-
reflective films in such embodiments can optionally have a combined thickness of
at least about 385 angstroms.

The present invention includes methods of producing a coated substrate,
e.g. a coated glass pane. The invention provides methods that involve
sequentially depositing, by any one or more thin film deposition techniques, the
layers of any coating embodiment disclosed herein. In accordance with the
present methads, a substrate 12 having a surface (e.g., a major surface) 18 is
provided. If desired, this surface 18 can be prepared by suitable washing or
chemical preparation. The present coating 7 is deposited on the surface 18 of the
substrate 12, e.g., as a series of discrete layers, as a thickness of graded film, or
as a combination including at teast one discrete layer and at least one thickness of
graded film. The coaling can be deposited using any suitable thin film deposition
technique. One preferred method utilizes magnetron sputtering, which is
commonly used in industry. Reference is made to Chapin’s U.S. Patent
4,166,018, the teachings of which are incorporated herein by reference.

Briefly, magnetron sputtering involves transporting a substrate through a
series of low pressure zones (or “chambers” or “bays") in which the various film



Ti 35A Zn+0 319 A Table 4 is representative of a class of embodiments
wherein a low- emissivity coating includes three infrared-reflective films
having a combined 5 thickness of at least about 525 angstroms. In
additipryihaputermost two infrared reflective films in such epqacimsNSso
can optionally have a combined thickness of at least about 385

angstroms. The present invention inclé@les methods of producing a coated
substrate, e.g., a coated glass ane The inventi royides methads that
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20 gas flow rate within each zone.

Turning now to Figure 8, there is depicted an exemplary method for
depositing a high infrared reflection coating 7 In accordance with cerfain
embodiments of the invention. The coater shown schematically in Figure 6 is
used to deposit a coating 7 that includes, in sequence from the major surface 18

25  outwardly, a first transparent dielectric film region 20 comprising zinc tin oxide, a
first infrared-reflection film region 100 comprising silver, a first blocker film region
105 compyising titanium, a second transparent dielectric fiim region 40 comprising
Zinc tin oxide, a second infrared-reflection film region 200 comprising siiver, a
second blocker film region 205 comprising titanium, a third transparent dielectric
30 film region B0 comprising zinc tin oxide, a third infrared-reflection film region 300
comprising silver, a third blocker film region 305 comprising titanium, and a fourth
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reactive atmosphere containing nitrogen gas. The thickness of the
deposited film 10 can be controlled by varying the speed of the substrate
and/or by varying the power on the targets. Another method for

%B%' '/ film on a substrate involves plasma chemlcalE L5 006/039670
deposition. Reference is made to U.S. Patent 4,619,729 (Johncoc Qf :fg)
and U.S. Patent 4,737,379 (Hudgens &pal.), the teachings of 15 both of
which concerning CVD techniques are incorporated herein by reference.
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gaskions niifidecesvialay@lasmerising swbsrauens.film formation onto solid
surfaces, such as glass substrates. The film thickness can be adjusted by
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provided with th ree sputtering chambers
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redione2er minute, while sputtering each target at the noted power leve!, thereby
depositing the first transparent dielectric film region 20 in the form of an oxide film
comprising zinc and tin and having a thickness of about 158 angstroms.

The substrate 12 Is then conveyed into a second coat zone CZ2 wherein
the first infrared-reflection film region 100 is applied directly over the first
transparent dielectric film region 20. The second coat zone CZ2 is provided with
an inert atmosphere (e.g., argon at a pressure of about 4 x 10 mbar). The active
sputtering bays C4 and C§ of this coat zone CZ2 each have a planar target,
although the number and type of targets can be changed. The target in bay C4 is
a metallic silver target, whereas the target in bay C5 is a metallic titanium target.
The substrate is conveyed beneath the silver target at a rate of about 310 inches
per minute, while sputiering this target at a power of about 7.1 kW, thereby
depositing the first infrared-reflection film region 20 in the form of a silver film
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comprising zinc tin oxide. All three of these bays are provided with
sputtering targets comprising a compound of zinc and tin. Each of these
bays is illustrated 10 as having two cylindrical sputtering targets, although
thenuEmbesgnd type (e.g., cylindrical versus planar) can bep@ieeh@s 30670
desired. These first six targets are sputtered in an oxidizing atmosphere
to deposit the first transparent dielectrig!film region 20 in the form of an
oxide film comprising zin¢ and tin. The oxidizing atmosphere here can
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absarepin1beEstikapiam Alaatdnisly, Ghisvdifecspitieragndis deragiisea aiguer of
an@@éygﬁaﬁkV\]{!thné?éQSﬁﬂ%gﬂiﬂ'@@%étbﬁf&ﬁbr&iﬂi‘ﬁé@ﬁdﬁ Gl l%% deﬁh@]/ d% a
applied to the. first two targets, a power of about 34. is ied to the
O e B AR i i

