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HEAT GAI N COEFFI Cl ENT, ENHANCED CHEM CAL AND MECHANI CAL PROPERTI ES
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present invention relates generally to |low enmssivity ("l owe")

coat i ngs, a I
coefficient %Eﬁy 522;Jﬁﬁt@%fﬁik%ﬁ%ﬁﬂﬁgtﬂgﬁﬁwéiﬁﬁgkﬁﬁ?@Qﬁgﬁkd
chem cal durabilit Ui t ed
States Patents and patentAEPWEEHQIbQEMéK@JGéWE ei n, including
copending U S. Application No.] 1/648,913,- U.S. Application No.

11/ 431,915, U.S. Provisional Application No. 60/680, 008, U.S.
Provi si onal Application No. 60/736,876, and U.S. Provisional
Application No. 60/750,782, are hereby incorporated by reference in
thei r emBIEOFEsE MVERGIOMSe of conflict, the present specification
including definitions, will control. [3] Sol ar control coatings on

transpa Panel $nobreSAPRIVERI e RIS (ARIIBNE o BmRERAT (1 DL RBSHAI
of visigﬁgﬁllght mﬁ??g bIocQ?ng Fn red %ﬂg |at| JR% %P
transm ttance SIVIt oat s.on tura
and aut a&afbttﬂéwl%smg i Mo gu%aéﬁ%ﬂf?%ﬁmsait%%@sé>ﬁﬁ‘°¥a%ﬁ?94 Ao
associ ated wit |ro t.al such as heating and cooling
costs. OfP %H ?Vcagﬁ’égﬁ}f%"ﬁgt}‘a‘gl%s t hat provide for high
vi si bl e transntttance and low em ssivity are nade up of a stack,
which typically includes a transparent substrate and an opti cal
coating. The stack |ncludes one or nore thin netallic layers, with
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transntsS|V|ty, dlsposed betmeen anti-reflective dielectric |ayers.
These spmRens r ef ARCniteddiadd3tP abedést and peltept applickioh s faférodd t6 Rerfeln) Mchidéhg

cold as well as from solar radiation. Mdst |owe stacks in use today

are basgépeRding U lieMondiel BB4EHES UL dﬁﬁnataal No. N3t it § ktnssmqtsmnat
the dielectric layers are tuned in to reduce inside and outsid

reflect ﬁggﬁcaﬁ&t TJB%O/%E&?O(*S' qns, f':&)@@ﬁﬂhﬂ&@fiﬁ%%ﬁN@ &Jf}{ Ly 58 %nd J?eﬁ’ljoaswna!

reflecti nmet a ayers m e virtu ve ne

such as o) r I most .fre

for thi zskgélhc\éri‘ N§I %Uz% lj’]e@f %Igl%terebpf 1{;00 orat%cfﬁ%] %r?réﬁe 11&8‘1%' e ;Fﬁgs %n o case
anti-re |ve dielectri ers. ar eraII tran parent mat eri al
sel ect eﬁ[l lé’ﬁﬁ%\‘?‘n‘?:rﬁse\r/‘f §Heﬁ‘l%é ‘%aﬁ?m ReGrDgtong, B%I’H(EBW ntional |ow

em ssivi t coatln s generally strive to maintain reflection

rel ati vidoyl const aftcﬁPEQ}gﬁ gS{ORArapsRaT et panghieqrspbitiates arefiesignerkto permit
coating has a "neutral" color; i.e., is essentially colorless.

Howev er the pessegsrittivisitle lighiwiite Wedhdig ipfreredt(IRygadidtion. High pist¢ tansmrfitgance,
extrenes of reflected color required for aesthetic and ot her reasons
by cer tlawrensipgivityombatiogssan, e g6 hrchitedndal g sl autdepbilediqioopent leedta N a
coated substrate, the conposition and thickness of each of the |ayers
of a Muubbth@ikeEavekktih BEtdALSbcidted GABAVircRteRtAl Chitrol FREL Bx@aRhEand ddBling
t hi ckness of an IR reflective |ayer, such as Ag, nust be chosen
carefullys It is well known that the em ssivity of a Ag | ayer tends
to decrease W th decreasing Ag sheet resistance. Thus, to obtain a

oW MBI UY A BN S BSEhel £5/ 56 AE e N800 Y EEn Sl

be as I w-as possi Feasy

al so cause . visible trang %ﬁ % o de Fease and can result in ﬁolor
that ar@FeHEraf FPdGHRE 7 e &g s aaprentSRosratepf an pgtical
i ncrease visible transn ssion by decreasing Ag |ayer thickness

Wi t houtCopliRg- cbhsistagk dprdedes Pe%prsmat?d@naﬁ%ta'élﬁ?%wmt high\iR reflectance and low
2009/ 067263PCT/ US2008/ 013033 [7] Thin, transparent netal |ayers of

Ag are susceptible to corrosion when they are brought into contact,
under noist or wet conditions, with various corrosive agents, such as



WD 2009/ 067263PCT/ US2008/ 013033 need for | ow e stacks having a | ow
sol ar heat gain coefficient, which stacks exhibit retai ned or

i ncreased wasiPwkhg; appeal , and nechani cal and/ or chenmpg@iyszoos/o13033
durability, and which can be tenpered or heat strengthened, if
desired. Moreover, there is a need for stacks that_can be applied .

wi t hout tranemissivisy, dispoprchetveen antimeflestivadiglesmgdaers. hmmetens reflevirdinniy
[ 0019] To overcone the problens associated with previous | ow

eni ssi iealandgpaovidgmsulatien fere skawold apvesit 4sdromp sl radistiompYlostdev eotacknigs
that yield stacks that have a | ow sol ar heat gain coefficient (i.e.,

| ow g sisaedday aredagedo@stidneparen(diefecaipe &l gangral, aindthizkhedoiof thealisdéctix layers
better chem cal and nechanical durability than typical |ow em ssivity

st acks. s MnEPMAD redud€ idsiéQAE bARidR k&Nt ERS: fMRA Wed Sohtirafdhithie is high
conpati ble with standard production nethods. In particular, for

eXANP! Qo) I RATRE nARIAG e FABLECrhAN RN B ROREN WD LELiRG!

require venting or other change” i n coater Fur't her nor e, ass
substrat es coat i.n a rdance. with the, i nyentian surprisingly. can
bo. t enparist 8 o 2t vef PRAtat RR Sir bty SR LR trofifabid Beus gl &9
strengt heni ng causi ng. degradation.in the stack layers or in th

opt i caInelj‘i}iaélcg‘(of-eﬁ%@q’t'ﬁgg%’&t e @Y?‘éi‘fé g&’h‘?}é\]ﬁ ‘E%Gmf"‘&‘é%? S‘Sﬁ‘é"d to

ot her drawbacks typically seen when such processes are used in

connec teRbancavisiPle BeRsERitaseyi ty coatings. [0020] The present invention
overcones the di sadvantages seen in |ow e stacks known in the art by
i ncreaqd0dfg t he abvoveitional lok esissivitycathngs geeralygirivelie nianttaiodeflection of
at | east one thin absorbing |layer, or by increasing the absorption of
ot her Irélygv¥edy caidahit thfouighdialie VisipRIspectiBnCdd thatahdeqtag hisd "neoedleosion de.,
t he absorption of the stack decrease the overall light transmttance

WO 2009¢ 864781 6d1bHE8 0 8RR IR0 SohvednBOBv-dri §4i BiRS¢oRAn s il td SBVide the

refl ectance. Such increased [ight reflectance i's frequently a

probl e G Rkda) bk B GHd et bPLertdifabiRbitnsOf @
buildiggﬁg?%%%?%#%e 53%?2%??%te c%%?%e o?oaggg?(?%gpng%gffﬁ dﬂgg
enabl e e to control the.transmttance colar pof the coated,.gl ass.
' erddftlent o, IR BBzt BF drRE PR C AN i SRt Bien Bt BRI A R &

| ayer pr.otecti an_infrared reflecting.|ayer nd an overlyin

i ot ectiifkess of S o halavdis st coing et by g*roa%?ar?fﬁﬁa oreXmplg, the
made nore absorbing to achieve a simlar result. In such enbodi nents,
t he bathirkesy ofypsiRrpflectivelayers sushitan Agsmystihechpssn crigfily. diig well kapwn that
absorbing layer and is referred to herein as an "absorbing barrier”

| ayer . themissifityefedAg yerdendsrig deagase with doeredséngbp yhest togigtan¢eAghhus,sat

may be any reflective material, such as, without limtation, copper

or gol dbtaikcclowdinmigdivity Ap layer, sisshedt redistence nfhe tAgolaygp shaildbs aglow as

| ow-em ssivity coating on a substrate, the coating conprising, in

order @uisyeé. dHbwever G eSURSA § Bilyer thitkhdsk $41] Bs@ bARE Wisiblé @¥Rnissionfth Usdrease
infrared reflecting layer; a first absorbing barrier layer; a second

di el ectifd Ganl BWEFin cBloREHANEe 'Fai‘efaqﬁy%ld.fsﬁfaﬁx@._c itivlﬂﬂnlé BY 8dsirafle $3EEOMe 1o

absorbing barrier layer; a Third dielectric layer; and optionally, a

t opcoat - | i . in e Wag=1n
wnt on Syl SRRl Bl By GeHBRREL AL BB ol Ra BT BY ol TR
preferred enhodi nents, a nucleation |ayer underlies one or both of

the i nfPRFBEYEY| ecting | ayers. Wile preferred enbodi nents include

t he above stack configurations, the invention also provides coatings
having a single infrared reflecting |ayer, rather than two or nore
such layers. Such enbodi nents therefore would include a first
dielectric layer; optionally, a nucleation layer; an infrared
reflecting |ayer; an absorbing bather54ayer; a second dielectric

| ayer; and, optionally, a topcoat |ayer. The coatings of the present




WD 2009/ 067263PCT/ US2008/ 013033 [ 0035] Fi gure 14 depicts a still
further enbodi ment of an aesthetically appealing |ow emssivity
stack, exhiva tdomygs7badw SHGC and enhanced nechani cal and/ eer/cdvessiaalss
durability in accordance with the present i nvention. DETAI LED

DESCRI P O T ENTI ON [ 0036 he fol | owing detail.l

descri pzé‘gil r ef gﬁﬁggaqsgarﬁrgd’gett?ﬁ d“t%arg suepRtible @rﬂ?ﬁrﬁ?lﬂ’ém@n fhegy are
whi ch the invention may_ be ractlced These enbodi nents are descri bed
with subrqughidpte cqatesh Pnctearr@aﬁésr wet (95diEonk WithadTions ¢UTOSHE BEN. BYAES ce
the invention, and it is to be understood that other enbodi nents may
be enpl e!ylwph@ndarﬁhtachferticiascm@s, sutfdr diogiide and thedirg<Ro pratectibe Amdayers,

w t hout departing fromthe spirit or scope of the present invention.

[ 0037] Theriqus daeiet lalyery emt bodeppsieadi cnabe AgPHowederctha hidigsioh padvidedelyd | ow
em ssivity stacks that have a | ow sol ar heat gain coefficient (SHGO),

are aesthifehcial YarABNSRY fggi,quag]yeﬂgab@ate equal or better chem cal and
mechani cal durability than typical |ow em ssivity stacks. Moreover,

the inv j on pr 0&63?%?#1955??&%%& 30 X\’ﬂhlﬁger%rf %%?ilpc{m&]isj ‘ﬁAe%f me cgatﬁ}g%y%roged to

pr oduct met hods rcular I'ng

st andar &r to ter would uire Qr. ot her
changesdleﬁac@%éosegtfatua%%e e fies ob gfest WS i s EdeacihoBlancr ovens
accordance w th enbodi ments of the invention surprisingly can be

t enper e¥eEFPERIEAY rEPTIA GPHERR PRt Of 118-230a Wb ActhdTaapprt sarUTioRsde -2
when such processes are used in connection with |ow emssivity

coat i ng480°(Cob®BE Fisaring exfilesedn sddititn vihenseated lassdn timperaslairibentethe comting is
desired properties of |owe stacks by increasing the absorption of
such st hezaked, aldnigrwitigthe ghaes tortempetaimtdson tiod ordér df&@6tC andalidve forgles odsuMigne
| ayer, or by increasing the absorption of other |ayers, such as

barri erug fyevéal rhibhies.eDese WerBA0Ra0RemOGRCALIIROOR AllRBpHid @mg &tings

"absorbing barrier” layers). Such techniques for increasing the

absor pt {,QRiePhratd iereSdraily. A8 @e@&ﬁ)raﬂtﬁﬁ BN 6Ll IfroL'd Shbatidnd? Sﬂg A %ﬁ)p&ﬁlgcn

wi t hout increasing the’light reflectance. Such increase

reflect gaca. Ecég{sgggggblo%l g,cg,; ol Aé)a‘hlt,é &e%rﬂ)%t*lonvggft Hish besBft Gofred on

pane faC|ng di ng erance er|ng can

enhance adj.us t he thickn he. di el ectri.c

bat er STALAE Tl il ot b T D eciah e gfiss 1 B R i
an aspect the i nvention pI’OVI des a_ lowenissivity stack | ncI udi ne
coat i ngth®A*¥ges ahalkslmedons 4am be depilitatgd epdpmplifisihihe Aefseeratipiboraby ng
| ayer. The absorbing |ayer can be a |layer that is present in addition
to a banpdifipationpsthe diglectviqlayen abgve andhglotethe |Agy &oaings thest lyp dblf taewtithssand
al so act as an absorbing |ayer, thus becom ng an absorbing barrier

| ayer ahebeeldvated &mpegtitae Hewdvdrgpredeydy kicsviainebildyencpatings daaploying Ag as
| ayers. The lowemissivity stack is characterized by a sol ar heat

gai n cofiffree@rdfle(thld@Dn frdifientl Bodn@sswitidtind 3beh ferPefurePhBidE dthy | €ss
t han about 0.31. In sone enbodi nents, the lowe stack is

char actRidrisefioR ¥ r e +of about 0.22 to about 0.25. In various
enbodi nents, the stack has a Iight transm’ttance of about 42%to

about ‘t@?JrJ n SO%W%%l ?se%gg}éé&g%“ ng Fnl"'atérn?ﬂolslg?# 397 and

transm't ce can be up t enperi

transm ses 0 1 8%. odi ments, the S, ha
a tran Jéﬁr@ﬁceae%%ﬁgw?#’fa A ADEo RN PP g S e reygReseqtly soid i The
alternate enbodi nents, the stack has a transmttance color wth a
negat|3@“§ tratiogn markelplafs. ve b*. [0040]In an aspect, the invention
provides a |l owenm ssivity coating on a substrate, the coating
conprising, in order outward fromthe substrate, a first dielectric

| ayer; a first infrared reflecting |layer; a first absorbing bat her

| ayer: a second dielectric layer; a second infrared reflecting |ayer;:
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6 7 8 9 10woi@aR ks ow (sccm)/ Kilowatt [0047]U.S. Pat pciNas2008/013033
6,416,872, incorporated into this application by reference inits

entlre;%p refers tg the use of a solagﬁcontrol ﬁ _ﬁg t hat contains a
Fabry- FEO8R] t ype Y Ri RatertiNg. §1°96189¢ Hiashes theiuse ety metays asdaze 1§ugting
metals is an infrared reflecting material (silver) and one is an

opt i cal toycaatssseivt g prtectingd¢mpeTide lopt-¢ ecatings. aBuoPaeni és deecied tqumethgds of
described in terns of a range of suitable optical constants.

Enbodi nedédngiiazt hesuping feni expowente ®mpsianirésarviey6G03€1 ude Fabr y- Per ot
stacks but conprise a general |ayer structure of netal / netal /

di el ectpope1y net aliédehikal @Ilmy AN RetslRede dog@l ds havdded lapplickihé Iowsethioxivithe
absorber (barrier) / netal dielectric / metal / thin suboxide

absor besttvé,baraﬁﬁg%% ith 1‘6% %me#x@p%@@oﬂhe tHeIVLFREES S. Patemrmt @b953§95t he

netal /netal palt is re erably an infrared reflecting netal ‘and t

ot her i t.al

absor bi clfl ég]{rrég SFFPRJH Yr tg?lglg& %&%ﬂﬁ 8 dL ogbé%s%é g\LtF | C%F] kons?m t?tal layers
ranges si ar hos set forth n U S. Pat 72. . I ca
Const arpehip atsjifr bafe. dheansial s ey tayfergml%r%a@sacrsaﬁﬁ@ S,
are plotted in Figs. 6A and 6B. Based on_the data presented in Fig.

