LOWEM SSI VI TY COATI NG WTH LOW SOLAR HEAT GAI N
CCEFFI Cl ENT, ENHANCED CHEM CAL AND MECHANI CAL
PROPERTI ES AND METHOD OF MAKI NG THE SAME [ 001] This
application clains benefit of U S Provisiona
Application No 60/680,008, filed May 12, 2005, US..
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into the present application.. FIELD OF THE | NVENTI ON
[002] The present invention rel at es generally to | ow
(001} eni ss.T\hEStﬂyplewFlwlém}s RepeftionysS Pamasionsbrerination Eal &/p3p.008,
to coatings with | ow solar heat gain coefficient (SHGC)
filed May [18y0§5) U §nBrovistoaklnaplicaiondi £A0'8 6.8 e dibrinevembanth, 2005, and
chem cal durability, BACKGROUND OF THE | NVENTI ON [ 003]
U.S PrAbisiogal AmpdicSictNs 6PE6@A83 filefBecemtiont 16, PédSealhofwikich eredloyeby

i ncorporated by reference in their entireties.. In the
incorp@ase bptefaamblin tkir ehiv@tigyrienand pspacigolieaiohon, i ncl udi ng
definitions, will <control.. [004] Solar contro

coatings on transparent panels or substrates are
designed to permt the passage of visible light while
FIELDOPeENSVEReked (IR) radiation. Hgh visible
T transm ttan

ance, |0M/en1SSIVIty coatlngs on,
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subst savings 1n SSOC a

envi ronnent al captrol, ch as h 0
more DG ety Prcop s BB T L BRR RO S G Tt ond retined
provide for high visible transmttance and | ow
or enhangedmpehanipalapd chameal dgrabilita st ack, which typically
i ncl udes a transparent substrate and an optica
coating. The stack includes one or nore thin netallic
| ayers, with high IR refl ectance and | ow
BACKGRSND SN THEWVENIBONed bet ween anti-reflective
dielectric layers. These systens reflect radiant heat

[003] and prAaviraed Sused B yefdieitd Mgeif tletheAby WRbipotiSed HyaBTerence
solar radiation., Mdst |owe stacks in wuse today are

in thel ffdie n,[nttﬁea&?eﬁt?if &SnhicHiag) ﬁ@steﬁt' HcifickiBn I6NEEAY defid¥ons, will

I ckness of e dieléctric [ayers are tuned in to
feduce i nside and outside reflectance so that the |ight
transm ttance is high

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

costs. . _.




(>60% .. The IR reflective netallic |ayers maybe
virtually any reflective netal, such as silver,
copper, or gold.. Silver (Ag) is nost frequently used
for this application due to its relatively neutra
color.. The anti-reflective dielectric layers are
[005] 9ener eh¥afy Wﬁ,@ﬂ&tkﬂ%ﬂfﬁf p13bide e 864HM:sibR rRBRRRKE and low
visible transmttance [[006] Conventional |ow emssivity
emlssnii@'laaté% 893 %?Qiear &lek \{vﬁ%}g Ir:%gza §’m ﬁ‘xeﬂm#%%ﬂt SRk and an %pncal

Ive constah out the viIs e spectrums

. that the.coating has a,"neutral” colar;.i -g. LS

coutinge s taP e i e o el R w i hian g apselgfee amd 1ow
em ssivity coatings,.fajl . to.provide th extrenes, of .

tansmisgp it HPESENRBTocR BRI E B Y ISULt AT oL e S Fofloot radiant
reasons by certain applications. 007] To achi eve the .

heat and @sgvidainprafrarfine theicpldgs sisH e Gog sy Fadiagiont Nost low-e stacks in
conposition and thickness of each of the layers of a

use today hteibasedem toospareng dislesirich elneisns einthe drielngsd of therbelectric layers
exanple, the thickness of an IR reflective |ayer such

are in@SinAg 1etist ithile ahbsetideaflediaick yo that the $ightetdnstkitiowse it high
the emssivity of a Ag |l ayer tends to decrease with

(>60%H CPALRSLNEtAY nhBIR) 1ajeeSiny BNdRudRUSy rdfcdialadil, fichlaowlver,
em ssivity Ag |layer, the sheet resistance of the Ag

copperl (?LZ%‘?;'id. SEIRKE g@éﬁs A8st 1WAy RRISHDMR- applidIAWBNRY to its relatively
incteasing Ag layer thickhess wll also cause visible
transm ssi,or . feg , M O,

neual oY R e S S R S PR Beherh BBy Er LR S
to.Qg gble.&? i ncrease visible transm ssion by

enhancy ISRIe EPITARIP ayer t hi ckness wi t hout i ncreasi ng sheet

_resistance and em ssivity. . [008] Thin, transparept .

(006 ot a1 oy P ORBoRGmRr i ercin FpriaLY Sk i BARGR ehon
they are brought into contact, under noist or wet i

relativelp netistand rsqughpuitthe esiblogpectumrsedha) cheqgalingshas g jedyigk color; e,
at nosphere-carried chlorides, sulfides, sulfur dioxide

is esse@iyillytcbRrietsk dlowkverp catveatontHewAgitsayierceatingy &l topsovide the
barrier |layers can be deposited on the Ag. However, the

extremB$ St @8EdONcAsIQVdvaied fdvYiestiaia ued bihenahsohaby deetain pyRrasionss
frequently inadequate. [009] Coated glass is used in a

(0071 NUMberrofch NPl GBdicaBRpUiRE & 4 (fiaQAbshBE, the cOXPRBRA he
el evated tenperatures. For exanple, coatings on gl ass
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ed to cooling tenperature 120-
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_ bent, the coating.,is heated along with th lass to )
emissYISRfet AE IVESIR 1§ ARr3r Bt B0 AR RISHBE ?ﬁa@r foshipm a
of time wup to several mnutes. These thernal )
low enpigsieitsidalayers By sheglteaistapee Gk Lalaypréigelf O aslograsggssible.
coati ngs
However, increasing Ag layer thickness will also canse visible transmission to decrease and can



to deteriorate irreversibly, This deterioration can
result fromoxidation of the Ag by oxygen diffusing
across | ayers above and bel ow the Ag. The deterioration
can also result fromreaction of the Ag with al kaline
ions, such as sodiun1(hb+) mgrating fromthe gl ass”

result i i ccﬁoxlg tl%aft #156 og%HeI %c{gﬁ%a%i%y g&o@%b@%&ﬂ&ﬂl@ﬁ) Beoéﬁﬁe t%%ﬂ:x&ge visible

