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filed on February 23, 2006 ("the '266 application"),

3036, Pgagwuwgi‘??ow Si ongvv %R’ﬁsﬁt@l‘g‘r{l én?hﬁwéb >

60/ 725,891, filed on tober 11, 2005, the entire
contents of each whi cRREAAIEP %?HGAS'P&‘{? her ei n by

reference. The Present application is a

cont i nU&€i eresen rmp!lcaifont ﬁ@lmserwampltpc!aWowtlhtm Epplicgjion no.
’“\5 (380G Y The F@P %%@tg% PRk éhéa‘ﬁoﬁ'j' "Y.S. Patent
m cdat ' ngs for ass and

substra
pa%nnllcaﬂlcm NOt Hi/3898, a%rftle;cbﬁpmleﬁ 2008, angl 1ookSe rpr@\eﬁslomalwppllcatlon

© 0, W08l A, rilfor] BlBRE 1 260 WK LB A Bhch which are
t hnwrpoﬂataobmm“emrtgrsref@é@é(}md\lﬁvemtﬁﬁﬁlmmmﬁ'a@Nntmuation-in-part

WS IZE%I %k’ﬁ]é%?gﬁati ngs are well known in the art.
i Ca

hcl ude one or two | ayers of
|nfrared reflection filmand two or nore |ayers of
transparent diel ectri FIHLD oF THEANVBNTION=D- r ef [ ecti on
film which generally is a conductive netal |ike

si | ver Thgop@setr intORIST relatedUeethin Hifm t scafifgs 56t @msefand other
he%ﬁthrouqh the coatin The djelectric filmis used

fratess T particHiar this IRylopdelaies; fodRWremigsixiiy cegiings that are

cqafiédive Cﬁfhﬁfrarféﬁolfé@lfétlbﬁs AfRd &B@lﬂé@taﬁé'rﬁéﬂh%s %Tndt @@lement for
coat i ngﬂgsuc as color and durability. Commonly used

didepesifing gindine£eafingsi ncl ude oxi des of zinc, tin,
i ndium bisnuth, and titanium anong others. Most

commerci al |y avai | BRCRAROUNITTORSHE INVERGRSN NgS have

one or two silver layers each sandw ched between two

t .
Cober CoMSRRSERY PRIuBSLE A bt o335PA, My e
| raneecrsteoi lagers of infraseld-reflectat filonandHowe oe more fayere ahtransparent

aloﬁﬁae&ﬂg Yif, tTrllm lmrgnjeglrg lé({tﬁﬂ%m& o %Efé)etnﬁ Ji@ dg%a&r{&btlve metal

negatively | t1h
anldibcsllvelfegoldasecd);b}:&ar reduces the transmission of heat through the coating.

The dielectric film is used to antireflect the infrared-reflection film and to control
other properties and characteristics of the coating, such as color and durability.
Commonly used dielectric materials include oxides of zinc, tin, indium, bismuth,

and titanium, among others.

Most commercially available low-emissivity coatings have one or two silver
layers each sandwiched between two coats of transparent dielectric film.
Increasing the number of silver films in a low-emissivity coating can increase its
infrared reflection. However, this can also reduce the visible transmission of the
coating, and/or negatively impact the color of the coating, and/or decrease the
durability of the coating. Perhaps for these reasons, low-emissivity coatings with

three silver layers historically have not found much place in the market.
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durability of the coating. Perhaps for these reasons,
| ow-em ssivity coatings wwth three silver |ayers

whe@vot478al | y have not found nuch place in thePCT/US2006/039670

market. It would be desirable to provide a

| owemi ssivity coating that 2ncludes three
infrared-reflection filmregions and has desirable

coat iltngoyld bpelesiratse ém prayfesr atmeeriniasivdis coginguvhRyinCladesithree

S TRRRo , SRL  Riobr" 2L T, Denliting 28 eparipg and

cbppwseridtiomj or surfaces with a multiple cavity
| ow-em ssivity coating on a desired one of the ngjor

surfaces. The coatd ' [ uence fromthe
desi red maj or sur%éggﬁﬁﬁm‘é&q\'ﬁggt t ranspar ent
dielectric, fil m region, a first infrared-reflection

fil mﬁ? &grigin, ex 9%'6}?:'?65 ttP§d§}6%{‘rt@ﬁt Prevides 3 (tiapsparient substrate

HaQBigQWo qenePANEhpbsdd AR -sUFBE&C IR rﬁUlhﬁlbrc%gltP Ibw-émlsswlty
third transparent dielectric filmregion,

wﬁhm%p@dar@qal@ét@%ohth@nm@gr SHIfacef Jmoe@@twg compnses in

sbhéé\%@fr@rﬂtthg'o@sﬁéé Hé}orf édercEQﬁit\%‘rdI)J ré ﬁrB?trQrﬁé’p%‘?éﬂt dielectric
nbodj nents, the coating has a metal’/dielectric ratio

fu;m rggloneasfirsblnﬁgredﬂegeet@naﬁllmr@tq;bta; Becqngl frangparent dielectric
ﬂ‘ﬂﬁfrbﬁgﬂ, 23 (?Etgﬁ? ‘rﬁﬁ‘ i (?‘?é?le'bh(‘)r? h?f?ié%l&ﬁ, é?}ﬁ d fr5n°’§ arent dielectric

sSeco . rared-re cti on mre
ftbm\re@e\d, aipirdhefrarediseiiastion fiint kegics aofl atfparti immparent dielectric

t
fﬁﬁ(f'@ rgfh%;bre%ﬁj 8%%‘65@1%%%,45% g@%tn el’}]a% g lnee't:érl{c)jzle‘?e trllcl; FBtio of
ett ﬂm @a’iBs nirhe uhataydiclectniaviatig ist defirgenas tie gomlpxpe@ érdckness of
C i pl: Vit
AR, SRR Dol L ork O L85 o oo
toiokrtessgf donfinst, sesond, thikle gneé fovethf tracmspatent diekciredfilmeegions.
surface outwardly, a first transparent dielectric film
regi Snmeaerhbommeht'&fcrfam@dweeﬁdrembvua d trdmspasgit snbsteate having

t. dielect fil
R ERP PRPPRLbie” b alfum MU Pl 25 coating
ot & besited and ofl the egdranfases. hThe coatingasoathrises, irektoence from
ﬁfnglg%ngﬁﬁe 7%1%%{ ﬁ@ %qe:@.]é\?{gr n ta‘ P arggpe{nﬁglefqgg'{tfﬂ@cregfon a first
um@é@rrgiécﬁon?ﬁm/ : @l s{e@bﬁdj ﬁﬁ?épa}‘_eﬂitailéléctﬂfz il ré@@ﬁta second
e ne | ectric rati1 o
RS IR (e Sa & MG FAGTPEreRlBRpcTim i Keolgn. a thir

infPdre@reREctish FiRe kdgidh, fahH fé‘ fb@ﬂlh ﬁﬁﬁs;féré‘mtdﬁéie&v chilte reglon In the
conbi ned t hi ckness of first, secon

Aresant RMbegimgiis dhe Ca@tagere;rﬁfqr%bly hﬁﬁﬁm@ta%ﬂglectﬂ% ralio of at least

0.25. 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 transparent substrate is part of a multiple-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



10

15

20

25

30

Preferably, the transparent substrate is part of a

mul ti pl e-pane insulating glazing unit that includes a
wa@ewandi7pane, the unit has at | east one bet weePCPHRE06/039670

space, and the desired nmajor surface is exposed to a

bet ween- pane space of the udt. In the present

enbodi nents, the insulating glazing unit preferably
réftestathcalon eharacteriddddut atiac odlor caghidinaiet frietweerbgbeut +dkp and

a%8ldt°5 g, S'r, 5‘0%reco%fr%|9§t‘e"8‘?88%v?e%g%outé E pgatagout -2

cOl or "coordi nate 0 twee and about

-3, Eapba S%@?é}rﬂ%%sthgf m(/Qr?udné v‘idé”%l %H%Pé?@ntasubstrate

transparen e havi eral
hawiing rtwe lgehacaéls opbomchrrmﬂrtsuﬁacﬁscwﬂl aynultyle eavidys iow-gmissivity

oB8ad B gkt 8 Rl NG RT 190 RS, odfros, i

seqnérmeefrm%tp\ardélsyed mdjwrrsﬁa}t:e anspadyne fdsteﬂrmmparmtfdlélmtnc

region, a r [ fil

1l Faline A direlBhaist BAER! fin Bidm ol F8s@Rtes ietectri

filmfregibeda rsetbed irifeined- réﬂ@bﬁc?gﬂlﬁg re@(?ﬁ ha tl'grdt W?TmammMelectric
a rd infrared-refle

| ect fil
T et G TlRIeq TS FGHOR T EgpPEhe T Bebsracettdisfpet
filffgt&yion. | N m hmeprpeéﬁm embedimERty, Sthet tbaaﬁﬁgat pr@ﬂarably has a
preferably has a netal/ dlelectrlc/ratloo
bR IRt Bha ] al ratPLhe. Tia metalGiaRai Eiods deied as the
coRBHdethidkRb sk bR ﬁ’f%t ts‘é@oﬁd r&id, thﬁf&qm@’edﬁéﬂfedhhh rfiin regions

infrared-reflection f mrelons di vi

divigasd fyd thei eqepkiged o’ﬁhlckﬁ@sﬂ‘ |°(f sthe §'é°éor?&co'f‘c¥| ,ﬂard, afef fourth
tfePd ér@n{)(?l@fé%ﬁﬁzrfmﬂtre&bﬁi: epldik@blyl I FRBh&RAL substrate is part of a

Pre era transpar ent substrate Is part of
uliinle-paee m@tmmtﬂzmgu Wit Gehinchgesd seqandt Paf}ﬁ?clﬂﬂﬁiléﬁ't fas at

IS5 Yad @&@Q?ﬂ?ggey Wibke Na%y e 46330 28 %Ff‘é@@”s %ﬁﬂ@sed to a

space, red maj or surface exposed
betwemrepansaspacpat shefunithelruthe prasent @m@deg@rﬁs, the msulatlng

qf%ﬁurﬂ?&%@gra&p%ak %S\H% Bk ltrgﬂsrgltttgrééélg 68 br rn{),%f er abl y

VI 'SI ransm ance rmre

cert hbBRithSnts! fq%yfnowaw quéQVA a%' *fidving two

pane aV| ng gener a opposed maj or ces W t
@nmdllqupbesmhmajcy sudeeenwills ﬁwulyplemvlty\gweﬁn“@smts’lqoeﬂng on

LRGBS POl e LS i o58Tld EuBBHR,IT Fhguérde from
the dsﬂrddraappamémﬁe @ljtwlaﬂily raifu'stft'rdnspamgzt diejecrid filmsriegion, a first
ve r.an

i REPRRBor s PagEOE vasE AT S s D Finy g gecond taver
®hipriging sivémartdird transeasmrticledted @o rdgiorf, id third éayiencomarising

stll\%rr gmlj gX‘gLrjrth 8’gﬁsrplasrclerﬂgdielectric 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 multiple-
pane insulating glass unit that includes a second glass 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 glass unit
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silver, and a fourth transparent dielectric film

region. In the present enbodi nents, the coating has a
woredoaloddBel ectric ratio of at |east 0.22. The PCT/US2006/039670

netal /dielectric ratio is defined as the comnbi ned

thi ckness of the first, secdhd, and third |ayers

conprising silver divided by the conbined thickness of

préferdtily bas apeedertnr refieeted calen chatacteatized Ayspohegina magnitude

' Clel I.Ge fl j e Vi b '
RS oS o geBEL T, | ThSiie o e el TapBARRnlST the
metel/didiestria retic srat lepash 925 aOptiortatly, thaifirstheacond, archithird layers

PRPFGUERS B BT B BOE6 T 5 SGIARRs and

ghoes enb amgbivoinee nAdditidriadly ionsalfeartatingly gthesfirst, second, third, and

083 A5 0o B L8554 i FALLERL T RS ot v
thidkmesshsflietde&? abbuit K0 EN@strobiscamd aseutt 8GOhegstmem. Sin some

t he tal/dielectric ratio is at |east 0.25. .
GBS ONG S, S3G980¢ R INircdaYer FOMpRENErIY S $3Rhehave a thickness
dfgwmw{végﬂé rebosit |t1‘0©fa|ﬁg%¢r’6n’(sgﬁﬁcti aaztfgh't dsoe?:ags%rrtset WeRitionally or
out, ngstrons ang .apou ngstrons., v .
ek el Tl SaParih it AtyiouRn Sefsraprt diglegiil, fim regions
dahli bpiioriyl 84K tHaver anmidar BRYsicHl ehRkhéss of | bétweetli absut 50
can optionally each have a total physical thickness of

HeplFRBA 28 AROUL 880 ZngseBes ImsEMARIibe sorpeRh gapPgiments, the

doBtiRP FBs 6ARANo dhRiekiifdiding 8aP&avR] Betlidndnb @¥&and second
conprising’silver each have a thickness of between

layssE cOMOUSIRg GHYar RSl & pREABcRYite Betwasgdhe §rgond and third layers
ct%ﬂ'lfﬂrngln%;%lgé%’ gﬁlﬁ’]t%cﬁ%f'?ﬁééevﬁ}oyca&?tgﬁe éﬂttiﬁﬁélly Wg’thickness of

transpar ent ricfilmTegions
bedweayp BbouaB0 apgsirporanaadaahast B50pangstresls, ©hipskmPSsbetveen

y\@&? ) :p%]gﬁﬁ out 900 angstrons. In
Jsggtrfe 0 a@%g%%]rse%en enggg%ﬂéﬁfosﬁgt he coating has only

two cavities including a first cavity between the

first and sec@RIEFL)ESCRIPHIGN DEiTHE BRAWINGSNd a second
cavity between the second and third | ayers conprising

si | v@iguravi t lis @agitapaf sidwisg thavwspeelvilt prepedipti afnal dommercially
haﬁi qg a thi knﬁss of. bhe vveeg about 300 angstrons and
aypiigh ggﬁblﬁﬁg‘éﬁr ?)Vr"ﬁ;e,m'ﬁﬁ’v'@ecroﬁ B¢ bet ween about 400
angstrons ,and about 750 .angstrons. BRI EF DESCRI PTI ON

OF TSR AN NESRPDPRG 478 GPEGH BIRBRIAY Ting Mo Infrared
réfesionakoftirgp et tacdrddinca aarmestaial bymbavigidntd| of deibjresent

Silver lowemssivity coating.
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 available 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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Figure 2 is a graph show ng the spectral properties of

a high infrared reflection coating in accordance with
waeeowaiaisenbodi nents of the present invention. PE/YRI006/@9670

is a graph conparing the spectral properties of a high

infrared reflection coatingS n accordance with certain

enbodi nents of the invention against a comercially

avai Fighteed oaipthensatiopartidllylrerensavay erpse-eegtiongl side Yigheof a

m‘blt ar‘ci’é: TR ﬁ é]qéé?l’?ﬁs uﬁ?%‘é?ﬁ?ﬁ a dﬁ?ﬁ?nf VAr&Y r@fecion coatmg in

at e beari 'ect1 on coat
accordmnmrmanc@”tam embodinemtsofdive duiention.s of t he
invention.Figure 5 is a schematic partially
br okEigumnBiis a scematiecrossrsectional side iew of agoater used in certain

ting glazing unit bearing a high
eﬁép%hgféégs Bﬁﬁgé@&%ﬁﬂﬁcoatl ng in accordance wth certain
enbodi ments of the invention. Figure 6 is a schematic
cr oss- s BETALED DESORIrTION OF PREEERRED EMBODIMENES t ai n
enbodi nents of the invention. DETAILED DESCRI PTI ON OF

PREF'EFRE&IW%MH%EMlpﬁ@h ligvibnige dreh@i wierd reference to the

description read. wi erence to
dEpdRFh g, bk OB o oGt (OraEs e Jhafefiygnce
nigrald.i Kehd QFK1iA §ewﬁ|@HBéré| fot rldtRssdraite OsealeMdepitt ageeected
not necessarily to scal e, depict sel ected enbodine

cBMadimants #nd areerridntenged i e HOPReP foihe  Rgention. ™ iitled
ahf%‘éﬁé‘t\hlﬁ%c%ﬁ ﬁé qgatafﬂé %ﬁé\‘ﬁpl%' ﬂ)roQi%@@gﬁléréﬁ\ hBed h&® useful

exanpl es provid herei n have many useful alternatives
atteraatives thaifetl Mllltﬁlrﬂh@ sgerspel 1B INWeBli9thvent i on. Si ngl e

and double silver |owemssivity coatings have bee
knowRingle anfedeite sitier {pvgeissigity gpatings| Rave been known |n the art

fdro¥lf‘['£§” SSihYlet ¥iveP W'égrﬁss%tgvéc?a‘? nﬁb‘fﬁ&?lé@%%ﬂa?éé@ fffrared

ection; commbn nei or hood of
refteghon @nmmenlyl iBwhe me@‘ib@fhopchfaQW%gsD@lﬂm% Silyely lowegmissivity

chéffﬂ{ggvoﬁé?ar & h /g Iegf;s .H@%r ;b@.@% 9@&@%%@5% #Hachigh
|r|zﬁ|reaexi reflectioei Tmergsare:,rhw\mer, miacticadcailsgs et the infraseé reflection

|q\%%t g%‘?%glgﬁ? %%h%"g&' u%_ﬁw'gggrcaoug%ug{hﬁerﬁ% ﬁ?ﬁlsswlzy c:oa’unlgg For
ekérapl@rmdile lotreesing%elmwmwbslleesm aedoubieisilvey eo@jing may
boost the infrared reflection above 97%, the road toward even higher infrared
reflection, e.g., above 98.5%, is difficult to achieve in a double 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

excellent spectral properties, it has been reported that conventional double silver
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boost the infrared reflection above 97% the road

toward even higher infrared reflection, e.g., above
wO®300304785 difficult to achieve in a doubl e siPEPUS2006/039670

coating having a good bal ance of other properties

(hi gh VI si bl e transnission, ood col or, durability,

etc.). Figure 1 is a graph show ng the spectral

Gpatym @HO@samﬁNh@rﬁ frigh §%atchide trgesnissionimirecinébter wavelength

rQN%éleﬁ GatdRLdbE2 856 VC%EU,JV??% Rl8sS3iaf)ty coating. This

hows 't ransm s'si on e curve’‘that is upwardly

convg}gt urd 2 E%eE %Bﬁl/%%\oﬁ%f ltﬁé‘%égcﬁe\%gg’g%erﬂgg &! g‘ﬁ"ﬁ?ﬁiil%ﬁared

refl i on concave
refiretion stegtivgwity e:'lcetngiamce awgb) cértain aergba@mestaeeif the present

WERHORT HEBE SEAHY I GebliShens YeFRuEploti e i FE i upwaraly
CORaN lhém vsﬂn&;Waadalepgtbpamge)md glasshside tmentmsre(mes tade that is
e R L AT TN T
thheahigh miftdaré?d refecton cégtidg2, 830, colum 6, |ines 43-51).

