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MAKI NG THE SAME [001] This application clains benefit

LO%%?%wi : }5%@%%%% éégpfdrbﬁdr,

?

M S SAME| | ed Decenber
16, 2005, all of which are hereby incorporated by
reference in their entireties into the present

[001]  applTidahpplicatidtl Ehiths@endito fTUNYERFOY SNnp DAl chlien Pploe §@1680,008,
invention relates generally to | ow em ssivity

filed May(12] 99652 D).S F28¢ik188 AR ati GOKS. GUT3d,816, BIdDINSRnRAY 6, WH5, and
with 10w sol ar heat gain coefficient (SHGC) ("lowg")

uss. Prov g AP A S R P R PR B ST it are heneby

_ United States Patents referred to herein are hereby

incorporated byrpisreace & Byl ealisHeniote the RresprliapPieiithet i es. In the
case of conflict, the present specification, including
definitions, will control. [004] Solar contro
coatings on transparent panels or substrates are

FIELD OHGHHDGUENTI@Er mt the passage of visible light while
blocking infrared (IR) radiation. High visible

[0021 transm eﬁr%%ﬁ@ Fweﬁlth&l"‘feﬁa@éssg%hé’r'aﬂy t1CIBH dnfi S viB¢“1d%-8")  coatings, and
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architectura ass and aut onbbil e wi ndovs can

substantial savj,ngs i oSt S. assgci.a | ¢ » .
more par P FRREE JEBnET oo SR e R AR SO T gy and retaned
costs. 1 WO 2006/124503 PCT/ US2006/ 018214 [ 005]
or enhanogd meachiicel gpé shampigal dweahilitygs t hat provide for high
visible transmttance and low emssivity are nmade up
of a stack, which typically includes a transparent
substrate and an optical coating. The stack includes

BACKGIROEND Oror@ge phiveNm®moa) | ic layers, with high IR
reffectance and Tow transm ssivity, disposed between

anti - l.ectd, V. | ' - :
R T e s
I d [ frar I di atjon. Nbst | . .
in their oaffTgpts 11 e G780F G eiPE PSSR APt RS dige definitions, wil
di el ectrics. In general, the thickness of the
control. di el ectric |layers

[004] 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, €.g., architectural glass and automobile windows can lead to
substantial savings in costs associated with environmental control, such as heating and cooling

costs. . -



are tuned in to reduce inside and outside reflectance

so that the light transmttance is high (>60% . The IR
WO edobazes)ye netallic |ayers maybe virtual |y anpCT/US2006/018214

reflective netal, such as silver, copper, or gold.

[005] S| \@eﬁleﬂdﬁg)sp%qﬂgj%aﬁ‘ ??iéllﬁgxtolviﬁe%leﬂﬁﬁ Qfsﬂh? gmittanc and low

appl|cat| eto |t |ver eutra he

refl ective di.electri .
emissivity e HEf PRAE o a1 Gbicafy BRHRES Bhf %&eg?wabgl%ﬁe@nd an optical
_ transm ttance. [006] Conventional |ow em ssivit
coating. Thsatackdecludaseng or pose thinmetadiclayers, ayifh high R é@ﬂe@%/ﬁnce and low
relatively constant throughout the visible spectrum so
transmissivitatdisgosed beitveagatiasflactiveali¢lecttit layotsorThese systemsirsflect radiant
essentially colorless. However, conventiona

heat and ph‘&)’i’d@fﬁsﬁﬁh&h Ebnﬁtﬁé‘kblﬁ%‘) wedliak ﬁto% R diati bt EMosiIbived®acks in
of reflected col or reqU| red for aesthetic and ot her

use today ax%%aggé 01%J Yo Z)El{e%{ &e@@tﬁcé CRy eﬁgx% }%e[ t?x?cgt%les-g%tf %‘Pé“d&%&n*c tfa’*f‘yers

ed propertires in a co

iti,on and, thickness of the | ayers .0
are uned PRI A oAl e et onsan o B g denyiigge £ hidh
exanple the thickness of an IR reflective [ayer such
(>60%). Hese Wyrafigstivimeighiodayercapebé viptually anysrofledtiverneak sudhas silver,
the emssivity of a Ag | ayer tends to decrease with
copper, o088 e8HV Y ARYisSHER req@mtls tuaiCior thid bisplichiforndieato tsaelativsty
en155|V|ty Ag |l ayer, the sheet resistance of the Ag
neutral co! hRY GheSRQL Lfleﬁ 391]% @n%léc% 1@ ord %Sgeﬁérﬁﬂ trEIBNES material selected to
I ncreasi ng ayer th ness w | aI so cause Vvisible
m SSl n to decr ease and can 2 WO 2006/ 124503
enhmmevﬁ@%F oBEI8214 result in colors that are generally
undesirable. It would be desirable to be able to
[006] i ncricementprdl ive cissiiy P &H126 BoRRTAIEEH Koo Y NIR Tedpeiion
t hi ckness wi t hout increasing sheet resistance and
relatively eonsaitwhtoyghouft @@8lisifileispecttumastsibat tha coatigdias hdyertml'ofolor; i.e.,
Ag are susceptible to corrosion when they are brought

is essentidl}f Q16R3E AfoweWtdnvERIchhl Riv-HBIssieRPdbdtingB fail t0iprévide the
vari ous corrosive agents such as at I’msphere carried

extremes Bf {j ﬁ%ﬁlo% %qfufrgg Yor a%é‘&héti’&ran@ ?ﬁ%qgasgﬁ%}l Qtald e{i)?hca-& ns.

S, varirous barrier Iayer
dep03|ted 0 I ot ect pr oy ded

[007] ToAvunYs %EEFSI%EPFQP@AB F 2y pectrd PRl PyRboatisiéha
|nadequate [009] Coated glass is used |n a nunber of

thicknessay phdlceltthe leyerstod penulbleyosaetingymis bexopessagarcgullie| koy gxample, the
tenperatures. For exanple, coatings on glass w ndows

thicknessioT ag R fredctign laygr dtich ahag e bs chaer cirefidigt @&dk wetldinsed that the
to cooking tenperatures of 120-230 C, with frequent

emissivity g?&' A%' 1% v\i}rﬁl‘s t@d&rease %ﬂ@e&‘éﬁéﬁ‘@A@lsﬁ@e‘B L Qektame! ?ﬁus kdobtain a

en coated glass is tenpered or bent, he

low emissw&y quayer, the sheet resistance of the Ag layer should be as low as possible.

However, increasing Ag layer thickness will also cause visible fransmission to decrease and can



heated along with the glass to tenperatures on the
order of 600'C and above for periods of time upto
W@ e00en 245031 nut es. These thernmal treatnents canPCEHUSM06/018214
the optical properties of Ag coatings to deteriorate
. qr rsibly. .;hi ri [ t o
result in oglpfe gy ey O Rs B R 5 8o 3G Al FR e apld B sisivle
. .above and bel ow the Ag. The deterioratjon can al so e
transmissipp Y Aecreasiig A8 ABET BHCKNgTs WHOUARCIGRERE é‘l??é FestRbanep ad emissivity.
such as sodium (Na+), mgrating fromthe glass. The
[008]  di f flii, dransfarent meetdgigesroioke atk kudcepiiblp éheoreasiprpehen they are
facilitated and anplified by the deterioration or
brought in%é Eai@dct@lder Aot bt @@t dopditiohs, twith dirpuecorosivd apeatsssuch as
above and bel ow the Ag. Coatings nust be able to

atmospheﬁ@;&m%ﬁc}(eg,eﬁﬁﬁ@és € BiokRIPAE MUTRS To l'f‘?(‘ﬁz,@é’[%e Ag layers,

previously known nmultilayer coatings enploying Ag as

various b e BioER B S AF PP SIS EIPG A8 e S g CiI brovided by
_deterioration of the Ag film 3 WO 2006/ 124503
conventiopahawsz dosrois dreguentyonadsiudtew eni ssivity coatings are
described in U S. Patent Nos. 4,749,397 and
[000] 4, 99BnaB9bgladdde usmb ideposibeead dpplicaivins siheiet the comingngexposed to
containing silver are presently sold in the

elevated t&ﬁg&ﬁﬁﬁét. PR eXBhI8! aBRS onl %35& Windbws inRaifeiiéandig kitchen ovens
4,995 895 teaches the use of oxidizable netals as haze

reduct i on f b ot [
e s TR0 o RS R U 2020 EL SR SRR B e
reduci ng haze resultijn rome sure to t ratyres .. .
PSSR ek i< R AR EC RS R o A
coatings have been applied to low em ssivity silver )
heated alangatitinge glass itorpnpeeatieeophepedariof §00TC apbahaygferperiods of time
object. U S. Patent No. 4,995,895 describes a netal or
up to sevéfRlminudds! ThetafefmaMiieatinehs ode pask tiedomal frepatitesihg toatings
| ayer of the total layers applied to a glass base.

i i I THRRlerdtt it ESmodi@iiRb rfaIAAGY S
o docsol Y IR Bl kst oAt Ay g

... . describes nmet hqd. wher e, a et oxi | roj .

diffusing §REuY a5 ABare B Fer f iRiRtarbkfis e ¥ kit from reaction
silver layer between anti-reflectjon |layers optimnzes.

of the Ag| Wi@mlkalﬂrr%ﬁgwsg@h @%ﬁod{ugo@w>awﬁ¥%%ti%rfé@% ?{%ﬂ gléﬁ‘ﬁlto itljé‘a ditfision of
coatings are frequently damaged during shi ppi ng and

the oxygdnasrcliiahige idmschn ti fapiliyted endtroplifiegl yndie dytearpsdion oestrustural
corrosive environnents. Silver based | ow em ssivity

modificaRRb 1 RS FiecBidRkbrs abd @I}l bSMSCRBND | Codiifgs MMkt ddfe to withstand
probl ens. Most [ow emi ssivity

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.



stacks in use today nmake use of barrier |ayers
sonewhere in or on the low emssivity thin | ayer

W@ r@el24503 r educe t hese probl ens. Thin barri er sP€TYNS10000M8214
to reduce the corrosion of silver layers fromwater

00107 20 F o AR D er e G rhOiein Ui RERHYG 27208 50

virtue of their hardness or by lowering friction if
4,995,893 h¥pcyugt ﬁ?ﬂoﬁlée‘{)lﬁf"e‘?m“@&l}}é poatingygonsesnin e sivies@se presently sold in the
PCT/ US2006/ 018214 [0014] For sub-desert areas as well
fenestratigs mragkyitplase. Wi t h an i ntense sun | oad, the current high
transmttance | owe products are already bringing

[0011] advauligagnt Mol 4,098 80%ahcl@n thd 18 okidddbleSnéthlslak hated@duction
high to maxi m ze the ther nal and visual confort inside

topcoats ggrégulbel %&cﬁﬁ%taﬁﬂghﬁ%{ﬁ}z égoa %/:v- hlélng P 919\&'} %tQ(F g%é%ﬁl%ds of
mttance re avail abl e, such products
reducing Jefk ep b R AP B PPRTC? BGRRSRETGTOhEOT S ot ng. dr aw
backs: high reflectance, which nakes themless
[0012] aest Mqtalclapqayalmyp?@mmﬁgl oxifie qertipgsdrae Peqy aplied fajosnemissivity
whi ch makes them i nappropriate for controlling the
silver codimas td ingutovd {06 pEipektas i tieeoatedwbiect. AU ISy Paieat Na.B|995,895
| ow-e products combine the desired optical properties

describesAGheBN&hBIE1 ARBTThYE BIEh is TBASRed Rothe %@te%ﬁlbétllaye% @¥iteqotal layers

addi tional nodifications to make themideal Tor

applied t(p L %f@%g’ ﬁés@g Th gne?a{l %g%h Hl %HOy E&&HQ 8{(1(112%8 %Hd a& ag an anti-reflection

I'ngs are So requl re ex

attentio rrn tora e and proceSS|ng
coating. Uh% ufakgnt E\@ 4758392 Apgert F%amgtheemea%a petal exwdﬁ%ysw depesited as

current rrechanl cal and chem cal durability of such

an antireflegion taysr. Japdwichingrthel sidven dpydi betweamnantistededtiabdeygynspiomizes light
the sane coater also can often present a problem

transmisdd@cause the set-up requirenents are not always
conpati bl e between the different designs. It would be
desi ' [ :

10013 e e D e e B Ay A, S8ind S0 and

nodi fi.cation

handlingy @%@gangréﬁmm&l d '?Yo?‘pg%‘F%Eoy“’r‘Té’é% A Fomfay| Sitver pased low-
now bei ng heat treated to increase its nechani cal

emissivity cpgHEe AreatEi alahsIseRpEPla P SATPHOR Boblests. BYiaskayemissivity
This is especially true for low SHGC products. The

stacks iniune todag makeuendibgyriabaergonmwhefe inlve on dat owgeminsivitpthiss layer
the potential thermal stress on the lite when part of

stack to ﬂe&udteﬁch@é ?ﬁﬁﬁ&nﬁ OThiR®afiitis fmehicH 0dB8dRB dhdPedrfostin ditsilv& layers
I n e s

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.



Typical |ow e coatings are not designed to w thstand
thermal strengthening or tenpering. Such 5 WO
wWQO@61144503 PCT/ US2006/ 018214 condi ti ons canPCT/US2006/018214
conpl etely damage the coating, destroying its
aest !
[0014] [ O 9 18?1; E’L&G@E%ggg%%%mél? By r%%%g %%trh(r)%lulgitehséwqgﬁ ®he  current high
mar ket but haracte i zed
sk P S SRECHP 81 AT P ees BudBe Bt o tighidond s sl
dat abase). Moreover, it is (ﬁo plicant's understandi ng
too high tchaexintire therthermet andaisuse Cfefrlf ivgide thehaysefnd byeldings & which
of a tendency toward scratching. PPG patent
such lowagpploidaett arrbeM B384.020656/ Al descri bes t he maki ng of
coatings characterized by a SHGC bel ow 0.38 (i.e.,

[0015] 38% .A R 100%AY kiASksAwikil mer hgﬁﬂ tﬁﬁl%ﬂnﬁfhn@é(%%dmﬂwﬂ@@u%uch products
resulting ina mrror-1li

usually ei)(gl?)?tpatt ?eZa%%p |t Of f;?eof;?%}/r?acg%'bgg{f g@ ze %@a&% \g’gig? hﬁﬁés them less

wth a ] ow S andappalln etic
scstheticp i RRER RS- 1 Shidiis GoSILORR MERGBkes tien }HPEPY:S’H’&?FF&W

and nechani cal durability, but notably the
controllisgficileat loeth does not refer to a double layer of the
type NCrOx/Ni Cr, which layer is beneficial for the
[0016] dur abydry ity ebmineeridyaivhitable Fow-b pardwok eombhe this éesired dptical
oxide as primary dielectric material nakes it

propert1%%ﬁ éﬁﬁﬁlﬁ%\%gef H@lﬁg FihBLEhE0Id STPRFuitdIRIdERRHal ngdlf{cgggﬂs] to make

I an 42122 refers to the sputtering of

A ucts with nultiple b
R L e R e S 50%?355 that
are described. [0022] Guardian WD 02/ 062717 refers
require exg afterfian @Wﬂsﬁiﬁ@&%ﬁl@éﬂ%&ﬁﬂ?&ﬁ@ pihpsulghipe glass unit. Itis deSImble
characterized by the ability to be tenpered. However,
to improvalkhe qirregt medgneabiridmypsmidal HuShBG ofsugh eeatinigan 0. 40
are exenplified. [0023] St. Gobain patent application
[0017] VWO 03 BA@IRDdirRft SadlOdcilons bs theWalitioB@r bIIE carl oftérowesigt a

sequence: dielectric/Absorbing layer (nmetallic,

ven [ 1
o UG 6 TRl ey it
c | ayer under. the Ag tends to decrease t h
designs. roraull DoeSiRple it B0 vidse bRyl BT BH A b PTQ?&F%fﬁ?IP’I%F?mO“SIY
f th t ack.
ona coa‘?er with%u‘? re?lgiring down time and modification of the coater layout.

[0018] Furthermore, for safety reasons, more glass is now being heat treated to increase
its mechanical strength and avoid laceration in case of breakage. This is especially true 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 radiation and part of it is in the shade.

Typical low-e coatings are not designed to withstand thermal strengthening or tempering. Such



[0024] St. Gobain application WO 02/48065 descri bes

the use of absorbing materials in a lowe stack in
wor@en24503 control |ight transmttance. The appP¢T/as1006/018214

focuses on cladding the absorbing Iayer betmeen 2

contion G F8H By e b s SS T R REP G e YL senring
Not wi t hst andi ng whet her or not the |ocation of the

it unusablghsor hi ng | ayer surrounded by dielectric materia
provi des sone advantages in insuring thernal

[0019] st abPPGthas ntadie s low@HGQ progctoavailable oo dreviemikertut airid characterized
results in inefficient production. The sputtering of

bya verytsl'%mti@lﬁﬁ Richi1Tp0t teAtehnM (bde I, ih86H S dathasel %oferogéts 1t s,
" inside the coater Thi s makes the nature of

Apphcan??ﬁ%c[e?ét?&ing% tﬂlié‘éii&cq @%3{ 194 c?l%l?{ugtntg 21%11511 %ec «g %e} {egfl‘lency

absar bi TiNis ut.te n OXIde dlelectrlc
toward sGgRIG,REC ket oRECAPT VS 0D GBS Feseabsyihomylon of coatings
The Ti N |ayer would then be | ess absorbing. These
characteriyed by @ﬁ{@é@mow)@ 38 dickr Basle blutthavingpr lgght neflectien gameding 20 %,
i nsul ati on of each coat zone, but this process is

resulting (08 hlisronlike losRpwBich ddin&ppropridtd for Pi-pgUpblicdtiond. ot her
| ow-e coatings on the sane coater. |[0025] CPFilnms US

[0020] Pat e@%rcﬁnzﬁ’ % eﬁpa]ppgigétrﬁiih‘;(gég J[zg@g]déé’rca&%% c? B8dviaa low SHGC

doubl e net ere thus renalns

eed f coatln st a ods
and appefit st A rETaR TSy o RS e rRor GULe HROPRe g&ahamcal
he prior art. In particular, therelsa
durabﬂltsfa bw; rotably dhesanpligating. does Bof it fra deuble b’%(?frpféb@wpﬁ NIGfo/MCr,
whi ch stacks exhibit retained or increased aesthetic
which layep pdaineficintifortehdmilsbly o tit/ watich efurd@irmdre; thieivse bfZn axude as
whi ch can be tenpered or heat strengthened, if

primary d€ISEtHE thatdd] BoKes it diffiekieor SnpRsdBRdo fté?ﬁpe‘i&l%hh@ at can
be applied wi thout need for a specific, nonstandard

sty oo el SRR T RSB AR

. revi.ous |o en1ss coat i. o L presen
products MybdnRHBIE iiaur o o™i, N LaeBes i 1%1h§51t9#a@waﬂ§p%a{§
_ that have a | ow sol ar heat gain coefficient (i.e.,

described. ow- g stacks), are aesthetically appealing, and
exhi bit equal or better chem cal and mechanica

[0022] dur aGubidian WEa02/091511Gatfetsawi@nilighi tvarisynitsdnde kSatings that are
Mor eover, the invention provides products which are

characterfz@%?ttﬂ\cbé‘tﬁhw thibe %én%hg&f q{&{/%i" |Gl PEn g tﬁtg()(%%tmésr\mth SHGC

parti cul ar, “for exanp
higher than 0.40 are exemplified.
[0023] St. Gobain patent application WO 03/010105 refers to stacks including the

following sequence: dielectric/Absorbing layer (metallic, eventually nitrided) /Ag / dielectric.



shifting froma standard coater to a | owg coater
woul d not require venting or other change in coater

WO ayeae450F-ur t her nore, gl ass substrates coated PeET/US2006/018214
accordance with the invention surprisingly can be