6A, t hecopting. ¢ Seaaterwbloz 808P 387 dessnbey aunsbodrbersaanctalarade lgyer 1s deposited as
refraction range. at a wavel ength of 550nmis fromabout Ito about 5.5
for t heanmetiedflectiondbwnr Sradwichingthe siBis berdetween adtireflgsties lapere dptimizes lgght
6B, the extinction coefficient range at a wavel ength of 550nmis from
about ltrapSmissioabout 4.5 for the netallic absorbers shown. An
addi ti onal paraneter that may be used in hel ping to define the range

of suity abtzgomat elUndbiburlately, bpticd bodingt A Peqidndl dahbgdd diaisg Shipsis hmcve

sl ope at nm This characterlstlc woul d di stinguish the neta

mat er i 6liaﬁdl A mcﬁx‘d@ﬁ A etﬂg't &E&u%%gnom&%mmkﬁg | giRk 955%@ @jow-

typi cal ave a 50nm [0048]In an enbodi nent of

the | ”Ve%]ésuPBrcogJ‘r? sgpéﬁirﬁtd?%l;bs%!@é@nblﬁﬁ@Q?IPJs?oi‘iﬂBbté’&ﬁs CMoStBR E‘rtrsesxﬁrhlprs

Iayer 'S 1N ver ocatron int

is to optjmze ert es which are i he.

rmnuf aGVUSHS Tepos ey Faks P B rocRerbit Byt BV ap By Bin lpver
t he overaII durabrlrty nd the ease of pr.oductjon. [0049] Each _of tq
absor biSHgK fgrepes th Wﬁ@ﬁdﬁr@%eﬂtm barriersdyRisty Haction t FﬁdER“n & goggsiopg siiver
0.1 nmto about 8 rim If two absorbing layers are included, the
first deeoyomyatayaporppizer abdthern tnids | ormredurgdampge Gen @h@l@b%@t@mng
| ayer. The first absorbing | ayer preferably has a thickness of about
1 rim tod tlelowtenBssivity stavkiby viortuef afitladdt hardneSs mhytlowestrgg firicBon if they Toren the
second absorbing | ayer preferably has a thickness of about 0.1 rimto
about Suftdrmayeftore preferably about 0.1 nmto about 4 rim In an

al ternate enbodinent, the first absorbing |ayer has a thickness of

about Jogysy | n amgt isLacabi areaetﬁwamqéglmnh 5B ERE Ao AN MY dAireS: high

| ayer has a thickness of about 0.5 rim In another aIternate

ebodi R0l LiS %@ma%orrggﬂ%%%%n A3vabidoll SIS e ln MR 1Bt

rim In ano nate e he se sorbi ng fayer

athic f _abhout e ab t kness .rna

21 m | arPSe R mArE s DeREP g A S o e RERESR R B e
used in |ieu of separate, absorblng and bat her | ayers. WO

2009/ 06H B CEPT HFGEBEISEG-0050] The barrier |ayer (whether
separate or an absorbing barrier layer) protects the Ag |ayer

agai nst attack of the plasma when sputtering the dielectric on top of
it. It also inproves the chem cal durability by controlling the

di ffusi on of aggressive species |like 02, 0, H20, and Na+. In a




[ 0059] Met al absorber |ayers are optically absorbing in both visible
and infrared. Wien netallic materials are used to reduce transm ssion
in a | ow gwas adued7zesbot h vi si bl e transm ssion and i nfrapegu§@bdigedss on
are reduced. It is desirable for |lowe products to have as high an
infrared reflection as possible., W 2009/067263PCT1US2008/ 013033

[ 0060] THAYE] advanteledovesritpcks wiBdeiverright Eansmittagre pie gnitaplee buhspeferroducts
oxy-nitrides, and nitrides which mght be used in a | owe stack.

[ 0061] Theuadlyleklsibit at Isastlonerbhihenfolbowing drewdbacks: high reflestanrce, exchidi mhkes thercless
in stacks in accordance with the invention is 10 weight %A . O her

Si : Al r atstlesicatbyapipealingeeok hipinsiading ceaffiodntywihich, mildee thrirOihsprom@iatefon

Si, 0, and Nis approxi mtely S1400.4N5. The top silicon oxynitride

di el ect ghgrdiase e BEAtNGHAY function as an optical interference |ayer

whi ch contributes to the antireflection of the silver. The materi al

I's chos i%br% tsromveVer)j f@w%%ﬁnefré?élg,it éﬁilg’rﬂ«% Dﬁ;e B¥o.‘af3€t5 E&ﬁEinQﬂ% J%é’i?}é?i’b%ﬁé?l

and it i butes to the protection o e silver, both nmechanrcally

and chenically. 062] Figure 7 .depigcts.|ndex and tincti .

coet {1 PR g7 SRRk ShAREer ThoR Bt B PROdation e Restopnso make
coefficients plotted on the graph show two stoichionetries of

Si Al 0x Nyﬂ.enwﬂ@fg dOn RIBFEsuRMm and prRdutiop o X PikareSuah V0% RpRtugs AP R patings that
upper and lower limts that would be suitable for |owg coatings.

St oi chi tasire gxiraaiteptien dirafsioregy avirsenepring iota 3ninapating alase boit.f Wiy desirable
bet ween these two extrenes. Figure 8 depicts approximate preferred n
& k val weisipiore the ddrteoNgnechanicalagl diemedabdurhiilieflsnctpecafiegs: ed

enbodi ments, the dielectrics have indices of refraction at 550nm t hat

are bet ygpes] about PrbdfciggdifRRaustack Sesigh® bR (Helseie tedbaladneasn plRewht a
2.1 and about 2.3. Specifically, in preferred enbodinents, the top

di el ect ﬁxioﬁleﬁplyecﬁ*ﬁs\é%@seltiﬁﬁ‘?éﬁuir@ﬁ@&_s afe doehiagt E&ﬁbattiﬂﬂblei"\ﬂ@en_t?ﬁ’é diEeRf

m ddl e dielectrics. In such enbodinents, the top dielectric has an

| ndex. Ofed 867 ASKAALDEINBAR (@HOULe by Ber do AR tnaf odh (UMl ohNEa BOLIOMCRLY

md dielectrics have an I ndex o acti on et ween

about 2.5, In preferred enbodinents,, the_dielectrics ve extinction
coet 11 cPEhpttaEietl FrRRE A3 MR T fuaheriatn 8 g soRYo 05, nor
preferabpl y between about 0,01 and about 0.Q2. WO _ . .
2009/ OGW%@DCT/ U&é@‘éﬂ’@%@ﬁ@sﬁf@@ ORPTS: POET ERTS AU BEiRE heat frsated fpgncrease
coating further conprises a nucleation |ayer between the first

di el ect its weshapisal sirsagthgad ayqid {acpgtipajnstase pibragkags.t Eltip it aspysiadly dyue der low
enbodi ment, the coating further conprises a second nucl eation |ayer
bet weenSHEE meduwird Thieahaerse ircereagyeabsanption hithe eciing inkgedses/the potéhtial thermal
nucl eation | ayers inprove the properties of the Ag |ayer, and are

t ypi cal degeshasthe liowHen gaxi afdt is\wkpdsed fo the sabotddistibn \wh&pat obit Ikah the shade.
el ements, such as, without |limtation, A, Sn, or a conbination

t her eof Tydicad I¥-8 chRthgS BRARL BBNEned té Rahsii themhd) Srdriidaing or 8@sbelifg. Such
deposit ZnO contain approximately 1.5% A, yielding |ayers that are

ZnAl 0x. ' ' b S [RY er [Fale
7175 e en Bty SRR AY bl AEkbiie s SRME Bl YNERY réidifing
sputter{g&ﬁ%ﬁs preferably consists of argon and sufficient oxygen for
the oxi'de" 10 be deposited in a fully oxidized state. Nucl eation

| ayers silver, such as those sc¢ri bed herein, are, commonly

descri b@ﬁ{ﬁln | ow e %&eﬂiafrtsearraeﬁg?@%Wﬁgnwewawwt?%éﬂné mefiods of
enbodi ments of the present invention are preferably between about 2
nm and mskipgihiem) thet exereasae theyapipes mpblents segndd theamios artt frepasteulanthere is a
nucl eation |ayer is thicker than the top nucleation |layer, with the
rati os between the two being about 1.2 to about 2.0. This
configuration i nproves durability, parficularly follow ng heat
treatnent or tenpering. [0065]In preferred enbodi nents, the infrared




the Ni:Cr ratio is graded, a NCr |layer reacted with nitrogen to form
Ni CrNx, and a dual |ayer optical absorber conprising NiC/N Cr,
wherei n el {ygehodkRtas may be any ratio of N and Cr. [ O0Q&lukb®@so13033
invention further provides |owemssivity stacks conprising at |east
one absorbing layer (which, as described, can be a separate |ayer, or
a bar r i need|forjew-audenks hadng o lavasadan heatrgainseng flzabendrphiclostagks opleibit ratajped or
the lowemssivity stack being characterized by a solar heat gain
coef f i cinerehsed SEiBRtictabptal,i and Inesbartided andidyothemicaBdyralghief ewdalghigh tags t han
about 0.31, and, in sonme preferred enbodi nents, about 0.22 to about

0.25. | eppeiadi A& kSengtHifed iBddired) QUbRESeratheleds & n&ddlFst §tadke tHaaying a
t hi ckness of about 1/8 inch and exhibiting a light transmttance of

about 42%: gaggﬂgggﬂg e provided which exhibit a
l'i ght t%g%EﬁP?fgﬁgﬁéggggbout 50@6t%mﬁggﬁ?@%2@b I n sone enbodi nents,
the stack has a transmttance color with a negative a* and a negative
b*. In alternate enbodinents, the stack has a transm ttance col or
with a | VE . positive b*. [0073] The invention further
provi de i 6 R | ow-em ssivity stacks having a | ow SHGC as
descri bed, the methods inc]uding depositing on a substrate the _

coati ng90¥scri beke rsrcems, therpreblempassociatedith PRAVIONS leyesmisyiiy segtngss the
the present invention can be deposited by conventional physical and
chem cairesenpivventiop peividas nmprayheh ceptings thihdeld stagkd thatdfave hbyesdladient ggines
are well known in the art and will not be repeated here. Suitable
deposi tdoefficienc(iri, tpveg staekd)|igte aaqphuticaily apgeatitizhadisexhibit dgakil o betpad Cheniicilg
met hods i nclude DC sputtering, using netallic targets, and AC and RF
Sput t erdna Gneckisi el dRbALY thén 8pctaDRRr dRkality Gadka! BffrSoveflitle i6aNtIBA ploviRs
magnetron sputtering. The sputtering can be in an inert gas, or can

be carr,j : i LD i - X an
e mai (i atheBinitiPas cGhubit it SAOLIY BroifSion ACb A th AR AW

1x10-3 . . i vol.t ages n.be i.n_a range .fraom 200
to: 1200 g G E e (g e s Senfihe SmrBa Bu g 5ot SReae

V. Dynam c deposition rates can be in a range of from.25 to 4000 . .
i e/ EE YOy EREBPT 53 BOTERe AT S oeEncosit e doYARHeN sl
by Leybold Systens GvbH with nodel nunbers Typ A 2540 Zz 5 H 13-22 and
Typ A 23mpe femperqdag hoy syengthamed apthautrsysh teppetiag oxfissbeiranethgning eausing

mul til ayer coatings of the present invention. [0074] As indicated, the
mul t i pldsgiadatangn gfe stick Jasters qv in the dptival anilifiss of the coelad suhgtratt andwithout
present invention provide greater efficiency in reflecting IR

r adi at icawsingthed othesfawpacks tyicablfyfsediewhenesack pansssed dre dsedrinl comiettantveich low
wavel engths, than is possible with a single |ayer of silver.

[ 0075] Ehsssidyicbhtpger coating of the present invention is deposited on
and is mechanically supported by the substrate The substrate surface

serves [g@od t enphat prebdit idJeBtHGPHM ek esmiédafvw%&a%éen;ih%@uetfaa&%own in

t opography of the coating. To maxim ze transm ssion of visible |ight,
pref er - .he
Fevel enmt i SipRHipAE <Blocith S LS, Bt ol QHOCIERD bERT-H 10 il
e.g., splidifyin melt of the,substr . _The substrate can be_any
mater i Aboriipe Ry a e s reahSeD e o SHErL By PRECH AT S0
coating of the present inv ntion.%{or architectural and autonptive
appl i cXahpiques fehigoreating terabsqration ok the stagkdesteass Be pyusralpliphiiirapgmitiance
superior structural properties and m ni mum absorption in the visible
and near-infrared spectra regions where the solar energy is
concentrated. Crystalline quartz, fused silica, soda-linme silicate

gl ass and plastics, e.g., polycarbonates and acrylates, are al
preferred substrate materials. [0076]A used in the present
specification, the | anguage "deposited onto' or "deposited on" neans




WO 2009/ 067263PCT/ US2008/ 013033 2.5 degrees on the average. "Haze"
may be neasured herein by a Byk Gardner haze neter (all haze val ues
herei n ar ew@ass@tssby such a haze neter and are gi ven &Sr/8s2008/013033
percentage of |ight scattered). Another term enpl oyed herein is "sheet
resi stance". Sheet resistance (1Qis a well known termjn the art and
i s used Pl ipcessingtbe Highteleodneer Puch ipgpased phineliastanrhig frequently atpsetdem,
reported in ohnms per square units. Cenerally speaking, this term
refers patichlerly gdes {tanoes bma pmesfadiog thenysidopfarmildinga | ayer system on
a glass substrate to an electric current passed through the |ayer
system [@2egt resiThé sppeepriate dividendubdtiionmaleriBiolsonlbles e th ay@ifol Gie

| ayer systemis reflecting infrared energy, and is thus often used

al ong WihRkn@hme ichiok ¥ &S cBatbPRSHY f Gibddthen€ g %@&E@f&é BlkiCean bolREited
resi stance" may for exanple be conveniently nmeasured by using a

I L
Dy S ol e Rl SRR LB o B 008 Chem el A b L

art "chemcally resistant” qor "chem cal stability". Chem ca

dur abi | Yt dn gRepermpodisrentsy thebarraniayes Hrs seavs baieasa hamer Jayesangrasgp 2
X 2" sanple of a coated glass substrate is i Mmersed in about 500 ni

of a soktspibing lewrtaad iy nefereed O5herdia@s amiwbsorbirgobarda? layor The infraved wflecting
about 36C. Chem cal durability can also be determ ned by the

Cl evel ahglertieptefanbly kidvee KA gabutanoisdhe refleetite mariblobuchws, wiicayBhitadbn,
Chanber Set Up [0088] Sanpl es are cut down to 4" x 12" or 6" x 12" for

thi s t egdpperldigonit écokdindl®ah afl adpecH Be itventidpARtict A Gow-eRMBsHRT RS AL NS
kept at fgctgﬁi 3C (73 gggl- SFf? Sanmpl es afg pl aced fil m side do%n

over thgpheat ek &ﬁiiﬁé cOAbisind it BidBr SutdhySd 0 Qb Riat ) @1?% 'd'fe?cchh:q yer; a
sanpl es WO 2009/ 067263PCT/ U52008/ 013033 are covered wth a t |cﬁ

| ayer Oﬁrsf;lﬁlﬂ?%g%sa r(r:]Y)}F% ﬁréé‘%rétiaﬂ?brﬁ}ﬁg ga : O%?tf“rog Qeec{)}ﬂ\@hlt% ec rscg%%fg%os\é@ond

the face o new condens rms on € e.