Ied teriroration or

nensmiiien BRI HE S D AT ES THISY Baeapee v s EkEl ki
t hese el evat ed tenperatur However, revi ousl 0

[008] mul t i FhipetansBapRiigaldmprs A&gﬂl%@l%@ﬁ“sﬁ" PRSP %‘wﬂ?hey are
reflective filmfrequently cannot w thstand such

brought itppeonteet rader WAl 6T W eoRditione AR VE QU COTOR Y 385BIs,Qych as
film 3 [0010] Low enissivity coatings are described in

atmosphiSe-cRaieé nbloNdss, sulfidusgquBordiaxide and thoBkgdg proteei dipuhs layers,
deposited |l ow em ssivity coatings containing silver are

variougHe@ 5k Mykds canbdl dépositddeon theAgsHoatvearthamoketipl moeided by
[0011] U. S Patent No. 4,995,895 teaches the use of

convenﬁ&ha‘ii b#4 3Bl BydE st Guagiyiazeqiaeducti on topcoats useful
for protecting tenperable | owe coatings. This patent

[00o] | S di pEGkeYatlis TBNAYSuRber It aFhlkkilths RAER theSsikihk RGxpERMN0
exposure to tenperatures over 600C [0012] Metal, netal

elevate@?;ﬁ era%m r@&x%}x edc%a LhgSs @ﬁ‘d&w?ﬁ%ﬁ%ﬂn&%&&n oQ¥hs

S Vlty coa gs~to I nprove the properties

axe opgpdecly TS Lo I teelg;e-%%f RaAl %%P%mﬁm%ﬁémm o cg,
deposited as the outernost |ayer of the total D

450°C g depis GyelgF aBIED MiFa CHUFLEDT ERSIELT DBy tﬁ%wimg i
is oxidized and acts as an anti-reflection coat|

heated bloSg withtlengladNgo tenzperige3ethelewer afiHE8 ° @ 2pbativge fqméfﬁfeéls i time
netal oxide layer is deposited as an antireflection

up to shvity:e iniSisted itels thgrmidh &reatinknte canl caysrthhentiselproperties of Ag coatings
anti-reflection layers optim zes light transm ssion.

to dete{l&(aﬂe%em&@m/t uRat@leyioratpt mabsuttda agdatmne! threekgienttygen
anaged during shi ppi ng and handllng, |nclud|ng by

dlfﬁmngﬁc%s‘é 3 ag&de DY RIRPRLKE . THe 8AEEARIONR 2L BMb FRINEBISeaction
ased | ow emissivity coatings are particularly

of the §€§J§f§s&hia%§goé9ts‘é§{ 0L QROPLEHRind REh 0l B TSN of
t
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reduce the corrosion of s % ggt d%gré from

modificatioBof (e iolBE Rsor T B RE G 9 ifsand

physi cal scratching of the
these elevated temperatures. However, previously known multilayer coatings employing Ag as

—l

an infrared reflective film frequently cannot withstand such temperatures without some

deterioration of the Ag film.



| ow em ssivity stack by virtue of their hardness or by
lowering friction if they formthe outer Ilayer. 4
[0014] For sub-desert areas as well as regions with an
i ntense sun load, the current high transmttance |owe
products are already bri ngi ng advant ages, but the heat

mOlO?Egr l Ill%uénlg&VI S a%%gréle d%SGI nSIngIET$ % Ouseg%§%§§7 and

4,995 ggé eacu B s\ﬁh&& %mqns%}mlfeg%rggg,%ég duct Ssﬂ%%g%t eb 51:6—:@5'%{13? sold in the
transn1ttance are avail able, but such products wusually

fenestiglipn piatkelplacPeast one of the fol | owi ng t haw backs: high
refl ectance, which makes them|ess aesthetical

[0011 hppeal VSgPate Na 4595 RAieachics Beeq ofiositizabistinetls %K@G reduction
theminappropriate for controlling the heat | oad.

topcodfi 0BEB] foverotediimptagrenabieacliont d goabngsi Talsipetchosrdacpediducitbods of
conbi ne the desired optical properties and shadi ng

reducif@Rdk resuithik fofhogesurhal tetigersiutds lovereat@ e addi ti onal
nodi fications to make themideal for processing and

[0012Pr oduclib@n mekl blidyednd ngialbxl R Wo Ring ORIV BOE) BpBe®Bf bw emissivity
coati ngs t hat require extra attention dinning storage

silver gd&ﬁng{ BGReRN O the %6 89 of AR UbALd NFed! BSS P'a!t@httNo 11"995 895

ble” to i ove the current nechani cal

descrﬂgcles fa me%écﬂ %l% a?gfké}}alta‘ger %no%% H?I:ﬁ)?%td' ag i 0[1196?1;}1th 11%}’69 ijtﬁe B3 layers

fer en

sopliof PP BB Sie bR, Fa'ﬁa@qﬁ%%i%a{x? “Dirhaere fstlecton

di ff er ent | d be desirable to. provi
coating UfSe Patgnt I%éﬂfiﬁé%? flPF&Fb%Saﬁ”Fnﬂ%Odp‘f’%?H% Bytad prids laé(FFéé égnoylted as
on a coater w thout requiring down tinme and
an antiftickéclaydrobrngviching thositver layapeicet ot B lortiont s yaptisizes light
for safety reasons, nore glass is now bei ng heat
transndigs@at ed to increase its mechani cal strength and avoid
| aceration in case of breakage. This is especially true

[0013f or | Qwntodiiael 0@ HLE ESatingsTAie fleEhRAGEndg8d EReHORhipping and
absorption of the coating increases the potenti al

handhﬁé" ehdiling 8 $e83Gi W adde hhdsBrevh @&I&Weten% orlnbentsS ﬁl’&&o&‘é‘&l low-

t he sun radi ation and part of it is in the shade.

emissiy &&aﬁkg @%ﬁg?ﬁ&# &9&8%1@ 1 oU5R 'pg%%}]t gflﬂtﬁcgé%rﬁﬁﬁmty

erm r tenpering con I ons
t he coat.n des
stacks %&%ﬁﬁ%{%ﬂ% 3 af?f,abav%é 85 P BRHT g O il Beb Ty toim ey
stack to reduce these problems. Thin barriers function to reduce the corrosion of silver layers
from water vapor, oxygen or other fluids. Some reduce damage from physical scratching of the

low emissivity stack by virtue of their hardness or by lowering friction if they form the outer

layer.