secon o ta powero A 8'the third
two targeﬁ?e'Ebgstgé{%siﬁ?ﬁtﬂ%ié&%vea’@ﬁ#&ﬁg?ﬁﬁﬂﬁiﬁi|cﬁiét%‘dﬁl@@?é@@@tﬁth
atarate o t Incnes per ute e sputtering each, target
MR b R e R R
filndRdRptie Stmiregientd s ehalieg iBalferre shisries dilie eaiaptiaiagmance and
having Enthiska esesodabruirh Ozngsirotiss| e wast ateebZigilRasputtering
co ed-into,a.s coat.zan wherein_the firs

\éfg d‘i"ﬁé iy %ﬁgp gon% Rag%%cii Q§t(f¢e%?ggen[ﬁ¢ tRaeyﬁréttheig may be

infrared-reflection film region 100 IS applie ove
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each have a planar target, although'the number and type of targets can
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sputtering this tgrget at a power of about 7.1 kW, thereby depositing the
ettt o cTB i FEETBIVGR dthe TorRo Bt & sIARFrAITRABNEre® can
200TM0UFZSTPTHII S2AB6/039670 31 having a thickness of about 122
angstroms. The subsirate j§ then conveyed. beneath the titanium farget ir
pay C5, OHICS TR tlet SEAHEr ol SALY.8 Rt fapay e
depuigrgets findtd (Gikeromivary A3 6P MvaiofalnUbHE. il dompiisthty the
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125'36936&8%@/ ?r}fi%d t\m:r ?alf'ggsa iF\hf'l[xgs %%%% %%, aafg())éjv{ftehr of about 53.1 kW
is applied to the first two targets in the fourth coat zone CZ4, a power of about
47.7 kW is applied to the second two targets in this coat zone CZ4, and a power
of about 44.8 is appiled to the third two targets in this zone CZ4. Further, a power
of about 49.0 KW is applied to the first two targets in the fifth coat zone CZ5, and a
power of about 45.6 kW is applied to the second two targets in this coat zone
CZ5. The substrate 12 is conveyed beneath all of the noted targets in coat zones
3-5 (i.e., CZ3 through CZ5), while conveying the substraie at a rate of about 310
inches per minute and sputtering each target at the noted power level, such that
the second transparent dielectric film region 40 is applied in the form of an oxide
film comprising zinc and tin and having a thickness of about 562 angstroms.



coat zone CZ4, and a fifth coat zone CZ5, in which zones the second
transparent dielectric film region 40 is applied in the form of an oxide film
comprising zinc and tin. The third CZ3 and fourth CZ4 coat zones each

RAy8eaREtive sputtering bays. The fifth coat zone CZ5 has W REHYE 70
sputtering bays (there may be 10 unused bays and/or coat zones along

the way). In each of the bays C6-C1332here are mounted two cylindrical
targets chc ising (i.e., includin utterable target material .
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zone CZ4, and a_ power of a 4.8 1s applied to the third two targets in
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is conveyed beneath all of the noted targets in coat zones 3-5 (i.e., CZ3
through CES3ubdtidecORVSYiTRY thersyestthtoughaa asvaftaboat 3dee iGelesn
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Spuilie aAhxidizing atmosphere consisting essentially of axygen (e.g., about 100%

Op at a pressure of about 4 x 107 mbar). Alternatively, this atmosphere may
comprise argon and oxygen.