Condense t .S present o he .s l.es, for th tire duration of
Che ¢ ociratdirifiselige BEas areoB abs oIt e BRT AN &g ot gt pRongly,
6" for this test. For the stati¢c humdity test, humdity. is held a
98% r el AtOPER2 YR i ey PHpkd! topsPitdayeh s erRidveddp gmbodipenis Vhich afg torbe 5

and 55C i n one hour. Measurenents Perforned [ 0090] Sanpl es are renoved
af t er 1sub@cted teitempgeps ooheabippimente I prefored dismanés, a pagleation layer underlies
emssivity, and filmside reflection are neasured. To calculate delta
haze: Deletoabbihzad the iRGated Tefiictihinlogers. Wisle pesbrrédhaaboiiments tighat ¢hedbbt@a

E: Delta E = (delta L*A2 + delta a*A2 + delta b*A2)"1/2, where the

del t a Lstack*configidativhsahe ifvestidredso frovides @REhLgd 108 IngHNeild Riffafdd Seflecting
[ 0091] To cal cul ate percent change in em ssivity use this formul a:

Change jaybr &4iheSihth tWo ot fbreRQ8H raE'J§§.t SucHerdRith&s tefeRdE 381d include a first
Epre-test). WD 2009/ 067263PCT/ US2008/ 013033 [ 0092] " Scrat ch

ast  uchgbi 2 pUIERITTLlctalon Mier I Betod B REABEL Wb Elb g r

abrasi ve (made f i.C.grit adhered, to fibers of_.a rectangul ar pad)
wher ei \éla)éa(',sa[ %ﬁ%%%@f‘& ﬁ%’%?ﬂ@ﬁpﬁPﬂagiyn%H}PF?EZ&aYﬁf-u?}F FPaiS O Iﬁgsgﬂt to
hol d t he abrasive agagnft t.he ﬁgqple. 100-500 dry or wet strokes are
made usPYRFUPMaredPIR! Ry deppiiune g ieNers onte g gubstiatss dPYFrSe meatas Agudatn
be nmeasured in three ways: variation of em ssivity, haze and E for

fi | m sidgpositie omagneon Titieripgst can be conbined with the inmersion
test or heat treatnment to make the scratches nore visible. Good
results can be produced using 200 dry strokes with a 135g | oad on the
sanpl e. The number of strokes coul d be7decreased or a | ess aggressive
abrasive could be used if necessary. This is one of the advantages of

[=
—




ZnAl yOxreactively sputtered Zn al um num oxi de. Sputtering target
typically contains 1-20 weight% Al. The sputtering gas is a mxture
of Ar and Q@ o¢saRyAL, 0", reactively sputtered zinc tipgrl@hdéfiHD
oxi de. Sputtering target typlcally a zinc tin alloy with optional Al
doping. The zinc tin alloy covers a wide range fromzinc rich to tin
rich alloys. The sputtering gas is a m xture of Ar and 02.
Zr2|rcon|un1 WO 2009/067263PCT/U82008/013033 optical coatingone or

SR B RE SR ] AHE DA WANG ich together affect the
opti cal propertles of t he substrate | ow- e stacktransparent substrate
wi th a fpoaglheat @ighaeildepittseptenbaltingmbbi ADacebBEdaly afigtalihg PRCedissikBy €
| ayers barrierlayer deposited to protect another layer during

Pr 0Cessidef, exBibRp 18k SHAC AR A EnHaREd AL ARSI cAlahYBF cReMME du%mqpﬁa%bd#&mce
better adheS|on of upper layers, may or may not be present ‘after

proces n%ﬂ%gﬁgmkﬂ &gness of material having a function and
chenlca osition ounded on each side by an interface with

anot her cknes avi f nt f nct on and/ or

cher ca{PMg%rrposi Sire Thspilvr allovaf ol T b sy ies éaeﬁeéﬂ -
after praocessing due to reactions during processing. "Layer' used
her ei n emiyteRsEsEexhibIing o Bi3Cand ﬁﬂtaé?ngneqhﬁraﬁa sy Ob@%%é%b@w a
side by air or the atnosphere (such as, for exanple, the top |ayer or
pr ot ectwhieh incladesowiclehagrelaydra fox lmpmwngghsmpkrhm ofgbe Agdmpersnip acherdatcher
| ayers in the stack). co-sputteringSi nmultaneous sputtering onto a
subst r atith the presdmMniventiordr e separate sputtering targets of two or nore
different materials. The resulting deposited coating may consi st of a

reacti qgozay oduct Fdurt BRlepliclsfadfiRndr ofbbeineat 6f antHestbidaBRapReliRgE bur e of
the two target materials or both. InternmetallicA certain phase in an

al I oy %xﬁés efaemaﬁﬁum‘g 1SRRHEE Gnd Liah QR hkiCal GRABPLHEL: B 9RAbHARS

of two or e metallic elements. The netal elenents are el ectron or
i nterst ting in a solid solution typical of
WO 200@%%@%58%%@gﬁ%§% gfﬁi§ﬁ@§ standard alloys. Intennetallics

of ten dlstl ctl i fferen roperties fromthe, el epental

consti t0LH s par Frevi 4 ryicR Aokl S rbtinen! Samtbeicalieaseatingdow-

i ncreased hardness contributes to their superiaor scratch resistance
over nEEESSEitysagk¢xhbftmedoySH: and gnhansed mopbaeal ppg(pr ehereal Pl i
termrefers (unless otherwi se noted) to a wet brush durability test
car ri edcegrdanemw il tiRrpresesinventignh tester (Mbdel 494) using a nylon
brush (Order number 0068.02.32. The brush wei ghs 450 grans. The

i ndi vi §a026] bri st Figude Adeiets an smBodinnam ofBr lostdnassivtystakrfangedn am
groups with a dianeter of 4 nm). The test is run for 1000 strokes
(wher e a@bfofivd kthdrSeRigléginchding thidldlass ¥etsated, aoneB hgek apsledating it | on
of the brush). The sanples are brushed on the coated side and

SubnErg&gnhﬂag@ﬁﬁgﬁ&%&ﬁnM@§§ﬁmgurIng t he brushing procedure. [0096]In
various enbodi nents, the om/en155|V|ty stacks of the present

i nvent xhi bi f r

tr anomf RRLE "V ofhgi;out%*c? A S ff’f‘ﬁ%ﬁsﬂ?ﬁ%é@s suﬂsble{or
55 and nos abo 40 t.0 ahout .50; _an ansnltt d a* va
ohi on P i EtiBi b Pt vaRtmton. PRt tovses e feir e
b* val ue which is negative, nost preferably about 0 to about -6; RgY
of abotidesof iagimnpand Figirs oBrpwdetfaje meibiag to extingtiemensificient (Hpst
preferably about 11 to about 17; Rga* which is negative, nost
preferably about -1 to about - 7; preferably an Rgb* value that is
negative, nost preferably -1 to about -7; Rf Y between about 2 and
about 12, nore preferably about 2 to about 10, and nost preferably
about 2 to about 8; Rfa* which is negéiive, nost preferably about -2
to about -20; preferably an Rf b* of about -10 to WO




WO 2009/ 067263PCT/ US2008/ 013033 of Si, SiAl, SIB, SiZr and it may
contain up to about 20 wt% preferably up to about 10 wt % of an

el enment , sumz@ﬁm(ﬁhﬁsand B, to nake the coater target cop@yggzigmlm‘gﬁte
nucl eati on | ayer inproves the properties of the Ag layer and is
typically based on Zn oxide with up to 15 wt % of other el enments such
as Al, E@)t/? 28k a cdiBurat Pr@wd%eeetatal datgaestrptineinggy i refragiiogaad extincien
Ag against the attack of the plasm when sputtering the dielectric

at op. | toefficsents fop rov steichiometrinsoif §810dDiyabi | ity by controlling the

di ffusion of aggressive species such as 02, 0, 1-120, and Na+.

Sui t abl @obar ri er Fipned 8igtevided grhaphital ldhtaiilatiating pife@ed nhk KvEses for SiAIOxNy
Ni Cr NxQy, TiOx, Ti and other netals. [00101] As indicated, the topcoat

s optiangh.g Weid AebusRdwilt thedchddre a positive inpact on the
chem cal g nmechani cal stabili ty A suitable topcoat includes but is

ggﬁlt ras ﬁﬁ nat urt eé'é"?'r?p%e@“:f (AR ol o R o ap el O e 15
decor Stioaby Ak SR ieg 46 SBBERRY sHnord Pl RlanaltE cFEee Gty in

Si XAl yNzOc).. In the alternpative, when the diel ectrl cis anitride or
an oxyrﬂ"t’?lﬂ%fé‘e“t‘ﬁ’é ?Bﬁs%ﬁtveﬁ%ﬁﬂ advant ageously be an oxi de, such as,
without limtation, Zr02, ZrSi 02, 5n02, ZrOxNy, or Ti 02. EXAMPLE 3

[ 00102][PB3K]he pr Figure lél)(hpriptsei, fugth¢rembedifoat pfign destheéqdly iaprrdlinmiosy-

gl ass substrate to forma stack having the follow ng configuration:
about lenfssivigtstdskpadibifag bwBHSCAINE Mylancéd Bredidnivalandloy @hémiSal RARBIIAQ in
1-4nm NN CrOx/ 1.5-3.0 inn NiCr/55-65 nm Si Al xNyOw / 3-10nm ZnAl yOx/

10- 15nracAgbante 44 the 67e83t Inveatfod- 2 rim N Cr/ 24-32 rim Si Al xNyOw /
opti onal top coat . e top coat, if included, can be chosen from but

T
IS not ted t g - i
20007 08 S EcT LIRE TRk a%%ﬁ%%ggremﬁ%“oazesmﬁcalgo%‘%aahn oy erﬂ’ss""ty
present_ e hi Ledfansmtian % to ab
46% a Sstarr%gegﬁlrbgt d}%)élow@ﬁ(ﬁ%%nél IB%ci cgbagéﬁ)r Oh%ca LaéHEf\%%}%m accor ance
transmt ce color is ray and can be adjusted for a green to a blue
hue. i Teﬁ?ﬂtﬁta"é’gt”i’? coated glass, with the coating in position
2, and 1/8 clear class, with a 1/2" gap. The coating has inproved
cheni c4PO33hd mecKignredp damﬁta@maitt:ryatem@oémﬁaﬁ af anAgathetigally apperiing lown
this exanple has a positive inpact in achieving the sought after
pr oper teimgssivitBstagksaxhipfitinglewsEGCand ehlwnatd mechahicalradidr Chemit elumbiity.ng
can be produced on an existing coater that is primarily dedicated to
| ow e dddh inguddstnudizeSomiayers Expumpevirpathe bropertize bitht Aig 1aferd, headsbfdance
sputtering target. A summary of the properties observed in the above
exenpl ifilhaHe fled@k suviefitig, ovi ded in the table bel ow. EXAVPLE 4
[ 00103] The present Exanple represents a preferred non-tenpered

Thi ckneelel ver o Hagar 3?}95“@?@%&%?5@&%?%%@?&?W&%’é g
teEte i £2| sk%g §§§%ulﬁgegat?gn %}Et'j@?n ayer %@@ﬁﬁ%&%‘m}“ﬁﬁ %Hg‘%qlt}’ in

coater and, the thickness of the stack m nus the top Si Al OyNx | ayer
was meASgrdagee ¥ @MES%'B&%H@& with layers turned off one at a tine,
until lastly, the bottom Si Al OyNx al one was neasured. The accuracy of
t he measurenments is approximately 0.5nm LAYER I ndividual |ayer

WO 2009/ 067263PCT/ US20081013033 thickness (nm top Si AlOxNy 33.4 top
NiCr 0.5 Ag 13.5 ZnAlOx 6.2 nmid Si AlOxNy 68.2 bot NNCr 3.0 NPCrOx 1.3
Ag 10.6 ZnAl Ox 9.0 bot Si Al OxNy 23.0



EXAMPLE 5 [00104] The present Exanple represents a preferred

t enperabl e coating, which includes a carbon topcoat, in accordance
W t h enbodwpg@@ﬁ,ﬁﬁf“the i nvention. Thicknesses were nmeaggRshodbishkzd
Dektalc Profilonmeter as in Exanple 4 above. In these neasurenents,
the top Si Al OxNy and carbon topcoat thicknesses were not separat ed
The car[b¥sli s esthigmedd depictse stifl funther mmbediynesdt afrantabsthdticaltshappeding low-
maki ng the top Si Al OxNy | ayer approximately 33 nm LAYER I ndi vi dual

| ayer tdnissivigsssack) éxibitingloi FMOK Nyd atthnegirheshakiof aadbor dfenficdl dprablliGr in
0.1 WD 20091067263PCT/ US2008/ 013033 Ag 13.2 ZnAlOx 9.4 mid

Si Al OXMycidarfte Gl thi Geseat GivbhifanOX 1.0 Ag 9.8 ZnAl Ox 10. 7 bot Si Al OxNy
23.3 EXAMPLE 6 [00105] The tabl e bel ow represents optical and

el ectrical measurenments taken of coatings in accordance with

enbodi nents of the invention. The "l ow-g A" product is an anneal ed

pr oduct =¥ 231 s garried out. The "lowg T"
produc@—@%ﬁ%’g aote€ b it LGNl udes a topcoat in
accordance with the inventiQn. "B " represents measurenents taken

bef or e [P&er i nglmifig feligewing defpi SIHERJGICETER ISINqdeute Kangup specific
tenperin "N A" indicates no neasurenents were obtained durin

gener atel adigfentstin svhirdrthe nyertfonenrayhs mracticedwigespefnhediments are deagrrpsd twith
done) lowg T BE only BE AB Transnmitted Y (nonolithic on 1/8" gl ass)
44.7  sufficient detail to enable those skilled in the art to practice the invention, and it is to be

understood that other embodiments may be employed, and that structural and logical changes
may be made without departing from the spirit or scope of the present invention.

[0037] The present invention provides improved coatings that yield low emissivity stacks
that have a low solar heat gain coefficient (SHGC), are aesthetically appealing, and exhibit equal
or better chemical and mechanical durability than typical low emissivity stacks. Moreover, the
invention provides products which are compatible with standard production methods. In
particular, for example, shifting from a standard coater to a low-g coater would not require
venting or other changes in coater layout. Furthermore, glass substrates coated in accordance
with embodiments of the invention surprisingly can be tempered or heat strengthened without the
drawbacks typically seen when such processes are used in connection with low emissivity
coatings.

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

absorbing layer, or by increasing the absorption of other layers, such as barrier layers, (thereby

10




42.9 45.37 a*t (transmissive): (monolithic on 1/8" glass) -5.1 -.51
5.3 13st (transm ssive): (monolithic on 1/8" glass) -4.3 1.59 -4.3

RLY (outsi gy s@bbesdkance): (nmonolithic on 1/8" gl ass) 1&%%0%1%3
a*g (outside reflective): (nonolithic on 1/8" glass) -1.7 -4.8 -2.

b*g (outside reflective): (nonolithic on 1/8" glass) -4.2 -6.7 4. 6

WO 200976826 3PCThinshaoer 0aBeg3 SerHGEchrijues f@Uhcreasig thie AbshirptioBGT te2gack

NANA Tuiliaviatet 0.178 VA NARs 2.3 2.3 1.9 Transmtted /1k. E*

(del t a decrehaé the bvéan ight tidnkmit@ncel wihowg is&ping the light reflectance. Such increased
light reflectance is frequently a problem, particularly when it occurs on a pane facing the inside
of a building. Tolerance for tempering can be enhanced by adjusting the thickness of the
dielectric or absorbing barmier layers or the nature of the absorbing barrier layers.
[0039] In an aspect, the invention provides a low-emissivity stack, including a coating on
a substrate, the coating comprising at least one absorbing layer. The absorbing layer can be a
layer that is present in addition to a barrier layer.  Alternatively, a barrier layer can be modified to
also act as an absorbing layer, thus becoming an absorbing barrier layer and eliminating the need
for separate absorbing and barrier layers. The low-emissivity stack is characterized by a solar
heat gain coefficient (SHGC) that is less than about 0.34, preferably less than about 0.31. In
some embodiments, the low-e stack 1s characterized by a SHGC of about 0.22 to about 0.25. In
various embodiments, the stack has a light transmittance of about 42% to about 46%. In some
embodiments described herein, the light transmittance can be up to about 62%. During
tempering, the transmittance rises by about 1-8%. In some embodiments, the stack has a
transmittance color with a negative a* and a negative b*. In alternate embodiments, the stack has
a transmittance color with a negative a* and a positive b*.
[0040] In an aspect, the invention provides a low-emissivity coating on a substrate, the
coating comprising, in order outward from the substrate, a first dielectric layer; a first infrared
reflecting layer; a first absorbing barrier layer; a second dielectric layer; a second infrared

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

layer. Either of the first or second absorbing barrier layers is optional, i.e., two such layers are

11



12.1 dass side reflection AP (delta Ltattt*) (nmonolithic on 1/8"

gl ass)

3.1 EXAMPLE 7 [00106] The present Exanple represents a

summary of bq ﬁgﬁ&éflcatlons of various coatings in ag&g[ RS K5t h
e}

t he presen i nven

Optical and electrical properties o

non-t enpered and tenperable coatings in accordance with certain
enbodi menteguinéd. tTie dprived toponatiayer & drglldyediin Brinbodithents pahfarc@tbecnsjeged
forth in the table below. WD 2009/067263PCT/ US2008/ 013033 Nor mal

| nci deng erfgeking oORREirtdtmaritl O pleBimdd QbEdERALS, B 8Sclealioa MS/8H Sfdefits Chass
Side R FilmSide R a* RGY a* b* NC Rs SHGC MM 42.0 -6.0 -4.5

10.0 - 3n8e oPth? i dled AfeQingdaR?- 0 0. 22 Max

[0041] The substrate is preferably glass. In preferred embodiments, the two infrared
reflecting layers are Ag layers and are well balanced with a ratio Agl/Ag2 of about 80% or
higher. However, in alternate embodiments, the ratio may be as low as 50%. Having balanced
Apg layers provides various advantages, in particular from a process point of view. Because the
two targets erode at approximately the same rate, the length of a campaign can be maximized.
When the second Ag layer (Ag?) is much thicker than the first one (Agl), for example, the coater
must be vented early in the campaign, which has a strong negative impact on production cost. As
noted abdve, the invention also provides coatings having a single Ag layer, rather than two or
more Ag layers.

