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OF MAKING THE SAME FIELD OF THE | NVENTI ON [001] The
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United States Patents and patent applications referred
to herein, including. copending U S. Application
No. 11/ 648,913, U.S. Application No. 11/431,915, U S
IRRAL l'ication No. 60/680,008, U.S.
FELD JEOMHE RN ﬂ*@. cation No. 60/ 736,876, "and US
Provi sj onal plication No. 60/750,782, are here
[001] i ncor B'bF 3{?@8%9%@@%%@@ gereraie ool misgited Tow e )%/q?étmgs and
case of conflict, the present specification,
more particilamly t(gccdiéh'gthh dow solar heat geimt qosffici¢rd QSHGEY I(Aow-g”) and retained
control coatings on transparent panels or substrates

or enhafécd H&Maftelaridchiefi¢h] durabliRy.passage of visible |ight
whil e blocking infrared (IR) radiation. H gh visible

transmttance, |ow enissivity coatings on, e.g.
archi tectural gI ass and aut ompbile wi ndows can | ead to
nti.al ICS] costs associated with
BACK Nsuch as heati ng and cooling

costs. [004] Generally speaki ng, coatings that provide
[002] for hiAghUmited Btates Patentsvndtratent appitations refaried$o hetejn, ancduding
made up of a stack, which typically includes a

copending ANS PApSIidation NG, 1 10648,913] 128, Applicaéibn Nea1/439,9131€.S. Provisional
stack includes one or nore thin netallic layers, wth
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of conflict, the present specification, including definitions, will control.

[003] Solar control coatings on transparent panels or substrates are designed to permit
the passage of visible light while blocking infrared (IR) radiation. High visible transmittance,
low emissivity coatings on, e.g., architectural glass and automobile windows can lead to
substantial savings in costs associated with environmental control, such as heating and cooling
costs.

[004] Generally speaking, coatings that provide for. high visible transmittance and low
emissivity are made up of a stack, which typically includes a transparent substrate and an optical

coating. The stack includes one or more thin metallic layers, with high IR reflectance and low



heat and provide insulation fromthe cold as well as

fromsolar radiation. Mdst |lowe stacks in use today
wae@dlbemesl on transparent dielectrics. |In genepel/Usi00g013033

thickness of the dielectric layers are tuned in to

duce,.i nsi and outside ref) ta ce so_fhat the .
transmissiyiy. dispOREHPEHVERR 8O- §effﬁcghe dielsgisiy eSerhe ThesersuttPas refist radiant
metallic layers may be virtually any reflective netal,

heat and provide insplatien ﬁ‘om;thgp:g}d asoz(elgaﬂ om §play eadu(tmgl) Mgstd@\gte stacks in
frequently used for this application due to its

use todaghiktba¥&l on tragsphrent dieldctics. Thgenzpdl]j the eliitlatsss ¥Lthe dielectric layers
dielectric layers are-generally transparent materi al

are tun%ﬂnetﬁtr@(ﬂlc%q si?’egg}m&ﬁé peikfntd GRM b ?trﬁs%ﬁhce is high

nventi ona W emssivity coatings ge y strive

t intain.reflection relatively cons t hr
(-60%}, PR RCIeBeieae B itiRikes Tiwpe viB Ly 2Ry Rt fetal Suck as sitver,
"neutral" color; i.e., is essentially colorless.. _
copper.t5\8elde r Silves fdghisinaesd fregusntiyvised foyithiy appligatiag due &g its redatively
provide the extrenes of reflected color required for

neutral @6lk.NThé antivpefleetine diel @asolagerd yrecgentallp tapgaraamaiérial selected to
[006] To achieve the desired properties in a coated

enhancéUQ?Jlé%ﬁsmﬁ?ﬁ cgconposi tion and thickness of each of
he Tayers of a nmultilayer coating nust be chosen

003 721 bl PERa  SE  fan tcon
) carefully is well known that the emssivity of a i
relativelycanglaat hcr@r@w begasible spectim sp datthegonting vy asheutral” color; ie.,

resi stance. Thus, to obtain a |low emssivity Ag
is essentiallg colotlbss. Mver,a&hsérai’me] lofv-¢mBsiAgty lcaptargs $hibtd probide the
as |l ow as possible. However, increasing Ag |ayer

extreméerfCrgﬂ‘gc?&l Wbt reghin&d ﬁﬁlééﬁhéﬂcsdnﬁlo%ér FERSM By Qi Qpapl1catxons

ecrease and can result'in coI ors t hat are gener

[006) {'no S abdehfiye e il erPet iR if foodied fudetty Egcowgye ion and

t hi ckness Wi_t hout i ncreasing sheet I esi st ance
thwkneeﬁﬁfse@r«@ pf the Ieyevv%w)tdmGsatp@mue@@@bpmseﬁullx obcrqexample the
Thin, transparent nmetal |ayers of Ag are susceptible
thickne!ssoofcaanRasﬂmtiMeyer; $ueh aaAg, musthmgdhosemcayefntiyt dtas well known that
under noi st or wet conditions, with various corrosive
the emiPEBE 6f a APT4yeRends to decrease with decreasing Ag sheet resistance. Thus, to
obtain a low emissivity Ag layer, the sheet resistance of the Ag layer should be as low as
possible. However, increasing Ag layer thickness will also cause visible transmission to decrease
and can result in colors that are generally undesirable. It would be desirable to be able to

increase visible transmission by decreasing Ag layer thickness without increasing sheet resistance

and emissivity.



at nosphere-carried chlorides, sulfides, sulfur dioxide
and the like. To protect the Ag |layers, various
whaowioen26s ayers can be deposited on the Ag. HoReEw/®E£2008/013033
the protection provided by conventional barrier
| ayers,is frequentl |nade at ed ass i s
[007] o%d (THb, SR et YLk A ie WCHPUOIIE COBREPR Jhed they are
exposed to el evated tenperatures For exanpl e,
broughtigtn ¢antact.omdgr meist af wabsenditipngewith yhreus qegrokive @Bens, such as
ovens are repeatedly raised to cooking tenperatures
atmosphére-kaftied3IBldridewy sulfides espilifan dioxideindi the ik é. o grogect the4Gayers,
during cleaning cycles. In addition, when coated gl ass

variousitb%réﬁ& rEGnYe #gaﬁltedtc;ﬁ%g 9%[ I-Ekgvév%r tﬂ@@#&&g@h%’?@w&é&@

SS tot eratures o or der

bo eri.o of ti up to several m nutes.
convenwﬁawé}q%ﬁp 1 gg?ﬁlﬁft’gadceﬂ}ﬂg%ause the opti cal
properties of Ag coatings to deteriorate
[008] i rr ev&osiediglass milsgd die 8 apmdenef applieatipns ahere thecoating is exposed to
oxi dation of the Ag by oxygen diffusing across |ayers
elevateditemperameds bEbOsx ahlple, Agatingseondgiss wiadews tinselfacleaiggkitchen ovens
result fromreaction of the Ag with al kaline ions,

are repe%%é‘al& Afsed ¢4 bé@lﬁ%ﬁﬁ))pfad&]ﬁ% r@}" ﬂaﬂgﬁé of Wilg ﬂiggﬁérﬁ ex&ﬁ@mns to, e.g.,

ffusion of the o aline’ions

ac:|I|tated ied b deteriorati ..

450°C QR IEATE i 71 BAdiHn re deaed S W@r%%gm the coating is
above and bel ow the Ag. Coatings nmust be able t

heated glprgwith dee glasstederaparghurescon hapedeaofipae’C mmle Tor periods of time

previously known mnultilayer coatings enploying Ag as
up to sexeral mimaese dtiest teemaMeedtinkms taeciisa the/optizanmbperties of Ag coatings
wi t hstand such tenperatures w thout sone

to deterfbRhte irr&VefdibI9N Tis &eﬁ&lcﬁ‘gt]éﬂ J:d?? re&@pﬁl)ml-&\i‘ﬂaqmn%? iy I\é b¥ oXygen

coatings aré described in U S. Patent Nos. 4,

995, .

aiffsing 5o 5593 R0 T PR T GERES ThEReleRliRy f*tfoi“ﬁsuetﬁaom reaction
fenestration marketpl ace. 3 WO 2009/ 067263

of the Amcvith afkating wscsh a3 sestiwn (Nas), nograting frasn the gaps, ghs diffusion of

teaches the use of oxidizable netals as haze reduction
the oxygempuraditadine safsidan berfaglitatedcmidragnl dieddryahé detexdoration or structural
coatings. This patent is directed to nethods of
modification of the dielectric layers above and below the Ag. Coatings must be able to withstand
these elevated temperatures. However, previously known multilayer coatings employing Ag as
an infrared reflective film frequently cannot withstand such temperatures without some
deterioration of the Ag film.
[009] Low emissivity coatings are described in U.S. Patent Nos. 4,749,397 and

4,995,895. Vacuum deposited low emissivity coatings containing silver are presently sold in the

fenestration marketplace.



reduci ng haze resulting from exposure to tenperatures
over 600C. [0011] Metal, netal alloy and netal oxide

wa@ o@bioems3 have been applied to | ow em ssivity PGI/USENS/013033
coatings to i nprove sone properti es of the coated

obj ec . P te 95 descl ta
(0010] 2t &7 U Beeneertins B eahgs fedie eESLARE Bt eeft reduction
| ayer of the total | ayers applied to a glass, base.
topcoaty yeefiefos prajecting tamperablsyow=gcaatings. clhig patent igdireeted t methods of
an anti-reflection coating. U S. Patent No. 4,749, 397
reducingéage rdseRing froeh bopbsuhetoaedperatuads aver de09Cayer i s
deposited as an antireflection layer. Sandw ching the

[001 1] S' | Ve‘MJ:thy Sletd181196 GRd ﬁff&d] ok el c%ﬁﬁﬂé%%ab@ﬁ@éxﬁaﬁ)ﬁ%&l fB I6%Semissivity
transmssion. [0012] Unfortunately, opti cal

ings are fre uentl uni.n n
silver Cﬂaﬁmﬁs P ORI Ry e i) S FRgE S Feps 895
. _corrosive environnments, Silver based | ow em ssivit %
describesonpietd ot metal gHpy layer Hmcp i deposited a1 the pptepppstdayes af the total layers
probl ens. Most |ow em ssivity stacks in use today
appliednakiglass bagi Tiarmetal of mytal sllodayahieoxdized and acts bian hmtisreflection
emssivity thin layer stack to reduce these probl ens.

coating] .5, BAEAINS. 4, ?W%és?lnﬁéé@%étﬁ@d WhefefeRl bXi8e layer is deposited as

corrosion of S|Iver ayers from water vapor, oxygen

an antlrgﬂﬁc %ogﬁfqheé éj%'%%&{l nﬁ'{ﬁrSé @ygﬂ*ﬁgg%@aag‘%-rg h%/}}orntcl%\éer%?ptimizes light
their hardness or by | owering frlctlon if they form

transmisfi@n. outer |ayer. [0013] For sub-desert areas as wel |

_ as regions with an intense sun | oad, the current high

[0012] t r ans kintforuretely coptiealeoatings &re firequatlyakdagbd dwgmgshipping and

advant ages, but the heat and light load is still too

| handlm? ABlulihgBXdcratéiing BBd b expBslired GoMbsiva knGifdHiniits. | SifleflBased low-
he houses and burldings in which such |owe products

emissiv ﬁg & culdrl &g 1284 &8 osE quér %8/1\9(}5%%3\73 emissivity
(3 GeAferCRr DY SRR

transm ttance are avai able bu such
stacks ip 45&{0 Y%Fb‘?‘f Og'?ar{’@ra t/eréﬁ%mS‘f’ trRén Pb&i‘ @whimj pisgiyity thin layer

backs: high reflectance, which nakes them | ess
stack to reduce these problems. Thin barriers typically function to reduce the corrosion of silver

layers from water vapor, oxygen or other fluids. Some reduce damage from physical scratching
of the low emissivity stack by virtue of their hardness or by lowering friction if they form the

outer layer.

[0013] For sub-desert areas as well as regions with an intense sun load, the current high
transmittance low-e products are already bringing advantages, but the heat and light load is still
too high to maximize the thermal and visual comfort inside the houses and buildings in which

such low-e products are being used.



aesthetically appealing, or high shading coefficient,

whi ch makes them i nappropriate for controlling the
wheab/obnazl. [ 0015] Very few conmerci al |y avai | p0T/€52008/013033

| ow- e products conbine the desired optical properties

and shadi ng coeffjcient. Those that do still require

[0014] 366 £ 1ofat FE Rk ST DHE P B anoTifanes §E4railabfe, but such products
processi ng and production. Further, such | owe

usuallycxhibitagdeast encseffthe fdlbawing dravhbacksyhigh reflectance, avhich makes them less
attention during storage and processing into an

aestheticaBy hppdalifig, Prasgh shading dokffictenteshich blakes them MRHIrYpridth €or
current mechani cal and chem cal durability of suc

cmﬁnﬂﬁﬁ%hﬁﬁﬁ%tbﬁ@016] Produci ng different stack designs on
t sanme coater also can often present a problem

becau the set-up.require ts are,not alwa ) .
[0015] S orpat Y Y 5 SomancreipREaVRIRPIE o€ Pradusty FambInE theipsifed ptical
desirable to provide different coatings that can be
propertins aid shafling pedfficianio UBioge thah da sild sequire\aidditional medjficationg to make
down tine and nodification of the coater |ayout.

them ide@OfbY prdoessineanigrodudtivn. Fatthey sidbldons codlings akl safcohtings that
now being heat treated to increase its nechanica

oSSR U b LRGBSl BSPURN i s
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it is exposed to the sun's radiation and part of it is
[0016]i n t hér different stack depigns onghe s3rae ceater alen cagedieq pegsent a
to withstand thernal strengthening or tenpering. Such

problers baehus¢ thesetap reyuirpmensaye notrahgaystdompadble begween the different
destroying its aesthetic appeal, thereby rendering it

designsUNpweild%e deSRAAE tof Bx%"v?detﬁﬁﬁreﬁ%'fﬁitiﬂgs ﬁaaf‘@cfﬁl%ef n@&?l!rl]%w simultaneously

emssivity coating stacks (and nethods o

t he t hat overcone .the vari roblens seen in the
on a copBF Bl Fea AL SBHR o PrditkaPE 8t FER03EBuoR 06563

PCT/ US2008/ 013033 need for lowe stacks having a | ow
[0017] so| ar Fyethermpse.for safetyireasons, mepsigkass &t navk beiag hesjtreated to increase

retai ned or increased aesthetic appeal, and
its meclgcgﬁdm sfrergdth andlAvoid ¢dveratioalin dasealfibréakyge. afilds wihdspéecialiyntrue for low
SHGC products. The increase in energy absorption of the coating increases the potential thermal
stress on the lite when part of it is exposed to the sun’s radiation and part of it is in the shade.
Typical low-e coatings are not designed to withstand thermal strengthening or tempering. Such
conditions can completely damage the coating, destroying its aesthetic appeal, thereby rendering
it unusable.

[0018] There thus remains a need for low emissivity coating stacks (and methods of

making them) that overcome the various problems seen in the prior art. In particular, there is a



tenpered or heat strengthened, if desired. Moreover,
there is a need for stacks that can be applied
wowrdabost2éneed for a specific, nonstandard coatBC€T/US2008/013033

SUMVARY OF | NVENTI ON [ 0019] To overcone the probl ens

associated with previous |ow em gsi.vity cpatipgs, .t.he
need f%f%-&ﬂa nPRYipe aﬁows@r hea gringrostfisiento bﬁCﬁggac{gﬁ%ﬁhlbﬂ retained or

yi el d stacks that have a | ow sol ar heat gain
increasedadstheticappealj and me¢hanicgl anddwichymical émabigithem'd odiithycan be

appeal i ng, and exhibit equal or better chem cal and

temper&P6r1dat Sidngehenad) if bésirel h Morbyir Cilibrel i9Wneed foistacky/that can be
stacks. Mreover, the invention provides products

: i L | d production mnethods.
app hed\llwgllﬂgdg]rt ? ?%duf‘)ggga%%?l”g’?\ﬁkn%ﬁ %ffh%@%?#.ti ng froma standard
coater to a lowg coater would not require venting or
ot her change in coater |ayout. Furthernore, glass
substrates coated in accordance with the invention
SUMMARYOKEIMYENTIONN be tenpered or heat strengthened

W t hout such tenpering or heat strengthening causing

[0019] degr adatdverconit the preblétk adsaviated with previoe 1P einisilvity coatings, the
qualities of the coated substrate and w thout causing

presentgll}\genﬂbg g%ﬁ&&vﬂgﬁﬁﬁdté@{iﬁgﬁlﬁh?{t 0)598 R haP AR 301591.05%832 :%%at gain

used 1 n connection w w em ssivity coatin
[0020] , The present inyenption overcones the .
coetTiciich o Mt R K e At IRIEDGHIE FEPEIE: bR A cavaher bitfer chemical
by increasing the absorption of such stacks, through
and meghpaiqahdurebility then typicaltlowemissivhestatksn Mersevrbthadnvention provides
| ayer, or by increasing the absorption of other
products ayhixtsare sunipatiblelvath stamddrdpeidacti@imbthote chinpati@sarf for example,
i ncreasing the absorption of the stack decrease the

in: | ' 141 7 .
st gy 1918l A0S G Rng roterchare

reflectance. Such increased |light refl ect iS . . .
coater Ipyoul Eyethssiriore, Blasp sisrafi3 coptetmipeepdang i B i patiqqsurprisingly
a pane facing the inside of a building. [00211 The )
can be tgmpersd or hee Sg‘l%g‘ééﬂ‘?ﬂ‘ wihew spethigmpgriag onheat st engthemingeausing

one to control the transnmittance color of the coated
degradatjba sis thel stackrityeais oreint the opticah qealities od theagoatedcsabstiate and without

i nserted -
causing the other drawbacks typically seen when such processes are used in connection with low

emissivity coatings.

[0020] The present invention overcomes the disadvantages seen in low e stacks known in
the art by increasing the absorption of such stacks, through the introduction of at least one thin
absorbing layer, or by increasing the absorption of other layers, such as barrier layers. Such

techniques for increasing the absorption of the stack decrease the overall light transmittance



between a barrier |ayer protecting an infrared
reflecting layer, and an overlying dielectric. In
wa@bdoenemse enbodi ments, a barrier layer itsel fPCENSI»8/013033
made nore absorbing to achieve a simlar result. In
) such enbodi nents, the barrier |ayer thus serves both
withoupincreaping thedight ssflectancer Suchimcreassddightt rrfleciapes isfrrquengly a problem,
referred to herein as an "absorbing barrier"” |ayer.
particulihly whehriboeury &f & patel faging tle/iaside of pbefléingbl y si | ver
(Ag), but may be any reflective material, such as,

[0021]W t houthel dppidpRatethoice @TRBAITIAL rikAiihl aheGarblefBhe/to doftrol the
an aspect, the invention provides a |owemssivity

' 0 rat . [ | 81 i -
vansm 3 8 01 B o FUBFLARL o BFERES! D90 RORTAL P e
layer; a first infrar dreé{;gqtipglaygr; a first, )
between g OAFTifr Agyeh RFateding gy rirared reflecng laype ARE fin pYeryiggdielegtric. In
second infrared reflecting |layer; a second absorbing
alternatio gmbodimérds, erbarmertlayer dtselif edrelt miade mmyeabsodnng to achieve a similar
optionally, a topcoat |ayer. The optional topcoat

result. |18%8¢h EfbEdR]eAdCthebAnRINHRE FRIRBsErVebb6th a8abahfer8yer and as an
subjected to tenpering or heat treatnent. In preferred

absorbigg?zg%} g?dq#ﬁ'efeﬂ'g@ #)2#16%@15' Rl ¥sorbip %e}r’:ﬁazelg nﬁleol{elg‘gr%h Be ecting

einfrare ecting layers: referr
. enbodi pents i nglude the abov stack configuratjons,. . .
layer is prfetabbestiven A ah By TBR60E %nysregsgtweﬁa%teﬂ viYeg 25 Withept dimitation,
infrared reflecting layer, rather than two or nore
copper gugdld| Acepxlingly,dh ar atpsst, teminyentioey mHwides abnw-emissoditydoating on a
a first dielectric layer; optionally, a nucleation
substratepth@lcoatii ¢othpravimg i 6fdef 6ttwigd FrdMeihe sabstiaks afivstiielectric layer; a
barrier layer; a second dielectric |layer; and,

first infRRPEd Rﬂ]%uil?(%l\?gell Qﬁi‘fﬁaabs&?)gl%?eagq 3a}§g?§ Ldid5d Qfele{gg'?ﬁ lg er.a second

pr esent nfion are positing t
. nt,0 the substrate.. A preferred nethod.include ] :
infrarecEIGainE A3F b STrRUM BbRsRnE PATEG IPRE 3 Brgelicestas Bysss aad optionally,
PCT/ US2008/ 013033 BRI EF DESCRI PTI ON OF THE DRAW NGS
a topeogtdagey] The gnfienal tensppideyernempinyed imspmbediments which are (o be
aesthetically appealing | owenissivity stack,
subjecteixtoi tomperinge drdveabirEitmant laprefened exmbodiarencsah nacldation layer underlies
chem cal durability in accordance wth the present
one or BofY 8PfHeQRfrared reflecting layers. While preferred embodiments include the above
stack configurations, the invention also provides coatings having a single infrared reflecting
layer, rather than two or more such layers. Such embodiments therefore would include a first
dielectric layer; optionally, a nucleation layer; an infrared reflecting layer; an absorbing barrier
layer; a second dielectric layer; and, optionally, a topcoat layer. The coatings of the present

invention are formed by depositing the layers onto the substrate. A preferred method includes

depositing by magnetron sputtering.



[0023] Figure 2 depicts an alternate enbodi nent of an
aesthetically appealing | ow emssivity stack,
wextwlos12651g | ow SHGC and enhanced mechani cal apdr/v82008/013033
chem cal durability, which includes nucleation |ayers
for inproving the properties of the Ag |ayers, in
accordance wth the present invention. [0024] Figure
3 depicts a further enbodi ment of an aesthetically
DESERIPAHONQOF THE DPRAWINGSt ack, exhibiting | ow SHGC
and enhanced mechani cal and/or cheni cal durability in

[0022] accor Hghure lvhleFrh:ti fterpbedifieht ofMarcdesiheticallytppedlingi lgwrenidsivity
depicts a sti further enmbodi ment of an aesthetically

li
stack, eﬂﬂeﬁﬂ%gﬁcée}?@td neaglﬁ]aeﬁ?é:n\a(::ea Yneggl%irig%l ﬁgzrin}&g a %LR%‘Y? t§5ﬁ9 accordance
accordance.wi th the present invention. [0026] Figure 5

with thedérﬁ?e VRt 0 di ment of a | ow eni ssi Vi ty stack for
use in an autonotive or other vehicle, including two
[0023] gl assFigwye 2rdepiots anpalfeymte gpbpdiment Oﬁarcwtheﬁgalimappealing low-
accordance with the present invention. [0027] Figures

emissividtpstacie eaBibitpy biv SHGC &ld ahandedthedhahizall 4id/dridhemadal durability,

materials suitable for wuse as | ow—g absorbers in
ichi t ﬁé?& |
which n?& ats?ﬁgfétg é&&%Lgerts S?l F@?E:r %ﬁ?f?@f:%}%ﬁk?féixp%@%@dance
ovi des data relating to exti nctl on coefficient (k).

with th%’ gB’dﬁ?"@)‘é’mas PCT/ US2008/ 013033 [ 0028] Figure 7
provi des graphical data illustrating index of

[0024] r ef r aFiguse 3alepictsa fusher embodiment plarcaasthetieallyt appealing low-
stoichionetries of Si AlOxNy. [0029] Figure 8 provides

emissivily satk, @ahibitiiglow $HEO @aid diansedimédhanical akdkor\chbmsl ﬂmﬁblhty in
SIAIOxNy in lowg stacks in accordance with the

V, ure 9 depicts an alternate
accorda}é%b\ﬁfgﬁ 'tl@%re&e?@ﬁgl]ent': o Y

_ an aesthetically appealing | ow
00251 ST St 434880 SRRl SRR T LA g ow-

emissivity stack, exhibiting low SHGC and enhanced mechanical and/or chemical durability in

accordance with the present invention.