[ . r.engt hened. w t hout.sych t ering
The pres BT Feu il RSB Rk R ERTY < hugRint Arrachobie. T %o
stack |l ayers or_.in the optical qualities of the coated
weakens dhpjapihignisalsfurabiliy; ofghe sfack. ot her dr awbacks typical ly
seen when such processes are used in connection with
[0024] | ow ShiGabiain applicatimat WAYE2/4§(BO 2B} cribee thenas eAtbdomiRE triatials in a
overcomes the di sadvantages seen in the art through

low-e stabkén ordsit to@AUEb] 107ht Gbndhitth @RS ITHRABLABN ML ad BYEFhe
into a low emssivity stack. The i1 ntroduction of

absorbin??azﬁf R RERIdcA]cs 9 RIS 88 bA% 1?1?(}335?5} !é]ﬁ'ttﬁ%al stability of the

smttance w thout | ncreasing

refl ect ance. h.increase ight reflectance is .
stack d“‘i“}gelbeﬁﬁﬁ?%ﬁye%’f- S?J‘ﬁmtéﬁfmg% ¥ E%P‘gﬁ‘ﬂ npt TirdRCaton G di dbsorbing layer
a_pane_ facing the inside of a building. [0029] The
surroundacbgy Biskacticaneairaplasovflestpsts dsivarjagrstie isating theomelsditilety, this
one to control the transnmttance color of the coated
configurgtioassinctinenidns andresgitd iayesffipieaf podidtigni The eptciag of the
between the barrier protecting the Ag | ayer and the

absorbingl 1§kl bCatrecAAR " SaHHoYs tall AR ECter. TBs inméé’sfth!;. ﬂ{élure of

provides a lowemssivity coating on a substrate,

ti ' ;.1 O ou td from the . .
the absorBfi A0SO BRI RlaBR agodp oRFfen RS hfpabieagor inpapoe. ifa
first barrier layer; a first absorbing |layer; a 8 WO
layer of a%%érnﬁﬁg?}g POl Suesdadioldeariitar dbe MY will be
| ayer; a second Ag |layer; a second barrier layer; a
contamingteddycxxpeo b AgN[layee woull thethbe dsibsbibing. i Ehdsapaibienandight be
optionally, a topcoat |ayer, wherein either the first
addresse@b$ fiproRGhglthy gds isulatidieofRREDGAL RRObH 1HE Prédtes isichstly and
optional, that is, two absorbing |ayers are not

undesira‘%l@%ijth@ﬂrod{[ fon ('Bffb\k\;ﬁé?tﬂ)\ﬁ-ré c%h% RInQd ga?ﬁ? GRadi ngs as

escri bed above, but which e a single Ag | ayer,

oonsy 2 PEREUENTES 20 ) YT T 3 hUGRS! st

) | ayers onto the substrate. A preferred nethod incl udes
barriers. deposi ti ng by magnetron sputtering. BRI EF DESCRI PTI ON
OF THE DRAW NGS [0030] Figure 1 depicts an enbodi nent
[0026] of aflhereshisatmenislayneadferddw eoidsontyentsd sthdly (arsd methods of
exhi biting | ow SHGC and enhanced nechani cal and/ or

making tﬁ&iﬁ]ﬂht@t?éve%dihﬂ%oﬂhls vhiodshreI68E SRNGE theWrld? abthen BEARERE, there is a
i nventi on.

need for low-e stacks having a low solar heat gain coefficient, which stacks exhibit retained or

increased aesthetic appeal, and mechanical and/or chemical durability, and which can be

tempered or heat strengthened, if desired. Moreover, there is a need for stacks that can be

applied without need for a specific, nonstandard coater.



[0031] Figure 2 depicts an alternate enbodi nent of an

aesthetically appealing | ow emssivity stack,
wezdveh2450hg | ow SHGC and enhanced mechani cal apdr/v82006/018214

chem cal durability, which includes nucleation |ayers

| ' t-he properties of the Ag layers, in

wmh the present invention. [0032] Figure

3 depicts a further enbodi ment of an aesthetically
[0027] appeadPioNgrePB- heprrblsmpiapspoiewith pseiays 19w gmiissivitslaagings, the

~and enhanced nmechani cal and/or chem cal durability in
present invcooen areveleaiimprovbé cqtingethat yieldestdcke that hR3pwhotp heatdsain

depicts a still further enbodi nent of an aesthetically
coefficie@qRealdwig staoks), @oasshetichlYy ?/p@ﬁl‘fn : @ﬂ(’f‘é}ﬁiliﬁi't B&uall Q%Memical

or c

and enhanced nechani cal an em cal durability in

y . | . . .
st e 49968 b bSR3 Y G el sy proviaes
proucts TS R P R B e et o exampl
.. Substrates, a PVB layer, and a coating in accordance
shifting figmp p stapdardiseatseiora lopve peatervoryld ossEqFEigrméisg 6A0tnCclBBge in
depi ct optical constant data for typical materials
coater layout.t Eintileerfnore, glasesubstrdteseogtedis acdvedsice Withabomgiamidh surprisingly
with the invention. Figure 6A provides data relating

can be tefnPereA®r h'bai’c_q?rén%?ﬁeﬂeﬁ fideld K18h Q&ﬁ}%e@ﬁ%o’rz ihgéirs%i&%f lﬁﬂﬁﬁlg

* OV

data relating to extinction coefficient (k) _233%
sesaca Sy R 53 FORPRbo LB POy OPEERL e

si}oi chi ere{yri es of Si AlOxNy. [0037]  Figure 8 provides .
other draypaglgsitupipaliyfegn FRPHSICP FOGTE5cH i Wsed Ercommectionyithy loy ergissivity

~ SIAOXNy in lowg stacks in accordance with the

coatings.i nventi on. [0038] Figure 9 depicts an alternate

enbodi ment of an aesthetically appealing | ow

[0028] em sFhy ptegergtimaktiosdrbimhéstle RWIRRIceadten aniaRe@Hrough the
mechani cal and/or chem cal durability in accordance

introducti¥ntd? ot N8 n%gﬁﬂtabéd?ﬂiflgtﬂa@f]im& %90%9 ]:nﬁs%&%ta%lg $6P Et}%o‘ﬁu@tion of
urther enmbodi nent of “ar aesthetically appeal ing | ow
st e S5 G Y S

with the present invention.
reflectance. Such increased light reflectance is frequently a problem, particularly when it occurs

on a pane facing the inside of a building.

[0029] The appropriate choice of absorbing material also enables one to control the
transmittance color of the coated glass. The absorbing layer preferably is inserted between the
barrier protecting the Ag layer and the dielectrics. Accordingly, 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 Ag layer; a first barrier layer; a first absorbing layer; a



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0040] In the
follow ng detail ed description, reference is made to
wo 2060505 peci fi ¢ enbodi ments in which the i nRENMUBZNG/018214
may be practiced These enbodi nents are described with
n ose skilled i he, ar
sccond dRALCHICIoG: s BB BT S RS BPE: e & Shrond abaigpie layers o
third di éOOG/ 1245 PCT/ 2006/ 018214 understood that other
rd dielggifig daxrind pdpBabe Afensgadayeanvhareiacither the figst absogbidg layer or
| ogi cal changes may be made w thout departing from
the secondrdserbing layeris epioprl, dlfat i evpalewehitg layeanid not.requdR41[The
The present invention provides inproved coatings that

inventioryaled providis @atisls\ek ByscEbariove @ vhitaMews als ?ﬁ%lesﬂk #yer, rather
heat gain coefficient (SFEID are aesthetic

than two QP REAL Al ('%QP % %TX aahés reseht HP%%‘ i ar%qerme\%ﬁ%yyc%posmng the

mechani Ity t ypi cal Tow em ssi

. ventj o ovi des products
taers onfi 1§ o, o é?fF‘B‘FCE‘“S\ﬁhPE s Py oS T age.
In particular, for exanple, shlftlng froma standard
coater to a lowg coater would not require venting or
ot her change in coater |ayout. Furthernore, glass
BRIEF DHEACRIPAT@ON @B aHEIDRA VARNGS dance with enbodi ments of
the invention surprisingly can be tenpered or heat

[0030] st remghii@nedbptd HOMhbSdAGentdf %W@@s(ﬂlfélcﬁﬂf h}g@a 11.}(% %@?&msswﬂy

when such processes are used in conne
[ 2 n
stack, eXﬁlﬂ‘Hﬁlg}x{’Vt%/%Geoég e C%&r %‘%g}%%‘wgga’{‘ﬁ L‘%lgﬂlti(iah guragﬁfcy m accordance
ntroductj.on of at |east one thin absorbing |ayer
W“hﬂwP$ﬁ%nPH@mP@% em ssivity stack. The introduction of the
absorbing material decreases the overall [ight
[0031] t r aniguredrdspicls ahdtemaitmemipaiimagt dffae aksthétically appealing low-
reflectance. Increased reflectance is problenmatic,

emissivitpatabk Caxhibitiyg WRHESHTC H@A@UAScOM nikcRae:] hadbPéhehhigal durability,
Inside of a building. Tolerance for tenpering can be

f C
i n SRR EK iy Aol bl LY EHRERS 2 d RO E) bt
ers 043] In an aspect, the i nvention prOV|des a
Wthmawgéf%H?§£$9?ty stack, including a coating on a
ubstrate, the coating conprising at |east one
[0032] abs oFigurg 3| depists a fmder gobasimensiof ian pegthaticklly sppealing low-
characterized by a sol ar heat gain coefficient (SHGO
emissivity h@atk,j exhitétisg lowaSiHa0oumd edhawed plecher@ld biyd/bedfmitdl dlrability in
about 0.30. Ill various enbodinents, the stack has a

accordantd @ith thd SR8 @Rk, of about 42%to 11

[0033] Figure 4 depicts a still 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.