[0042] The absorbing layer, when present as a separate layer, is preferably inserted
between the barrier protecting the Ag layer and the overlying dielectric. The absorbing material
can include a metal, an alloy, a silicide, an absorbing oxide, an absorbing gray metal, a nitride, or
any other suitable material that achieves the desired effect. Preferred materials include, without
limitation, Ti, TiN, Si, NiCr, NiCrOx, Cr, Zr, Mo, W, and ZrSi, nickel or chromium alloys, and
transition metals, nitrides, subnitrides, and suboxides thereof, as well as silicides and aluminides.
In preferred temperable and non-temperable embodiments, the absorbing material comprises
NiCr. In some embodiments which are not to be tempered, Ti also works well as an absorbing

material.

12




46.0 -3.0 -1.5 12.0 -1.0 -6.0 6.0 -10.0 4.0 2.4 0.25 EXAWLE 8

[ 00107] The present Exanple represents a substrate having a coating in
accor dance w bdashdvessi nventi on. As noted, an optional capdposiotyaasas
(not depicted) can be enployed in enbodi nents intended to be

subj ected to tenpering or, heat. treatnent and_ i s_preferably _about 3. nm
to aboutf043hm i n iiapRPEate chpige phabiserkiie mefprial 4lsoeaatiesame of grdinappskill to
i ncl uded in enbodi ments not intended to be tenpered or heat treated.
Such entmtiohtsn trensmpiganagicelor efithe soted glass. ofs newmheaddrd@” and bYpegative and well
t hi cknesses for the exenplified enbodi nrent shown bel ow are

appr oxi padreed Aepuefacad-uhd tinjreslpegiirehent bengla ségattve d'tvamdandg Hrappbreghat $s
in the range of about 20% The thickness of the NNCr |ayers can be

pl us 20Q%erihak$2 28%anbmitRARLHIGasE SiAk kTR Stantd) & BHrahetAYBY Sppealing than a
typically are thinner and may be as | ow as 60% of the val ues noted in
the tab : I W] ' : j Ny
31t op MR St Ml 8 bt T e S R R r R TS

' 79.7 b

8.4 md_Si.ALOx t NiCr. 1.1 Ag 1 nAl bot. Si Al Dx
24,2 SUBBHPIES e Bt RR g e Pt S PRt dou pRer e et e
the table are as follows: SiAlOxNv - In i ments represented by

t he pr ey ‘é‘X%fWﬁPé‘,kSOtr?ﬁ S’r’rﬁf’%’ﬁ‘li)’iﬁp ‘?"éalflégg‘g%ey‘r}élﬁﬂfagger ed froma
silicon /10 wei ght percent alum numrotatable cathode. The reactive
gas is [@B#t 90% THius.rcetein Matenipluindoramdesiepybave bepn Hupd canablglofloyvegisad
for the bottom mddle, and top primary dielectric |layers. Al though
st oi chi teamstnisyiou af icet-k onsingaandalboning thestaklayapr todeltenedrto arederfadeniors. In
production run to production run, all of the SiAIOxNy in the present
exanpl ehé Bass dbtehpefdlciviiidsCthe lpheridd htenils Blsd hregBdmaltd staily gethirathe thin
present in the sputtering gas for the SiAl to reach a fully reacted
oxy- Ni t&1hA8ack ANMRYGOtE e bl a8 ial S tah B8 ub @Y ARTaltBMBti AR RS BelaBBIrBinY marAf rédied

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

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

stack as described herein.
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ZnAl Ox - In enbodi ments represented by the present exanple, this
material is reactively sputtered froma zinc /1.5 weight percent

al um num r@pah@hls@spr pl anar cathode. The sputtering gag&R%wkA36330f
argon and sufficient oxygen for the oxide to be deposited in a fully
oxi di zed state. This |ayer serves as a nucleation layer for the

silver [ogué]i s COMhé Bi@Qix raiid hreSaratily schasedsoncaBTfomh yorgeputtirgdarigets owwith
patent literature. WD 2009/ 067263PCT/ US2008/ 013033 Ag - In

embodi IROpSwEre PoReLB bREcalY it 1he riigeTom 1 £warshlve Arkbieflowliy8i0stayers may
be sputtered in pure argon or, alternatively, a small anmount of

oxygen may be added. The oxygen hel ps with nechanical durability in

the tenpered version, but is not always necessary. NNCr - In

enodi ment s rﬂiﬁ.%ﬁ@ﬁ&ﬁsloh nFIBYFR SUABRAE Py thin, protective
or barrier layer s {.e ver g 0 ed from DC pl anar
targets andgigs Hg%t 5*3‘&'%?%11?“' ‘E‘B %Fg exapmgee, these |ayers

are fully netilllc except for uni ntentional inpurit]es such as gas

crosstal k 350fq nei ghbori ng cat hodes. Carbon - Tenpexd® e versions of

t he exenpllfr“o enbodinentsu¢ilize a 3-5nmthick gpluttered carbon

topcoat as ' er nost ﬁt whi ch is DC magp [ (%puttered in
exa

ar gon. Q%QQJ Q_Prese npl e, for al

materi al s } e across
machi ne gdirgcl . pe varied for
tuni ng cross-pachi i ity. 4 is prefefable in the

vari ous enpgd i g gsayer be thicker
than the bott prrier |ayer be

t hi cker thah &0r esent
exampl e, the | as not ed,

pm Ag | ayer and t g
he top absor bi ng

| ayer. (In
are NiCr,

t hi ckness ratj os _are advantapeous in_achieving o fo
the stack. Tt  is also preferable’ that tle botton1d|electr|c | ayer

(Si AlOxNy in @hepr eQent3exa4mI e bé t h|7cke8 t h&n flAe middl e and top
dielectric WO 2009/ Rwaxt| ayers. Such a
configuration simlar I's adva tageous in achleV|ng preferred
colors. Furthernore, it is preferable that the bottom nucl eation

| ayer (ZnAl Ox in the present exanple) be thicker than the top

nucl eation | ayer. Such a configuration provides for inproved
mechani cal and chem cal durability. In preferred enbodi nents, the
stack layer ratios fall generally into the foll owi ng ranges: bottom
Ag / top Ag: about 0.8 to about 1.0 bottom NiCr / top NiCr: about 1.2
to about 2.0 bottom ZnAl Ox / top ZnAl Ox: About 1.2 to about 2.0
bottom Si AlOxNy / top Si Al OxNy: about 0.4 to about 0.8 niddle

Si AlOxNy / top Si Al OxNy: about 1.5 to about 2.5. [00111]1t is further
advant ageous for the top dielectric to have a | ower index of
refraction than either the bottomor mddle dielectric. Preferred
ranges include: top index: about 1.8 to about 2.3; bottom or m ddle:
about 2.0 to about 2.5. [00112] The present Exanple exhibits the.
foll owi ng col or and sol ar performance. Nonual |ncidence Col or
Specification for nonolithic LowG on 116" gl ass LowG A Transm ssi on
Ref |l ection (uncoated side) Reflection (coated Side) TY a' It ROY &'
It RFY @a" It NCRs SHGC M n 42.0 -6.0 -4.5
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12.0 4.0 -3.0 2.0 -12.0 -4.0 2.0 0.22 Max 46.0 -3.0 -1.5 16.0. -1.0
-6.0 6.0 -4.0 2.0 2.4 025 [00113]"NC Rs" refers to noncontact

surface resj¢iaNee@and the measurenent is in units of olPBISAsAERs3 | N
t enper ed enbodi nents, tenpering color shift, or AE, is greater than 3

for the glass side reflection color. This is due to the burning off
of the carbon |ayer. WD 2009/067263PCT/ US2008/ 013033 EXAMPLE 9
Materi al AnneMi@rDsRatie ¢fiGxygaan Fipwie SppterisgaRewern nn) Carbon n/a
0. L4O?(I'op Si Al Ox Nys B tith c8Bio nZC defific Mntra@d bow-4SAGKP Ag 10.2 11.6 Top
Zn 6.5 5. 3.

40
i 375
- 35
- 32.5
- 30
- 27.5
- 25
- 22.5

Ollllll!llzo
0 1 2 3 4 5 6 7 8 8 10

SHGC

Oxygen Flow (sccm)/ Kilowatt

[0047] U.S. Pat. No. 6,416,872, incorporated into this application by reference in its
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. Embodiments of the present invention similarly include Fabry-Perot
stacks but comprise a general layer structure of metal / metal / dielectric / metal / metal or, more
specifically, metal / thin suboxide absorber (barrier) / metal / dielectric / metal / thin suboxide
absorber (barrier) / metal, In each of these cases, one metal of the metal/metal pair is preferably
an infrared reflecting metal and the other is preferably an absorbing metallic material. The low-g
absorbing metallic material may be described by optical constant ranges similar to those set forth
in U.S. Pat. No. 6,416,872. Optical constants for typical materials optically suitable as low-g
absorbers are plotted in Figs. 6A and 6B. Based on the data presented in Fig. 6A, the preferred
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Mddle SIAIOxNy 71.0 71.1 Bottom NiCrOx 2.4 5.2 BottomAg 14.8 14.1
Bottom ZnAl Ox 3.9 16.5 Bottom Si Al OxNy 22.4 24.3 d ass Substrate 3 mm
3 mm [00144l, 6 pisgsent Exanple represents a substrat %Ct}ﬁ}ébdbg/oﬁoss
coating in accordance with the invention. As noted, an opti onal

carbon topcoat (not depicted) can be enployed in errbodr ments i ntended
t 0 be sinb¢xesftrefaction rangp erd wavebsngtieas50mead fremtabautd to sbortei efoathleynetallic
about 3 nmto about 5 urn in thickness. The optional topcoat is

pr ef er afphkotberekhdwit | Bated oh theataastesdniel t Fig! 6B iheadmdibncdefidenpaget 0r
heat treated. Such enbodinents are referred to herein as "anneal ed."

Layer tQielengssesshiph idhén shRRdI 7RO bb R QW Yol memeam@mssrﬂeﬁsl SB¥AT &n
approxi mate. [00115]Wth respect to the exenplified enbodi nent,

th't ﬁk[‘ﬁakﬁritﬁﬁﬁjﬂa%{@?é}tt}?at [ISF%FP fp;}% g dg tﬁg Jgaggkpéﬁﬁﬁ’fe a‘ter{%siigﬁﬁt

Ines were coa chieve t

stack t |ck Adtronal | es e prepa urn of f e
Upper ¥ Bl et o dey i opey asonge 108 EhEsCiAsHe W@gffrr@uwm
bottom Si AI 0x was present. The ink lines were renoved w

| sopr opystallie ?%@ra Srram syboxides amd pifrigles Wik, ‘orbrnesmﬂarémleae%tmpallhéam
Tak. Individual |ayer thicknesses were cal culated by subtracting the
t hi cknesgatyk stope at ¥Yvaimi ng stack WO 2009/ 067263PCT/ US2008/ 013033
underneath. Therefore the accuracy of the individual |ayers is

af f ect g0048y t he acauembodiménttofiehd iayeantisn,thelshsodaiglaydrewhenlfreseacawr acy
of the dielectrics (Si AlOxNy) and the silvers (Ag) is in the range of
+/ - 20%se it 14YeC k1RESAUCN T Riry bHRi 1682880 kit¥e ktatls THis 100 Yptifre @a) RRkr

enbodi nents in accordance with the inventi ons tend to have thinner

b %
t(rjltet Onafé%%la‘% not ed I hi:e}pi?a)g;(ah\érrper[IaQ1H gme odr n{;&gglgggf;ﬁ]f%?a%%l%g
SiAO t nmpl t hi

' ?"g,“émcuﬂaﬁgactl Veaﬁﬁiﬁ}ébﬂ Bﬁc?gn%%ta?edofgry &P%:Prese” exanpl €, this

mat er i I'sr ere from icon / 10 wei ght percent

alumn tatable.c reactrve a 0

1 ow alteoc oxy Besi s aftfﬂrgb ars’.%heafé ferrgﬁ%b%ﬁa&r% s Bout 0.1
and top prrrrary dielectric Ia ers. I n_enbodi ment

r epr es &ft BRbPRE & B Hrfagéhror@;aarﬁgre arft WF@d??aﬂ?rfifaq abrs%rbrr@alaer verﬁgrably is
sputtered froma zinc / 1.5 weight percent alum num rotatable or

pl anar thigken g theTiseondnbsedinigrigyegadhe st atsping layer poeferahly hoeid hickinesstof
oxygen for the oxide to be deposited in a fully oxidized state. This
| ayer sboutdama® abonuEhmampepréferabty F.Onmtthebit ISume. HnadsecendcabaabBigdayter
wi th such layers commonly described in lowe patent literature. Ag -

| N enmbeogiferasly Sad LOFkaeRtogdbdy 0f1henm s SARANS neX AitRd greferddly SiduV@i nivdy@bsut
may be sputtered in pure argon or, as an alternative, a snmall anopunt

of OXyg&m. nmnta&eaﬁlré%boa’mnewaﬁﬂtm ’gg_?} AEL NAkneR! ordbidBinkd. ti
in the tenpered version. WD 2009/067263PCT/ US2008/ 013033 NNCrOx - In

enbodi gERhG ait@&%&%%%ﬁﬂn&% tﬁé‘sf‘ec 250 Q%SI a%@#l&egsmf{ﬁbo&b%tr&?tinve

or barrier layer uttered on S ver 1 s anar targets

and is red i n.m xtur The .power en fl ow
(sccm art@*"fffrrﬁtewaeﬁa’&mﬁ 50 8 G PRl Tes o Moo b e R crox

The ratro used for fully oxjdized N|CrQ<|s r ousedrn
pr ef er PRAINE GHFMAGSMURIRPEAURTFCRI ISP R Ay g%%tfr%ﬂ éﬁﬁrﬂwpéd’m The
enbodi ment varies from7.5:1 to 8.0:1. Carbon - Tenperabl e versions
of t heakovermgtddithisknesarinnaesasn similarlysyitable for ahperhing b,amgrplamrewb@l wgh boars
topcoat as the outernost layer. This material is DC nmagnetron

sput t enpedisedindiegof seffaB0d dbsptbmg drel tprmes dayersexanpl e, gas di stributions
for all materials are symretric in the nachine direction. In the
across machine direction, gas flows for reactive materials may be
varied for tuning cross-nmachine unifodfity. [00118] The present

Exanpl e exhibits the follow ng optical characteristics: Optical




Tvis 65.5% 59.8% 69. 3% 63. 1% a*t -3.29 -3.73 -1.13 -1.87 b*t 3.67
3.66 1.95 2.08 Qutside Reflection (glass side) 11.0% 14.4% 12. 2%

15. 9% at g v@oﬁ@wo@z(QG -1.48 -1.49 b*g -7.41 -5.36 -3. 56p¢g s%ﬂso'?ﬁ)bge
Refl ection (filmside) 5.7% 12. 4% 8. 9% 15. 0% a*f -13.3 - %