[0026] Figure 5 depicts an embodiment of a low emissivity stack for use in an
automotive or other vehicle, including two glass substrates, a PVB layer, and a coating in
accordance with the present invention.

[0027] Figures 6A and 6B depict optical constant data for typical materials suitable for
use as low-g absorbers in accordance with the invention. Figure 6A provides data relating to the

index of refraction (n) and Figure 6B provides data relating to extinction coefficient (k).



accordance with the present invention. [0031] Figure

10 depicts a further enbodi nent of an aesthetically
wappeabizeg | ow enissivity stack, exhibiting | per/BsB08/013033

and enhanced nechani cal and/or chem cal durability in

accordance wth the present inventian 003 Figure .
[0028] 11 deBledtre 751?#0\6}%%%‘?3%% c{}fa %S%QEW@@?{%BFGL‘QW&Pieﬁﬂncnon
| ow-em ssivity stack, exhibiting | ow SHGC and
coefficiemh fordwe staichiamictriels oA SAGIXNoheni cal durability in
accordance wth the present invention. [0033] Figure

[0020] 12 dePiguré 83oAlELEaphieal xR bR IngreRed B RLIURFd)SiAIOXNY
appealing low em ssivity stack, exhibiting | ow SHGC

. ) ' or chem cal durability,

in low %ﬁ&lﬁﬂ?%@%ﬁ%@?%ﬂ%ﬁ?x}v{gﬁ ayers for inproving the
properties of the Ag layers, in accordange. wth the

[0030] pr eseﬁ{g‘ﬁrﬁ?é{“rﬂc&ﬁ“ fﬁtﬂmﬁ erpbg‘éwn&ep %ne%ﬁS@cagﬂﬁqympﬁqg»g low-
enbodi nent of an aesthetically appealing | ow

emissivigyrstaek, eixhipitinglok, SHGKI didt énhgnéedvinQHag calrmdémicherniedl durability in
mechani cal "'and/ or chemi cal durability in accordance

accordaifée With Bif: preamefivehfiorgnt i on. 9 WO 2009/ 067263
PCT/ US2008/ 013033 [0035] Figure 14 depicts a still

furth Loent . j I [
10031 ot SFlgufE I UEHER's BBl AERAiEN G s AERERY Bfed Bl ow-
_ . nmechani cal. .and/ or ical duragbility in ccordangc .
emissivify $tac :r’?éﬁ’&ﬁé%g\/%” $1§5§r§ndo%ba Apetatiepldd{Op eheycar durability in
THE | NVENTION [0036] In the follow ng detailed
accordantesith ptei pyesent miventéorce i s nmade to various specific
enbodi ments in which the invention nmay be practiced.

[0032] TheseFiibedl Aepics aaletbbAntentiddn Westhetically bpsdaBifg low-emissivity
detail to enable those skilled in the art to practice

s, BRSNS T ¥k SR SR i o

. | ogi cal changes
with the prgsent 1nvent10ng

[0033] Figure 12 depicts an alternate embodiment of an aesthetically appealing low-
emissivity stack, exhibiting low SHGC and enhanced mechanical and/or chemical durability,
which includes nucleation layers for improving the properties of the Ag layers, in accordance
with the present invention.

[0034] Figure 13 depicts a further embodiment of an aesthetically appealing low-
emissivity stack, exhibiting low SHGC and enhanced mechanical and/or chemical durability in

accordance with the present invention.



may be nmade without departing fromthe spirit or scope
of the present invention. [0037] The present invention
w@e@wiosrs3 i nproved coatings that yield | ow em BST/UE1098/013033

stacks that have a | ow sol ar heat gain coefficient
(SFEI%% are aestheti cal appeal i ng, and exhi bit eq

[0035] or pedigreddeiep maaﬁaﬂ%@hambe@meaw%@ 4q8t1vtl'fa%larﬁppealmg low-
typical |ow em ssivity stacks. Moreover, the

emissivity\seickj exhiptiog lave SHGO dmd:trﬂ*nambdd:rhedlaaioabmdémri dhemical dtarability in
standard production nethods. In particular, for

accorda@¥@iith@he prekédtiim@ntiopm a standard coater to a | owg
coater would not require venting or other changes in
coater layout. Furthernore, glass substrates coated in
accordance with enbodlnents of the invention

heat strengt hened

% : A 4-Fy seen when such

processes are used in connectlon with |ow emssivity

[0036] coat i hythe HIOBBIE detniledidestiription srefaréneeps madato vanoss spasific
achi eves the desired properties of |lowe stacks by

embodiiafs8AWhiéh thBenvhtion Mdybe hctivdd.n ThéRErtboditiéms st deb&ibed with
i ntroduction of at |east one thin absorbing |ayer, or

sufficie tydétsﬂF{o eﬁ%@%}sxbiéestkﬂer e[}%é %t% %‘%3;‘6&’%@@&‘ and'ftls Bbe

PCT/USZ 08/013 33 y| eI d|n i.ng barri
nder g SR B AR M —

of the st ack decrease the overall light transmttance
may be wadh suthoihdepasténgfomithe kpigher scepé efthepresentSouéntion.
increased |ight reflectance is frequently a problem

[0037] par t i THE presyntihiedhtioh ppedésSinPRoveddatingstiatngelt héw emissivity stacks
inside of a building. Tolerance for tenpering can be

that ha\/%rm ?aéméata%hﬁjécyéfﬁ&eﬁ HdtL mea%%gtflcatllg%ngdlﬁ)geﬂd &xhibit equal

|ng arrier layers of the natur

SO n |er 0039 an_as) ect
or bettef %%Fé’ﬁ Aiaf Frshrte GHRGTodhmRaPlel (rErmBRiy terks e’#aregvef the
coating on a substrate, the coating conprising
inventigngggyidehprogdpets MI%am&y@matlhiﬁévlﬁb‘é@?d@rmgwﬂww laathoqéﬁe In
a layer that is present in addition to a barrier
particulhraY@rexapies shifting/ by, a stariifard ceaterltaydowgpevabe wondd fdtadquire
to also act as an absorbing |ayer, thus becom ng an

venting 3P 8P LI bRl dofater 1AL, PRthesnbiB BRIk Silbstrites BSR&H in accordance

with embodiments of the invention surprisingly can be tempered or heat strengthened without the
drawbacks typically seen when such processes are used in connection with low emissivity
coatings.

[0038] In embodiments, the present invention achieves the desired properties of low-e
stacks by increasing the absorption of such stacks, through the introduction of at least one thin

absorbing layer, or by increasing the absorption of other layers, such as barrier layers, (thereby
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for separate absorbing and barrier |ayers. The
| ow-em ssivity stack is characterized by a solar heat
wa@aim/oenes fi ci ent (SHGC) that is | ess than aboptT/0SB4S$/013033
preferably | ess than about 0.31. In sone enbodi nents,
) the lowe stack is characterjzed by a SHGC of about
yielding)apsorbinechsstier dayess)- Shch {rshnigyes fortsaratingthe abseeptignapithe stack
has a light transmttance of about 42%to about 46%
decreasé thesaveeall kighi ecinsmittascalwgboutipcremmngihe lighheeflecghee. Such increased
transm ttance can be up to about 62% During

light refl@RRE if'ieqienfly b preH] %ﬁ'ﬂ@lﬂaﬂy $/4en MocelRWn alpad¥ofadifg the inside
sone enbodi rren%' the stack has a transmttance col or

ofa bulmﬁ% ’f‘olgg?;@é h%ﬁerﬁg?r?rg aﬁ En%c\régrt]) ad L{sﬁn eﬁe?é{?:%@ss otf tt1he

a ne ve a* .and a positive b* 040] | n an_ aspect,

dielectriygs 2pry H{&W‘BHW%%TS hs negie emleggwwg@amqrrh@ve& a
substrate, the coating conprising, in order outward

[0039] f r om Irhan sspist; thetinyensiohiprevtidel lomeemissivityptack, iacludingta coating on
infrared reflecting layer; a first absorbing barrier

a substrht%)/ﬂ?lé coRtirREEsINptishhSatdedst bfic hioeing fyef CDISlabsBibifg Reler can be a

| ecting |layer; a second absorblng barrier layer; a
s S PO PR i b i
also act!@ggg;igg)lfélgg t | on@@mm&%@vgbs%ﬁg & er RYEr a(?nﬁ%eélmmatmg the need

optional topcoat layer is enployed in enbodinents

for separdie ebscabiogtand berrisulgyerst dihe low-aneingiwity sigclois dharacterized by a solar
treatment. In preferred enbodi nents, a nucleation

heat gaih @¥efficient ESHGEY tHan & 1ess tha® akowr0.34) Qrdfﬂﬁbl@l‘lesi than about 0.31. In
reflecting layers. [0041] The substrate is preferably

some ergﬂx?cﬁ ﬂsnthgrl@\(' Fh&h i€ @Ré}giztgﬁ%dso 4 SBGVGF AH?)H g&?% abo ot 0.25. In

|hg ayers are ayers and are wel | ance
. aratio ./ A 2 of bout 80% o

various figbadof, e fee Bairitined o abay! 8 48 HGRALE. In some
50% Fbv!ng balanced Ag | ayers provides various

embodimgnts deseyibsd hereip dhe lightlteansmitiance cyr b vl tp dhwup62%f During
vi ew. Because the two targets erode at approxi mately

temperifif)@hS anmsntigthce risee by aboyitH -8%. dn cemp @indpodinaenty)ehe stack has a
maxi m zed. Wen the second Ag | ayer (Ag2) is nuch

transmltttamce k8lor A hd}RtilE S in@RBegdBle bF: Th AlteB¥RMERithERs, the stack has

coater

a transmittance color with a negative a* and a positive b*.

[0040] In an aspect, the invention provides a low-emissivity coating on a substrate, the
coating comprising, in order outward from the substrate, a first dielectric layer; a first infrared
reflecting layer; a first absorbing barrier layer; a second dielectric layer; a second infrared
reflecting layer; a second absorbing barrier layer; a third dielectric layer; and optionally, a topcoat

layer. Either of the first or second absorbing barrier layers is optional, i.e., two such layers are
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nmust be vented early in the canpaign, which has a
strong negative inpact on production cost. As noted
w@bwwee726he i nvention al so provi des coati ngs heeT/ng2088/013033

single Ag layer, rather than two or nore Ag Iayers
[[0042] The ahsorbing | ayer, when present as separ at e

not reqm%ﬁger cioptigpalfiepcent fpyemis § €mplayed i eTbediments WP Aigrto be subjected
protecting the Ag | ayer and the overlying dielectric.

to tempdiieg aittwat treatmenttlepreferred ambpdicienths a auclestidn lagper valdedies one or
a silicide, an absorbing oxide, an absorbing gray

more of TRé flfrar& fefleétidlay&s. any other suitable material that
achi eves the desired effect. Preferred materials

i nclu T ,
[0041] N Cr &dﬁhﬁﬂbgﬁﬁggm}e!f%ﬁlg r%]a%%r fmefeyeal e %891 2%1“% rt%le tr\rz]vo infrared
alloys, and, transition _netals, nitrides, subnitride

reﬂectlr&iayga BiS g layersiiaf agg well balgaped with airatiqAglbd g2 fjabout %0% or

alum nides. In preferred tenperable and
higher. ioweavenpe abérhateenthodiments,she tatie misbe & loy asei086.i Having balanced
conprises N Cr. In sone enbodi nents which are not to

Ag 1aye¥gq>rbﬁaeﬁvmusﬁawﬂit§g9ksm }i&ﬁt]dﬁh'ﬁ(ﬂﬁa RBSHYi 6¥diew. Because the
material . 12 WD 2009/ 067263 PCT/ US2008/ 013033 [ 0043]

{ ..
two targ;ggeabﬁ&oz{t%ﬁéfogirﬁatgwgsgﬂé &aﬁP,lstﬂ% @n@‘glo(ﬁ?arc%ﬁp%t%xaéaﬁ%e maximized.
trans nce col.ar of t coat e ass. e
When thegjegen rg(,gg RY5H %85 ﬁ%w\}@ ?{dﬁweﬁlﬁ%wnaﬁég@ i?reexamvle the coater
preferred--the mniml requirenent being a negative a*
must bewzhigd earlyl imthig’camphigs, which Has a stropgnegatixg impadt on production cost. As
transmttance and gl ass side reflectance) is nore

noted atR&8} theinveatiby alkp pealiléxdcdatings Ravirsd 4 SAIeIA @lage) tailerhan two or
yel 1owish hue. A neutral transnittance is hi ghly

Agl abl e because. it maximzes the. correct col or
more Eﬁg{erl ng of the |nsuI at ed glass unit (1GJ) housing

t he res i nvention al makes i .

[0042] oo Bieatsgrtins SR SBmAr K is SepRelraay s ipactopeblysitperted
Thus, certain materi aI s inlowg de3|(gns have been

betweerftheg hmapm@ngftm Hadryaignd thesgyerlyng) digleetric) dhe absorbing material
coatings and allowi ng the stack color to be tuned to

can inclidecd mietad,chncablogy s silicide, ahabsostsing oxide campabsaibig gragiefd)Sa nitride, or
the preferred materials also are thermally stable

any otheépshitible faerfalitat achieves the desired effect. Preferred materials include, without

limitation, Ti, TiN, Si, NiCr, NiCrOx, Cr, Zr, Mo, W, and ZrSi, nickel or chromium alloys, and

transition metals, nitrides, subnitrides, and suboxides thereof, as well as silicides and aluminides.

In preferred temperable and non-temperable embodiments, the absorbing material comprises

NiCr. In some embodiments which are not to be tempered, Ti also works well as an absorbing

material.
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filmstack. Many other materials can be used as
alternatives to the absorbing materials recited
wab@wes728ich materials are those which can be pef/uamds/013033

by a range of index of refraction (n) and extinction
coefficients (k) that ultable er, orn1n

[0043] transmlggmzsﬂprp%aéb?lﬁw? theet l%mateﬁla alse Elha&i A9e P&ﬂpﬂv skill to
desi gn, the absorbing layer will have the appropriate

control thettiapsinittanop eolpr efthgsoated glasssAaxtdirali cokexl(at hed h’gnegative and well
stability properties. [0045] Wien a separate absorbing

balanceﬂ aseirefefred0the@MRiMNMadquititent beﬁigra&le@atwd £ vl @y Ridsa Bavalue that is
be nodified to achi eve increased absorption, thereby

I
ovr S8 S A58 AL v BHEC s o
strongerlaglﬁteefer{ﬁélngr Hg/l eI > Ipmtggagse )ﬁéﬁrs a@"lr\és 51rals)ﬁeq)ecause it

rel ati onship betmeen Ni Cr Ox %y gen flow to sputter
maximipaswwhe c@rkéct oolar renfemngioftheimulated glass urir(Icbid hppuingthe glass. The
(k). The second y scale also shows TY or SHGC val ues

present iventidds@maRes iNpoEside kG obtaimth bldish huelifdesimblever | ow e
stack as described herein. 13 WO 2009/067263

[0044] PCT/ Ugﬁé%ogé&aig%%enaﬁ%)lgﬂggvsgﬁ&l S(Ha%béé}t fofin® Eﬁfaﬁwﬁé{weﬁng

|s ba utt@ring targets r

wansmi PR e DS M kR i IR Bt eotor.
Flow to Sputterin Pomer vs Extlnctlon Coef fi ci ent
the caseaftienparalele Tyatinggothe preferred mateyials alpdcara theymallg stgble within the thin

film stack. Many other materials can be used as alternatives to the absorbing materials recited
above. Such materials are those which can be defined by a range of index of refraction (n) and
extinction coefficients (k) that are suitable for performing this transmission lowering function. In
a tempgrable low-g design, the absorbing layer will have the appropriate optical properties as
well as additional thermal stability properties.

[0045] When a separate absorbing layer is not employed, one or more barrier layers can
be modified to achieve increased absorption, thereby resulting in the same desirable optical
properties described above. Such modification preferably includes altering gas levels in these
layers, as represented in the graphs below. These graphs show the relationship between NiCrOx
oxygen flow to sputter power (kiloWatts) and NiCrOx extinction coefficient (k). The second y
scale also shows TY or SHGC values when the given NiCrOx is used in a double silver low-e

stack as described herein.
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k 260TY 1.555150 0.55 040012345678
9 10 Oxygen Flow (sccnm) / Kilowatt 14 WO 2009/ 067263
wEabE26908/ 013033 N CrOx Ratio of Oxygen Fl orCt/US2008/013033
Sputtering Power vs Extinction Coefficient and Lowe
SHGC 4 40 3.5 37.5 "~k 335 SHGC 2.5 32.5 k 2 30 i
[0046] 1.5 2Th&NifrOx 2o poefsrabdy &5 bagedxm 2879 mmjong spustering taygets run with
10 Oxygen Flow (sccn) / Kil owatt
DC power. Power is typically in the range from 15 to 45kw. Argon flow is 300sccm.

NiCrOx Ratio of Oxygen Flow to Sputtering Power
vs Extinction Coefficient and Low-e TY
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L 70
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- 60 TY
- 55
- 50
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o 1 2 3 4 5 6 7 8 9 10
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[0047] U.S. Pat. No. 6,416,872, incorporated into this
application by reference inits entirety, refers to

wo b@weredf a sol ar control design that contai PCT/ES2008/013033
Fabry-Perot type thin filmstack
(metal /dielectric/netal). Che of the nmetals is an
infrared reflecting material_(silver) and one is an
oNiCeax Ratie o QxyaemEiewitaiSputteringtRewWery absor bi ng
mat envisaExtinctiea G odffidient dred vk $HGEhge of suitable
optical constants. Enbodi nents of the present

invention simlarly include Fabry-Perot st acks but

dogpri se a general |ayer structure of [ netal /
3gi plectric / netal / nmetal or, nore sp ? aIIy,
! / thin suboxi@g absorber (barrige met al
i g ic / netal ‘?Hs@g suboxi de Bﬁr (barrl er)
2/5 .N_n each of cases, t he
'ms pair is preferably [ : | ecting
i d Bﬂl ng
, : Iwc
1%3 [ ' cols a'nt ranges
4i S . :
, - const an rials
0gplcally swtable aslovv-g rgg'g‘eottedin
E 9 =g B—peaser ¥h208d in Fig

i thf: pr fe red 15 é/\D %009,90675263 gDCT S2008/ 013033
ex of refractl on range at a wavel eng of 550nmi s

from abouoxygéﬁ Rbau(scen’) filowiaet netal | ic absorbers
shown. Based on the data presented in Fig. 6B, the
extinction coefficient range at a wavel ength of 550nm

[0047] i s froOm. PaeMNo. 5,415,870, Bleifloratediritd thit Bgplivatien by ecference in its
absorbers shown. An additional paraneter that may be

entirety for}PQ ﬁil:cpb sotlél' &?Bjopges%ﬁhﬁtaf&?ai% h‘ﬁrkq{élr& type thin film stack

eria an |1

. 0 550nm .Thi s ch acteristic .
(metal/@gagwm@g @ngo HETARPS 4 b STETUTe CaBER GLcry one is an
nitrides which, when simlarly plotted, typically have
opticallpabsahjag materizl.o fbe eptiGHyshsorbesmaterial i3 descibed imisrns of a range of
the invention, the absorbing |ayer, when present as a
suitable Spfied] abﬁsthray.eEmbioéirheEﬁts oflthe @eesent iaveraion sspdaily include Fabry-Perot
| ocation in the stack. This is to optim ze the other

stacks be ﬁée%sgeng‘af fhyef SrdiRe ok fXtall %etﬁ]h%él@é’iﬂf: AfdetHl v Bfdtal or, more
e processing of the coated gl ass,

specifically, metal / thin suboxide absorber (barrier) / metal / dielectric / metal / thin suboxide

absorber (barrier) / metal. In each of these cases, one metal of the metal/metal pair is preferably

an infrared reflecting metal and the other is preferably an absorbing metallic material. The low-g

absorbing metallic material may be described by optical constant ranges similar to those set forth

in U.S. Pat. No. 6,416,872. Optical constants for typical materials optically suitable as low-g

absorbers are plotted in Figs. 6A and 6B. Based on the data presented in Fig. 6A, the preferred
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particularly the overall durability and the ease of
production. [0049] Each of the absorbing |ayers, when
w@e@sent2e3 pref erably has a thickness of about BCLUSIN8/013033
to about 8 nm If two absorbing layers are included,
the first absorbing |ayer referably Is thicker th
index of W@@B@@mga%@wvagnst yéﬁ Onpp és fr@msaboavo}s@r%mqgﬂ%f%ﬂw metallic
preferably has a thickness of about 1 nmto about 6
absorbengishowor. Baseéd batiabdata presemed indFigh@Bitths extnctibheosficiEntrange at a
absorbing |layer preferably has a thickness of about

wavele H oP530rn fPRSh aBoliM. 78RS SHoRE 8 580ARen&@hiPielabbbrbedIhdwn. An
out 4 nm In an alternate enbodi ment, the first

additlon%gggrh %epeg t%a?rﬁﬁ be"j\?s n‘g gg ﬂel {é‘?g’ ?ﬁ@nes @gg%gcgea%fgﬁt%ﬂlgmateﬁa]s is that
| ayer has a thi ckness of ab nm anot he

of an mﬁwt Rloh wihichdias ddositive slapgat 55@@@ Eb@&b&aﬁ@nﬁmwpuwaastwgwsh the
t hi ckness of about 3.6 nm In another alternate

metallicanbtedalsditm stbnxidmsaod ohitaldeowhichgwheysimiladdy plottdd) typivaly have a
of about 0. 1 run. The above-noted thickness ranges

negative§18p&htBJ0anl.y -suitable for absorbing barrier |ayers
when such layers are used in lieu of separate

absor
10048) By B BB dEAr $€%8§3¥399§% ERRARe By g St arsment o 2
separ ate or an_ absor bi ng rri.er. layer). pr tects t he
separateﬁlgyerl, wgﬁm%ﬁh@g veny: spesifig oqaﬁgngﬂ the stackn 15515& pgppws the other
the dielectric on top of it. It also inproves the
propertiehwiahare dupeinit fonythe yapofactuoingiand theprodéssinggif dlre eofated glass,
aggressive species like 02, 0, H0, and Na+. 1In a

particul M ilRroveshlledth@siifyeiid, tht baecEprddektios transparent. The
barrier can conprise, without I|imtation, N Cr,

[0049] N Cr %achTJ)f%e Mo%xlh[g%yerg\“wﬂeméres ﬂgég{efﬁﬁﬁgﬁ)]ggﬁi\lﬂkh%gs of about 0.1

or su nltr or suboxi

eferre barrier.is N CrOx. ch
nn o i B Chap Ao Teyses prapcladed, S eshfsoryies dayer preferably i
| ayer, it may conprise approximtely 15 to 60 atom c
thicker m wﬂecmgmrbm@}aeﬁ@ r Bt fjrst absertang layer prefesaly hasca dégkness of
is from20%to 55% Thermal durability for the
about 1 hANaibabi & nite hore preferablyhi. $ninrty @bbutEnmaThe sp¢ondalsorbing layer
when the first NiCrOx |ayer contai ned about 20 atomc

prefera ﬁ&e‘{‘fhl v&?bﬂt 0 §hnftd fdueTRAM] 'n{fﬁ'@ P?eggably about 0.1 nm to about

partlc en the barrier 1s

4 nm. In an alternate embodlment, the first absorbing layer has a thickness of about 3 nm. In

another alternate embodiment, the second absorbing layer has a thickness of about 0.5 nm. In
another alternate embodiment, the first absorbing layer has a thickness of about 3.6 nm. In
another alternate embodiment, the second absorbing layer has a thickness of about 0.1 nm. The
above-noted thickness ranges are similarly suitable for absorbing barrier layers when such layers

are used in lieu of separate absorbing and barrier layers.
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to al so have increased absorbing qualities), the
barrier conprises NCrOx and is a thin protective
wo ayenerpat t ered on silver and deposited from pCEDS2008/013033
targets. It is preferably sputtered in an argon-
oxygen m xture. The power to oxygen flow (sccm) is the
[0050] pr ef eThebarmer layer (vdhether senasate onaw abseghing bawier layer) protects the Ag
sputtered NiCrOx. The ratio used for fully oxidized

layer aghin6¥ &ack of fHe plasmidwhémbpudtetiag the dislestpid®naopof gt dls$d improves the
accordance with the inventions preferably varies from

chemical- dtrlr%ﬂag b? cgn&olllhgs or%fi‘u@m@ of g%?gsg\fé)srﬁ%%ﬁg figd 02 (I) HzO and Na+.

an a

m.l ar | t hi hi n otectlve rrier |ayer i
In a prefgyigy efig i e bRt T RPYEN: AT SAEH SamPF Bt vifieut
pl anar targets. In such enbodi nents, the NI Cr |ayer o
hmltatl((rb N ncwmt%xaw@ PUCrExQ, NiCrhixgEhooethgr metgliehmefals; or subnitrides
| ayers can be fully netallic except for unitentiona
or suboxidpyitheico€SA prefelredbamivy iSMiCraxs dA sudlylagas, pardadady i the first (i.e.,
from nei ghbori ng cat hodes. [0052] In preferred

bottom) NG T84 St i &g bﬁ%@&éﬂrbﬁgla@éd?% 1680 ltdnRE A

I'IS tri or an oxy-ni

en
el ectric | ayer co i S d th .S 17
Prefera%qbﬁe@m%v%? SRRt 604055 e Sheahual Pkl RS
froma Ti, a Zn, an Sn, a ZnSn allo or a BI target.
temperableevessioneofithis ipvmbion eas impopsd whea t%&ﬁasé NigfO% !ﬂ’!ﬁ? gogiained about
up to about 20 wt% preferably up to about 10 wt % of
20 atomidiperednt bRYden. dn prefasedembodiBients (pairticul @ty whehthe lbarmmizntis modified
These dopants are commonly used to make silicon

to also Ha9@iRkedsad HbiRP ggéﬂ?ﬁés)’ fhe WHREY SriprRleS NiCHOx hAY R'a thin protective
conprises a nitrfde or an oxy-nitride, the nitride or

layer sp%)t(%fé] o%is%ver @%?e&%ﬂtgg {}Wt [ lg{e}?rotrgﬁ%fe(sy Iﬂis:p&?fgléabgfr spuktéred in an argon-
oxy-nitride that achieves the desired eff

oxygen Sji¥Ifear IE Povyes toypxygeadlayy (ssxmp) i the p&éerﬁ%yme@s%lﬁ%@ egpmate
to about 20 wt% preferably up to about 10 w % of an

oxidatioalie sputtereNCrQas Pie mtioBsedfor fallyXidized NGr@k énht. The ratio used
maki ng the coater target conductive. In preferred

in some@0RRs iR Béorddnde with Bk @stentibnd Srefirad 1 {PvMiesA6ini7s5:1 to 8.0:1.

reactively sputtered froma silicon /10 wei ght percent
al um The
00511 21U e B s TSR B i s cmplovs

Similarly, this thin protective barrier layer is preferably sputtered on silver and deposited from
DC planar targets. In such embodiments, the NiCr layer (or layers) are sputtered in argon only.
Such NiCr layers can be fully metallic except for unitentional impurities, such as may be caused
by gas crosstalk from neighboring cathodes.