A power of about 50.3 KW is appiied to the first two targets in the seventh

25 coat zone CZ7, a power of about 45,5 kW is applied to the second two targsts in
this coat zone CZ27, and a power of about 48.9 kW is applied to the third two
targets in this zone CZ7. A power of about 52.5 kW is applied {c the first two
fargels in the eighth coat zone CZ8, while a power of about 48.2 kW is applied o

the second two targets in this coat zone CZ8, and a power of about 44.7 kW is

30 applied to the third two targets in this zone CZ8. A power of about 49.0 KW is
applied to the first two targets in the ninth coat zone CZ9, while a power of about

45.5 kW is applied o the second two targets in this coat zone CZ8, and a power



5 bays C14, C15 in this coat zone CZ6 each have a planar target. The
target in bay C14 is a metallic silver target, and the target in chamber 015
is a metallic titanium target. A power of about 8.9 kW is applied to the

siyerdasgekwhile the substrate is conveyed beneath this ta4get 8 i@siedsi 7o
of about 310 inches per minute, to deposit the second infrared-reflection

film region 200 as a metallic silver film$30 having a thickness of about 149
anéq,stroms. The substrate is then conv_(;,\%ed éat the same speed) heneath
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second two targets ih this coat zone CZ7, and a power of about 48.9 |
is WRRidp Bifr i 1675V BXRSeRENRA D LGS A ATRRWALAEPHbBIR Bisfies
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wer of about 44.7 kW is 30 applied to the third two
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applierbio the serenEbARASHIE RAIGNS SRRt ANR L hiattk ssPenerdMCz0
205(1)7%%4281 PCT/US2006/039670 33 of about 47.8 kW is applied to the
thirHQWorPar'gets in this zone CZ9. The substrate 12 is conveyed beneath

20 all of thege taipstatd ez RepsAdALEEdNBrough an eleventh coat zone CZ11, a
twelfth coat zone CZ12, and a thirteenth coat zone CZ13, wherein collectively
there Is deposited an Inner portion of the fourth transparent disleciric film region
80. The eleventh coat zone C11 has three sputtering bays, each with two
cylindrical targets (bays C27 through C29 are in CZ11). The twelfth coat zone

25  C12 has only one active sputtering bay C30, and this bay C30 is provided with two
cylindrical targets. The thirteenth coat zone CZ13 has three sputtering bays, each
provided two cylindrical targets (bays C31 through C33 are in CZ13). Each of the
noted targets in coat zones CZ11 through CZ13 comprises a sputterable target
material that is a compound of zinc and tin. The coat zones CZ11 through CZ13

30 are all provided with oxidizing atmospheres, each consisting essentially of oxygen
{e.g., about 100% O at a pressure of about 4 x 10 mbar). Alternatively, cne or
more of these atmospheres can comprise argon and oxygen.



targets in CZ7 through CZ9) at a rate of about 310 inches per minute,
while sputtering each target at the noted power level, such that the third
transparent 5 dielectric film region 60 is applied as an oxide film

GRERIISINA-ZINC and tin and having a thickness of about 655,aRgslOMS:qc0
The substrate 12 is then conveyed into a tenth coat zone CZIO where the

third infrared-reflection film region 3003 applied. This coat zone CZ10
contains an inert atmospherié‘(/e._g., amgon at a pressure of about 4 x 10"3
R
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cy&gg%%{g{ggts (bays C27 through C29 are in CZ11). The twelfth coat
zone 25 C12 has only one active sputtering bay C30,-and this bay C30 is
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20 ox%&@%@ tzmmamanomﬂmmmm@@m@@musnof aluminum. A power of
about 31.9 kW is appiied to the first two targets in the fourteenth coat zone CZ14,
a power of about 34.0 kW is applied to the second two targets in this coat zone
CZ14, and a power of about 37.4 kKW is applied to the third two targets in this zone
CZ14. The substrate 12 is conveyed beneath all of the targets in CZ14 at a rate
25  of about 310 inches per minute, while sputtering each of these targets at the noted
power level, such that the outermost portion of the fourth transparent dielectric film
region 80 is applied as a nitride film comprising silicon and a small amount of
aluminum and having a thickness of about 101 angstroms.
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A power of about 17.9 kW is applied to the first two targets in the eleventh
coat zone CZ11, a power of about 21.1 kW is applied to the second two
targets in this coat zone CZ11, and a power of about 19.6 kW is applied
tevinepbhisghiwo targets in this zone CZ1 1. A power of aboutpa:4ddMdB30670
applied to the two targets 5 in the twelfth coat zone CZ12. A power of
about 21.5 kW is applied to the first tw? targets in the thirteenth coat zone
CZ13, a power of about 19.4 kW is_applied.to the second two targets in
this coat zone CZ13, and a power §19.3 kW is applied to the third
twi in #viwerone GAL3. THewebstraidat? i dweeyed BaneathPaiver
of in CZ11 throqgﬁr)CI?lB at a rateq@lgbout 310 10} w)
ing Mle-sputtering-each-ofthese targats-at-the nntqld
power level, such7that a |%1ner poﬁ?on of tﬁ% founth ggs oare%at dlelec%rli‘c5
film re§idn 80 i844ppliedde an pxiée film c6&%prising #inc landd#d and 194