Figure 2 is a graph showi ng the spectral properties of
a hi ghe inffared esflectdn foetheopresent coaging 17 lemﬂﬂﬂagﬁ@' tWalﬁ khat of

nbodi nt of. th res nvent.i.on.

ORI S Foa TG < s PPaRBETRE! erP PHRB L (RESTTRG fo Figure
3ummrﬂh$/ anm}z)BXstWIrﬁdlfbom P bpettry §repitibs foiﬂﬂﬂ@)hl?}ndﬁfrared
%iﬁ?gs&derflecmn &7&3 rve that i s downward

G &oRng. fend Gpst of (s L9 ubiR Sher SREWNO- Blere GyPkiey-side
cohpatisdIcasn BE rhide bf gfe llnﬁéfe@r RfestRn 186415 (RhEOAY | Qkhese two
The inf Ej}ared reflection for the present coating

CRAIIShi §nean PRttt d1e PrRsedb §BRlNG 7| wve\@&a@.rﬂgch higher

inFrHred irSfldRa6m AR Elﬁasﬁo@ﬂérs@%ra&@éim@y ft /AT 4156 Det Seen that the
graph showi ng both the spectral

ure 3. which is a
'eﬂregsp%fr Yisible tEansmhgsion & thase Ave goaitoscareicomnasehle ndvgreover,
t@&tbﬁ%%@n ViSiBledRaRlighatitd éfﬁ‘d m‘ﬁ‘é? gvelﬁﬁé’tﬁs @much sharper

de- y-SI de conmpari son can rare
ff?"e’fhleel@"leﬁéfﬂ ceafiegs’? {H1e eviwes tsiplmeﬁs@ witho selishiinegjsthantfor the

SR aFR Ol DR, SSRESTAN QR TG oo
reflegtiomgoating T prevides@ wr@@nrﬁeam@rwarldenltwm of eﬁergy efficiency
oYL RS8B4 Bhab 5 Ao ompsrea o
singlecgiwaiovseraisdivity Coatingd. wavel engt hs is nuch shar per

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., monolithic) pane 12 bearing the present coating 7
on one surface 18. In other cases, these properties are reported for an IG unit 3
having the present coating 7 on its #2 surface 18. In such cases, the reported
properties are for an IG unit wherein both panes are clear 2.2 mm soda lime float
glass with a 2z 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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for the present coating 7 (the curves delineated wth

solid lines) than for the double silver coating (the
wa@ooovesi78el i neated with circles). Thus, the hiBgT/US2006/039670

infrared reflection coating 7 provides a quantum | eap

forward in terns of energy efficiency conpared to

_double silver lowemssivity coatings, and even nore

invgnHemp Absant an sxpigise séatement tootheesrindaruithy peesent digsussion

j j f t)) C j (@r.

I PERERnalbR) el 3600, 08, Lef (e RInE IANDYN B2a computer

Pregid@r (&0.,bealstiiatingl canterpef t glass ddia) amgler ngjandard ASHRAE

cHhGgsssi on reports several of these properties. In

sone cases, properties are reported herein for a’

cont D folpcaboytb B tibililay B8 Rt o ERAILGT, bIYdRs EiEBbtional
thereak insuleding rpeoperties.t dihef aratiag 7 G>mp'ri$es3tHneé/iinigared‘rmflection

. td i #2 .surface 18.. I n such cases
1tk S8 ls 0020 afla B0, Thed RS &4 ypltalySler A Shother
ekeotrh:abpn@ﬁjugtiﬁe mlataial, 20 they iatpwf : leliﬂcﬁptic_fdagmov@blﬁéa rédigthnce
. .NC et ween- ne.,s ce. 1l e t an . .
g ol o L EX R PGB eisiangsc T hPH oMt ggating 7 is less
tremud.oen/sgles & FrprReatly, Ghe 8h8etTEsBRINGE B his icaaﬂirigﬁﬂ id Rss than
t hei nventi on. Absent an express statenent to the

20HS0HPRR, (ertheleps diasn?. 0disawrrsi leas thgpot. 75 Q/square, less than 1.5
' Welg =N I W.N 5,2

IS 0800 YD WD JLIPON 2R s

refigttar)ceucale be stetavtist dnd\SERAE e andbrhinodste diereat agplications, a

-t he. hi infrared reflection coating 7 praqyides
n@ﬁ@égﬂ%ﬁ%’%‘%};r{;ﬁg{mq r?énﬂ?qéﬁmﬁ@tspﬁ%%er Feg).(g‘ﬁ‘ﬂlépyc g‘!i?l RigCcks
tabutzted beles proviee a sidedresistante o€ Idsenthhh |10 (SRS, such as

100, 200, and 300._These filmregions are typically _
akoyt\lago-43 QferAE: Hectheet rasistgncedi dir epatingragners mpasured in
¥ . | i- .
oGt e TRAR oL LER NE0E, et HeBE knb il THREE g being
ugrfelfenealewatinchgnert residtanee canaais@b@uydd quar e.
Preferably, the sheet resistance of this coating 7 is
| essThe&AaING 7Vvlse mseexceptionallydow emissivity.0 Rursexample, the

. 75, h , _
oSy 8 Ind cbaull TGS 2. obpaBreterdpll 3 Bty of tis
ceftingheistlese Hant A4 de.gatedsethar |0:43, exl exrad less thad 0@25). While

e SOTPR TVEL 3 S E0bo HRAhE 212 e i rgpgmmodate
diffetemt stppbéations, 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. [t
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tabul at ed bel ow) provide a sheet resistance of |ess

than 1.4 Wsquare, such as about 1.25-1 .3 Wsquare.
wab@7shoet resi stance of the coating can be neRSU/USI06/689670

standard fashion using a 4-point probe. Oher nethods

known in the art as being us&ful for calcul ating sheet

resi stance can al so be used. The coating 7 also has

léxl&e@ily dearespniegwo ihe sfornuka; B-or lexaRsflectanee The present
§|'t))’ {/%IMlecEﬁtb% GQBIhiRGd %s's%e ﬁﬁ& i B ngarglﬁTest Method For

Pre erab e emssivity o 'S coa
Em&tﬁnoe o4 S(pécgiar Sugacest Bising Speetrometrlemaslumemth’ahdFRC 301-

sél ec%'étﬁ%g& lr{é@%fg\ﬁ‘ﬁér{ &4 I}\(,eo\{'sé{gfeed Iﬁé&?‘n%yvﬂﬁ%é?eﬁ(?en eglsswlty

@ppbe catautated by mumbb/mgofhepméemreédsl'reeatremgance by 0. 016866

SR TRl B0t ot e PG heelis SR b8 | 24 8o ve

fomtoouaman a@missivityof ssdit 0loan. 0. 021 . I n one
enbodi nent, the em ssivity is about 0.020. In
cont ﬂmadditicamtounwcakaedrqsfstw]cefandII@ﬂenﬂwmg' thelprdsent coating 7

b ESrenep o el ApluprieHing Reds il kappn. i Soir heat

forz i1 nmefﬂcueme(slrtmmfra Wihdeacie tieke fraetiond émnclaéntvwér-rba@m that
t the_ratio of ra atlon emtted

. f
'”ea? t?eg’cﬁhf?lep %:eW'P BiVat TRRTeAPLR BHMBET &F BPRIGAYERS wgtere low

soh# heah@aih IRIvAL arteef pBRicERF Behefitl f Rafh 3fimste8! fos kkample, it
of bot% absorption and refl ectance. Itis usual i
i$ gppeadly dasraYle tadaveripy selar heat gain wiggpws fr%@xamﬁte solar

HeBE S cOsTHiGientsi dfyandlt UES draNbdlBwistegeHraf Astommended for
specified in "Standard Test Method For Em ttance O

bsﬁ@ew i theysquiar United Stajgsct rusther rwindawa dhatere mxposed to a
IMFSHCURBdsiradi® shneoé?i%ﬁ‘lt rfr%rr% @%‘#ﬁ NGSoRf s FRaflyBin kc):oefﬁcnent

|ncorporated herel n y re eren e. Em SSIVIty an
Wiadews @ndhe washar wepl Side @f eHuildings{or destamesettend to get a lot of

sURSH HARBRm ! aﬁ%gﬂt%@gn ¥t 8 pchQ léni'ﬁéeqﬂ%sezghggafa%ﬂgat gain

tha_t_ provi sheet resi st an
cpeificignt plavaeevitah reli iesmaihtajnlmg aactwufort@olezhvnromment within the

bt%ﬁ%h% Yok Oit ||s°§’?r°t£8|§gy rb%ﬁéf‘l"%ﬁ ?r&ﬁéjefl nda cgfstg r&%[gre with

esent co rovi XCEp
cgaiirlgsmhe’pestabm aAsw |sslavvdsiebt gaioveoefficient $iad. alowhsaltr heatngain

PR 2k <o Teatcom s c2pige ot 2, H6A5, 4Bl for many

wthuﬂzoappl'ElaMris.are a nunber of applications where | ow

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 lower 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-like appearance.

The present coating 7 provides an exceptionally low solar heat gain

coefficient. For example, the solar heat gain coefficient of the present IG unit 3 is
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sol ar heat gain w ndows are of particular benefit. In

warmclimates, for exanple, it is especially desirable
wo ooohavesi ow sol ar heat gai n w ndows. For exanpCEPS2006/039670

sol ar heat gain coefficients of about 0.4 and bel ow

are general ly reconmended fo? buildings in the

southern United States. Further, w ndows that are

les&H38 @.4. oPrefergbly othe presssit Qe 3d\as shenitheat paiprnoefficient of

I@@Vﬂhaﬁ 034 l@géfhaﬂ g)?'l%s&qg?%; bi 39 s Qs thilh BARS, 8lkn less

he east o st SI I Astance
th@rha 26((3@@1 a0 2@tor fss} uWhula theh@esmed rSH@Cdmcel aéin be selented

drd'y fa?QQ hd ﬁ?édnﬁmgdétb Iﬁﬁ‘fetrgrﬁsaﬁglléen%ng ngé) e gr%g%rhegla éambodlments

coefficien ['ays  a vital
(QQMVdTarameecctatmg F7ds waa bf thiet dxem p:ldmgz fitristatke tabuEes belbW)

d f

A3y Be5h 6 R e RO R Be ot eBPi Rt B AR Y 2 0.20

(gai, roetwedt Oh Qﬁfmﬁ (X28 auch b9w.270! ahe lpwengeclbaa}lmggadariwg?ﬂde a
r ea aln c 1 NgS WOu esli rapi. e
S REC T oy s B A Thesi2ndss i S e SPmadive plciisine
exaelgtional taksy (eaj 2dnyrevidr rgﬁgéln@t@a'blelw@ anbRr elygh Jigielef i 1 ms

sel ected to achi eve a | ow, SHGC have t he effect of

TREENEROTE ¢ RO NIEDIgI! @”FF‘&?%% renge AetedPelow)o B some cases,

tﬂieh&blatin@ 7 stofided fielé Eélah&%ﬁﬁ%Fé‘?eg gﬁhllléé 'hlﬁin% & surprlsmgly high

‘%'Iéfg nce to a higher |eve
IR %1'6% Eéat'%aﬁ&’Sﬁ%”%édﬁ% t hese coati ngs may have
unactretah] %dPWewt §élﬁ|&e¥ffcﬁ!h?%%%b9%e?éw/ rPécébrdance with its

sonemhat mrror-1like appear ance. gresent coati ng

W5l kRS maanige e RefRIARES V5 MsWes s bllF 390@& {1993), the entire
o) E
1E€RBiHd s d)fe\%rch é’r{a lﬁE@}?B}eﬁed thié?eiﬁgiy?Feé ess Hl}nSH(‘bC fan be

coefficient of ent
cpicEiRéIchBFipg thﬁéngh@@@my e®bedied 3 rtmsv\@lls}moam WHNDOW 5.2a

8ot BRddrhmi ent of less than 0.35 (e.g., less than
© g g g{ress than 0.31), Iess than 0.29, or even |ess

tslalg?:lnocgrﬁb&ﬁﬁ’&hwﬁﬁ R %éne( ér)malvw ol'l %o Sroggﬁfeéecﬁscussed

| evel can be sel ected varie
agpye, éh%ﬁfesﬁpbmai@lgﬂoh@ emﬂwomlﬁpmalemtomtJmh Aemoted above,

< fyckon RIS SR8 ! b P0G, Bl EREVRIGRRALY ne rims

selgsiedg ta anblieve Igoad tguairmalcarm‘ulatmgeptop@ftldsettllqmentga.zsﬁect of
. 0 .

@%ﬁ‘ct%i@%&?fb%og%+°sﬁéﬁ58€s%a E%vs%agsm@ﬁmﬁn any’

one o tﬁr;g){:&tl%ry, tﬁ& f)?esreﬁp d5at n\m} prow tes taqu1eexceptlona|l combination

provi di
of total VlSlble transmission and thermal insulating properties. For example, the

present IG unit 3 (and the present pane 12, whether monolithic or as part of the 1G
unit 3) has a visible transmittance Ty of greater than 0.45 (i.e., greater than 45%).
Preferably, the present IG 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 0.63, or even greater than 0.64. While the desired level of
visible transmittance 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 an IG unit 3 (or a pane 12,
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exceptional color (e.g., any color range noted bel ow
and/ or high visible transm ssion (e.g., any visible

WO c@n®m78si on range noted below). In sone caseBCT/URM06/039670

coating 7 provides this balance of properties while
having a surprisingly high fBtal/dielectric ratio, as
descri bed bel ow. The term "sol ar heat gain

veBelt £an pemeondlithie sepam of #ienG wihdkbavdeg eeisible Hransmittance of

gEhtbr HHB3AWM6STRARA agabsiﬁfcﬁé@nce is made to NFRC 200- 93

(1993), the'entire teachings of which are incorporated

he. MLORS PP ibun SESRAmEna, R 0L RO Rielpstg, o

coppgsitiens ﬁf%g@laﬁﬁedltﬁl asbietb ravisible iansmitiecebengreater ahan 0.7,
ORI Ranl §5Y! 8 'eg@n @F&ﬁ?&r fh'aﬁso 847 CysseHh acl?%sregp él‘ﬁt? ﬁl& region

present coatin excep |ona optlca
‘rmskrmssesj aadcwmpoambna@e@fsélecmdstormmlavesa visibde trankmittance of

the fil ted. t
007" Hart VR PR DBEAIF TR e ) BB B8
mwmtheocﬂemredttransmltt@ﬁehe\dgitsrbllyeort ?Itﬁmaﬁ\&w @H:b b@?tﬁ]g 7 can
a 0 e . co ra , )
o WBligea it BiREF it ot SR sacbopielini Mlotisust P ece.
ndflde ,aral/orvoxsintitige hrnas)smoagh@n tasid tmae{déal (ratlt‘iélgih&hl Hi¥ing an
uni

ertl For. exa esent
HoDBT BHENE>. Piieer her cORIRG) 7t RPSFaBY REoviaR, 2oisibe
trtah@mltt@nd@ Mﬁthﬁl)ari%eaor\frhﬁﬂehif(%hé FaﬁH@éﬁhbie@'iﬁ @hid \baPdgraph (or the
reater than eater than 45%.

PRrs: %ﬁgraphw 5?%9@.%%'% Bt having 7 AWMU qormbiragt thickness
forang thrde iMPaRthREASERNS Filnh rﬁé{}ioﬁg wItﬁ‘iﬁLHrﬂlt@r@ o:aﬁlaké(e%?ﬁ]eafanges

visible transnittance Tv reater than
dgseiRed, below rang/a)in ganakinationt \Ntﬂh apyeme of meye ef gh%@nlemums

nblR@belbovp for i heallditfe d6Stigd | evel of visible

transm ttance can be selected and varied to

acconR® et vibitid %ﬁ%lﬂ@ﬁ@é”‘ i§ @\Féll%%wn‘?ﬁ LA a‘HUQ% %%%(g Herein

enbodi nents (e.g., where the coat |ng IS one o
ine RECRSHANGE Wlthm%wa&mowaune@mw béFiBie) trpn@vittaecanas @ell as

viéfﬂilé réle@%rncé Qé\p%e]o%tg\ﬂhﬁéb fr28c ?déﬁb@o\klhﬁ r3086‘$L91ndard

G unit 3) having a visi ransm ttan
TQ?@HP@Pdtfﬁhﬁe@rmﬁlln%tﬁ‘@hs@ler atbetframCBthlceld?repertles of Glazing

r PR d
VBRI SR FOLAP ERbisRITRE bl Ssbme Ifghond] FE%efhiay oRatno
Ceurtibinsotpasated; adeptee Deceqbeat28011 pablisBed 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 transmission located in the visible wavelength
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 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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greater than 0.71, or even greater than 0.072. In sone

cases, the filmregion thicknesses and conpositions
ware@7sei7ect ed to achi eve a visible transm ttane€r/v$2006/039670

about 0.73. Here, the infrared-reflection filmregions

can optionally be thinned td1provide the desired

transmttance. Additionally or alternatively, the

el ivitichy desirabhenas bighddeibwi transpiibaicer spaapingsthehasiblerrange

£ach; he! %ﬁ*er ihe! 'pk'(ﬁﬁdéss Eﬁ r%)@?ﬁt‘?&ﬂaﬂ? hslt nesgg 54 ?/Eéﬁ’ "highly

oxynl tri rou elr
tltailamltte@lvmﬁ@lewavnlﬁaegﬂrmandmlghly peftectesh jnfraired eyavelemgths. I

c%ﬂ?ﬁ QﬁbZdlﬂfe% § 3R YedBlif ﬁ?ﬁ%ﬁoﬁ’d Ig (Ela g{)é‘%ﬂ%rqlvﬁtha\gavmg any

or nor e
n@«mgmpalfv(ndth hb’edpalmme())m altaraafivepyh achiaveso abhalbwidbnthat is

ined thic or the three
bl RN S0P, B el OB el A T Pyl ey Gr€ater
timaor et 76 rﬁnhe Taisg &andee cdedietleah OWo&mi(hHgOlhlglﬂ levels oft V:jSIb|e
nb t ne,.or re t he m ni muns not e
i Bl4se SPach bl Beradh o i BeTerm
e t It [ n the art
' o ol et SOt vt BRcantRn S SrciBndy. s o he low
soleanery . gath s¢daff&:|érﬁatna€nu§ ta@hléged af whblgaﬁon“vﬁtrfh@h visible
n erm ned in accordance w
tréaam'sgtoanﬁﬁwora?%gf) V'rz@f %%r*sr'gtiarb’@t @8 @ Traghign oh gnigy) oyer SHec
isrderad oo dinQy the alisitle aR&hidl efickhc ’\gfé"eib' S/ BEInRIS unit 3.
Tgnd Fadi n Re3| stance of Systens t i onal

relip PERIPERP RS IrRRICCHIANCE: |9r¢@i@bm§>@r%2e@r evefogeater than 2.3.
IPesRERREfeBH BmboRihénts B r‘éﬁé‘ ﬁ@éﬁéa?e@%n 2-§@egr‘@%|tér than 2.34,

known W NDOW 5. 2a conput er Fam can be uséd iIn

Seeateninan idny  tonealer R0 4 rareales 342001 e\ax greater than 2.43.
Irpé&ﬁﬁreﬁﬂ%‘éhmgﬁ@ftﬁfsa@{ 1s élﬂﬁlt 905t ¢ o‘fﬁ@%n‘it?&o@méhtsetms ratio is

t hehé)r esent ane) a spectr al transm ssion curve

ahpyte.44 pééﬁ(tem areéﬁir% emoﬂm%éﬁ U wheee {hescodting 7 is one of
t!‘Y@é‘)@érﬁﬂQF IIWQ%S thhI%téosbéISﬂFE &(/lo%p@ﬂ(‘re %lt@hgvug@ Ee\/ISIbIe-

taln e specC ransm s
thﬁumbeﬁﬁa@nav redibfofigaedierothah @sﬂsbmtﬁams 80 one. gesasouth%m 2.5),

than 310 nm less than 305 nm | ess than
g%gagl%OL?t?:‘EA'than 290 nm less than 280 nm | ess than