[0019] PPG has made a | ow SHGC product avail able on the
mar ket but it is characterized by a very significant
high light reflectance (see LBL W ndows dat abase).
Moreover, it is Applicant's understanding that this
product can be difficult to handl e because of a

enden A EGgioRPwitR &% S l1b& R QY hi
0014 le OZO%%@PRI%%E%‘%?%% the %rlgkl ng of cgg‘fa?%glgﬁa oo e

transrrﬁgﬁ{c@%xg ! 'p%c?cﬁli:@ g& \Q{dgﬁél:?%eg Egt %}e Lt %%d %Brh”ioad is still

navl ng I on e cee resu

rror-|i na iate f
too higy rpeawﬁﬁ et by Rt R B8 bR B R ich
428 860 describes g coating with a | ow SHGC and
m“mjgﬁﬁ@%Pﬁﬁﬁ”E%E?ﬁ%Fﬁé characteristics There is no
reference to its chem cal and nechanical durability
[0015hut notdbyyow ketagkroviitelavieoliehd Haasuigimce émeawalﬁacbleab@rduﬁh products
| ayer of the type NOOXX/NC, which layer is
usuallp extebit ei lahst boy oftthefollowilgidraw Yack$: igrereferdanicagvhich makes them less
Furthernore, the use of Zn oxide as primary dielectric
aesthoMBA1BY dppbalii@kaSigh shadifd cefifidierorwhicipmalsdsheen tnapjirepies fok he
coating. [0021] Guardian WD 2003/ 042122 refers to the

(mnuﬂﬁﬂﬂﬁﬁgkﬁgm@f doubl e Ag tenperable products with
multiple barriers However, only coatings W th highlight

[001 65) rans ny%:%/af@%%oﬁﬁﬁl clﬂ?%§£1la@%ow D8R k1sCdatbHieait WBlred optical

2/ 062 fers t [1ght transm ttance coati ngs
t hat
pzopema&(gfhad (})J%lcgefg%ﬁl%lr d g t@% él%) gﬁ%g&%\nr %&%Wﬁﬁ&lﬁ%ﬁﬁ%ﬁ? make
0
them g iptp ?ea%ﬁ@%%wefga% Rk P gve Cgaﬁgﬁgs-a%ﬁoﬁ&%ﬂgf et

foll ow sequence di el ectrjc/ Absorbin
TequITE fElE eaaltrqngon VR IRIPIOA PLOCTHBE)TIP AR TSl f%éa S, Ttigdesirable
The presence of a netallic layer under the Ag tends to
to immlenT thaserdt sesgpnivatdnd ghéroigall quradilgy of sushReatinss he
mechani cal durability of the stack [0024] St. Gobain
[0017app! i cRiddaciny\BfRRNI]BA&S ccigson the santdwales elsotanalisophisay a
materials in a low e stack in order to control |ight

probldd BEEd tha Bt &ip él%ualﬁait's gethboAwhpcespstiabaasohe gitfchet
absorbing | ayer tween 2 dielectrics. This is intended

desi gr%s i WREIQ¥E abdebie 'i’c?'\%r%%'de AfrRRink E4a¥n 8 thhthen b§f>1%ﬁjdce@léfrﬁtﬂﬁmeoasly

eat treatnent. tw t hst andi ng whet her or not the

ona cagtg]la“ 08t %%%{}g giaq | 08 | RYEtior Jﬁg&ﬂa@eﬁ*ﬁ s

r|c provi des sone advant age

nsuri b|||t confl rati .
[0018h nconv SRRt FgRrEs PRl TR p%gﬁ’&a&f 53 tjpgreese
uttering of the
its mec anical sttenggth and avmd laceration in case of breakage. This is especially true for low

SHGC products. The increass in energy absotption of the coating increases the potential thermal
stregs on the lite when part of it is exposed to the sun radiation and part of it is in the shade.

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



absorbing layer' wll be affected by "gas cross tal k"
inside the coater. This makes the nature of the
absorbing | ayer | ess controllable and the Iong term
stability questionable.. For instance, if a |[|ayer of
absorbing TiNis sputtered next to an oxide dielectric

cns SR E ORI bR ORI RS oeD, Toe

. jght be addressed by inproving the gas insulation of
ﬁ“nu%%%h coat zone, but this process is costly and
undesirable for the production of other |owe coatings
[0019hn t hePEahes %%ﬁ@elmﬁﬁfz%PrDMiw%b@Snﬂ%ﬁ aagkelghuy §7s detacterized
refers to | ayer systens based on double netallic
by a vigasighidicent higholighs Yeflehtanes (saadSLr Winniow$ datahsell ¥lorcovayit is
em ssivity coating stacks (and nethods of naking them
Applidahtd urdiestanding that éhivpoiot sangreabifients toslemdleibecdubec ff tefiency
art. In particular, there is a need for |ow e stacks
toward\@ydifiGng Pr@vpsedtabphrain W@ m/cnebbisg dektibeswhd ©Riiss 8Cdoatings
exhibit retained or increased aesthetic appeal, and

characfBEERRRY £ BHGEWHRL 038 eE. CRbo) it Rihd 4 Meht 30HkMH &Qe&ﬁ{k R,

tenpered or heat strengthened, if desired. Moreover,

s P S5, L SR AR g o o
oo T O O0RE T8 RSP 5y BB R R3Sk Y

i nyention provides jinproved coatings that yield stacks

and appgaling gegjiaetiy Cﬁ%&wtgl&ﬁﬁ et s garsorepesds £ ehegieal gpd echanical
lowg stacks), are_ aesthetically appealing, and exhibit

durabibyulyt netablidhe applicriEam doat not safer the chamlp daapr wilikealpe NiGrOx/NiCr,
than typical low em ssivity stacks. Mreover, the

which ilayeein bemadicpd vitchedatplity diibt soathie c Fudhamomntba tisddidZndde as
standard production methods.. In particular, for

primaigXiigehit; mashialfrhdkegitidiffeniporShamdbldiocanpe the @aitng. oW ¢
coater would not require venting or other change in