-9.09 b*f 1.36 1.13 2.92 2.28
[0050] The barrier layer (whether separate or an absorbing barrier layer) protects the Ag
layer against attack of the plasma when sputtering the dielectric on top of it. It also improves the
chemical durability by controlling the diffusion of aggressive species like O3, O, H»O, and Na+.
In a preferred embodiment, the barrier is transparent. The barrier can comprise, without
Hmitation, NiCr, NiCrOx, TiOx, NiCrNxOy, NiCrNx, Ti or other metal or metals, or subnitrides
or suboxides thereof. A preferred barrier is NiCrOx. In such layers, particularly in the first (i.e.,
bottom) NiCrOx layer, it may comprise approximately 15 to 60 atomic percent oxygen.
Preferably, the atomic percent oxygen is from 20% to 55%. Thermal durability for the
temperable versions of this invention was improved when the first NiCrOx layer contained about
20 atomic percent oxygen. In preferred embodiments, (particularly when the barrier is modified
to also have increased absorbing qualities), the barrier comprises NiCrOx and is a thin protective
layer sputtered on silver and deposited from planar targets. It is preferably sputtered in an argon-
oxygen mixture. The power to oxygen flow (sccm) is the preferred method used to estimate
oxidation in sputtered NiCrOx. The ratio used for fully oxidized NiCrOx is 10:1. The ratio used
in some coatings in accordance with the inventions preferably varies from 7.5:1 to 8.0:1.
[0051] In alternate preferred embodiments, an absorbing barrier of NiCr is employed.
Similarly, this thin protective barrier layer is preferably sputtered on silver and deposited from
DC planar targets. In such embodiments, the NiCr layer (or layers) are sputtered in argon only.
Such NiCr layers can be fully metallic except for unitentional impurities, such as may be caused
by gas crosstalk from neighboring cathodes.
[0052] In preferred embodiments, the dielectric layers each independently comprise an

oxide, a nitride, or an oxy-nitride. When a dielectric layer comprises an oxide, the oxide is
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SHGC 0.346 0.305 0.371 0.329 SC 0.40 0.35 0.43 0.38 Tuv 0.27 0.23
0.30 0.25 WD 2009/ 067263PCT/ US2008/ 013033 The present Exanpl e

Ry arg b PR 1O T R R soo M h 630 -4 0 1006 5Ly

1.5 0.25 I\/BX 67% 0
preferably sputtered from a Ti, a Zn, an Sn, a ZnSn alloy, or a Bi target. The oxide may comprise
Nb,Os. The oxide may comprise up to about 20 wi%, preferably up to about 10 wi% of an
element, such as Al or B, or similar such element. These dopants are commonly used to make
silicon coater targets conductive. When a dielectric layer comprises a nitride or an oxy-nitride,
the nitride or oxy-nifride can be a nitride or oxy-nitride of Si, SiAl, SiB, SiZr, or other suitable
nitride or oxy-nitride that achieves the desired effect. Similarly, the nitride or oxy-nitride may
comprise up to about 20 wt%, preferably up to about 10 wt% of an element, such as Al or B, or
similar such element for making the coater target conductive. In preferred embodiments, the
dielectric is SIAIOxNYy and is reactively sputtered from a silicon /10 weight percent aluminum
rotatable cathode. The reactive gas is preferably about 90% nitrogen flow and 10% oxygen.
Although stoichiometry variations occur from layer to layer and from production run to
production run, the material is preferably sub-stoichiometric. In preferred embodiments,
insufficient nitrogen and oxygen are present in the sputtering gas for the SiAl to reach a fully
reacted oxy-nitride. In some embodiments, atomic ratios in the layer are approximately
51400.4N5.
[0053] In preferred embodiments that employ three primary dielectrics, at least one of the
dielectric layers is in a substoichiometric state. More preferably, all three such dielectrics (e.g.,
SiAIOxNy) are in a substoichiometric state. Various advantages can be achieved using such
substoichiometric layers. For example:

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

chemistry is sub-stoichiometric. Sputter yield for a silicon rich surface is higher than for a
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layers %'mt have a lower physical thickness for the same optical thickness. Less target material is
consumed when sub-stoichiometric layers are deposited and again, this allows the coater to run
more efficiently.

[0056] 3. | The higher index dielectrics allow for greater flexibility in the optical
characteristics in the low-e stack design. Desirable colors for transmission and reflection may be
more easily achieved using higher index dielectrics than can be achieved using lower index,
stoichiometric materials.

[0657] 4, Sub-stox:chiometric layers tend to have better chemical barrier properties
than stoichiometric dielectrics. This allows for a more chemically stable and corrosion resistant
low-e stack. Corrosive chernicg}s are less likely to reach the vulnerable silver layers.

[0058] 5. The optical absorption of the sub-stoichiometric dielectrics helps reduce
the transmission and raise the solar heat gain coefficient of the low-g stack. Sub-stoichiometric
dielectrics tend to be optically absorbing in the visible and more fransparent in the infrared.
Thus, these materials reduce visible transmission but do not tend to interfere with the infrared
reflective properties of the silver layers.

[0059] Metal absorber layers are optically absorbing in both visible and infrared. When
metallic materials are used to reduce transmission in a low-g product, both visible transmission
and infrared reflection are reduced. It is desirable for low-e products to have as high an infrared

reflection as possible,
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(seem) N2 (sccn) Pressure (x1 0-3 hPA) Reactive Gas:kWratio SiAl
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[0060] These advantages tend to occur for sub-stoichiometric oxides, oxy-nitrides, and
pitrides which might be used in a low-e stack.

[0061] The silicon to aluminum ratio used in the preferred dielectrics in stacks in
accordance with the invention is 10 weight % Al. Other Si:Al ratios may be used. In some
embodiments, the atomic ratio of Si, O, and N is approximately SisOp4Ns. The top silicon
oxynitride dielectric has a primary function as an optical interference layer, which contributes to
the antireflection of the silver. The material is chosen, however, in part for its barrier properties
and hardness, and it contributes to the protection of the silver, both mechanically and chemically.
[0062] Figure 7 depicts Index and Extinction coefficients for silicon oxy-nitride. The
indices and extinction coefficients plotted on the graph show two stoichiometries of SiAlOxNy.
These represent the approximate SiAlOxNy stoichiometry upper and lower limits that would be
suitable for low-g coatings. Stoichiometry for the preferred embodiments typically would fall
between these two extremes. Figure 8 depicts approximate preferred n & k values for SiA10xNy
in low-g stacks.

[0063] In preferred embodiments, the dielectrics have indices of refraction at 550nm that
are between about 1.8 and about 2.5, more preferably between about 2.1 and about 2.3.
Specifically, in preferred embodiments, the top dielectric may have a lower index of refraction
than the bottom or middle dielectrics. In such embodiments, the top dielectric has an index of
refraction between about 1.8 and about 2.3 and the bottom or mid dielectrics have an index of
refraction between about 2.0 and about 2.5. In preferred embodiments, the dielectrics have
extinction coefficients at 550nm that are between about 0 and about 0.05, more preferably

between about (.01 and about 0.02.
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0 1.88 10.66 10 Ag 436.3 29.8 13 100 20 0 1.12 1.54 20 NNCr 531.8
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[0064] In preferred embodiments, the coating further comprises a nucleation layer
between the first dielectric layer and the first Ag layer. In an alternate preferred embodiment, the
coating further comprises a second nucleation layer between the second dielectric laye;' and the
second Ag layer. The nucleation layers improve the properties of the Ag layer, and are typically
based on Zn oxide, with up to about 15 wi% of other elements, such as, without limitation, Al,
Sn, or a combination thereof. In preferred embodiments, the sputtering targets used to deposit
Zn0 contain approximately 1.5% Al, yielding layers that are ZnAlOx. This material preferably is
reactively sputtered from a zinc /1.5 weight percent aluminum rotatable or planar cathode. The
sputtering gas preferably consists of argon and sufficient oxygen for the oxide to be deposited in
a fully oxidized state. Nucleation layers for silver, such as those described herein, are commonly
described in low-¢ pafent literature. The mucleation layers in embodiments of the present
invention are preferably between about 2 nm and 12 nm in thickness. In preferred embodiments,
the bottom nucleation layer is thicker than the top nucleation layer, with the ratios between the
two being about 1.2 to about 2.0. This configuration improves durability, particularly following
heat freatment or tempering.

[0065] In preferred embodiments, the infrared reflecting layers comprise Ag and are
sputtered in pure argon. Alternatively, a small amount of oxygen may be added. The oxygen
helps with mechanical durability, particularly in embodiments subjected to heat treatment or
tempeﬁng. |

{0066] The optional topcoat, if included, can have a positive impact on the chemical
and/or mechanical stability. It can comprise, without limitation, C, SiSn, ZrSi, 8iSnQO; or

silicides. It should be noted that this nomenclature is not intended to refer to the stoichiometry or
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atomic ratio of the different elements. For example, ZrSi is a sputtered material in which the Zr
at% varies from 0 to 100% and the layer can be graded. This layer may oxidize upon heating. -
The topcoat typically has a contrasting nature compared to the underlying dielectric. If the
dielectric is an oxide, the topcoat is preferably one of the above materials, or a nitride 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,,
Z18i07, Sn0,, o1, ZrOxNy, TiO; or other similar substance, but not limited to the precise
stoichiometric ratios recited herein). A preferred topcoat is carbon,. and is used preferably in a
temperable product during production. Such a coating, which is tj;pica]ly sputtered, 1s preferably
about 4-8nm thick and burns off in the tempering process. Preferred embodiments utilize an
approximately 3-5nm thick sputtered carbon topcoat as the outermost layer. This material |
preferably i1s DC magnetron sputtered in argon.

[0067] In a preferred embodiment, the invention provides 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, preferably up to about 23 nm; a first Ag layer having a
thickness of about 8 nm to about 15 nm; a first absorbing barrier layer having a thickness of
about 0.1 nm to about 4 nm; a second dielectric layer having a thickness of about 40 run to about
75 nm; a second Ag layer having a thickness of about 8 num to about 15 nm; a second absorbing
barrier Jayer having a thickness of about 0.1 nm to about 4 nm; a third dielectric layer having a
thickness of about 10 nm to about 40 nm; and optionally, a topcoat layer. In a further
embodiment, the coating comprises a nucleation layer between the first dielectric layer and the

first Ag layer, the nucleation layer having a thickness of about 4 nm to about 12 nm. In a still
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further embodiment, the coating comprises a second nucleation layer between the second
dielectric layer and the second Ag layer, the second nucleation layer having a thickness of about
2 nm to about 8 pm. A stack having a first dielectric layer with a thickness of about 23 nm is
particularly suitable for tempering.

[0068] - In another preferred embodiment, the invention provides a low-emissivity coating
on a substrate, the coating comprising, in order outward from the substrate a first dielectric layer
comprising SiAlOxNy; a first nucleation layer comprising ZnAlOx; a first infrared reflecting
layer comprising Ag; a first absorbing barrier layer comprising NiCr; a second dielectric layer
comprising SiAlOxNy; a second nucleation layer comprising ZnAlOx; a second infrared
reflecting layer comprising Ag; a second absorbing barrier layer comprising NiCr; a third
dielectric layer comprising SiAlOxNy; and optionally, a topcoat layer. In alternate embodiments,
the absorbing barrier layers comprise NiCrOx.

[0069] In another preferred embodiment, the invention provides a low-emissivity coating
on a substrate, the coating comprising, in order outward from the substrate a first dielectric layer
comprising SiAlOxNy and having a thickness up to about 25 nm, preferably up to about 23 nm; a
first nucleation layer comprising ZnAlOx and having a thickness of about 4 nm to about 12 nm; a
first Ag layer having a thickness of about 8 nm to about 15 nm; a first absorbing barrier layer
comprising NiCr and having a thickness of about 0.1 nm to about 4 nm; a second dielectric layer
comprising SiAlOxNy and having a thickness of about 40 nm to about 80 nm; a second
nucleation layer comprising ZnAlOx and having a thickness of about 2 nm to about 8 nm; a
second Ag layer having a thickness of about 8 nm to about 15 nm; a second absorbing barrier

layer comprising NiCr and having a thickness of about 0.1 nm to about 4 nm; a third dielectric
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optionally, a topcoat layer. In alternate embodiments, the absorbing barrier layers comprise
NiCrOx. A stack having a first dielectric layer with a thickness of about 23 nm is particularly
suitable for tempering.

[0070} In an embodiment, the present invention provides a low-emissivity coating on a
substrate, the coating comprising, in order outward from the substrate a first dielectric layer
comprising 81ALN, Oy, and having a thickness of about 3 nm to about 25 nm; a first nucleation
layer comprisin'g ZnAlyOx and having a thickness of about 4 nm to about 12 nm; a first Ag layer
having a thickﬁess of about & nm to about 12 nm; a first barrier layer comprising NiCrOx and
having a thickness of about 1 nm to about 4 nm; a first absorbing layer comprising NiCr and
having a thickness of about 1.5 nm to about 4 nm; a second dielectric layer comprising
SiAlN,O,, and having a thickness of about 55 nm to about 75 nm; a second nucleation layer
comprising ZnAlOx and having a thickness of about 3 nm to about 10 nm; a second Ag layer
having a thickness of about 10 mum to about 15 nm; optionally, a second barrier layer comprising
NiCrOx and having a thickness of about 2 nm to about 4 nm; a second absorbing layer
comprising NiCr and having a thickness of about 0.7 nm to about 2.2 nm; a third dielectric layer
comprising SiAliN,Oy, and having a thickness of about 24 nm to about 40 nm; and optionally, a
topcoat layer. In embodiments, the second barrier layer comprising NiCrQy is absent, so that the
second absorbing layer is deposited directly on the second Ag layer. As an alternative to the
NiCr metal in the second absorbing layer in this described embodiment, co-sputtered NiCr and
Chrozm:um, a NiCr/Cr bilayer, or any absorbing gray metal or alloy may be used. Further

alternatives include, without limitation, a nichrome alloy comprising any Ni:Cr ratio, a NiCr
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layer in which the Ni:Cr ratio is graded, a NiCr layer reacted with nitrogen to form NiCrNx, and
a dual layer optical absorber comprising NiCr/NiCr, wherein either metal may be any ratio of Ni
and Cr.

[0071] In a further embodiment, the present invention provides, as illustrated in Figure 9,
for example, a low-emissivity coating on a substrate, the coating comprising, in order outward
from the substrate a first dieleciric 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 an altemate
embodiment, as illustrated i Figure 10, for example, the coating comprises, in order outward
from the substrate, SIAIOxNy / ZnO / Ag / NiCrOx / NiCr metal / SIAIOxNy/ ZnO / Ag / NiCr
metal / SIAIOXxNy / optional topcoat. Therefore, in this embodiment, a second NiCr metal
absorbing layer is deposited directly on the second Ag layer. This embodiment may be tempered
or heat strengthened without such tempering or heat strengthening causing degradation in the
stack layers or in the optical qualities of the coated substrate or causing the other drawbacks
typically seen when such processes are used in connection with low emissivity coatings. In
addition to improved temperability, this configuration (in which the second absorbing layer is
directly deposited on the second Ag layer) exhibits improved mechanical durability. It has been
noted also that color appears to be easier to fune to preferred setpoints with this embodiment. As
an alternative to the NiCr metal in the second absorbing layer, co-sputtered NiCr and Chromium,
a NiCr/Cr bilayer, or any absorbing gray metal, or alloy may be used. Further alternatives

include, without limitation, a nichrome alloy comprising any Ni:Cr ratio, a NiCr layer in which
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the Ni:Cr ratio is graded, a NiCr layer reacted with nitrogen to form NiCrNx, and a dual layer
optical absorber comprising NiCr/NiCr, wherein either metal may be any ratio of Ni and Cr.
[0072] The invention further provides low-emissivity stacks comprising at least one
absorbing layer (which, as described, can be a separate layer, or a barrier layer modified to have
increased absorption properties), the low-emissivity stack being characterized by a solar heat gain
coefficient (SHGC) that is less than about 0.34, preferably less than about 0.31, and, in some
preferred embodiments, about 0.22 to about 0.25. In 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%. Embodiments also are provided which exhibit a light transmittance of about 50%
to about 62%. In some embodiments, the stack has a transmittance color with a negative a* and
a nega-tive b*. In alternate embodiments, the stack has a transmittance color with a negative a*
and a positive b¥*.

[0073] The invention further provides methods of making low-emissivity stacks having a
low SHGC as described, the methods including depositing on a substrate the coatings described
herein. The layers in the multilayer coatings of the present invention can be deposited by
conventional physical and chemical vapor deposition techniques. The details of these techniques
are well known in the art and will not be repeated here. Suitable deposition techniques include
sputtering methods, Suitable sputtering methods include DC sputtering, using metallic targets,
and AC and RF sputtering, using metallic and non-metallic targets. All can utilize magnetron
sputtering. The sputtering can be in an inert gas, or can be carried out reactively in reactive gas.
The total gas pressure can be maintained in a range from 5x10™ to 8107 mbar, preferably from

1x107 to 1x10? mbar. Sputtering voltages can be in a range from 200 to 1200 V, preferably 250
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to 1000 V. Dynamic deposition rates can be in a range of from 25 to 4000 nm-mm?*/W-sec,
preferably 30 to 700 nm-mm?/W-sec. Coaters manufactured by Leybold Systems GmbH with
model numbers Typ A 2540 Z 5 H/13-22 and Typ A 2540 Z 5 H/20-29 are suitable for sputter
depositing the multilayer coatings of the present invention.