275 Rfdtn n%ﬁgéefﬁlﬁ?d?at%g%rqmco%ld& ?OO?@ ttlxbaﬂ]a@sﬁglﬁﬁme 5?740

t hese e coat des” a h
nm;lv'ﬁim agsenscoriing dfvcan proyitess panrmculame Jowvfrmhwdnas af thlel same

ti&%ﬁ:ﬁ@@/igﬂgvﬂi&% @vglstc{f&\‘}ﬂ&t%tt}aﬁg%ﬁta%eg ré% g%otdhc%l& psfoper? ies. For
example, the present pane 12 preferably has a T4 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 T4 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 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 1G unit 3) having a T4 of about 0.04.
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and, at the sane tine, provides an exceptionally steep

sl ope between highly transmtted visible wavel engt hs
wapa7iosgBl y refl ected i nfrared wavel engt hs. | NnPCEUBZN61039670

enbodi nents, the coating 7 additionally (i.e.,

together with having any maXPmum hal f wi dt h not ed

above) or alternatively achieves a halfwdth that is

gr eatl B¢ Rregent Swating 7geameehieve golol Plopeamiesythehtace exbepiional,

p]alﬁf%ur@i‘g gq\;enetﬁ‘ém%{ %%Ietff tl’ié’rﬁﬁll ﬂ’:ééllaﬂgﬁ ]gt-lfgélﬁta%lgn he coating 7 is

desi n
exiramelys welhﬁu@obﬁsoe rapahcatlbss anwhigh rpiiedtedrolof ist bfeconcern. The

id
Rl SisCBRRd HBod 18 AR RE L B ol Bl S Eooringtes o
‘gaand Gefhi paréntan Hesei ®lacvoedinates mre ?Tdtnan@d hereimusihg the
I v

Dhaliol el 8 %o 5T 6 4Rt By el &L vt nour
I-hmTteafrlr&debt}Drf&jstﬂm Hanﬁehmeth@dssbur_?_’tst IHETDGtH e ﬂei‘eélbt?l)éerver

is ra r ra
h8'diPadtt b 316k penpt Aelaviines! 55 sbicterely £ Elpthod £
308zathe 2n8re ﬂeacmg@omﬁw ereeudc@r@s’@miedrﬁéﬁeﬁw by Référehad.i 0 i s
greater than 2.33, greater than 2.34, greater than

2. 37Thgr padsent t IGnuridt %asgraat@(ceptmmn? fdutrdll (B eNcolorless)
greater sonme enpbodi nents, this ratio is

o [l Wer]?ﬁ'%‘t W&L WHEHRIEHANS Colphbaing gf Apleasingdyip. The
réfleétbd dcRdrirapovtdd ﬁér@fnf i€ Ghs SENRAY ﬁ’@ﬁttﬁ’e éﬁeﬂor’ of“kﬁ@b?esbﬁ?l@- unit
is one of the exenplary film stacks
(el At (S0HT865 et e koG )3 IhaeMmegerbodiments, the
pbﬂs‘éhbﬂ@htﬁlﬁémﬂm@é féﬂ%b%@(‘dbldr%héﬁécfgnz% %9ta‘°nrahté'(‘)?cﬁ cdoflinate of

but | ess than E) ., about 2.

bgiyesen abouk +1;L§16'ﬂ¢1@ oulsrzt and 9&neﬁmreq00fdjn@t@n§|b@éwe¢rsabout 0
and “Bout --8: » ThBSe {&ARSIIMERRNFHr %en?ﬁé) H?5%de¥7@r88&aﬁ\%ﬂ{ group

coating 7 can provide a particularly Tow
whereiméwselfter o met freoah @nddprharghwitiin ghe refgas solsdeabove) the

pFers@H§ Tt LAR G ng) % qglfc g!raﬁ%it&f MRt blﬁ'ﬂﬁteﬂ%ecf mt hroma

the present pane r y has a
magnitudep pupen (dedised taisathe @qaare et bk’ robé]) mf édssr thbh ya,bout

e 1pfi 0 0 n_part of
0 155 on 8y 5l 6 RO 1B 36 Hour
ap@eagancq e¥\§tht ¢oatings baying etlsrsetdramor@: ibifarddersfiettioanilt. @gions,

e a esi,red | evel of
@Rt SRR ot Aol € B lRE iy Jeedf Ingoase
will goeaterdtatat nubtélf thickméss. 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 (i.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 ay or b, may translate into a considerable change in terms of
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applications, certain preferred enbodi nents (e.g.,

where the coating 7 is one of the exenplary film
wgar@cksi8abul at ed bel ow) provi de a coated panePQRUS2006/039670

(which can be nonolithic or part of the 1Gunit 3)

having a T74Qof about 0. 04. TEe present coating 7 can

achi eve col or properties that are exceptional,

aptuel | appearangegithenleshedesighle epliow opr trRér A@Nes being thereby

chegkadgon it facilitates. The coating 7 is extrenely

wel | SUIted for appllcatlons in which reflected col or

is o o) f
ol ERREEE Dol |8 Y USROG EPl b i i
asml awearampepdntcedalhawreferrhéwhodirmnts (@ odwherethearaating 7 is

o} %f?ﬁ’é S)gerﬂ md 55193 ttaBSIa 4 étﬁ edrb 6 “che uﬁﬁ]%xhlblts
BE gn’? t%t % onacf \?’ﬁ I

) to repre e’ conven use
aketestedHoaloe charabteGoédby Sy st enlof Ielumimatefreit lb&id/séu mbbst, +1 and

2Bplel 1 . e Sl AR "SRUCHE By FaGfpprainate of
bebvdendaltol808.,5 ok abatiti 1265 (eagc meﬂ@ﬁemébMI{ll’ﬁ ané about -1.75).
sent

yncorporated. herein ce. e
ThASE BAPRALEN BiriraRpt ety Sfgunier e aBaynereit (whether
oapptaf a?@ ®n |a|re mﬁt_ﬁineth"elrmtdelri]aﬂgbs)?’fm ;fr@ﬁérﬂqfaamlleha?@h?feadenor
| of a pleasin e reflected cal or reporte
et So10” sraratie PY Gt ADaaRram e TBATheR e Jr i about
2|7GSUBH‘ Tas(léssethan @bbut N82# Thesadsirasitysdfdiesdf cdi€properties on a
enbodi nents, the present |G

In sone
qHﬁ'ﬁ?“‘@dﬁu g'. s eamﬁéfff |t@%@eee%ran@ﬁ o ALV PERERD Y sAating) is
best @bpreefited At iclindeayvaen uﬁhoHéanngl e %}@sé\ho%atrr% 7 in

and a bh col or coordi nate of between about 0 and about

compar$Risie l@rwa.h%ﬁﬂ@ othep Fealings thathaya gemparaidel iai@mmounts

ofinfeRdMRaE&ign fiwhet her or not the ah and bh are within
the ranges noted above) the present IGunit has an

ext eTh@brés%H RS LRH a%' é&(hltﬁf%aé ?Fé‘é?lh Zethshitedy E&BPFﬁreferably,

ma ni tude nunber (defined he square root of

unif pxipits éé@rﬁmﬂfﬁda%d‘m cf@r@ctemzedu ky an @a®atsrcpordinate of
béﬁn@eﬁda&ﬁﬁl 3f5°5ﬂ<§:%5hf‘%3 ahﬂ A9Di® Ycﬁ (%o?(ﬂbé’t@ Serddbn about

appear ance. coatl ngs having t
+2@Prandeabaub i t ingrertein prefertidogrsbodimantsc(e,g. tthre the coating

|sb<?rfé°5ﬁ e?){érfg{rg% gfgﬁ %\}at%ﬁé {arbga é‘edrjbrt d%tglfh% 6({]8\1& Iy d |C§H|11t Exhibits
al\trﬂnswféed colhecbwlaohenpedapgranl ascaohcavdidatey ot heiween 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 a 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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present coatings are particularly surprising given the
nmetal /dielectric ratios used in certain enbodi nents
wae@chosed herein. Preferably, the nmagnitude oPCHUS2006/039670
| east one of the ah and bh coordinates is negative (in
some enbodi ments, both are f&gative). In certain
enbodi nent s, at | east one these col or coordinat es
seeonyl trapaparest diegntic dilmtregioandd, @eserondbipfrated-redigetion film

9%&5120@ 'tr‘%ﬁf Ig p%rer‘&rduéﬂacthﬁﬁﬁ ég%ién 'odp traﬁﬂf?aﬁ#fpa%d fréf%'@uon

e verti hori zon he col or “spac
fifm region 8RRy ahd anfauinth ’frarmperentmﬁrrlekttrialfibs)regléa &eln F|gure 4,

OB MR T rdlibh Br. 208 P R SHEDNT euBLRD Rape dfe no
réruingdyn all amblodineeriteit 0 a consi der abl e change in terns

of act ual appearance, the | ess desirable yellow or red
zone§hlhfeithg présené byatégnycinoladesdt IeHse tvao eadties.c Gat pogoges of

retl ect or. that exce ional i.n

B BrRRRL §¥BoRe e e chily i bRBhed fo Fe2ibbh Mgk btween

t\?@lagjyapemmmraedhefllmag filng reZ;mris l(]n eognfel df liee ﬁpeﬁﬁmi @nbodiments,
Il m.st ul ated or tai e t he
g PO 3RS YR oo n Bre TG FOgNG Es e or
medk @avitdeor (H sehe othd)@dtW%md boglbﬁ%ﬁt tprSs @adg@bmﬁ] cawtlﬂas has a
and about - and a col o
f@@%@a% ,92?)@ “b%iq}dgéﬂ8ék?6‘ﬁ‘tab°@? §59zgdaé%eawapa.nsorwr@fe,rab'y
bbRiasReiboabdolA add Bbads58Aout - 1. 75). These enbodi ments
represent a broader group of enbodi nents wherein

( V\'heSbmé @ﬁbdﬂﬂheﬁs@)‘ﬁ%eﬁhvﬁft@n\ﬁréﬁd@ ahﬁkﬁaﬂ@él@&nb@é‘lﬂﬁ%t has
present |G unit has an exterior reflected colo

SHWE’HP'&S yeP?%&OLW @ giNg SHEePHR feRisnLHeE: the “metal/dielectric
rativanisahgelt to?al7thlél¢ﬁ"e|§s agf | 415 hd hfarlioidhiedtid?e -filthhegions  (in

desirability of these color properties on a
egipariments vavaldog| silven ther iekal osilven dhiglnras) dividedibyy the total

tHMHh@QWop%rtfd?&pEJ@n§di%%%rlcrf% ré&noﬁgﬁﬁeort] ?Bgﬁtﬁ‘f‘d 70?%% layers

viewng an |G unit bearing t oat’l

’ff@érf’ﬁ@y ﬁrqsgnil)e Unihes pissant ﬁ@b@ﬂh@ﬁmt%oﬁﬂ ﬁ@éa/cdﬁmdric ratio
r%bﬁ/q ?Fe%@! @2% Qt]f %éstwg.{t feedf oloBf é ES& d. ?é 'cfrfévbﬂ%t least

presen uni t so exhi b|
0t2r7anBa’ﬁLlatedi belowoare exeatpéaryiempodinents @hmm tlsa Inatin ISsbeéween

abS @ Eﬁc?gb 63%8 characteri zed by an ah col or
b

coordrnate o Wween about -3.5 and about -6 and a bh

col oEa&P%f@r@@-ﬁ&le‘&flop%ﬁqﬁ%lcﬁpqHb, 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 least one
of the infrared-reflection film regions 100, 200, 300 is greater than 150 angstroms,
greater than 175 angstroms, or even greater than 200 angstroms. Additionally or
alternatively, the first, second, and third infrared-reflection film regions can
optionally have a combined thickness of greater than 425 A, greater than 450 A,
greater than 460 A, greater than 470 A, greater than 475 A, or even greater than
485 A. In one embodiment, this combined thickness is about 477 A. For

example, in some cases, the first, second, and third infrared-reflection film regions
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+2.25 and about +4.5. In certain preferred enbodi nents

(e.g., where the coating is one of the preferred film
wat@ckssBabul at ed or detail ed bel ow), the |G uPCT/US2006/039670

exhibits a transmtted color characterized by an ah

col or coordinate of between'@bout -4 and about -5.5

b g bet ween about -4.5 and about -5) and a bh col or
1980700, Ad0crfsilvest axern habipgtrespectve tickmeesas ef4122, 149A, and

266A9 In Qﬁ&fﬁ@?%nﬁ}bﬂ%erﬁ?’t@“go@%%rrﬁfégﬁéss Ehgéc?ut 492 A For

mbodi ment's represent a
%@Plﬁ in garee gages, thalirsbseaand, eaduhlmefrarfedtr‘eﬁecaimnafrrm rbgions

10020 R 5 ARG KB L HANHAGL AL B oL 78, o

206At ed substrate 12 having a major surface 18 bearing
a multiple cavity, lowemssivity coating 7. The
coat Cagainnerhbetlimenisnprogigedhe setomimanth ¢hindjrdirarsdsréfiection film

o i L Fhob RIS PSS Sl bl o sver

anemommmctknemefpamemt 325?& leattleast 3Bb I,égwoa:(t) dEHsd 13490X al least
t
SBOI000 b P GBS 481 by oh B o8, v BoBigel ihness i

36563081 Ad- Hefd, eatrelativélylImgeeamunﬁaﬂ,refwwv@ fﬂrﬂu(eté1 silver) is
nt .. di el ectri.c fil

BRI R BEIEHEF bPibrb iy Tt TR0, 0 the sivan g ik aping a

pahbbl@udghgrfebesméﬂ‘ﬁg syt emmwnpewhn@ Al theersbadl AR Sacilitating
esent coati ng i ncludes at |east two

PEE\?P'W'%SGOOE%PO';S?& Mistoles tansminsions ewhvisihie Jetiesiion, praperties.

AUGi‘tlﬁhaIW dlterndtelehi RaS érie SERB lﬁfhﬁeé PEHRAoR §liB&Slons can
| mregions. Insone

\AﬁIF%Jacent infrared-reflection f %
bghickRY there skleaskpmsal thermtaer lﬂiﬁ@reédafﬂeqﬂgn k8 regipys bt least
503N &t 1BEst T4 Aotdrest 185408t Kenirﬁ soﬁg?rﬁ%ﬂ%g‘%{]ﬁgﬁgﬁhfﬁf this

or nore cavities. In sone

Nl Sit 1% i third trfffér@bnﬂﬂept@ fnlas regierhiti nie thicker Benwinenfirst
lrﬁ%%ﬂ-réﬁlg%@mﬁ t W b PoR ég‘gr ﬁ%%gﬁﬁ@gef%d%ng%rgé eferabl y

bet ween about 4 and ONEe e I'ments of

the gave thHtSHﬂinﬁéﬁ’%' SVI?% unfja?lle{ngbﬁleﬁﬂvhér%lr{ fHe Q?ctolﬂﬂtmfrared-

has surprisingly to~give exceptiona
reflestion §lm yegien Is H@ckenretham fthi &rsé dnfrared-refiacton ifémtregion by at

168t 3b A Mika8 %0 Al afldast B8 AN Alelaf EELF&? 2N Addlithally or
regions (in enbod S invdl ving si
akkgrnglively, ithe third dnfyarddveftestion film regidrotan be thlcker than the second

infrared-reflection film region by at least 25 A, at least 35 A, at least 40 A, or even
at least 50 A.