[0021jcOat erGhA%an VO EOIY RN MDIexs BliBSHuaHARt Jfabesle 2QatBtkiyle
accordance with the invention surprisingly can be

pmduc%g Iy IQEaxﬂgzﬁt Iﬁ%@@é‘,%mggn%m(%lpgggl% :ﬁ% t&ia{rll ! 5lbng

r heat strengthening causing e stack
descril;e%yers or in the optical qualities of the coated
Ssubstrate or causing the other drawbacks typically

seen en..su es. are used |n connection with
0022y oo tiGEsigh B BA A G0 o5 e fretPribieron
overcones the di sadvantages seen in the art through the
characterized by the ability to be tempered. However, only single Ag coatings with SHGC
higher than 0.40 are exemplified
[0023] St. Gobain patent application WO 03/010105 refers to stacks ncluding the

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



i ntroduction of at |east one thin absorbing |ayer into
a low emssivity stack The introduction of absorbing
mat eri al decreases the overall |ight transmttance

wi t hout increasing the light reflectance.. Such

i ncreased light reflectance is frequently a problem

The pfg@éntcé GH i r aﬂﬁ\ﬁﬁ%[]uﬁ&el %%t%éﬁsqﬂ.ﬁecr ﬁlgf ac%%maﬁgi Hso
b bl | th
'Wed“FF r IE%%%E@“@%?%”%J g?ﬁggcogfegnglggscongag aLsgrbing

| ayer referabl is inserted between the barrier

[0024br ot eC i ﬁ@bqnhg) i@at;o&xy\é(p O Op hdesaifess dlea yse @€ absorbing materials in a
Accordingly, in an aspect, the invention provides a

low-e slonr iarprdss it ¢anyrob it ‘trﬁgsn@ﬁame sThsappsitaion tforasesoat dlasiging the
conprising, in order outward fiom the substrate, a

absorifing pyer deisteet £ dictechivg e Fhisas ihtenddd tddmbpayethe tleerfabdiability of the
barrier layer; a first absorbing |ayer; a 8 second

stack dlirBlg@6ititicatnledy ENstwathSIReRtw AGhdr 8Y Bt thelo 62100 RE tRALEIBhg layer
| ayer; a second absorbing layer; a third dielectric

sunouhééfﬁgy diABiORktARBrbYidesPohne REPRtagt AN %Esuni'ﬁ@ &{eﬁhﬁ s nis
first absorbing layer or thé second absorbing

conﬂglapalﬁgﬁ is ]ﬁcogp%t{l&ql%d rekifin ﬁfﬁcﬁégﬁ? gﬁ)ﬁﬁ&{og! gﬂs L];ﬁ‘)ﬁ%{ &¢ tﬁ% S

requ re I nventi on 0] pr ovli coa

oo Ry VT RERT o e STl o e B RS et

Se i.nventiq re forned ] 03|t|n the_ | ayers
the abgm & e oy alee d&f@éf)%%fﬁ%% Stﬁlaﬁwaw tHRaRIGeRor instance, if e
05|t|n y nagnetron sputtering. BRI EF DESCRI PTI ON
layer q&a m%w b} torgds diel @s:gpﬂ oekzoag, thab o witebr
of an aesthetlcally appealing lowemssivity stack,
contarebahied by pxygeh ove SHSGENd 0w ten de desprelsdm e dlheseptobiems might be
chem cal durability in accordance wth the present
addresseiMaiitipodving 186 8ds| infulgiohe! 2act epatebse, dnt hlstpesossd i€ cosily and
enbodi nent of an aesthetically appealing | ow
undes@4RlSH Hetpyo Rt AGKo AR 4%t coginkOw BEEmandienhanced
nechanlcal and/ or chem cal durability, which includes
[oov:s]1 UC' eatpiafind @Y géténtfﬁodo 7I9BP T Aela %é? QyRERPEIstd &%d&fbiérﬁaamc
| ayers, in accordance wth e present 1nvention,
bmmm£0032] Figure 3 depicts a further enbodi nent of an
aesthetlcally appeal i ng | ow en1SS|V|ty stack

oS PSR e

invention.. [0033] Figure_ 4 deplcts a st|II further
making fsgy ithi AYerepma the g@é@lﬁ@gq bdeans syetaip Seaptiqy git dnparticular, thereis a

ave ,a

need for low-e stacks having a low solar heat gain coefficient, which stacks exhibit retained or
increased aesthetic appeal, and mechanical and/or chemical dwability, and which can be
tempered or heat strengthened, if desired. Moreover, there is a need for stacks that can be

applied without need for a specific, nonstandard coater



em ssivity stack, exhibiting | ow SHGC and enhanced
mechani cal and/or chemi cal durability in accordance
with the present invention., 9 [0034] Figure 5 depicts
an enbodi nent of a |lowe stack for use in an autonotive
or other vehicle, including two glass substrates, a

) ofy coating in accordance with the
—p'resen#-rwmm—o [00.35] Figures 6A and 6B depi ct
pt c consta or t i.cal, materials suitable
0027PB ' “ake g%«r%ﬁﬂa Rt erosi R SRR PUSH ™ vt gosings, he
|nvent|on gure 6A provides data relating to the
prosen FFH’@%“Q%PIP%@?S&E}PF%W ("Pﬁtm&%@atpﬂ‘fc}ﬁ Faclepha havy allew seler heat gain
relating to extinction coefficient (k). [0036] Figure 7
cocffigienyi elelgwos pciisk ale ageibesictlly appealingi ang ckhibisxqol or better chemical
refraction and extinction coefficients for two
and medhenictdl donaktlity Esm ofpiil RwQoysifiO0tRE}s. Mogurea, BiepreuiicteSovides
graphical data illustrating preferred n & k values for
produdts AhickMye conipatibrwith sthastl $rddicidEGRSHIRRC & WrtibuldDRr example,
i nventi on. [0038] Figure 9 depicts an alternate

shiftin@ F@dh BBRtarOEoalh (AL RWILED 6 b oW1 BRI St 8 Yerdt@Wor other ¢l
§H1SSIVIty st ack, exhl%ltlng | ow Sﬁ%c and e%ﬁgﬁcg£1mqm1n