[0074] As indicated, the multiple layers of silver in the low emissivity coating of the
present invention provide greater efficiency in reflecting IR radiation, and a sharper cut-off
between transmitted and reflected wavelengths, than is possible with a single layer of silver.
[0075] The multilayer coating of the present invention is deposited on and is
mechanically supported by the substrate. The substrate surface serves as a template for the
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
substrate can be any material having an emissivity that can be lowered by the multilayer coating
of the present invention. For architectural and automotive applications, the substrate is
preferably a material which has superior structural properties and minimum absorption in the
visible and near-infrared spectra regions where the solar energy is concentrated. Crystalline
quartz, fused silica, soda-lime silicate glass and plastics, e.g., polycarbonates and acrylates, are
all preferred substrate materials.

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

describing coatings of the present invention by use of the format “[substance 1}/ [substance 2] /
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[substance 3] /.. ." or the format “a first [substance 1] layer; a first [substance 2] layer; a second
[substance 1] layer; a second [substance 2] iayer; ...", or the like, it is meant that each successive
substance is directly or indirectly deposited onto the preceding substance.

{0077} 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 automeotive 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.

[0078] Certain terms are prevalently used in the glass coating art, particularly when
defining the properties and solar management characteristics of coated glass. Such terms are used
herein in accordance with their well known meaning. For example, as used herein:

[0079] Intensity of reflected visible wavelength light, i.e. "reflectance” is defined by its
percentage and is reported as R, Y or Ry (i.e. the RY value refers to photopic reflectance or in the
case of TY photopic transmittance), wherein "X" is either "G" for glass side or "F" for film side.
"Glass side" (e.g. "G") means, as viewed from the side of the glass substrate opposite that on
which the coating resides, while "film side” (i.e. "F") means, as viewed from the side of the glass
substrate on which the coating resides.

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

a*, b* coordinates and scale (i.e. the CIE 1976 a*b* diagram, D65 10 degree observer), wherein:
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L* is (CIE 1976) lightness units

a* is (CIE 1976) red-green units

b* is (CIE 1976) yellow-blue units,
[0081] Other similar coordinates may be equivalently used such as by the subscript "h" to
signify the conventional use of the Hunter method (or units) Ill. C, 10° observer, or the CIE LUV
u*v* coordinates. These scales are defined herein according to ASTM D-2244-93 "Standard Test
Method for Caleulation of Color Differences From Instrumnentally 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 [ES LIGHTING HANDBOOK 1981 Reference Volume.
[0082] The terms "emissivity" (or emittance) and "transmittance" are well understood in
the art and are used herein according to their well known meaning. Thus, for example, the term
"transmittance” herein means solar transmittance, which is made up of visible light transmittance
(TY of Tyis), infrared energy transmittance (Tig), and ultraviolet light transmittance (T,,) Total
solar energy transmittance (TS or Tsar) can be characterized as a weighted average of these other
values, With respect to these transmittances, visible transmittance may be characterized for
architectural purposes by the standard I1l. D65 10 degree technique; while visible transmittance
may be characterized for automotive purposes by the standard Ill. A 2 degree technique (for these
techniques, see for example ASTM E-308-95, incorporated herein by reference). For purposes of
emissivity a particular infrared range (i.e. 2,500-40,000 nm) is employed.
[0083] "Emissivity" (or emittance) (“E” or “€”) is a measure, or characteristic of both

absorption and reflectance of light at given wavelengths. It is usually represented by the formula:
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E=1-Reflectancep, For architectural purposes, emissivity values become quite important in the
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 (Ey) and normal emissivity (Eg).

[0084]  Theactual accumulation of data for measurement of such emissivity values is
conventional and may be done by using, for example, a Beckman Model 4260 spectrophotometer
with "VW" attachment (Beckman Scientific Inst. Corp.). This spectrophotometer measures
reflectance versus wavelength, and from this, emissivity is calculated using the aforesaid ASTM
Standard 1585-93.

[0085] The term R, refers to total solar energy reflectance (glass side herein), and is a
weighted average of IR reflectance, visible reflectance, and UV reflectance. This term may be
calculated in accordance with the known DIN 410 and ISO 13837 (December 1998) Table 1, p.
22 for automotive applications, and the known ASHRAE 142 standard for architccturai
applications, both of which are incorporated herein by reference.

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

as that percentage of light which in passing through deviates from the incident beam greater than
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| GU Sol ars depbs6 1Be addrigs "Haze" may be measured herein by a Byk Gardner haze meter {all
haze values herein are measured by such a haze meter and are given as a percentage of light
scaftered). Another term employed herein is "sheet resistance”. Sheet resistance (R;) is a well
known term in the art and is used herein in accordance with its well known meaning. 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 Sarita Clara, Calif

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

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

test, as follows.

Cleveland Chamber Set Up

[0088] Samples are cut down to 4" x 12" or 6" x 12" for this test. The water is heated to

50°C +/- 2°C and the room temperature kept at 23°C +/- 3°C (73° F +/- 5°F). Samples are

placed film side down over the heated water bath. Within a few minutes of exposure the samples
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are covered with a thick layer of condensed water. As time progresses, the water drips down the

face of the sample and new condensation forms on the sample. Condensed water is present on

the samples for the entire duration of the test.

Climatic Chamber Set Up

[0089] Samples are cut down to 4" x 6" for this test. For the static humidity test,
humidity is held a 98% relative humidity (RH) while the temperature cycles between 45° and

55°C in one hour.

Measurements Performed

[0090} - Samples are removed after 1, 3, and 7 days of exposure for measurements. Haze,
emissivity, and film side reflection are measured.
To calculate delta haze:

Delta Haze = Post-Test Haze — Pre-Test Haze
To calculate delta E:
Delta E = {delta L*~2 + delta a*/2 + delta b*/2)"1/2, where the delta L, a*, and b* are pre-test

minus post-test measurements.

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

Change in emissivity = (E post-test ~ E pre-test)/(Eglass ~ Epre-test).
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R 46[0092] "Scratch durabilility," as used herein is defined by the following test. The test uses
a Erichsen Model 494 brush tester and Scotch Brite 7448 abrasive (made from SiC grit adhered
to fibers of a rectangular pad) wherein a standard weight brush or a modified brush holder is used
to hold the abrasive against the sample. 100-500 dry or wet strokes are made using the brush or
brush holder. Damage caused by scratching can be measured in three ways: variation of
emissivity, haze and E for film side reflectance. This test can be combined with the 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 the
number of strokes can be adjusted. A more aggressive test could be run for better ranking. The
repeatability of the test can be checked by running multiple samples of the same film over a
specified period.

[0093] The terms "heat treatment”, “heat treated” and "heat treating” as used herein mean
heating the article to a temperature sufficient to enable thermal tempering, bending, or heat
strengthening of the glass inclusive article. This definition includes, for example, heating a
coated article to a temperature of at least about 1100 degrees F. (e.g., to a temperature of from
about 550 degrees C. to 700 degrees C.) for a sufficient period to enable tempering, heat
strengthening, or bending.

[0094} The term “Solar Heat Gain Coefficient (or SHGC)” (“g™) is well known in the art

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

incident solar radiation.
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[0095] Unless otherwise indicated, the additional terms listed below are intended to have

the following meanings in this specification.

Ag
TiO,

NiCrOy,

NiCr

SiAIN, or SiNy

SiAINLO, or SiN,O,

ZnAlLO,

Zn,Sn,ALO,,

Zr

silver

titanivm dioxide

an alloy or mixture containing nickel oxide and chromium oxide.
Oxidation states may vary from stoichiometric to substoichiometric.

an alloy or mixture containing nickel and chromium.

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

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

reactively sputtered Zn aluminum oxide. Spuitering target typically
contains 1-20 weight% Al. The sputtering gas is a mixture of Ar and O,.
reactively sputtered zinc tin (aluminum) oxide. Sputtering target typically
a zinc tin alloy with optional Al doping. The zinc tin alloy covers a wide
range from zinc rich to tin rich alloys. The sputtering gas is a mixture of
Ar and O,.

Zirconium
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optical coating

fow-e stack

barrier

layer

co-sputtering

Intermetallic
compound

one or more coatings applied to a substrate which together affect the
optical properties of the substrate
transparent substrate with a low heat emissivity optical coating consisting

of one or more layers

~ layer deposited to protect another layer during processing, especially a heat

reflecting silver layer. May provide better adhesion of upper layers, may
or may not be present after processing.

a thickness of material having a function and chemical composition
bounded on each side by an interface with another thickness of material
having a different function and/or chemical composition. Deposited layers
may or may not be present éﬂer processing due to reactions during-
processing. “Layer”, as used herein, encompasses a thickness of material
that may be bounded on a side by air or the atmosphere (such as, for
example, the top layer or protective overcoat layer in a coating stack or
surmounting the other layers in the stack).

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

A certain phase in an alloy system composed of specific stoichiometric
proportions of two or more metallic elements. The metal elements are

electron or interstitial bonded rather existing in a solid solution typical of
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standard alloys. Intermetallics often have distinctly different properties
from the elemental constituents particularly increased hardness or

brittleness. The increased hardness contributes to their superior scratch

resistance over most standard metals or meta]‘alloys.

Mechanical
Durability This term 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,
[0096] In various embodiments, the low emissivity stacks of the present invention exhibit
the following independent characteristics: transmitted Y of about 30 to about 62, preferably
about 35 to about 55 and most preferably about 40 to about 50; an transmitted a* value which is
negative, most preferably about -1 to about -6; preferably a b* value which is negative, most
preferably about 0 to about -6; RgY of about 8 to about 20, more preferably about 10 to about 18,
most preferably about 11 to about 17; Rga* which is negative, most preferably about -1 to about -
7; preferably an Rgb* value that is negative, most preferably -1 to about -7; Rf Y between about
2 and about 12, more preferably about 2 to about 10, and most preferably about 2 to about &;

Rfa* which is negative, most preferably about -2 to about -20; preferably an Rf b* of about -10 to
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about +10, most preferably about -6 to about +6; and a SHGC of about .10 to .30, up to about

.34, more preferably about .15 to about .28, most preferably about .20 to about .25.

[0097] To further illustrate the invention, the following non-limiting examples are also
provided:

EXAMPLE 1
[0098] 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/ 2om 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 wt% 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*
and b* negative. The SHGC is below 0.30. The coating has an acceptable mechanical and -

chemical durability.

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

dielectric/ topcoat. The dielectric can be an oxide (as in example 1) or a nitride or an oxy-nitride
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of Si, SiAl, SiB, SiZr and 1t may contain up to about 20 wt%, preferably up to about 10 wi% of
an element, such as Al and B, to make the coater target conductive. The nucleation layer
improves the properties of the Ag layer and is typically based on Zn oxide with up to 15 wt% of
other elements such as Al, Sn or a combination thereof,

[00100] The 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;0O, and Na+. Suitable barriers include, without limitation, NiCr,
NiCrOx, NiCrNxOy, TiOx, Tt and other metals.

[00101] 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. Typiceilly, ’fheltoptA;oavt has a contrasting nature compared to the underlyfng
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

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

without limitation, ZrO,, ZrSi0Q;, SnO,, ZrOxNy, or TiO,.

EXAMPLE 3
[00102] In the present example, a low-¢ coating is deposited on a glass substrate to form a -
stack having the following configuration: about 1/8 inch Glass/ 3-15 nm SiAlxNyOw / 3-10nm
ZnAlyOx/ 8-12nm Ag/ 1-4nm NiCrOx/ 1.5-3.0 nm NiCr/55-65 nm SiAlxNyOw / 3-10nm
ZnAlyOx/ 10-15nm Ag/ 1-4nm NiCrOx / 0.7-2,2 nm NiCr/ 24-32 nm SiAlxNyOw / optional top

coat. The top coat, if included, can be chosen from, but is not limited to 1-5nm C, 1-10 nm of
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ZrO,, or ZrSi0;. The coating in the present example exhibits a light transmittance of about 42%
to about 46%, as measured on an IGU, a SHGC below about 0.30, and the transmiftance color is
gray and can be adjusted for a greer; 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 in this example 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 Example2 | Example3
A esthetics neutral neutral neutral
SHGC helow ,30 below .30 helow .30
iAesthetics good good opod
iAneular stabilitv onod good cood
Humidity resitance good good o004
[Chemical durahility oond pood oood
Mechanical durability . good good good
EXAMPLE 4
[00103} The present Example represents a preferred non-tempered coating, with thickness

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

approximately +0.5nm.

LAYER Individual layer
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thickness (nm)

top SiAlOxNy 334
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
[00104] The present Example represents a preferred temperable coating, which includes a

carbon topcoat, in accordance with embodiments of the invention. Thicknesses were measured
with a Dektak Profilometer as in Example 4 above. In these measurements, the top SiAlIOxNy
and carbon topcoat thicknesses were not separated. The carbon is estimated to be approximately

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

LAYER Individual layer
thickness (nm)
top SiAIOxNy 38.6
and carbon
topcoat
top NiCr 0.1
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96 63 02 WO 20091067263PCT/ US2008/ 013033 Sanpl e #505 AC31
Anneal ed Monolithic & | QU Sol ar Characteristics Characteristic

Monol i t hi Cyd Ghbochad (D65, 10) 65.5% 59.8% at, (D65, JOQhsnd/@d
W 0672 20 33
23.73 trt (065, 10} 3.67 3.66 Re Y (D65 10) 11% b

Ag 13.2
ZnAlOx 9.4
mid SiAlOxNy 67.4
bot NiCr 3.6
 NiCrOx 1.0
Ag 9.8
ZnAlOx 10.7
bot SiAIOxNy 23.3

EXAMPLE 6
[00105] The table below represents optical and electrical measurements taken of coatings

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

measurements were obtained during generation of this particular example.

low-g A (no

heat treatment low-g T

done}

BB only BB AB
Transmitted Y {(monolithic on 1/8" glass) 447 429 45.37
a*t (transmissive): (monolithic on 1/8" glass) -5.1 -.51 5.3
b*t (transmissive): (monolithic on 1/8" glass) -4.3 1.59 -4.3
RtY (outside reflectance): (monolithic on 1/8" glass) 11.5 114 11.9
a*g (outside reflective): {(monolithic on 1/8" glass) -1.7 -4.8 -2.7
b¥g (outside reflective): (monolithic on 1/8" glass) 4.2 -6.7 -4.6
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14. 4% a*, (065, 10) -1.56 -2.06 b*, (065, 10)
-6. 09

(D65, 10) 5.7% 12.4% a*f (D65, 10) -13.3

-7.41

-5.36 Rf Y
Intf (D65, 10)

1.36 1.33y §h6§53€%¥2);16 0.305 SC0.40 0.35 Tuv 0.27 80,2360 4¥s3

Danage Wi gPlt e

glass)

SHGC: (in IGU) 0.23 N/A NA
sC 0.26 N/A N/A
Tutrravioles 0.178 N/A N/A
Rs 23 23 1.9
Transmitted AE* (delta L*a*b*) {monolithic on 1/8" glass) 12.1
Glass side reflection AE* (delta L*a*b*) (monolithic on 1/8" 3.1

EXAMPLE 7

[00106] The present Example represents a summary of the specifications of various coatings
in accordance with the present invention. Optical and electrical properties of non-tempered and

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

the specifications set forth in the table below.
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WO 2009/067263 PCT/US2008/013033
Normal Incidence Color Specification for low-g coatings
Transmission Glass Side R Film Side R
TY a* b* RGY ax b* RFY a* b* NCRs SHGC
Min | 420 | -6.0 | 435 10.0 -3.0 -3.0 2.0 -180 | 4.0 2.0 0.22
Max | 460 | 3.0 | -1.5 12.0 -1.0 -6.0 6.0 -10.0 4.0 24 0.25
EXAMPLE 8

[00107]

the invention.

The present Example represents a substrate having a coating in accordance with

As noted, an optional carbon topcoat (not depicted) can be employed in

embodiments intended to be subjected to tempering or heat treatment and is preferably about 3

nm to about 5 nm in thickness. The optional topcoat is preferably not included in embodiments

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

“annealed.” Layer thicknesses for the exemplified embodiment shown below are approximate.