One group of embodiments provides a coated substrate (e.g., a coated
pane, such as a glass pane, optionally having a major dimension of at least 1
meter, or at least 1.2 meters) bearing a low-emissivity coating 7 that comprises
three infrared-reflection film regions 100, 200, 300 having a combined thickness of
between 420 A and 575 A, optionally in combination with a metal/dielectric ratio
within one or more of the ranges described above.
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t hi ckness of the transparent dielectric filmregions
(not counting any bl ocker |ayers that may be present).
WO poovloet7pr esent enbodi nents, the netal/di el ect PAT/URENG/A39670
preferably is at least 0.2, at |least 0.22, at |east
0.25, at least 0.26, or eveiBat |east 0.27. Tabul at ed

bel ow are exenplary enmbodi nents wherein this ratiois

bet wEke inftaved-reflezftoraitn aegions 0008200%a¥) are described below in

i Afr refl ect [ ' .
AL SRS R0 A SRRt Whockend e e,
rggioenin tk, form sdnsilvendegers oeadhs tdonprisinge foptimhbly aonsisting

c§ten Bl NSRSt bR TS PRI ey ] 0 B Bhoec

lahe6s i@ c@dthgl s Thesatreee tsieer-cbbtiting dJayerssangopiahelty each
than 175 an rons, r reat er an. 200

e B RS R b Bty P5FA 2 &P 3drl P rerstably, thapah. they
eaclc have aiﬁlhlidkhrﬁd‘ﬁsrdi betWdeRr gsbut ﬁSA%HiMUE pYBA reg pmﬁa;@eamore
ont | a ave a C I ne I C S reater .t n .
IR B tivessy Saank B aBPUECBIAL i OfsGOdhaR of this
nbhipe thd I@uﬁstr@é aﬁge g_gxés%[shézﬁhé\nng)ra neajeiNdieiepsionrof tah ast one

n one odl nen

485 A e ,, this con‘Bi ned thi c[Fness i]c,
maleiuior Atrieast e melespeBd tis glgie staslke’s POt Fyftiple-pane
irﬁs%?éﬁﬂg, %laé‘éj dnfti 1het intdiddtisesr kst @fki Othef idid8sr SEdeaNSHREL the

200, 300 are silver |layers having respective )
muiRieRase dnitohag 2p Retweenangn g0agse ASOY.nWhisHt ¢rst optionally be

e® dT8MLd with%irc8Miliel %ﬂtth:]égﬂ s Reslative §R0W g.48¢0f). For

exanpl €, In sonme' cases, first, second, andthird

i nf rWit@\dr'gﬁﬁédt%ﬁfHe%uf iréﬁapfaﬁait%me&@@fum?%ormgb, ?Jgego, 80, in

silver layers having respective thicknesses of 8

cexain e imenta, eayt efinase filvd trdienh Basa dotebiehysifal Hiekness of
r -

o8fifect Uit SONAZPOUEHOME drberha B B M8ferag btviden abour

106k andafbosit BQOA) Thesaditaetiofdan reblonkrese slesgribgd hedew in more

é?a'ﬂ A, at least 335 A at |least 340 A at |east 350 A

or even at |least 355 A In sone enbodi nents, this

thined. Lhi ; i . _ !
ar g8 GrtBtinl ST EY) BeBR i gl 2D 1 abEIEY bf tin some
coses; alirectiyt ederam majer eutrf]me_ pof thensubistratené2.c Jas filgy region 20
t ” . . ,
oBh B, b8 28ePubl e Fge 3 RRlL BHIEIY oBtiSRly. consis

ebsantlally aff) trgngmarémtcditlectrg jood It sbowe, casesi, Hihe first transparent

d?erleacrt]rslc .il%sie%?dn ik |ds a isi%giglgllaeyerr.e flr'w S&teir ggseosr ﬂ%%Hp'rlgés a plurality of
layers. As described in U.S. Patent 5,296,302 (the teachings of which concerning
useful dielectric materials are incorporated herein by reference), useful dielectric
film materials for this purpose include oxides of zinc, tin, indium, bismuth, titanium,
hafnium, zirconium, and alloys thereof. Film comprising silicon nitride 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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Additionally or alternatively, at |east one of the
infrared-reflection filmregions can be thicker than

watowmagsl one of the other infrared-refl ecti onPET/U82006/039670

regions by at least 50 A at least 75 A or at |east

80 A. In some preferred enbddiments of this nature, it
is the third infrared-reflection filmregion that is

t hi cKee firsidransperent idigledtri¢ fikin ¢egiprfltccan de aidingle layer of a

sg\ .chglecmé A Pg’g‘ﬁg%fla%é}% Ug’écf‘?t mEgBH&Iaﬁ %‘?gﬁed 1 that this

ment's provi ean arr RE St
innefr ﬂ@i%mcelfayercbe fommEd lofra mmgﬂuomoﬁ zn¢ bxid& and tihanxideh(eeferred to

ol DR PSS 1 L AR LTS8 by BB g ouen
sivgleAdadier | camalbkey recpllacmkit withatviov e ymorehtayels ofl kdn"ferent dielectric
er

i fl f i be t
il o e b B S, e bRl raRheP ey S M agion 20
cglglpﬁAsesaé] gke&mtthibﬁné’ss n%ﬂfgheaé\?ngla oémpwltlemehatacihalgg%(e .g., in
. e group .of enbodj ments vi des a, coate
afiadls aiaém?Q h 'nareealasgkt%émp%ﬁw trgteg 1B pane,
si.on of at

gg: ie nal | é/gtar@q CH%S @W@Wt@rgqﬁl dransgarent dle‘?ectrlc film region

ZDOGan:ms%SIfﬂmt wpﬁaﬁéuyn@orﬁprﬁsh@g zmn@rdée@dqhég% zmc tin oxide)
ed r fle i on f‘LImre I ons 100, 200, 300

hav
EEB b RACYR BRRESY b B BlRAAT. 476" OGP g 7Boyeen ha first

mmédnreaulebwon nlnceé@brmabocahdehbfb@fae@tw oding! ﬁmstmfe 12, there
ratio within one or nore of the ranqes desc

camp Arfvantigerysly fieeprqvidadeatdesired i total r B'gkmfss Qf)(ﬁ”m Apat has a

r&% iR SRR, JPQﬁ' FEAEW 1MsbHE tcB8Es, dRksaddsireBrib@i |tl"){ckness is
gh, sone preferred enbodi nents provide these film

Iasadia L9 ANgaITIS dsRsaNa BG anHEyes, dossudbrn dSFenasors, less
tﬁﬁmdﬁ@r een\%o’&é %dn%ﬁ%%ﬂﬁh@' J)lye\%ﬁ'n)le& ﬂhﬁﬁrMOVManQtroms.

t hese t ayers opti bei ng the on

i | VRERARE AghRY &8 SFIQL']PetHetl‘f'@"?ﬁ‘étngﬁraﬁbeﬁe?le&ﬁﬁrﬁ%lm region is

si | ver - contalnlng ayers can optiona eac ave a

ideniiigch dysthef refetenee numierit 1QQ}A &g @iﬂbmeglgmqwo preferably is
E@ﬁ\gﬁé‘%ya el r\@s Pact gjﬁg)élcglaegj}gﬁvﬁntﬁ H?a' Sﬁfé?sf%cé’fof the first

en about and aps nor
trpnmaéﬁaratﬂ@lebfec\meme@bmm mwswabl%dbﬁalted%ﬂgctldnﬂnawﬂal can

bS”&%‘&' m?‘:qlber‘)f 5!&" Qn@acl léhe éq%veﬁug?tarllgt%se tlJr&ebls greg{hgsﬁmst
sSheet havi gcl a ion of at ast one mneter
coromoaty Iusadt miraﬁed*ﬁﬂec@n fdmdntthralsgl a$seferady, ithe pafrared-

reﬁ{ecﬁl r{;ﬁl{rf 8&%3(??}5 %%Sen'&tlnai hxg tcgl N gonr"fltlty]tgteg %th‘ S lm%qg han
about 5% of another 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 film 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 film region 100. This blocker film region 105 can be provided to

protect the underlying infrared-reflection film region 100 from chemical attack. In
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mul ti pl e-pane unit has a between-pane space 1500,
whi ch can optionally be evacuated, filled with air, or
wo dozeds7ei t h air and i nsul ative gas (e.g., argpeil/USA06/bB89670

respect to the four transparent dielectric film

regions 20, 40, 60, 80, in t&rtain enbodinents, each

of these filmregions has a total physical thickness
sa¢h paseseeny aralerial St isrfar akaropleo@galy axidized ey be msetil. In
cgﬁﬁﬁ %ﬁ%dﬁ'm%ﬁ%v\@‘ﬁﬂn. Pos grt%ﬂ@n?ﬂ%teﬁ?@ﬁépl%gpéld ngérﬁe cases

iel'ectric fil'mregions are described below i n nore
(elgt mabes Wheref oxide fitnn dn sqzatiesly dépesited difect!y ioven s arblocker

R oD LET eaSpidhe YUKReBR 3 ey Sudriih Yo Bl Rl donfrne o

tiz@iuraroxize of varyngc etojubiinteton dutied depositiore f atvellgagtfilm. In
SQ or ti.onall consi sts. es t.iall f

PR tadRbMae oqF i FeBisrs afia. i dtenbsted, s, p,layer of

nltobampalrsem bldickéraaydrs Coimplising egbium e H&cﬂs?@dﬂglde}ail in PCT

ayer.. In_other cases,, it i ses ural it ,

ineional nChESlior pBG" W, SHBig0tn: The DisgcBings { phanis PCT

PUBREHibN O8latihg Wi KGckep N@RIT§idng intoepothtedi Réreff by Geference. In
materials are incorporated herein by reference

ofeE£Ibodireeie he blagkeniilratesiqral © £ compassa rr@%t’ggal selected

frbﬁﬁ’tHéd@ro@iSL&)%%isﬁﬁg &F Rfckel IcArorhiDA, limlcl, S Blkdinum, indium, and

titanium hafnium zirconium and alloys thereof. Film

ZEGMHMsi ng silicon nitride and/or silicon oxynitride
can al so be used. The filmregion 20 can opti ona[ﬁg
i ncl B¥RMBIAY hicknessesdps Benpriignal Ripekar fiin ragian gengetilyrange

frohl 836 RUsM328 A Osuchd 9l18shadidbver WrBhter HickHdi8Es may be
optical properties. The first transparent dielectric

used far eay bskeniianargivalsa isthegioatingyldesieda si ngl e
dielectric material. If a single layer is used, it is

genelna$arye gerodiments + d AN iprsmipsien binckpetayer aterade.g. a
oBRCH MBR] f lt  hch roBRy A2ahdy ) ier
regieng 10%&09n3e%.s Tosdnateriaupied. fonexarplish can dierayl exideyritride,
of Hyicke OAGEHAMED o Bn 8. S ey g & borami
tefrgetsaither imamp inestnatmeispheret aindriding mtmesphene, 20 a slightly oiglizing
R e D L
nditartadnis eudavom Rdreexsaniysier dee tdr@et Inmatevatecqpardptiondlyr comprise
s&%n;gﬁ%glhiror%%ﬁrf’d tittaﬂ%, f'lliéitwﬁerr%nf ﬁ)saﬁe%gt thglneé.ec.&l{elrr?atrvle,yfna ZnAlO
target may be used. In still other embodiments, a ceramic target comprising
titanium, silicon, 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 dielectric 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, zinc, tin, zinc-tin,
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20 conprises film (optionally conprising zinc oxide,
such as a zinc tin oxide) having a refractive index of
wda20070447gr eat er. For exanpl e, between the firsPCT/US2006/039670
infrared-reflection filmregion 100 and the surface 18
of the substrate 12, there n advant ageously be
provided a desired total thickness of filmthat has a
alpeinuaet indisim, ndesenioim, 10r7a mongqirwéiperincludingcﬂfelea@ts@@e of these
d t hi ck a
mtamn% e@%étﬁ? v@i{rf’hoarﬁe cgoﬂﬁés?t‘flgmeﬁé allL&S Q?%tgﬁalﬁ In these
embgd:meotr:s the disin rhetmh ﬁttﬁi!eau@ﬂy isoHepodited Sntamineti4atmosphere

o088 08B o545 5 e R DAL R BT e
atrmexgpberel s Fodenairpieedvign teteriad eis arsed, rauu@amld(ﬁérgeﬂ' bars be
sty TPR) oI CUBNEL FoavR BRI ob . PodEabiiSioRs oBh be
sputiesdd inrsarspiveaimosphéectric filmregi on 20. Any
suitable infrared reflection material can be used.

Si | \Aaronegphducuancbromrmeremmmlimaﬁtk e abatimgs7 tdvenprisks three
d infrgl:eed refl

.are th [ fi,lm,,
e e SN, o, e v FEEES: afq b Fhis et htionaly
o NBIChtST vdRsHther ik r@\'ﬁdéd b\Hiscker filbh kation @il aeposietihin a
no nore than about 5% of anot her netal

nofhBYENC ek (B el 88t BANITBIRIAISe MAEIR %%ﬁé?gtfla oy K group

c&@néﬂmg Rbrad 654!&179 @Wﬁ#trl@i@' lapdi aMoxyiitrige, MRWRMRY subéimbbfoﬁ\@trlc
ans required. Wen desired for protection of th

fOi”ﬁﬁ ﬂ@r@e@ + 4F thiscgriogh of embedimantiy t%ﬁl"?‘@&ﬁ X eseh such blocker

ﬂi?rﬂ?ég‘?&“%ﬁﬁ i W"fhiﬁngr’]@rong%f' tﬂg r@ﬂ@{esf‘%fedt h&@iH st the optional
tenpering); a first blocker filmregion 105 can

b'@ﬁferd‘ﬂm regians, stek iagelgseiaan §Ad A oriRelaied yaethed: erabodiments
lntlinl(létdéd?{slrtlﬁg]egn)f %fohﬁ% Séﬁ’ibgdlrhgﬁtr @le@@e&%relﬁh'lﬁ the process

ocker regi on e provided to protect the
depusdingyaneprimeredieaker BiM wgidngmsrionmmelaliicdim100 from
chem cal attack. Insuch cases, any material that is,
f or laxasntpireempediaients, dfxe fiist dlpckerfiimeregingr 105 has a particularly
sﬁ%SIr lﬁél@]e@g'hsgl@h TRNESs tHanidd A IEQ&y ﬁ’lranojo Al IEgﬁiHém Wﬁaiesé than

SOoOne cases ere oxid
10 |A redssthanat & \asisythde Sodj oreelvezn bestthqn 6v/§r Whiteh net shown in

RLREE Sk GRS, o A5ERRIEDe B TSP Bl b R o
redieciicar ffimmggmhoiO®hasomat.ry duri ng deposition of

overlying film In another enbodiment, the bl ocker
fi | nTheegeammd it sparemé diesactrifilasregidnad@is pdsitioned 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 least seven, such
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ni obi um Useful bl ocker |ayers conprising niobiumare

di scussed in detail in PCT International Publication
WOe007WA7877/ 48649. The teachings of this PCT PubtT/U8100€089670

relating to bl ocker |ayers are incorporated herein by

reference. In other enbodi medts, the bl ocker film

region 105 can conprise a material selected fromthe

lgyerap Avasialieinagveto nsipgeine ahmors distretd fayers, ipart or all of the

sy eRsoafith STbigBRE, A Ffr Mo BASTRABLY oG iR RSERiton
@pﬁmnaﬂyaﬁlamctmzea-li)SaAgraéuaimranmtB)nlﬁom onebWensparent dlelectnc

%F{o éﬁgtlﬁg\&@? ﬁ%g%a bg, P%ﬁg% gr%ﬁ%@an%/qpkgﬁ%%i The'fI Im' region
@ﬂmdoptemaﬂy mlMegimetdrmma@sommgm:ellekmc ainejoe (I’;ne%tal films, such

t
B ortgno ctisnapl °F8ﬁ10é2?!8ﬁ°agfa’“%ef{‘?§a%l ocker film
10 I .

can R A 5ter R o o e e Srent BledHi TP gecion
2000 Holy dimh agpo 200 pheferablytis @oaityious o mec@utanfacetcﬂrtméecond
tgqlntsggéqqt &f@?%;rllcgﬁl%re%ﬁ m)i(ith %?bw@g@letlﬁ Harggﬁ%f?t I:[rlgﬁ ma%enél can
tﬁentogw @aaﬁ Ss sitvesUdnsid, car@fttdwet or @u@whﬂamagloﬁetoﬁtrnw& of these

? i s used. For exanFEW he %ft mat eri can
'Bﬁﬁson PI?P%%M'@@%%’E‘QP%‘ %n@?r'ﬂ@a drrgfigctionTfi @(CO”S'S"S
é@%@hﬁawy d)fssﬂvélsér fshm chmibthd L WAt/ BloYe tearZBAOE® 5%r&‘9$nother

e used. In still other enmbodiments, a ceram

mai\(abéyce GianPtien giataliselactad fr@mth%WUPazQas'&t%@frﬂql@ platinum,
labfuns0 desired, a very thin netal film(e.qg.,

| ess than 25 A, Iess than 20 A, less than 15 A, |ess

t han V‘l‘ﬁerﬂdeki@é@ férhﬁ\%te%tl&w d?ﬁh@‘é%@oh@%%rér@@-?efﬁecﬁ%n Cfﬁ%ﬂ region

be applied directl a/ over the infrared-reflection film
2 lisesend \plesker filmi regian R0Aegan OPi'qWIﬁ”V heg é)r@\gq?l\ecbé)ver and

cﬁ)‘?l@bb&% ﬁ) @L £5e&drd ﬁ’\frEPé?JQlléﬂé?tfdnl il : ZEJWh' ‘Fﬁls blocker film

optlona as ath ness o | ess t a
regign 2P pan lcerprisgaiar 8gample, @sy natanal2batais leagiy Dhldlied In

(?egtaﬁl eﬁﬁoﬁ‘ﬁféﬁté &St lg?&réfgutéﬁ’)lum\m RS dag);é)'hg@ danéf ﬂeso\‘r‘?é Yases

' can,
(eer addsies Wherenownp‘ﬂmss m@cttwelardepmmtami ditgatiynovar ﬂ“k&ablOCkeF film

BRI RSl o BB B0 BSs of bkt Bl ot B BEWAEL 0 2
tdaiuwf oxidesfevangng sioadlmmetgemhmg deposition®f overimgaﬁlnt hlarother

steg | l( ecbfmker |I%I ?’eglon Zbg can comprise a material selected from the
group consisting of nickel, chromium, zinc, 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.
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enbodi nents, the thin nmetal filmdesirably is

deposited in an inert atnosphere and the dielectric
whb@cket7sf i | m regi on can be deposited either iPCHNS2006/039670

inert or reactive atnosphere. For exanple, when

sputtering is used, a ceramé target can be sputtered

in an inert or sllghtly reacti ve atnosphere, or a

met aISwtabGethl@mSB%S doiuthe: raptional aewulctbiqcker film region 205

FHePIR1anGe o s IS ATA By SIS, LreBEY NGB ay be
ysegi Breo @ﬁ&fr@dt |Ig Qevtem ambodimentsotie séconki tdhcl«(earﬁldn region 205

Hﬁ%té %@ﬂwy}%rl%vs%alfsﬁﬁ&{l% ﬁ%cﬁ?s I%Qg o 5%%%%3(1 an®0 A, less

Sited
tham-16e4 aleks Mmﬂ@n/lg desy. thand A, mse-tnm 8lAjor mﬁnerelsﬁlthan 5A.