[0052] In preferred embodiments, the dielectric layers each indépendently comprise an

oxide, a nitride, or an oxy-nitride. When a dielectric layer comprises an oxide, the oxide is
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Al t hough stoichionetry variations occur fromlayer to
| ayer and from production run to production run, the
worioesrb3 i s preferably sub-stoichionmetric. | nPCT/US2008/013033

preferred enbodi nents, insufficient nitrogen and
oxygen are present in the sputtering gas for the Si Al

preferablyy spestared froma Ty, 2 Zne a0 Sada éa5n Alley.iod e Biltargsnhe oxide may comprise
enbodi ments, atomic ratios in the |ayer are

Nb,O:s. aﬂmmﬁdﬂ’ﬁiaylcympﬁ'sé@}ﬁ) toldtimut POOET], pteferpblyfugrtoatiout 10 wt% of an
enbodi ments that enploy three primary dielectrics, at

element, §\"i’c?1t asOAFora8, dridgmildl kR Elehieht. |’?B/<%E Qopants E‘reazommonly used to make
Subst oi chi orretrl c state. More preferably, all three

h.die ectr| e .dn
stcon &0 deblsiohirdie: driote ollenelg sOinirihd Eniids gn oxy-nitide,
achi eved_using such subst oi chionetric, |layers
the nitridg gﬁ-p}()g-mtpgg Gan bg a nitride gre@@gmlmqmot}%“ Q1AL 818, §1%{| or other suitable
sputter targets is higher if the target surface
nitride alwxyHsitride thst hizved thiecesiosdedffdace . Sinpirlyetheyniwidd o oxy-aitride may
silicon rich surface is higher than for a 18 WD

compriseQipHo QB 4855 WSt/ ‘Hégeg T%%)%’butsl BI198 6f HPEBMESCSuchfas Al or B, or

nDre nitrided si e hi gher dep05|t|on rate is

similar w]c aqiérﬁ%%%gseaglg t}rx nonagefr}Qar[gBtoqgo%}igéu pﬁ I}gﬁeéd? Qrpﬁ%cgg?ents, the
of, the sub-stoj chi orretrl c nitrides al I ows fo
dlelectra:, 1s SeAIOXNY andys asactivelyspptisred froppagilicom (i \ggght percent aluminum
thi ckness for the sane optical thickness. Less target
rotatablemsthoda@l Thereactivesgasesiprefierablyg abewt %P6 hitwgen fliow dnalyld6 oxygen.
are deposited and again, this allows the coater to run

Althougﬁosﬁ&cﬁ%fﬂe@y%hbﬁons[&@ﬁ@ﬁrox% layldr @0 yeh&id fré@foduction run to

|electr|cs allow for greater flexibility |n t he

product@tsﬁl‘rr} S‘EF z ﬁ?&t fe%ttl? Subh-Brol forh Qe 15 é e?ﬁt%?hments

OFS ansm'ssi on and

nor e achi eved using hi
insufficignbpiioEF? e%ds YR @%prﬁéer&mh@\feaﬂ%m%asr}%@? SiAbigreach a fully

stoichionmetric materials. [0057] 4. Sub-stoichionetric
reacted bxy-aitsde.eldsome ¢mbadipentseatomheratios in therlayes arqupppeximately

S1400.4Ns.

[0053] In preferred embodiments that employ three primary dielectrics, at least one of the
dielectric layers is in a substoichiometric state. More preferably, all three such dielectrics (e.g.,
SiAlOxNy) are in a substoichiometric state. Various advantages can be achieved using such
substoichiometric layers. For example:

[0054] 1. The deposition rate from SiAl sputter targets is higher if the target surface |

chemistry is sub-stoichiometric. Sputter yield for a silicon rich surface is higher than for a
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than stoichiometric dielectrics. This allows for a
nmore chemcally stable and corrosion resistant |owe
W@ t@eke672€0r r osi ve chemicals are less |ikely torerastnos/ 013033
the vul nerable silver layers. [0058] 5. The optica
absorption of the sub-stoichionetric dielectrics hel ps
surface cofiprised dfmmorematnisled sidicom Thehighérsdepbhitios odtais ddyantageous for
coefficient of the lowg stack. Sub-stoichionetric

runningdi &!agé}faf b@ﬁerts%eédst bl i9Bidré addnbmabaor bing in the

e and nore fransparent in the infrared. Thus,
t hese,mat e red
0055 2 PP IR of S PO o
properties of the S|Iver | ayers 005 tal _absorb
layers ﬂlwé)héY%a tveer pbyyieal thigkngss &rﬁgﬁm%omﬁa hjckaient doegh reet material is
infrared. When netallic materials are used to reduce
consumkd ahsnissis-stoichiometric dayers ave deprsited bod hgain,ghisladows the coater to run
transm ssion and infrared reflection are reduced. It
more effisielfiy] rable for lowe products to have as high an
Infrared reflection as possible. 19 WO 2009/ 067263
[0056] PCT/ U52008 % 5%3ngr r{glg ﬁ%}lecﬁb& ‘flo ?%I’e%ge?%e%(ﬁ)ﬂgxgtn? the od)tical

occur “for 1 C oXxides, “oxy-ni

nitrides mhlch m ght. be_used.in a | m#e st.ack. g&f@% L
characteristics n the e Stagk e gmmPleatatlc Galge o PRrERENISTER ection may be
dielectrics in stacks in accordance with the
more edsily ectievad ussngliighwriipdex diclettricOtthas casbe Athievad usinghayepindex,
used. In sone enbodinents, the atomc ratio of Si, O,
stoichictridNmaterappr oxi mat el y Si 400. 4N5. The top silicon
oxynitride dielectric has a prlnary function as an

[0057] opticgl i n?ﬁﬁ%ﬁ)ﬁ%ﬂ?lﬁg ?X/ k} ghm&ﬂepi:ﬁé?ﬁlc&l%anﬁé}%mpemes

antlreTIeC|on material 1s chosen
however arrler

t
then stopghvemeis dilsfies. Honeliewntae morecReRiedy sblesmaserpyign resistant

silver, both nechanically and chenically. [00621
low-e sfackyu€erasive phennisals arrelesstieelyio reach theryulnseabie silveriayersor
silicon oxy-nitride. The indices and extinction

[0058] coef f 5Ci entrhe pbeitdl @Ysarptidhef e spb-swichiohuemic dielectrics helps reduce
stoichionetries of Si Al OxNy. These represent the

the tran%m%gl%ﬁ'a?ﬁ%&?s%imhﬁlsmeétg‘airp&em&ﬂt%f WIRPIRY- & 8 clk. O9B¥-stoichiometric
dielectrics tend to be optically absorbing in the visible and more transparent in the infrared.
Thus, these materials reduce visible transmission but do not tend to interfere with the infrared
reflective properties of the silver layers.

[0059] Metal absorber layers are optically absorbing in both visible and infrared. When
metallic materials are used to reduce transmission in a low-g product, both visible transmission

and infrared reflection are reduced. It is desirable for low-e products to have as high an infrared

reflection as possible.
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suitable for lowg coatings. Stoichionetry for the
preferred enbodi nents typically would fall between
WO b@sme1260 extrenes. Figure 8 depicts approxi nACEUS2008/013033
preferred n & k values for STAIOxNy in |owg stacks.
[00635‘In preferred enbodi nents, the dielectrics have.
[0060] i ndi cddess advantages teadh tapcays fnnbistaichiemetrisapidesnoxibpitiides, and
1.8 and about 2.5, nore preferably between about 2.1
nitridesambich boght & Bed iBSpbov-eistwkl y, in preferred
enbodi nents, the top dielectric my have a | ower index

[0061] Of T efIhaGiliceR to hRetiniM §athOhicdTh Me Prefiied dUIEURES inistRks in

In such enbodi ments, the top dielectric has an index

f ref i_on bet u d,about 2.3 and, t.he
accorddie wAR S ERRoP SRR, OB PARRES nhy 3 Rt [ 1gome
between about 2.0 _and about 2.5. |In preferred .
embodigientsy fhgatRmaic rafie of Sk @nd Nois apprpximalely; $i¢@o.aYs. The top silicon
coefficients at 550nmthat are between about 0 and
oxynitrale digledriObas aprimapr hetiabisyan dpeicakiater feoace 14ef) wdcldcontributes to
about 0.02. 20 WD 2009/ 067263 PCT/ US2008/ 013033
the antité?26tidn dbMhBKATEH TR RATBIAlIi§BRYsEn, HOWRVED M p&td fdrUfstafier properties

conprises a nucleation |ayer between the first

' I i S Javer . 1n.an. .

and harfhs 04 i CorMes @ile pRTetioh T oy Bowy il hicalty apd chemicay.
conprises a second, nucleation |ayer between_ the second

[0062] g e| eftgure’ ﬂssﬂéﬁsr}a% eExtinctign gost§icienipdpr sfigen oxy-nitnide. The
nucl eation layers inprove the properties of the Ag

indices hud/extinctinnl caefficients platt¢d/on thegeaphoshoFrtwaxditoiehiomietiesiof SiAlIOxNy.
to about 15 wt % of other el enents, such as, w thout

These réprédehdhie@PproXimate SIAIOLNA soURMrAt Spber BRI R¥er lintlts that would be
preferred enbodi nents, the sputtering targets used

to
. '_ c .3 - I, i i.el.dj
sl 8PRSLE oo e SR PR RO ORI gn o s
reactively sputtered froma zin¢g /1.5 i ght percent .
betweer i A FABPIES b BTOF Q5P RISAPPERVHBTeIFHED Db Sreliep fRy SIAIORNY
) gas preferably consists of argon and sufficient oxygen
in low-g giackshe oxi de to be deposited in a fully oxidized

state. Nucleation layers for silver, such as those
[0063] descr ingefenedenbodanéents,ahedielettricd@50¢ indeets ioff rdfRiotién at 550nm that

patent literature. The nucleation |layers in
are betvRZR A0GUTAY SndPibdu . P LRRE Pleferably between about 2.1 and about 2.3.
Specifically, in preferred embodiments, the top dielectric may have a lower index of refraction
than the bottom or middle dielectrics. In such embodiments, the top dielectric has an index of
refraction between about 1.8 and about 2.3 and the bottom or mid dielectrics have an index of
refraction between about 2.0 and about 2.5. In preferred embodiments, the dielectrics have

extinction coefficients at 550nm that are between about 0 and about 0.05, more preferably

between about 0.01 and about 0.02.
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invention are preferably between about 2 nmand 12 nm
in thickness. In preferred enbodi nents, the bottom
woe@beet2zsdn | ayer is thicker than the top nuclpel/Us1008/013033
Iayer with the rati os between the two being about
o about 2.0. This configuration inproves

[0064] dur abin| pr@@neégﬁxbpémemtq, yhecopfingfyrther geraprisssauelsation layer
tenpering. [0065] In preferred enbodi nents, the

betweeni thé fiast diklectfic bayer angl the fiest A glapgr ils en Ajermatt preferred embodiment, the
sputtered in pure argon. Alternatively, a small anount

coating ﬂfnh@f‘&’&ﬁﬁnﬁlé s@@orﬁqﬂx%fbatla—ﬁ‘ fayexb&@&een tHelsBSond dxélectnc layer and the
nmechani cal dur ability, particularly in enbodi nents

second %%deg ﬁijei r&)ucé to¥1 lgy][e?saliﬁngng'g%eegl% pr(épn egs\r/ g?ge A%(?&%ﬂang are typically
npact_. on the chem cal and/ mechani cal stahil
based on £ execyiPupde abattInat pf ﬁtihﬁra%lF@ﬁntSGuctt,.aSﬁmﬂmus#lmltatlon Al,
SiSn®2 or silicides. It should be noted that this
Sn, or a nambinatien threeedfs Impteferrddesmotediments ghe sputteringdargets used to deposit
stoi chionetry or 21 WD 2009/ 067263 PCT/ US2008/ 013033

ZnO corﬂélﬁ %ﬁrdkﬂhh@lﬁ 59:&1, i digg fa%rsqha@amuﬁm TEP&%W&%I preferably is
Si'1s a sputtered materla in which the Zr at%

reactlve]?lh Pu&?reji H3M rr% §1ng ){ ilg e}cu:ﬁt él?}fﬁr{mﬁ ?‘ﬁ}ﬁgg egc{r?ijaﬁ%r cathode. The
typi cal | yhasacotrastl nat ure conp redtoth

sputtering/gas Prefershlypoasistsiafaggon an dispficient erugT 105 tesoside eieposited in
the topcoat is preferably one of the above material s,

a fully ogidizedrstdte.i Necleatiamlayers fon silved sychsascthosesdeSemibeadrherein, are commonly
Si XAl yNzCc. Alternatively, when the dielectric is a

describeflif [dvil@ patenfliteraieN iMhel iGleatibieldyen if @fibollEndifdSRAe hicasht
t he above |ist, or can be an oxide (for instance Zr02,

mventlo% E S%%é@? éem%%n {a@% 83{1 tnﬁ{e mg?]g:gflg%' B k?e?erred embodiments,

the bottqrség{.}ég%t?q ta{s%?l%éﬁct: Iegﬁ'ametgl Epg)gtalré&aglpgaagﬁf ))'P B\grrgtlos between the
t enper abl e product during production. Such a coati ng?

two beingrabott 1.2 te gbow 210. yThip aomfgﬁ@@hon isnpreedsahusahility, pastioelarly following
4-8nm thick and buns off in the tenpering process.

heat treabfnéiter tafpeairpodi ments utilize an approximtely 3-5nm
thick sputtered carbon topcoat as the outernost |ayer.

[0065] THi S JHBL&Ei8) embodiments, the infrared reflecting layers comprise Ag and are

sputtered in pure argon. Alternatively, a small amount of oxygen may be added. The oxygen
helps with mechanical durability, particularly in embodiments subjected to heat treatment or
tempeﬁng. |

[0066] The optional topcoat, if included, can have a positive impact on the chemical
and/or mechanical stability. It can comprise, without limitation, C, SiSn, ZrSi, SiSnO; or

silicides. It should be noted that this nomenclature is not intended to refer to the stoichiometry or
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preferably is DC magnetron sputtered in argon. [0067]
In a preferred enbodi nent, the invention provides a
wo oM ei2esi vity coating on a substrate, the cPel/UsZH08/013033
conprising, in order outward fromthe substrate a
first dielectric |ayer having a thickness up to about
atomic ptiopthepdifferans plepnents. For axnmple2BrSi isg sputteradgnatagal igydiich the Zr
having a thickness of about 8 nmto about 15 nm a
at% varidsfiim 0lb6 000 rmd ke Tayer cah dy giradedy iThis layérhaykaeddize apon heating, -
about 0.1 rimto about 4 nm a second dielectric |ayer
I ( . .
The topg@K Koy 1P SRR PR RaR kot b e A ing BRI A he
) about 15 n a second .absorbin barrier |ayer havi.
dielectel 1§ s QBB TPRBR PrefecRom G POTSTE TRFTHS9r Arige or an
_dielectric layer having a thickness of about 10 rim
oxynitride, sigbas S or SrAlNeOepiitematively, whenthe digleqtrg isra nifrifepr an
further enbodi nent, the coating conprises a
oxynitrideicthe sdp @iat Isashesenbfesmelaidve 1ist, los cardbehie oxide ¢for iseance ZrO,,
and the first Ag layer, the nucleation | ayer having a

250 IRy SRR, Bl Dot e e

.,.the.coating.c ri ses, a secand nucl eat.i on | ayer .
stoichioefrjcaos el BB A Bholieterltapooay s cathes. prE dsed pisfeggply in 2
| ayer, the second nucleation |ayer having a thickness
temperaple prpéugt duping pradycgnutudh awaatingswvhick inkpically sputiered; is preferably
dielectric layer with a thickness of about 23 rimis
about 48ant thouk 2| burss o ff abthe téroperirggrecésng Prdf@d&B¢mbodiments aitize an
preferred enbodi nent, the invention provides a ‘
approxi@w 5051 thidkVspaRérel RErboR Roptodtfisthé 8hRrmbdgayeP T hidGnaterial
conprising, inorder outward fromthe substrate a
fir di el ' ayer __conprising Si Al OxNy; a first
preferab%%%sﬁ%%tr?%lgﬁéégr dc?{)ér/fdglf] iaggoﬁlg ZnAl Ox; a first infrared
reflecting_  layer conprising Ag; a first absorbin )
[0067] parri Bra Prsﬁé?e%@mhadf@mg gy ,n%an PR ‘bl’ioé’l'%TEtSF‘ngy coating on a
| ayer conprising Si Al OxNy; a second nucl eation | ayer
substrate,ahp coatinggomiphisidg; ineordecautd ardnfrorartbel substrhteachinsndjeleatyierlayer
conprising Ag; a second absorbing barrier |ayer
having £@igkinkss WiotoNbeht Zﬁnhb%')ﬂeﬂeralﬂ& @pes hbhit 23a¥ea HIRIAEI1SenBaving a
Si Al OxNy; and optionally, a topcoat layer. In

thicknes@lotf%&ﬂtﬁuﬁqp%dﬁ gtn?n; a first absorbing barrier layer having a thickness of
about 0.1 nm to about 4 nm; a second dielectric layer having a thickness of about 40 nm to about
75 nm; a second Ag layer having a thickness of about 8 nm to about 15 nm; a second absorbing
barrier layer having a thickness of about 0.1 nm to about 4 nm; a third dielectric layer having a
thickness of about 10 nm to about 40 nm; and optionally, a topcoat layer. In a further

embodiment, the coating comprises a nucleation layer between the first dielectric layer and the

first Ag layer, the nucleation layer having a thickness of about 4 nm to about 12 nm. In a still
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the absorbing barrier layers conprise NN CrOx. [0069]
I n anot her preferred enbodi nent, the invention
w@e@viogrs3 a | oweni ssivity coating on a substPeEr/@s20081e13033
coating conprising, in order outward fromthe
substrate a first dielectric |ayer conprising
further éhbddimblyt, dreccoating ngmprisel iackomsisnucfeation Hyeubet@emthe second
preferably up to about 23 run; a first nucleation

dielectrﬂcgyfét? ah® W§e§6ﬁlﬂA§Wh@§H§oﬁ@¥ﬂl&&tﬁ)ﬂlw& ‘ﬁﬁ@iﬁg aQhickness of about

about 4 nmto about 12 nm a first Ag 1ayer having a
t hi ess ,0 . ' bout 15.rim. a first .
2 um 10 RS Ao Biins BITul e hertoid i hffunye g9 om s

. .thickness of about 0.1 run to about 4 nm a second
particulgrlyyudtable for te|REANEconpri sing Si Al OxNy and having a
t hi ckness of about 40 run to about 80 nm a second
[0068] ‘nucl eht dnother pyederreberpbodiment, HreAn@ntemdcroradesalow-emissivity coating
t hi ckness of about 2 nmto about 8 nm a second Ag

on a subsBe! thB WAtttk GontpHsilg) s 6rdef oMK frény thEshstakO M Hirsd Sielectric layer
rim a second absorbing barrier |ayer conprising N Cr

compris AR, f 6P FeBTh R es Bl hes Ry B BY 3oy Ee Bpeting
| ayer conprj Si i. Al Ox and havin t hi ckness of .

layer coaﬁamgfog@mﬁrﬁba%geﬁwg %r'\l'yﬁrrﬂeyqrf&mn;ﬁtgngﬁﬂ%@ri 9,secgn3 gisiessmic layer
layer. In alternate enbodi nents, the absorbing barrier

comprisingy8iAdOzDypa sesend Rinde@®ion 1ayertcaniprisong Z1A1©xf & setond infrared
dielectric layer with a thickness of about 23 nmis

reflectin@yier eompribing A iatsakdrd db86rbigRes brdyer(cfhfPlsing Ni@R; a third
e

nbodi ment, the present invention provides a
. | L SSL VL W [ b , ' .
setcus Y BARAHOE KRR By ep L1 R 1o DB cmbocimens,

first dielectric |ayer. onprising Si Al XNyOW and
the absoghipg @”‘&4%?@&%%’%%95@& 3 nmto about 25 nm a
first nucleation |ayer conprising ZnAl yOx and havi ng
[0069] a t hilolanether pfeferrsl amiodiments theljoventipp prayides 4 lowsemisgivity coating
| ayer having a thickness of about 8 nmto about 12

on a subBfate atht icbstingoiipriding, &y erdet Ompiar S from the Sidtratdifirst dielectric layer
havi ng a thickness of about I nmto about 4 nm a

compsff SAIORSFER LA TgERET S48 o Y o 23 o
first nucijeiaglor(le ?Jyreir EorLS‘Xs%g 2%6)'( %}15] gaving a thickness of about 4 nm to about 12 nm; a
first Ag layer having a thickness of about 8 nm to about 15 nm; a first absorbing barrier layer
comprising NiCr and having a thickness of about 0.1 nm to about 4 nm; a second dielectric layer
comprising SiAlOxNy and having a thickness of about 40 nm to about 80 nm; a second
nucleation layer comprising ZnAlOx and having a thickness of about 2 nm to about 8 nm; a

second Ag layer having a thickness of about 8 nm to about 15 nm; a second absorbing barrier

layer comprising NiCr and having a thickness of about 0.1 nm to about 4 nm; a third dielectric
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Si Al XNYO, and having a thickness of about 55 nmto
about 75 rim a second nucleation |ayer conprising
wa@podb@x7260d havi ng a thi ckness of about 3 nm t BCEHDS208/013033
10 nm a second Ag |layer having a thickness of about
10 nmto about 15 nm optionally, a second barrier
layer campyrisingSifdOxNyrand baivigg @thigkuess 2 abept 4 Ot tokabews 4@ hm; and
about 2 nmto about 4 nm a second absorbing | ayer

optionall9,®Hopsodl Gayldk. On dfechdiewhbedithehts] hierabssrbitg tabReHlafers cifiprise
to about 2.2 nm a third dielectric | ayer conpri sing