havingc a hickfieSs of apoul 23k angsirqms. Finaly,sine submrate 14is

co ugygrl mfn a fnllr eonth.coat zona G714 154 hnra‘in fTe outermost

(i~ A A= =

portion of thé folirth 1ran§63ren di%?ectrlc f? regio 4@5 i applied. ‘l'h%%‘9
coat zérfe CZ14 Basithreel§putterihy bays CB4-CB6]2ach cdrtaining &4

nitrogeu%atm Sphere, op@'@@aiiy WA BSOMe @gggon, at gprassugg Hf gbagly

4 %-10"3-mbar—The-sputtering-bays C34-through f“’%&m +this-coat-zohe
Cz’14vg e ealcﬁ{%}ov dedc\}\7 th ty 4g)ﬁindricglz‘{];rgets E%ch of these targets
comprisés a 20+8putterablBtargetififatgrial 6&ilicpnakith a small amjount
of AitunAgUNT AsggWeT ofcapou 552%k VIS @gpiiet tggtge firsttwo targets

in wer of ab 34 0.k\\Lis appl ed-to
the secdhd tj:[/oﬁja?gjts i this coaf‘gz%)né Cgiql and%%ovl/er of about 37.4

kW is applied to the third two targets in this zone CZ14. The substrate 12

is conveyeéjj,@e@egﬁp\@fﬂafcm@r RERRIR I3 %ﬁp%—ﬁa’rﬁi@@@%ﬁ@%&ﬁ%& unit

|nc es er m|nu e W |e tterlnrg each of these targets at the n

power e"%/e*F R ﬁafﬁ%’éyou?er B’B}(tlgﬁ%%erfouﬁ%ofrgﬂgf)a‘rﬂé%t certain
dietstfidifipntsretiion ec:Eiapplitateatha NitHike flavibolowweswagivilicerinw? is
a senallarostek stumingmiaind havdngeathiskness ofadeséd &lan outdoor
andaloR: gYoq%O%O“ 781%%& &2 SRR el BeloddiMe two
Power ower ower

panes 12 12" by two deposﬂs of seaiant 1?’00 1800. The spacer can alternatively

be an integral part of a sash, frame, etc. Moreover, a single deposit of sealant
can alternatively be used. In embodiments of this nature, the IG unit preferably is
mounied on a sash and/or frame that maintains the IG unit in the illustrated/noted
configuration.

While some preferred embodiments of the invention have been described, it
should be understood that various changes, adaptations and modifications may be
made therein without departing from the spirit of the invention and the scope of the
appended ciaims.
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(KW) (KW) (KW) (kW) CI 36.7 Cll 44.8 C21 44.7 C31 21.5 C2 34.6 C12 49
C22 49 C3219.4 C335.5C13 45.6 C23 45.5C3319.3 C4 7.1 C14 8.9

C2447.8C3431.9 C57.8C158.1C2512.6 C3534 C650.2C1650.3 jprgiip

C268.1 C3637.4 C745.1C1745.5C27 17.9 C849.5C18 48.9 C28

21.1 C953.1 C1952.5C2919.6 C16@7.7 C20 48.2 C30 20.1 Figure 5

schematically depicts a multiple-pane insulating glazing unit bearing a
%IIJ&IB&;S(%I‘H%} diissivity coating in accordance with certain 5

embodiments of the invention. Here, the multiple cavity low-emissivity

coating 7 is on the #2 surface of the I1G unit 3, and the #1 surface is

exposed to an outdoor, environment. The 1G unit here inclu&ies a spac

|

1130 aAn BRI BRGNP IRITRI NANING H S8MBIANRESSSH: BRI arACes:

1700, 1800. Th : lternativel ) integral part of h
TR TR o R HaBO0Y SPELDArR RErTe R A sy L one of

PR SRR LS T8 TRt TR A A e et

configuration. Wmiile ome preferred embodiments of the invention have
B o8 éﬁgeodf V% Rould be understood that various changes,

adaptatjons an‘q %?péﬂ%at'?gﬁtra%xﬁ%%i &%;marggﬁ}grein without departing

from th spiri? of the mvention and the scope of the ' appended claims.