coater 'i@}%ﬁfa hERkmaRd % #‘P’J %@@t&%aaﬂ# 8%%5%1‘(1 ce'vﬂth t?%ﬁlg@lgcfo%:‘sgtpéisingly

t he pres I nventi on
o8 R S AP D S AL B

chanj cal d/or chem rabiLity in ccordance
degr ac{}\‘ﬁ%l’% %S“ﬁ‘“r1 &t O 1H5&2é‘1ﬂ1}%8ﬂ q“ AL EHC m&ﬁf} N st the
| NVENTI ON. [ 0040] In the fO||0MAng detail ed description,
other Graygekn BRICREY FiSH hERSUFR PIBESesHE 8Fd fe comaiingi Wilhlow qmissivity
whi ch the invention maybe practiced.. These enbodi nents
coatinggr e described with sufficient detail to enabl e those
skilled in the art to practice the invention, and it is
{00281 0 be Tk presdeiristantidn diatonods ey diedbadigee sdes imthy g throngh the
enpl oyed, and that structural and |ogical changes nay

introdiioA e e 1ist Bipthind@RAbihE Nef iHRM bReniivitylst0k. $EORGo@ction of
the present invention. 0041] The present invention

absorbROMAERS doBREQYRE 068 &11 DA% hhadleShiho ML RS bt

st'acks that have a om13 eat galn coe

I'eﬂeCtQJ%EI.%)JCh ALk 88 ?Jgﬂtqgﬁe%?a!nké/ is %%8&6%15( Q%tobzf&% p%%;tﬂtui%,ﬂy w%%n %l OCCUTS

on a pane facing the inside of a building.

[0029] The appropriate choice of absorbing material also enables one to control the
transmittance color of the coated glass. The absorbing layer preferably is inserted between the
barrier protecting the Ag layer and the dielectrics. Accordingly, in an aspect, the invention
provides a low-emissivity coating on a substrate, the coating comprising, in order outward from

the substrate, a first dielectric layer; a first Ag layer; a fixst barrier layer; a first absorbing layer; a



or better chem cal and nechanical durability than
typical |ow em ssivity stacks Myreover, the invention
provi des products which are conpatible with standard
production nethods In particular, for exanple,
shifting froma standard coater to a | owg coater would

LLe. ' . hange 1. t I t
sooorlGiEIIE: o EFOLAIRE: PPl BoBRdR - el e lens

. di ment.s_of the.inyentiqgn surprisingly can be .

wind FEROED TR0 o Lattor it it b i e e Fa abiostingaver or

typi aILy ﬁeen_mhen such _ processes are used in

the seg SEPEE RCE 1§ wBoRbha &% Bra 3psorbBgtlnveisare pooaRtited hEhe

i resent i nvention achi eves the desired properties

Invenfig Bepjpiovides ¢astingsdd épscobedugbovabul whish howe giglanAg layer, rather
absorbing layer into the |ow em ssivity stack.. The

than tivpor meuch g tayersf Thi ecatibgorflihagesenpibedntiah atefoineRdI8IcpBing the
overall light transmttance wthout increasing the

layerslong@hthe Efstratet angeferrtdiee0as ROuEES dPEIiRILH difenetron sputtering.
probl ematic, particularly when it occurs on a pane
facing the inside of a building Tol erance for
tenpering can be enhanced by adjusting the thickness of

' s ' I " th t f
ek DRSSO BN S5 pRUGRBIgo) | avers or, the nature of
oo 0 gl U B e AEL S R 5
N ORI T N —

.. that is less than about 0...34, preferably I ess than
with thgggtenbingention. vari ous enbodi nents, the stack has a
light transm ttance of about 42%to 11 about 46%
[0031Dur i ngFigerpatmes an Hemateomehwidintenh olarr destbstidaily ajyeeiingi86-
In additional enbodinents, the stack has a
emissivitpstach, bxldbitiag dob SHOE db eshaneghthiéchaniadl aafier eheRRGATIMLity,
b* [0044] I n another aspect, the present invention

which dRedl @8clGatio WayRfH fESikpkdWin 8@ biop & tiedo Bhe ABRSE & Bfice
coating conprising, in order outward fromthe substrate

with 18 drbdestintilgiogctric layer; a first Ag layer; a fast
rrier layer; a first absorbing |ayer; a second

o AR LR e Y 4T i
R TN T ML AT S
e

optional, i.e.., two such absorbing |ayers are not
accordppeUy e PRYSER dBIFEti%ar ri er | ayer between the second Ag
| ayer and the second absorbing | ayer maybe present The
[0033subst rEigers sdapiass estdlofuthe lembedinient qfrapfaesthatidally appealing low-
enbodi nents, the two Ag layers are well balanced with
emissiailty gthdko efkgbitiAg BvofHaOand eBA%cadrmdrhghies andAovetical dirability in
alternate
accordance with the present invention.




enbodi nents, the ratio maybe as | ow as 50% Havi ng

bal anced Ag | ayers provides various advantages, in
particular froma process point of'view Because the
two targets erode at approximately the sane rate, the
| ength of a canpai gn can be naxinized When the second

g is r.st for. exa
1003460, ¢ o%:{w@ s HGE ohbRlabg LN s BREor ihnd ﬁg‘gmmec%
, ative i roducti on cost.
other %&%ﬁﬁl R 93?-58 Jregaare %fng &ﬁ*’%@%g T ageaidg 18@80%‘{1?619%‘V1ﬂ1 the
but having a single Ag layer, rather than two or nore
preseihdnvesioly s - [ 0045] The absorbing |ayer is preferably
inserted between the barrier protecting the Ag |ayer
[0035hnd t hiigaresi6dcandioB deplvé optivebrobitan dafatfer typicalqeaietiatcduitelde for
a netal, an alloy, a silicide, an absorbing oxide, an
use asa@\s{gr&)'smgerg ireaccodbmic with the Inverdien. BiguerbA piohRles Gath tedding to the
material that achieves the desired effect.. Preferred

index GBle@bé®Ingn) MElRIgee CBipkdvalks dhth MlAiRkitO Bxtinklion T elici St ).
NNCr, NCOCOx, C, Zr, My, W and ZrSi, nickel or