WD 2006/ 124503 PCT/ US2006/ 018214 about 46% During

tenpering, the transmttance rises by about 1 % In
wa@odaeiiz4snnl enbodi nents, the stack has a tranBoT/USZNEe18214
~~~~~ color with a negative a* and a negative b*. [0044] In

anot p ent ventio rovi.des a
10034) Fo0 B SRRl AR o U E R R B S &8 aftomgive or
ising, in order outward fromthe substrate a
other veljplp gc @R Lip 1465 PUlprtes. PYB laser, g Rageling ia Aeeardence with the
barrier layer; a first absorbing |ayer; a second
present igiyeskient ri ¢ | ayer; a second Ag |ayer; a second
absorbing layer; a third dielectric layer; and

[0035] opt i @iAirey 6Aant GBCRict bAN@N corfstdnP84ta tf&ecyﬁnf:hlrrﬁﬁtenals suitable for
absorbing |ayer or the second absorbing’layer is

use as 109«9%515%6?3 1S 1 a@cmdﬁrg@ wilteie ‘ﬂ%ﬁﬁ&ﬂ n%grlt)x%y S]ioﬁ’%i%% g%tgﬁeélat’%g to the

ulre second barrier Iayer

. e second ahsor a present.
index of ko B0 Abd EisRES B Or R Glagriauat 1 sxrtymsosboiont 0
enbodi ments, the two Ag Iayers are well balanced with
[0036] a r aFignradinrayidecgrapliondaiisrating gidex of Hdmetien and extinction
alternate enbodinents, the ratio my be as | ow as
coefficieb%or tMavstaighibaleaits o SARIOxayer s provi des vari ous
advant ages, in particular froma process point of
[0037] VI eWFiﬁﬁ%%gﬁ@vﬁ cztl%'a&qp&stﬁﬁﬁ relrredPRY 1@6&1&&%‘8{ ¥iAlOxNy
the sane r t he ngth o al gn can be
i Jow- Wﬁﬁg KA en. . 1% saFoFd Ag is much thicker than
EORES f@% %%5"¥ 8%&&3 the coater nust be vented
in the canpal whi ch has a strong negative
[0038] j npaﬁgltrﬁ Spteistican %%%%fmb%@emqﬁf@marz@hetwaﬂw appagling togv-
coatings as described above, but having a single Ag
emissivitlyatagk, exthtitmeg lowhSAGCHmdoenhameé mwkghdraged ned/of AGal Boebility in
absorbing layer is preferably inserted between the

accordanB@ivith@he Pefne Givieiot.he Ag | ayer and the dielectric.
The absorbing material can |nclude a netal, an al | oy,

[0039] a Si :ﬁ;ﬂIQQD tsaabﬁ%glj &19(3 er S u?’f? a%ﬁl?lfe ic p;é%ﬁ%/%lgw_

or any
cm

th ff Pr rr rial
emissiviey Sl wﬁﬁﬁrsﬁf ey wceérme‘éfme E ”H{\mml durabiliy in
Ni Cr Ox, Cr, Zr, Mo, W and ZrSi, ni ckel or chromi um
accordang¢ waighe prgeent hwesiien-on net al s, nitrides, subnitrides,
and suboxides thereof, as well as silicides and
alum nides. In preferred tenperabl e and non-tenpered
12 WO 2006/ 124503 PCT/ US2006/ 018214 enbodi ments, the

DETATLBDSOESCRP TINEOFATE PARENTESNN C . | n enbodi ment s
"‘““TNTrEﬁ“aré_ﬁﬁr‘r"ﬁ“‘r‘ﬁﬁ—rad Ti works well as an

abso teri 046] .. The ropr choi ce of,
10040] 3 S omblHiaoR B Rt dgehuny iR B s Rapgarpifc
to
embodiments in which the invention may be practiced. These embodiments are described with

sufficient detail to enable those skilled in the art to practice the invention, and it is to be

10



control the transmttance color of the coated glass. A

neutral color (a* and b* negative and well bal anced
wae@opessherred- -t he mni mal requi renent bei ng BCT/US2006/018214

negati ve a* value and a b* value that is |ower than

understoda t# bt éﬂﬁ&ﬁlhfeﬁ@ %%ayaa"edenq& &r@@lar Gl RELNG it al changes

nmore aesthetically appealing t an a stronger green

eut.r.al transmttanc y
may be e PUb BB o BE i or Ak fihi bR amepfe
renderlng of the |nsulated gl ass unlt QI61D housi ng
[0041] ¢ he él[)@spgeseqwgverﬁoggpéqw §SHPWEIYed soatings thal edd Jow emissivity stacks
possible to obtain a bluish hue, if desirable. [0047]
that haveliiesy salarheat gaimawafﬁtiaﬂlts(SHGCE)owegteﬁhaiogﬂg apyabnfeed exhibit equal
found capable of |lowering transm ssion of [owe

or better ‘éﬁ@rhid&g@cﬁrﬁgcrﬁhicgl\/ﬂlﬂgalh’@&hﬁi BpicaCBivAmibRvidesthekide Mdr8over, the
preferred colors. In th e case of tenperabl e coatings,

1nvent101f1MBf‘cR"9c[e§fE ut%% £1JC%L) lﬁl \&%%‘f&d&?{ﬁféﬁhh&’ct@h%@%ﬁods

|Inrs ny 0 materials can

be. used atlv t he rb|n materjals .

particulaf oy PEgPISHESE J@fcr cailor i & TpmgsBalin ot reguive
defined by a range of i ndex of refraction (n) and

venting enxathercthpege ibeedtet leyert Surthyrmonaiglaas substipteabdated graccordance with
performng this transm ssion lowering function. In a

embodinh@npef b ieehtivw girplesngn cad betealpeoadlir hgatl sy egthaied| wiktaone the
the appropriate optical properties as well as

d;rawbacﬁg %’pﬁdaﬁ? @éent\ﬂ%rn%lzh BloBiskd ¥ uBELR&OhA&Sion MARABY dhisivity

2, incorporated into this application

by reference |n |ts entirety, refers to the use of a

solar control design that contains a Fabry- Perot type

thin filmstack (netal/dlelectrlc/netal). of

[0042] et alkhe rresent yentignaghiewsy the fesigd @ﬁﬂpérfrearthreggh v@rlsltr%rmrtmn of
one is an optically absorbing nmaterial. The optically

at least calegbimbibagybivgtlayer aito ils ldwsnrisdvaty stackt élﬁnsintmdtatiomnﬁ‘éle(absorbing
suitabl e optical constants. Preferred enbodi nents of

material ld@EreRdc8 SR Svet NV baRsnsiktahdeanithout Dehdading L V¥Rt reflectance.
2006/ 124503 PCT/ US2006/ 018214 Fabry-Perot stacks but

Increaseg 95?40'(2&1%6 & 1%861@151@1{1(5 Qﬁfﬁﬁlaﬂﬁr%ﬁlq{ @ccﬁrfs C}?%nl /fa @1'6 111131de ofa

ectric or nor e Speci

g / t in SubOXId orb
buildingy st (1 (ETiRERSH Can Do ARG B RN {1%@’8?@81?‘?%8? e gifectic o
/ metal. In each of these cases, one netal of the
absorbingdeyrs pisthanafyed of the sbsprtap@laapisy an infrared reflecting
netal and the other is preferably an absorbing
[0043] met allniag aspert,elid @bentibgrbvidesn bbsanbsingy srtlglihdlading a coating on
mat eri al nay be described by optical constant ranges

a substraab5 Tt %atltng cbﬂlﬁﬁﬁné 8t 1hQohE albs%rﬁilnglayaat’l“hel\l@w e@mﬁ&@ﬁﬁg dtdek is

tical constants for typlca erials optlca y

charactegﬁ%ci %)kéa s@ Skéeg év{ﬂ.g f;%ekei? (8?1%?{3 {S%I(?(g) tH?t 1gﬁets§ ﬂlan about%s34 preferably less

than about 0.30. In various embodiments, the stack has a light transmittance of about 42% to

coatings

11



in Fig. 6A, the preferred index of refraction range at
a wavel ength of 550nmis fromabout 1 to about 5.5

wo oooetitusodret al | i ¢ absorbers shown. Based on t heCHESH06/018214
presented in Fig. 6B, the extinction coefficient

about 46‘%gl§§{emgtteé€1?e\£ll%\éte ﬁg tt%nsrrtu‘t-]t%ﬁxcl%gpsg%%%g% eu? g[,'/n ﬁ%%ﬁhltéﬂgﬁembodlments
addi ti onal paraneter that may be used. in heI ping to
the stack %Péfar trESIEEAnce §plge WHR aﬁg%t%lae A PSCEHIE §¥s that of an
i ndex plot which has a positive slope at 550nm This
[0044] charlaenethesispectwhe ipaeseitdtventjon ptovides artewadnhigivity coating on a
mat eri al s from suboxi des and nitrides which, when

substrate, %éﬂdaﬁh% YoRbAthedn obdéP beiakd frb@dMBe subiaaRta 116t GbeBEcMyer; a
50nm 004 In a preferred enbodi nent of the

first Ag 1a§rg1y %rHrE g}(e?be??xrspéﬁggrbll ?% erl 2 si&ﬁ@ﬁ%ﬂ&% ft ger a second Ag

y "speci ocation In stac hi's

ot h operties which ar & ort
layer, 2 ssopd E%ﬁqﬁrl% P Adsth O R EECOY R OB REReoa . Dither the
| ass, particularly the overall durability and the
first absorga@lamr o trisesondabsotbimsayer Bnentiosel, i e M Seshisbagybing layers are
| ayers preferably has a thickness of about 0.1 rimto
not requirad 0 it seBondibvarritf lajanbetrtzen i segorddake tayenurel thesécodédysotlieg layer
first absorbing |layer preferably is thicker than the

may be pro&G@Neha BeRIRINI pleft Mly olhBe Thipkstbrrad &R iRBnTs; aﬂﬁ@ fwo Ag layers
preferably has a thrckness of about 1 nmto about

v b AL B A S B

PCT/U82006/018214 thlckness of about 1 rimto about

embodimentp, the r3HHEAHPRACPHES ¢ O o FAVIEE TR B E DI R s
an alternate enbodinent, the first absorbing | ayer

advantagdsam partittilakines 9 podcesopunt o vigw. Becaapothiadéwo tapete prode ot
enbodi ment, the second absorbing | ayer has a thickness

approxim@felyPheyhme r&e rtdélenkth o ﬁQbﬁhﬁﬁign 2hti B¢ AakEnieed OWheR tHe, second Ag
the first absorbrng | ayer has a thickness of about 3.6

is much tlrngfger tiggh AU ne, Bl Eﬁﬁﬂﬁ% g Sahedi n?i?s@ge Vérﬁgd éa%lt‘"ﬁﬁ Ghe campaign,

I"ayer has a t ness o out
referred e iments,.the d tric.layers
which ha%%é 011%6@& AR Oy ﬁﬁrﬂ?ea °git- TA&?.U&%@H 18“ Pﬁcs? PR es&PatmgS as
an oxy-nitride. Wien a dielectric |ayer conprises an
describedmbiotie, but haviog p gimglesAg loves etlasithendpigraned Agrlayera Ti, a
Zn, an Sri, a ZnSn alloy, or a Bi target. The oxide
[0045] may Thempissosteng My2(S prefdreblgisdetedrbgtweontheibamian pratecting the Ag
about 20 wt% preferably up to about 10 wt % of an

layer and %ﬁ@&i@f&:m& UG aBSorbing MatdPial 04n SRl Arm&MC i SISNEBllicide, an
hese dopants are commonly used to nake silicon

absorbm%g)? Elg an &% n%ﬁ?%ﬁr%&%f a\ﬁ%trlqu‘%n? 0%&? Lﬁ&%fe' rﬁaéeﬁé(ﬁflat achieves

the desired effect. Preferred materials include, without limitation, Ti, TiN, Si, NiCr, NiCrOx, Cr,

e

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-tempered

12



the nitride or oxy-nitride can be a nitride or
oxy-nitride of Si, SiAl, SiB, SiZr, or other suitable

WoRaei1gs0dr oxy-nitride that achi eves the desiPerus2006/018214
ef fect. Sinilarly, the nitride or oxy-nitride may

embodinii B S Bk o NP e oo

ement for maki ng the coater target conductive.
tempered@ 60@2}1<S|Wﬁ11p45e@eabns@r@1@maiamﬁent s that enploy three
primary dielectrics as depicted in, for exanple,
[0046] Fi guThsafpramdatd chaite bﬂﬁsbrbﬁ@anﬂénﬁlmsochnebleg bhd 6f draperisskill to
is in a substoichiometric state. Mre preferably, all

control tﬂel”tfa@@m&%t}e o168t SEME c6sied Blagk. A R Pedi%) gaa’ra‘f'xd'bn Iég%clve and well

substoichiometric state. = Various advantages can

balanced%‘r: g?@%dﬂ%ggﬁnﬁﬁﬁr}?%ﬁg e%Jc I%HF nggralggfgl %gﬁf (ifirb* value that is

€poSsi

er tar ets is t he target surface
lower thaeﬁf?nfog frpgsop $eiGnd et mtierianie) SBOTAcSietrbgperting than a
silicon rich surface is higher than for a 15 WD
stronger %%Smmwmllgsﬁmmmﬁtwﬁsa]mghb'cﬁepuratéebleoaﬁse it
nore nitrided silicon. The higher deposition rate is
maximizéthaobge ouldr takderinglonthe thsalatdales valt JUg iesusiigeBslass. The
which is nore econonical. [0054] 2. The higher index

present ngfena!s‘@aléy Bla&egit gBés‘PISIEEJ bifiaill tmm@k?ﬁu@h% r&l&le
dielectric rs that have omer physi cal

thic SS for opf kne Less .t arget .
[0047) {0t of PG5 Bpith &%%ft?ﬁ%l& e egi%@é £ e SRRt GBI JE Pgvering
are deposited and, agai. this Iovvsthe coat er to run
transmissient of 1ePr¢ eoabings ?,nd Tl&yggg thg stagk éO]ﬁF &h@ tupgdjtopreferred colors. In
dielectrics allow for greater flexibility in the
the case afgtinpeakblechatzgst theipstfemsl matetile alsowrethstraalky sidde within the thin
Desirabl e colors for transm ssion and reflection may

film staclp€MahD bthef AfatdrialARite \uesH 4sltethalii N8 thd A6 ing materials recited
dielectrics than can be achi eved using | ower 1 ndex,

above. SﬁEl‘P 11%%1% ¢ 1&)5%%%&{1 Be PL@%em C“ﬁan%é@f 1?1881 gﬂleﬁg& 'éﬁ) and

yers te arrier pr oper

st0| metric, dielectric s allows for a
extmctw%?%ﬂ ?&ﬁ%ﬁsﬁlgwm‘?ﬂk b B R B S v g pction. In
st ack. Corr05| ve chemcals are less likely to reach
a temperathe loyrk desian the ghsovaing lagigraridl hayo U8 Appepriftecondisel weperties as
absorption of the sub-stoichionetric dielectrics hel ps
well as additlo theral $talsilisnpregdriies. and rai se the sol ar heat gain
coefficient of the | owg stack. Sub-stoichionetric

[0048] di el @CS (o€, %\16 M 6t 7208, HPbEAER ihdb BRS 9&?&@31’1 tbRfnce in its
visib and nore transparent in the ihfrare

entirety, refers to the use of a solar control design that contains a Fabry-Perot type thin film stack

(metal/dielectric/metal). One of the metals is an infrared reflecting material (silver) and one is an

optically absorbing material. The optically absorbing material is described in terms of a range of

suitable optical constants. Preferred embodiments of the present invention similarly include

13



Thus, these materials reduce visible transm ssion but
do not tend to interfere with the infrared reflective
w@e@pae4sdes of the silver |ayers. [0058] Met al P&bEs200€018214
| ayers are optically absorbing in both visible and
i 0f : ld:c material s are us to.reduce
Fabry-Porft A RS B B TR ST alitaR S sy Faftl et F et
0 transnisgi?n an? infrared reflectjon are reduced. It
metal or,;Ta0rgsRPGEEALY: gl | N BO0xKlgabsarberdbarsgn / aactali/ gliclegiric / metal /
_ infrared reflection as possible. 16 WD 2006/ 124503
thin subop@iy abspihes(bendRl/Ametp 08 ShclThkibescadseanomgestat efftte hetal/metal pair
occur for sub-stoichionmetric oxides, oxy-nitrides, and

is preferabily s eisrathieféctig @hdtaload Wisesthérs Prdf@uble afitaBSdebinkRGMic
The silicon to alumnumratio used in the preferred

g " C - , 0
material. S RRGE Moy s PREAR. bAN L na] BE iehchiBed fy MBI ontlat ranges
... the atonmi ¢ . ratig of, S nd N i s approxipate )
similar 1388 Rt i @S, By Np bty bieive G RRe BB thatergts
) primary functjion as an OJ[Ot ical interference |ayer,

optically\ghitaie Bolenr& Berosers gephritedrin Fiast A epd 6B. Sasqedw the data presented
silver. The material is chosen, however, in part for

in Fig. 6 At the prefeirat indeopefrbetonanngdvandveskngthtof 560mhris Butedout 1 to
to the protection of the silver, both nechanically and

about 5.5fve Mecatthilic abSBdik sl Bastd d@RhE At pREGYcBRAFic. 6B, the
Extinction coefficients for silicon oxy-nitridé. The

extinctioié ?g%i’%iggﬁgl\%ﬁ%%taisxggehﬁ%gthc&eg STOin%i igﬁloé %o%?( wg t& %122.5 for the

ol C onetries
R L O R o

coatings. Stoichionetry for the preferred enbodi nents

range of guijablenatprigle ifl thatfoflan indst phelerhich besen postiivexdoperse §50nm. This
Figure 8 depicts approximate preferred n & k val ues

characteristic viiudd @stilyguisinthe awtalis hackils 0 edjoxides phehRfid@Gvhich, when
enbodi nents, the dielectrics have indices of

imi I Ch ‘@53{)&@& : ween about 2.05 and

Slmﬂaﬂyggégfﬁa’ gr.b%,@llﬁg? e prét é{%?vaﬁgtsgggh about 2.1 and about

2.3..In ref.erred. enhodi,nents,. the djelectrics. have

exti HE PR ST M Biiom e b GrEts o fRisn it oduced ina
about O and about 0.05, nore preferably between about

very speqifig ocaep Hgbestack. gbhis [sgo@Blimise the piher piopetice whishiarempportant
the coating further conprises a nucleation |ayer

for the mpeufaetening el the psdceshing eftthe ceatédgless, pardcilhey tHerskeraligiurability
layer. In an alternate preferred enbodi nent, the

and the ease of production.

[0049]

[0050] Each of the absorbing layers preferably has a thickness of about 0.1 nm to about 8
nm. If two absorbing layers are included, the first absorbing layer preferably is thicker than the
second absorbing layer. The first absorbing layer preferably has a thickness of about 1 nm to

about 6 nm, more preferably 1.5 nm to about 4 nm. The second absorbing layer preferably has a
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coating further conprises a second nucl eation | ayer

bet ween the second dielectric |ayer and the second Ag
WO ayen2450he nucl eation |ayers i nprove the propkRCT/UEN06618214

t he Ag Iayer and are typically 17 WD 2006/ 124503

thickness fgr 06/ Zo%gﬁ ?\fOQe B%S%Eblg)ébglﬁ mgl{x}hco UBdt 9 fﬂI@ O an

Mrmtation,
: or acorrblnatlonthere referre
alternate %ﬂwlﬁ@tnf}é? firstrAbserpeaYer g 2 Ehl@%ﬁs %@Eau%maeg%gwhef
ZnO contain approximately 1.5% Al, yielding |ayers
alternate drhiaddimesnt, AreAle@ad 4begbitik 1ayee hasa thl‘éfrneﬂisagf@boq@r(bi st 9n gpether
Ag |ayer against attack of the plasma when sputtering

alternate élﬁﬁ‘ocgin%hte eid it MBorbHg 18¥er ihbs a tHiclaleSofi atsptitcB/€ fmd. @ another
chem cal durability by controlling the diffusion of

alternate %g&#(ﬁﬁl%hty Bhe ﬁ%gﬁ{d%sé)ﬂo % 1¥%er hBk o HRGm e8NS DBift 0.1 And

erred e he barrier 1Is transparent The

[0051] &ag t% A Cmﬁﬁ@r%g&,’éﬁe %Stni{& W%Its%tgl olgl%i en eﬂt% ﬁoméarrise an

net al s or subnitrates or SubOXI des ther eof ({A cq
oxide, arpﬁ@ﬁe«m@ob)@anlmdér When agickeetiic 1ayer goraprises g pxide, the oxide is
particularly in the first (i.e., bottom) N CrOx |ayer,
preferably bputiyedcoomra Bea Zamnrly ari’mﬂalalloﬁ,&rta(&@&rgatt &he@xpigm@n@ompnse
oxygen. Preferably, the atom c percent oxygen is from

Nb2Os. HR%E& 1% %01 Sl to Abs@RioibY, préferabReaupt terpeialdl wt% of an
versions of this invention was inproved when the

st N Cr l.a d &htio mal
element, B%n"u C[rdgé’éfm%lxﬁ ‘g"g’% ﬁ%{ﬁ%{% £ g%%oalp Hopats ?lt ‘i ncf%‘%g%ﬁ Can oee
have a positive ippact t he. chem cal
slicon cqreRergPie Nl | WO & REIGalie LR gRIsesf Ryt or an oxy-nitide,
[imtation, C S|Sn ZrSi, SIiSnQ2 or silicides. It
the nitrids lopukynbEide canset 4 higridetdrioxymiirdaof &t Sidl SEB.M9Lr, ok P@ﬁﬁ%table
to refer to the stoichionetry or atonmic ratio of the

nitride orh:fyt GERY thed RARNESthe Fedire 6ol SimAnY, theniridepurtokgmeétide may
mat erlal in which the Zr at%varies fromO to 100%