NiCroxo &Isé%gg?avi% %r}ﬂ'smgl'e@tglcg?)fep Wt‘ﬁrherp&k%ssm%ut% 11}mst Particularly

bou and optron coat
. odi nents, the second barrler Iayer conpri sing
suitabley PEIBIPEMB8ahsent, so that the second absorbing | ayer
i s deposited dlrectly on the second Ag |ayer. As an
[0070] al t er fan gebediment thepresentrintvantiomprovides e dowEmissvthiaaging on a
| ayer in this described enbodi nent, co-sputtered Ni Cr

substrata/tile c&ating doripristngNirfCorder olitwWasy #6m thé sebizyraisfsbdielkctric layer
gr ay nmet aI or alloy may be used. Further alternatives

com AN LM e kb P g et
/ | Ni
layer CopAFIE ZRAIPE 270 Bgein AcikBERS B RO 4 BB Aot TP aittya frst Ag layer

Ni CrNx, and a dual |ayer optical absorber conprisin

having afhigknrFs@! abaneh amfoabetck2 nrat afirsthgrrise layaycomprising NiGiOx and
and Cr. [0071] In a further enbodi nent, the present

having a thiekmiessoof gboov] fmsto absuti 4 hmsh fiadt eﬁsdrbingilw €ofdprisih@NiCr and
exanple, a lowenissivity coating on a substrate, the

having §Qﬁéldn€§k SEOBBLI B5 Reh td 4boff 4%; QléE(‘!@finxel &ﬂmyaﬁc mprisin

substrate a first dielectric’layer; rst “nuc t|o

SlAlxNyk)a agxfi hggﬂfglca; lcﬂ%&r@%ﬁﬁml 5%;81') kS tb@gggl g -sgf:%ﬁ qqcieation layer
| ayer; a second nucleation_ |layer; a second Ag | ayer;
compnsw&s%re‘&m apk havans atadmessrf abayed nmeforahpyidl Gnre] @s,qcpné Ag layer

| ayer; and optionally, a topcoat |ayer, preferably
having sthickhess afabost Hhim tbapant 1Shingkoptionaly, arsecasl whesarlayee domprising
herein. In an alternate enbodinent, as illustrated in

NiCrOxFind Wa®ink @ thicRhesR6FABO® 2 fill o GHG 'Mn@fﬁé&h@ §l§sorBlﬂ layer
order outward fromthe substrate, Si Al Ox C§

compris nﬁh@r%d/hawnga tﬂ}acﬁcﬂlass of %&gt%/ tozaggut/ Z.f‘gm/; a'\iﬂncﬁ dlC]CCtI‘lC layer

comprising SiAl,N,Oy, and having a thickness of about 24 nm to about 40 nm; and optionally, a
topcoat layer. In embodiments, the second barrier layer comprising NiCrO, is absent, so that the
second absorbing layer is deposited directly on the second Ag layer. As an alternative to the
NiCr metal in the second absorbing layer in this described embodiment, co-sputtered NiCr and
Chromi’um, a NiCr/Cr bilayer, or any absorbing gray metal or alloy may be used. Further

alternatives include, without limitation, a nichrome alloy comprising any Ni:Cr ratio, a NiCr
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nmetal / Si AlOxNy / optional topcoat. Therefore, in
this enbodi nent, a second NNCr netal absorbing |ayer
wo soodepnss t ed directly on the second Ag | ayer. Pdhis2008/013033
enbodi rent may be tenpered or heat strengthened
wi t hout such tenpering or heat strengthening causing
layer inodgclathetNioCr ratio ihgraded, ad¥kiCr dayer seaoted iwitht dieroggt fodfatm NiCrNx, and
qualities of the coated substrate or causing the other
a dual 18R OPBEH AbsdrR BAIPHYInE BT MIER, WhGEinRIBEEHERPNAY Be WA fatio of Ni
in connection with |ow emi ssivity coatings. In
andCraddition to inproved tenperability, this configuration
‘(i n which the second absorbing layer is directly
deposite n the second Ag |ayer) exhibits inproved .. _.
[0071) rrechafh %&ﬂ%au Frgg?qﬁmeyt, the Prigsestt goieRtiomroYiflesy asdllpsiated in Figure 9,
col or appears to be easier to tune to preferred
for exarsplepolaw-smydsivitytcoatingoba sibstrate, théscoatimg edrhprisiag,iin erdep outward
the NCr netal in the second absorbing |ayer,

from thé SubsibetaSfirOdibietticatvbr iR hiTeatich 1BVl 4 Brst g 188! a fiddt barrier
any absorbing gray netal, or alloy nmay be used.

i t tiyes, .l ] ug Lim I OF :

oyr; DG L FEDRIANES: ol Ul 0BYA ppM b e scona
| ayer in which 25 WO 2009/ 067263 PCT/ US2008/ 013033

Ag layep; jgeserpndcopticat ‘5607 s’glaxeréa,thlgi fietsetricipysT; arshentiagally.iafopeoat layer,
nitrogen to formN CNx, and a dual |ayer optical

preferabdy saratich resestargr iLgyardghisko@rssed abe as déseribéchhereinhdn amalterinate
may be any ratio of NN and C. [0072] The invention

embodiimet, ReNlubtr&ed GEBighN0S TdrSekiaitiple) tisd @fakifig COMPribes] Mordér outward
| east one absorbing layer (which, as described, can

from th %\P@tr&@pﬁkaﬁNgggglg)o/r%%/ﬁlié%{i/ﬁ]‘i(tillﬁ% i/ ?ﬁg&b‘x&\ﬁ@ 240/ Ag / NiCr

€ 1hcrease I on properties),
ouse ssivity stack Rei characteri zed by a sql.ar

metal / HAORET Aot 19aedre Aber eyt Prsapadirgat dshomd by meta
.0.34, preferably |less than about 0.31, and, in sone

absorbing leyaris depasitebdireathyton the penend g\ 2yero Thiscmbagiment may be tempered
enbodi nents, the stack includes a glass substrate

or heat Sidvpthgnad Whhekzadsteaipeting ot hdat/sGengthéning dasiddy dégtddagomin the
light transm ttance of about 42% to about 46%

stack layt'%lﬁp&dihﬂﬁ@ Bﬁ%%h gﬁ’alﬁfeg oP BRVdodRA sibithdte Sﬁﬁugi.n? tRe bth8Mirawbacks

ransmtta f about 50% to about 62% [n sone
Fnce col or

. enbodi.nment t he stack has a transm tt Wit h
typicall SRR WNER St progihs®s 4 hartlh Gunboh ot R Frip Ry Sotnks. 1n

.. enbodi mrents, the stack has a transmttance color wth _
additiongo ymgeavied erpperability, this configuration (in which the second absorbing layer is
directly deposited on the second Ag layer) exhibits improved mechanical durability. It has been
noted also that color appears to be easier to tune to preferred setpoints with this embodiment. As
an alternative to the NiCr metal in the second absorbing layer, co-sputtered NiCr and Chromium,

a NiCr/Cr bilayer, or any absorbing gray metal, or alloy may be used. Further alternatives

include, without limitation, a nichrome alloy comprising any Ni:Cr ratio, a NiCr layer in which
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and a positive b*. [0073] The invention further
provi des nethods of making | owem ssivity stacks
whamwgr2e3 | ow SHGC as descri bed, the methods PoT/USZNSI3033
depositing on a substrate the coatings descri bed
herein. The layers in the multilayer coatings of the
the Ni:Qrratie ns griadeds atNibn laygnreaeted epithsnitregenolp foom M@tV read a dual layer
physi cal and chem cal vapor deposition techniques. The

optical 8tsofber %oﬁﬁmﬁlhg SRCEBROT) iviiéesin eAhé i@kl mkyB&iny fatib ENafahd Cr.
and w Il not be repeated here. Suitable deposition

[0072] technigy ﬁﬁ/ehﬁﬂ]ﬂgﬁxer ﬁfb\'ﬁ& §rl%g % gﬂs?acksc"%xtngﬂgxﬁg at least one

sputtering ne clu I'ng,

absorblﬂ%iaglpx:' 4\»@1 L ar ﬁ hﬁ‘? Cat%ggaégt&g’ e/&t qtr%r A ehl%?ern dified to have

. netron sputter|n9 The sputtering can be in an

mcreaS(tdéxsorp@as praperties) thelovaemissiyitystack bgmgiohetagteriged by a solar heat gain
reactive gas. The total gas pressure can be

coefficiemi (SHOGC)atatiis 1e3s thang®oht @34, prefefiBlyl lesSkar Bbohit BI3AL and, in some
preferably from 1x103 to 1x102 nbar. Sputtering

preferrel Ui RAFREHS '2588‘92%@%/% 400250 AR u%%g‘%/%éf‘s‘ gigjudes a glass
substratg Agying s TGRAOH f ALIZ] ek and eXp g altant Bagmifas st about 42%

nm nm2f Wsec. Coaters manufactured by Leybol d Systens

to aboutgifel Kimbedimeiealse arequpvidey whichomhiiiza Bghytrasmitiangel of about 50%
Typ A 2540 Z 5 H 20-29 are suitable for sputter

to abouti§3%0s il s0ige éboditilehts| Bieatack das h igaAsmittahdeccqdsresitnh negative a* and
-invention. [0074] As indicated, the nmultiple |layers of

a negatit b¥€in Alferhdlé ellnﬁwﬂl‘?r@n?ss kne stté’ck%@a'tﬁﬂsﬁftta}l@@col@f #ifAlnegative a*

invention provide greater efficiency in reflecting IR

d atdl tjon, and a sharper cut-off between transmtted
an ap%aver fl ect ed wavel engths, than is possible with a

gl e layer of silver. [0075] The nultllayer coating

[0073] of thEhmre@etmn furthenprogifes snedigsls of makringoyngmissivity stacks having a
mechani cally supported by the substrate. The substrate

low SHE(Y dsatescribedyths naxshadstincipdimgeleparitinghen a sutsstrateghe avalings described
i nfluences the surface topography of the coating. To

herein. 'T’Bé il &JeZLintth@maltilaydr @Batiigs ofitifd present iiBRhtioPERI RS EPb¥ited by

the surface of the substrate has a roughness |ess than
conventgcgl?i] Eﬁys%a%l% ale%lcal vapor deposition techniques. The details of these techniques
are well known in the art and will not be repeated here. Suitable deposition techniques include
sputtering methods. Suitable sputtering methods include DC sputtering, using metallic targets,
and AC and RF sputtering, using metallic and non-metallic targets. All can utilize magnetron
sputtering. The sputtering can be in an inert gas, or can be carried out reactively in reactive gas.

The total gas pressure can be maintained in a range from 5x10™ to 8x10” mbar, preferably from

1x10 to 1x107 mbar. Sputtering voltages can be in a range from 200 to 1200 V, preferably 250
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the light. Such a snooth surface can be forned by,
e.g., solidifying a nelt of the substrate. The
wanlosaRs®e can be any material having an em ssP@T/UF2008/013033
that can be |lowered by the nmultilayer coating of the
present invention. For architectural and autonotive,
to 1000ayhpDynahicalepositipe ratesozanrbgtie airangemfdioan 35 te/4@0hemeniniyW-sec,
whi ch has superior structural properties and m ni mum

preferafiP SORG VOO A’/ W-se¥i Goditre naupdfaeaned by Leord S§femt GinbH with
regi ons where the solar energy is concentrated.

model n&ﬁgbs%gsa'g %RBM@ Yas {77 3—5% §§&i 'Fl)‘g*) lAic%\r 02 9%25—2%@‘ SditabRd Br sputter

astics, e. Yy onat es

.acrylates, are .all .preferred substrate materi al s.
depositing e Rdaxes spatines of BeRrEteBhInveRiR £  cat f on,  t he
| anguage "deposited onto" or "deposited on" neans
[0074] t hat Alaéndicated, dhemultiplellayerstafgilver in th lowcenhigsiziy coating of the
above the referenced layer. If applied indirectly,

present @\@n6n pRvald @yescfitiénéyingefl€diig IRUGEAR6HRNE a shidpessut-off
ot herwi se indicated, in describing coatings of the

' ' . f ", :
berweerPliiled BEFRITEAR0 Wi UBa Bt holEispBs TRk il EL BORRO P s g sitver
<, [ Substance [ ..." or . the format "a.first. [substance

10075] §°1'° Ffetitathydr coptina b Resemop nsighss déposidimand s
[ substance 1] layer; a second [substance 2] |ayer; . .
mechanically gypporied biyjthe substrate. Ressnbstratasudagsiseniss ee 8 s¢mpplate for the
substance is directly or indirectly deposited onto the
coating ind defluengessthb stfaeaopd faphi] offhatedingl To el imixetnhsinigion of
to different enbodi nents of this invention nmay be used

visible ]Eé]n'lit,:;g})@fefé%w @elsufhcdbaht El%wfeq{as‘yrﬂggfﬁ%ss(l%s@man 1'[@ wavelength of

t
, autonotive w ndows, or any r suitable

. l,ication. ated .articl descri.bed. herei 0
the tighf Bct, § Shp3l curB8 Sl RRRT By 6y s bR el e Bpstrate. The
this invention. Figure 5 depicts an enbodi nent of the )
substratp G aHalgriabAving ay erpisaivity that sambe lavesred/y the mlkilayer coating
vehicle application (such as a windshield or simlar
of the pteaent mateayion.| Fot drehitéchiralsdndaduesimetitecapiplieations athe calbstrats is
in accordance with the present invention is included

preferaﬁl}na fatdrAd kvhicM A Bu?érﬁﬁ‘ sHABRE DFSpeHIE b fi‘ﬁi%irﬁ&’rﬁ%%&{aﬁén in the
and a polyvinyl butyral (PVB) |ayer. The coating can

visible a?lg n%aréfn%n{d:j%%b{%@%ns Q{he%] fhe¥5fP QQer%D ?seédncgﬁtpa\{éf %fjrysitztalline

quartz, fused silica, soda-lime silicate glass and plastics, e.g., polycarbonates and acrylates, are

all preferred substrate materials.

[0076] As used in the present specification, the language “deposited onto” or “deposited
on” means that the substance is directly or indirectly applied above the referenced layer. If
applied indirectly, one or more layers may intervene. Furthermore, unless otherwise indicated, in

describing coatings of the present invention by use of the format “[substance 1] / [substance 2] /
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[0078] Certain terns are prevalently used in the gl ass
coating art, particularly when defining the
w@e@pes26es and sol ar managenent charact eri st i B6T/052008/013033
coated gl ass. Such terns are used herein in
accordance wWith their well known neaning. For exa
[substange 3] 4 eq-" 198 ths fermptgefost [ﬁmmpﬂwa@rﬁr adistdspbstpnge 2 yér a second
wavel ength light, i.e. "reflectance" is defined by its
[substanmerq éapegpescaond] ﬂssbstmmarﬁ] dayeqs . R, or thedikeHt js iieard thdtleech successive
RY val ue refers to photopic reflectance or in the

substan6BRliRbtly or ﬁhﬁ&&@' depbifdasoitd Hﬁgﬁ&)edlﬂgkﬁbﬁbﬁb - X is
elther "G' for glass side or "“for filmside.

[0077] "das E‘ogqeg %rtlc 588 ord%g to 'H:r‘f?&%{l eﬁ%‘@grﬁ@ﬁg 0 Wgh%n thhﬂtéon may be used

of the glass subs Opposi

coating resid while "filmside" (i.e. "F') nea
in the C%em Ogmﬂﬁ?tafﬂ? prRrday &8 1G wseﬂagggnotsv@awﬂaw& qsﬁmy other

whi ch the coating resides. [0080] Col or
suitablecipplicatioar iGoatedartacles dﬁsaﬂbﬂcﬁmbra'ndnamona}enbtlher}&hnmmm different
the CIE LAB 1976 a*, b* coordi nates and scale (i.

embodifnBAts Gff Baid hin@o *Fig it erhBoGigtne6f ﬁ@Sﬂéﬁﬁbﬁ su1tab]e for use
wherein: 28 WO 20 9/ 067263 PCT/ US2008/ 013033 L* is

in an au ognﬁ v1e Z’%ér v?%}:%ea%gl}gziu S(Fr]?ch zlsba| ulceﬁ‘lduﬁmnll 70@8{%@%11%" a?e) In the

illustrat&erﬁggg}n?y’l S:?ggtgx%glﬁggéfﬁgn%& w1ttlg ?hese;gggl@\fg? {;1%2{:{%% 1% ?Ec(iluded in a stack

conventional use of the Hunter nmethod (or units) Il
which alsp cogpristsstaovglass sobstrates apd@ paljwvinyl*butyreld®ViB)layees The coating can
These scal es are defined herein according to ASTM

be on thBPfiZst4Aed dr tHel RBGHAT shed providdtinzdatiag te® Bl at i on of
Col or Differences FromlInstrunental 'y Measured Col or

o S T R A g e
T T LT TN -

LI GHTI NG HANDBOOK 1981 Reference Vol une. [0082] The
herein in aqoerdaneervithitheir yrell kopwameanings Epr exnple.raansed hereince”

are well understood in
[0079] Intensity of reflected visible wavelength light, i.e. "reflectance” is defined by its

percentage and is reported as R, Y or Ry (i.e. the RY value refers to photopic reflectance or in the
case of TY photopic transmittance), wherein "X" is either "G" for glass side or "F" for film side.
"Glass side" (e.g. "G") means, as viewed from the side of the glass substrate opposite that on
which the coating resides, while "film side" (i.e. "F") means, as viewed from the side of the glass
substrate on which the coating resides.

[0080] Color characteristics are measured and reported herein using the CIE LAB 1976

a*, b* coordinates and scale (i.e. the CIE 1976 a*b* diagram, D65 10 degree observer), wherein:
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the art and are used herein according to their well
known neani ng. Thus, for exanple, the term
w0 teoaneTzss t ance” herein neans sol ar transm ttanCEUS2008/013033
which is made up of visible light transmttance (TY
of T;s), infrared energy transmttance (TIR), and
"t HVIECI 6) lighgnesstunifisni t t ance (T",) Total sol ar
energy transmttance (TS or Tsolar) can be
el @IEdOGedasean maisght ed aver age of these ot her
values. Wth respect to these transm ttances, visible
b“‘%’sﬂ@ﬂEﬁ@@foeleﬁ% uahgracterized for architectural
purposes by the standard Il1. D65 10 degree technique;
whi | e Slb| nm.ttanc e,char,act.erized fo .
100811 31 o sl chBRBNS RS e paRarpioy W U RY @sguﬁscnpt o
technique (for these techniques, see for gexanple
signify fHeoBY SRionp 6 o8 dreweler e Rio (6y/mith Bf.&ndg] obieyer, or the CIE LUV
pur poses of emssivity a particular infrared range
uky* cc(oirdiaateﬂ , 3186 2Ha]dd @te dﬂﬁneﬂélemhlph@pﬁﬂng [cDASIBM D-2244-93 "Standard Test
"Em ssivity" (or emttance) ("E'" or "e") is a neasure,

Methodoﬂbr (ZBI%ﬁﬁ@ibﬁ of oldt I@ifffe%%‘s Fx@hﬁmwﬁm@ﬁkaﬁp Wa%rls@ tofdTordinates"
i ght at given wavel engt hs. I's usua

o 15 AL 53, s v s

ar chi tecé ural purposes,. em SSiVi tg val ues becone quit
.

"Standagrdfsioghior CRmAvENE s Caloreaf Obipess PyARUsiabREIF Rygiem” ‘and/or as
also called the "far range" of the infrared spectrum

reported ind ESAJGHTING BRONDBOWI0 1881 Refeoence Vadphe, as
speci fied by the WNDOW 4.1 program LBL-35298 (1994)

[0082] by Lawhergms Banlssivaty" [aratighite) 85d "tAmsmAtAEeNE8Well understood in
bel ow. The term"em ssivity" as used herein, is thus

the art &ﬁﬁ%ge 155% etehh aéc%rcﬁgg z&c #h%#ré%lgﬂoﬁm%@ﬁgﬁar U&é‘éﬂrgple, the term

rar e range as
" 5-93 entitled "Standard Tes thod for _Measur.in .
transm&f?acweeﬂpmaﬁg Sl FreRaRanse, APt P2 e upaf Visiolg lightdegsmittance
Products Using Radi onetric Measurenents". This
(TY of Budrinkengd energyittapsmptanoé €Nk end wliraviobe éngpbﬁmsedtthmeéifm) Total
by reference. In this Standard, em ssivity is reported

solar en8y thasmihes (Tor T,y sanvbd Qha('alﬂ&)rizaﬁ ds Baveidted average of these other
emssivity (E ,). [0084] The actual accunul ation of

values. %Ehare%[%r ct f@tﬁéé&r BIRAittAces YHIbIE WaRsthitiah¥ ?Nﬂil HEShd cterlzed for
convent i onal and may be done b by using, for” exanple

archltecﬁlrgl purgoses gy khe s%an%a?cp fit Héqtbo&e%rr%%ttgcrhmque while visible transmittance

may be characterized for automotive purposes by the standard Ill. A 2 degree technique (for these

techniques, see for example ASTM E-308-95, incorporated herein by reference). For purposes of

emissivity a particular infrared range (i.e. 2,500-40,000 nm) is employed.