[0036Fhr om wigh Al 1 ﬁﬁ%‘lde@él ﬂléa"? Ask ﬁlh@ﬂatﬁ%tﬁde%'of Rl arcﬁﬂfacnd extinction

subni tri des, oxi des thereof, as we

coetfigibhtb %z%&s@%ﬁf@eﬂ%%ﬁﬁéo}cﬁﬁ? preferr ed .te”perab'.e and

non-tenper nents, the absorbing nmateri al

onprl 1.n enhod \hich are not .to.be_ .
[003 7f enpe r P"% Rithete- ?"ﬂ %S%@g%?%féedﬂ%{;‘éﬂ%‘?es for SIAIOxNy
[ 004 ] The ppropr| te ch0|ce of absorbing materia
i 1°Wa$ <o Céﬁh%ﬂc@gm%fﬁé‘”@f BHOFMY skill to control the
transm ttance col or of the coated glass A neutral color
[0038] a* antighre héapints qrealigrmutosaibodingegt efroagsthetisally appealing low-
preferred--the mnimal requirenent being a negative a*
emissiviy steckapxhibitibg lora$lde Ctand enliesced mowhenitd) amd/e2ckeoncal durability in
transmttance and gl ass side reflectance) is nore
accord@asd wigh the aldsynt appeddd. ng than a stronger greenish or
yel l owi sh hue A neutral transmttance is highly

[003opesi r afgbgy &mgm d furthéPR¥ILBARS: S8 a@s@ﬁe&i@&ﬁy épﬁ}leegfng Tow-
renderi ng of the insulated glass unit housi ng t he

emiss1g{§f§§ck -ef{}@fmﬂé Eﬁvﬁ%ﬁe(xbﬁﬁg gté%a?%a %&fog%ﬁ %}j?d/%ch@?ﬁ"c%l @&{x ?mfngz n

erlals I n deS|gns have been found capabl e of
a“mnfa }H@SPF?%ﬁgﬁ$g% on of lowe coatings and all ow ng
the stack color to be tuned to preferred colors In the
case of tenperable coatings, the preferred materials
also are thermally stable within the thin film stack.
DETATREY ISR HRINOFAEE BaYENEION ed as alternatives to the
absorbing materials recited above.. Such materials are
{0040} hose Inttiiecthlioaing Wetadet dasgtpiloy, rafercavgis nofde tndmiounperific
efiaction (n) and extinction coefficients (k) that are
embo?nmbﬁtabi whitiothe perchisminBgbd fragictd aNgst asbaiimb@yerideg@ribed with
inction. In

sufficient detail to enable those skilled in the art to praciice the invention, and it is to be
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a tenperable | owg design, the absorbing |layer wll
have the appropriate optical properties as well as
additional thermal stability properties. [0048] U.,S
Pat. No. 6,416,872, incorporated into this application
by reference inits entirety, refers to the use of a
: r desdn tenfpBiieal 312 ;
underfiSo g AL Ribod ( By R Y 3 i | Ealp)w. a8 R da Pingeos
3| ' r -.ect mter] (sl l.yer) and
ey OFRh e Bl b tag B s TR Bl Bl ki) 2TV
bsor bj material.is described in ter of range .of
100413 17 ¢ i B BRT R A1 SRS HATS P U7 L P o AR Gl S vity stacks
the present inventign simlarly include 13 Fabry. Perat.
that haye i B Ded Bpip icg%ﬁ%em&ég}éﬁﬁl Tagesthedsdyeprielng pndgtibit equal
/[ nmetal / dielectric / metal / netal or, nore
or betisp elaguhicalandl yechanicg] dyrabtilify sheswinrisal drsv asiseiiiestaqkis aprdreqver, the
/| metal / dielectric / metal / thin suboxide absorber
inveniidapuoieley produs which kne cempiibdd with eerdacdgmedyction enatetdal Inof
the netal/nmetal pair is preferably an infrared
partictief, liecdxh gl st fing foth 4 stemdaidnentet ® aowigroatel woald not require
absorbing netallic material., The | ow g absorbing

ventiFRIr Btk 6hdiBb 8Y dodler HRMR e FAESEHbREH 1 Yubidbict Bdat&iA St &M ance with
ranges simlar to those set forth in U S. Pat. No

embo@infth cﬁa?e"m%hbxg F\hpﬁ {8t tEBbertd B 16 stdBLtBEdeBkdthout the
optically suitable as Tow g absorbers are plotted in
Fi.gs. 6A.and 6 t 3 i |G,
g R e B e PR B e Py PALT B AR S8 lov Bl
.wavel ength of 550nmis fromabout 1 to about 5.5 for
coatiighe netal | i ¢ absorbers shown Based on the data
presented in Fig. 6B, the extinction coefficient range ,
[00424t a wdbepesyt HvstticgsohRTssdhe demedmarmrtios thrpneh o indpction of
4.5 for the netallic absorbers shown. An additional _
at leagi@nathén elpsottieg layaayde thedew emissivally piaply The iaeddugion eidhe absorbing
range of suitable materials is that of an index plot
materid dediedBastha opaall tight @ asnopanca tvithb@trimigasiblgitise light reflectance.
characteristic would distinguish the nmetallic materials
Tncredsb@BiBHBREI RS hRAG ) bbatictiasy WhEEH ocotftadh a jsanBifdciid e inside of a
plotted, typically have a negative slope at 550nm
buildiglgo‘ﬂ“gﬂgre!n& ¢ RinGfefhg 66 RIDAHCERR} afistihd Brelti¥BREd HMhe ERRctric or
aBsorbing layer is introduced in a veéry specific
l.ocation i.n the kSl 0 optim ze the other
ab““%?%%%Fﬁﬁﬁﬁﬁmﬁﬁg%ééﬁéﬁﬁﬁg%@%%ﬁ?g for the manufacturing
nd th rocessjng of.the coated gl ass, particul arl .
0043 he oy & FE5GH BB PP PINALE RO ERTESIY Bedt (i B ¥ coating on
[ 0050] Each of the absorbing |ayers preferably has a | .
a subYiiic: KIS ating CORpEITng ot lgash e sabBiglast 'hif loyrenpigivity stack is
absorbing |layers are included, the first absorbing
charaptanyend Wyrasobar hent gain soeffipientd PGRA that jséess than about 0.34, preferably less

than about 0 30 In various embodiments, the stack has a light transmittance of about 42% to
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second absorbing | ayer The first absorbing | ayer
preferably has a thiciness of about 1 nmto about 6
nm nore preferably 1..5 rimto about 4 nm The second
absorbing | ayer preferably has a 14 thickness of about
0.1 nmto about 5 nm nore preferably about 0.1 nmto