Accuracy with respect to the dielectric and Ag layers is in the range of about £20%. The

thickness of the NiCr layers can be plus 200% minus 20%. In annealed coatings, the ZnAlOx

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

LAYER Individual layer
thickness (nm}
top SiAlOxNy 31
top NiCr 1.6
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EXAMPLE 12 [00121]In the present Exanple, a tenperable version of a
coating in accordance with the invention is provided. Description of

t he stack ion and characteristics are includ i
t abl es bel{(i)]%%(}gﬂ)ldfzﬁge exenplified enbodi nent, absorbi ng% g}rdrglz&é);r;'/8 321?§?ers

comprising NiGrOx are enpl oyed. WD 2009/ 067263PCT1US20081013033

Mat erial Thi cknesses (in nfj A renper gpl,e = 4Q% +40 % Layer
Preferred Range More Prefg_t-ed._gExa-mp_e__Eol_Lgm.&' HN 15 to 34 nm
19 to 29 nm 24.32 15 34 Bot tzgmadRrO0x 2.4
mid SiAlOxNy 79.7
bot NiCr 1.1
Ag 11.2
ZnAlOx 7.7
bot SiAIOxNy 242
Substrate
{00108} The descriptions of the materials noted in the table are as follows:

SiAlOxNy - In embodiments represented by the present example, this material is reactively
sputtered ﬁ'@lﬂ.a silicon /10 weight percent aluminum rotatable cathode. The reactive gas is
about 90% nitrogen flow and 10% oxygen. This material is used for the bottom, middie, and top
primary dielectric layers. Although stoichiometry variations can occur from layer to layer and
from production run to production run, all of the SiAlOxNy in the present example is sub-
stoichiometric. Insufficient nitrogen and oxygen are present in the sputtering gas for the SiAl to

reach a fully reacted oxy-nitride. Atomic ratios in the layer are approximately SisOp4Ns,

ZnAlOx - In embodiments represented by the present example, this material is reactively
sputtered from a zinc /1.5 weight percent aluminmum rotatable or planar cathode. The sputtering
gas consists of argon and sufficient oxygen for the oxide to be deposited in a fuily oxidized state,
This layer serves as a nucleation layer for the silver and is consistent with such layers commonly
described in low-¢ patent literature.
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10 to 23 nm 13 to 20 rim 16.50 10 23 BottomAg 8 to 20 nm 11 to
17 nm 14.06 8 20 Bottom NCrOx 3to 7 nm 4to6rim 524 37

M ddl e Si N\ﬂgmﬁ,%@,% rim 57 to 85 nm 71.10 43 100 Top-£n$MoshitBs
/nm 4 to 6 nm 5.34 3 7 Top Aq

Ag - In embodiments represented by the present example, the silver layers may be sputtered in
pure argon or, alternatively, a small amount of oxygen may be added. The oxygen helps with

mechanical durability in the tempered version, but is not always necessary.

NiCr - In embodiments represented by the present example, this thin, protective or barrier layer
sputtered on silver is deposited from DC planar targets and is sputtered in argon only. In this

example, these layers are fully metallic except for unintentional impurities such as gas crosstalk

from neighboring cathodes.

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

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

varied for tuning cross-machine uniformity.

[001103 It is preferable in the various embodiments described herein that the top Ag layer
be thicker than the bottom Ag layer and the bottom absorbing barrier layer be thicker than the top
absorbing barrier layer. (In the present example, the absorbing barrier layers are NiCr, but, as
noted, alternate embodiments employ NiCrOx for such layers.) Such reverse thickness ratios are
advantageous in achieving preferred colors of the stack. It is also preferable that the bottom

dielectric layer (SiAlOxNy in the present example) be thicker than the middle and top dielectric
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7to 16 nm 9to 14 nm 11.60 7 16 Top NNCrOx 3to 7 nm 4 to 6 nm
4.74 3 7 Top SIN22 to 51 rim 29 to 43 nm 36.24 22 51 Top Carbon

1 to 10 nmyo3odoRenehm 0-14 00 PCT/US2008/013033
layers. Such a configuration similarly is advantageous in achieving preferred colors.
Furthermore, it is preferable that the bottom nucleation layer (ZnAlOxX in the present example) be
thicker than the top nucleation layer. Such a configuration provides for improved mechanical
and chemical durability. In preferred embodiments, the stack layer ratios fall generally into the
following ranges:
bottom Ag / top Ag: about 0.8 to aboutl.0
bottom NiCr / top NiCr; about 1.2 to about 2.0
bottom ZnAlOx / top ZnAlOx: About 1.2 to about 2.0
bottom SiAlOxNy / top SiAlOxNy: about 0.4 to about 0.8
middie SiAlOxNy / top SiAlOxNy: about 1.5 to about 2.5,

f0011 i] It is further advantageous for the top dielectric to have a lower index of refraction
than either the bottom or middle dielectric. Preferred ranges include:
top index: about 1.8 to about 2.3;

bottomn or middle: about 2.0 to about 2.5.

[00112] The present Example exhibits the following color and solar performance.
Norrrat Incidence Color Specification for monolithic LowG on 1/8™ glass
Low(G A Transmission Reflection {uncoatad side} Reflection {¢oated Side)
Y = 3 RGY > b RFY 'y & NCRs | _SHGC
Min Qg 50 45 120 30 30 20 120 4.0 20 0.2
Max 460 2.0 A5 160 A0 60 5.0 20 20 24 0.25
[00113] “NC Rs” refers to noncontact surface resistance and the measurement is in

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

reflection color. This is due to the buming off of the carbon layer.
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Low E Characteristics Characteristic General More Preferred

Mbst Pr
<1=0. 04

eferred Rs (ohms/sq) <1=5.0 <1=2.0 <1=1.5 En 4=0. 07
<WP208067263 Monol i thic Sol ar Charact eplshifise1z033
EXAMPLE 9
Material Annealed Stack (in nm) | Temperable Stack (in nm)
Carbon n/a 0.14
Top SiAlOxNy 36.4 36.2
Top NiCrOx 5.7 4.7
Top Ag 10.2 11.6
Top ZnAlOx 6.5 5.3
Middle SiAlOxNy 71.0 71.1
Bottom NiCrOx 2.4 5.2
Bottom Ag 14.8 14,1
Bottom ZnAlOx 3.9 16.5
Bottom SiAlOxNy 22.4 . 24.3
Glass Substrate 3 mm 3 mm
[00114] The present Example represents a substrate having a coating in accordance with

the invention. As noted, an optional carbon topcoat (not depicted) can be employed in
embodiments intended to be subjected to tempering or heat treatment and is preferably about 3
nm to about 5 nm in thickness. The optional topcoat is preferably not included in embodiments
not intended to be tempered or heat treated. Such embodiments are referred to herein as
“annealed.” Layer thicknesses for the embodiment shown in the table below are approximate.
[00115] With respect to the exemplified embodiment, thickness measurements were made
using a Dektak Profilometer. Slides with ink lines were coated with the full stack to achieve the
total stack thickness. Additional samples were prepéred by turning off the upper most material
cathodes one layer at a time until only the bottom SiAlOxNy was present. The ink lines were
removed with Isopropyl Alcohol and the resulting steps were measured with the Dek Tak.

Individual layer thicknesses were calculated by subtracting the thickness of the remaining stack .
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Characteristic General More Preferred T Y (D65, 10) >1=64%
>1=66% 69. 3% a*t (D65, 10) -10 to 0.0 -4.0to -2.0 -1.13 b*,
(065, 10) \905809%'6%63 2.0 to 4.0 PCT/US2008/013033

underneath. Therefore the accuracy of the individual layers is affected by the accuracy of the
layers underneath them. The accuracy of the dielectrics (SiAlOxNy) and the silvers (Ag) is in the
range of +/-20%. The thickness range of the NiCrOx layer is +/-100%. Annealed embodiments
in accordance with the inventions tend to have thinner bottom ZnAlOx than temperable versions.
[{00116] The descriptions of the materials noted in the exemplified embodiment are as

follows:

SiAlOxNy — In embodiments represented by the present example, this material is reactively
sputtered from a silicon / 10 weight percent aluminum rotatable cathode. The reactive gas is

about 90% nitrogen flow and 10% oxygen. This material is used for the bottom, middle, and top

primary dielectric layers.

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

described in low-e patent literature.

Ag — In embodiments represented by the present example, the silver layers may be sputtered in
pure argon or, as an alternative, a small amount of oxygen may be added. The oxygen helps with

mechanical durability in the tempered version.
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1.95 Ry Y (D65, 10) 4%to 14% 10%to 12% 12.2%  a*, (D65, 10)
-10 t0 0.0 -4.0to -1.0 -1.48  b*, (D65, 10) -10 to 0.0 -7.0 to

-3.0 -3. 56002{105%67%3(065 10) 4%to 14% 5%to 9% 8. 9%crudbisciRes.
10) -20to 0.0 -16to -8.0

NiCrOx — In embodiments represented by the present example, this thin, protective or barrier

layer sputtered on silver is deposited from planar targets and is sputtered in an argon oxygen
mixture. The power to oxygen flow (scemn) is the method used to estimate oxidation in sputtered
NiCrOx. The ratio used for fully oxidized NiCrOx is 10:1. The ratio used in preferred coatings

in accordance with the presently exemplified embodiment varies from 7.5:1 to 8.0:1.

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

varied for tuning cross-machine uniformity.

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

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

a*g| -1.56 | -2.06 | -148 | -1.49

b*g -7.41 -5.36 -3.56 -2.31
Inside Reflection (film side) 5.7% 12.4% 8.9% 15.0%

a*f -13.3 -6.09 -15.9 -5.09

b*f 1.36 1.13 2.92 2.28
SHGC 0.346 0.305 0.371 0.329
SC 0.40 0.35 0.43 0.38
Tuv 0.27 0.23 0.30 0.25
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-15.9  b*f (DB5, 10) 0.0 to 10 0.0 to 8.0 2.92  SHGC <1=0. 40
4=0.35 0.371  SC <1=0.49 4=0.46 0.43  Tuv 4=0.35 <1=0.30

0.297  TWy hRweas, Vel ghted (1SO 4=0.49 <1=0.46  pepysagosioizess

The present Example exhibits the following color and solar performance:

Mid G | TY | a* | b*t | RgY | a*g | b*g [ RFY | a*f | b*F [ NS Rs | SHGC
Min 163% | 4| 0 | 10% | -4 | 7| 5% |-16] 0 | 1.5 | 025
Max |67%| 0 | 4 | 12% | -1 | 3 | 9% | -8 | 8 | 25 | 032

“NC Rs” refers to noncontact surface resistance and the measurement is in units of ochms/square.
In tempered embodiments, AE is as follows:

o 6 color units for transmission.

¢ 10 color units for glass side reflection.

e 14 color units for film side reflection.

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

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

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

LAYER
top SiAIOxNy

top NiCr

Ag

ZnAlOx

mid SiAIOxNy

bot NiCr
Ag

ZnAlOx

bot SiAlOxNy

Substrate

Process run data is provided in the table below:
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Characteristic Ceneral
63.1% a*, (D65, 10)

to 4.0 2.0to 4.0

-10 to 0.0

More Preferred

| QU Sol ar

TV (065, 10) >1=58%

-4.0to -2.0

-1.87

Coater Set Up Temperable with 2:1 NiCrOx

Characteristics

>1=60%

b*, (065, 10) O

Pressure
Voltage I P Ar 02 N2 (x10°® Reactive
Cathode | Targst {V) {amp) | (kW) | {sccm) | (sccm) | (sccm) hPA) Gas:kW ratio

1 SiAl 4259 194.1 51.9 300 30 344 3.66 8.63

2 SiAl 601.3 149.7 | 5198 300 30 344 4.22 6.63
5 ZnAl 431.1 179.3 | 39.3 150 420 0 2.65 0.00
7 ZnAl 328.7 1784 | 384 150 420 0 1.88 10.66
10 Ag 436.3 29.8 13 100 20 0 1.12 1.654
20 NiCr 531.8 73.2 38 300 768.4 g 1.56
4 SiAl 604.2 193.5 | 678 300 35 482 1.28 7.1
12 SiAl 6i5.2 208.3 | 683 300 30 482 4.87 7.06
13 SiAl 581 202.1 68 300 30 482 4.25 7.09
15 SIAl 540.5 2123 | 87.7 300 30 482 7.2
17 Sial 549.8 2075 | 878 300 30 482 4.45 7.1
17A_ ¢ SiAl 505.8 2137 | 87.8 300 30 482 4.59 7.14
21 ZnAl 392.8 133.3 | 395 150 500 0 1,66 0.00
23 Ag 565.4 14,6 8.2 100 20 8] 1.62 0.00
19 NiCr 536.2 31.8 17.1 300 35.6 0 1.56 2,08
26 SiAl 471.6 130.7 | 35.1 3C0 30 254 0.85
27 SiAl 500.6 118.6 | 353 300 30 254 0.85
28 SiAl 484 .4 121.8 | 35.2 300 30 254 4.58 7.22
30 SiAl 560.8 128.2 | 354 300 30 254 7.18
18 C 519.1 133.4 | 34.2 500 8] 0 2.83 0.00

EXAMPLE i1
[00120] In the present Example, an annezled version of a coating in accordance with the

invention is provided. Description of the stack configuration and characteristics are included in

the tables below. In the exemplified embodiment, absorbing barrier layers comprising NiCrOx

are employed.
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<1=0.30 0.329 SC .4=0.43 4=0.40 0.38 Uvalue 0.20

SHGC <1=0. 35
</=0.25 0.248 Tuv Danmage

to 0.30 0.22 to 0.25 0.24 Tuv <1=0.30

i = <1=
el g ht ed <€8’0020619%6726} 0.46 0.501 PCT/US2008/013033
IGU Solar
Characteristics
More
Characteristic General Preferred Example
TY (D85, 10°) >/=58% >/=60% 59.8%
a* (D65, 10°) -10t0 0.0 -4.010-2.0 -3.73
b* (D65, 10°) 0t04.0 20t04.0 - 3.66
Rg Y (D65, 10°) 4% to 20% 10% to 15% 14.4%
a*y (D65, 10°) -10te 0.0 -4.01tc-1.0 -2.06
b*, (D65, 10%) -1010 0.0 -7.0t0-3.0 -5.36
RiY (D65, 107) 4% to 20% 10% to 15% 12.4%
a*; (065, 10°) 2010 0.0 -16 to -8.0 -6.09
*r {DB5, 10°) 0.0i010 0.0t0 8.0 1.33
SHGC </=0.35 </=0.30 0.305
SC </=0.43 <{=0.40 0.35
0.20 10
U-value 0.30 0.22400.25 0.24
Tuv </=0.30 </=0.25 0.23
Tuv Damage Weighted
(IS0} </=0.49 <{=0.46 0.464
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1,92 996 1796 692 9E9 08'9 LEO 39'9 1789 31T9 389 Z8'9 88'9 491-
908 1782 GEL :1782 E62. GEL (Cl 0-3 hPA) 0O EVEE 9VE 303 4" 4
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Sample
#505 AC31 Annealed Monolithic & IGU Solar Characteristics
Characteristic Monolithic IGU
T Y {D65, 10°} 65.5% 59.8%
a” (065, 10°%) -3.29 -3.73
* (D65, 10°) 367 3.66
Rg Y (D65, 10°%) 11% 14.4%
a*, (065, 10%) -1.56 -2.06
b*, {DE5, 10°) -7.41 -5.36
Rf Y (D65, 10°) 5.7% 12.4%
a*% (D65, 10°) -13.3 -6.09
*¢ (D65, 10°) 1,36 1.33
SHGC 0.346 0.305
SC 0.40 0.35
Tuv 0.27 0.23
Tuv Damage Weighted
{1ISO) 0.514 0.464
EXAMPLE 12
[00121] In the present Example, a temperable version of a coating in accordance with the

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

are employed.
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8LTO 9112 6E" |I.

0

829 LE*4 171t7 9L'E

(woos) ZN 832 832 000 0
1793 1793 493 1793 1793 1793 493 493 1793 0 0 0 L93 L93 Lgz L93 L93

WOO0S CE
( )W%QOOS)%ZQJE OEC PCT/US2008/013033
Material Thicknesses (in nm) [
- +40
Temperable 40% | %
More
Layer Preferred Range Preferred Example
Botiom SiN 1510 34 nm 1910 29 nm 24.32 15 34
Bottom ZnOx 10 t0 23 nm 13t0 20 nm 16.50 10 23
Bottom Ag 8to 20 nm 11 te 17 nm 14.06 8 20
Bottom NiCrOx 310 7 nm 4 to 6 nm 5.24 3 7
Middle SiN 43 to 160 nm 57 to 85 nm 71.10 43 100
Top ZnOx 3to7mm 4108 nm 5.34 3 7
Top Ag 7o 16 nm $to 14 nm 11.60 7 16
Top NiCrOx 3to 7 nm 4to 6 nm 4.74 3 7
Top SiN 22 t0 51 nm 29 t0 43 nm 36.24 22 51
Top Carbon 1 {0 10 nm 3105 nm 0.14 0 0
Low-E
Characieristics
More Most
Characteristic General Preferred Preferred
Rs (chms/sq) </=5.0 </=2.0 </=1.5
En </=0.07 </=0.04 </=(.03
Monolithic Solar Characteristics
More
Characteristic General Preferred
T Y (D85, 10°) >[=64% >/=66% 69.3%
a* (D65, 10°) 1010 0.0 -4.0t0-2.0 -1.13
* (D65, 10%) 0to 4.0 2.0t04.0 1.98
| Rg Y (P65, 10°) 4% to 14% 10% to 12% 12.2%
a*, (D65, 10%) -10 t0 0.0 -4.0 to-1.0 -1.48
b*, (D65, 10°) -10 10 0.0 -7.0t0-3.0 -3.56
Rf Y (D65, 10°) 4% to 14% 5% to 9% 8.9%
a*s (D65, 10°) -2010 0.0 -16t0-8.0 -15.9
* (D65, 10%) 0.0to 10 0010 8.0 2.92
SHGC </=0.40 <f=0.35 0.371
sC </=0.49 </=0.46 0.43
Tuv </=0.35 </=0.30 0.297
Tuv Damage Weighted
{1S0O) </=0.49 </=0.46 0.559
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961- 0 OE CE DC1 CE CE OE CE OE 0417 017 1761, DC CE CE CE CE O
001. 00C 006 OOE OOE 008 OOE

(woos)

Y

DO .