[0083] "Emissivity" (or emittance) (“E” or “¢”) is a measure, or characteristic of both

absorption and reflectance of light at given wavelengths. It is usually represented by the formula:
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with "VW attachnment (Beckman Scientific Inst. Corp.).
Thi s spectrophotoneter neasures reflectance versus
woanmeloerzgt h, and fromthis, emssivity is cal ceCBUSZNNS/013033
using the aforesaid ASTM Standard 1585-93. [0085] The
term Rsoiar refers to total solar energy reflectance
E=1-Refigtancessi FFer behiéonral purgoses, @nisvieitghilaes bacenmgmitefimpbitant in the
refl ectance, visible reflectance, and UV refl ectance.

hl " (1)
S s RO 0 SR A ki, . o

. 22f rauto tive ap the kn
2,500-4%9 iRl SRR P Y %@ﬂi’%\@”‘ﬁbmg&%{?i"%ﬁk3”98 (1994)
bot h_of mhlch are incorporated herein by reference.
by Lawjengg Berkelgydaboratorigsi asveterensed belogind he terghtenypsivigg'eas used herein, is
many directions causes a loss in contrast. The term
thus usédtazefer teerdBivitg dalues sicasured mahzrinfrned ravgetas Afddifiéd by ASTM
1003 whi ch defines haze as that percentage of |ight

Standar\ﬁ‘E £485.98 BafRNMS tdndhAUER NGBS MdaOR d CQblem Emlttance of
eam greater than 30 WO 2009/067263 P / US2008/ 01

B t he,.aver, " Ha be, ngas .
Archlteﬁtgfaé (il’ﬁaqggl ﬂuc&Pa l}?aﬁb%etﬂ%f\geras?rgﬁentsh a sgﬁng%rg and its
_ . herein are neasured by such a haze neter and are given
provisiqqs, ¢ pqosRqTated begsin by gqf@ren@c In thes %t@ydarmlﬁewltr tsy1gported as
enpl oyed herein is "sheet resistance". Sheet
hemisplieeraké¢missigity &) and narmas|emissiviopgE,}.er min the art and
IS used herein in accordance with its well known

[0084] MeaNI e atthall &xchidhRtioh 8P4th B8k théasBRIFenP 8F stcBURiSsivity values is
units. Generally speakl ng, this termrefers to the

conventg(ﬁls Lglllcf rgég be Bg{' {)g%m foir‘;l Va 8 aarlgec?(ma% M?)‘%(éai r42%¥§%&:@ophotometer

0 AR ereet T & cyurren
LLh ough the layer system Sheet resistance is an
with VIR RS Gleckan SEIFRIIGH sk £5R8P-) ofhip gprefrophlpsier sneasures
reflecting infrared energy, and is thus often used
reflectandeovegsusiwdvelemigths and fromatbisaemmisaivity és cflculitied using the aforesaid ASTM
characteristic. "Sheet resistance" may for exanple be

Standar@@88s$9Bent | y neasured by using a 4-point probe
ohmet er, such as a di spensable 4-point resistivity

[0085] probeyt {etilmaks a,g&% 80t %Ps%tk{r(%g? Sf%%n € é@%?s%ldé\@g@iln) and is a

M 800 pr oduce I gnat one

wei ghteg%verage of IR reflectance, visible reflectance, and UV reflectance. This term may be
calculated in accordance with the known DIN 410 and ISO 13837 (December 1998) Table 1, p.
22 for automotive applications, and the known ASHRAE 142 standard for architectura]
applications, both of which are incorporated herein by reference.

[0086] "Haze" is defined as follows. Light diffused in many directions causes a loss in
contrast. The term "haze" is defined herein in accordance with ASTM D 1003 which defines haze

as that percentage of light which in passing through deviates from the incident beam greater than
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[0087] "Chem cal durability” or "chem cally durable"
is used herein synonynously with the termof art
wO elvensed |y resistant™ or "chem cal stabilityPCT/US2008/013033
Chemical durability is determned by an immersion
test wherein a 2" x 5" or 2" X 2" sanple of a coated
2.5 degrflesios tiedyetagat 'Haze" maybesechsuied hateinuby 8 Byk iGardier haze meter (all
sol ution containing 4.05% NaC and 1.5% H202 for 20

haze valie8 UbRn @k nddagitled bGhch FREHY makr sy Abiglveh s @perazhtige bElight
determ ned by the evel and test or the climtic

scattere‘f‘lg088 nga {Hef fetn'n é?ﬁplggéc{ % m i s?n‘é@(l,rgﬁgixgéa é:;, égfs%gﬁe (Rs) is a well

es afrfe to 4'
o 55 e L S NS B B S s

Sanples are placed filmside down over the heated
reportedvint ghmsbpertsquate units, Gerfeeallyrspeaking this tampesbers to thgesistance in ohms
sanpl es 31 WD 2009/ 067263 PCT/ US2008/ 013033 are

for any SQU4RE 6Fla Wivtisystelhbe K glasy Qibsethted6 Al lRSRIE d@det pasdél thidtgh the
progresses, the water drips down the face of the

layer sy@%m.’ Kfiedt EQSIQWCQQ a4 ﬁﬂﬁ@attloﬁ 3f BS&ﬁelpﬂetl I ﬁfagggreslyﬁtem is reflecting

resen
entire d rajion. of the test., Cinmatic Chanber

1nfrarec{ PG} 2 lé%o%qneusg @l%mt}{ gngsw;{y @5 amfAsYIf O, ?ﬁ{i@g aracteristic.
For the statlc hum dity test, humdity is held a 98%

"Sheet resistance/enapufor @xmypl(eFHa)com:m@lttyheeetserqdézyatsm&a tpeins probe
bet ween 45 and 55C in one hour. Measurenents

ohmmei%@rsfuelﬁ ae4 d{speRableIpppineresRiiity probe edthad Magnétrondinstumdents Corp.
days of exposure for measurements. Haze, emissivity,

e LA B SEBAOR 08, et 11

[0087] "Chemical durability" or "chemically durable” is used herein synonymously with
the term of art "chemically resistant" or "chemical stability". Chemical durability is determined
by an immersion test wherein a 2" x 5" or 2” X 2” sample of a coated glass substrate is immersed
in about 500 ml of a solution containing 4.05% NaCl and 1.5% H,0, for 20 minutes at about

36°C. Chemical durability can also be determined by the Cleveland test or the climatic chamber

test, as follows.

Cleveland Chamber Set Up

[0088] Samples are cut down to 4” x 12” or 6” x 12" for this test. The water is heated to
50°C +/- 2°C and the room temperature kept at 23°C +/- 3°C (73° F +/- 5°F). Samples are

placed film side down over the heated water bath. Within a few minutes of exposure the samples
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To calculate delta E: Delta E = (delta L**2 + delta
a*"2 + delta b*"2)"1/2, where the delta L, a*, and b*
W@e@906R63 est m nus post-test neasurenents. [BORLUSIooF013033
cal cul ate percent change in enissivity use this
formul a: Change in emssivity = (E post-test -
are covgried Witsa thi¢kdlgyersd condgnsed water.) As tige mmtbsm drips down the
PCT/ US2008/ 013033 [0092] "Scratch durabilility," as
face of Useddmpdy #idmdvs calrlehsution fyrmisen thelshraplen Candetsed Watertieptesent on
uses a Erichsen Mddel 494 brush tester and Scotch
the samfplds 16y tié4fiARTAslotfor(iiadar from SI C grit adnered  to
bers of a rectangul ar pad) wherein a standard wei ght
brush or a nodified brush holder is used to hold the
abrasi ve agai nst the sanple. 100-500 dry or wet
strokes are made using the brush or brush hol der.
Climatip{rhayeber ¢4 68 by scratching can be measured in three
ways: variation of emssivity, haze and E for film
[0089] si de Sefmiplestaanae .dowite 4’ ast” femthistestc diobihessthtic Humititetest,
i mrersion test or heat treatnent to nmeke the
humidi§ya§ HEIGGQ}BWP&I&\)@ lﬁinl?ildﬁy @2@%51@% tfeﬁxpe%rg% é]éé’ﬁéi%&l 45° and
asing 200 dry strokes"wth a 135g | oad on Yhe sanpl e.
o :The nunber of strokes could be decreased or a |ess
55 C‘"a&j’gfr}’é’é‘%l ve abrasive could be used if necessary. This
is one of the advantages of this test, depending on
the level of discrimnation needed between the
sanpl es, the | oad and/or the nunber of strokes can be

Measu@meuﬁpé}fonﬁqémre aggressive test could be run for
better ranking. The repeatabi I|ty of the test can be

[0090] checkgdBles Y edUhLs P|368§c83] %e xp Fﬁﬁ"e ﬁﬁ"]ﬁeafshllements Haze,

over a peC|f|e peri od
alL treated "heat treating" as used

..t {
m1ss1vH%f%d:ﬁ%§qe r‘%@ﬁ??%@”t”?@s‘éﬁe icle to a tenperature

sufficient to enable thermal tenpering, bending, or
Regelculsta deligtaesii ng of the glass inclusive article.
This definition includes, for exanple, heating a
DeltaHm#@dstaﬂsﬁtﬂaeet—d’r&’l’eﬂrﬂmeature of at |east about 1100
degrees F. (e.g., to a tenperature of from
To calculate delta E:

Delta E = (delta L*"2 + delta a*"2 + delta b*~2)"1/2, where the delta L, a*, and b* are pre-test

minus post-test measurements.

[0091] To calculate percent change in emissivity use this formula:

Change in emissivity = (E post-test - E pre-test)/(Eglass — Epre-test).
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about 550 degrees C. to 700 degrees C.) for a
sufficient period to enable tenpering, heat
wa@teogngzheni ng, or bendi ng. [0094] The term " SBCHUSHO%013033
Gain Coefficient (or SHE)" ("g") is well known in the
art and refers to a neasure of the total solar heat
[0092] gai n t$ueretghdurabililitpit as syt lenein é defingd bydhe fodlowiing fedlehe test uses
sol ar radiation. 33 WD 2009/ 067263 PCT/ US2008/ 013033

a ErichdeH 396de] Wbk BaSh et antd SRoich Brita 7248 abragivedeiadd RoxalSiC grit adhered
terms listed below are intended to have the follow ng

to fiber: }eggﬁ éJHa %}%P% 'és{aﬁaydq’ﬁ %lﬁ%rﬁhl o moaqf%a brush holder is used

tani U

kel d ch d
to hold &{e@&)al n anl f t};g]siarg €g t@ﬁ%‘?ﬁ’aﬁ%gﬁ ngtn;ttxg))l((Ies gre ma e usmg tge brush or
substoi chionetric. N OC an alloy or mxture _
brush haldert dParhags causdddyy sematclihg oan beme@iupgd\Rghregivgys: variation of
reactively sputtered silicon alum numnitride.

emissivivpHaz€ bhdB forfilebide Yefldetdnky. TRiMéstarbbel codfibined 9ith%héNmmersion
e sputtering gas is a mxture of Ar, N2, and 02.

test or h@ﬁtﬁﬁrﬁg’?mt t0 Q?hag&%tmé & v?sﬂgs or od %Jstugg /Kf"ﬂp%&%%&d using

I's nDre or ess I'ng

200 dryasigl(%%ﬂ? 5353' I bah ATl JHe T LB b b decreased or a

1-20 wei ght%AI The sputtering gas typically is a
less aggrrssive pbrasive spyldie usadifoRcesseyebia it onsrofithe adieantagex of fhis test,
and the sputtering power, the material is nore or |ess

dependif® 80 thy ledel ofdfNcyiRinatichaiedsthetweditheangledntha labd and/or the

oxi de. Sputtering target typically contains 1-20
numberggisMeos/"céll be AdiBsRRYA hfdrk A8ed@ivd Rstiolldbe i 18f bdifer #fing. The
repeatability of the test can be checked by running multiple samples of the same film over a
specified period.
[0093] The terms "heat treatment"”, “heat treated” and "heat treating" as used herein mean
heating the article to a temperature sufficient to enable thermal tempering, bending, or heat
strengthening of the glass inclusive article. This definition includes, for example, heating a
coated article to a temperature of at least about 1100 degrees F. (e.g., to a temperature of from
about 550 degrees C. to 700 degrees C.) for a sufficient period to enable tempering, heat
strengthening, or bending.
[0094] The term “Solar Heat Gain Coefficient (or SHGC)” (*g”) is well known in the art

and refers to a measure of the total solar heat gain through a window system relative to the

incident solar radiation.
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Zn,, SnyAl OW reactively sputtered zinc tin (alum num
oxi de. Sputtering target typically a zinc tin alloy
wowdaob/oepss onal Al doping. The zinc tin all oy cPOPUS2088/013033
wide range fromzinc rich to tin rich alloys. The
sputtering gas is a mxture of Ar and 02. Zr
[0095] zi r cokinlgss Sthenisg Yt 06, 253adailivnabroms 1ot b8BwW astintended to have
coating one or nore coatings applied to a substrate
the folldRinghnéd@ishgthiatpeificatibe. optical properties of the
substrate | owe stack transparent substrate with a | ow
Ag heat em ssigfi{;y optical coating consisting of one or
nore | ayers barrier |ayer deposited to protect another
| ayer during processing, especially a heat reflecting
silver Iayé’?@rg‘ﬁﬁ)ﬂ“ﬁ?%i de better adhesion of upper
| ayers, may or may not be present after processing.
NiCrO4 ayer a t hianleHey er mixtuee confaaning aiokalboxidé andcliromivm dxide.
chem cal conposition bounded on each side by an
interface Oxidatinctdiey mayakFRss stoichiihéric 8 subivichi@metric.
different function and/or chem cal conposition.
Nicr DePostited LauAbyor MRl colBiniighicRel MlataEihial.t of
processing due to reactions during processing.
. ) r*, as used herein .enconpasses g .thigkness of .
SIAIN ESE o Foptl Vel B A B S pieon, Sttirae e tpically
at nosphere (such as, for exanple, the top |ayer or
prot ect i vecentansda20 weight”o iAd. Bhesmttering gasig la mixture of Ar, Ny, and
surnmounting the other |ayers in the stack).
co- sput t er Oag Dependanaoe thesgas miktuee ampthespottaing josier ahe material
fromtwo or nore separate sputtering targets of two

or nore di {f@hRMYr 18RLELBIng. The resulting

Ti0;

SiAIN,Oy or SiN,Oy reactively sputtered silicon aluminum oxy-nitride. Sputtering target
typically contains 1-20 weight% Al. The sputtering gas typically is a
mixture of Ar, Ny and O,. Dependant on the gas mixture and the sputtering
power, the material is more or less absorbing.

ZnAl,O, reactively sputtered Zn aluminum oxide. Sputtering target typically
contains 1-20 weight% Al. The sputtering gas is a mixture of Ar and O,.

Zn,SnyAl,O,, reactively sputtered zinc tin (aluminum) oxide. Sputtering target typically
a zinc tin alloy with optional Al doping. The zinc tin alloy covers a wide
range from zinc rich to tin rich alloys. The sputtering gas is a mixture of
Ar and O,.

Zr zirconium
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deposited coating may consi st of a reaction product of
the different materials, an un-reacted m xture of the
woemonanget materials or both. Intermetal lic APCEUBZNNS013033
phase in an alloy system conposed of specific
stoichionetric conmpound proportions of two or nore
optical oedtalg | ¢ elomewnttore dbatinge bpplicd| te aBnbsrats whichltegedtlien affoct the
interstitial bonded rather existing in a solid
sol ut  on t xfiellprafertidopif 31RRAR67263
PCT/ US2008/ 013033 " standard alloys. Internmetallics
ften have distinctly different properti.e fromthe . .-
tow-e s 0 a1 © oSt P enbutete v i 8w g ey ERy aurAliente gonsisting
or brittleness. The jncreased hardness contributes to
their superaf@pe gemerekayersesi st ance over nost standard
nmetals or netal alloys. Mechanical Durability This
barrier t er m r ef er dayen depmited tdyprowics enatindréatjer thorimg peicedsings kspecially a heat
durability test carried out on an Erichsen brush
tester (MggflechiBgkilvéi18gera HvilE béther aRESHGT ofippeElayers, ma
0068. 02. 32. The gr ush % g]ﬁiwzfgo grans. The indivi dua?l Ay
bristle di [ ' are arranged in
groups w t%@ag{nglrtrg g‘rbe%e'g:‘yﬁfpﬁ%égsﬁé test is run for
1000 strokes, (where one stroke is equal to a . full .
layer cycle of ofdhiskpess gfmategial hegying A fyrctiop and cherpical cpmposition
sanpl es are brushed on the coated side and subnerged
i n de- i oni bedndwaltar eadhsidedytanantetfaceswith gngthectbiblness of material
[0096] In various enbodiments, the | ow em ssivity

stacks of thagingaQEfBient fAMEHéd &1d/6rdheRidal cdhBodi@bd. OMefBited layers
i ndependent characteristics: transmtted Y of about 30

to about 6%%&(&%% Oﬁ%]g)\é %%g{i’%?’ Prdc? dle t%?eag:ﬁggmng

preferably abou an trahsmitte

val ue which is . . . .
processing. “Layer”, as used herein, encompasses a thickness of material

that may be bounded on a side by air or the atmosphere (such as, for
example, the top layer or protective overcoat layer in a coating stack or
surmounting the other layers in the stack).

co-sputtering Simultaneous sputtering onto a substrate from two or more separate
sputtering targets of two or more different materials. The resulting
deposited coating may consist of a reaction product of the different
materials, an un-reacted mixture of the two target materials or both.

Intermetallic A certain phase in an alloy system composed of specific stoichiometric

compound

proportions of two or more metallic elements. The metal elements are

electron or interstitial bonded rather existing in a solid solution typical of
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negati ve, nost preferably about -1 to about -6;
preferably a b* value which is negative, nost

w@e@bosrhd y about O to about -6; RgY of about BCT/0S2008/013033
about 20, nore preferably about 10 to about 18, nopst
preferably about 11 to about 17; Rga* which is
negative, ntmtarndralibys. alnteymatatlids oftenthavabistibctly different properties
preferably an Rgb* value that is negative, nost

preferably froh tHe eMettal-constifhents gﬁtl‘éﬁﬁﬂy fReHsed hardfess or

about 12, nore preferably about to about 10, and

nost prefera t, - ; LA i .S -

negat | ve,  PoieheBErte el 88thneds coptifbiey 8B iberior scrateh

preferably an Rf b* of about, -10 tpo 36 WD 2009/ 067263

PCT/ US2008/¢sis5en$8 ovelpast siapdardrpetalspranetalabloys.apout - 6

to about +6; and a SHGC of about .10 to .30, up to
Mechamatzdut .34, nore preferably about .15 to about .28,
Durabilitpst pr ef erTaby tyrmabefeits (ulesst thadse noted. to AR Bush@urability test

further illustrate the invention, the foll ow ng

non-limti . i i
[0008] 1 n {Hees PEaRin Bindn BhushEals (el #EH iz amvign brush
| ow-e coati I s _deposi | ass .substrate t e
forma st a&@%‘?ﬁgwﬂg%(ﬁdg%@rﬁgﬁﬁ&% M?‘éﬁﬁ‘g{q gams. The individual
A ass/ 12 nmoxide/ I Omm Ag/ 2 nmN C O/ 4nm N Cr/ )
- 72nm oxi debristhadipmgter {3 maney Bristlensre rrangedas greupsivith a diameter
/| 7nm SiN. The oxi de can be sputtered froma Ti, Zn,
Sn, ZnSn abf éynmpMThBitest & meatforl EO00stioltes (vehere omgirakeds equal to a
Nb2C6. The oxi de may conprise up to about 20 wt %

pref erabl y fipcich sfHEbadl akd WrFhoticH ofthEBRIR). P Anfhes are

Al or B, or simlar such elenent to make the coater
t ar get congu tional .

ctiyve. .The i.N topcoat is.0 This., .
excerpl i 11 ogr el P eiated s B PneraRo 3P ke ol during the
color with a* ~and b* negative. The SHGC i s bel ow
0.30. The bBrbiNg@roeduten accept abl e nechani cal and
chem cal durability. EXAMPLE 2 [0099] In the present

[0096] exanplrevarsuk embediowats, thy low aissigity stdclaofahe pasent invention exhibit
substrate to forma ,
the following independent characteristics: transmitted Y of about 30 to about 62, preferably
about 35 to about 55 and most preferably about 40 to about 50; an transmitted a* value which is
negative, most preferably about -1 to about -6; preferably a b* value which is negative, most
preferably about O to about -6; RgY of about 8 to about 20, more preferably about 10 to about 18,
most preferably about 11 to about 17; Rga* which is negative, most preferably about -1 to about -
7; preferably an Rgb* value that is negative, most preferably -1 to about -7; Rf Y between about
2 and about 12, more preferably about 2 to about 10, and most preferably about 2 to about 8;

Rfa* which is negative, most preferably about -2 to about -20; preferably an Rf b* of about -10 to
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stack having the follow ng configuration: about 1/8
inch dass/ 0-15 nmdielectric/ 2-10nm nucleation
wo aye/067283 15nmAg/ 0. 1-4nm barrier/ 0. 2-8nm AbspebiUsH08/013033
| ayer/ 40-75 nmdielectric/ 2-10nm nucleation |ayer/
8-18nmAg/ 0. 1-4nm barrier/ 0.2-8nm Absorbing | ayer/
about +10,-m@st prefexhblyl about 16cto abowtctitand AHGC @if abouti. 10 a0 to about
an oxide (as in exanple 1) or a nitride or an

34, mofotreferbly @60 71380 a¥30.28 6rad&tprEferablisaid8/20%3@Beut0ds.Si |
mosl%e S|$é> SiZr and it may cgprft ain up to about 20 vvt%

[0097] pr ef eg‘ﬁg’.\ﬁﬁgémllﬁ ?%J gtlré\;(')eg 1% %g?olg%%]gghgﬁl}?ﬁ{mngc‘ rl]ne;ﬁés are also

ucI eation layer inproves the properties of the Ag
prov‘dea'ayer and is typically based on Zn oxide with up to 15
wt % of other elenments such as Al, Sn or a conbi nation
thereof. [00100] The barrier protects the Ag agai nst
the attack of the plasma when sputtering the
dielectric atop. It al sSEXANMPOES the chem cal
durability by controlling the diffusion of aggressive

o) P, RSB AR\ i LS n
glass subFRip  orE AUARKOIAITE (DGO HEE SORREUIROTE iRk o oxide/ 10mm

positive inpact on the chem cal and nechani cal
Ag/ 2 netNiGirOi{ gnmANi€inf T2ri exideptioam Aigh2hmde€rOut 3nms N6t/ 23nm oxide /
limted to C, ZrSi, or silicides. Typically, the

7nm SiN oo akideaan de @pﬂ’(erraﬁfrbllﬂga TRZd[ Sn,COiRacdIRE, $:0B1 thget The oxide may
underlying dielectric. If the dielectric is an oxide,

compns‘é IT\ﬁ)zb? pTB@BxWelnlla)}:&ngﬁﬁe Qb b Iﬂﬁoxﬂ%%ﬂ%'p?eﬁ%%ﬁ}pﬁ)dabout 10 wt% of

bove“or a nitride an - oxy-nitride (for

Al n al ternativ

an elemafftew@taﬁ AVor B F sy uct fleden ot et letertpondugtive. The
can_ advant ageously be an oxi de, such as, wthout

SiN top¢qatis entional. Hrispxemmp gi@coagﬂghas Ay @gqglmg)qranpp'ggance color with a*
EXAMPLE 3 [00102] In the present exanple, a lowe

and b* magativel JThesSHEAD0IS belev @802 Thk asstirp lixstanateeptablé micchanical and -
stack having the follow ng configuration: about 1/8

chemicdl GGRAbHALRSs/ 3-15 M Si Al xNyOw / 3-10nm

EXAMPLE 2
[0099] In the present example, a low-e coating is deposited on a glass substrate to form a
stack having the following configuration: about 1/8 inch Glass/ 0-15 nm dielectric/ 2-10nm
nucleation layer/ 8-15nmAg/ 0.1-4nm barrier/ 0.2-8nm Absorbing layer/ 40-75 nm dielectric/
2-10nm nucleation layer/ 8-18nmAg/ 0.1-4nm barrier/ 0.2-8nm Absorbing layer/ 10-40 nm

dielectric/ topcoat. The dielectric can be an oxide (as in example 1) or a nitride or an oxy-nitride

37



ZnAl yOx/ 8-12nm Ag/ |-4nm NN CrOx/ 1.5-3.0 nm
Ni Cr/55-65 nm Si Al xNyOw / 3-10nm ZnAl yOx/ 10-15nm Ag/
waz2eeeetrOx / 0.7-2.2 nm N C/ 24-32 nm Si Al Re&/O82008/013033
optional top <coat. The top coat, if included, can be
chosen from but is not limted to 1- 5nm C, 1-10 nm of
of Si, Sgd, BB, SBoABHY 183 CPURIUSLBOHLOL DS, Rre2ablybp Ky SHawe 10 Wt% of
The coating in the present exanple exhibits a |ight

an elemkfifgsch dstAlnad Bifto axie thedctiter targadubiudh Tas naElestiviEldyer
on an | GQJ, a SHGC belom1about 0.30, and the

1mprovet,srtﬁ@ fspteaﬁa@ %% t}féOAgiay'eF fg,l H&géehs&ﬁ%ﬂ@kid%%ﬂa P B5 wit% of

to a bl ue hue. 8" coated

coa n |on 2, and 1/8" clear
other e‘g‘PS%té, Su%ﬁ qshA]t BT/Oi'a 085‘?? '%*‘ﬂgt I ng has i nproved
and nmechani cal durability. The double |ayer
[00100]N| Cr oiEbNb@ner Arotestssthe deghigaimnsh i attaghoel the plasmgpedien sphttering the
achi eving the sought after properties. Because of the
dielectri®vpeep. i asd membdvexthe thérhealNutiibilitysy coneratlingghe diffusn of aggressive
produced on an existing coater that is primarily

species S8 £35.LD, 130, S Raf oﬁlﬂaﬁ&- barfiers 9 Sde) Ylithb&Qithit&tion, NiCr,

speC|f|c |solat|on of the NNCr sputterlng target. A
ties ., observed in the above
NiCrOx W’?@ ggwgio(%erprp%t\ﬂ ded in the table bel ow
le 1 Exarrpl e 2 Example 3 AeRthetics neutral
[00101 ]neut r &b indigatedy the tapeeat it ortipngb oWhen inelydlsdit cankaie@apositive
durability A od Pood Pond , Mechanical durability good

impact @othe chieaital i ABtHanical ﬂ@lﬂiﬂi@]. Aeitghlespobatixdugdsdut is not limited to
represents a preferred non-tenpered coating, with

C, ZrSi td?'sﬁmsTyﬂ@FIl@’ ﬁeﬁoﬁ&ﬁ@ﬁ%@cﬁ]tﬂ%ﬁ ﬁﬂﬁ’re'c@ QFe'dQQ the underlying

Thi cknesses were neasured with a Tak Pr | onet er.

dlelectrlc N 1 RE Al lé rt]lgc }sha% g‘&‘he & klg]ett%ﬁgosaé Hvth Plg r(])g% Iggkxe materlaris déscribed above or

measur enen
Subsequent Iq;é the top |layer was_turned off_in
a nitride AP YSTHINAEH DRSS GBS ANk e aléemhféve when the

dielectric is a nitride or an oxynitride, the top coat can advantageously be an oxide, such as,

without limitation, ZrO,, ZrSiO,, SnO,, ZrOxNy, or TiO,.