4 nmln.an [ter ' o h jrst .
sbont 218 D e e SR sBEORAPPR Ly, WRgdon pmbodiments
another alternate enbodi nent, the se ongtabsorbing
the staglglias 2 trpgemiftapes Goky 3€@ aesalys &t 28 8 Y P n anot her
al ternate enbodinent, the first absorbing | ayer has a
[0044]t hi ck e gBother agpsstthereenfrfvepRompot et @ lof-praisFgitecoating on a
enbodi nent, the second absorbing |ayer has a thickness
substratd, tematin®odnprisife0dStder bniwgrdhen tlegsubsitsteid fshdislectripdayer; a
dielectric |layers each independently conprise an
fizst A?l@y@ﬁ a fastDiatret teer; O Frsambsovbyngiiyet; decontbidedridlagdres sacbed Ag
ayer conprises an oxide, the oxide is preferably
layer; RRbACIRELIAOBYR; althird BickbiricadyeSand Sptidhally, alibiiat 19fer aEMBier the
target.. The oxide may conprise Nb205 The oxi de may
' - o i '3 $10.08k 01k 1Qrs are
first ab&w@(%}{(%lﬁygeﬁ Bpa%%ec%lﬁg Wit sor o dhdé: ,}_\lﬁpﬁl?ﬁ%’apé Yevwid R hloa %hé,kﬁ

ement, such as , or simlar suc
o EMER ; Jabs K& absorbing layer
notsedgyep ¢ oo Eagticf B Rh Tt ROl T 6 1 TR sbsorbing Iy
| ayer ¢ rises a nidtri.de or .an._@xy-,ni tri
ey b oL SR e e b R BT b, By pglavers
of Si, SA, SIiB Sizr, or other suitable nitride or
are welbplapeadryidea raar S Ag? ab gt 08%%1%% & %naﬁtemate
Simlarly, the nitride or oxy-nitride naé' conprise up
embodimenthdle 1250 mayde 2ploafasSAl Jlgyinedalamett Ag By praytdegHatious
el ement, such as Al or B, or simlar such elenment for
advantamde] ingpatthvalas Gatres proeosgpdintod vitwe tBagause th)®B2rgptp crode at
preferred enbodi nents that enploy three primary
approdingleBOhé k&S Ak, depingtad aicanpiion carcbeanplidizedi Blheethebeand Ag
3, at least one of the dielectric layers is in a
i G (REBLSE b, 8 @l Baple, MY @aRF Bl ableited adrly ib i@Rmpaign,
' mnc%%%f(%it%#lect risc_s (e.qg., pS?AI Q(l%ly) are in a Y ?
yhich g%? E;hoo'n%ml?g&ﬁzte rnln“é%cﬁ Bxgﬁxg)ducti\{ﬁ Lb@USHEANAHAIRS pfhidl@oatings as

eve I'ng s stoirchronetric |ayers. For
. | e: [.0053] 1. he d¢ i1, '
s PR P s A RufoTRR Kot B ol Ahhe
10045E1 11 corPe PERFo Bl ES 2 LR G HEP A T-ar ST gty e Ae

conprised of nore nittided silicon The higher e
layer agd gessdielearicr Aheatsgrbigvarie eBEClres 2 Meldh A A~Ya 2 EYSHig a0
at hi gher speeds, which is nore econom cal.. [0054] 2.
absorblieotiiley lae rbsorex giof metab agiibide oo pohdtbaratiiitde materipldaa) achieves
allow for dielectric
the desired effect. Preferred materials include, without limitation, Ti, TilN, Si, NiCr, NiCiOx, Cr,

Zr, Mo, W, and ZrSi, nickel ot chromium afloys, and transition metals, nitrides, subnitrides, and

suboxides thereof, as well as silicides and aluminides. In preferred temperable and non-tempered

12



| ayers that have a | ower physical thickness for the
sane optical thickness. Less target material is
consuned when sub-stoichionmetric |ayers are deposited
and again, this allows the coater to run nore
efficiently [0055] 3. The higher index dielectrics

0 fl.exibLli
ernbodipeig t{le%ws%“v‘fr%ﬁﬁw SRR MGt TSRS St vt e
‘ rans Lon and reflection maybe nore
tempe{fﬁsf‘l Yor %WP g %P‘?P&gﬁ?ﬁﬁ@# i ndex dielectrics than can
be achi eved using | ower index, stoichionetric
[0046}mt er | BiesPPIopuss Phoicspiirbsarbing Fatswet alscenahlpe pre ofondinarp skill to
have better chem cal barrier properties than
contros theitiehsraittetaeicolod pEthe coatédeagdass Thirsutadllcolns (*amd dfroegative and well
chemcally stable and corrosion resistant |owe
balancsi aelpreferal tiosmingmaihreqiiealkest bang alresgivkiak @hlye bd 4 ®aedie that is
the vul nerable silver layers.. [0057] 5. The optica

lower &6 00 Féi t@Rsaftabdtams Wims Sigd &ﬂb@i@éﬁh enotkl Rls@elidall§ SpialifSthan a

reduce the transnission and raise the solar heat gain

strong@roﬁéénﬁsﬁ'o? %llc%flsﬂ e loNag aﬁ%ﬁ%ﬁ% i9 B@WH@Q%&J Be@ause it

dielectrics tend to be optically absorbing in

maxmﬂ%e% 'tlpé c%ﬂ%&dc;ogﬁ[? b &d%%%&ﬂﬁg ﬁ%?tw %lgﬁ%n!it 'ﬁé@)t Iﬁﬂgm%h‘%‘%’lass The

ese nmateril sre ransm SS| on
f t
presen AR By e gowtito ooty £ bR i e F v Bbsor ber
[00AT} o ar BAPS SRH e P e R aRes g é'g%&%%ler@%%mg