MCSLQ?‘,D 363/\{#@]’&%%%@%&& égdmkvmgeq@earent substrate having

two gerierally’ opposed major surfaces, ein'a multiple cavity

e SR oAt o
surfacg)outw%rgécond infrared-reflection film region;

e) a third transparent dielectric film region;

f) a third infrared-reflection film region;

) a fourth transparent dielectric film region;

wherein the transparent substrate is part of a multiple-pane insulating
glazing unit that includes a second pane, wherein the insulating glazing unit has
at least one between-pane space, said desired major surface being exposed to
a between-pane space of the insulating glazing unit, wherein the coating has a
metalldielectric ratio of at least 0.22 and yet the insulating glazing unit has a
visible transmittance of 0.65 or more, the metal/dielectric ratio being defined as
the combined thickness of the first, second, and third infrared-reflection film
regions divided by the combined thickness of the first, second, third, and fourth

transparent dielectric film regions, the coating having a primary dielectric-region

ratio of less than 0.75, the primary dielectric-region ratio being defined as the
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a) a first transparent dielectric film region; b) a first infrared-reflection film
region; c) a second transparent dielectric film region; 10 d) a second
infrared-reflection film region; e) a third transparent dielectric film region;

f) a third infrared-reflection film region; g) a fourth transparent dielectric ~ MCSLLF

film region; wherein the transparent sstrate is part of a multiple-pane
insulating 15 glazing unit that includes a second pane, wherein the =

thinknasaphtae figst fienseamnbdiglsrtio Sicaaion &\ddado e daiskagss of
major surface being exposed to a between-pane space of the insulating

thpdomghuiRnsearen dielReeimdesiometal/dielectric ratio of at least
0.22 and yet the insulating glazing unit has a visible transmitt r%ﬁe of 0.65

20r moldRHERARRAIRE BEHRABO bR UL AR 50 Sormacialitiiaginc ratio is
thickness of the first, second, and third infrared-reflection film regions
a@l?ﬁﬁ%*d%@ﬁhe combined thickness of the first, second, third, and fourth

transparent dielectric film regions, the coating having a primary. . .
Cieloch e BRTPTER S RALARE 61 A4 A IFIRAR T SR dislRstia o '

being defined as the MCSLLP 37 thickness of the first transparent
ahiestit4ifm region divided by the thickness of the fourth transparent

dielectric film region. 2. The transparent substrate, pf claim 1 [ .
meral NAGERHS AT AP R DR S L G o Do et o Ceton
claim 2 wherein the metal/dielectric ratio is_at 24wA.
e e A O LR T IONESS Sltee naey S AtdRboms:
egiong, haye a combiped thickne . t r :%JA}% ;
Fanap LI SRR E o AT el e (e A A ddiee o
or mare. 6. The transparent substrate of claim 1 wherein the

multiple-pane insulating glazing unit has an exterior reflected color

6. hara@%ﬁ%ﬁ?gr%%%%%ra‘@%ﬂiﬁ% qf RRMYER AL AL I2-BAAE R RMating

-2 and a olor coordinate o
glazing unit has an exterior reflected color characterized by an a, color

coordinate of between about +1.5 and about -2 and a by, color coordinate of
between about 0 and about -3.

7. The transparent substrate of claim 1 wherein the multiple-pane insulating
glazing unit has a solar heat gain coefficient of less than 0.29.

8. The transparent substrate of claim 7 wherein the solar heat gain
coefficient is less than 0.28.

9. The transparent substrate of claim 8 wherein the solar heat gain
coefficient is 0.27 or less.

10.  The transparent substrate of claim 7 wherein the insulating glazing unit
has an exterior reflected color characterized by an ay color coordinate of
between about +1.5 and about -2 and a by, color coordinate of between about 0

and about - 3.
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between about 0 and about -3. 15 7. The transparent substrate of claim 1
wherein the multiple-pane insulating glazing unit has a solar heat gain MCSLLP
coefficient of less than 0.29. 8. The transparent substrate of claim 7 :
wherein the solar heat gain coefficient is less than 0.28. 9. The
transparent substrate of claim 8 wheréif the solar heat gain 20 coefficient
is 0.27 or less. 10. The transparent substrate of claim 7 wherein the