compnseulg) %uJt Y \%{% c[%ﬁtéepa?) o}gﬁegf%eﬁouﬂ- iy §7t°J’o%Y 8k el¥R¥nO%hdH &EAl or B, or

at typ| cally has a contrasting

) nat conpar oth ielectric. If the

similar SB‘?%b‘lld 'fgpmﬁﬁé?ﬁ ge atr%e %%%c%gg is preferably one
of the above rmterlals or a nitride or .

[0052] oxynile preferedseelpdigents gapsmejoy ArgRpraTy, 1%@??3‘8? psdgpipeted in, for
when the dielectric is a nitride or an oxynitride,

example} Piguies [l andd, af Isast hosefthé dihactrivelazdys isain|aj wbStO@hloﬁﬁﬁ%@ate
an oxide (for instance Zr02, ZrSi @, Sn02, or,

More pr %EI%M all Thiddsih dlEBficsYe /B, SRR add e subsibichimetric state.

ted to the precise 1 WD 2006/°124503

Various agT ages(,) Qa6r{ 1961 e%?lile%ed using such substoichiometric layers. For example:

[0053] 1. The deposition rate from SiAl sputter targets is higher if the target surface

chemistry is sub-stoichiomeiric. Sputter yield for a silicon rich surface is higher than fora
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stoichionetric ratios recited herein). A preferred
topcoat is carbon, and is used preferably in a

w0 esopae#hd e product during production. Such a POHUS29G6/018214
which is typically be sputtered, is preferably about

4-8nin.thick and. burns o [N the tenpering process.
surface dtgalisDa bl ARSGASEn i bieher Hopor an i rvRageors for
.__provides a lowenmssivity coating on a substrate, the
runming g §a3teiRy hiBiep spesingvhicinis srate ecanoveald from t he
substrate a first dielectric layer having a thickness
[0054] up t &. aboukhedGglmr inderodttersablsyoitidoietri@botide2 B for d@electric
first Ag layer having a thickness of about 8 run to

layers thafi@ivt alSwaiphydichl thickn&a 6 BE sdnly @ﬁticlaﬁfﬁ@&e%. tL@%&Jé%%?ﬁqaterial is
i rst absorDbin

of about 0.1 urn to about 4 nin; a f

v : | f about 0.2.nm<to.aboyt 8
consumed Wiy AL Byl TS B Rep@RON i h o ik RURE e oterto
moreeffa?eor# 40 run to about 75 nin; a second Ag |ayer having

“THi ckness of about 8 run to about 15 nm
optionally, a second barrier |ayer having a thickness
[0055] of  Bpout hethigien indsx slirdestrios atinw far geeenesbiivy hi thg optical
| ayer having a thickness of about 0.1 rimto about 8
charactenétivs imtiteHbweb ethall dasighi Debiggts cdlonsi foltranshiiésGdinBIS e fction may be
about 10 nmto about 40 nm and optionally, a topcoat

more eadiB¥Bhievédudng Hichahd&ROd: BN han %Q‘Fb& Q%Eé\;ég ugﬁgg&*f&qﬁdex,

a nucleation | ayer between the first el ectr I ayer
e fhrst Ag layer, the nucleation |ayer having a

Stowhlmﬁﬁ%&klpnazg%h%f about 2 nmto about 11 nm In a still
further enpodi nent, the coating conprises a second

[0056] nycl dat i orvPajRIFhBBERHIEdAyrTiend g’-l:]ém@ bettey demi¢ag bargigeproperties
and the second Ag | ayer, the second nucleation |ayer

than stoipleiginaigicadielnétikn eTlsis eflowmblont ndorachémicalhpsthbld hnd Bdrrddion resistant
stack having a first dielectric layer with a

low-e stdcRi Conesive eherafealdtare?BssRelyStoRdddhi thé! b@lﬁé&b&%ﬁl@&qhﬁr{i or
e

tenpering. [0067] In a still further enbodi nent,

00571 Presgnt i L L de Weeni ssivi-ty. . coat i

0057} B2 ups e O B AT e hRSBRRRHC HgleFBRS bl roauce
outward from.the substrate g firs dielectric |ayer )

the trans LS /5 DR SCIoY B9 hE RSUICH &1 P eKrieseokoRubisuRbigmetric

_ .nmto about 25 run; a first nucleation |ayer

dielectries deist toderrptizally shorrbiriniibe visigleandhelerwaspanént abthetinfBared.
nmto about 11 nin; 19 WO 2006/ 124503

Thus, thBEMaAUSROOGAGABALB] cardnbsmBtioAGut dy a6t thayioigtedfetd Wtk R Sfrared
of about 8 nmto about 12 nm a first barrier |ayer

reflectivEQidpéiiss B8the MitErPhyea1d having a thickness of about 1
nmto about 4 nm a first absorbing |ayer conprising

Ni Cr j 1.C f about ,1.5 .my.to about 4
5 "

00587 " NRER AR BOaPert Wb IPD BB 1 e gh g when
.and havin t hi ckness aof ~about 55 rimto about 75 nm
metallic Qagege%ﬁae ﬁﬁ% tQ Z3GUSH trptésy'éfasmn 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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conprising ZnAlyOx and having a thickness of about 3
nmto about 10 nm a second Ag |ayer having a
wo bioskesss of about 10 rimto about 15 nny opt POTTEB1096/018214
a second barrier layer conprising N CrOx and having a
[0059] £ N CkNRSSa@lan@BAMEnd 1ol dbut for SROUDichidHB oRREC Wy nitrides, and
absorbing layer conprising NI Cr an aving a ’
o i ekne of _abo 7. rimto about 2.2 nm a third
nitrides g’lﬂjeﬁ%é%ﬁgﬁf%e Illsgéél} gioc‘%ﬁﬁﬁc ing Si Al XNyOW and having a
t hi ckness  of about, 24 nmto about 40 run; and
[0060] opt i ok siljcondo ahgppyaratiouyssd in fhe prelerred distpetrics in these low-g
enbodi ments, the second barrier |ayer conprising
stacks isNiOGveght %osAlali¥bertSi:Algatioshaty bdresed e fosunatmbodiinegts) thy etomic
Is deposited directly on the second Ag |ayer. As an
ratio of 8il, Ug &f@NI iV 8pprbintadidy Ni,O; NEtBle thp slliosn LRI I HRE ALk 2
| ayer, co-sputtered NiCr and Chromum a N C/Cr
primary @ﬁﬂc@%ﬁ‘ l%% ?.1? ﬁptﬁ:‘ﬁl’i[n?é}ﬁ%rﬁ!e@ e W?HJ%%%R%%% tciilé) Xntﬂ?ﬂeckﬁgn of the

use er alternati ves I nc

silver. Th Tp%?ﬁ%?#}@%elﬂgégfkgaﬁilwr th T rs 1'352%?1%2%/ 61“-[\4 l'éacr:rdness. It
. graded, a NC |ayer reacted with nitrogen to form
contribupgste Koe, pratisetion efithe sibepy.crotloperhraically get peamicdbipr i si ng
Ni Cr/ N Cr, wherein either nmetal nay be any ratio of Ni
[0061] and (FiguieOQPictd Index hnd Extaictienboestiicients fort dikcopragafifride. The
invention provides, as illustrated in Figure 9, for

indices £%aFRh&ionfcob AN G SIStV b QAP BRI SHOREMBERs of 8RAI0XNY.
coating conprising, in order outward fromthe

These reﬁ)g ysglrrlt;rtﬁéa g}}p??)é ra%tgs1%2@%&?%%‘@1@@%{%&3@% f%ll}c{ lsc‘)ltwgg gﬁll’it% ta!t Yould be
first optical absorbing |ayer; a second dielectric

used for|lgRyeg coafngse cEAGNISTCT Y 407 1R PreASresd crgpodanerte typreg ly ypuid fall
a second optical absorbing layer; a third dielectric

betweenl thgsertwo anterogs. i Iogak8ydepirts appomamategyeferred pek enlabd for SIAI0xNy
scratch resistant. Layer thicknesses are as descri bed

in low-gh@dckbn. In a preferred 20 WO 2006/ 124503
PCT/ US2006/ 018214 enbodi nment, as illustrated in

[0062] Fi gurg Qerré@ém?&ﬁfﬁ%ﬁ; tht R le%ﬁ?gsihgg%@% kﬁ%ﬁraﬁfﬁ% ?t 5 Rgnm that

order outward romthe substrate,

/ N Cr L. Ni tal / Si ZnQ / /| Ni.Cr

ave betwgh H1ou 545 ANSERGAVE b SRS R AR Poaeen haier b dhopt 2.3, In
this enbodi nent, a second NiCr netal absorbing |ayer

preferred smiedipwntsethe diqledti¢shayp cxifnsction coeféciagtsiah§ enm Tt are between
enbodi nrent may be tenpered or heat strengthened

about 0 wid dbout 0.96.chotegnpferabhgbeiwediebbust.0 Eagt ftenk 0@2causi ng
degradation in the stack layers or in the optical

[0063] 3ual i hia§tefefred BRbSARAE 1RURELASELHEY chAMNDY nha%atmnh%{rjer

rawbacks typically seen when such processes are use

[ ti .t hS$lVvity coatings. tn .
e SRPURSEL N0 BTN U SO APt e, o
_ 1gu| n which.the secgnd absor bi n% | ayer is . )
coating further comprises a second nucleation layer between the second dielectric layer and the

second Ag layer. The nucleation layers improve the properties of the Ag layer, and are typically
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directly deposited on the second Ag | ayer) exhibits
i nproved nechani cal durability. It has been noted
W@bk®o/124563 col or appears to be easier to tune PEI/US2006/018214
preferred setpoints with this preferred enbodi nent .
n, alternative the N .Cr in.the s
based on 25 o35y iR b AOH oS SOA Rt aeT TR, S P drimiption, AL
Ni Cr/Cr bilayer, or any absorbing gray netal, or alloy
Sn, or a opepinEon ol Fypefraied STPBRHEATTS, s {pberintearaats tsodto deposit
limtation, a nichrone alloy conprising any Ni:Cr
ZnO conta'mtdpproxa?maﬂ&lyﬂ.S%aMeyieldlimg/\layﬁh thabhereNinAQOxr ati o i s
graded, a NNCr layer reacted with nitrogen to form

[0064] N Cr Nre barBBlaerPrdtbot X RES é‘g@insﬁﬁﬁa@k BE the GBI \ﬁhéﬁg
Ni Cr/N Cr, wheréin either netal may be any ratio of

sputtermé\uhe%lgecqlc o£ ?3360%]1‘[ -EE glsd) ﬂﬂgﬂa%sot'ﬂe fctﬂ&frﬂglrc%tffgbqy{ydn%fsco?rtrollmg the

em ssi conp

sor bi ng Ia er e m y stack bein
diffusion 8?3%%8%% P& esolrkea&s Biewitls NJ@ I e eferedia %meemb? barrier
that is less than about 0.34, preferably | ess than
is transpagdno.uThe bagier ¢an cahtpeisaavighoatiodiatientNiCr, WigaOst ikke, NiCrNxOy,
i ncludes a glass substrate having a thickness of about
NiCrNx, T 8r bthehmamtoraxétulj dri siBnidratels @R buboxidRe SerédfanCireftired barrier is
about 42%to about 46% In alternate enbodinents, the

Nicon 335 RS TS B NGRS e
om0 L B S BH JE2 PRPSggm  m

descri bed, the nmethods including depositing on a

20% to 55%hSkheamal dusbiliy ey the toreresghle bagions af isinveien waj émgroved
in the nultilayer coatings of the present invention

when thedast N rOe joet ta@daibgd alwomh 2@ atontio abrepitysiygal. and
chem cal vapor deposition techniques. The details of

[0065] thesent epidtabiéRsoat Af BrcRlell, daRMRe b Poditte ifacBRfithichémical
not be repeated here. Suitable deposi tion techni ques

and/or m%r@t%h%glesta‘tﬁﬂ t gtecrag%gl%lgﬁ {]%ﬁroui,sfﬂnﬁtgt%ne ngi)#x{ %ﬁln ngnO or

ods 1 ncC erlng, usi n far

silicides. a[ggh@g@ an gpteR('i: {%}? ; tlgorrh%} atgrfélﬁy P41 1ie é (#Qé%{ todhe stomlnometry or
sputtering. The sputtering can be in an inert gas,

atomic raigrofitee disferenbdemontsr Boravanply Zrhl is eaputioyed watsrial mhfehlch the Zr
total gas pressure can be naintained in a range from

at% varidaXfidin 4 td 00&% kA& theiayer cpii BE gradbd.y This daper A Oxidideqipon heating.
1x10"2 nbar. Sputtering voltages can be in a range

The topcg)e{t(‘e%ﬁﬁgf HaQ 2 L8RPasMne ﬁ&tﬁfeeéo%gﬂa}‘edzt%qm ﬁﬂﬁeﬂ%% d\{elec%i@ alm}fé

eposrtron rates can range of from25 to
r.ef er.a

ditectricf 3 BRIy 1 ingaftif RERAMY o78 of the Sy bRty i ice or an

oxynitride, such as SiN or SixAlyNzOc. Alternatively, when the dielectric is a nitride or an
oxynitride, the top coat is chosen from the above list, or can be an oxide (for instance ZrO,,

Z1Si0,, SnO,, or, ZrOxNy, TiO; or other similar substance, but not limited to the precise
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nodel nunbers Typ A 2540 Z 5 H 13-22 and Typ A 2540 Z
5 H 20-29 are suitable for sputter depositing the
wOondobilb#yer coatings of the present invention.P¢DOFWP6/018214
As indicated, the multiple layers of silver in the | ow
f ventlon I,OVi
stoichionfE SIS WG ERRLD. A prbafipd REROET oy R By im o
ut - of f transnttted and refl ect ed
fempefab%aveﬁ P Pt%%ﬂﬁtb o1k "G50 aionR LN CInis SYTHGALE beaphored, is
ilver. [0072] The nultilayer coating of the present
preferably ﬁb@ﬁﬁr%ﬁn itkicly apbluraeeff nthgdemperingarbenss.cal | y
supported by the substrate. The substrate surface
[0066] ser vEsanalteandte apbadimehip thetifreention dtdidss B0 -k V@NERSing on a
the surface topography of the coating. To maxim ze

substrate] gth@ RS&AESdRbrRing, W ity o%tdvérg Hom esfuﬁétﬁﬁé y ﬁf’% ﬁw?éé[rfcal%?er

he substrate has a rough ness ess

S th s can be
having a MUERENH B Bow 25 bR Bop 20, F e A Bavie o
22 V\D 2006/ 124503 PCT/ US2006/ 018214 substrate can
thlclmesskﬁ? byt Sapde ﬁ‘a?utﬁgtlﬁh@ fyst hepsicr daxer hgvipg athielgmespef about 0.1 nm to
| onered by the nmultilayer coating of the present
about 4 nimy\aeftst absorbitey lager diaving etthickness nfiatmut 620t teabout 8 nm; a second
applications, the substrate is preferably a materi al

dielectriciyct hatiag ashioRfidse bf SHoubed Hmab aBERIBIirh 8Ssedbitl AL MyeHRaving a
absorption in the visible and near-i nfrared spectra

th1clmessrcﬁ%'08ﬁ'ts8 Whes andire 539l %Bn&gﬁlg?%{ sdcdn& B%ﬁpf ?QlﬁQfqui a th ckness of

[1ne quartz I ca, soda

a s an pl astics, ar.bonat.
about 0 13’&? ?RO 4 i o pinelie! BRISE A AHERHR ehabgne0.1 mm to
As used in the present specification, the
about 8 nmar@gbla@ diclegsiifolayerd@visaaghiclsess gegsit 1@ gm forbowteddmsn; and
that the substance is directly or indirectly applied
optionallpwpcdah ryeef lardhaka chipdiment.fthe appingedmprisdsraaicletion layer
one or nore layers may intervene. Furthernore, unless

between Bk FREW Scthib MyepdRhe Fifkt AGESFT] tﬁb RECIEARN 1783 hQink Q%hlcl]mess of

pr esent |nvent|on by use of the f orrrat " subst ance

about 2 nﬁl ‘L{osetﬁgﬁf b%%l a st111 hﬁﬂ%ﬁ E:rﬁﬁ&ﬁm%h he oa[m% %om%rhsceg aﬁ?cond

rst ayer;

il BT %”s%wtﬁaeéﬁe”fa%&tw@g SR -
_that each successive substance is directly or
nucleation fajier bating a duplowhs efdbewt onmHe apeusdé dinngAstdok haviog a first
[0074] Coated articles according to different
dielectricdaypo diithenthickabsstdfiabovit 18 @t {sqartityariesuitsisle forl tempéreng.

context of architectural windows (e.g., 1Gunits),
0067] aut oDy sMEFIMHBEGSoiAEN MY o B&iny it
[ ] application. Coated arrtll cl Sdeslgyéﬁ oé%ﬁev‘:f%?sna lows elmrsswlty

coating ofl 3% sugs%at«g %h hc?o% m;ir E()enqttor?scljngl, T grldfetf* g&tward from the substrate a first
dielectric layer comprising SiAlNyOy, and having a thickness of about 3 nm to about 25 nm; a

first nucleation layer comprising ZnAlyOx and having a thickness of about 3 nm to about 11 nm;
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enbodi nents of this invention. Figure 5 depicts an

enbodi nent of the invention suitable for use in an
wa@oioeetsiye or ot her vehicle application (suchp@sUs2006/018214

wi ndshield or simlar lamnate). In the illustrated

a first A? @%a’%ﬁ%a thﬁ:kﬁ@s%tdf B0t} A @@éﬂ%ﬂf‘ ELnf b iy trﬂﬁrrféﬁr ﬁ%@mompnsmg

nvent i is included i n a stack whi¢h a so co

. ass_sybstr S ol yvin

icrox pif iR SRl PR o B o 21 LBt qgmprising
second sheet, provided it is facing the PVB. 23 WO

NiCr andlyzyeng » thakaesscof Abapoos i 2baut 4 mosasiccesdt iglontricdpyss comprising
are prevalently used in the glass coating art,

SiALN,Parid tatizg 4 thickness ofddduimiSngn tdeout dpent; h@scoar] chusiehtiom layer
managenent characteristics of coated glass. Such terns

comprisia ZnhFA0k altERAAiY 4 ﬂn@l@l@&r@%&ﬁ Irh o Bkt 10'Wel; la SKERMN g layer
neanlng For exanple, as used herein: [0076] IntenS|ty

having a,cﬁ;ucffh? Péb%qht Yd) ? %bﬁgt dl% g%pﬁohélgpa’seéo ng- bameé layer comprising

ance I'S centage an

. re rted Y e RY valu refersto
NiCiOx b Bt i afbetis? m§1ﬁ° Bt '1652 & BROR ST
transn1ttance) wherein "X" is either "G for glass
comprisigg e Cppnd ]Fa'vmg)qt thigingsssofpdout O Ghmdge ab@\ﬁé" 2p&; g thlrc@lylectnc layer
means, as viewed fromthe side of the glass substrate
comprisg i&iﬁd NeO{, bad haoiing u\kmdhletshﬁ‘ aboatt24ngn resholie ) nmbyiashdoptionally, a
“"filmside" (i.e. "F') neans, as viewed fromthe side

topcoat %ert hEpRFERR endaBhERS, Qh@%c&‘ﬁﬂ BribBy&RBhiphling MECHOSis absent,

077]" Col or character| stics are neasured and reported

o o 5 e b 80 B SORAE Ry B
ver), ein: L* is (CE 1973\)1 [ ght ness, uni th
to the Nxﬂr m@al(lmt@ spgqres asgrhing lews, %mm%teres iCs apéproraipgy a NiCr/Cr

yel lowblue units. [0078] Other simlar coordinates _
bilayer, omanybsatimigeabemetay ougby rsaydie wsd buitles alferpsitydspuclude; without
to signify the conventional use of the Hunter nethod

limitationO4 niéRtdnge) alldyl corfprisib@Qn® N6 € Yo, aONi Ck NyefnEwhibly theUivCr ratio is
coordi nates. These scal es are defined herein accordi ng

s, LTSRS RS A B
. . Col.or .Coordi nates" . Se
comprisiiggREAREG DY R D52y D APCBBE B G
Standards, Vol. 06.01 "Standard Met hod for Conputi ng
[0068] t he G@Iacfﬂﬁh@fentbﬂdé@@@, thy pregentignyegtion arogides Spdilesiated in Figure 9,

and/or as reported in TES LI GHTI NG HANDBOCOK 1981
for exantdé, erlewcnivaivityreoating on a substrate, the coating comprising, in order outward

from the substrate a first dielectric layer; a first nucleation layer; a first Ag layer; a first barrier
layer; a first optical absorbing layer; a second dielectric layer; a second nucleation layer; a second
Ag layer; a second optical absorbing layer; a third dielectric layer; and optionally, a topcoat layer,

preferably scratch resistant. Layer thicknesses are as described herein. In a preferred
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[0079] The terns "em ssivity" (or emttance) and

"transm ttance" are well understood in 24 WO
wWQO@61144503 PCT/ US2006/ 018214 the art and arPCT/E8206/018214

herein according to their well known neani ng. Thus,

. &=1pp0]] 1 te "transmttance" herein neans
emb"d“’{slg Rl ‘P?e é%%%?%ﬂf gFme, RIeealigs spmpTisgshineorflergtward
& tﬁl;']gnsm té,gnce SFTY of T, ,15%), infrared energy

om the; SubsEa e SAKSENY 7409 / Agr{ NGOk ANi6 weetal | §Ht10xNy / ZnO / Ag / NiCr
transmttance (T'v) Total solar energy transmttance
metal / SIAEIQNy Tepticama) toparat bEherhforg ih éié 2@BodEment, Wb@AH 8ICr metal