{I@‘ﬁg? ghé\é}/ﬁﬁ?g@n ,ug b orﬂ(%i’ ﬁtﬂh gglﬁfa &n 8p |onally %e provided

Lsrmibstl'm setbndwifrared-faflegtiort filerregfoh, | n this group of
enbodi nents, the thickness for each such bl ocker film

r egi dihectaird kiean&balreinn dstgctin éilnofregibe BlaRYpSsitieierdbetween the

R TridteauliootBh) Bncieoal PR bt b raredrgbeton fim

rdﬁpDSﬂOﬂl ﬁmlﬁgﬁnﬂmémt@eleﬁfﬁetﬂllm@@oﬂ Ef)qb %md? BFé@érmlmlréglon
t eposj ti ng. one more bl ocker fi
] I%ﬁgecgi"?m@n&ﬁeltsﬁ?q"%c C?‘f'qy& and @er heir¢eERD daiaselessecond

si;oheerf filmsieglon0 CR&Y third |tfﬁn%@@*eﬁﬂdné%’étrfé&ﬁm&e@%ht6G3é'érﬁbé lé smgle
smal |. t hi ckness, such | ess than 25 A | ess than

'saYeHOéés'i'@ & ffapspatent @@'@cﬁﬂﬁaﬁat%amor It €38 bermplurality of Iax@rs of

diﬂ“e?ént&ré’nsp@?erﬂ%ﬁ@lebtﬁ%Smét@ﬁals5 i soik! &sBet tt‘%hﬁ‘WG ﬂréhsparent
ocker film reql on can optionally
f

%Qli{'aéwhufﬁa&n Bfecomnrises iatfleastelres rtr@aspamn& idlenlﬁctnc layers.
@;ﬁ@hﬁﬂy ]tQQrea§reV‘§t| leastTis, Stﬁ'g%}% &t I@Q§tp sgbﬁllﬁ%% ' @s an

filmregion 40 is p03|t|on et ween
ﬁ‘tﬁff\aﬁv%gor@fﬂ ectmaA diseraier Byesn pm@oa@u th@es’énfdnmamparent

didiE&AE Bfa rl’@él!)ﬁ%b'(%? ifévlerg Brea%'eerbfﬁ‘g)%sgéﬁe fl‘@ﬁlﬂfre ion 60, can

bet ween t hese m regdi ons erred
qpbomﬁ!wenﬁud@ ong @r 'ndre sbsording @Iébectri"ﬁfandﬁmrl metaeginm sdch as to

c\g\)ﬂf?olbs%a[j F;e&gl 8} Bth%fﬁét ({al {)lsoﬁ)ert acer" filmregion,

chrs bca V|ty This first

spac%e Ebl(mllﬁs?r%'té?:{lﬂlﬁl p%ﬂtlg%eathﬁél (Ie& P%@r i félghreggm 300.

si ngl e transpare F1C
Thisufilan i negioof 30Qyweteratfly ds fdoatigudust tcartlsqaan&ent face of the third

tr%.hgﬁaergﬁtr éiiglegﬁllcefﬁ%qjeaibnléb. S.quf sUitabie lnfrtapeed reflection material can
be used (e.g., silver, gold, copper, or an alloy comprising one or more of these
metals). In some particular embodiments, the third infrared-reflection film region
300 consists essentially of silver or silver combined with no more than about 5%
of another metal, such as another metal selected from the group consisting of

gold, platinum, and palladium.

When desired for protection of the third infrared-reflection film region 300, a
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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second transparent dielectric filmregion 40 conprises

at least three transparent dielectric |ayers.
wopioroneaBl y, there are at |east five, or even BCT/UBASE/039670

seven, suchlayers. As an alternative to using one or

more discrete layers, part @& all of the second

trans&arent dielectric filmregion 40 can have a

Yduaigriabingbisi for swaimelst readily loyidizedr do tcertainezmiodiments, a thin
i dielectric
lgrr%&cegr# i ;ln'idrﬁ“?rgétél |§1’ QP;BI e%mﬁﬂc:i‘ ﬁ’c%@g.ﬁﬁ%&d@ﬁ FaSeS Mhers oxide film
is u@gctrvatye)iepqm@df dirently egieorthisObloakerofiiti oegibh )BOS)Cehtu@@st an
SQr L el ectr c.and/ or netal
suc q@g&ce%gté}oﬁapﬁ(@% t8| it Co'bvertgfjhté’raotﬁ?n'%‘l oxide  of
vgnorp@ratmdsommm dueixg dédasmbnarbfedve‘rlyln@ filegi AR oipet REses, the

-' f fI t f L, 200, T fil
R 0 e ec s PRt i UBReTlo SEREISGu B ftag edrou
conhsistireg sécmkél tdh&lﬂ’ﬁiflla’f editic, dirg | a@@rhinug, findign! %@\Uoﬂrcﬂaﬁrum In
aA%W;wt <.J’| @d ref Iectl on material can be used

K?SP ocken fEo pRsien 397 is1 feResited cadi fryer of

rmmmrorrmfeeofotﬂqetﬁtﬁﬁmeféﬂfcaﬁ@ckelr Hiirh ReRAL lde2blidd above. The
infrared-reflection filmconsists

bi%?&htf'r@fﬁgloeﬁ b |f e BXYPPIg P%ppeemiiyn%mw&ehtheoabm@noted
afrrlaagembﬁubf 550 adry aRpt h‘%”tal"@ﬁﬁ'dnre&@ca\f(ésfllfﬁ‘% ﬁﬁ 3(5'63t§\1|d a

d fromthe group consistin

%"%‘é?‘l"hﬂ'( Aty AvReihisiey thia meial fﬂjﬂotpéf@maweluf thtehitelectrlc film
caR BRI pbSitdAdiR&t Y %f/éﬁﬁ& iR rddidd6& i on 200, a second

bl ocker filmregion can optionally be provided
over Sgishlé ﬂﬂékrﬁ%@ébsfotr %é BsticHef ?ﬂ‘é BISKER iR %@% 865 i98Rerally
'm region

film reg| on bl ocker
I8 PR 3-3%0A 7&1‘24 o &G Avat Gisatar thwanes@srmambw used, if
degirel. zegh cbﬂalﬁeéﬁ%balnﬁ@é)d{%eg{u% b?ockgrl '?llrlwaye%Eon 305 has a

titaniummetal is a
padisaiarlyisaiadl thigkirsst SU@h ps lassdban Qélﬁy lwp’fd)antZQdA Iess than 15

Aids3ahdy 18V€Te sht'h n Rclﬁgé ! énti\r ?9%\9&1 I%gg)[% é& E3 hile not

an out er nost’ T ness o anl um
SB@MY &t Flguret b aablppl&esrrﬂlm MegiRNn «ten obtiorallyibegpretided lnihderthe \third

,rﬁ,lé;écg H@}gloﬂf%@/aesr\kél ng film In other cases,

t he region can conprise a materi al

sel e@?v%ﬂ {H %r‘ggengﬁﬂ@f OQOBI% I?ér ﬂgrp 8{%9%'43%85@ ded in, gertain

chromum zi nc
emodinaritsrit oar bei aﬂa/ahtagebas M usker véry| smalkethicknedd fori ne or

AT ER AR Yo Shok TR B3PoRlnalS aipoty over o
le@heone of the mfrared 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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bl ocker filmregion 205, for exanple, can optionally

conpri se the above-noted arrangenent of: a very thin
woreaoalo44781 m di rectly over filmregi on 200, andPCHUS2006/039670

dielectric filmdirectly over this very thin netal

film Aternatively, the di@3ectric filmcan be

deposited directly over filmregion 200. Suitable

t hi cRi¥gevsy, roritain lenhmgimenialpredde the edatiogeritt alhigh combined
tﬁi‘%ﬁhé&% %C)ftlgéencﬁfe%l lnéffL JraQ 9L fgm?’?e@gnse’ (%%SA’anW combined

eat er thicknesses nay
th'@k“&%draﬁg@ Oehedaherem)rbodtl:crrMnatJort Withsemord b kep., three)

A 65 07908, 866t ) MBI SRR oo

dﬂscﬂlmabm@n Ti@sA enttesiimentacai plovideears ekdfrfpmoﬁallk;onﬂj’ nation of
ot, sh ur e 4, a
a?ﬂs%%@g pggpe\g/}ger? acﬂé{]?'%l?]g'lsfg’ﬁ\pfmg% 5;5?'8 Plted under
th fil Th
R AR Lk P e
nobt beem bbhier seatinid lbnétearfedhesrefrbmcthewutfstdam r1eglh@n tA8Qthird
AP SRL S A8 R0 i i
regian 630 eﬂeflnmsrtaglooatuﬁg $ outermosiafaed 7 (Which idee caﬁe@pliibﬁally be
can e re

h d
B 16 ol Caveiy RY AV bifigh St ohre Tauah sacsraroR digsciic fim

régigh 80 ¢ A sh@le&llaﬁérrtﬁ'aeslhgl& @fangparantdis@teic materlal or it can
tran ielectric material, or it can be

b&%P'iFﬁaﬁﬁgfbﬁy?ra P'gfe{ﬁntérﬁflmf@rﬁttd'%'ﬁatﬁgﬂaat@mls In some cases,

tiek RILeBttFdrgpamine fieRlcEic flll’ﬂ ré@Hﬁ 8@%%%55‘ 8t feBkf #Hree transparent
transparent dielectric filmregion 60 conprises at

q'eé%@E'C faveee Opbarglar tere areeﬁbk,easﬁ five, @y@wgn abjrasbraveny such
Iéﬁz% eﬁér&) ﬁﬁehﬁﬁ\?é td 4 béﬂﬁ% ofE o?\fﬁ&ea&lsérgt%slta EQH o Wb the

e an al ternative to one of fore 4 sc
qukﬂ%j‘et@nSR?é@ﬂt dieleglric fin regien t8|9| ¢ah havens gaadast composition. The
i i
f@%ﬁ%ﬁé@f ESP gﬁﬁ olﬂ?E?éﬁe?I? Iﬁr#h#(% orte? 6 Gzea%&ﬂlﬁgﬁ%l?ctnc and/or metal
figng speh ﬁﬁﬁ@cmgdrsbwgg,dzomre@mther cmmtabpropemlas filmns,
such_as to control shading, color, or other optical
pr op&hes, discanTie aprreciatad thet thatasesdrit icoatingy7 desirably meludes at

&3t fefthr lt'%@%f%p ; @%Jl@l@%tﬁgtﬂln‘? ﬂa&%&r{s@d %9 8@,05(%) O s-gme erht &&T@ents,

region erably i1s 1'guous he "0
thegf CQ&ii@gtMmerisearprmure,dM@Icafcmwrecorf éviem thsgi @rm&e.nitride or

?@Mtrrﬁ&'ﬁﬁ?vgu&r{‘%é%’ ?g%sgec%l e% S&ﬁ e“ %\ll%ﬂ_gl,qag ﬂHee films
com@rising railicen afitritlb @sd/or silicon oxynltrlde ln some embodiments of this
nature, the coating 7 includes at least one nitride or oxynitride 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 (optionally comprising silicon hitride 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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nmetals). In sone particular enbodinents, the third
infrared-reflection filmregion 300 consists

wes@ani47al |y of silver or silver conbi ned w t hP@DURINE039670
t han about 5% of another netal, such as another net al
sel ected fromthe group congdsting of gold, platinum
and pal | adium When desired for protection of the
kefween e firak 400 ead IseeendR0Q infraredpfleatignbim zegions dr between

thé %E&%d 56d ghd ﬁﬂﬁooﬁbﬁﬁ)xﬁaﬁe%nreﬁg& &%rﬁh#'ll r\ép*&ﬁs PNt B84 forms (or

over and contiguous to t eCfI on
i$ iR @fégan@nofatbe spanesfim oegiens. f Demralﬂgl the dlﬂérmmsrh film of the

ox.ﬂﬁ ZeEW|sQ?E|ﬂ§6@hltr Iqaat, 'd&cr[b%ﬁ niﬁf% %I"%é ar%'ﬁh%d detailed

n certalin enbo
belawani um netal is applied, and in some cases (e.g.,
cases where oxide filmis reactively deposited .
di r edbheytotal ghickiess bf duk present woatirgy Gnc@0Be wdridde &stsuit the

BRSSO, e AR E Bk, o

rhysicalgthidlpessi ofi the cobtimy s greagerf thhm1, 7150 md&;ﬂbn&*agﬁter than

0 BB o pioRle oMl SR GRIRGS oo R ERfreter han 2,000

anlgsioorsimFor am@embbﬂlmeaﬂt disclpeed i i spmf@aﬁbrz Ithe @@é\thﬂ@s total
tl n_anat her g qﬁ;f@ t he bl ocker fﬁ# m r egi on

WEFESS 80 RICTRIYAGL Within pYopie ek BPreopidh BiratgRs speditied In this
pacaygrapti.al | i ¢ Dbl ocker filmmaterials described above.

The bl ocker filmregion 305, for exanple, can

opt i tmehd partionar g&ﬁlptdf%nm\dﬁemgttﬁﬁ tRiCk PEt@eITRAG tHfd infrared-

| |
r&fieton Ny oPElr 300 19 piscker et 5 Gbisknash & Dier Seqapayniared-

réfictibn fiich ﬁfécué\h epnahd wi N‘uckh@@s of leegdcbhd ﬂfkér@@j-?é\'[éc%n film
rectly over the | mregion 300. Suitabl

S PORRhIS steaker b Sictreas o i B i el 4T S segion
1805 wveBedralip Yof ledhRlirh&Xe |§ a%@ar’ft’agéo@lrﬁter Rfs & él%vi%mg good

G eater thicknesses nmay be used, desi re
reflaciod colehBroReHeat 9N anBesUDBIUR o tbemeambpdmerég.tba figgi5100,

sBééhoa 2p8' tahS Uﬂhﬁ‘&' 306‘3 "Wftelre& péfﬂe'éﬁ&igﬂrgsfél%tbngs ?%1 %fb-rbﬁge (or

5 A |ess A, |ess ess
CP%'ﬁét Q%&ﬂtldlyﬁof) slé@é annalyAthe)coﬁmerV blse hasheamekalMielectric

r Y dviﬂmﬁ‘%fne%ﬂ%?e bfth rgH%eesdéléscﬁ?lgd ?tﬁéﬂ)%r filmregion can

opt i onal e provi

' nfrpagegl; 8§ése§ft %]ng ééérfpfsﬁ&h@aﬂloﬁ091eaf§rstv\f‘aelﬂgct Ooq Pé“arbn %o is

| arge nu er o m regli ons provi
deiradags 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 film
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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enbodi nents, it can be advantageous to use a very
smal | thickness for one or nore of the blocker film
wo e@romss1 Thus, in some enbodi ments, directly BPOBUSENG/039670
| east one of the infrared-reflection film regi ons
there is provided a bl ocker 3 | mregion having a
t hi ckness of |less than 20 A, less than 15 A less than
7 A Inesmetarabodimentsf thevpiesentgroum dhe Higkness of hidleastiane of

TSI T BRFENNS] T USBPRET BPR Gt

tban dI76 Ahorever gteatarcthbh 2eh. fAdditlioretjy amsaliesndtigsly, the first,

800! 5 A SR urd B %00 o BB 2 Bomones

tem@messesfsgrehmn ttdn #259VAr greater, tharemsauﬁn gehteditmpnd60 A, greater

BB R area thciet £, 96 B ARGl S S ghfbineo

thickbessad abbuickrTeA s Fbﬁéb@npﬂét iaGoh®y &isey, the fmnﬁdmaw &y third

1%%red26§ec%§ag‘?@f re&w@g 409 295,( %Q l@?ec {é A fléyl/erps rhea(\gnng respective

tmmés{séseifemw\cﬂyﬂ\e afle@ 2061 Aedn Juereemib@ments, the combined
i onal conblnatlon

0 |msn rovi de an exce of
BoReeSTE Phar FR! Bht e b eonisscanaa: BogrHtysaqoppeand third

lhfrélﬁa%ﬁédtlgﬁ fllrﬁh@gfo%rﬁd@ QO@ngm%%‘%ll\ﬁEr%}%‘rE rHa‘}ln@' feSpective
|on 80 need not, be an outeér

tEk? 'P?sﬁe§olf553%t&eél5? ﬁ'h‘é?o? mthe substrate 12 than
thethlrd|nfraredreflectlonfllmrelon 300. In
some,In SABERMBRAIMENs of dhe PapsAsh gEOUD: mesf"rSF Frﬁﬂwgerarfilel@ctﬂc

f%fr‘eﬂi%ﬁ ﬁ&rﬁﬁﬁésﬁ%s(oﬁ’ﬁﬂn%ﬂﬂéhpﬁﬁﬁ zie &UE, Such %%ea zinc tin

can optjonally be exposed, 1.e., covered by any
dea havingrg reffagtive thgex 19f f r7a@rs@*§at§ﬁt Fer example; behquem the first

lﬁi‘?&i"ﬁ@ﬂeﬁ&tlﬁﬁglhﬂﬁegloﬁ' 168 &nd W@Fun‘? cea1§'orf‘gll1§ substrate 12, there

transparent leleCtric nmateri a can
Jenupayaniggesslyaberpsoddedis fesieast tqtalaﬂucpmees]tof fllm that has a

rg’fr&l:t%t fliSx "%t?'?' & grea %}I S ﬂ%eﬁéﬁﬁe&gB&@@ﬁ%ﬁf&ég desired total

transpar ent i el ect | mregion
thigkrasst isrlees thamipaeagstrathel less than 18§ angstrapsi wsalthgn 175

r e ' 0 v, I ven
RSS! ReS b Py esS 5P g OS5 veR 68 e
di0sangstremisayers, part or all of the fourth transparent
dielectric filmregion 80 can have a graded

conpéer puposes hethis discloye dhe maandiefeciraraiglon ratic isudksined
258 RS A B 5 by s TED Fogbh A over o
thickmesst bPdhe 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 embodim'ent, this ratio is about 0.47. A
primary dielectric-region ratio within any one or more of these ranges can
optionally be adopted for any embodiment of the present group, or for any other
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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Thus, it can be appreciated that the present coating 7
desirably includes at |east four transparent
walc@eet7si c fil mregions 20, 40, 60, 80. |In SOPET/US2006/039670
enbodi nents, the coating 7 conprises one or nore, two
or more, or even three or n8Pe nitride or oxynitride
films, such as at |east one, at |east two, or even at
| eascertlarneerrfoptimertt@rqﬁrthmln\gerélpmwowdau a rnaﬂhacmd;'abp for the
c%ﬁb'gfe@:f‘th%é@égt &f tﬂg ﬂré} Wan ;F@g@tg&glgbtﬁg gls ré’ioﬁ Bbs(whlgh may be
thx base coalal.4.j ﬂhmo(ej«pxttnmhtm fegianocipsess tonthesiubsicate) and thecfeurth
|tr| Y hi ckness |
SpeeapticlsS Rl Aol i Y B 8, e B By the
doatinedh Hickh2Ss aﬂg&brmnd t40 @ant ythizd B0 ¢ransearenpdielectric film
l.0bal | neanln ter, than, zero), together w t
Pes bl B R e AL otRg APoear ey ers oo e Plihal (rese
eDebuaiment8 gthss iat.ecmef@rémy egrentér ﬁﬂarﬁéﬂadlﬁ @UIQrBhier ted) about
' thap 50 an

h ing a thickness of a strons,

g%a%?veehawaﬁ @ﬁ@ﬁb,ogh@ 173 eQP@?nQShQﬁV'% d'q'én?jéﬁf}g@f&e”t of

dipleatie thitkrods InfVeah@isit FaE, toOfaciBieed egw@herprdﬁe%trbsﬂ@cludmg
strons. I n _sone cases, the Iatter noted fi

| m
9PGH ol DD e (A SoIn. £1GsEVeIoBNemprge cEIRINIRES infrared-
refidatiah @Fn fsaddegction fil mregi ons or between the second
200 and third 300 infrared-reflection filmregions.
That ThBle 1 befdW BRow® bnk Sexaiplar@ffilm Qﬂé‘ckofhai REBNIRAGESd as the
filmregions. Desirably, the outernost filmof the
PERRAY AR mgébnprlses silicon nitride, as described in
t he exenplary nmet hod detail ed bel ow. The total
t hi ckness of the present Ea Z n be varied to

suit the requirenen
certain preferred e
t hi ckness of the co
angstrons, greater
1,900 angstrons, or
For any enbodi nent
the coating's tota

wi thin any one or nprenqo

par agraph. In one p
t hi ckness of the th

sFHIMdi

f STAKHE Aapy

plications. In

mbaubzer
atin ng 7
 han,”1, 80
eveh gr
di dePdse
thhgkne

arfﬁ@%‘fr

tsmhfeto

gheat er
stro
eatZB han
d i 468tAi s
SS D@ opt
tthe kg ges

are%%éfl

tal physi cal
than 1, 750
nms, greater than
2,000 angstrons.
s |speci fication,
ionally fal
specified in this
enbodi nents, the
dtion filmregion