Tihsulalifg HrRzsReEI sbstateetaRinefiovecsiolonslaeheabiasian

ah color coordinate of between about +1.5 and about -2 and a bh color
cegfiteiratésd? BErRePRbout 0 and about - 3. MCSLLP 38 11. The
transparent substrate of claim 10 wherein the solar heat gain coefficient is
18:27 di 1638SRArHBHRPEREN MY HE IRRRAIY PEBREFA T B0t iR ces.

major surfaces, wherein a multiple cav]% IQW-emissivg)y%goating IS

WiB LA BRI FRY e B SRR LR QHISRE fihg desired one of

S e e e

region; (;? a sec%‘rflvd tgrﬂansparent dielectric film region; 10 d) a second
rad tafie N fifr ‘region; e) a third transparent dielectric film region;

f) a third infrared-reflection film region:.qg).a fourth transparent dielectric
film re@?on; egfgfr%rﬁﬂesegg?fﬁtgdﬁ%qlg%qgéﬁﬂlcﬁ%qie%’?ﬁc ratio of at least 0.25,

the 15 metal/ 'el(?;:tr'c ratio bﬁin de Fed as. the combined thickness of
SUnratRd T

the fir t) secBnd® AN v eheCtidh Fim regions divided by the

combined thickness of the first ond, thir %fou th transparent
dielec{:‘r‘}c filmargéaf;o%ns(,?\% Er f%rﬁﬁeF ?r'g%%%efrceﬁ@u SiPate is part of a

multiple-pane ‘”8%@%9@%89&8&{8%%%'FQ&%& second pane, wherein

i
) - &
the insulating gﬁazmg unit has at leas

e) a third transparent dielectric film region;

) a third infrared-reflection film region;

g) a fourth transparent dielectric film region;

wherein the coating has a metal/dielectric ratio of at least 0.25, the
metal/dielectric ratio being defined as the combined thickness of the first,
second, and third infrared-reflection film regions divided by the combined
thickness of the first, second, third, and fourth transparent dielectric film regions,
wherein the transparent substrate is part of a multiple-pane insulating glazing
unit that includes a second pane, wherein the insulating glazing unit has at least
one between-pane space, said desired major surface being exposed to a
between-pane space of the insulating glazing unit, the insulating glazing unit
having an exterior reflected color characterized by an a, color coordinate of
between about +1.5 and about -2 and a by, color coordinate of between about 0

and about -3, wherein the second infrared-reflection film region is thicker than
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20 one between-pane space, said desired major surface being exposed to
a between-pane space of the insulating glazing unit, the insulating glazin%i
unit having an exterior reflected color characterized by an ah color CSLLp
coordinate of between about +1.5 and about -2 and a bh color coordinate
of between about 0 and about -3, whéfein the second infrared-reflection
film region is thicker than MCSLLR 39 the first infrared-reflection film

thedien infratéenstBctiogdtromagiandwaé fems i aras s irsand wherein
infrared-reflection film region and said major surface of the substrate

betemsss thadisbinfae thickestionfiranepineansiaaidaairn sialang of the
refractive index of 1.7 or greater, said desired total thickness being less

stiteirBtedberegstmersivpdiell thicknessiafrirnepaneptidieirfiniediohdaving a
have a combined thickness of greater than 470 angstroms, and wherein

refi el AnAeX @ﬁiiﬁgqnmfﬁgramﬁa%mﬁmgm%ﬁéé%m&é% fhan
The transparent substrate of claim 12 wherein the visible transmittance is

195enustenes 1oharemndwdhspalofiieetrlec e RiEm BIRS LAY
exterior reflected color of the insulatirbg glazing unit ilgffh?ar‘gtcteri%}eﬁd.bg an.
cambineddbirhnge of BeaiRihan 40 ANgSTABS. ERP MEIEH Tsdpsyatng
coordinate of between about -0,5 and aﬁ&# -2.5. 15. The transparent

alasgaieibpaa VISR EAs ISR B E P RATILE of 15 the three
infrared-reflection film regions is e%er than 485 an%;%:troms%