EXAMPLE 3
[00102] In the present example, a low-e coating is deposited on a glass substrate to form a -
stack having the following configuration: about 1/8 inch Glass/ 3-15 nm SiAlxNyOw / 3-10nm
ZnAlyOx/ 8-12nm Ag/ 1-4nm NiCrOx/ 1.5-3.0 nm NiCr/55-65 nm SiAlxNyOw / 3-10nm
ZnAlyOx/ 10-15nm Ag/ 1-4nm NiCrOx / 0.7-2.2 nm NiCr/ 24-32 nm SiAlxNyOw / optional top

coat. The top coat, if included, can be chosen from, but is not limited to 1-5nm C, 1-10 nm of

38



top Si AlOyNx | ayer was neasured. This was repeated
wth [ayers turned off one at a tine, until |lastly,
wo b@oloetzsdm Si Al OyNx al one was neasured. The arPCT/USZY8/013033
of the nmeasurenents is approximately 0.5nm LAYER
I ndi vi dual layer 39 WD 2009/067263 PCT/ US2008/ 013033
Zr0,, ot ArSip.eThe coatingtin pheJprasetk biyamdfe 4xhibitpa Nghl trahsmittahge of about 42%
13.5 ZnAIOx 6.2 md SIAIOxNy 68.2 bot NNCr 3.0

to aboul6% Qs theadufd cHoarBIGIEW S IR Ch dow BBbut .3, EXdhedrnSmittance color is
EXAMPLE 5 [ 00104] The present Exanple reéepresents a

referred r e _caat | ' I " r .

oy anf G L P RS 5h  TRL G RSLAF Ty BouRHR wit e
i.nvention. Thicknesses were neasured. wth kt ak

coating in BeSi{igfa+and 148" qlﬁar%ﬁp\yiéh 3 15 e Thg cpﬁg@alsj?mproved chemical
nmeasurenents, the top Si AlOxNy and carbon topcoat

and methaniciehdwsbidityvdihe doobledaypa NaCeax/NiGeinthislexample has a positive impact
estimated to be approximately 5 nmthick, thereby

in achieﬂ‘ﬂig thE séupit ARG properts\YBERUKS ofaRO 5k fTAbEAONDT tREINiCr, the
LAYER | ndi vi duaﬁ%ﬁ%ayer &é
coating can be produced on an existing coater that is primarily dedicated to low-e coating. It

does not require specific isolation of the NiCr sputtering target. A summary of the properties

observed in the above exemplified stacks is provided in the table below:

Example 1 Example2 Example 3
esthetics neutral neutral neutral

HGC below .30 below .30 below .30
Aesthetics cood sood sood
IAncular stahilitvy oood sood sood
Humidity resitance gsood good oood
i bilitv sood o0od soad
|ﬂ£\:]’1echanical durability . good good good

EXAMPLE 4
[00103] The present Example represents a preferred non-tempered coating, with thickness

data, in accordance with the invention. Thicknesses were measured with a DekTak Profilometer.
In measuring the thicknesses, an initial thickness measurement was made on the entire stack.
Subsequently, the top layer was turned off in the coater and the thickness of the stack minus the
top SiAlOyNx layer was measured. This was repeated with layers turned off one at a time, until
lastly, the bottom SiAlOyNx alone was measured. The accuracy of the measurements is

approximately +0.5nm.

LAYER Individual layer
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t hi ckness (nm

t op

Si Al OxNy 38.6 and carbon

t opcoat

top NCr 0.1 40 WD 2009/067263 PCT/ US2008/ 013033 Ag

wa3008/08n48 Ox 9.4 md SiAlOXNy 67.4 bot N Cr BCBHUS2008/013033

NNCrOx 1.0 Ag 9.8 ZnAl Ox 10.7 bot Si Al OxNy 23.3

EXAMPLE 6 [00105] The table bel ow represents optical
and el ectrical peasurenents |t akbickoéssqaat)i ngs in
accordance wi t hfembodiments of the _inventioh. The
"lowg A" produgttopSiAlDxMyiejal ed pPdduct oh which no
heat treatnent Was carried olut. The "Towg " product
is a tenperabl e pr d@RCT whi ch i nd-tides a opcoat in
accordance withjthe ipvention. "BB'_ represepts
measur enents taken ore tlenperidgand " AB"
represents neasprenents\taken after6 enperi pg. "N A"
i ndicates no ng 2 i ng
generation of tjin?id%qrﬁd))?]%' r exangke. lowg A (no
heat treatnent ow-g 2 .
bot NiCr 3.0
NiCrOx 1.3
Ag 10.6
ZnAlOx 9.0
bot SiAlOxNy 23.0
EXAMPLE 5

[00104] The present Example represents a preferred temperable coating, which includes a
carbon topcoat, in accordance with embodiments of the invention. Thicknesses were measured
with a Dektak Profilometer as in Example 4 above. In these measurements, the top SiAlIOxNy

and carbon topcoat thicknesses were not separated. The carbon is estimated to be approximately

5 nm thick, thereby making the top SiAlOxNy layer approximately 33 nm.

LAYER Individual layer
thickness (nm)
top SiAlIOxNy 38.6
and carbon
topcoat
top NiCr 0.1
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done) BB only BB AB Transmtted Y (nonolithic on 1/8"
glass) 44.7 42.9 45.37 a*t (transm ssive):

w@ pnobizehi c on 1/8" glass) -5.1 -.51 5.3 Db*tPCT/US2008/013033
(transmi ssive): (monolithic on 1/8" glass) -4.3 1.59
-4.3 RtY (outside reflectance): (monolithic on 1/8"
glass) 11.5 11.4 11. AAga*g (joutsi dé3refl ect|ve):
(monolithic on I8 —gtass) -|I. 7 -&4.8 2.7 p*g
(outside reflecfivednAlGwnoljthic dhd1/8" g|lass) -4.2
-6.7 -4.6 41 WY 20097067263 [PCT7TUS2008/ 0I130B3 SHGC:
(in 1QUY) 0.23 NMWSAAI@,@IE 26 N AGRHA Toitraviol a
0.178 NA NA @ lll\g .©P Transmitted LE* (delta
L*a*b*) (nonol i{hi % 98" gl ass) 312 .1 dhss side
reflection tE* deI q, a*b* (monq, |bthIC oh 1/8" 3.1
gl ass) EXAMPLE X The present” Exanpl b
represents a sumary “the speci f|§§t| ons pf various
coatings in acpordance with the préesent inyvention.
Optical and el eptrigahigyopefties qb7non t eprper ed and
tenﬂper abl e coat gs—-R—accordance—w th-certhin
enbodi nent s of r&tlsmxmmpn woul doggll within the

I
speci fi cati ons set—foerth—i+n—the—table—be

Fow. 42 WO
2009/ 067263 PCT/ US2008/ 013033
EXAMPLE 6
[00105] The table below represents optical and electrical measurements taken of coatings

in accordance with embodiments of the invention.‘ The “low-g A” product‘ is an annealed product ‘
on which no heat treatment was carried out. The “low-g T” product is a temperable product,
which includes a topcoat in accordance with the invention. “BB” represents measurements taken
before tempering and “AB” represents measurements taken after tempering. “N/A” indicates no

measurements were obtained during generation of this particular example.

low-g A (no

heat treatment low-g T

done)

BB only BB AB
Transmitted Y (monolithic on 1/8" glass) 447 429 45.37
a*t (transmissive): (monolithic on 1/8" glass) -5.1 -51 53
b*t (transmissive): (monolithic on 1/8" glass) -4.3 1.59 -4.3
RtY (outside reflectance): (monolithic on 1/8" glass) 11.5 114 11.9
a*g (outside reflective): (monolithic on 1/8" glass) -1.7 -4.8 -2.7
b*g (outside reflective): (monolithic on 1/8" glass) 4.2 -6.7 -4.6
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Nor mal I ncidence Col or Specification for |owg

coatings Transm ssion Qass Side RFilmSide R Ty a*
wh200R@&7263 b* RFY a* b* NC Rs SHGC M n 42.0 -BCDUS208§013033

10.0 -3.0 -3.0 2.0 -18.0 -4.0 2.0 0.22 Max 46.0 -3.0

-1.512.0 -1.0 -6.0 6.0 -10.0 4.0 2.4 0.25 EXAMPLE 8
SHAD iOAU)The present Exanpl e represepts &23ubstrava N/A

faving a coating in accordance wth| the_invefption. [As
Sthoted. an optional carbon topcoat (pot &éhi ct xd\w‘éar NA

rbe enployed in enbodinents intendefl toop@ su Jq\gkec N/A

“F”A"’"% QW‘I’\QV‘I Re—oF haat treat-reRt and nrof Ay A L
H 3 IIIII AL TTLCTIL CATTU \J r.lt A\ B I @ § | y uu\uu

1
R3 Nnmto about 5 nmin thickness. The o3 onall topcdat 19
s preferabty ot 1nct uded I enbod[ments_ no
Trimgmstpdielf (Ei*éta héa*p? ﬂ'ﬁ@P’e‘chG? 1/Begdass)t r eqt ed. Such 12.1
refer, herei,n fis "annealled. "
Glﬁsss’gere{igreﬁl WS ‘gegasffaorsf °é1°léx"é°" ll%%fl bd embodi mpnt shdwn >
te- Af‘c--rﬂf‘y vith—respectto—the

dielectric and Ag layers is in the range of about 20%
The thickness of the NCr |ayers can be plus 200%
m nus 20% I n anneal ed EXAMRBE,7 t he ZnAl Ox | ayers
typically are thinner and nay be as | ow as 60% of the

val RAEX 1B Pefraftn®s D&l oA ViR Jebidiciti Ghaadf ti
[00106] 21?1% I{?,%)slt(:'cknez{s]]rsIIS neﬁr top Sln%{i’z&yw 31 p{eop cN| Cr .vanous coatings

mccorlie i ORI 258 T, AT R ko2 Plomperd nd

temperable coatings in accordance with certain embodiments of the invention would fall within

the specifications set forth in the table below.
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bot NNCr 1.1 Ag 11.2 ZnAlOx 7.7 bot Si Al OxNy 24.2
Substrate [00108] The descriptions of the materials
woewemeizes t he table are as follows: Si Al OxNy -PETYUS2008/013033
enbodi ments represented by the present exanple, this
material is reactively sputtered froma silicon /10
weight percent aluminumrotatable cathode. The
reactive gafornfal ridfachte RS UIERRE For o2 s 100
oxygen. This material is used or the botton1 m ddl e,
ad top prl THry diretectric |ay._|b r\lilluugll
st oTxhimissionr y |var i aGleidgle®an ocpur FilwBide®/er {o | ayer
and from production run to productl on run, all of the

Si. :xny L he gent, e l e sub-
s?g: thﬂEp%IC nSLff|C|=ngpnit?%§ eh &nd oxngnNng SHGC
to agh al

—pr-esept—HA—thg-sputtleri-nglgas—fpr thbh Si-A

Min (f4B.0 ¥ -6.edctesl joxgoni|t r3de] Ao .6 afi.gs) n4bha | ayer 0.22
are apprdxi matlel y Sil40o. 4Ns. ZhAl Ox| - | n|enbogli ments
repr esentjed by the preseny exanpte, [N s rertar 13
Max r‘té;‘h i¥Rlly-1-S5gut!e8r ¢d - ¥ om $%i hcb9 1| 5108e| gh® per @ént 0.25
al um numlr ot atlabl e @r_pl ahar_cak hodel The| sputtering
gas consists of argon and sufficient oxygen for the
oxide to be deposited in a fully oxidized state. This
| ayer serves as a nucleation |layer for the silver and
is consistent with such layers conmonly described in
|l ow-e patent literature 09/ 067263

PCT/ US2008/ 013033 Ag - FﬁééW§§§' nts represented by
the present exanple, the silver layers may be
sputtered in pure argon or, alternatively, a snall
[00107JanpunThepressey &WWCD@S%IU%I@ qubstiate lewvingencdating én adcotdance with
mechani cal durability in the tenpered version, but is

the invefitién. aAvayted E@cagdanlcarbbrGopeodt (na epididd 8irsbe employed in
represented by the present exanple, this thin,

embodiMERt HiEAded tObe BaW;ELEd td RHfPering or heat treatment and is preferably about 3

nm to about 5 nm in thickness. The optional topcoat is preferably not included in embodiments
not intended to be tempered or heat treated. Such embodiments are referred to herein as
“annealed.” Layer thicknesses for the exemplified embodiment shown below are approximate.
Accuracy with respect to the dielectric and Ag layers is in the range of about £20%. The
thickness of the NiCr layers can be plus 200% minus 20%. In annealed coatings, the ZnA1Ox

layers typically are thinner and may be as low as 60% of the values noted in the table below.

LAYER Individual layer
thickness (nm)
top SiAIOxNy 31
top NiCr 1.6
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sputtered on silver is deposited from DC pl anar
targets and is sputtered in argon only. In this
wezanpbre3t hese |ayers are fully netal lic exceptT/82008/013033
unintentional inmpurities such as gas crosstalk from
nei ghbori ng cat hodes. Carbon - Tenperabl e versions of
the exenplified|embodagent ufilizeia43-5nm{hick
sputtered carbpmtopcoat—astheouternost—{ ayer,
whi ch is DC nmaghet romAKputtered in &tgon. [DO109] In
the present exaffpte, gas disgripurions for al
materials are symutSiAlOkNythe nmadfi’Tne dirgection. In
the across machfne direction, gas flTows for|reactive
materials may bg VRMEETf or| t uni ngt-Eross- machi ne
uniformty. [O00[L10] LA%is prilef erablyge2i n the|various
enbodi nent s des¢rt+bed—herernrthat—the—top—Ay | ayer be
thi cker than the boZisl®Ag |f@ayer ard7the boftom
absor bi ng barri gr—tayer—be tjcker—tham tHe| t op
absor bi ng barri erbdt®ysIOxNy n| t he pRé2ent exanple, the
absorbing barri gr Tayers are N Cr, but, as |noted,
al ternate enmbod| merudsteapl oy] N Cr Ox for such |ayers.)
Such reverse thickness ratios are advantageous in
achieving preferred colors of the stack. It is also
referabl,e that t botto di,electric,l aver i Al. Ox Ny
r00108f" %, RS pEschABbus liny B s A Er e IIe HE RIS Cane
top dielectric 45 WO 2009/ 067263 PCT/ US2008/ 013033
| ayers. Such a configuration simlarly is advantageous
in achieving preferred colors. Furthernore, it is
SiAlOxpivef ém amnbeditemts feheestraed byrtheyseseat example \this nfalerdd] Gxreactively
t he present exanple) be thicker than the top

sputterddUFdng @'si1RBn I/ B FeighBpértet ah@RinufiNodtANe cRhOJ. ARt fefdtive gas is
i nproved nechani cal and chem cal durability. In

ef. ' K . Al .
ot SEFSEH SUBRE) 1 ge Ep AR BB RE LB kAN g, nd o
. Ag:. about 0.8 to about. 1.0 bottom N Cr / t | Cr:
primary figlgeirie Jayers, fél@zﬂnggz.t%ch%?w YADAIGNGEAN OFHR %%Hmaaﬁ% to layer and
About 1.2 to about 2.0
from production run to production run, all of the S1AlOxNy in the present example is sub-

stoichiometric. Insufficient nitrogen and oxygen are present in the sputtering gas for the SiAl to

reach a fully reacted oxy-nitride. Atomic ratios in the layer are approximately Si4Og 4N,

ZnAlOx - In embodiments represented by the present example, this material is reactively
sputtered from a zinc /1.5 weight percent aluminum rotatable or planar cathode. The sputtering
gas consists of argon and sufficient oxygen for the oxide to be deposited in a fully oxidized state.
This layer serves as a nucleation layer for the silver and is consistent with such layers commonly
described in low-e patent literature.
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bottom Si AlOxNy / top Si Al OxNy: about 0.4 to about 0.8
mddle SiAlOxNy / top Si Al OxNy: about 1.5 to about
wWQ@29/0p1263111] It is further advantageous for tPeT/US®08/013033

dielectric to have a |lower index of refraction than

either the bottomor mddle dielectric. Preferred

ranges include: top index: about 1.8 to about 2.3;

bottom or mddle: about 2.0 to about 2.5. [00112] The

Ag - Inefvedimdniartptegeedb tHeSpredeat ExQimpyithesiber Myemsndapd gputtered in

performance. Normal |ncidence Color Specification for

pure ar@f hirdHh&tive®)VF sBiAll ugg)t)fléggyﬁ@m& b-gé?ﬁéﬁn SRt Qi‘ycgen helys with

éction ( rcoat e ectron (coat ed Si
- 6. 0

mechanAc% ghl_)?%&lt& i theéerap@e@ verflz)n@NEutds gota H(lacabs %es% MBX
46.0 3.0 -1.5 16.0. 1 -1.0 -6.0 6.0 .4.0 2.0 2.4 0.25
[00113] "NC Rs" refers to noncontact surface
resi stance and the neasurenent is in units of

NiCr -oOhentsditaénts rdpiesentep dyahe preband ex@nple, thissthiie protectdelod barrier layer
shift, or DE, is greater than 3 for the glass side

S 8544 MUSL o bp g s Ry oo

I\/at I St ack
examplggﬁsﬁ?'ems N RS A PR B oo
Top NiCrO<5.74.7 To A 10.2 11.6
from neighboring cathodes.

Carbon - Temperable versions of the exemplified embodiment utilize a 3-5nm thick sputtered
carbon topcoat as the outermost layer, which is DC magnetron sputtered in argon.

[00109] In the present example, gas distributions for all materials are symmetric in the
machine direction. In the across machine direction, gas flows for reactive materials may be

varied for tuning cross-machine uniformity.

[00110] It is preferable in the various embodiments described herein that the top Ag layer
be thicker than the bottom Ag layer and the bottom absorbing barrier layer be thicker than the top
absorbing barrier layer. (In the present example, the absorbing barrier layers are NiCr, but, as
noted, alternate embodiments employ NiCrOx for such layers.) Such reverse thickness ratios are
advantageous in achieving preferred colors of the stack. It is also preferable that the bottom

dielectric layer (SiAlIOxNy in the present example) be thicker than the middle and top dielectric
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To ZnAlOx 6.5 5.3 Mddle SSAIOxNy 71.0 71.1 Bottom
NiCrOx 2.4 5.2 BottomAg 14.8 14.1 Bottom ZnAl Ox 3.9
wQa2005/06B6s t om Si Al OxN 22.4 24.3 d ass Subst r aper/BS1008/013033
T 3 mm [00114] The present Exanple represents a
substrate having a coating in accordance with the
layers. Bushemcondigurationrsunderly sradyptagaons ircashixming prebaeed colnps.
depi cted) can be enployed in enbodi nents intended to

Furtheri6res i1l preferablt that egiRstiongnedledtRatlayer €24 MK indh€l piesent example) be
preferably about 3 nmto about 5 run in thickness.

thicker t}éﬁﬁ tl%ﬁhgﬂﬂakaﬁcﬂﬂ%?&t g h SBE Btidh ngr% %Hﬁ@?c{déa mechanical

nts not nt en e te

and chemiGEh R Payaiene ”em%ﬁéggegﬁ 1 set%ﬂégx%%e%%éhtgegwmlnto the

in the table bel ow are approximate. [00115] Wth
followingagpgast to the exenplified enbodi nent, thickness
nmeasurenents were nade using a Dekt ak Profil oneter.

bottom &k i/ tdgsARs bboutks to abeatM@re coated with the full stack
to achieve the total stack thickness. Additional

bottomﬁﬁf@'t&ﬁ}\l‘i‘@cattﬁii:gﬁ’@t%‘ibtﬁ‘! r34rning off the upper nost

materia es one ayer at atime until only the

bottom?%m 2‘%% ME sen J?gnlolni(hlel p::urlteirﬁg steps

were measured with the Dek Tak I ndi vi dual | ayer

bottom SiNIOKNE< sers SiddPxNyal abgpt-ddo BRow Qi racti ng t he
t hi ckness of the remaining stack 47 WD 2009/ 067263

middle REATOXISY 0 i HINIOIBy: whdey Ne&ad dbout DS, ef ore t he accuracy
of the individual layers is affected by the accuracy

[0011 i]Of t heis fuRNES a?ivﬁﬂlqgéd'iﬁ%pthg: mle@%c{’lﬁ%‘d(f@ﬂ’o@& 15&@( of refraction
dielectrics (S Al and the silvers (Ag) Is in

[ - 209 he N Cr Ox
than citfef Jbefiom or il d 5 Rﬁeﬁfﬁﬁ THOBRRe hen g iude ™
top index: about 1.8 to about 2.3;

bottom or middle; about 2.0 to about 2.5.

[00112] The present Example exhibits the following color and solar performance.