300 is greater than|thd&sthilc t he second
i nfraredrefl ection filnﬁreglonzdﬁo, qnd t he thickness
of the second infrafedynefllectygmfilim

Table 2 below illustrates three more exemplary film stacks that can be used

as the present coating 7:
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region 200 is greater than the thickness of the first
infrared-reflection filmregion 100. This group of

weedwodi4aTent s i s advant ageous in terns of provi BECHYSHPOOWI6T0

reflected color properties. In one subgroup of these
enbodi nents, the first 100, 24econd 200, and third 300
infrared-reflection filmregions each conprise (or
consi st essentially of) silver. Optionally, the
coating 7 also has a netal/dielectric ratio within one
or nore of the ranges desTABBER above. For purposes of
t he pr esentFHpMci fiSIabIG'IK)R *t fSTAEGEKSI f@THCKi]Dn regi on

ratio is ?’1‘1 knelss o he1|rst

infrared-r ect| ]::}J g| 0 r§ over i}ﬂg ckness
of the seconé i nf rar ef | ect f| [ Im ré% )0, and
the second rdiledti oROdegi dn raPi%o is| defi0nk bei ng
t he thi ckhesso»f |t hessekond i nﬁﬂa&edr ef | eet J&on 1 ilm

regi on 200 ogr tihe {ﬁi kness ¢f7 ghe thi 8l A

infrared-yeflgctijon £} lsmregio 0.
particul ar odifme t"g‘&‘ | ea ne fjl%gffl rst and

second refl §@@2or-re@§50§q ratl 086548 |e ss 6624 0. BS,

| ess than| 0.83, dr el ess tbhenA0. 80. opsAonally,

the first anehsecondzbgjl eqt | o%rg@gl on ra3t5|@s are both
d

| ess than uch s, abg
respecti vek- §n82, on‘e—]%:éed-a-

t he thi ckness of at | east one of the

i nfrapgr-3 ‘bfe|o@@ﬂlh9t?at§$ laMfuFtR &y ébEb?néIQ@/ fildO&tacid @htican be used,
greater than reater than A, or even

ReFlanceqs @HQ’HPQ‘@@'GACOS%@& 2 dirapiegent cogting (/nakipige the ceafing is
rbblegbntal®S Wrda @msk i érﬁbéd?lfrkﬁtrseWhEPéH eé”thﬂ@ Silviem c]:coatlng is

regions can optionally have a conbi ned thickness

Rjp\dded with b 18ast Aboyr BAt argsteas 48ThAas grlant e10G Hsanof film
Phaa(g\ greater than 485 A
C%ﬁ%é@rntgg’ﬁlﬁﬁégbw reAc?l Oﬁﬁpgg%tgs\rfr%%ned t hi ckness is
about 477 A. For exan‘pl e, TAELEOJTE cases, the first,
second, and third '”'F'If: lﬁ[tﬂ : '»gg,;g_fl | mregions
100, 200, 300 are ¢ —tg respective
t hi cknesses of 122 A51@39 A “an 206 A In ot her
enbodi ments, the com#med {hickéveds ig about 492 A
For exanple, in soffe cgses| thesfArst,| second, and
third infrared-refuect +;0n fllmr |on§ 100, 200, 300
are silver |ayers law n%s espectsoée t hi cknesses of 128
A, 157 A, and 207 A ofe iments of the
present group, the|fir’sg t(ansp@r nt dielectric

group,

Ti 35A
Zn+O 667 A
Ag 218 A
Ti 35A
Zn+O 313 A

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

perhaps as a temperable coating, as the present coating 7:
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filmregion 20 conprises film (optionally conprising
zi nc oxide, such as a zinc tin oxide) having a

wo edoraet’sve i ndex of 1.7 or greater. For exanpP@r/US2006/039670

between the first infrared-reflection filmregion 100
and the surface 18 of the sub¥trate 12, there can
advant ageously be provided a desired total thickness
of filmthat has a refractiABLEAdex of 1.7 or greater.
In certain enbodi neptBILMhI sTHeeKmSt bt al t hi ckness
is less than 195 angstsg@frs Ssotshan 90 angstrons,

| ess than 175 angsty EB ﬁss tslggtrk’nl% angstrons, |ess
t han 145 angstronmns, Jé@e 140 angstrons.
For purposes of thle digcl gsur d35thhe ptimary
dielectric-region rpti@iis |defiged as peing the
thickness of the fiyst, thansparggty dielectric film
region 20 over the thlgkness of ﬁiﬁ fourth transparent
dielectric filmregjo Thi &7 can

advant ageousl y be IessT! haA 0. 7% Aor efen less than
0.6, while at the spnEnt®ne optéosdal | y| bei ng greater
than 0.34, greater thaplg 35, gheater fhan 0.37, or
even greater than 0| 4 ne npl afy enbodi nent,
this ratio is about OI Kprlﬁigy d| el ectric-region
ratio within any on &rtQmie ofl anges can
optionally be adopted for any errbodl rrent of the

pres r y.£0f h

i tﬁf%blegnggg fre t;etsggtran?@ of 5 &éss anb%gcqu @ﬁﬁ'ﬂ\ﬁ Wﬁgﬁeﬁrg a low-
emissivitg adfatingeinojpitesnthreer aﬁwed-mfteetivé dilms hieaving a combined

di ctric ratio).Certain e di nents, of the .
M Bres o el AshiaSoig, T &T08%H. 05 bl batilfindyrarec-
telfiectivecfisisoi sutfﬁeﬁibbd"gndntﬁmgapt&mallﬁ hai/@etdohibifﬁ]éd iMickness of

ch.ma e the base coat, i.e., the

l‘ﬁgﬁasgab Eé{fw‘{]"f’ ﬁtré’afon closest to the substrat e) and
the fQurth transparent diel ec Imre
Coni T BepsEhCTRE N e Cugs, Fietinds roron) St 2 edhtes substrate
% Bi, lc&nesaea; gllbb§ m@ndm@m@rzﬁwtm Gb\@c?ast fn?é’tﬁ@?é QH%‘[ involve
iele I l.m regi ons iC e first an
SelihlA] dedstily B o0 o rorm Ty T (epRaE tedhiques, the
le;z@@dofnraﬁy Scoatifg Serhlfddifeft 8616884 Yndr&ingr ﬁata@éorﬁaﬁéb wnth the
about Ahodé greater than about 0.45, or even great

RiRseNtApstiods, @ Asbsieaist 1 havinad sigfacsi € &r ?dﬁ@l@ﬁ@HﬁaQﬁ) 18 is

srogldest rlfcdéshé@kﬂ‘ﬁss%ﬁé’éée@%‘ﬂ f)é’%‘ ér@dftﬁﬁbudéb?é ashing or
excel | ent properties, includin color, hig

hesiieal Preparation. s he Aresaniccoating %ns ﬂﬁ@%lﬂeércg@harwdﬁ@% 18pf the
$Ubskrafce s &f § e85 i=08bries of discrete layers, as a thickness of graded film, or

as a combination including at least one discrete layer and at least one thickness of

graded film. The coating can be deposited using any suitable thin film deposition
technique. 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
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filmis used. Table 1 bel ow shows one exenplary film

stack that can be used as the present coating 7: TABLE
wda 20alohes? bel ow il lustrates three nore exenpl BEUS2006039670

stacks that can be used as the present coating 7: TABLE

2 Table 3 belowillustrates29 further exenplary film

stack that can be used, perhaps as a tenperable

regians nigat asakeheppthes evatingoatd sgquentially eapplied c bketalig fim is

étp%ité f érﬁ %&Qh%%{)&foeg o?"‘tg té);f le&%ﬁﬂ r]%ét\é%ﬁ{oggﬂen% such

riple silver V|d out
a’sOar@ngstTroodmadsﬁummspareabdletecﬂr[?boﬂlm theef tafgétnnapbprfd)rssmmgof the

dj.axi de_.di th b t T, 3
AelgbEe Jisgleg i it Gebe e Rl ploe) Pk Zomaponty
thglagh ctha maedaedllmpsrdim%dag/ apdtmmpgzaahhe&alctwgétnig, a asactive
the prese le 4 j .
3 RaTRr o RBosk Hho Gdkes T~ ambi i BregiepBite sputtered in
drovgitizE®) athiogph@@t isiigon ARfidslesn lbbrc@osned by sputtermg a silicon

frared-refl films h d thi
510k g BT AP ST B 1P KB TR BHE SPRAISTVIY) n

reHEteilosphére ddhizifg hifdgeh iga¥ e Thielthitkhdssafthe deposr[ed film
enbodi nents can optionally have a conbi ned thi ckness

@ Be qoeﬁgl{edahbly@ryy%t%g@@qdoﬁ%therﬁ@bﬁéﬁaé%@ﬁé/qrmyemwwe the

rjd’\}@rMQEe@?@@dS of producing a coated substrate,
e.g., a coaled glass pane. The invention provides

et hmtﬂéaaheﬂheu%meﬁsgwttmﬁlflms &¢@0§u5stﬂa@s nl%wsyplasma
one Or nore hi n GEOSI tl on t echni ques,

qhepuead mp%ngier&ﬁéttqnng B Cfe it raa%azlt@sb'os h&@éﬁﬂ% 4,649,729

(gswo@ﬁr&ean Wahti u@ #Ht@ﬁtemsquﬂﬁdgéhswtbént)r @ﬁee tdehings of
havi ng a surface é‘a/%t a hmgj or surf ace)

botloef wédéch ganceening Qﬂhﬁlqslgii faae;wcmm%@tﬁd Hter@ﬂetpfaieé@rence
|

a2l ABl MRS AhoP YRR loRbe R Bbitipolig o sasecus

soiecesia erplagma 2nd subsequest Eilns taringtiorp bnigi satid etuefaces, such as

dlgs}’s%u%strgt%s?‘ fHZa' f‘ﬁhﬂﬂﬁ:ﬁn@és &Trfe‘g(? gdjfuis!em byo\yarying the speed of the

substrate as it passes through a plasma zone and/or by varying the power and/or

gas flow rate within each zone.

Turning now to Figure 6, there is depicted an exemplary method for
depositing a high infrared reflection coating 7 in accordance with certain
embodiments of the invention. The coater shown schematically in Figure 6 is
used to deposit a coating 7 that includes, in sequence from the major surface 18
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 comprising titanium, a second transparent dielectric film region 40 comprising
zinc tin oxide, a second infrared-reflection film region 200 comprising silver, a
second blocker film region 205 comprising titanium, a third transparent dielectric
film region 60 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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as a conbination including at | east one discrete |ayer

and at | east one thickness of graded film The coating
wa@an7loet78eposi t ed usi ng any suitable thin fil mMPCT/US2006/039670

deposition technique. One preferred nethod utilizes

magnetron sputtering, which 30s conmonly used in

i ndustry. Reference is made to Chapin's U S. Patent

transpasnd tigecttit élnd eegibn Bgsthat inchides aar eutemoast payeatoachprising

SRR ¥ o(/g?fgfa?gfgc)mgﬁélrg%ﬁ‘? tl%g tron sputtering

I nvol ves trans rate hrough a series of

l OW RERF %Uﬁtﬁ}@?r}g?erér%e tocﬁgltﬂiéeé sthe g[lb?tﬁagé{ S12) p@sM’gﬁ&J]at the

t he vari ous ns th neke céar i'ng are

teagipréng icdl thg eogmpén enid dvla\‘/@jelm ntd |thamf|rsi sqait zaree @ Zfr (eny., by
i.n an.inert

FBhh ong Wi R BB 18, LR Ry e cz1 s

pioenbedtwﬁmtlfreé rspuitér&ugt chiayeiersdyr taybt) Cadthedughh€3, which are
dj e trIClt e e. .., zl.he al um num oxj de. or, .

S4B BB 1O vt iRy ot elesfis: B ciesion 20
cfdnhrmsing aipp|tinedxitwy. SCHUtHr@EE Ioﬂg\élsemﬁéw aleap@eidetinwith sputtering

%%ﬁ\pﬁélgg Sﬁggf@qe%@p szfHP e B’ﬂrt OXI ?I?psgnbays is illustrated

a:sxhgimg o &Y IMFRAESRitteRihd itar@Btsn lattlﬁdnf%\ m@mmﬁb&emstyb@qe 9.
utterln a silicon tar et
‘?/)2{'9 =) C{ﬁfsrﬁ‘ﬁrﬁ'%?ar? H’énIQ%éart%* ?%}S’P%’W Cgﬁg%tﬂ,rﬁ;,qny)targﬁts are

ﬁ)dﬁ@%@i ih\R cﬁ&dﬂﬁﬁ@ %ﬁﬁ@s&f&ﬂi ﬁi &é;ﬁﬁlt nﬂhbrﬂ‘PﬁQFéngéérenfr &lectric film
hi ckness of the deposited I'm can be controlled by

r@swu 2 in e doreraf gn ofide §rlmsaom1émsnam@rangytlmarTﬁengmdlzmg
éth\%ssﬁé\%fhéie ééﬁecé ﬁeefséenﬂ%n tdr&x g@ﬁ Ké’gl féHout 100% O) at a

ep05|t|n n1on a Su stra ves | asma
RIResHre Af b|4 Eé@osmbfﬂronAltGT@Bb‘(ééY\c@l& gtmm@éelteorr@ymmpﬂse

éaaéﬁ%%%%% h(ré@mgqgs T%Bl?azi Pélg% d ndch% P‘?gb?ﬁt% 7 KW is

udgens et al
aupliet te thech Shﬁwwgta(gﬁm teepdwercpiebout 34. BMﬂEp@WmIBédo the second

tg/%rtglyé@)énﬁed‘ §5\§€r‘écgf'atbﬁﬂf:§5 8'@@&1;‘?&%@% ?J\eg @@3{’}8 targets. The

deconposi
suba’trafeswlsacmva@ reneaid a%luebs of therse th'rgerhs Boramate ohabout 310

Y i N E N P e
depesking $te fi:tsetrassparerniaﬁesje«stnt filno tagglomzmra’smefomméan oxide film
QfHRinccs 8 r%h’é%”%g?\‘fﬁﬁ\éﬁh%@/ s HeeBn 19 sl o

depi cl'the su straf((aew {h)énrg%tn\h/eye fAto 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 C5 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 sputtering 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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depositing a high infrared reflection coating 7 in
accordance with certain enbodi nents of the invention.

wab@7oeaser shown schematically in Figure 6 i SPOFES2006039670

deposit a coating 7 that includes, in sequence from

the major surface 18 outwardly, a first transparent
dielectric filmregion 20 conprising zinc tin oxide, a
having & Higkaeesl-of efbout fl2arangisiramsegllah suDsiraieiprinen rp@nveyed

?%rl&e‘é‘?rﬁ thetitahluRd té?é@tfllﬁeﬁ Qf ts ”tzv{wf?@ kgtlj emlg tﬁ%"@ é'dt% : power of

ani um a secon ransparen i C f|
amm&@kv\slthgrebyrctepbsmngm fitel, blaclsardibmdregion 105 in the form of a

HRLERATRIHRREN A s ‘S*%%éggﬁﬁ%@t@%@?%@%! um’

a thipd édb%ﬂﬁtéa’i £ thh %' ﬁ\%)feidftn{oi ﬁfw% WaPlone ¢73. 3 fourth

conprising zinc Ti'n OXi rared
€odtrmone §1Zen aBO@ fiftngoat gbng Cs‘ﬁSl mewhlcla zbhes ’dhebste@ohda rtransparent

PPy R oS APaiaL it orf s ol @y comppsing zinc and

fimc Thddisirca crzeu;rmr fonsth G2y evatCmps ieach dase lthreeractivé ispditering

N T
attugehebé;&gémomcoa:fzdme O8] BHe aag). Convayedrithd daiHee6-C13,
irst coat zo conveyi ng the sybstry

CZ1 (e, g.,.b
lyelsh 16 aTER: o bR Rajartey SHa SOmRIRBICHE 1 wdlding 2
@m.@térétﬂ@i tét*%gthnét’@h@lecdiwtsi laN@negbARE F Sinc@ind' tbna)&“edﬂ of¢hese

whi ch are adapted coll ectivel

h
%@%@rgﬁg %éw 66 1$ t%ﬂ@owteeﬁmp R ?r@g. Ber ogmple,

%Wdlﬁh@%tﬁbé&tefréé‘mothb%urd 873, tdurBec2d, ddiefieh Bagcoat Sones
provided Wi th sputtering targets conprising a conpound