L16. A . .
‘tPansphRériR0BRARE RN ARG SRMIFoRPBLRY ML ‘ﬁa(?é%'é,sm‘“ance 'S
wherein a multiple cavity low-emissivity coating is provided on a desired
bRE Bf T Snajor surfaces, the coating comprising, in sequence from said

e et 20 AR LSRS0S s o
e e SN G e PO AL
hetween about +1 and about -1 and a by color coordinate of between about -0.5
and about -2.5.
15.  The transparent substrate of claim 12 wherein the combined thickness of
the three infrared-reflection film regions is greater than 485 angstroms.
16. A transparent substrate having two generally opposed major surfaces,
wherein a multiple cavity low-emissivity coating is provided on a desired one of
the major surfaces, the coating comprising, in sequence from said desired
major surface outward:

a) a first transparent dielectric film region;

b) a first infrared-reflection film region;

c) a second transparent dielectric film region;

d) a second infrared-reflection film region;

e) a third transparent dielectric film region;
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40 f} a third infrared-reflection film region; g) a fourth transparent dielectric
film region; wherein the coating has a metal/dielectric ratio of at least 0.25,
the metal/dielectric ratio being defined as the combined thickness of th¥CSLLP
first, 5 second, and third infrared-reflection film regions divided by the
combined thickness of the first, secord, third, and fourth transparent
dielectric film regions, wherein the transparent substrate is part of a
multifle-pana thirglanifigrgldraflpation fe MYIRTEs a second pane, wherein
the insulating glazing unit has at least one between-pane space, said
desirag) majar Buftic& desngeipstiees ibEREEEN-pane space of the
insulating glazing unit, wherein the coating has a sheet resistance of |ess
than Whereinsrguratingdhas masrltisksiasally ahtleas Dispidhe
transmittance of 0.65 or more, wherein the second infrared- reflection film
metpblielaricRaplitahaSSMFASIEMRRBI R RBR S A NEALE S0
angstroms, and wherein between the first infrared-reflectiop film region 15
sgaarshianidjordinfarerpfiestipafim BRIRNR %géﬁgzyt@lﬁl %Hf&‘lgﬂ?e‘“‘s

of transparent dielectric film having a refractive index of 1.7 T)?rcgg}‘eaftiar, ons
thigknerssRbNR HFtnRRARAE HRIFY AL AN BENSRRDRCIT e M regions,
transparent substrate of claim 16 wherlgin the th\ree infrared- reflection film

whglsHs heVEar seRiBRM RRLRTR S BR g LR PR /76 Ueiagdigeng

third infrared-reflection film region has a thickness that is greater than a
AR OR S SoEaHR TR0 PR R T S P e at least

e e e e B B SR g e
T R e e S
e SR T AT 6 (G R v
isiaing glaging UL 08 031105 F1RER GeRRARCLREER Mirteo-
reflection film region is thicker than the first infrared-reflection film region by at
least 30 angstroms, and wherein between the first infrared-reflection film region
and said major surface of the substrate there is a desired total thickness of
transparent dielectric film having a refractive index of 1.7 or greater, said
desired total thickness being less than 195 angstroms.

17.  The transparent substrate of claim 16 wherein the three infrared-
reflection film regions have a combined thickness of greater than 470
angstroms, the third infrared-reflection film region has a thickness that is greater
than a thickness of the second infrared-reflection film region, and the second

infrared-reflection film region has a thickness that is greater than a thickness of

the first infrared- reflection film region.
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between about +1.5 and about -2 and a bh color coordinate of between

about 0 and about - 3. 21. The transparent substrate of claim 16 wherein

the coating has a 10 base/outer ratio of greater than about 0.45, the MCSLLP
base/outer ratio being defined as a combined thickness of the first and

fourth transparent dielectric film regiodd divided by a combined thickness

of the second and third transparent dielectric film regions. 22. The

1Bansparentauisirats stiblsirate tivieisi thehrisindte cambined fhickness of
greater than about 0.475.
the three infrared-reflection film regions is greater than 485 angstroms.

19.  The transparent substrate of claim 18 wherein the visible transmittance is
0.66 or more.

20. The transparent substrate of claim 18 wherein the insulating glazing unit
has an exterior reflected color characterized by an a,, color coordinate of
between about +1.5 and about -2 and a by, color coordinate of between about 0
and about - 3.

21.  The transparent substrate of claim 16 wherein the coating has a
base/outer ratio of greater than about 0.45, the base/outer ratio being defined
as a combined thickness of the first and fourth transparent dielectric film regions
divided by a combined thickness of the second and third transparent dielectric
film regions.

22 The transparent substrate of claim 21 wherein the base/outer ratio is

greater than about 0.475.