OOE OOE 002 091. Dc'.
00C O0OE 0% 90%&/!)672&01' OOE OOE 00C OOE POT/US2008/013033
1GU Solar Characteristics
More

Characteristic General Preferred
TY (D65, 107 >/=58% >=60% 63.1%
a* (D85, 10%) -1010 0.0 -4.0t0-2.0 -1.87
b* (D65, 10°) 0 to 4.0 201040 2.08
RgY (D85, 10°) 4% to 20% 10% to 15% 15.9%
a*, (D635, 10%) -1010 0.0 <4.0to-1.0 -1.49
b*, (D65, 10°) -10t0 0.0 -7.010-3.0 -2.31
RfY (D65, 10°) 4% to 20% 10% to 15% 15.0%
a* (D65, 10°) -2010 0.0 -16 to -8.0 -8.09

* (D65, 10°) 001010 0010 8.0 2.28
SHGC </={).35 </=0.30 0.329
sC </=0.43 </=0.40 0.38
U-value 0.20 t0 0.30 0.22 10 0.25 0.24
Tuv </=0.30 </=0.25 0.248
Tuv Damage
weighted <f=0.49 </=0.46 0.501
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6'991. 6191. 17291. W91- WB91l, V1-3 8.6E C. 4174 TH 8' 91. 9944 99E1,
EEZI, E)thnple Coater Set Up Tenperable Test #38 Voltage (V) 6' 8917

C9: 17 6. 92 . 936 8139 V329 4' 899 69L17 61,9 L26 7
1771717 L'é%%%gg%%§§17 17E17 699E E9817 6' 909 3.1, 917 d%%%¥$h§%§Wf%
39E4 917L17 6' 909

Sample [ I
#521 AC31 Temperable
3/16/07 Monolithic & IGU Solar Characteristics
Characteristic Monolithic IGU
TY (D65, 10°%) 69.3% 63.1%
a* (D65, 10°%) -1.13 -1.87
* (D65, 107) 1.95 . 2.08
Rg Y (D85, 10°) 12.2% 15.9%
a*, (D65, 10°%) -1.48 -1.49
b*, (D65, 10°) . -3.56 -2.31
RfY (D65, 10°) 8.9% 15.0%
a* (D65, 10%) -15.9 -9.09
b* (D65, 10°) 2.92 2.28
SHGC 0.371 0.3259
sSC - 0.43 0.38
Tuy 0.297 0.248
Tuv Damage Weighted {ISO} (0.559 0.501

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

defined by the following claims.

58



Jai 1VIS PAS VIE IVLIZ IMS VIE IEIVS IEVIEVIE IE EVLIZ
JONVIEIVS IVS VIE 'VIE Cathode r Csl1 Co LON MOZ 1.'. Lzh

171. 91. 9What is claimed is:

1. A low-emissivity coating on a substrate, the coating consisting essentially of, in
order outward from the substrate:

a) a first dielectric layer;

b) a first nucleation layer;

c) a first Ag layer;

d) a first absorbing barrier layer comprising an oxide of nickel and chromium,
wherein the first barrier layer comprises abdut 15 to 60 atomic percent oxygen;

e) a second dielectric layer;

f) a second nucleation layer;

g) a second Ag layer;

h) a second absorbing barrier layer;

i) a third dielectric layer; and

j) optionally, a topcoat layer wherein the coating has a visible transmission of less

than about 699%.

2. The low-emissivity coating of claim 1, wherein at least one of said first dielectric
layer, said second dielectric layer or said third dielectric layer is in sub-stoichiometric

state.-

3. The low-emissivity coating of claim 1, wherein the second absorbing barrier layer
comprises a material selected from the group consisting of a metal, an alloy, a silicide, an

absorbing oxide, and a nitride.

4. The low-emissivity coating of claim 3, wherein the second absorbing barrier layer
comprises a material selected from the group consisting of Ti, TiN, Si, NiCr, an oxide of

Ni and Cr, Cr, Zr, Mo, W, and ZrSi.

5. The low-emissivity coating of claim 4, wherein the second absorbing barrier layer

comprises NiCr.,

6. The Iow-emiésivity coating of claim 4, wherein the second absorbing barrier layer
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LI. VL vol.l $3 61, szl LZ 83 63 CE 81. WO
2009/ 067263PCT/ US2008/ 013033 Sanple | #521 AC31 Tenperabl e 3/ 16/ 07
Monolithic & | GJ Sol ar Characteristics Characteristic

NVonol i t BirprideShh ofdYof 6&d &0) 69.3% 63.1% a*t (D65, 10) -1.13
-1.87 b*t (D65, 10) 1.95 2.08 Ry Y (D65, 10)

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

absorbing barrier layers is capable of lowering transmission of the coating,

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

absorbing barrier layers is capable of increasing absorption of the coating.

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

than the first silver layer,

10.  The low emissivity coating of claim 1, wherein the first absorbing barrier layer is

thicker than the second absorbing barrier layer.

11, The low emissivity coating of claim 1, wherein the ratio.of the first silver layer

thickness to the second silver layer thickness is about 0.8 to about 1.2.

12. The low emissivity coating of claim 10, wherein the ratio of the first absorbing
barrier layer thickness to the second absorbing barrier layer thickness is about 1.2 to

about 2.0.

13.  The low emissivity coating of claim 1, wherein the first nucleation layer is thicker

than the second nucleation layer.

14.  The low emissivity coating of claim 13, wherein the ratio of the first nucleation

layer thickness to the second nucleation layer thickness is about 1.2 to about 2.0.

15.  The low-emissivity coating of claim 14, wherein at least one of the first dielectric
layer, the second dielectric layer, and the third dielectric layer comprises a nitride or an

oxy-nitride.

16.  The low emissivity coating of claim 1, wherein the third dielectric layer has an
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12.2% 15.9% a*,, (D65, 10) -1.48 -1.49 b*9 (D65, 10) -3.56 -2.31
Rf Y (D65, 10) 8.9% 15.0% al (D65, 10) -15.9 -9.09 b*f (D65, 10)
2.92 2.28 SHGC 0.371 0 329 SC 0.43 0.38 Tuv 0.297 0.248 Tuv
Damage Wi Jgﬁ@égf refraghjon that is lower than both the index of refraction of the second dielectric

layer and the index of refraction of the first dielectric layer.

17.  The low emissivity coating of claim 1, wherein at least one of said absorbing

barrier layers is formed using a 2:1 oxygen:kw ratio.

18. The low-emissivity coating of claim 1, wherein each of the ﬁfst dielectric layer,
the second dielectric layer, and the third dielectric layer mdependently comprises a

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

19. The low-emissivity coating of claim 18, wherein at least one of the first dielectric

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

20.  The low-emissivity coating of claim 19, wherein the oxide comprises up to about

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

21.  The lbw-emissivity coating of claim 20, wherein the oxide comprises up to about

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

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

layers comprises an oxide of Zn and Al.
23.  Thelow emissivity coating of claim 1, wherein the substrate is glass.

24, The low-emissivity stack of claim 1, wherein the low-emissivity stack is

characterized by a solar heat gain coefficient (SHGC) that is less than about 0.31. |

25. The low-emissivity stack of claim 24, wherein the stack is characterized by a solar

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

26.  The low emissivity stack of claim 24, wherein the stack has a light transmittance

of about 42% to about 46%, as measured on an IGU.
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0.559 0.501 Wil e the present invention has been
described with respect to specific enbodinents, it is not confined to
the specific details set forth, but includes various changes and

nodi fications that may suggest thenselves to those skilled in the
art, all falling within the scope of the invention as defined by the
fol | owi A cl Braiow ervpaYity %ﬁcﬁiﬁid%éd ZAswharein theslaedmassi light Fansoattineg on
a substrate - goat } consisting e tially of, in order outward
fromt h%ta%%%iéraé%oe&ouE éﬂg’aﬁs n?;\ea]slfrlegf)ga?i(lﬁ@gt ric layer; b) a first

nucl eation layer; c) a first Ag |ayer; d) a first absorbing

barrier layer conprising an_oxide of nickel and chrom um  wherein the
first b&rrieFhalayemisavprtaskot slssniz41shereingbe seddnias ajmnspitanesapden;
e) as i i e f) a second nucl eation | ayer;

g) a sg‘g%gng%a%lbgge%&ahgéﬁ(ﬁ?ba second absorbing barrier |ayer;

i) athird dielectric layer; and j) optionally, a topcoat |ayer
wherein_the coating has a visible transm ssion of |ess than about

69% 2.2%The TRSWOBFIESSINHVSjRck GAtiany 26+ Whiraintha stackens &i trngpitieasestolgne
of sai dgfu & St ehestd 4 Sodiid)8 said second dielectric |layer or said
third diie ectgrai c layer Fos t?‘}ﬁé sub-stoichionetric state. 3. The

" lowemssivity coating of claiml, wherein the second absorbi ng

barrier, | ay onpri.ses, a, mat erj al .sel ect ed om. the grpup. consisting
of b i VRGNS Rt et rab e Y 1 s K Rt Pl
4. The Heaw¢tRAbigsdingty coating of claim 3, wherein the second
absorbing barrier Tayer conprises a material selected fromthe group
consisting of Ti, TiN, Si, NNCr, an oxide of NN and C, C, Zr, M,
W and 4rSi . .S LV qgﬁgl i i e
second %bs 0 rTl%lleﬁ%W %%ﬁswsgd% }%% %I\éjrlr%?lo’s es ﬁ?%pﬁf:a}%gﬁﬁtg@\%%g trﬁ,‘i\!{sggalrcgi yﬁor%
coat i nglegfaded filowdg tetnperdngortieet Seagthdniapsor bi ng barrier | ayer
conprises an oxide of NN and C. 7. The lowem ssivity coating of
claim1l, wherein at |east one of the first or second absorbing
barri erzl ay@[éam@n@tawmo@fcoingﬂﬁhF R Tbansisdi v} Qatifk of BginePat i ng.
8. The lowemssivity coating of claim1l, wheréein at |east one of the
first or second absorbing barrier |ayers is capable of increasing

absor pt;kon qf in4q. LR - 1.S8] Vi i f claiml1,
wher ei r?b't he%%%@‘ﬁ%ggﬁ%gﬁl‘é‘%&m FSEVI %ly% era%ﬁgaanitoi&hsceb?ﬁnf %t%a% | ver

| ayer . codfficiefh@HGW, eaid ssekthadtapmpoiaingigpadfitood @i asdbstrueehiedqatihfef f i r st
absorbip ather layer is thicker than the second absorbing barrier

| ayer. “®4% ! The | ow emissivity coating of claim1, wherein the ratio
of the first silver layer thickness to the second silver |ayer

t hi ckness is about 0.8 to about 1.2. 12. The low em ssivity coating
of cl aBfa 10 Thowrsihedetichen 331 wherein thedefdsiting cabwpoisés megristion sputtetinger

t hi ckness to the second absorbing barrier layer thickness is about
1.2 to about 2.0. 13. The low em ssivity coating of claim1, wherein

the fiBst nucbeadmiefvitpy®itink 9nkubieke, tHadbatine cSRGORE cthdali ABLd DM
ayer. order outward from the substrate: .
a) a first dielectric layer comprising an oxynitride of Si and Al;
b) a first nucleation layer comprising an oxide of Zn and Al
c) a first infrared reflecting layer comprising Ag;
d) a first absorbing barrier layer comprising an oxide of Ni and Cr, wherein the
first barrier layer comprises about 15-60 atomic percent oxygen;

e} a second dielectric layer comprising an oxynitride of Si and Al;
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14. The low em ssivity coating of claim 13, wherein the ratio of the
first nucleation |ayer thickness to the second nucl eation |ayer

t hi ckness is about 1.2 to about 2.0. 15. The lowem ssivity coating
of claim 14, wipseéddnatutieash 18Re cRhpifiSe i b8l 6F B) 6%d Al:.C | ayer, the
second dlelectrlc | ayer, and the third dielectric |ayer’ conprises a
nitride or an & ?Eﬁ@%lﬂﬂ@l@ﬂfedl@emlﬁmcempsmgﬂg; coating of claimi,

wh the th h d t t hat
'l ower ¢ han Dot Rt HPiree g B DGRt e e & et 1
| ayer and the u)mdmnd@ﬁelé@xﬁm Gl @mp@ﬂ‘suigm@ oyt deckb 18 @6 [xucarjdayer 17.

The | ow em ssivyity coating claim1, whefein at |east one of said
absor bi ng barrﬁéﬁﬂpa@éf§fﬂ§mﬂﬂﬁﬁﬁd using a 2:1 oxygen:kw ratio. 18.

i ol oot ri o Eaybr o AR BB bt BELE Sl R i

dielectric layer independently conprises a material selected from an
oxide, a nitride, and an oxy-nitride, or a conbination thereof 19.
The lowem ssivity coating of claim 18, wherein at |east one of the
first dielectric |layer, the second dielectric layer, and the third
dielectric layer conprises an oxide. 20. The |lowem ssivity coating
of claim19, wherein the oxide conprises up to about 20 wt % of an

el enent selected fromthe group consisting of Al and B. 21. The

| ow-em ssivity coating of claim20, wherein the oxide conprises up to
about 10 wt % of an el ement selected fromthe group consisting of Al
and B. 22. The lowemssivity coating of claim1, wherein at |east
one of the nucleation |ayers conprises an oxide of Zn and Al . 23. The
| ow em ssivity coating of claim1, wherein the substrate is gl ass.

24. The lowem ssivity stack of claim1, wherein the |owemssivity
stack is characterized by a solar heat gain coefficient (SHGC) that
is less than about 0.31. 25. The lowem ssivity stack of claim 24,
wherein the stack is characterized by a solar heat gain coefficient
(SHGC) that is about 0.22 to about 0.25. 26. The low em ssivity
stack of claim 24, wherein the stack has a |ight transmttance of
about 42%to about 46% as neasured on an I1QU. 27. The | ow

em ssivity stack of claim24, wherein the stack has a |ight

transm ttance of about 58%to about 62% as neasured on an | GU. 28.
The low em ssivity stack of claim24, wherein the stack has a
transmttance color with a negative a* and a negative b*. 29. The | ow
em ssivity stack of claim 24, wherein the stack has a transmttance
color with a negative at and a positive b*. 30. The | ow em ssivity
stack of claim1, characterized by a tolerance for tenpering or heat
strengthening. 31. The low em ssivity stack of claim30, wherein
optical qualifies of the stack are not degraded foll ow ng tenpering
or heat strengthening. 32. An autonotive wi ndow conprising the | ow
em ssivity coating of claiml1l. 33. A nethod of nmaking a

| ow-em ssivity stack having a | ow sol ar heat gain coefficient (SHGC),
sai d nethod conprising depositing on a substrate the coating of claim
1. 34. The nethod of claim 33, wherein the depositing conprises
magnetron sputtering. 35. Alowemssivity coating on a substrate,
the coating consisting essentially of, in order outward fromthe

substrate. a) afirst dielectric layer conprising an oxynitride
of Si and Al; b) a first nucleation |ayer conprising an oxide of Zn
and Al; c) a first infrared reflecting |layer conprising Ag; d)

a first absorbing barrier layer conprising an oxide of N and Cr,
wherein the first barrier |ayer conprises about 15-60 atom c percent
oxygen; e) a second dielectric |ayer conprising an oxynitride
of Si and Al; f) a second nucleation |ayer conprising an oxide of Zn
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