GAN SR6IE CARRISY PYRENERIBHOLPXRBSE: Qaa?‘éoqtsﬂ Q0% () rehtecgregsure of
ét%um@ %\t@ﬁ%béﬁdw atﬁ/ettt to%' B9 e G5 fhesd! 4t sﬁ\eres can

t he nunmpber and type g., cylindrical versus planar)
@ﬁﬂP%%3WQ©n@ddQ§wﬁéslred These first six targets are
sputtered I n an oxidizing atnosphere to deposit the

f i r stAY shavgpiar eable dibelavetar paweriaf @ppeibA k¥ isi applipg to the first
%H s Hth@thitte éét'é“& aipcﬂlﬂarﬂf BSo@Yb. § 'kW {}ﬁ)h?d to the
OXI | ere ca

ng atnDsp ere consi st essentla
wgént\A(Oet@gets dbdbis eoosopR) CE8, anprecpowee obfababbetﬂ MKW is

époo}%d %o thd%&?éﬂaéts'yué ZI'H%‘ z&b? c%satl-'té%%pEg P BY about 53.1 kw

nprise argon an hTeferenc
iseApplied do proanéirst dio dargets iBGhE fakih soaiprinec@Z4 oa tpoaver of about

B3 LBl e s B SR ol BBkl Bover
da(beotBlt apslis edpltenl totike tHiidridottayetsaindiis zond I8X4. 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 substrate 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.
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substrate 12 is conveyed beneath all six of these
targets at a rate of about 3 10 inches per m nute,

wokioze4eput t eri ng each target at the noted poweeT/IS2066/039670

t hereby depositing the first transparent dielectric
filmregion 20 in the form c® an oxide filmconprising
zinc and tin and having a thickness of about 159
angstTihensubstrate slsstheacenveyedgntoree aixthoenss yede GAGowhaerein the

. h i .
SR oSBT PEIGLOGTR, GRSRY ety gror the secone
tdarrspatdny dielectrichiinf ireg;'on t40an‘érpaarsem apiab|zoper CZ6f hasnan inert

5’[%3&@?%0 tgﬂ)‘é@ﬁf@ g?e%%hr &ngb(%% 5(510Q’v f?ﬁS%HequA EButterlng

an | nat a pressure
leysLE 144 Cd51i0'tKs m:bairjone‘[bzﬁ emth Wavesp planer fangetb e t&4get in bay
anar

. C5 of thi. t h_h

GHf et et B AT Coki T 0 4 G hetats gapiom
tel@i!ﬁg%ovﬂ'érmﬂabbgth?& 9ItkW lh??/p;ﬁéd it the siwbalarget, \flhl:lﬁl_ﬁie substrate
tar e target 1 n, ba I . allic .
e Neird Dansan thikisrauioa 2 ute pL ofou S8 T BER T minte. to
@édo‘étﬂfthb\?\i}]él@hd ahfr?rteaaéﬂedm?ﬂ aﬂ@ltlfeg?drﬂ 200CheS m%talhc silver film
m nut e u errn | S ar (0]

YA 5 Anieknase G fRboub 8 epes TRy ThReuBsraefS ten Conveyed (a

t'h@fsraﬁ’fe%bé n)zlbeﬁéétﬁrihé He‘%&lr@ﬁﬂaﬁfﬂm?%rgét if ib@gf@mnv@m @power of
| ver avi n hi ckness of about 12

t .
St Subbih Belas FBSiatle 16 9EPbdoEREL A SAENT PRRKPUM region
b0 | &ﬁﬁpr‘ %ﬁ%ni@ﬁw ar‘M‘héﬁngﬁQ Wikiglds8 9f bBbi 208 RRkroRs. a

power o kW thereby depositing afirst

b| ockefe Sidstalee@p @snth]agasdnr\}e?&ftrfreu%ﬂ fsedefithl dBat zone CZ7, an
Igfgrl sing titaniumand havin i ckness of about 20
eig

tm&goner@% @98ta gingh eoat %Oﬂeh@§9ac‘dh%r@1fé§°‘te|¢ﬂ\tﬁl¥; fhey third
%ﬂs@%r&ﬁ%elé&ﬂ@ f@%g@n feourit yp ?FPé'H E2BR ﬂﬁes@%{atazones has

coat zone whi ch zones the second
thremspiiesing haivel and each sushbawisi pravided ivethalyesl ¢yiadiieal targets

nfd ' t
B SRRl s b CAT SRRt 05 ARl B iy
@22 itamughuCeéraragnb@y8). The fargets bwaet alz GrewpCEs & gputterable

rtnﬁ’ga/x%f:{h@\/% & Q%é ﬁaqqgf 2?1?%’ ﬁncg Hegigciﬁﬁ?'te}*ggﬁ %B#tsfcﬂ\eg% f)rowded

oat~ Zon ong
\ma @hJxiditieg @traosphenel nbmisttng)essphtlaityr ofcadygearnget, thalt H00%

I
Gack BeRuin el pa) 5o ﬁﬁuﬁa@p&t&geﬁ\%@ A Afifosshere may
cﬁmpmsagswahﬂekyg@ bays C6-C13 is provided with an
oxi di zi ng at nosphere. For exanple, the oxidizing

at nospbewes of abd S0t kWdis Gpplied tuthehfir§iddo targets irf the seventh
c%za? 28913 tCZ77? rgle|:5c’ower of about 45.5 kW is applied to the second two targets in
this coat zone CZ7, 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 to the first two
targets in the eighth coat zone CZ8, while a power of about 48.2 kW is applied to
the second two targets in this coat zone CZ8, and a power of about 44.7 kW is
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 to the second two targets in this coat zone CZ9, and a power
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can each consist essentially of oxygen (e.g., about
100% O2) at a pressure of about 4 x 10"3 nbar.

wa\bdaogomesi vel y, one or nore of these at nbspherBGT/TS2006/039670

conpri se argon and oxygen. As shown in Table 4 bel ow,
a power of about 50.2 kWis 3pplied to the first two
targets in the third coat zone CZ3, a power of about
dbalo\¥7.8 Kidpisi auplied tbhihesthiydnivot tevgetarigeths zone K1Z9. The

SERRE TR e, Po Rl b PO AR 4 Sy f5 R 4176 the
iaoyeds imf(fz;]?omu@% Cr‘lztgg\/éd(;cl 3 raippd)ﬁ aloout o3 tthenchies gertminute, while

argets t zon 4 0 f. out
P83 ol AGet 24 nBR' adile S such, fiab b fhird fRtSparent
diolettricdilg Bgdibn adds appliddess ah axireufiin?tdoBpiisingirid &l tio and
thethlrci%%: %a}é&g in this zone CZ4. Further, a
KiRg a icknsSs T 4 ngsfﬁgmsl ed to the first two
tar fth coat zo eCZS
hou Mpstibstifs 12 I e 28hvE ¥l et Sofl A 2 0 wgre the
ﬂ1hd8nf€aléﬁ réfgetiofi-fim rddien 30094 éﬁbl%dlZTh@ ccanzcmeedzm contains
ben ezra{th all of the notedtar ets in

2 r almaSPhate 4t H000n ot SIELSLT &1 GBoT Lt A e Tkt Tag active

Bdysacpst GZ@ﬁn AR WoaB £6né '(UZ’I@SarBGéaoW @‘ébﬁe@ﬂ/ﬁth a planar target
sputterin ach target at the noted | evel

heatargslindRayolrdS tis anepiaiisntiven Breelt ﬁn@ ﬂ?@ F%FQ%@ feﬁv @86 is a

m%taﬂféptttér‘ﬁdnﬂ t%rdé?e A pHWR0bf aﬂﬁ)u@’& Saiis ﬁbglﬂﬂﬁd thelver target,
zinc and tin and havin i ckness o

whilss theosubstrate is lP@QV?)ﬁidgbeIEaﬂbth!%@m%(ﬁﬁ\?er)a&lOf ﬁl@wtam inches
ér"ﬁn?ﬁu@é’%e?e%gedé%@n 8h&ithird | hﬁragé&%f%ctlon film region 300 as a
i nfrared-refl dr

ction | m regi on 1S a
gliveeditm yhavingr at thicksess ol abpahggﬁr@gstr@mél Efbﬁrwbsfrratems then

EGHRI8) hodf Sl B 4006088, 096, e A8f gt e

diCy gowidrdeyel of hbowifut KWéf, isngasbaylspositéla thitdDloaker Fiins regiert 305 in
n a h e t

lé% 41%|r|§28f %et?gi‘ l&\"r‘?pr%fr{ye? ar gz%r%eha\éjﬁph tﬁ{cﬂﬁ%é i ba%%ut 20

afgstrioers. C15 is a netallic titaniumtarget. A povver of

about 8.9 kWis applied to the silver target, while

t he slifessubstrete 2 isdheeycedvd:;edéhrtobgh lEinselewnye toaitzane CZ11, a

G Bp R G0 BPE e RRETOHL o, RIS ledh rectveny
theteals| depositéd en ln‘lmérr‘pdﬁmﬂ ofjthe fobitic knaes;sareht dietmatricl# region

OS5 TavehlE SHERAE 1] Bob e SRMRHFLC b, 05y o
&lindriowd! tthrgatsp®ags CH7 through C29 are in CZ11). The twelfth coat zone
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
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, one or

more of these atmospheres can comprise argon and oxygen.
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about 8.1 kWbeing applied to this target, to deposit

a second bl ocker filmregion 205 conprising titanium
wae@7loarsng a thi ckness of about 20 angstr ons. PATES2006/039670

substrate 12 is then conveyed through a seventh coat

zone CZ7, an eighth coat zord CZ8, and a ninth coat

zone CZ9, wherein collectively the third transparent

di el cpower ¢f dbout 6iSdW a9 applieaiptpl the first e targétstindlse eleventh

S805o5828 Bahf ERRE 1 Bl 9 P B et
thisr coedlzo6&8CAT R and £Howeb @f/ abaio19.8ridVi dgé afiﬁl]ech‘raetﬁmthlrd two

b B 20 LR BRHY oF 3o it R Pbpel{'B, B 16 thgers

ia om@twemh obatzione Gaid. tA powéesfabolit 2hekey tscaiphéd) tethel fiyst two

%?qeg\e%trgﬁa@k%légbﬁl%%%t mb%ﬁ\? e&g@% % k&g is applied to
he %‘é&dnﬁ&t\mﬁ targerdtin 4hix coaf' z&:ﬁm@z):s a‘théEFpBWét Mﬁhbfoutﬁ@l SKW is

at no phere nmay conpri se argon and
5t@@1%twwtwg taigets Bdhiszang~41 %%‘% b?"ﬁﬁ%é%s icAnveyed

Béi\%a:éh:}éﬁ* I fﬁh& ﬁatedZt@fgétW CZA1 ptﬁvwghofczeqbpétt a 48tedokiM¥dut 310

he second two targets in this coat zone
%@es I%ﬁ’fd“'&“ﬁ?@%@ﬂe sputigsingteash ob thaneitarogsontitaey npted pruver level,
§|J?chrtﬂaf ‘é@ lhﬁérgﬁér%oh rbfttmﬁsfogr‘t)rﬁ‘?ra%eﬁt Hi‘é\’&fncoﬁln?l?@éién 80 is

Wis a irst targets in
@Péjﬁ@ ﬁv @oHxi H@ cormrisig Ziec angpbnend baviag atie tlzlgkrp_esr%w about
@ ,18 gl to the second two targets in this coat zone

8, and a power of about 44.7 kWis applied to the

thir gitang, Etge’ Qﬁészrg‘té‘ 12hisSe 98§eocf7r§o aA‘fd‘&?t\é@ﬁthocf,oéibﬁfﬁb cz14,

49.0 kWTis o the |rst two targets in
wiherein t@@a:tutqrm@@t pardion i ithesfoairth dvasspaent: l@lﬂctrws‘llm nequs80 is

ed t n r t
BRNZT s BBt PEROTEZ 0RO AR sblorle” SEFF CFRERe. each
¢cnitaining vao nﬁ@ggetamoaphdnesommllﬁmh Stinae gtgm ehtaepredsure of
NV.EYL {
SRR TR oge TR T elind bl CE #BUATEIR 4 cogt zgne o214
arateachfpraided wah Owo nylh'&lslcpletargatm uEach mfrmhbsae srgetseomygises a
h t et at_th ot.ed u hat t
e BibeiToakia o Sige Bl Fogwd i ay Bl o payer of
asoud B 1 @KW ds ippifadatorthe fisst hgo zargetsam the foarteéth lvaat ngneaCz14,
t hi ckness of, about 655 tronms. The substrate 12 is
3 RENCE BhoRgHHRRY 5 TRaler (R 43R Soepnd wartagesindy T feat zone
CZ14, and a power of about 37.4 kW is applied to the third two targets in this zone
CZ14. The substrate 12 is conveyed beneath all of the targets in CZ14 at a rate
of about 310 inches per minute, while sputtering each of these targets at the noted
power level, such that the outermost portion of the fourth transparent dielectric film
region 80 is applied as a nitride film comprising silicon and a small amount of

aluminum and having a thickness of about 101 angstroms.
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15

third infrared-reflection filmregion 300 is applied.
This coat zone CZ10 contains an inert atnosphere

W@ 200g/04478r gon at a pressure of about 4 x 10 3 POBEDY2006/039670

The active bays C25, C26 in this coat zone CZ10 are
each provided with a planar 3arget. The target in bay
C25 is a netallic silver target, and the target in bay
C26 is a netallic tltanl umét A power of about

A LAA L & o] o

12 KY —ef—to vet—target —whi te
sutl);gatyr atle ?vggponv Ped agﬁ‘g th t AP t 1rcl}g°evterqt Wat o LIV
about 310(l'tw¢hes per mnl r(WwWy, |t her eby d@Wp| ti ng the (kW)

L+ i o A frarnd rafl At

on f1 200
filv havi 375 thig(]ness %‘1"8aaoup\2§ a}%gr UéﬁThe 215

subgtr atle 345 thencepnveyed beneabh tfe 49 t dni umm2t arjget9.4
i n chanbher C2 while sputter gt hatl

powe? | avets-of| abblr 8| 19%8 | sotad ta dédodit @3t hif 93

brogker [fiymTegiery 30b ighy The {gFm of sagf il mcag 31.9
conprisiing titlani um and having a thigkness jof about! 20

ang@irons 7$’he subtiratre8l2 |s Aén od@éyéd t(Ffr5ough 34

dAll TV 't Ucll. e L =} IIl.ﬂ* dl LCEE% lr_4
andég t hi rgtoeient h ggéat 70%0e§c713t%v\her eléﬁPCCI | ectl \L/Aél v37

the€®e i s deposjtedlan | n#es porC‘rZ@n df 1t719e fourth

trancnarlant Ai loctri el fi1 ]l m ¥ani AN Lo nt h
T Tt T T T ULl

o (WZ-
CcCTr CTvTIToTl

coat” zo \el%ls_ﬁl hIa; P’m‘ée it 1 erlcz bciyg1 ieach with fwo
cylcodrijcadsy.t ar getso (baysy £27 thmough @8% dre 1n CZ1

1) The itwelfth coat 2 _has onlly gne lactive
splﬁltoerl nd'/pay| C3620 ang #ht s| baf3€30 i 20dr gvi ded wifth
twWo cylTndrical targets. The thirteenth coat zone CZI3

has three sputtering bays, each provided two
cyl i fdgyreap sd}egmt@au)baiéglc@@ nufiplgpang 3ingulating glazing unit

t?%}r?’ig EE@T p%é 4R nl‘&‘/ﬁé’ﬂ&@i@%ft&a'h@? elﬂatacéé?agﬁcec%%thl certain

corrp ises a sputtera target materi al
emb@dlmntﬁ ddhpwedtiar. Hencthermultiple caViteloveemissiyiesoging 7 is
37{ H?J#‘ %Drfggelgf ﬁ’{?el(?hhli Br Q¥4 ﬂ'?ed#‘f‘"shﬂ‘a{?%( .sdé%dd%%d to an outdoor
ere consl stIng essenti a of oxygen
Qreurgnmeabotll'he 1GO%|tOZerat|n(auqusea spaeero’f3(hb¢dhﬁred betwgerdthe two

b I

RS2, et ISLOR] debsits PRI A TR0 1B, R B fer BADAB ety

bes an pipteyexd phd dfree shish, sftanne/matdk:) arl\:jm‘éevern atdimgleldepesit bf sealant
t ou

& e el o PR ShedimBRRiT ¢fs dars e eIt prSaply is

ROQGI8 lonCd sadrPard/dirémbs atmaiptainsettle IG Jritein tifng Midstrated/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 claims.
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targets in this zone CZ1 1. A power of about 20.1 kW
is applied to the two targets in the twelfth coat zone
w@Zi2/04488power of about 2 1.5 kWis applied torthes2006/039670

first two targets in the thirteenth coat zone CZ13, a
power of about 19.4 kWis a@lied to the second two
targets in this coat zone CZ13, and a power of about
WHAT ISWILAIMEIpIS:ed to the third two targets in this

zone CZ13. The substrate 12 is conveyed beneath all of
the noted targets in CZ1 1 through CZ13 at a rate of
aboutA Bdtspiarertiesbgieate tiaviog évo ghnérall\spppdsedinmgjoesiwstaces,

TR Bl ol et P PP B Blige T H leBPpg B o

the Inmajoregirace §Qhé soatpl doatbrizhgain sequdacd from saidiesiedmgajor
zi ne anﬁ%é hln. and having at a thickness of about 236
GEE PHE Y nal Iy, the substrate 12 is conveyed into
a fourteenth coat zone CZ14, wherein the outernost
portion of the fourth transparent dielectric film
regi @\3 g0 @jfiEstnppargnt ‘%‘ﬁ‘iegt”@g@’f‘ Y& Cz14 has three
sputtering bays C34-C36, each containing a nitrogen
at nogppher @ fir@Mfpedrénecibh AinssGOHAN gon, at a pressure
of about 4 x 10 3 nbar. The sputtering bays C34
through C36 in this coat zone CZl4 are each provided
with®@wo @Fererst frergparelitgiglectri¢hiphregion; hese t arget's
conprises a sputterable target material of silicon
Wth @ SnaldscanPitfbrdd reAbBniMregiopower of about 3
1.9 KWis applied to the first two targets in the
fourteenth coat zone CZ14, a power of about 34.0 kWis
appl ieed t @ thirktrarsparenttdigledtre et giam; t hi s coat zone
Cz14, and a power of about 37.4 kWis applied to the
third,two_ta ' ﬁ;‘? 4. The substrate 12
i's cg}]veyg(}ﬁ]bgﬁz%{%djﬁtﬂpbo ﬁ;g'e aﬂ"gets in CZ14 at a
rate of about 310 inches per mnute, while sputtering
each g)f t ladeerth manspaserdtdigiéarinbitreegmovmer | evel , such
that the outernost portion of the fourth transparent
dielectric filmregion 80 is applied as a nitride film
conpnitsreig tel icoatingamds aa smatdl/detastrict raifo aff uati Feast &2, the

havi a.thi ckness of. about, 101 angast.s.ons. TABLE

PR PRI eonEt B TRy BE ahitae SomBRER ERRess R g Frst secona,
ambthiratiningregireffdotign i trediens divitiea bithei qohebimed/ tHigkness of the
girg’xv- sg(r:gn%? Ith\flldt gng ?o%r’éhqgar{sgal%%%gigpe%pr%eﬁlrw rtegioﬁg.rt arn

2. The transparent substrate of claim 1 wherein the metal/dielectric ratio is at
least 0.25.
3. The transparent substrate of claim 2 wherein the metal/dielectric ratio is at

least at least 0.27.