average of these other values. Wth respect to these
absorbinigrayes 8 ddpafiGAdireVilpbPR sbEHUSAY i
ghgﬁgcté?ized for ﬁarchité?@dg%%9%3?ggggﬁmgﬁn?ﬁgﬂw*mtmnpﬂfd
. ree technigue;: while visible
or heat sfitBIHRNEH wiitout SR cclp Y edSRedufiing thovg aseryaion in the
stack lavBYr os&g(&x Hhe ﬁtanda dIll. A2 degree technique
AFPGF 1 AP QuRiiig R dhe ecoateds ypsteatapitagsing g ethaoBaebscks
. i ncorporated herein by reference). For purposes of
typicallysgens wihgn surhpronepses erel used imanacatbnrwitiglow émBsivity coatings. In
2,500-40,000 run) is enployed. [0080] "Em ssivity" gor
addition éorirhpranetiemperdbiliay, thie chnfiGuratisHE@S Wheth 1R second absorbing %ayer is
characteristic of both absorption and reflectance ©
directly ddp@ ' itdl epresent
1y Q8 e L R A R ok el i cdi D! fhas becn
architectural rposes, .em ssivity valuyes heconme quite
noted alyfil o aBp s R RETE St aRS sg i setarred

.also called the "far_  range" of the infrared spectrum
embodiment, Asgp alernativiego SN ganetal in thesecendhsspdinglayer, co-sputtered

] specified by the WNDOW 4.1 program LBL-35298 (1994)
NiCr andpyhuioavirmne ¥iBeCKeilaygr, loabuy alfsortins grag snatf @109 @thy be used.
bel ow. The term "em ssivity" as used herein, Is thus

Further altgfatives ihelhes, viho@MisShiléd, ¥ Y H 48 il i ,
infrared range as specified by AST&%%%?&%%%}éﬂ%ﬁHNECrnwm,a

: - b St r th for asur i i
NiCr ey R B8 AV i Mo IR er i AR RS blimguicn
Pr.oduct I ng Radi onetric Measurenents". This .
and a ol 88 5b el Bogtfher SO0 ORI LR PEoreHE SHiso Pt anidhean atio of
. by reference. In this Standard, em ssivity is reported
Niand Cgs heni spherical enissivity (El,) and nor mal
emssivity (E"). [0081] The actual accumul ati on of

[0069] dat aTheinwesdsufuetenirooides y td-emisBiityistask ¥anPRSink §t least one
conventional and may be done by using, for exanple, a

o SR MNP RAETASBINLE b By s

chentifjc lns Corp.) ., Thi
(SHGC) {Shgg%iig%g %{%’ﬁ%ﬁ %%A,%%fg{ﬂﬁag/sless tlﬁalz about 0.530. In alternate embodiments,
the stack includes a glass substrate having a thickness of about 1/8 inch and exhibiting a light

transmittance of about 42% to about 46%. In alternate embodiments, the stack has a

transmittance color with a negative a* and a negative b*.
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refl ectance versus wavel ength, and fromthis,

em ssivity is calculated using the aforesaid ASTM
wEr@adarsad 1585- 93, [ 0082] The term Rsol ar ref ePGT/UBS2006/018214

total solar energy reflectance (gl ass side herein),

and s a I ghted average of |IR.ref)]ectance, visible
[0070] et & Sveitiond iR MoEPe Mgt Of RIS R rmitejv bestacks having a
cal cul ated in accordance with the known DIN 410 and
low SHGCses deseratyed; thegaeibeds indoding fepnssing, oy subgiate tire coatings described
aut onoti ve applications, and the known ASHRAE 142
herein. Tdtedaytas th the mudtilaixrtceatings af thegpédeatiny ftfon LB dagos%m By
are incorporated herein by reference. [0083] "Haze" is

conventiSiell bRRicRand ShdnB¥E vapdrdahodiibd %ﬁgﬂiﬁn& Egé;gqt&ii:lgs cﬁgfé%slg E%cgniques

causes a loss in contrast. The te
0 i T 1 i ch defjnes .
are well lHaze Baids‘}g? ﬁgﬁ&)g@?g@ﬁ(’t@\gﬁ e'}ge'f%%el gr%m%ﬁféc#g?ﬁg%?g’rﬂﬁ“es include
. thraough deviates fromthe_incident beam greater than
sputtering P’@g@%@rg‘&?b@eﬁptlﬁ%rﬂw@?%@ inclpgy DC saiiBRnEroasg medeliic targets

herein by a Byk Gardner haze neter (all haze val ues
and AC andRdi spudlieingmsingmeetalliy asdistn-mebrlietangter Alhngh &ilezeghaBiron
as a percentage of light scattered). Another term
sputterin@MHeayateey @nrbeiis an &RAGEsRThe bab&SIed o @ &dtively in reactive gas.
resistance (RS) is a well known termin the art and

The totaligds HRESE I@%r‘?ﬂ;)i‘mhﬁtﬁ%qlﬁ dance Cf%lr% @XLé'stovﬂlb'z lflfﬂ:a(?jy\,'gnfefembly from

meani ng. ere reporte ohms per squar

3, units. .General l.y speaking, this termr rs i he
1x10° 10 {42 pubE S el B Al e e 07 ey i o veapably 250
on_a gl ass substrate to an electric current passe
to 1000 ¥{.hPyugnictdeaosifienmiessps be i 2 Bree ol frewi 2%ttarHe0 ny-mm”/W-sec,
i ndication of how well the |layer or |ayer systemis
preferably 80 ke 200 nop-mimifW ace dCoatves gymnufactdrddytiysold iSystamy SREbH with
along with em ssivity as a neasure of this

model nuedRESTHEAI BUD Y, 5 H/1ShERiInd B A03AG S5 AB0-IPre SXBHR! B Butter
conveniently measured by using a 4-point probe

s . ' -point resistivity
depositing e L o R Bot s PCor . “head,  Mote
M 80Q pradyc b I gnat one rp. of Santa (Cara, .

100711 oy s AsBeRlgs: Senbpiniiaerpos bbby v sussivitg Geding of the

"Chem cal durability" or "chem cally durable" is used -
present IygpBPTPWYiflsrErerersiticigicyhn reflesting Ryragtatimn andehdwipeabhtyoff

resistant” or "chem cal stability". Chem cal
between Garsatittéd fnyd feflected envélagths, thanafposatbes #itha sirpsd 1layB T &ilver.

a 2" x 5" or 2" X 2" sanple of a coated gl ass

[0072] Subs frhélhﬁuﬂﬂﬁyés pRIeH théhlgce?e%’ %Egtgcgl ?gfﬁésg@d 30 5{1‘& son

contai ning 4. 05% Nad and 1.5% m nut es at

. aho 36 em cal rabj | i can al so be determ ned
mehani T oL B EBLy e Wby i R Burmp e or e
coating, and influences the surface topography of the coating. To maximize transmission of

visible light, preferably the surface of the substrate has a roughness less than the wavelength of

the light. Such a smooth surface can be formed by, e.g., solidifying a melt of the substrate. The
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test, as follows. O eveland Chanber Set Up [0085]
Sanpl es are cut down to 4" x 12" or 6" x 12" for this

WO e®@b/1245be water is heated to 50C +/- 2C and P¢IEFUSMO6V18214
tenperature kept at 23C +/- 3C (73 F +/- 5F). Sanpl es

substrat@craﬁ be F&h&}" afebrfal hiRiak 98 cARMRID YRR cAdGe f&%}é?fb ﬁ{uétkﬁ%é}'coating

few m nutes of exposure t sarrp

of the pr%sregglﬁlgglg%on I}“og:' 3rc%éFclﬁprag¥1}c{)a§1 f Condenﬁcaglé)gg, tﬁer 'sqq?%attelisne
npl e .and new condensation forns_on the sanple.
proferablgiaaid acvhigh B FpeppledAiura properies gadprBiEnye pbyoretion in the
entire duration of the test. Cimtic Chanber Set Up
visible ahd 886 inBan sestraregions witkvevthetsolad enorgp s doacerttaiesl. Cestalline
For the static humdity test, humdity is held a 98%

uartz, QALK EsJAHMEE $iMcdEbMhsMdl RastiBE et gm;v AtYbnetes ¥id K$ylates, are
1 bet ween 45 and 5 5 in or?ga hour . & WO 2006/ 124%8}:,% o ar

allprefe@@éx%ﬂ%&@%z@é%yf Measur emsnts Per f ormed [ 0087]

es are renoved after and 7 days of exposure
for measur, e

[0073] 1 of | G 6} IS R B ﬁﬁﬁp@ﬂﬁC%gnSthﬁX %%%ea’d@&s'ét'e%% Or “deposited

Delta Haze = Post-Test Haze - Pre-Test Haze

on” meamaﬂh@whambwp@ & drecthyor mdgectly(@@h@chalmfzherreﬁfémcad ey If
+ delta b*"2)1/2, where the delta L, a*, and b* are

applied ipdRedigsbne ¢ Mok 1p@sd mhg diternass Huetiremire, Jrdd8 8}hefwise indicated, in
cal cul ate percent change in em ssivity use this

describiﬁ%’&dﬁﬂhgs oﬁﬁé‘ﬁ&%eﬂtnn\eeﬁ&%b%’ hdofT hé %rﬁ@@‘t[sﬁ‘tﬁfahce 17 [substance 21/
e-test)/ (Egl ass - Epre est) Mechani cal

I R T

brush tester and Scotch Brite 7448 aprasive (made from

[substangg U ]@V‘Frt 2 serQRE LB WseBce 238¥eE -of - 8T thed gnig i %?a“ﬁ g’tﬂ’} each successive

wherein a standard wei ght brush or a nodified brush
substandeas dieectlyr irgbibctly demisited dreo dimrrastodegxghitasde. t he

sanpl e. 100-500 dry or wet strokes are nade
[0074] Coated articles according to different embodiments of this invention may be used
in the context of architectural windows (e.g., IG units), automotive windows, or any other
suitable application. Coated articles described herein may or may not be heat treated in different
embodiments of this invention. Figure 5 depicts an embodiment of the invention suitable for use
in an automotive or other vehicle application (such as a windshield or similar laminate). In the
illustrated embodiment, a coating in accordance with the present invention is included in a stack

which also comprises two glass substrates and a polyvinyl butyral (PVB) layer. The coating can

be on the first sheet or the second sheet, provided it is facing the PVB.

23



using the brush or brush hol der. Danmage caused by

scratching can be neasured in three ways: variation
wobooem4s83 vity, haze and E for fil mside refl eBCHOSH®6/018214

This test can be conbined with the imersion test or

heat L RVRkR re.visible
100751 o P LT RS e R 08 BB LRSS BBE B PRt nen
. ith a 135g.10ad on the s | e.. The nunber_ of strokes
defining the propepiss 2 eqldmatresmEY (hECIek R SPYed gl5Pashgl terms are used
. . could be used if necessary. This is one of the
herein in aepprtruegjwsh their well knoves meariapdindiengmple, ashised bereln: of
di scri m nati on needed between the sanples, the | oad

[0076] and/IatenziBy ¥eROOEd HRBHF 2 RISIISRAAGI ) 22t dtand N §s AeFIHREB by its
of strokes can be adjusted. A nore aggressive test

percentag8 @HA % BForidd s IRy BERL Ble. IRV R¥iue 1188 6 ?Hﬁ%i@%ﬂ%&éﬁcgf r in the
h pl e of

the test can be checked by running nult sanpl es

caso o T4 RS BB, eSS S Rt RO or i i
" .treating" as used herein mean heating the article to
Glass sidg t(%ﬁ’pég AFISARS, 38,V ierEr diom the silsstee glassHbstrateonmesitaithat on
bendi ng, or heat strengthening of the glass inclusive
which theagoating msidehivehikbe filmisided i.¢. HET)ukess, o oicvesddingh ¢he side of the glass
heating a coated article to a tenperature of at | east

substrate 8h @hichkthOCoAiagresdesF. (e.9., to a tenperature of from
about 550 degrees C. to 700 degrees C.) for a

[0077] Suf fé&l%ﬁ&iax&:@érisﬁés 12 ngé&’g'@eﬁ [a\&(gg@?ﬁ%,cﬁﬁerei%%ﬁgég? CIE LAB 1976

strengt heni ng, or endil ng. e term

in Coefficignt N G 1. known in th -
a*, b* coibues a0 el £ 1 U7 k! feeine oSl ccR Apsorbnd, Wherein:
gain through a W ndow systemrelative to the incident
LE | (&1 A 4H)dehngss 0B92] * Unl ess ot herwi se i ndi cat ed,
the additional terms |isted below are intended to have
a't h€Cim1 YMmaiggneeramiiteys i n this specification. Ag
silver Ti02 titaniumdioxide NNCrO, an alloy or

bisXCHE OTPHRERWILAG wHigkel oxide and chrom um oxi de.
Oxidation States may vary from stoichiometric to

0075 S80S PO g AR P LA ot

sputtered_ silicon alumnumnitride. Sputtering target
signify the ngggrip%al use of tge Hunter method eor units) 111 (fJ, 10B obserxger, or tI(ﬁge CIE LUV

u*v* coordinates. These scales are defined herein according to ASTM D-2244-93 "Standard Test
Method for Calculation of Color Differences From Instrumentally Measured Color Coordinates”
Sep. 15, 1993 as augmented by ASTM E-308-95, Annual Book of ASTM Standards, Vol. 06.01
"Standard Method for Computing the Colors of Objects by 10 Using the CIE System" and/or as
reported in IES LIGHTING HANDBOOK 1981 Reference Volume.

[0079] The terms "emissivity" (or emittance) and "transmittance" are well understood in
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contains 2-20 weight% Al. The sputtering gas is a
m xture of Ar and N2. 29 WD 2006/ 124503

wWEANWSE0D6/ 018214 Dependant on the gas m Xt UPET/HAZN06/018214
the sputtering power, the material is nore or Iess

bsor bi eactlvel
the art and pye g ﬂ%emﬁ%ﬁ'ﬁ%/tp RbveERvR P e a . o £ FyB g tem
contains 2-20 weight% Al. The sputtering gas
"transmitiansq”dveeein meaps solarNangpttapge, Whigheis azade v Nﬁéﬂ@ hght transmittance
m xture and the sputtering power, the material is
(TY of Tymriefraked keasy absoiitiing (TEhAhg @Xravécﬂeﬁlig\hetrynmﬁuaﬁoer(@@) Total
Zn al um num oxi de. Sputtering target typically

solar ene%? RlaRkAftadcd@ S’\S‘%‘ ﬂ%?%aﬁ'be cﬁzﬁlﬁct@ﬁigdta%ra'vﬂﬁ%lﬁ@é avetagd of these other

xture of Ar Zn, , SnyAl, O reactively

ter a
values. \A?l@lpreg%elcf t} ﬁes; t&naﬁs&lgl%vfgt{%éh%?a B}%tyfkg gﬁ%ct'éﬁﬁe%efor
2|nct|naloy cover wi de ange from,zj ncri
aTChlteGWtrél REPPSes B theisfapglacd Hfrhlé@@fl?%ﬁ? r?gL@a & jvhily Vil IFWESTB’f“ame
Ar and 02. Zr zirconium ogti cal coating one or nore
may be cleyadteniges fappitoreotiteprapaseb by thetstandmidch. rieeiniquet(for these
the optical properties of the substrate | owe stack

techniquds! SRIPAERRPIS LBTM BI303WS, hedrpopmedRatin®yirsfetenct)y For purposes of
optical coating consisting of one or nore | ayers

emlsswrrgg lpal'tﬁ:rulalr Bl d8ROSH e8! 5b6.4B 8@6 %ﬁ{g iaaabiaesa. | ayer

ng processi ng, y provi tter adhesi on of
uppey, ers, 30t . b resent af t.er
[0080] ocrelg@i%’@’ 1ty] %Bygﬁl Tganfg)la(}:( Rn&8Ese ﬁf HREEM Al ﬁ}é{f‘r%tensuc of both
function and chem cal conposition . bounded on eg%
absorptiosiapd refjecsmop Af BelitabSVeR PRVeRRTHR L it Hitaklygyesgspted by the formula:
material 30 WO 2006/ 124503 PCT/ US2006/ 018214 havi ng
E=1-Reflacdhédsgr &ot arthitectirdpuaprslts emissevifycalues bagosd quitsrimportant in the
deposited | ayers
so-called "mid-range", sometimes also called the "far range" of the infrared spectrum, i.e. about
2,500-40,000 nm., for example, as specified by the WINDOW 4.1 program, LBL-35298 (1994)
by Lawrence Berkeley Laboratories, as referenced below. The term "emissivity" as used herein, is
thus used to refer to emissivity values measured in this infrared range as specified by ASTM
Standard E 1585-93 entitled "Standard Test Method for Measuring and Calculating Emittance of
Architectural Flat Glass Products Using Radiometric Measurements". This Standard, and its
provisions, are incorporated herein by reference. In this Standard, emissivity is reported as
hemispherical emissivity (Ep) and normal emissivity (Ep).

[0081] The actual accumulation of data for measurement of such emissivity values is

conventional and may be done by using, for example, a Beckman Model 4260 spectrophotometer
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may or may not be present after processing due to
reactions during processing. co-sputtering

wW@ERomil12#snEous sputtering onto a substrate fronmPCTOSINNG/018214
nDre separate sputtering targets of tmo or nore

di fferent ter| sjted coatin
with "V Wikgytechsnat Specspias Sessns Sort o s pOERED A PR EERe s ites
materi al s, an un-r eact ed mxture of the two target
reflectancraeens whselorgthomd fromnthes, gmissivityds peledpted uping ofieppig ASTM
al | oy system conposed of specific stoichionmetric
Standard ¢s8@INd proportions of two or nore netallic el enents.
The netal elenents are electron or interstitial

[0082] bon g@% %ﬁﬁ Iﬁeo]m fxlrstd e b(';lataen%%y A116QhntHei(PBsd AR Ké‘ém})fand isa

sta oys. Internetallics often have distinct
di ff ti th I
e LT BRSSO, BT SR M v

i ncreased hardness contributes tq thglr sugﬁ gg
calculateds irageeanqeakith therknewa AN HswddpQndar 4 r 5198delle 1. p-
all oys. brush This term as used in the Exanple sets
22 for auphmvive epplivations) and tednewATIRAE 142 sendinddonathitieted a
wet brush durability test carried out on an Erichsen
apphcau&lrs Usdih beFheh drdBidetpoftidt) hedeih bg réferyib@n brush (O der
nber 0068. 02.32. ° The brush wei ghs 450 grains. The

 nd al | SuRE 8 1

[0083] arr aﬁ—'léjz% : n&%ﬂfn%% a§ fo%oa)geﬁ%gt (gﬁfg%edﬁngﬁgnx dﬁrebt%ﬂs% u eS’ct>ss in
IS run O r okes n u t

i i L0 OB AR URGEE, S Syl o
brush). The sanples are brushed on the coated side and

as that pescentaze @8t ghiwhieh impassing thigrel devigtesigomile BHEiden| hﬁ%@m greater than
procedure. 31 WO 2006/ 124503 PCT/ US2006/ 018214 [0093]

2.5 degreefloN &d et nmay 5e michmrddivereinmbysi Rykt @atdnadklse oieter (all
the present invention exhibit the follow ng

haze valyed ﬂ%%ﬁpg‘@ Ztﬁ)eagt!i}@{i BG 5 Shaz6 PictdrAB S8 §iv@0asha 155% @Dégﬁfof 8oht

preferably about 35 to about nost

scattere aI ugr\%fh \é about 4Oedthoerelb?su'tsh{’egres?spantcé'a?lﬁ Er)éS%anﬁi (Rg is awell

at Irve out

about - 6; preferably a b* | ue i.ch |%. ative
known temggn the art and is used herein n accor ance with its well m meanirg. It is here

reported in ohms per square units. Generally speaking, this term refers to the resistance in ohms
for any square of a layer system on a glass substrate to an electric current passed through the
layer system. Sheet resistance is an indication of how well the layer or layer system is reflecting
infrared energy, and is thus often used along with emissivity as a measure of this characteristic.
"Sheet resistance” may for example be conveniently measured by using a 4-point probe
ohmmeter, such as a dispensable 4-point resistivity probe with a Magnetron Instruments Corp.

head, Model M-800 produced by Signatone Corp. of Santa Clara, Calif.
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preferably about 0 to about -6; RgY of about 8 to

about 20, nore preferably about 10 to about 18, nopst
w@e@bae#hd y about 11 to about 17; Rga* which iBCT/US2006/018214