Normmal Incidence Color Specification for monolithic LowG on 1/8" glass

LowG A Transmission Reflection (uncoated side) Reflection (coated Side)
v a b* RGY a b RFY a b NCRs | SHGC
Min 42.0 -6.0 4.5 12.0 -3.0 -3.0 2.0 -12.0 4.0 2.0 0.22
Max 46.0 30 15 160 1.0 60 6.0 40 20 24 0.25
[00113] “NC Rs” refers to noncontact surface resistance and the measurement is in

units of ohms/square.
In tempered embodiments, tempering color shift, or AE, is greater than 3 for the glass side

reflection color. This is due to the burning off of the carbon layer.
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in accordance with the inventions tend to have thinner
bott om ZnAl Ox than tenperable versions. [00116] The
wale®onsT2bs ons of the materials noted in the exeopUsioogadi3o33

enbodi nent are as follows: Si AlOxNy - In enbodi nents
represented by the present exanple, this material is
reactively sputtered frEyamPiE9con / 10 wei ght

percent al um num rot atabl e cat hode. The reactive gas

is about 90% nitrogen flow and 10% oxygen. This

material is used for the bottom mniddle, and top

pr iRy '4: eteetrHre—tayers—ZRAHO T HRA—eRPpaL FERES
repMatgrialed 1y ¢ fAnnealed Stack(inam) | Temperaple Stacky(in

rea€erhpal v sputtlered frovea zinc | 1.5 wei®t percent

al JifbplSnrAl(thiy ablle or pl 3kdr cat hoge. The SBktering

gapTepMECeOR of argon andg puffici ept oxygengfior the
ox{ §gplay D€ depogited TmgpfulTy okidized stigge. Thi g

la[TQR%nﬁéb db g nuct Edldé.)ll |ayer rolr the §"l3 ver ano

[ h—sueh—ayers cou.un.“ gesertbet—n
|g G’FN erature 17%@ =nboéiere ol

re B@geml‘é@r@et tHe_preserd:? exarmJ the sil @-gr | ayers
ma Bbﬁomp‘ugtered in purét8rgon or|{ as an ddtlernative,
a spettbmamadix off oxygen 3y be adfled. The 1&xygen

hel Bau¥infdiAIORRY4NI cal dosgbiTity [n the tenppered

ve aggguﬁﬁr YD 29 097 uo?z3b1§" CT/US2posT ULJUSS{thl CroR

In HERtS—Feptresentea—uy the—present c}\allpl c;
this thin, protective or barrier Ilayer sputtered on
silver is deposited fromplanar targets and is
sputtered in an argon oxygen mxture. The power to
oxygen flow (sccn) is the nmethod used to estinmate

[00114]0xi daThe present Hxairiphs @presbitCn Qubstraechavaig ® comiag ih accordance with
fully oxidized NCrOx is 10:1. The ratio used in

the inveRfi6h. ChS 2ted0R bitehal LAHLEE EDCIRANES d’é!;;iéi’ed} gn BE 61%%&%8’ in

exenp | fi ed enmbodi nent varies -from

embodlglr%ts dﬁltﬁg(?] Eetnﬁelspg]gctgg Z E"ﬁfﬁﬁ%?’ﬁgfoﬁh er el |a}‘1(|1 ?sdlgeferably about 3
topcoat _as _the outernost | ayer. Th| s material is
nm to aheiH SR nthigknesse / he qmloaplgxgﬁcoat is preferably not included in embodlments

not intended to be tempered or heat treated. Such embodiments are referred to herein as

»<

“annealed.” Layer thicknesses for the embodiment shown in the table below are approximate.
[00115] With respect to the exemplified embodiment, thickness measurements were made
using a Dektak Profilometer. Slides with ink lines were coated with the full stack to achieve the
total stack thickness. Additional samples were prepéred by turning off the upper most material
cathodes one layer at a time until only the bottom SiAlOxNy was present. The ink lines were
removed with Isopropyl Alcohol and the resulting steps were measured with the Dek Tak.

Individual layer thicknesses were calculated by subtracting the thickness of the remaining stack
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[00117] In the present exanple, gas distributions for
all materials are symmetric in the machine direction.

WO poovloe726xr 0ss nmachi ne direction, gas flows foPCT/US2008/013033
reactive materials may be varied for tuning
cross-machine uniformty. [00118] The present Exanple

underné@@ii Phéréfokd'@relatturity 6¥the Ridividhal ¢k taBfebell by the accuracy of the
Anneal ed Tenperable Optical Properties Mnolithic | GU

Lithic | ' LYy 0 .30 0 *poo ..
e YRG! e Py S TR 05 s PR e
i i 0, 0, 0, 0, *
range of 11-8. 376 ks range 6 tha¥ICIp% fayeras 551007k dnnsal G embodiments
Inside Reflection (filmside) 5.7% 12. 4% 8. 9% 15. 0%
in accoxdance] ®itB theaingentions teid-tg hgee thivafer boem Zn¥d Ox than tenperable versions.
SHGC 0. 346 0.305 0.371 0.329 SC 0.40 0.35 0.43 0.38

[00116]-F|_)UV 0 TR¢ dBsciptiOns36f e Afaterfbds e DL @RIMPRfied embodiment are as
CT/ US2008/ 013033 The present Exanple exhibits the

fbuow&follomﬁng col or and sol ar performance: Md G T Y a*t

b*t Rg Y a*g b*g Rf Y a*f b*f NS Rs SHGC Mn 63%-4 0
10%-4 -7 5%-16 0 1.5 0.25 Max 67%0 4 12% -1 -3 9%
-8 8 2.5 0.32

SiAlOxNy — In embodiments represented by the present example, this material is reactively
sputtered from a silicon / 10 weight percent aluminum rotatable cathode. The reactive gas is
about 90% nitrogen flow and 10% oxygen. This material is used for the bottom, middle, and top

primary dielectric layers.

ZnAlOx - In embodiments represented by the present example, this material is reactively
sputtered from a zinc / 1.5 weight percent aluminum rotatable or planar cathode. The sputtering
gas consists of argon and sufficient oxygen for the oxide to be deposited in a fully oxidized state.
This layer serves as a nucleation layer for the silver and is consistent with such layers commonly

described in low-e patent literature.
Ag — In embodiments represented by the present example, the silver layers may be sputtered in

pure argon or, as an alternative, a small amount of oxygen may be added. The oxygen helps with

mechanical durability in the tempered version.
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"NC Rs" refers to noncontact surface resistance and
the nmeasurenent is in units of ohns/square. In
WO eomesRa enbodi nents, AE is as follows: 6 coPOT/USINS/613033
for transm ssion. 10 color units for glass side
refl ection. 14 color units for filmside reflection.
NiCrOxh & embedimehisfrepriesentedebyt the tpheseitaxample, 8is thah, prpgctive or barrier
carbon layer. EXAVPLE 10 [00119] The present Exanple

layer spuftéled @@ Silaecio depdited donh@lahdiqarigets| &wmg)uﬁbfdddh Wh@rgon oxygen
which enploys a 2:1 oxygen:kw ratio in the N Cr

i 0 AN Ry O s
O R SRV Er SR .

Tenperable with 2:1 N C O
in accordance with the presently exemplified embodiment varies from 7.5:1 to 8.0:1.

Carbon - Temperable versions of the exemplified embodiment utilize a 3-5nm thick sputtered
carbon topcoat as the outermost layer. This material is DC magnetron sputtered in argon.
[00117] In the present example, gas distributions for all materials are symmetric in the
machine direction. In the across machine direction, gas flows for reactive materials may be

varied for tuning cross-machine uniformity.

[00118] The present Example exhibits the following optical characteristics:

Annealed Temperable
Optical Properties Monolithic | IGU | Monolithic | IGU
Tvis 65.5% 59.8% | 69.3% 63.1%
a*t -3.29 -3.73 -1.13 -1.87
b*t 3.67 3.66 1.95 2.08
Outside Reflection (glass side) |  11.0% 14.4% 12.2% 15.9%

a*g -1.56 -2.06 -1.48 -1.49
b*g -7.41 -5.36 -3.56 -2.31
Inside Reflection (film side) 5.7% 12.4% 8.9% 15.0%
a*f -13.3 -6.09 -15.9 -9.09
b*f 1.36 1.13 2.92 2.28
SHGC 0.346 0.305 0.371 0.329
SC 0.40 0.35 0.43 0.38

Tuv 0.27 0.23 0.30 0.25
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| Reactive Voltage (anp P Ar 02 N2 Pressure (x10-3
Gas: kW Cat hode Tar et (V) kW (sccn) (sccn) (sccm
WOBRAp/sE63 0 1 Si Al 425.9 194.1 51.9 300 30 344prGr/682008/013033

6.63 2 SiAl 601.3 149.7 51.9 300 30 344 4.22 6.63 5
ZnAl 431.1 179.3 39.3 150 420 0 2.65 0.00 7 ZnAl

The preséift. Ekainple éxliibitsithd 56lloddiig @olbr 86d ddlarGerfoithanced36. 3 29. 8
13 100 20 0 1.12 1.54 20 NNCr 531.8 73.2 39 300 76.4
0 1.96 4 SiAl 604.2 193.5 67.8 300 35 482 1.29 7.11

endch] O]éfm b3 FRBY a“g“b“éh F4 15 p+ NS 8 TbC

DoVGA S BB %o g 0 b d0% 1 4k Te05% haib b Ol o13, D2

heMan h87% 10 (144l 42% Rd'; g3 q9% 5785 ol 3354d, 032
4.59 7.14 21 ZnAl 392.9 133.3 39.5 150 500 0 1.66

“NC RE.réfers ®hofcaiftdetduifdcedreSis@nddindibie thebsi2mOntae in keitsNdf@hms/square.
536.2 31.8 17.1 300 35.6 0 1.56 2.08 26 SiAl 471.6

ol GBI R ] S 2008 855
. g) nf1s for 2

128.2 35.4 300 30 254 7.18
. 8°@°ST§“S_Lf°I:$?SﬁS’§2r?‘?"§88“o 0 2.93 0.00 EXAMPLE 11

e 14 color units for film side reflection.

The color shift is due to the burning off of the carbon layer.

EXAMPLE 10
[00119] The present Example includes a coating having the following structure, which

employs a 2:1 oxygen:kw ratio in the NiCr layer.

LAYER

top SiAlOxNy

top NiCr

Ag

ZnAlOx

mid SiAlOxNy

bot NiCr
Ag

ZnAlOx

bot SiAlOxNy

Substrate

Process run data is provided in the table below:
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[00120] In the present Exanple, an anneal ed version of

a coating in accordance wwth the invention is
w@e@viogrds Description of the stack confi guratPOnUSINds/013033

characteristics are included in the tables below 1In

the exenplified enbodi nent, absorbing barrier |ayers

conprising NNCrOx are enployed. 51 WO 2009/ 067263

PCT/ US2008/ 013033 Material Thicknesses in nn

Anneal ed - 48%ateriYup ramBéralie @ite by dicidxnge More

Preferred Exanple Bottom SiN 13 to 31 nm 18 to 27 nm

22.38 13 31 BottomZnOx 2 to 5 nm3 to 5 nm3.92 2 5

BOTTOM AG, 9 (P 2L pm 12 Tp 18 NM 14776 § 21 Bottom |-~
E‘ 1 les | pm 2_ @P 3 nﬂbg 42 LN M d@t’e%ségl(\hﬁs 10| Gas:kw
athode | Target Y )1 57|} 0 85 [hcdB) 4Bsedhn) TOBRLRPX | APAP nm S t 0 ratio
1 sial 3 W358 OK1gh Y| shQP[A Ryt O 1430M § TH L2 NM 10368 © 14] 663
2 SiAl 1PN PRagr TB1% MTapal O] 7 BT 51683,3 81 TOP ppN 22 T0 663
5 ZnAl 22 43129170 3T 335 PO fhe 2P ybo LYW fp CIgractep kgt Ts 0.00
7 zonl B B8 T8 d b agd f Hsq 0| T AopC ¥ 0 VES' T res’ U | 1066
10 AQ |, 4363~ [ 298 43 1 2100 | 200 I "l 1T T T¥aZ2” 1.54
20 | Nicr L o5318° L .732°1 390t 300, L T7B4 1 O [0 1.96
4 SIAl | 6042 | 1935 678 | 300 | 35 | 482 | " “1.29 7.11
12 SiAl 615.2 208.3 | 68.3 300 30 482 4.87 7.06
13 SiAl 581 202.1 68 300 30 482 4.25 7.09
15 SiAl 540.5 212.3 | 67.7 300 30 482 712
17 SiAl 549.8 2075 | 67.8 300 30 482 4.45 7.11
17A SiAl 505.8 213.7 | 67.5 300 30 482 4.59 7.14
21 ZnAl 3929 133.3 | 39.5 150 500 0 1.66 0.00
23 Ag 565.4 14.6 8.2 100 20 0 1.62 0.00
19 NiCr 536.2 31.8 17.1 300 35.6 0 1.56 2.08
26 SiAl 471.6 130.7 | 35.1 300 30 254 0.85
27 SiAl 500.6 118.6 | 35.3 300 30 254 0.85
28 SiAl 484.4 121.9 | 35.2 300 30 254 4.58 7.22
30 SiAl 560.8 128.2 | 354 300 30 254 7.18
18 C 519.1 133.4 | 34.2 500 0 0 2.93 0.00
EXAMPLE 11
[00120] In the present Example, an annealed version of a coating in accordance with the

invention is provided. Description of the stack configuration and characteristics are included in
the tables below. In the exemplified embodiment, absorbing barrier layers comprising NiCrOx

are employed.
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T Y D65, 10 >/=64% >/ =66% 65.5% a*t (D65, 10 -10 to
0.0 -4.0to -2.0 -3.29 b-t 1365, 10 0to 4.0 2.0 to
wWa 209861863 Rg Y D65, 10 4% to 14% 10% to 12% 1B@&/US2008/013033
(D65, 10 -10 to 0.0 -4.0to -1.0 -1.56 b' D65, 10 -10
to 0.0 -7.0to -3.0 -7.41 R Y (D65, 10 4%to 14% 5%

0 9% {e.%ﬁ“gknegggsin,q,g) Z0to OO0 -16 o -8.0}13.3
o idn._ [0 0.0 10 v U.0T 9_8 U 1.30 5"'%1\(52/[{(1 .40 -40% +40%
T 4.1 s T A L
i caal 3 al lndnr\::n.z 1 1 : | 13
Bottom SN 6514 \135"5@5"5009/ 0p7 2%?&"{?' 2608033033 § 50 EHsotan >
Bottom ZnOx __gpa¢ a¢2d? PIM es—Morp t%'rlCt eri-sti-e—General —Preferred
Bottom Ag Exanpl Q10279 pee kol 12 1d8Pm, _cdoy 5o gde 1478 (lpgs
Bottom NICrOx 10 _10.1d@3@my" 4 g Lol 20 $0ma 2o lpey ™ nge 24804 o !
Middle SN 4.0 2193499 3 ggl ol 97 9d8 Mo 406lt o 2004 10960 11506 43
Top ZnOx 14 404 4 109 nm 510 8 nm 6.52 4
Top Ag 6to 14 nm 810 12 nm 10.20 6
Top NiCrOx 3to8 nm 5to 7 nm 5.68 3
Top SiN 22 to 51 nm 29to 44 nm 36.42 22
Low-E Characteristics
Characteristic General More Preferred Most Preferred
Rs (ohms/sq) </=5.0 </=2.0 </=1.5
En </=0.07 </=0.04 </=0.03
Monolithic Solar Characteristics
Characteristic General More Preferred example
TY (D65, 10°) >/=64% >/=66% 65.5%
a* (D65, 10°) -10t0 0.0 -4.0to -2.0 -3.29
b* (D65, 10°) 0to4.0 2.0t04.0 3.67
Rg Y (D65, 10°) 4% to 14% 10% to 12% 11%
a*, (D65, 10°) -10t0 0.0 -4.0t0-1.0 -1.56 -
b*, (D65, 10°) -10t0 0.0 -7.0t0 -3.0 -7.41 q
RfY (D65, 10°) 4% to 14% 5% to 9% 5.7% L
a*r (D65, 10°) -2010 0.0 -16 to -8.0 -13.3
*¢ (D65, 10°) 0.0to 10 0.0t0 8.0 1.36
SHGC </=0.40 </=0.35 0.346
SC </=0.49 </=0.46 0.40
Tuv </=0.35 </=0.30 0.27
Tuv Damage Weighted
(1SO) </=0.49 </=0.46 0.514
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(D65, 10 -10 to 0.0 -4.0to -1.0 -2.06 b* (D65, 10
-10 to 0.0 -7.0to -3.0 -5.36 Rf Y D65, 10 4%to 20%
a*f (D65, 10 -20 to 0.0 - 16PtDUSBINL013033
-6.09 b*f (D65, 10 0.0 to 10 0.0 to 8.0 1.33 SHGC
</=0.35 </=0.30 0.305 SC </=0.43 </=0.40 0.35 0.20
to U-value 0.30 0.22 to 0.25 0.24 Tuv </=0.30 </=0.25

wa 00i1067285% 12.

4%

0. 23 Tuv Damage [Wu®eiaed (TSO </EF0.49 </=0. 46 0. 464
53 WO 2009/ 067263 (PEhEctds@@98/ 013038 Exanpl § Coat ef]
Set U Anneal ed Tast #24 P|Ar 02 N2| Reactive | : at hode
Target Voltage V|(anp) kW(sccn) (skom (scdm
Charegienigtie x10 3 hPAjenexsb: KW 1 Si Al | B@®errgd197. 9 55, 1 Example
TIJD6300358 3. 28 6.°558%2 Si|Al _494. 2| 2680% 55 (300 30 [3588%
agobs, foopl 6 Si A fﬁglﬂ,ofi) 231.7 55.7] 3Ho3p398 3.09| .373
S RN Y SRR L T R T
R PRI VA7 T 98 IO T Y LT PR YV
a4 (PeR1EY 6 07 -10t0 0.0 -4.0t0-1.0 -2.06
b*, (D65, 10°) -10 t0 0.0 -7.0t0 -3.0 -5.36
RfY (D65, 10°) 4% to 20% 10% to 15% 12.4%
a*; (D65, 10°) -20t0 0.0 -16 to -8.0 -6.09
*1 (D65, 10°) 0.0t0 10 0.0to 8.0 1.33
SHGC </=0.35 </=0.30 0.305
SC </=0.43 </=0.40 0.35
0.20 to
U-value 0.30 0.22t00.25 0.24
Tuv </=0.30 </=0.25 0.23
Tuv Damage Weighted
(1SO) </=0.49 </=0.46 0.464
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4 Si Al

671.3 212.7 66.4 300 30 405 5.25 6.10 13 Si Al
wWQ 109561363 1 300 30 405 4.74 6.13 14 Si Al
300 30 405 4.24 6.14 15 Si Al
405 1.03 6.15 16 Si Al

495.9 247.1 66.1 300 35 405 2.93 6.13 12 Si Al

4.29 6.15 17 S Al

579.9

474 PEBHUS2086013033
531.8 222.6 65.9 300 30
480. 3 209.9 65.9 300 30 405

583.3 211.8 65.9 300 30 405 4.57

Eariite CIAEr St Op Anfeaich 7240424 65- 8 300 30 40574. 43 ©. 16
18A ZNAr 361.]L 147.]6 29.8 50 390 ¢ I. I8 IB. 09 22 Ag
6672262 I P 1004 0 7 Pog0 19TNeCTr 6126 38. 1 Reactive
athode | Target | Vaiagd (WOQahBR [Ak®) 8.(2éccm3S Bistbm#83] &cdfft. 3| Presdurd 0A03BPA) | Gas:kw
1 sial | Ss3rel- 1219791 588 Si Alzog43[ 9 1fp5. 8[4/388 300 30 33Ps 6.50
2 SIAl | 248D 710806 ¢ 7| SeA [4830d /7[5 4 300 3@58339[2. 03 4426 6.51
6 SiAl 2811 AT 387 3 158 47. 8ogUU[ 3U 3339 . 134 U9 29 Sl3fdg 6.43
5 ZnAl 44485 fEWA‘}‘LL’/‘.AZngLU ngBJJ S3Bp 7{08 30 Pl AT 54449 11.95
o[ ng | LEsT A8 108G/ S8y 7[00 9% YO ZHOITPOT203 000
20 NiCr | ' 574.7-°9° A 4202938 °°‘”iB & #5058, 4C31 Angeat¢d 7.77
11 SiAl_| BNEZY ANk ?‘hﬂ&”"",i“‘ 5 Lkiqauu“"i"‘“‘e'é@n”‘ 6.07
4 SiAl 4958, |»2471 1 66.1 FY S 709990850 POV g3 6.13
12 SiAl 6713 | 2127 | 664 300 30 405 5.25 6.10
13 SiAl 579.9 2175 | 66.1 300 30 405 4.74 6.13
14 SiAl 474 2559 | 66 300 30 405 4.24 6.14
15 SiAl 531.8 2226 | 65.9 300 30 405 1.03 6.15
16 SiAl 480.3 2099 | 65.9 300 30 405 4.29 6.15
17 SiAl 583.3 2118 | 65.9 300 30 405 4.57 6.15
17A SiAl 545.7 2291 | 65.8 300 30 405 4.43 6.16
18A ZnAl 361.1 1476 | 29.8 150 390 0 1.18 13.09
22 Ag 667.2 262 | 175 100 0 0 ? 0.00
19 NiCr 612.6 38.1 23.3 100 192 0 ? 8.24
25 SiAl 483.8 1943 | 477 300 30 339 1.72 7.11
26 SiAl 4439 1958 | 479 300 30 339 4.99 7.08
27 SiAl 489 1775 | 48 300 30 339 2.03 7.06
28 SiAl 384.3 186 47.8 300 30 339 5.1 7.09
29 SiAl 479.7 1852 | 47.9 300 30 339 5.66 7.08
30 SiAl 524.9 1777 | 48 300 30 339 3.83 7.06
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b* (D65, 10 3.67 3.66 Rg Y (D65, 10 11% 14.4% a'
(D65, 10 -1.56 -2.06 b'" (D65, 10 -7.41 -5.36 Rf Y

WO D88/ 067263 5. 7% 12. 4% a*i D65, 10 -13.3 -6.09 porisies913033
10 1.36 1.33 SHGC 0.346 0.305 SC 0.40 0.35 Tuv 0.27
0.23 Tuv Damage Weighted (1SO 0.514 0.464 EXAMPLE
12 100121] In the present Exanple, a tenperable

version of a coating|in accordance witlh the inyention
i § qappws ded. Description of thej stack [configuration
angiseHACITARIeaRl | CS aMdnbilGE BB Sbiar Chidisctdrigtidses | bel ow.
In the exenplified efpbodi nent, jbsorbijng barri el
| ayers gompidrslidld N O Qfonofihie el oyed. SHeyD
2(097 067 ¢ 5Phop) USZ0UBT Ude3iig3™ VBT eri gl Ty skNegses i n
nrn_ﬁmﬁl‘- - 16 erable40% 9% Mre -tgver Prefefred
Range— PR P8P W) Evampl o 3.29 -3.73
* (D65, 10°) 3.67 3.66
Rg Y (D65, 10°) 11% 14.4%
a*, (D65, 10°) -1.56 -2.06
b*, (D65, 10°) -7.41 -5.36
Rf Y (D65, 10°) 5.7% 12.4%
a* (D65, 10°) -13.3 -6.09
b* (D65, 10°) 1.36 1.33
SHGC 0.346 0.305
SC 0.40 0.35
Tuv 0.27 0.23
Tuv Damage Weighted
(ISO) 0.514 0.464
EXAMPLE 12
[00121] In the present Example, a temperable version of a coating in accordance with the

invention is provided. Description of the stack configuration and characteristics are included in
the tables below. In the exemplified embodiment, absorbing barrier layers comprising NiCrOx

are employed.