4. The transparent substrate of claim 1 where the three infrared-reflection film
regions have a combined thickness of greater than 470 angstroms.
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enbodi nents of the invention. Here, the nmultiple
cavity lowemssivity coating 7 is on the #2 surface

wobkoorloet7BG unit 3, and the # 1 surface i s expoBETUSHOGN39670

out door environnment. The G unit here includes a

spacer 130 adhered between t& two panes 12, 12' by
two deposits of sealant 1700, 1800. The spacer can
alternatively be an integral part of a sash, frane,
tc [ C .

B ¥ er P FPSrap sl or A it bin G s ANpRTER supspete s part
ohlarriu(’éplmpanepnsﬂmmtglqmn@mﬁiha&IBcIud)eB a ssaxid pard, aherein the

o0 ARl s an St Direr b SPagses s dqsiies dgeior
surfandi bemg expadset] h@alh&Wﬁd—pﬁ‘hd@)&@ebﬁm idewlatindgldzing unit, the

R SRt e R A VSl PHEPEr A AR e~

departing fromthe spirit of the invention and the

cope_of the a d, cl AIMED IS 1.

T ano Bk GAeP L B e e AT S Wesrelan UPbY Gpautaice s 0.66
o®inefe. surfaces, wherein a nultiple cavity
| ow-em ssivity coating is provided on a desired one of
the maj or surfaces, the coating conprising, in
gequ eﬂﬁ@tréﬁs%ﬁi&%@bs@%ﬁ‘é Srthifal \MﬁerélH rtﬁ@ﬁ@ns‘?}éffé&@ %Qﬂ)s)fratealls part
a first transparent dielectric filmregion; Db) first
pira malttiple-pastel legulating dlazing Wg}h@tnnclugles‘aa §@@inopane wherein the

oGt )

ﬁ%@?gﬁ%g%&h C’Jg?thl%%neft éﬁsinbrﬁégg%tg%'eﬂgsang spﬁcé %%W@eswed major
syriaserhaingnexnsised ¢e abebvaan-paneetfiacn of the iasylatingiglazing unit, the
fn@&l%ﬁﬁiﬁfa&ﬁfg tHanﬁ fdr (%Qt%ﬁﬂ'rgﬁbct&) Sof Mréa? rized by an an

trans ent e ectric mre er el
cojat ¢cmgdlnat§ i bebvedn abaeit ¢t drand atmunt 2 arfid atbn |ce@sco@rdm,te of

bOG TR wﬂd) gbg%gutc rati o being defined as the
i €

gonI né ness of the first, second, and third
infrared-reflection f|In1reg|ons lelded by the

O BB e e A A e e

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 a solar heat gain coefficient of less than 0.29.

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

10.  The transparent substrate of claim 9 wherein the solar heat gain coefficient

is 0.27 or less.

11.  The transparent substrate of claim 8 wherein the insulating glazing unit has

a visible transmittance of 0.65 or more.
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2. The transparent substrate of claim1 wherein the
nmetal/dielectric ratio is at |least 0.25. 3. The

wo c@ndpasent substrate of claim 2 wherein the PCT/US2006/039670

netal /dielectric ratio is at |least at |east 0.27. 4.
The transparent substrate of3&laim 1 where the three
infrared-reflection filmregions have a conbi ned

t hi ckness of greater than 470 angstrons.5. The

anspaly of, erein .th . .
iér anspsr EJ?\ttspérlé ? Jb% gte og %gﬁg WX#ﬂeg&l et\{lill%;lg?regﬁrglttance is
0.66of aorang gl azi ng unlt that includes a second pane,
wherein the insulating glazing unit has at | east one
bet ween- pane space, said desired najor surface being

tXposk ttamspareat mt«aueam elatin 8avhepdin tHecinkatm@gliatiélg unit has

n the insulatin azing unit havi

9 B BPidiec o ReEa o Aniie Caprcls of befueen
Abcan s A et atsgulp sz a6d 8 bplcoll Bbrdmat\etitleéM 8ot Y dHceabout -
éransmttance iIs 0.66 or nore. 7. The transparent
ubstrate of claim4 wherein the transparent substrate
i's part of a nultiple-pane insulating glazing unit

41 | ncI udes a second pane, wherein the insulating
}b azi g {ﬂﬁ‘ﬁ?arﬁ%w&@tr@té&éﬁ'am 43 pberRininesols hephgain cgafﬁe'ent
,g@_sgwﬁqeg@g or surface being exposed to a between-pane
space of the insulating glazing unit, the insulating

gl azing unit having an exterior reflected col or

ar -
T e e A e e g
\M'@Qrﬁ@ec’nmljkmﬁ cayity inw-gnissivity Toatng ishpsovidethepardesired one of

t

YRR AR Frals Ghe Fg.%t,‘lng Fiifisthol s aquéﬂé&ﬁg@[gﬁééggaied%sjor
surface ionbvardlys a second pane, wherein the insulating
glazing unit has at |east one between-pane space, said
desired major surface being exposed to a between-pane
space)of sliiestitresparenndjelgtizifim region;, the insul ating

gl azing unit having a solar heat gain coefficient of

| ess than 0.29. 9. The transparent substrate of claim

8 whai)ei naffinst irfrdred-rdfieatiogfiinnreg@ef f i cient is | ess than
0.28 10. The transparent substrate of claim9 wherein
the sol ar heat gain coefficient

C) a second transparent dielectric film region;

d) a second infrared-reflection film region;
e) a third transparent dielectric film region;

f) a third infrared-reflection film region;
9) 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,
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is 0.27 or less. 11. The transparent substrate of
claim8 wherein the insulating glazing unit has a

wo eE7bl4est ransmi ttance of 0.65 or nore. 12. ThePCT/US2006/039670

transparent substrate of claim 1l wherein the visible
transnittance is 0.66 or nord 13. The transparent
substrate of claim@8 wherein the insulating glazing

aml thirdasfranedegrientioo film eédiens divided! yr the ramatdnest thicmjebeyof the

RSBl Yl RO, CansBltREReBRR i eglo Bicuhorgin the

tearcspatentisubstiate @.@arﬂiﬁe nuttipes panieeinbulatingsglazing uoit thet micludes a
Is O

3 he ffi
bl Beer whiii Qi nailEfig BB har O G Rosl, S hafugengpane
srnweswd iefiodd ma;o‘r@cﬁSce bélﬁg @xposediol 4 bal/\@eﬁépahé)Space of the
rQV|deg on a des red

lpﬁlgé’%a gllazglgfl%gc tmﬁn @41% ugl HﬁY‘P% ?H&X griQr refPected color
cemaecd s aptslodestrdingteBibeiwsdh g +0 8 AT abolit -2hnd a
a first transparent dlq%| ectric film reg| on; b) a first

t?hrﬁql%{chqu”é?tP@éP?Wef‘l W?%@F%ﬁbo%t) a second
transparent dielectric filmregion; d) a second
infrared-reflection filmregion; e) athird

18, anSmh%ft%PQﬂeﬁl S@striafe &l didit BOMRReinfthe trédinfrEred-reflection
infrared-reflection filmreg ourth

fimgraigas bave rnaiped rf&ckﬂpﬁwfr%@@tehaﬂamﬁép angsteares.
coating has a netal/dielectric ratio of at |east 0.25,

the netal/dielectric ratio being defined as the _
TonbiThedransparnesPsisatech slaim 1€ wheeait hiednsifatingglagng unit has

émélb%rt%sﬁmiargewf@%sfdr r§.€gi ons divided by the

nbined th ness of e first, second, third, and
fourth transparent dielectric f|In1reg|ons wher ei n

fde Hianspa ﬁght sﬂ&@ﬁété%? eﬁmw fe ‘%{e R Viihik tBhEnRARG: is

I nsul at’i ng zing unit S a second pane,

b pemare.he i nsul ating glazing unit has at |east one

bet ween- pane space, said desired najor surface being
exposed to a between-pane space of the

19.  The transparent substrate of claim 15 wherein the exterior reflected color of

the insulating glazing unit is characterized by an ay, color coordinate of between
about +1 and about -1 and a by, color coordinate of between about -0.5 and about
-2.5.

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

21.  Atransparent 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 outwardly:

a) a first transparent dielectric film region;
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insul ating glazing unit, the insulating glazing unit
having an exterior reflected color characterized by an

waboocol481 coor di nat e of bet ween about + 1.5 anPCHDS2006/039670

-2 and a bh col or coordinate of between about 0 and
about -3. 16. The transparemOsubstrate of claim 15
wherein the three infrared-reflection filmregions
have a conbi ned thickness of greater than 470
angstbons.a first infraedtrefectioafiémrregiotyst rat e of claim 16
wherein the insulating glazing unit has a visible

transmitt e [ [e.. . _The transparent
substér?at eaécq)é:ecg ﬁéitr h%@ar&”ecﬂ%leﬁtn? ﬁ@n T4yl e
transmttance is 0.66 or nore. 19. The transparent
substd)at e aodecohdiinfrated-véflectormfiltrivegioxt eri or refl ect ed
color of the insulating glazing unit is characterized
by an_ah cotho(lrj coor di na.eI of. gFtween_about + 1 and
about®)- 1 &Y FapPAEPHeleeHr AIMBIOH! bet ween about
-0.5 and about -2.5. 20. The transparent substrate of

clai 17 whrreinfrdré®reiealdieh refiopkness of the three
infrared-reflection filmregions is greater than 485

angstrons. 2 1. A transparent substrate having two

genergl |y [080Q8 Genspront dledtAs Bfn retftii;ein a nultiple
cavity lowemssivity coating is provided on a desired

one of the mmjor surfaces, the coating conprising, in

sequessein’ B %;'a%djg'%'sr Sdmgﬁéjllefe.lﬁ%tﬁdc affo Yt iéistyio.é’é, the
a first transparent  dielectric filmregion;b) a first
mefalidieasticratie deingndafinethasdhe sambineddhisksaessdof the first, second,
HATDSR ALk () LI Ry b G hicncss of o
firshnsgsanenthingi, einglcfauiriy fransparendi dialectric &t negidns, wherein the
' 2 Ci.| LI oL, ¢ . - .
SRS GRER bR D00 Bl sty vt ncses o
ganend mgnkawharaiethd indulalieg glazingr atii baobt East ess betivedh;pane

al / di [ ' eing defin as the

L3R TEAR 6L FELE' P OB RS B Rent b space or e
insulating glazing unit, the insulating glazing unit having a visible transmittance of
0.65 or more.

22.  The transparent substrate of claim 21 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.

23.  The transparent substrate of claim 22 wherein the combined thickness of the

three infrared-reflection film regions is greater than 485 angstroms.
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and third infrared-reflection filmregions divided by
t he combi ned thickness of the first, second, third,

wap@7heurst h transparent dielectric filmregi oNBCT/US2006/039670

wherein the transparent substrate is part of a
mul ti pl e-pane insulating gla#&ing unit that includes a
second pane, wherein the insulating glazing unit has
| et transpateat substraesoi elatm 26 evheselh thed\dsibleatnsmijt@hce is
?ﬁéf ac%rbel ng exposed to a between-pane space of the
qr &4 ?‘Ig glazing unit, the insulating glazing unit
having a visible transmttance of 0.65 or nore. 22.

ar ent trate of claim2 1 wherein the
T e P RPaaNT SHRRElEI fia PhWhetB S IaJeing $eAs walt has
amexisnesiefiettedcoiat BiarhbeRz&y By anas bél@ﬂ”éoor@hhgtet i He@Neen
| nfrargﬂ reflection filmregion has a thickness

FROYY +d 2 nd 2R -2 206 2 bk $8195 Cegrdingte @feb,%waen 5601 0 and about -
gnfrared-reflection filmregion, and the second
infrared-reflection filmregion has a thickness that

is greater than a thickness of the first

safr afr\%QFa%st%H Q.fﬂ)sfrétjeraf ERHh 90 whérkin ﬁﬁ Oal] EHé\tse/ou’[er

substrate of claim22 wherein the co ness

rgHo ohgregkardiaan apoui 0P, the bassiouser ratio hemggie@ned ras a combined
t . 1 .

SRR e fred i RGET (R pareht Rttt TR0 RCbivided by o

garehined thicknees pkthe seeorst ambihird t2Bisparest dieleakicdiiremegions.

substrate of claim 23 wherein the insulating glazing

unit has an exterior reflected col or characterized by

2h a Theltmnsparentiubatrate of claimn 26 ahesdivtine bast/dhiterndtiaisareater

H}j‘col or coordi nate of between about 0 and
tgéré%pggtaos. 6. The transparent substrate of claim2 1

vvherei n the coating has a base/outer rati o of greater

an aé)lout g .thEN base/ ter i 0. be| defined as
3 SRSt Ravied B g et b Bl i GRS, wrerin S
mulaplspmwwltov\deralsemw teatiniglispreaiedinsh éiu&sm&dorta/ofahe major
ckness of the second_and third transparent

Sd‘irfr?%% he 8°?tlﬂgrﬁ‘%”8°distﬂgs'” SEAVCH e r??‘a%%‘b%‘l?sérﬁﬁ raRips tYRCE
®ftwaldi: m 26 wherein the base/outer ratio is greater

t han about 0.475. 28. A glass pane having two
general |l y opposed maj or surfaces, wherein a

a) a first transparent dielectric film region;
b) a first layer comprising silver;
C) a second transparent dielectric film region;

d) a second layer comprising silver;
e) a third transparent dielectric film region;

f) a third layer comprising silver;
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multiple cavity lowemssivity coating is provided on
a desired one of the major surfaces, the coating

W@ owp0ieBng, in sequence from said desired maj BET/US2006/039670

surface outwardly: a) a first transparent dielectric
filmregion; b) a first laye42 conprising silver; c) a
second transparent dielectric filmregion; d) a second

| ayerg)conprfogitmtyassparent;diegctec filn regian; anspar ent

dielectric filmregion; f) a third | ayer conprising
silver;g) a fourth transparent dielectric filmregion;
wher evtrereinetreoabating as a metadbiietbotice catio ofratt leasbf0.2R2, the

e TR Al S 5F0 B SAS  JA cons
ard thikdl layers scopprizirigssiver gividedrbydinel (ﬁtﬁ?ﬁblbe’c(ij EI'PCKI‘@QQJ@T sl first,
. an ouyr

t hi f the fir

S R g foU R PR SR PELP ARG FEdiREh e egassypane

usapaet cbea pautipleoparee Mulibiing gasaost tHas ohidddta 8basii §lakS pane,
cl ude second gl ass mhereln t he

‘f" %f&lna %gﬂsg'faé@g JAs: YRR has: af) &i@ { 0BRcDYWERBPRNBFRACE, Said

Géxned. majof Sulissd bEAg @F@éedswé ety pheeyRReest the lﬁsula’ung

bet ween- pane space of the insulating glass unit,
glaspnb it m@lﬂagag glase URKRHRY &R exlarier reflectask saler féwacterlzed
5P4 eﬁroﬁ#@magwdezﬁﬂnw o IR loPasEgnigade nunber of

I'ess than about 1.82. 29. The gl ass pane of claim 28
wherein the netal/dielectric ratio is at |east O0.25.

30. The gl ass pane of claim 28 wherein said first,
Sacorlde ﬁ Raler &f Jlaiyicdswhesatrthg mejalilieloelfic safics iwhipesh
d bsckness of between about 75 angstrons and about 275
angstrons. 31. The gl ass pane of claim 28 wherein said
first, second, and third |layers conprising silver each

itﬁout SQ an'gst r g(r?r:isa'mgg l%ﬂgmt%aw%fsl g’ﬁe o;,%@ﬁgﬁiﬁ%gers
meprising sikededdhrkave asihigkndss oﬂhat\deeraabbdta@rarigstroms and
about 275 angstroms.

31.  The glass pane of claim 28 wherein said first, second, and third layers
comprising silver each have a thickness of between about 100 angstroms and
about 250 angstroms.

32.  The glass pane of claim 28 wherein said first, second, third, and fourth
transparent dielectric film regions each have a total physical thickness of between

about 50 angstroms and about 900 angstroms.

33.  The glass pane of claim 30 wherein said first, second, third, and fourth
transparent dielectric film regions each have a total physical thickness of between
about 100 angstroms and about 800 angstroms.
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transparent dielectric filmregions each have a total
physi cal thickness of between about 50 angstrons and
w@bwan4£80 angstrons. 33. The gl ass pane of clBETUSH6/039670
wherein said first, second, third, and fourth
transparent dielectric fil m43egi ons each have a total
physi cal thickness of between about 100 angstrons and
b outTrefasapester afroki®L8 Whereiy the soptingehasf ordy bwarcbties

el B DL R AN ol e B b agA B anc
& eequnidsdanily beﬂween safuserond @od dhicheiérg doatprisieg silaerd wherein

and third |a

ST SRkl A e Y B ok R o Belthebianstl 20 Basiatasand
atoutB53@Agstrgss.r oms and about 850 angstrons. 35. The
gl ass pane of claim 28 wherein the coating has only
two cavities including a first cavity between said
35.r srrr@rgiamam%flowmrzs WIReTRIN thé RBatiid WRY ordy v caerend

a‘ \é bet ween %ald second and third | ayers COITRFISI n%
BGIBH a iAea It Delss N SR W LeduRP oY I4)eES COTRRIBINg Silver and
4 de@dfﬂ@faﬁﬁ@ﬁe%b%ém SHRBHY o8 hirNa§érs QBmpABHAgNoer whekkin

strons.
eac of said two cavities has a thickness of between about 400 angstroms and

about 750 angstroms.