negati ve, nost preferably about -1 to about - 7;

pref erabl. n *.val ue that .is negati nost .

00841y o Ergca By ety o'yl faishd Birsieshonsapapsty with
about 12, nore, ?r ef erably about 2 to about 10, and .

the term ot "cheraicelnisisistaab ot cherpisalatabifity s ; Cigratcalirelilitygs determined
negati ve, nost preferably about -2 to about -20;

by an imipérefoanesd herin £2" ©5" of 2aKH@ tsampld df @ coatbd glass-dihstrawsd immersed
preferably about -6 to about +6; and a SHGC of about

in about 508 & 2 3htiochRohRiAROUD5YAaCIRIIE . 5 81,6, a8 20 ARRKLS at ABout
to about .28, nost preferably about “20°to about .25,
i

o 0094] T urther illustrate the-nvenkio he.. ..

36°C. CHER TG A TR 1 00 Bl B gy 5 Rimatc chamber
EXAMPLE 1 [0095] In the present exanple, depicted in

test, as fofioji§sr e 4, a lowe coating is deposited on a gl ass
substrate to forma stack having the foll ow ng
configuration: dass/ 12 run oxide/ | Ownm Ag/ 2 nm
Ni CrOx/ 4nm Ni Cr/ 72nm oxi de/ |3nm Ag/ 2nun Ni Cr Ox/

Cleveland ORIl KeGpm oxide /  7mm Si N. The oxi de can be
sputtered froma Ti, Zn, Sn, ZnSn alloy, or Bi target

The exi GORRE Fex W2Q% xTe rPhAQedTBY 16 WARS iSkbated to
[0085] up tgélgg%ﬁt%g%nvw% preferablyxup to aboat 16 wt % of e

o an el nt, such a roBo L d.ar elenment

50°C +/-B8C R BRI B HPBAFAFRP ESalics Wb The SN CORNBATe
is optional. This exenplified coati ng has an_appeal i ng

placed filmn sids dpwn ameethe bpajed witehbath. Xbithpe Fop erinytgspBexposure the samples
PCT/ US2006/ 018214 and b* negative. The SHGC i s bel ow

are coverdd 3@th aliiekdart iofi gorttrasanvaec et tihé progeskaniheatataritips down the
chem cal durability. EXAMPLE 2 [0096] In the present

face of tl@%@h@aﬁd%e@é’&n@e@ﬁ&ﬁ Rfrds SndEPQSIHI S dCOedsdl Wter is present on
substrate to forma stack having 'the follow ng

onfigurati . ,abo 1 inch dass! 0-15 nm
the Samngfsg{”é F?t&rf%%fafmﬁ#tthen{?%r eation |ayer/ 8-15mAg/

0.1-4nm barrier! 0.2-8nm Absorbing [ayer! 40-75 nm
dielectric/ 2-10nm nucleation |layer/ 8-18nr Ag!
0.1-4nm barrier! 0.2-8mm Absorbing |ayer! 10-40 nni
ClimaticdiUletrelpdriSec Upt opcoat . The diel ectric can be an oxide
(as in exanple 1) or a nitride or an oxy-nitride of
[0086] Si, Sa¥plesatdsut Bokh tandxict forakiseant Bomthe patio hability t&0,
wt% preferably up to about 10 wt % of

humidity is held a 98% relative humidity (RH) while the temperature cycles between 45° and

55°C in one hour.
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an el enent, such as Al and B, to nmake the coater
target conductive. The nucleation |ayer inproves the
w@e@pae4sies of the Ag layer and is typically bepCPUSING/018214
Zn oxide with up to 15 wt% of other elenents such as
MeasureMentsPerfbrueacOnDi nation thereof. [0097] The barrier
protects the Ag agai nst the attack of the plasma when

sput the al so i oves the
0087} 2ot BRI bt oS 1 arwl Piveigt eFrSGherPLrsRs atents. Hoze,
gressive species such as 02, 0, H2O and Na+.
emlsswlt&ﬁ“@a@%s%%’felﬂle@i@ FraEeatEed-wi t hout limtation, NiCr,
Ni CrOx, NICrNxOy, TiOx, Ti and other netals. [0098] As
Tp welicolateedb]tathaze: opcoat is optional. Wen included, it
can have a positive inpact on the chem cal and
Delta Hape€ IPabi- Tk HatabPld-Tast Az UI t abl e t opcoat i ncl udes but
is not limted to C, ZrSi, or silicides. Typically,
the topcoat has a contrasting nature conpared to the
underlying dielectric. If the dielectric is an oxide,
Tocalcult%e lt zoat will be one of the materials described
3047‘ a nitride or an oxy-nitride (for instance
SiN or Si xAl OCc). In the alternative, when the 33 WO
Delta B =xgghp 13250 ﬁe%cﬁ@s*z@m@/tﬁ‘i%mm whirethedeltd kb, 4% and bt treite-test
or an oxynitride, the top coat can advantageously be
minus postatesdncsyresents. as, w thout limtation, Zr02, ZrSi 02,
Sn02, Zr OxNy, or Ti02. EXAMPLE 3 [0099] In the present
exanple, a lowe coating is deposited on a gl ass
substrate to forma stack having the foIIovvi ng

conf ass nm Si Al xNyOw
[0088] T%%?ﬁﬁ%%er%ﬁ% %é rﬁ‘é%l B IR 5 5 0 nm
N| Cr/1'§15 65 rim Si. A -10nm ZnAl é()(/ 10- 15nm
Agl ¢ aﬁlﬁﬁlﬁne@%wﬁly P%t ?Sﬁnﬁ\ﬂ?@t?ﬁ)ﬁg 55 1) FPIST-I&BH:Ny Ow
/ optional top coat. The top coat, if included, can
[0089] be cHYsehmnicabdyraljlitityl’ gs nextd Herein isedbfined by B fnﬂ@vin;g-tés@. The test
nmof Zr02, or ZrSi 2. The coating in the present

uses a EreXssnpliedeDd9i biniss téstdria@hiSchich Bt Vi uRaie @th@utfroﬁ?-%c grit
to about 46% as neasured on an | GUJ, a SHGC bel ow

adhered t& Qﬁ’)@fs §Fa3 gct %1 ﬁog@) Whassm stt{uﬂaﬁﬁ\)r? ghtq{wmélfc'm_[%rng% &J{i’ %rush

can be aCj uste a green to a
coat i n

/8' coated glass
holder is B%Eﬁtf’%aff‘&é Aya e pging Rl o oS S 87 bt o arepde
) coating has inproved chem cal and nmechani cal
using the &msamr&ws;a hoidse Bewpgecauaghby saraeiirg NiOre ingasuged in three ways:
positive inpact in achieving the sought after

variation pf epéssivitgshazBendbder filin siie raretinéd. CTHio st dadbe@bnibiied with the
Ni Cr, the coating can be

immersion test or heat treatment to make the scratches more visible. Good results can be

produced using 200 dry strokes with a 135g load on the sample. The number of strokes could be
decreased or a less aggressive abrasive could be used if necessary. This is one of the advantages

of this test, depending on the level of discrimination needed between the samples, the load and/or
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produced on an existing coater that is primarily
dedicated to lowe coating. It does not require

W@ p®6i184563 | sol ation of the Ni Cr sputtering tarPe€r/USA06/018214
summary of the properties observed in the above

exempl i fied stacks i rovided.in the bl e hel ow .
the numbgs Ghoses BB B BB reess kberionl e Ha g tater rnking
neutralL_neutral Aesthetics crond good good AnLyul ar
The repeasabibityl oftthe tevirsa hysbeckgs by runming Btiple wsniesnidhg sapsgfilm over a
good good Chem cal durability -------- j aaad- _ good
specifiedpefiodl. Mechani cal durability good good good 34 WO
2006/ 124503 PCT/ US2006/ 018214 EXAMPLE 4 [00100] The

[0090] Present tdng nHéa% tERRIEO S He8t tBealdde bRl Medt RORME® gaa@sre& @Lerem mean
coating, wth thi ckness data, in accordancé with the

s YT TR TSR PP S e
initial thickness urenen on the ntlre
strengthegmges! the gapagiBNe Fycie E@Stda%nwﬁap N P prigeloteatne o

the coater and the thickness of the stack m nus the
coated article G Abr@ydiatuiayiot lassisabreiaElPdealtgredhl s(eviado pépoparaire of from
with |ayers tuned off one at a tine, until lastly,

about 550 Begrbed € o 780 e EBIXC 3 fenesuffidi eiitdaaiud edlenableaemp eritigy byat
of the neasurenents is approximately 0.5nm LAYER

ayer thickness (nn) top Si AlOxNy 33.4
Strengthebﬂ% ﬁ%ﬁk‘% Ag 13.5 ZnAlOx 6.2 mid Si Al OkNy 68. 2
[0091] bot I’}Ijhe 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.

[0092] Unless otherwise indicated, the additional terms listed below are intended to have

the following meanings in this specification.

Ag silver
TiO, titanium dioxide
NiCrOx an alloy or mixture containing nickel oxide and chromium oxide.

Oxidation states may vary from stoichiometric to substoichiometric.
NiCr an alloy or mixture containing nickel and chromium
SiAIN, reactively sputtered silicon aluminum nitride. Sputtering target typically

contains 2-20 weight% Al The sputtering gas is a mixture of Ar and N,.
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NiECrOx 1.3 Ag 10.6 ZnAlOx 9.0 bot Si Al OxNy 23.0
EXAMPLE 5 [00101] The present Exanple represents a

wQ@e@bae4sesl t enperabl e coating, which includes BCT/US20000M8214

topcoat, in accordance with the invention. Thicknesses
were nmeasured with DekTak 35 WD 2006/ 124503 .
PCT/ US20d@grsngdant on ’fﬁ? &85 ixae and e spytiqringmomer.4he pgirstal is
In these nmeasurenments, the top Si AlOxNy and carbon

t opcoat thorkimdss@bsabing. not separated. The carbon is
estimated to be approximately 5 nmthick, thereby

SiAIN,OTeki ng t hﬁ(Ng ReadkiAbIODirttdréy 8hi capixduiBhielde. SButhdfing target

;QYER Igdi vidual layer thickness (nm top SI Al OxNy
0.4 Z?‘nLd t%@fﬁ@mﬁ%@? %ﬁ"‘%aﬁ%?‘é“@%g Ryt s AR of A
The { abl beRbie SFBEEAPE (s BRI R B aR g Pover the

measurenments taken of coatings
material is more or less absorbing.

ZnAl, Oy reactively sputtered Zn aluminum oxide. Sputtering target typically
contains 2-20 weight% Al. The sputtering gas is a mixture of Ar and O,.

ZnySnyAl,Oy 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;.

Zx zirconium

optical coating one or more coaﬁngs applied to a substrate which together affect the
optical properties of the substrate

low-e stack transparent substrate with a low heat emissivity optical coating consisting
of one or more layers

barrier layer deposited to protect another layer during processing, may provide
better adhesion of upper layers, may or may not be present after
processing.

layer a thickness of material having a function and chemical composition

bounded on each side by an interface with another thickness of material
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in accordance with the invention. The "lowg A"
product is an anneal ed product on which no heat

woe@atizasns was carried out. The "low g T' prodeCT/UBB06018214

t enper abl e product mhich includes a topcoat in

accordan B" prese .
nmeasur emcel%%, iIsl\fgt EL oy CF ﬁlalcég gb)élf dopsifed layers
PCT/ US2006/ 018214 ) AB" represents_neasurenents,

t aken af tB# ?réﬂiyem‘f% DProsgptuftey Hmcesgtn@sduﬁéo FROSEQRS

wer e obtained during generation of this particular

exanpl e. Hrosgsgng\ (no heat treatment lowg T done) BB
only BB AB Transmitted Y (nonolithic on 1/8" gl ass)

co-sputterfids 7 42. Bidhltdnkoudputicting baid Ssibviedte FOARGI driniére sephrate

1/8" glass) -5.1 -.51 5.3 b*t (transmssive):

(nonol i t rbk)ﬁtt fhg]tél%etngf %@/3 )or %x@%x}fe%%t ffiteBialsRThe rgsult'in%

(out si de ectance) IC on 1 8 glass

11.4 11.9 t si de refl

1/8" gl as¥ OSI%dSi"*% gs‘m)écoz‘mg*?é {%‘%ﬁ“%‘i pd"8 éP%E‘@tc}lggf)en"
(nmonolithic on 1/8" glass) -4.2 -6.7 -4.

| QU) 0. 23nenalryan ungea@e@mw;& ofthe twma{&ehmatﬂr@%s qy bfﬂe
NANA Rs 2.3 2.31.9 Transnmtted AE* (delta

Intermetallica* b*) (4roertdin phise inan 21@y sygteaseymk@ed of @ecifis sgiictgometric
compound ef | ecti on DE* (delta L*a*b*) (nonolithic m 118" 3.1

brush

gl ass) BExxAYRIrEors $1AA5Q2Inokb eneplBS ElBfneiX AMBE Eretal elements are
represents a summary of the specifications of the

coatings ael%ctroh RE 1REEEEN bohAY (fx%ﬁep gxlst ﬁ&%h& @glutmxé typical of

el ectric properties of pre erre enpered

wou d 1ol TUREHIRYE n bt BE o 965 ik Babh EHER] s
from the elemental constituents particularly increased hardness or
brittleness. The increased hardness contributes to their superior scratch
resistance over most standard metals or metal alloys.
This term, as used in the Example sets provided herein, refers (unless
otherwise noted) to a wet brush durability test carried out on an Erichsen
brush tester (Model 494) using a nylon brush (Order number 0068.02.32.
The brush weighs 450 grams. The individual bristle diameter is 0.3 mm.
Bristles are arranged in groups with a diameter of 4 mm). The test is run
for 1000 strokes (where one stroke is equal to a full cycle of one back and
for motion of the brush). The samples are brushed on the coated side and

submerged in de-ionized water during the brushing procedure.
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forth in the table below 37 WD 2006/ 124503
PCT/ US2006/ 018214 Normal | nci dence Col or

w®p@eil24sent i on for | ow g coatings Transm ssi onPCE/ESH06/018214
Si de RFiImSide RTY a* b* RGY a* b* RFY a* b* NCRS
SHGC Mn 42.0 - ? 0.2.0 -18.0 -
[0093] -2 o @@zmumbgr@n@n@ f(lje qw gmygwety s&acgs o%thgp@sgpt 111‘@n50n exhibit
4.0 2.4 0.25 [00104] The foll owi ng pages include
the following iriepemicangtiasastayistito tvansmittad Ksod aboncHblodbnetied Onpreferably
the present invention. Exanple set 1 includes a

about 35 ¥AdHoat ¥5 ahd SlosiGiteferibly Mouadld prebouts) anitiagsmitetl de value which is
range of absorbing |layers, as well as different

negative, ?%oeslt Elcetfér%" abblﬂ 4§ QJOQL@%: ‘li)ré’fbltajﬂlytar@‘ &Mee&)ﬁmﬁ s ne\%a eeg 'most

ESSE are given in l e set 2 provi

referred. sta accor h
preferabl iR (1 G A0OHZ §§%¥°§ bt el mARRFERED" %ro&# i ﬁoe%wut 15
stack configurations in accordance with the presen
most preferapbnatophd ! taphonh 1 Griteap arhieitigmgpatiy esostapelerapby about "1 to about -
tenpering. The data includes optical qualities
7; preferdbbpsuReb* bahetlat isewpaivenmogtBBeferabhbdftorboliakeR )Y detiveen about
after tenpering (AB-"after bake"). [00105] As used in

2 and abdut 82 %@f%@f&mysabohh@t&@&ug PRtan@Mns G&%fermﬂiz @bhSutGo @bout 8;
particul ar sputtering target size. the layers in

* t f

e o A0 B0 A8 AP IR i 00
sputterin ar et 7cm| )

ot 1T 0 S LS 5 SRS 3019 5, 1 o s
sheet resistance), rreasur ed i n ohns per square. 38 VO

34, mor@feAHAlH 5B PGSR0 83,0063 prefergblylabowth20) fsrabouhi2S.

i nvention has been described with respect to specific
[0094] enbodionanthé:illidtratesthe @iventien) hafdtiotving iva-lapimifekamples are also
details set forth, but includes various changes and
prcm-dedm)dlflcatlons that may suggest thenselves to those
Skilled in the art, all falling within the scope of
the invention as deflned by the follow ng clains. 39
WD 2006/ 124503 PCT/ US2006/ 018214

EXAMPLE 1
[0095] In the present example, depicted in Figure 4, a low-e coating is deposited on a
glass substrate to form a stack having the following configuration: Glass/ 12 nm oxide/ 10nm
Ag/ 2 nm NiCrOx/ 4nm NiCr/ 72nm oxide/ 13nm Ag/ 2nm NiCrOx/ 3nm NiCr/ 23nm oxide /
7nm SiN. The oxide can be sputtered from a Ti, Zn, Sn, ZnSn alloy, or Bi target The oxide may
comprise Nb,Os. The oxide may comprise up to about 20 wt%, preferably up to about 10 wit% of
an element, such as Al or B, or similar such element to make the coater target conductive. The

SiN topcoat is optional. This exemplified coating has an appealing transmittance color with a*
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~ o~ | ~~_
and b* negatm'e The SHG@ 1s ]:—low (E3.0 The qqatlpg has an acceptabﬂ% mecHamGaI and
se' --"‘c'+z~>~~>v _~13, i~ tia X~ L~
chemical Qura¥ility. . ' c. - . " ~t" T Al T L TS
_-'=S. ctt.. ‘1.~3--'ii1~'.?l;.-.e:vyi(‘:T4:~:'~
~r~ ', - ,""'+S‘-X.T~~::.. ~ "+ ,~SY. nac; v: vir7
Li 7: |x "s: a w3:: z?zz,: ;r., ~r Ist. 2 "si v - c:?
R m _ |th|y 1 BoAs a' r m”~. VY,
tn"' p> . o,':' m. XAMPLE%\W' a .i~i: <o.r.

100961 ( ASAPERISHP EXGRIoPR AP ROW it et B 8 e iR {%ew form a
U WNWWNZmZZz2272ZzzZ2ZZZZzNZ2zz

stack havingzthg fellowing sbiiguraiian: apeuiyL/4inchyGlass/fOF1 amy dielegtricAR- [l@m_n
AOLp OnLiD(l{a:~-toDf0OCAaWW' tJl a

rucleatiohl 18yet/B-1 $:im Rg/N. N4nkh barflerd 01288ntm Absorbing lhyer/04007 BninGlide@ric/
i5"tv. c¢- (D SD D ~DoD~ D~D~ x oD~Dt ODf DDt a™ _D

2-10nm 1@9@@5}&3 sp\%/l %B@/mﬁ VO\-/ f\%—m{? b%r\grlool% %nn AbsoPoﬁ'i%[la@ely 1@’-4\6 ﬁﬁﬂ

. 2.2 2 7 z,. Z Z.

dlelectncil_to_pcRFt\ ﬁﬁ dbeﬁﬁzua; cme( Yt o%e %é]\r%?\)faﬁnp&% 1)%r & rr]ntﬁde Br %1 ﬁ{?{)’-mtnde
N N ~ [

of Si, SiAg, SN, Sl&l]_a 1Wy|qal\%nd1m0@bmltt2j) Wiy péefépab}q ypto IQSONJO wt% of
{~laNaifaNoFaNaNaNNGC X~Tx Xx z_

an elemeht, BuchNisNKT 4rid BY tw nid(ce AheQoater taEget ZomtuChve. Rpe mucleatigi layer
N_.CA itil-F[um7At!J Antn A7 A~ ACh 2 AA

1mprove;th|s \15r%)e[ﬁes omtﬁb Ng layeNVar® i8 typkedl N baddd om' Zo/xidewidh uptto INS avt% of

X X X X jl/ %er41an pt toVt fTAfAITAU to

other ele%f%t ?ﬁgﬁs }x oqja ngh:@ﬁ%g?ﬁ;ﬁerécu(f WQ ;lmzcﬁnn'{ 8 E ' ZE: (r)] o

[0097] %he barrier protects the Ag against the attack of the plasma when sputtering the
dielectric atop. It also improves the chemical durability by controlling the diffusion of aggressive
species such as O,, O, H,0, and Na+. Suitable barriers include, without limitation, NiCr,
NiCrOx, NiCrNxOy, TiOx, Ti and other metals.

[0098] As indicated, the topcoat is optional. When included, it can have a positive
impact on the chemical and mechanical stability. A suitable topcoat includes but is not limited to
C, ZrSi, or silicides. Typically, the topcoat has a contrasting nature compared to the underlying
dielectric. If the dielectric is an oxide, the topcoat will be one of the materials described above or

a nitride or an oxy-nitride (for instance SiN or SixAlyNzOc). In the alternative, when the
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to O Ga Nb~inHini4 b/ in.™ tdr222222N2h
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2 = - N G
dielectrigiszekﬁltnzcﬁ (Ea%ﬁxxl%ﬂ%ie)z t}% tﬁp RPTZ[ cglp\l%(é\fan]sl\lqg?@ql\sl}ynw anqo;mdgh speh as,