55



Bottom SIN 15 to 34 nm 19 to 29 nm 24.32 15 34 Bottom
ZnOx 10 to 23 nm 13 to 20 nm 16.50 10 23 Bottom Ag 8
W0 00020671263 11 to 17 nm 14.06 8 20 Bottom N Cr QRCBUSN0F/013033
nm4 to 6 nm5b.24 37 Mddle SIN 43 to 100 nm57 to

85 nm 71.10 43 100 -To

p ZnOx 3 to 7 nm4 to 6 nm5. 34

87 TOD A T ThBieh THkess s (i 11 00T 71 16— Jop
——NFCr-Ox—Sto7nmat oo 4. 74 P Jop SINR2Z2fto 51 n 9 +40
to 43 nm 36.24 22 51 -Top|Carbon 1 to [LO| némpkritle 5 M0% | %
U. 14 U 0 Cowf E Charactert st ¢mrdVbre Mopt
Layer Characteri sti ¢ pPfepsrrd®ang¥ el el Pederfédef er [ edExdrpleohns/|s
Bottom SiN=b. 0 </ =2. 0] ¥f laamm En <[ =010% 29/ reh. Off K/ =103 15| 34
Bottom 2¥ax0l 1 thi ¢ Sol ap tddamact er [ st hg o 20w e [ Charsscsoer i|st|i c 10 23
Bottom Agner al Pref el gegloglany D65, | 10 1345=r4% >/ F6b% H063%| & 8| 20
Bottom M@FDXLU -10to 9.16)7 - U Lo 21 Q1o én,.?];ﬁ b 55240 (J tjo 3 7
Middle 0 2. 010 4. )43Lt‘031560 nR Y (Pobs7 idesdvat o] 1% 40P t 9 12%43 100
Top an% 296 a D6!53tou,)nr-nlu 10 V. Uygqée Hmto -iL. U - 5.340 3 7
Top Ag 7 to 16 nm 9to 14 nm 11.60 7 16
Top NiCrOx 3to7nm 4to 6 nm 4.74 3 7
Top SiN 221051 nm 29 to 43 nm 36.24 22 51
Top Carbon 1to 10 nm 3to5nm 0.14 0 0
Low-E
Characteristics
More Most
Characteristic General Preferred Preferred
Rs (ohms/sq) </=5.0 </=2.0 </=1.5
En </=0.07 </=0.04 </=0.03
Monolithic Solar Characteristics
More
Characteristic General Preferred
TY (D65, 10°) >/=64% >/=66% 69.3%
a* (D65, 10°) -1010 0.0 -4.0to -2.0 -1.13
b* (D65, 10°) 0to 4.0 2.0t04.0 1.95
Rg Y (D65, 10°) 4% to 14% 10% to 12% 12.2%
a*, (D65, 10°) -10t0 0.0 -4.0t0-1.0 -1.48
b*4 (D65, 10°) -10t0 0.0 -7.0t0-3.0 -3.56
Rf Y (D65, 10°) 4% to 14% 5% to 9% 8.9%
a*; (D65, 10°) -20100.0 -16t0 -8.0 -15.9
b* (D65, 10°) 0.0to 10 0.0t0 8.0 2.92
SHGC </=0.40 </=0.35 0.371
SC </=0.49 </=0.46 0.43
Tuv </=0.35 </=0.30 0.297
Tuv Damage Weighted
(1ISO) </=0.49 </=0.46 0.559
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b*9 D65, 10 -10 to 0.0 -7.0 to -3.0 -3.56 Rf Y D65 10

4% to 14% 5% to 9% 8. 9%

w0 8000/067263 9

a*

065, 100-20 to 0.0 -16 to

b*f 1365, 10 0.0 to 10 0.0 to 8. OPCr/982008/013033
SHGC </ =0.40 </=0.35 0.371 SC </=0.49 </=0.46 0.43
Tuv </=0.35 </=0.30 0.297 Tuv Damage Wi ghted (I SO
</ =0.49 </=0.46 0.559 56 WD 2009/ 067263

PCT/ US2008/ DIc3D8dar GHakdctaibis Char acterijstics Nbre
Characteristic Ceneral Preferyed T Y (D065, 10 >/ =58%
>/ =60% 63. 1% a*t (D65, 10 {1D0Moee 0.0 -4.0 to [-2.0
CharaclerBfic b* (PDGBnerdl0 0 to 4.0|2| Orefaared. 0 2. 08 R Y D65,
TY (D66,400)t 0 20 V68t 0 15% 15. 9% >&60%65 10 -10 tjo68.1%
a* (D68, Q,)to -1.D1p}o 48 b* D65, |10 4@ 59 0.0 %7-0 198730
Y[ 1965, . 10 4% 10 209 1Q% tQ 1506 15. 09
o' OBBE) 1o ohOIG48 o 4 ¢ o [0l 201aR, Yu " Poad fobo o
R9Y¥%55160°j.04 h4% 19200 58" " quecl o] 0% ta18% o 35 13359%
a*, (D65, 10°) -10t0 0.0 4.0t0-1.0 -1.49
b*, (D65, 10°) -10t0 0.0 -7.010-3.0 -2.31
RfY (D65, 10°) 4% to 20% 10% to 15% 15.0%
a* (D65, 10°) -20t0 0.0 -16t0-8.0 -9.09
* (D65, 10°) 0.0t0 10 0.0t0 8.0 2.28
SHGC </=0.35 </=0.30 0.329
SC </=0.43 </=0.40 0.38
U-value 0.20 to 0.30 0.22100.25 0.24
Tuv </=0.30 </=0.25 0.248
Tuv Damage
weighted </=0.49 </=0.46 0.501
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SC </=0.43 </=0.40 0.38 Uvalue 0.20 to 0.30 0.22 to

0.25 0.24 Tuv </=0.30 </=0.25 0.248 Tuv Danmge
wowedghtrd </ =0. 49 </ =0.46 0.501 57 WO 2009/ 06FCBBS2008/013033

PCT/ US2008/ 013033 Exanple Coater Set Up Tenperable

Test #38 Tenperable Annealed Ar 02 N2 Pressure

Cat hode Target Voltage (V) | (anp) P kW (sccm sccm

—STETT X110 hPA) TReactiTve Gapr KWiT SrAr[458.9 119. 8

43.p Wp%g 328 017.59 6.50 P SiAl| 463 178.1 43.{3 300

30 B ;é; 7.58 §.51 6 SiAl|436.9 195.8 43.7 300 30

328| Perbleratiedl 6.43 5 ZnAl 43P.8 129.2 34.2 150 330 0

2.0P Dest#3811].95 4 ZnAl |325. 8] 160 34. 61150 33010 1.1

9.54 0.00 10 Ag 8327.8 4#4.1 2B.3 140 ;10 Q. 644 1 7Jemperable | Annealed

i u
Cathode Taetzz Vo|20e N! C:rl 233" L}P(ﬂr ;\() %Sgrh‘)S,, s%ﬁlgfgcg}o'(gg?hyﬁa gaeactive Gas:kW

. ITT L L UL T LU L JJ. L. JUU I U U™ J. OU U.]17J
1 SN 13 988 Al ARS8 g 83 o 300 ol 98B dg BBu1o o8 g gg 7.5 6.50
2 SiAl 1 463 178.1 43.3 300 30 328 3.53 7.58 6.51
6 SiAl 436.9 195.8 | 43.7 300 30 328 3.45 7.51 6.43
5 ZnAl 439.8 129.2 | 342 150 330 0 2.02 9.65 11.95
7 ZnAl 325.8 160.6 | 34.6 150 330 0 1.1 9.54 0.00
10 Ag 527.8 44.1 23.3 100 40 0 | 0644 1.72 7.77
20 NiCr 532.4 47.9 25.5 100 196 0 0.155 7.69 6.07
11 SiAl 558.4 161.8 | 39.1 300 30 264 3.86 6.75 6.13
4 SiAl 476.9 163.2 | 38.8 300 30 264 2.65 6.80 6.10
12 SiAl 519.7 162.6 39 300 30 264 5.09 6.77 6.13
13 SiAl 497.7 155.8 | 38.7 300 30 264 4.57 6.82 6.14
14 SiAl 410.9 182.6 | 38.6 300 30 264 4.07 6.84 6.15
15 SiAl 444.4 165.9 | 38.7 300 30 264 1.15 6.82 6.15
16 SiAl 449.7 151.9 | 38.7 300 30 264 4.93 6.82 6.15
17 SiAl 4774 157.4 | 38.7 300 30 264 4.31 6.82 6.16
17A SiAl 474 160.3 | 384 300 30 264 0 6.88 13.09
18A ZnAl 366.9 168.5 | 34.8 150 440 0 1.42 12.64 0.00
23 Ag 486.7 21.4 10.4 100 40 0 0.661 3.85 8.24
19 NiCr 605.9 39.8 24.1 100 194 0 0.578 8.05 7.11
26 SiAl 461.2 141.3 | 328 300 30 257 3.46 7.84 7.08
27 SiAl 443.3 138.5 33 300 30 257 1.39 7.79 7.06
28 SiAl 4456 136.8 | 32.8 300 30 257 5.38 7.84 7.09
29 SiAl 435.2 1455 | 32.4 300 30 257 4.37 7.93 7.08
30 SiAl 474.5 138.6 33 300 30 257 4.14 7.79 7.06
18 c 506.9 123.7 | 30.9 500 0 0 3.78
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12 Si Al 519.7 162.6 39 300 30 264 5.09 6.77 6.13 13

Si Al 497.7 155.8 38.7 300 30 264 4.57 6.82 6.14 14
w®RMb/04263 9 182.6 38.6 300 30 264 4.07 6.84 6.RE1/ULH08/013033

Si Al 444.4 165.9 38.7 300 30 264 1.15 6.82 6.15 16

Si Al 449.7 151.9 38.7 300 30 264 4.93 6.82 6.15 17

SiAl 477.4 157.4 38.7 300 30 264 4.31 6.82 6.16 17A

Si Al- 474 160.3 38.4 300 30 264 0 6.88 13.09 18A ZnAl
J6unthiel68. 5 34.8 150 #40 0 1.42 [12.64 0.00 23 A
4 17 A231 FerhPerdpld 00 40 0 0.661 3.85 8.24 19 N
6081620739. 8 24.1 100 1PMobolihicd &\BSAar Chalakteridtms Si Al
4
4

QL

61.2 141.3 32.8 300 BO 257 3.4f 7.84 71.08 27 S| Al
43. 3 10%raxtendtic300 30| 23/onditii® 1. 79 7.06 #UYSI A

3
6 1% B6s370% 300 BO 2bAeb. 39 784 1.0%3.130 S| A

.214,,5 32.4 300 BO 257..4.34 7.93 .08 0 S Al
VR 3 487
5

)ﬁr\r\ nn (Y bl ) 134/| e
J.OO OO0 OUUOU 20T 4. L& 1. rU l \.

qwt(@GggWh 0 3. 78 5890 2d09/ 067263 208
FQILusﬁgHs(Dﬁﬁ'm’h Sanpl 22991 AC31 Tenper8i¥fe 3f16/07
Nbnol i td @68 109J Sol af Chargact er|i stics| Chapgctefistic

anol Tt %ﬁqu) T Y DB5, 4069. 3% 63. 196 ajlyD65| 10

-

b O]

aV¥ad Q.
O I

Y (D65, 10°) 8.9% 15.0%

a* (D65, 10°) -15.9 -9.09

b*; (D65, 10°) 2.92 2.28

SHGC 0.371 0.329

SC 043 0.38

Tuv 0.297 0.248

Tuv Damage Weighted (ISO) 0.559 0.501

While the present invention has been described with respect to specific embodiments, it is
not confined to the specific details set forth, but includes various changes and modifications that
may suggest themselves to those skilled in the art, all falling within the scope of the invention as

defined by the following claims.

59



b' D65, 10 1.95 2.08 Rg Y (D65, 10 12.2% 15.9% a
(D65, 10 -1.48 -1.49 b' D65, 10 -3.56 -2.31 Rf Y
w®a®9/0d268. 9% 15. 0% a*f D65, 10 -15.9 -9.09 beT/UEBBS/013033
10 2.92 2.28 SHGC 0.371 0.329 SC 0.43 0.38 Tuv 0.297
0. 248 Tuv Damage Weighted (1SO 0.559 0.501 Wile the
present invention has been described with respect to
speci fic enbodinents, it is not confined to the
- 2ci . ¢ details set forth, but includes various
Whatw%ﬁagnﬁéés'and nodi fications that may suggest thensel ves
to those skilled in the art, all falling within the
scope of the invention as defined by the follow ng
clainms. 59 WD 2009/ 067263 PCT/ US2008/ 013033 What is
1. Allawremissivity ¢oatingon-acsvbsizate, the ceatimgicomposing, inuprder eutward from
the coating conprising, in order outward from the
sukebdtate: a first dielectric layer; a first
nucl eation layer; a first Ag layer; a first barrier

layer, first dielectric layer;

a first nucleation layer;

a first Ag layer;

a first barrier layer;

a second dielectric layer;

a second nucleation layer;
a second Ag layer;

a second barrier layer;

a third dielectric layer; and

optionally, a topcoat layer.

2. The low-emissivity coating of claim 1, wherein at least one of said first dielectric layer,

said second dielectric layer or said third dielectric layer is in sub-stoichiometric state.

3. The low-emissivity coating of claim 1, wherein at least one of said first barrier layer or

said second barrier layer is an absorbing barrier layer.
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10.

a second dielectric |layer; a second nucleation |ayer;
a second Ag |l ayer; a second barrier layer; a third

walk@beet2s3 ¢ | ayer; and optionally, a topcoat PeyeEs2002013033

The I owem ssivity coating of claim1l, wherein at

| east one of said first dielectric layer, said second
Thelovetmissivigyoating ofScaicth 1 hvhieteihi the Gest barciel layer aridsthe second
sub-stoichionetric state. 3. The lowemssivity

gé}ﬁt:f RYer¥ack s&iaratdly c\‘iﬁ?@@é R nitkerid? 38 EctOd Goff the 3tdhpf dohSikting of a

arriefr layer 'or said cond barrier layer is an
absor bi bar.r.ier |ayer.. 60. 2009/.067263
BT B DTS RESeihing SHSEAIETIPES coat i ng of
claim1, wherein the first barrier |layer and the
second barrier |ayer each separately conprise a
materi al selected fromthe group consisting of a
The iw-emissblityapatisg of ¢laim dewharinahe firsh bargieo kayereandathel second
nitride. 5. The lowem ssivity coating of claim4,

VhRELIaer da6h Ségaddtel)@0fpfike h @YaecriARE étBE rERCAB @roulp consisting of Ti,
barrier |ayer each”separately conprise a materia

t f he. gro sistifig of Ti, TiN Si,
T it MO O e it & 6 The
| ow-em ssivity coating of claim5, wherein at |east
one of the first barrier |ayer and the second barrier
| ayer conprises NNCr. 7. The lowem ssivity coating of
Thalow-Emissivityeionating of daist 5.,omkereih at heastf dnesif theafirst barrier layer and
| ayer and the second barrier |ayer conprises N CrOx.

fhe sdbiRdIAWIGMhRS c¥inbhis&QHCrNg of claim 1, wherein at
| east one of the first or second barrier |ayers is

capabl e of lowering transm ssion of the coating.

The low-emissivity coating of claim 5, wherein at least one of the first barrier layer and

the second barrier layer comprises NiCrOx.

The low-emissivity coating of claim 1, wherein at least one of the first or second barrier

layers is capable of lowering transmission of the coating.

The low-emissivity coating of claim 1, wherein at least one of the first or second barrier

layers is capable of increasing absorption of the coating.

The low emissivity coating of claim 1, wherein the second silver layer is thicker than the

first silver layer.
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9. The lowemssivity coating of claim1l, wherein at
| east one of the first or second barrier layers is
weapalobredf i ncreasi ng absorption of the coatipgr/uidns/013033
The | ow em ssivity coating of claim1l, wherein the
second silver layer is thicker than the first silver
| ayer. 61 WD 2009/ 067263 PCT/ US2008/ 013033 11. The
| ow em ssivity coating of claim1, wherein the first
I . " |- .
N ol el U ki, 1, St e GEFOReD e hicker than he
wherein the ratio of the first silver layer thickness
60N RAGELIB¥T- si | ver |ayer thickness is about 0.8 to
about 1.2. 13. The low em ssivity coating of claim 11,
wherein the ratio of the first barrier |ayer
: thi ckness to the second silver barrier thickness is
12. HROdlv emidsiVidy abaitlg of chiml, whesin 0 retid 65iheifirst sioatlayeg thickness
of claim1, wherein the first nucleation |ayer is
i : : ' r. 15. The | ow
témléég:?\é?é %ﬁ%g){gﬁgﬁgﬁggﬁdlg?r%‘ﬁ% \{/acw)gebr(}él?%'%f he ratio of
the first nucleation |ayer thickness to the second
nucl eation | ayer thickness is about 1.2 to about 2.0.
16. The low em ssivity coating of claim1l, wherein the
13, The low emiesivity Fomtingaf elaimeld, wiveramie rafio of e fusiibanier layer
that is lower than both the index of refraction of the
thRkAEW t6l iRl eedid silvienyatienthicknlss is aboleX . Dfo abdht 20t i on
of the first dielectric layer. 17. The |low emi ssivity
coating of claim?7, wherein each of said barrier
| ayers conprises a 2:1 oxygen:kw ratio. 62 WD

10, BRRBH STy SHE O RO B i e ER 1450+ K hiber than

dielectric |ayer, the
the second nucleation layer.

11.

St

15.  The low emissivity coating of claim 14, wherein the ratio of the first nucleation layer

thickness to the second nucleation layer thickness is about 1.2 to about 2.0.
16.  The low emissivity coating of claim 1, wherein the third dielectric layer has an index of
refraction that is lower than both the index of refraction of the second dielectric layer and the

index of refraction of the first dielectric layer.

17.  The low emissivity coating of claim 7, wherein each of said barrier layers comprises a 2:1

oxygen:kw ratio.

62



18.

19.

20.

21.

22.

23,

second dielectric layer, and the third dielectric
| ayer independently conprises a material selected

wo p@ioenedXi de, a

nitride, and an oxy-nitri de, POT/US2008/013033

conmbi nation thereof. 19. The |owem ssivity coating of
claim 18, wherein at |east one of the first dielectric

| ayer, the seco
di el ectric | ayer

nd dielectric layer, and the third
conprises an oxide. 20. The

TR TEmSIsiityYeoa@ed bNdainf 1,GhiRdrendch BPBEFrst didlBctAY 148y, the
conprises up to about 20 wt% of an el enent sel ecte

%6%859 aﬁ?ecg{collégerggxg;ﬂh%té}lnig(?digfegﬁ% lg’gg‘ il\?\%e %&denﬁ?%gmgrise a material

Wem ssivit
sl O GO
| ow-em ssivity c

one of the first
dielectric | ayer

rein Xi de
about. 10 wt % of an el enent. sel ected
Bﬁgtﬁg?’i ZWQ anngTni‘éW&z @a %Pbi‘FFFgm t%ef eof.
oating of claim 15, wherein at | east
di el ectric layer, the second
and the third dielectric |ayer

TIRIMRW-Erf s vitRichhtiCo Qdlaiti ] 8)Wrerdlh f led&-ond f the st dielectric layer,
| ow-em ssivity coating of claim1, wherein at |east

U B R L

coating on a substrate, the coating conprising, in

order outward fr

om the substrate: a first dielectric

| ayer conprising Si AlOxNy; a first nucleation |ayer
Thenowi-ernisgi vtk ap@ing ef daimst9, iwiterein ¢he 0xadé¢ eanpmings pyeabout 20 wt%

conpri sing Ag;

a first absorbing barrier |ayer

sfonldmém gelbkted fronttheggusicdlisilifg bf iA¢ ah@pBer conpri si ng
Si Al OxNy; a second nucl eation | ayer conpri sing
ZnAl Ox; a second infrared reflecting |ayer conprising

Ag;

The low-emissivity coating of claim 20, wherein the oxide comprises up to about 10 wt%

of an element selected from the group consisting of Al and B.

The Jow-emissivity coating of claim 15, wherein at least one of the first dielectric layer,

the second dielectric layer, and the third dielectric layer comprises a nitride or an oxy-

nitride.

The low-emissivity coating of claim 1, wherein at least one of the nucleation layers

comprises ZnAlOx.
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24.

25.

a second absorbing barrier |ayer conprising NCr; a
third dielectric layer conprising Si Al OxNy; and

wopimwosabks y, a topcoat |ayer. 25. A | ow enl ssi RCT/YS2008/013033

coating on a substrate, the coating conprising, in
order outward from the substrate: a first dielectric

A 3¥@LentiSdPItY Sodihg D/ slbivite, the Eodtd oﬁﬁffbh'ﬁfmg; Proriéyetward from
conprising ZnAlOx; a first infrared reflecting | ayer

L.Sihg Ag; a first absorbing barrier |ayer
{cﬁg%%%ﬁg Ni CrOx; a second dielectric |ayer

conpri sing. Si Al ; a secong. nucleation |ayer
corrpr?gﬁﬁgl%ﬁﬂ‘gg‘%acw Wﬁ&é&gd reflecting |ayer
conprising Ag; 64 WD 2009/067263 PCT/ US2008/ 013033 a
seconalfisty sucloatnan logerrcompristngefnAGpri sing NiCrOx; a
third dielectric layer conprising Si Al OxNy; and

opt i ongkdt ¥nfrared m@ﬁﬁv%laglyx_%omﬁﬁingﬂﬂg; | ow emi ssivity
coating of claim1, erein the substrate is gl ass.

27. 1. 851 i | SJ; at | east one
abs o%h%ﬁaggrﬁﬁé‘ﬁaﬁ?zgépE%I?gg‘ﬁg%\ﬁﬁlggh ssivity stack
characteri zed by.a, sol ar heat [ efficient (SHGC
ot 2 W ond Gy S masioe SBBHRES | bor o ssivity

stack of claim 27, wherein the stack is characterized
by a sstcend nueleatiqqdayercoaphistigefnAlOSHGC) that is about
0.22 to about 0.25. 29. The low em ssivity stack of

cl ai m gebontMiefkged rdflecting RO&r doasprivig APt transmittance

of about
a second absorbing barrier layer comprising NiCr;

a third dielectric layer comprising SiAlOxNy; and

optionally, a topcoat layer.

A low-emissivity coating on a substrate, the coating comprising, in order outward from
the substrate:

a first dielectric layer comprising SiAlOxNyj;

a first nucleation layer comprising ZnAlOx;

a first infrared reflecting layer comprising Ag;

a first absorbing barrier layer comprising NiCrOx;

a second dielectric layer comprising SiAlOxNy;

a second nucleation layer comprising ZnAlOx;

a second infrared reflecting layer comprising Ag;
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optionally, atppgoat

26.

27.

28.

29.

30.

31.

42% to about 46% as nmeasured on an | GJ. 30. The | ow

em ssivity stack of claim 27, wherein the stack has a
wo p@gbwet2zemnsi tt ance of about 58%to about 62P€T/@S2008/013033

measured on an 1 GQJ. 31. The lowem ssivity stack of

claim 27, characterized by inproved nechanical or

chem £ gdcond bBsUrbing Yarrfed 106} 28I éihy REGrOx;

PCT/ US2008/ 013033g 32. Aéu'o?et hod ol?gmaki ng a

| oW e SSi Vi St I : I heat gain

coeff?ﬁ?@h#é%égﬁi§£§§§@éh§ggﬁgéﬁ%% ﬂ?ging deposi ting

n a subslt?rate the coating of claiml1. 33. The nethod
YeT-wher ei n the depositing conprises

magnetron sputtering. 34. The low em ssivity stack of
claim1, characterized by a tolerance for tenpering or
heat strengthening. 35. The |low em ssivity stack of
TheloW edissivite ceatihgaiftcliml 1, Gutikdih iassubbtritbés glhssck are
not degraded follow ng tenpering or heat
strengthening. 36. The |ow em ssivity stack of claim
27, wherein the stack has a transmttance color with a

negative.a* and a negative b*. 37. The low em SSi Vi
BT8R e Brnf o ripa et iosth ang fbaolbin pager Tyes it idw-
transmttance color with a negative a* and a positjve
dmissisy stagk gharasterizeddyid spdanheatgain cesffigienhSHGH that is less than
em ssivity coating of claim1. 66

about 0.31. '

The low-emissivity stack of claim 27, wherein the stack is characterized by a solar heat

gain coefficient (SHGC) that is about 0.22 to about 0.25.

The low emissivity stack of claim 27, wherein the stack has a light transmittance of about

42% to about 46%, as measured on an IGU.

The low emissivity stack of claim 27, wherein the stack has a light transmittance of about

58% to about 62%, as measured on an IGU.

The low-emissivity stack of claim 27, characterized by improved mechanical or chemical

stability.
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32. A method of making a low-emissivity stack having a low solar heat gain coefficient

(SHGC), said method comprising depositing on a substrate the coating of claim 1.
33.  The method of claim 32, wherein the depositing comprises magnetron sputtering.

34.  The low emissivity stack of claim 1, characterized by a tolerance for tempering or heat

strengthening.

35.  The low emissivity stack of claim 34, wherein optical qualities of the stack are not

degraded following tempering or heat strengthening.

36.  The low emissivity stack of claim 27, wherein the stack has a transmittance color with a

negative a* and a negative b*.

37. The low emissivity stack of claim 27, wherein the stack has a transmittance color with a

negative a* and a positive b*.

38. An automotive window comprising the low emissivity coating of claim 1.
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