N NNaNaNaNahaF a
without %ﬂétaﬂplz Zf‘{ION ZéSP@Zfa §n§52>12r@<1\1y prEOs h NN~ NN~ Na N a
NNdXZX"" 2Nz~~~ zNgIN(i W~ N ~N#"?""=l~~j"'"'~
~t~"nJ ~~f ~ ~"* wl1lw-~i~z N ~wddN ~=Ja
CAwCAZ ck.L mtowy x Xx Xx 10 CAN!/) NN CA

CAN U N CA NCAN UL NEdANMPYEM NS T NN ONNNNN
Nt,~fAy tNDco Z Z ZNF ZN Z.PZyZ Z Zr Z V Z<QztD Z

[0099] t "<O ﬂ1 %QIGQHWW ﬁlgé—gcc%ti%g %sLdepbsitT:H%ix’ a aéléss‘silgétfat%to form a
stack hav18§§1 taﬂowmglgfghguratl?n ﬁ;tbout Ug -1nch C{rlass/ 3 15 nnp&AllenggH’ 3-10nm
ZnAlyOx/ 8—12nm Ag/ 1~4nm NlClg)x7t1§ B 'O m NlCr;i’fﬁ 64%:&1 SlA!BQ\I;(%N / ;fmnm
ZnAlyO;/t - 15r§n~2g/ f':l-l’l;l N1Cr0x2( 087*2 ZimiNZC;/ 221+322-111ﬁ;SI1AIX.I\I.fy'OS;N ?Sb}‘)tlonal top

Y ~Ne X8, <y~~~ =<, 7Ss.8" 7.~ yap 7xys A
coat. The”t@)p Edﬁt Eif 1ncﬁ1de&\6aﬁ be chogénq:rbﬁ)/ '@ﬁt is%hof li %Iltjed fo § %n%l %’Al K:O Ko of
ZrOy, or ergdf li‘he cgau%g 1h the pl\lres%nt éxampI]e exh?bﬁs a light transmittance of about 42%
to about 46%, as measured on an IGU, a SHGC below about 0.30, and the transmittance color is
gray and can be adjusted for a green to a blue hue. The IGU includes 1/8" coated glass, with the
coating in position 2, and 1/8" clear class, with a 1/2" gap. The coating has improved chemical
and mechanical durability. The double layer NiCrOx/NiCr has a positive impact in achieving the
sought after properties. Because of the specific location of the NiCr, the 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 Example 2 Example 3
esthetics neutral neutral neutral
SHGC below .30 below .30 helow .30
esthetics good good good
Ansular stabilitv good good good
[Humijdity yesitance good good good
IChemical durahilitv good good good
Mechanical durability good good good
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woeood124to ~ :p iJ 1J Fo fA - NF~ P Go r OBCTOUBINM04018214
Pto GO - PNWAIl.aAWI1l- N~ ..- ~~tGVWIX
CT OONAOpPJAW =LNAa NWHAwu
W... C:; NIn yavv‘v%mra‘gﬂ\r NC LJOi .OC
N-,, MLJaO. WV NW... FA_0OCONS
[00100] A ' DIl pregeént Example-rgprwe_nts a @efqrmd nm%r@@@i goating) with thickness
to O - FJL"<1 J OisCOPQ ‘'yal NNrJe N{N

data, in adsotdhnée vaththanntilonW ThicUnSEkes widfe medshred with a QeldDald Profilometer.
FMCo Voo " ONao COCAAO4+ J WWwWANN"' .ta.

In measu!}lng\ﬁﬁa mbcgm @Sd%ﬁ initiQ thi‘éfc@es@n@a%r@ﬂeﬁtpwz@[ﬂlﬁg A tHIe: bntrel stack

Subsequeﬂtlé the %)pq'&yergvas tuljleé) %ﬂﬁn the § c&ate& alA(H\l}e 111cljne|s§ ofdg Ls\)ka'g{? }nlﬂ.ls the
JoD01-11-10000000000Cs OO

top SIAIQYNx byey wroneswe- Thiove Breated with 1ayers tpmest @fft%lﬁ\at a tlyﬂe until
~] AW.AClto.A. Wp? WIJO JNNtIJGNAN

lastly, the\bd¥ton BIAAONNxmldneVas; MeasurkdWIha aGaratymof dhe iedsutddedts i8q
@ p O15,1' Oo {OOOOo O000QO0OG.0Ca 0000 ~_

“CAL Iwi<<n N!JWNWNNNNL, FINNAW

WN N N NNN N

L:yYER Individual layer

thickness (nm)
top S1A1OxNy 33.4
top NiCr 0.5
Ag 13.5
ZnAlOx 6.2
mid SiAlOxNy 68.2
bot NiCr 3.0
NiCrOx 1.3
Ag 10.6
ZnAlOx 9.0
bot SiAIOxNy 23.0

EXAMPLE 5
[00101]} The present Example represents a preferred temperable coating, which includes a

carbon topcoat, in accordance with the invention. Thicknesses were measured with a DekTak
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O TO.. 40 V\D2006/ 124503 PCT/ US2006/ 018214 Al jA

wa1041458 A ay 'V V -f VVVV-~=1V. v AA ~PCAUSRMN018214
.PAAAA N rJO[00OtoOi~tpl.paKKK.~wa

Proﬁlometer Qs th ]i\z\}ié?xzﬂne ] aggJYtp ]@ tﬁ’e@g nfe&gmgmprgg%}}gpqp, S;A&@xlilbiln%cqp\pon

"ON W N
topcoat tkrcWessW\%r?rg nﬂy\%pﬁfraﬂsz ’J,%e- c@%on];s gﬁgnlqtewg)fgmr%@mmt;b/as nm thick,
OOD~1%U—-~OA ~~p~ tJt 2 N9 UN C (A Ch 5A
t

thereby r[yg_kmg]t}@ top StAlOXNY layer approwimadyly 33081.CJi (n SI1 U) Ul
ur ul f7A (JI Ci mto 0 01 X11 th N (J1 Ch Uth in
(TAcn (n UL <13 U1 U .Q _ x Q+i?00~0."~i. gC?0 _a
cap'~p {UCD (6. p [T .U In A~ WtJ '~ A ULAALV "N
(.).1JptD ?- MS T S NN NNNN=tNgll NNNjlv
iV tJ NtV I~) [N NHYER 41 Gmdidtusllayet tlo to U) to
Ch 01 001l NIpw, NU Cn (6Gickaesi(qh)~j] C C
( INNNN- . NNNN- +INNNR7NN- T WINN
top SiAlOxNy 38.6
and carbon
topcoat
top NiCr 0.1
Ag 13.2
ZnAlOx 9.4
mid SiAIOxNy 67.4
bot NiCr 3.6
NiCrOx 1.0
Ag 9.8
ZnAlOx 10.7
bot SiAIOxNy 23.3
EXAMPLE 6
[00102] The table below represents optical and electrical measurements taken of coatings

in accordance with 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
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C/1 1Vco (nCMQU'J vAL (O... gto (afTWNQA

tr ~t GOf~ .~ ,, mmd Q O0) (31 xntornrn co
WO 36024503 0) :CA U R)' co 0) Nf~ to N WN WPET/US00§/018214
NNNllO-(OVCquC?.-~.IC7N(nO)OtO

and. el?fpien g g omsiring: A RSEATS e et
Ch fA"p N CS( U (J1 Ch CAULU mNUL (il (T (h ul
were obfgipieg quinggexgratign efthispagtipulay gxamplg~NN, - +NW ~i NNNNNON W
N-+qg ~~INWd Oa Wt7 b -4 C1 "+~ to c" arn -+ C, CA

N C N NNNN NNN NNNNNNNNNNN NE- O ] low (( (n (n 01

U to Ch wUL Cn (n (h (13 THi.nUJ]hetﬁ; en-ﬂ~. 43K ¢

R.P(3).p~~3) OHO.[ W.I+ CA+P{ &gy N W ~N

' = —Ch—-S5—07— N B t.L) th
~P '-1 - WYY ~! e04: tO 171 WtrBBqnlyO) -.BBO WAB
" -1 q ~tj/ “40d) Cl7
Tfa‘ﬁf““%}gf‘ong‘ﬂnﬁﬂb” %”@1%5%4 Cot~] ca 0646) tpla ¥ .m 4537
kf'(gghsrm‘gs(i)ve). (monolithic on 1/8" glass) -5.1 =51 5.3
b*t (transmissive): (monolithic on 1/8" glass) -4.3 1.59 -4.3
RtY (outside reflectance): (monolithic on 1/8" glass) 11.5 11.4 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
SHGC: (in IGU) 0.23 N/A N/A
SC 0.26 N/A N/A
Tu]u—aviolet 0 . 1 7 8 N/ A N/ A.
Rs 2.3 2.3 1.9
Transmitted AE* (delta L*a*b*) (monolithic on 1/8" glass) 12.1
Glass side reflection AE* (delta L*a*b*) (monolithic o 1/8" 3.1
glass)
EXAMPLE 7
[00103] The present Example represents a summary of the specifications of the coatings of

the present invention. Optical and electrical properties of preferred non-tempered and
temperable coatings in accordance with the invention would fall within the specifications set

forth in the table below.
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pr AT AW —F—N—©6 J\r""r${ﬁ‘1’\'r€}' 41 \\D-
2006/ 1245O?NW/IQMMO@’Igﬂeﬁmcdwﬁ\f@]ﬁh—é\cuaﬁngst ii .~a A

P- 2 NW[la ANWy.) ¢c -,A boco bi N-+ w4V ~A YV

X Phmifon 5 Wyyégﬁ“c%detl* “Nes| U S 5w
'|

\AL AL - AAL R ATV ' VA{AI\/ Ll A\V.YAVVEI N | lll 1 N

VVT. UI VO, O W vy X (™

‘T® |nar P1b0 4 RGYQL o+ WV iw O ReyA| cer 0] 4O Crkcmst | smoc
NCDtt 0)|]Cr. iD cc 7" D+t ot Htt Fm

. ] - pi\a TS HV ~NNII>~NE [ 0o IIB 0 WV—=t—T1
Min %%' [\I%'Hc)'\%%m i éO-(sz 30 2420 [ 3% o) {0~ ~20 GiS 022

N-WIA NN 6

Max | 460 | -3.0 | -1.5 12.0 -1.0 -6.0 6.0 -10.0 4.0 24 0.25

[00104] The following pages include further examples of low-e stacks in accordance with
the present invention. Example set 1 includes a variety of stack configurations, covering a wide
range of absorbing layers, as well as different dielectrics, in accordance with the invention.
Layer thicknesses are given in nm. Example set 2 provides preferred stack configurations in
accordance with the invention. Example set 3 provides additional preferred stack configurations
in accordance with the present inventions, which are particularly suitable for tempering. The
data includes optical qualities measured before tempering (BB -~ “before bake”) and after
tempering (AB-“after bake™).

[00105] As used in the example sets, the designation “CPA” refers to a particular
sputtering target size. All the layers in the experimental designs are sputtered from 1 meter long
targets unless specified as CPA. This CPA sputtering target is 37cm long. “em” refers to

emissivity. “Rs” refers to surface resistance (i.e., sheet resistance), measured in ohms per square.
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AgtiAg2

NICrOx CrCPA SN ZnAlO Ag SiN
5.5 11.1 2.5 1.5 59.0 5.6 12.6 25 1.8 | 270 7.2 88.1
N 1ZnAlOx] Ag |[NiCrOx{Cr-CPA] SIN [ZnAlOx| Ag |NIiCrOx|Cr-CPA| SIN | b*max | Agi/Ag2
5.5 11.1 2.5 1.5 59 55 12.6 2.5 1.5 27 6.05 88.1
ZnAlOx] Ag [NiCrOx] Ti SiN 1ZnAlOx{ Ag [NICrOx| Ti SIN | b*max | Agi/Age
5.5 11.1 2.5 3.08 59.3 55 12.6 2.5 1.42 25,1 6.05 88.1
ZnAlOx] Ag [NICrOx|Cr-CPAl SIN [ZnAlOx| Ag [NIiCrOx|Cr-CPAl SIN | b'max|Ag1/Ag2
13 5.5 1.1 2.5 2.5 €1.9 55 12.6 2.5 1.99 23 6.05 88.1
SiN [ZnAlOxi Ag . [NICOx| Ti SiN |ZnAlOx] Ag [NICrOx| TI SiN | b*max | Agi/Ag2
13 55 11,1 2.5 2.84 58 5.5 12.6 25 1. 166 33.7 6 88.1
SiN {ZnAlOx| Ag [NICrOx{Cr-CPA{ SIN |ZnAlOx| Ag |[NiCrOx|Cr-CPA| SiN | b*max|Agl/Ag2
13 5.5 11.1 25 | 318 | 64.4 5.5 12,6 2.5 132 | 294 B8 88.1
SIN _1ZnAlOxl Ag [NICrOx{ Ti SiN [ZnAlQx| Ag |NICrOx] Ti SIN | b*max | Agl/Ag2
13 5,5 11.1 2.5 2.28 | 65.7 5.5 12.8 2,5 222 | 35.9 5 88.1
SiN 1ZnAlOx} Ag [NiCrOx|Cr-CPA| SIN {ZnAlOx| Ag [NIiCrOx{Cr-CPA| SiN | b*max | Agl/Ag2
13 55 11.1 2.5 2.69 67 5.5 12.6 2.5 1.8 27.3 ] 88.1
SIN_{ZnAIOx] Ag [NIiCrOx| Ti SIN _{ZnAIOxi Ag INICrOx! Ti SiN_| b*max | Ag1/Ag2
13 55 . 111 2.5 2 60.6 5.5 12.6 2.5 2.5 31.6 8 88,1
SIN_|ZnAlOx] Ag |NiCrOx|Cr-CPAl _SIN |ZnAlOx| Ag [NICrOx|Cr-CPAl SIN | b*max | Ag1/Ag2|
13 5.5 11.1 2.5 297 | 63.1 5.5 12.6 2.5 1.53 38 8 88.1
SIN {ZnAlOx] Ag INICrOx] Ti SIN 1ZnAIOX]  Ag INICrOx|  Ti SiN_| b*max | Ag1/Ag2
13 5.5 11.1 2.5 297 | 63.1 5.5 12.6 2.5 1.53 38 6 88.1
SiN |ZnAIOx{ Ag [NIiCrOx{Cr-CPA] SIN |ZnAlOx| Ag |NICrOx|Cr-CPAl SIN | b*max|Ag1/Ag2
13 5.5 11.1 2.5 2 60.6 5.5 12.6 2.5 2.5 | 31.57 6 88.1
SIN {ZnAlOx| Ag [NiCrOx| Ti SiN [ZnAIOx] Ag {NICrOx| Ti SiN | b*mex | Ag1/Ag2
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3 Ichss 2 13 55 | 111 | 25 | 2.84 | 58 55 | 126 | 2.5 | 1.66 | 33.7 | 595 | 88.1
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= BBa*<t| _HBi6*. EBBRgY | BRRGa* | BBRGb' | BBRFY | BBRfa* | BBRfb* | BB Brush | BBHaze | BBem | BBRs | ABY AB a*
d RSl 0.8 3 \mw 53 L.ww w ow 4.36 -14,78 0.04 1 . - 48,7 . ..m...m
R& T AR A R e IR ;m, e e e e e
e e e e L s
(Y] '9) &Z b* [(BBRgY|BBRGa mm mm U BB m.ﬂ < BB Rf 2| BB Rf c* BB Brush| BB Haze mm om | BERs | ABY | ABa
£ 4 YIS &4 10.89 16. mé Lm mﬂ 3.35 -2.27 2.99 0 o.ﬁ o 019 3.14 )
1 R e e i
12 ) _wm“w B Rg YiBB RG a1 mm mo 3 BB RfY|BB Rfa*|BBRf b mm mEmz mm.ImNm BB em mm mm
3 1 V.g82> 11,56 0.76 -0.01 5.65 -14 1.67 0 0.46 0.02 2.12
| o m,m\m,V BR.hL EBB Rg Y (BB RG a*BB RG b* BB Rf Y | BB Rf a*| BB Rf b*|BB Brush| BB Haze BBem | BBRs
.Aw_ -3.87 B11.19 | 2.31 0.42 513 | -11.12 | -2.96 0 043 | 0.021 | 259
16 BBb* LBB Rg Y|BB RG 2|68 RG b'| BB Rf Y | BE Rf 2" | BB RFb* |BB Brush| BB Haze| BBem | BB Rs
AT, 4364 1-2454 14.71 -5.47 -0.36 4,29 -2.46 -6.89 0 0.56 0.017 2.85
8y BB.g'~| BB.OS |BB Rg Y|BB RG a1BB RG b*{ BB Rf Y | BB Rf a*| BB Rf b*|BB Brush| BB Haze| BBem | BB Rs
=3 Tl 602 E 14.38 ~(.36 -7 8.04 -2.01 '} -7.58 0 0.54 0.018 2.65
2 “>{" BBs | BB Rg Y|BB RG a'{BB RG b* BB RfY | BB Rf a*| BB Rf b*{BB Brush| BB Haze| BBem | BB Rs
H2 1 -4.,57.| -584 1 14.03 42 10.84 2.3 -12.5 -2.55 5 0.5 .| 0.018 2.68
2¢n . mmM*A .WWW& BB Rg Y|BB RG a%BB RG b BB Rf Y | BB Rf a*| BB Rf b*|{BB Brush{ BB Haze| BBem | BB Rs
Y . >594 ~,19.71 | 458 | 2.73 | 297 | -2.06 | -9.98 0 0.63 | 0.016 | 2.31
w B@*—| BBb* |BBRgY|BBRG a'|BB RG b BB R Y | BB Ri 2*| BB Rf b*|BB Brush| BB Haze| BB em BB Rs
2 : @Mm W 11.47 11.69 -6.6 3.28 -16.68 11.94 1 0.29 0.019 2.51
M@ BBZ*=| |BRh¥ | BB Rg Y|BB RG a'{BB RG bl BB Rf Y | BB Rf 2*| BB Rf b*|BB Brush BB Haze] BBem | BB Rs
2P .46 L 16.96 -3.03 -3.69 5.9 -13.45 -1.21 1 0.58 0.019 2.5
=28 i~ _BB.h* [BB Rg Y|BB RG 2BB RG b BB Rf Y { BB Rf a*| BB Ri b*|BB Brush| BB Haze| BB em BB Rs
Mm = S35, ¢ 10.95 8.42 4,28 3.82 ~-17.2 3.51 1 1 044 0.018 2.53
B m@wwv BB S | BB Rg YIBB RG aBB RG b’} BB Rf Y | BB Rf 2*| BB Rf b”|BB Brush| BB Haze{ BBem | BBRs
-3¢ .79 a7.84 | 16.98 4.03 4,94 1.81 ~14.38 -5.18 0 0.6 0.019 2.2
=82 8B8.2"=] 1BEbS tBRERg Y{BB RG a%BB RG b'| BB Rf Y | BB Ri a*{ BB Rf b*|BB Brush{ BB Haze| BBem | BB Rs
83 -2.8 1373 | 7.9 4.56 2,36 -10.7 -1.01 0 0.57 0.019 267
134 BB b* |BB Rg Y|BB RG a¥BB RG b-BB Rf Y | BB Rf a*| BB Rf b*|BB Brush| BB Haze] BBem | BB Rs
+=85 -9.46 12 11.38 447 417 «7.5 0.94 1 0.5 0.019 2.58
.86 BB b* |[BBRgY|[BBRG aiBB RG b BBRIY |BB Rfa*{ 8B Rf b*|BB Brush| BB Haze| BBem | BB RS
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32,1 irst da electrlc layel

a first Ag layer;

a first barrier layer;

a first absorbing layer;

a second dielectric layer;

a second Ag layer;

a second absorbing layer;
a third dielectric layer; and
optionally, a topcoat layer,

wherein either the first absorbing layer or the second absorbing layer is optional.

2. The coating of claim 1, further comprising a second barrier layer between the second Ag

layer and the second absorbing layer.

3. 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.
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The low-emissivity coating of claim 1, further comprising a second nucleation layer

between the second dielectric layer and the second Ag layer.

The low-emissivity coating of claim 1, wherein the first absorbing layer and the second
absorbing layer each separately comprise a material selected from the group consisting of

a metal, an alloy, a silicide, an absorbing oxide, and a nitride.

The low-emissivity coating of claim 1, wherein the first absorbing layer and the second
absorbing layer each separately comprise a material selected from the group consisting of

Ti, TiN, Si, NiCr, NiCrOx, Cr, Zr, Mo, W, and Z1Si.

The low-emissivity coating of claim 8, wherein at least one of the first absorbing layer

and the second absorbing layer comprises NiCr.

The low-emissivity coating of claim 8, wherein at least one of the first absorbing layer

and the second absorbing layer comprises Cr.
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The low-emissivity coating of claim 12, wherein the at least one absorbing layer
comprises a material that has an index of refraction at wavelength 550nm of from about 1

to about 5.5.

The low-emissivity coating of claim 12, wherein the at least one absorbing layer
comprises a material that has an extinction coefficient at wavelength 550nm of from

about 1.75 to about 4.5.

The low-emissivity coating of claim 12, wherein the at least one absorbing layer
comprises a material which has an index plot having a positive slope at 550nm when the

index of refraction is plotted against wavelength.
The low-emissivity coating of claim 12, wherein the at least one absorbing layer

comprises a material which has an index plot having a positive slope at 550nm when the

extinction coefficient is plotted against wavelength.
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The low emissivity coating of claim 1, wherein the first absorbing layer has a thickness of

about 0.2 nm to about 8 nm.

The low-emissivity coating of claim 18, wherein the first absorbing layer has a thickness

of about 1 nm to about 6 nm.

The low-emissivity coating of claim 19, wherein the first absorbing layer has a thickness

of about 1.5 nm to about 4 nm.

The low-emissivity coating of claim 1, wherein the second absorbing layer has a

thickness of about 0.1 nm to about 8 nm.

The low-emissivity coating of claim 21, wherein the second absorbing layer has a

thickness of about 0.1 nm to about 5 nm.

The low-emissivity coating of claim 22, wherein the second absorbing layer has a

thickness of about 0.1 nm to about 1 nm.
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| ow-em ssivity coating on a substrate, the coating

Thedoprensssingty doating déclamu R daritbrdin dra setdrel Bubdinglager has a
first dielectric |ayer;

thickness of about 0.5 nm.

The low-emissivity coating of claim 1, wherein the first absorbing layer has a thickness of

about 3.6 nm.

The low-emissivity coating of claim 26, wherein the second absorbing layer has a

thickness of about 0.1 nm.
The low-emissivity coating of claim 1, wherein each of the first dielectric layer, the
second dielectric layer, and the third dielectric layer independently comprises a material

selected from an oxide, a nitride, and an oxy-nitride, or a combination thereof.

The low-emissivity coating of claim 28, wherein at least one of the first dielectric layer,

the second dielectric layer, and the third dielectric layer comprises an oxide.

The low-emissivity coating of claim 29, wherein the oxide is sputtered from a Ti, a Zn, an

Sn, a ZnSn alloy, or a Bi target.
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31.

32.

33.

34.

35.

36.

37.

a first Ag layer; a first barrier layer; a first

absorbing | ayer; a second dielectric |ayer; a second
w@e\Qobaysn3 a second absorbing layer; a third PCT/US2006/018214

dielectric layer; and optionally, a topcoat |ayer,

rein . either the fir.st orhing | ayer or the s cond
i %Wﬁ?fﬂﬁl‘fﬂé(ﬁﬁt“?-%oé%%lﬁb?é|W5he?em oxiomngisst Ney
1, further conprising a second barrier |ayer betmeen
the second Ag I|ayer and the second absorbing |ayer.
3. The lowemssivity coating of claim1l, wherein at
Theast -canieiify watitk 61 disiin 30, evleedifi i dxadedomprisas G &LRNE20 wt%
dielectric layer or said third dielectric layer is in

< ' t 4503
R BBR6R) STR AR o A o P RIS 2oat i ng o
claim3, wherein each of said first dielectric |ayer,
said second dielectric layer or said third dielectric

IS in sub-stoichjionetric state. o

Th@»ylp‘érﬁr@ﬁvm GPatpg ot ﬂ@mb%lae’ﬂsarm fhe %@q ??@?PI@S%I? fas3hoyt 10 wi%
a first nucleation | ayer between the first dielectric
olf ay elensentisdidvted frors thefgrolpyensistidg oTAd ahdBR+ eni ssi vity
coating of claim1, further conprising a second
nucl eation | ayer between the second dielectric |ayer
and the second Ag layer. 7. The lowem ssivity coating

”ﬁlfe lS\k?nﬂE%ﬂ%@tﬁﬁé Pf LB 58 Moiler@h SPIR r&ﬁe L)?Ml%rﬁrétrlfielkaﬁc layer,

Secon ayer eadch separately conprlse

LS S LT B BB O F i

nitride. 8. The Iom#en1SS|V|ty coat i ng of claim1,
nifmdeei n the first absorbing |ayer and the second
absorbi ng | ayer each separately conprise a materi al
sel ected fromthe group consisting of Ti, TiN, Si,
NiCr, NCOx, C, Zr, Mo, W and ZrSi. 9. The

T&%@'@n%%lwt}; é/oaﬁﬁﬁbf Ellngf3,4 Gk 18418t Bhe NRRTRIr dx§nitri@8 % a nitride or
one i rst absorbing |ayer

oxy-nitride of Si, SiAl, SiB, or SiZr.

The low-emissivity coating of claim 35, wherein the nitride or oxy-nitride comprises up

to about 20 wt% of an element selected from the group consisting of Al and B.

The low-emissivity coating of claim 36, wherein the nitride or oxy-nitride comprises up

to about 10 wt% of an element selected from the group consisting of Al and B.
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39.

40.

41.

and the second absorbing | ayer conprises NiCr. 10. The

| ow-em ssivity coating of claim8, wherein at | east
woenr@en4sohe first absorbing |ayer and the sechemUS2006/018214

absorbing | ayer conprises Cr. 50 WD 2006/ 124503

/ US2006/.018214 .. The lowenjssivity coati of,

Thi KHeea oA Br g AECTHAT Lo BB ADIRT Ve gbinednet dflectic layer, he
second absorbing | ayer each conprise NiCr. 12. The
s¢oond dirlexsiiy iaygr, ebteithied diplegirigilayer haseindpnofiefinesiay that is

one of the first or second absorbing |layers is
beapah bbowt2.00mer dbogt 2.4 answhedength of Sidnen.coat i ng. 13.

The lowem ssivity coating of claim 12, wherein the at

| east one absorbing |ayer conprises a material that

has an index of refraction at wavel ength 550nm of from

bout 1. to. about 5.5.. 1 . em ssi Vit oat,l
e ehisel o b b fs Rt RIS B8 ol i g B raver
conprises.a material_that has an extinction . .
theotpeict fislretri layg s thhigid el 196/o% B il f refraptop ghat is
about 4.5. 15. The lowem ssivity coating of claim 12,
butvererizhoutitel and dtwas2.3ohe wabelongtheg S6Cyer  conpri ses a
material which has an index plot having a positive
sl ope at 550nm when the index of refraction is
pl otted agai nst wavel ength. 16. The |owem ssivity

’I%%%\;v%iggiyi @t;a'ﬁh%%f MR Sk Rerlinit Bastd RRSE tk%ntﬁrst dielectric layer, the

absor bi ng yer onprises a material whic as an

i ndex..pl ot. having_.a positive.slo at 550mm when.t.he :
seqteti J0Er oF 4R pielesFi o B Radln ROPTHad BFERGER tat s
51 WD 2006/ 124503 PCT/ US2006/ 018214 17. The | ow
betvessiappei0 enshationh0.89 ata wavslangthWpe?¥IALt he fir st

absorbing layer is thicker than the second absorbing

| ayer. 18. The | ow em ssivity coating of claim1,

wherein the first absorbing | ayer has a thickness of

ﬂféQH\_tv-é?nigéiVi’B%‘ Qo_a@iﬁ% gt 818 48.9vhel I8 at RMstRINE 98 the fir¥t dielectric layer,
coating of claim18, wherein the first absorbing | ayer
s a

tHe, secon& H{e?el%ﬁ?csﬁyer, or the third dielectric layer has an extinction coefficient that is

between about 0.01 and about 0.02 at a wavelength of 550nm.

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

substrate;

a first dielectric layer having a thickness up to about 25 nm.;
a first Ag layer having a thickness of about 8 nm to about 15 nm.;
a first barrier layer having a thickness of about 0.1 nm to about 4 nm;

a first absorbing layer having a thickness of about 0.2 nm to about 8 nm;
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of about 1 rimto about 6 nm 20. The |lowem ssivity
coating of claim19, wherein the first absorbing | ayer

whaweaz24shs ckness of about 1.5 nmto about 4 nPCT/BS$2006/018214
The | ow em SSIVIty coating of claim 1 vvherel n the

second abs l.ayer has t hi ck f about O.
R TR R A Y R g e L
claim 21, wherein the second absorbing |ayer has a
t hi ¢ krRssendig Adisuhaing a frickness ofisboet Sumie absit 1 men;
| ow-em ssivity coating of claim22, wherein the second
absorddebond ahgerbil@kyer habmigakhieBseso bf afaw0.10hm t6 hvut 8 nm;
about 1 nm 52 WD 2006/ 124503 PCT/ US2006/ 018214 24.

The | opmamfisdé la)yelcl‘i’a%’iﬂg”egthﬁzﬁmé‘és i bt mma{g; bob{ ) nm; and
first absorblng l'ayer has a thickness of ut 3 inn’
25. Th e Ssi v1| ty coating of claim24, wherein
the sé)lonag SRBFhGYT ayer has a thickness of about
5 nm 26. The | ow-em ssivity coating. of c
43. Wéfpéina»g phidain} 3 BB GPRPHENE ay%qonﬁ&grrs@rtlwe& R%@&a Hrickness of
about 3.6 nm 27. The lowem ssivity coating of claim
about 0.26m tntabped SninHecaetbetdealibo sdzond Algdywar ahdshessecond absorbing layer.
t hi ckness of about 0.1 nm 28. The lowem ssivity
coating of claim1, wherein each of the first
dielectric layer, the second dielectric |ayer, and

44, ’f}{éGioI?vhélfngmq{tf &GS fcfr o%}{g’% fg)[’(\:ﬁ%%ﬂ‘gﬁﬂ H ya m&%@iﬁn Fayer

maerla ece

between ¢ Fl elfeis Bedud e haF ké?%@fn@%@%ﬁwﬁﬁaﬂogfawrewng 2

one of the first dielectric layer, the second

thicknesgjog pleatit 2inem fughomt LhRE-the third dielectric |ayer
conprises an oxide. 30. The |lowem ssivity coating of
claim?29, wherein the oxide is sputtered froma Ti, a
Zn, an Sn, a ZnSn alloy, or a Bi target. 53 WO

45. ﬁm@‘(lee%ﬂég%tf gﬁtﬁ@%ﬁ QB4 Q188 ther comprising a second nucleation layer

between the second dielectric layer and the second Ag layer, said second nucleation layer having

a thickness of about 2 nm to about 11 nm.

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

a first dielectric layer comprising SiAl,N,O,, and having a thickness of about 3 nm
to about 30 nm;

a first nucleation layer comprising ZnAlyOx and having a thickness of about 3 nm

to about 11 nm;
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31. The lowem ssivity coating of claim?29, wherein
the oxi de conprises Nb205. 32. The |owem ssivity
wae oabiipgodf cl ai m 30, wherein the oxi de conpri BEFUSOE/®18214
about 20 wt % of an el enent selected fromthe group
consy fist AY 1Bfer AhviAsE tHrckmdds ofliMBul PWHRFESIVR coat i ng
of claim 31l,” wherern the oxide conprises up to about
10 wt % of an elenment selected fromthe group
consisting of Al and B. 34. The lowenm ssivity coating

of clgim?28, wherein ai |e one_of the first
di el %ngﬂ@Tlﬁwg?r, COrpRaEdT bR PG EERS § Eniplges of ahqyt 0.8 nm to
the third dielectric |ayer conprises a nitride or an
about 2nmy- nitride. 35. The |owenissivity coating of claim
34, wherein the nitride or oxy-nitride is a nitride or
oXxy - dfifst hiskerighg Biyer Oddrisiry WiCrahd bhvihg a 3B cknBli€of about 1.5 nm to
| ow-em ssivity coating of claim 35, m%erein t he
gbout 4 pfi-tride or oxy-nitride conprises up to about 20 wt %
of an elenent selected fromthe group consisting of Al

and B. 37, ..The | ow em ssi.vity. ti f claim36
aher SR aEfEre A ShEREn S ARG O C B Bl it of bout
about 10 wt % of an el enment selected fromthe group
55 nm to abei¥i7Stilg of Al and B. 54 WD 2006/ 124503
PCT/ US2006/ 018214 38. The | owem ssivity coating of
cl ai asebpndvheriedtiondsyer eamprising ZoA yxeanidi asingdi thiokoeéssiod about 3
| ayer, the second dielectric |ayer, or the third
nm to ab&lit@beed:ri ¢ layer has an index of refraction that is
bet ween about 2.05 and about 2.4 at a wavel ength of

550n£rke<3§8‘% Al-gg%ée% ﬂ%iﬁg‘a?ﬁ%]%&é:g%’ oS R0 T¥hnPlo ol ?%;?}‘E‘F ’

wherein a one~o I'rst dielectric

the second dielectric layer, qr . the third dielectfic
|y SRS 4i5or HAELAYEF corrarie N PR BEViPG S (HEFRSS L about 0.1 am
about 2.1 and about 2.3 at a wavel ength of 550nm 40.

to about ZfRan; ow- emi ssivity coating of claim1, wherein at
| east one of the first dielectric layer, the second
di el gdiird dicleatyie layeocormprdsinh$iAd NlOgl aad thiaviagladiiekndsasf asout 24
extinction coefficient that is between about 0 and

nm to ab@8tnd 0@ at a wavel ength of 550nun. 41. The
owem’'ssivity coating of claim40, wherein at |east

one of.the first dielectric |ayer, the second
di el & t{oﬂagy’laécﬁ%?o,ag%?a‘the third dielectric |ayer has an

extinction coefficient that is between about 0.01 and
about 0.02 at a wavel ength of 550nm

47.  The coating of claim 46, further comprising a second barrier layer comprising NiCrOx
and having a thickness of about 2 nm to about 4 nm, located between the second Ag layer and the

second absorbing layer.
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48.

42. A lowemssivity coating on a substrate, the
coating conprising, in order outward fromthe

waewstiz#de: a first dielectric |ayer having a pti/vkwes618214

up to about 25 nm; a first Ag |ayer having a

Th i By cORaHA ?f;d 42 e mganliRsss fo o tthc firsp Ag

about 4 nm a first absorbing |ayer having a thickness

layer/seceypd Aldaiter @5 2t lepst aboub¥Bat 8 nm 55 WO 2006/ 124503

49.

50.

51.

52.

53.

54.

35.

PCT/ US2006/ 018214 a second dielectric |layer having a
t hi ckness of about 40 nm to about 75 nm a second Ag
| ayer having a thickness of about 8 run to about 15

THB 1ov@eﬁﬁ&?ﬂf—if RRERS St dMind £ Shehay ’tHé@ihi%kﬁé%b edEReTIndfirst Ag
about 0.1 run to about 8 nm a third dielectric |ayer

havi n e 0,10 Tm to about 40 m; and
lage{/secgnﬁ?ﬁfna%%nsEﬁea‘g{ %g@g(?A’ 43. The coating of clai m
42, further conprising a second barrier |layer having a
thi ckness of about 0.1 nmto about 4 run I ocated

bet ween the second Ag | ayer and the second absorbing
The yew .emlssmtymetlmgwﬁcgarﬁrslsmmer@}n dsesubsteptofs gasai m 42,
further conprising a first nucleation | ayer between
the first dielectric layer and the first Ag |ayer,
said first nucleation layer having a thickness of

22000 Em?ss%ts?wﬁ‘ Q&Hf)ns%ﬂg aBne IBrHiRMS8 88 deb ¥missivity stack

coatlng o furt er conprising a second

ucl eati on betmee C
e e LB miaser gyt oot GRESAINiSlSka oo dYero
having a thickness of about 2 runto about 11 nm 46.
A lowemssivity coating on a substrate, the coating
conprising, in order outward from the substrate: a
Thierlew-athiedieity sthak dfaledm dowheicsi sagl Sackl dyTiacaim glabastibaigate.
a thickness of about 3 nin to about 30 nm a first
nucl eation |l ayer conprising ZnAlyOx and having a
t hi ckness of about 3 run to about 11 nm 56

The low-emissivity stack of claim 52, wherein the glass substrate has a thickness of about

1/8 inch.

The low emissivity stack of claim 53, wherein the stack has a light transmittance of about

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

The low-emissivity stack of claim 51, wherein said stack has a transmittance color with a

negative a* and a negative b™*.
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56.

57.

58.

59.

60.

WD 2006/ 124503 PCT/ US2006/ 018214 a first Ag | ayer
havi ng a thickness of about 8 nmto about 12 nm a

WO eusti245e3 ri er | ayer conprising Ni CrOx and havP@myus2006/018214
t hi ckness of about 0.8 run to about 2 nm a first

T}@?&@r&hieavik Y8k SOTRA %ﬂ, BEar%@téﬁzeﬁw iavdvwd n%chlsmeah RE Sfemical

about 1.5 rimto about run; a second dielectric
tIalter conprising SiAl,,NyGQ,,, and having a thickness
St %hout 55 nmto about 75 nm a second nucl eation
| ayer conprising ZnAlyOx and having a thickness of
about 3 nmto about 10 rim a second Ag |ayer having
a thickness of about 10nmto about 15 rim a second
A atesiord frgalling e love-ompsiviystpckiheying adow aolanbead seihicokffiest
of about 0.1 nm to about 2.2 nm a third dielectric
(SHO®), 40 Mtha danpbisAlg debyDManda bibsirag the téutiakREsRImI .
about 24 rimto about 40 nm and optionally, a
topcoat |ayer. 47. The coating of claim46, further
conprising a second barrier layer conprising N CrOx

and hayi a thickness of about 2 mm to about 4 nm.
Tgesad ohdefedh ¥ABCDRCIBONG F sgRP s an aton Suline

absorbing layer. 57 WD 2006/ 124503 PCT/ US2006/ 018214

48. The lowem ssivity coating of claim42, wherein

the thickness ratio of the first Ag |ayer/second Ag
Alleyemissvigt sthekastmpisongtat 8@%%6oné dbsorhimg|layer esaidsleivventigsivity stack

coating of claim42, wherein the thickness ratio of

hévh%ﬁlwéﬁmﬁag chayeehgrsond Ag layer is at |east about
50% 50. The | ow em ssivity coating of claim1,

wher ej.n e.su rate . s. 51. Alowenissivity
a%‘?&?%{t%%ﬁig‘ﬁl%ﬁ (%Sa%g?t ﬁ)etgéljg%%%’ absorbing | ayer, said

| ow em ssi vij t% stack characterized by a solar heat
a pefaHve Harsyiged At VeIBRIGC) that is |ess than about 0. 30.

an RgY of about 8 to about 20;
anegative Rg a* value;

an RfY of about 2 to about 12;
a negative Rf a* value; and

an SHGC of about .10 to about .30.

The low emissivity stack of claim 51, characterized by a tolerance for tempering or heat

strengthening.
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52. The lowem ssivity stack of claimb51, wherein said
stack conprises a glass substrate. 53. The
wo oweaedsssi vity stack of claimb52, wherein thePQi/aS®06/018214
substrate has a thickness of about 1/8 inch. 54. The
S ool vit of . .

o1 ThEMEBRRl R T o Vi ek oot Gl e Bl 3 pro not
as neasured on an.l GJ.. 55. The |l.ow em ssivity stack of
degradsd éﬁ?WW’getF’é‘fpﬁ“%?roheﬁ%W Y& transnittance col or
with a negative a* and a negative b*. 58 WD
2006/ 124503 PCT/ US2006/ 018214 56. The |lowenissivity
stack of claimb51, characterized by inproved .

62. ARGhafistielty 0batiltpest £albstrat,ahe taatiyng compridingehhoderobitward from
making a lowem ssivity stack having a | ow sol ar heat

L.h coefficient (SHGC), said nethod conprising

theSllbs%g%ositi ng on a substrate the coating of claim1. 58.

The hod .of .claim57, .wheteai:n - tthe depositing
conpg%tgétsgﬂﬁ‘étﬁgtl?ygﬁc%mﬁl%$12\é6"%9. A lowenissivity
stack conprising at |east one absorbing |ayer, said

| ow érfitsisiugigalion {ayekcompiFngZHEO®$ ol | owi ng
characteristics: a transmtted Y value of about 30 to
abouta fi8t Agdayeggati ve transmtted a* val ue; an RgY of
about 8 to about 20; a negative Rg a* value; an Rf Y

of abosikt Harki@: BREUbmbAsng XiORWRat i ve Rf a* val ue; and
an SHGC of about .10 to about .30. 60. The | ow

em ssjyj ae . {Acterized by a
t ol eraafvﬁljgge%f%{bﬁgélﬁ‘géerr@@k@gl ghkelgf Hl%st’r engt heni ng. 59 WO
2006/ 124503 .PCT/ US2006/ 018214_. 61...The | ow enmi ssivity
st ackd S&FO@(HFWF%U,%W8?‘3??151‘?31@‘@ét‘]1\1bal qualities of
the stack are not .

a second nucleation layer comprising ZnAlOx;

a second Ag layer;

a second absorbing layer comprising NiCr metal;

a third dielectric layer comprising SiAIO4Ny; and

optionally, a topcoat layer.
63.  The low emissivity coating of claim 1, wherein the first barrier layer comprises NiCrOx.

64.  The low emissivity coating of claim 63, wherein the NiCrOx comprises about 15 to about

60 atomic percent of oxygen.
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degraded foll ow ng tenpering or heat strengthening.
62. Alowemssivity coating on a substrate, the
weoabiipFoxonpri sing, in order outward from thBCT/US2006/018214
substrate: a first dielectric |ayer conprising
SiAIO ,Ny; a first nucleation |ayer conprising
65.  Thaloskgmussivity ceating@fickyrarod, wheteinghe baCr@ecomhmyses about 20 to
conprising NNCrOx; a first absorbing |ayer conprising
about 50afomiopbi@bnt ofaxggmond di el ectric [ayer conprising
SiAlQ , Ny; a second nucleation |ayer conprising
ZnAl Ox; a second Ag layer; a second absorbing | ayer
conprising NCr netal; a third dielectric |ayer

66. ﬁ“gggo{v&lf g’fg}%giv% gloe}%&%%ﬁ%az@%ér %terl?g]ar}ﬁ% h%C]b(?x %&rﬁﬁr?ﬁ%ti about 20 atomic
wherein the first barrier |ayer conprises NNCrOx. 64.
percent PREXYESH eni ssivity coating of claim63, wherein the
Ni CrOx conprises about 15 to about 60 atom c percent
of oxygen. 60 WO 2006/ 124503 PCT/ US2006/ 018214 65.
The I ow emi ssivity coating of claim®64, wherein the
67. Mh&IIKebRERI S68in3kIaiRQ, theredbOidse®Pd dhR T tayRLEGBMses
of oxygen. 66. The |low em ssivity coating of claim®5,
NiCrO;é"’”er ein the Ni CrOx conprises about 20 atom c percent
of oxygen. 67. The low em ssivity coating of claim 2,
wherein the second barrier |ayer conprises N O Ox. 61
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