transn1SS|on inalowg product, both visible
transSHASHSE 6prtngnand sforanehe ster colar itobe bned oaefesy! qofors sl
desirable for Iowe products to have as high an
the caserff tearmechbla @hiiegst tho predigred osddrialsalsolde ho@Edly shleswthin the thin
advant ages tend to occur for sub-stoichionmetric oxides,
film st@elky -Madyrdtike $natainth canibt nicdes aldhmaivedioghd alserbitgathtéinlaecited
| ow-e stack [0060] The silicon to alum numratio used

above! SudnNBatBiLf B HRde hheed 5d d‘e‘EinbcITbsf NRS e bARNG of?éi?a‘éﬁ& {n¥ and
10 weight % AI!! Oher Si: i atios may be used

extincSH B BITRAH (Fgﬁgtsax%%ﬁﬁbl%tf&[ﬁgﬁomﬁﬁé ks dnsmlissiol: lo@éggxgl}l{u’fbnon In

appr oxi nat e top SI Icon oxynitri

a tempeﬁg%ﬁﬁ%tg Itgléﬁe 1g§,lst 1?,58113\}\1}% %er gglﬂﬁt\)egfﬂet é’i’lq%gla{%hog 10.’:1’3l properties as

aniirefl ecti the silver The material is chosen,
well “rﬂﬁ{ﬁ‘k“?é"f‘l ‘?‘Hlag%f?l{l Ao ES har ri er properties and
hardness. It contributes to the protection of the

[0048]sj | verU-S b%qtmmgrﬁ@dpq;oyp%ﬁgd fretiiscpplisation 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 refiecting material (silver) and one is an
optically absorbing material. The optically absorbing material is described in termms of a range of

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

13



[0061] Figure 7 depicts Index and Extinction
coefficients for silicon oxy-nitride The indices and
extinction coefficients plotted on the graph show two
stoichionetries of Si Al OxNy. These represent the
approxinate Si Al OxNy stoichionetry upper and | ower

! f
rar R N S B e g
s Figure 8 depicts

d fall h
metal gbér}%ﬁ F}%ﬁ{ﬁéﬁalgp Wgafn ; e gx{g\é\glaq%{})gg&ps}er)élw‘c@( ,%Blequirp/ metal /

tacks, [ 006 preferred enbodi nent s,

thin S%Oérd%éfﬂrqﬂee (pranjed) 4 A Iﬁaraﬂ &8 cah af dhpactto ﬁneamee}s@mh@ FRiaVmetal pais
are between about 2.05 and about 2.4, nore preferably

is prefsepiyesarinfpedieliscting anial 486 the oPiBr is prefoysbbfaprabenbing metalfic
enbodi nents, the dielectrics have extinction

materigb eflfsi loW@ﬁbsorhiﬂg Bifaiie thtialangy teatereibad baboival @namag ranges
about 0 05, nore preferably between about 0.01 and

similaatotibscGeDRith Q06 3] PhtinNa Q4B &m0 exbiieatockita®itor tyblal materials
coating farther conprises a nucleation |ayer between

opticaﬂ? Quitablesds 164~ %'aﬁﬁﬁdr@mhgkﬁt%d adgd BR dolilsst BGed cﬁ%ﬁé ddtR pABented
ternate preferred enbodi nent, the coating fiuther

in Flgcsmﬁé ?z?ﬁn@d SREOHERHG] oﬁq;ﬂgegg J’h gx ﬁ%dﬁ%%ﬁ%eﬁ'&ﬁ%ﬂ&ﬂ 1to

dielectric Iayer and the se
sbout F-g%fﬁ‘e it lacféé%ﬁef ity BbOFpLhE @ﬁr tﬁ'm%g’m%fxl. 5 v o
extincti ?qﬁ;q gﬁ 2 Ian&te a ao\%ﬁvoa e&g{h{ﬁ ég n%?;’:‘{qr%glgc{quﬁ Z?é i abop];]é&J % for the

eferred enbodlnents the sputtering targets used to
metaﬂereﬂ&é%rbrrs shavey. cinedsiipnal ditrrtha Ay e gesdan helping tadefpe the
layers that are ZnAl Ox. [0064] The barrier |ayer
range pr witekle satanials Apthpnfan tadyaiphs Whaﬂlthaekpcﬁitl\terﬁéomlaa’éifemvm’ﬁns
sputtering the dielectric on top of' It al so
charactarsiio wesldtdirtingiiginthe adetadlior mbtictialt ﬁoﬂn)sub@aﬁdds ahd hitgdes hich, when
di ffusion of aggressive species |ike 02, 0, H20, and
similaf¥aplottbd it hevd SeboeiaatipiRnssonkne barrier s

transparent.. The barrier can conprise, w thout

[004910' m t %'a%fez%@mbo@ingn@éf thg_ﬁrgéntéd}{, &N fvin Mglg 1% Eboedin a

r other netal or netals, or subnitrates o uboxr

very s]%)elgﬁ‘[ ﬁg% tio Irx%@@t?i%li eﬂ)ﬁ?%éﬂ’é bﬁ{nluzg‘ thke) 1%%%%813%'\]@8?? \Léaﬁljgp lg%é%{ooﬁant
oy R SRR B B S

0%to gS@b Thernal durablllty for the tenperable
and 9@F§PBH@ $OBhi s i nvention was i mproved when the first
Ni CrOx | ayer contai ned about 20 atom c percent oxygen.
[0050] 0065] Earh ef &ipebsorhing lapeye peeferatily hasrachighieds otabouh&l emao about 8
positive inpact on the chem ca
nm. Iftwo absorbing layers are included, the first absorbing layer preferably is thicker than the

second absorbing layer The fiist absorbing layer preferably has a thickness of about 1 nm to

about 6 nm, more preferably 1.5 nm to about 4 mm  The second absorbing layer preferably has a
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and/ or mechani cal stability It can conprise, wthout
limtation, C, SiSn, ZrSi, SiSnQ2 or suicides.. It
shoul d be noted that this nonenclature is not intended
to refer to the stoichionetry or atomic ratio of the
different elenments. For exanple, ZrSi is a sputtered

e X LT R

R Ay LR e N T

dielectric is an oxide, the topcpat is preferably_one
alternatsfentindiratrinibe rspRs 304G e e ol vt by i €0 pepdher
such as SiN or SixAlyNzQc. Alternatively, when the
alternathi epttedtmént, the fzst stisorbingdayst hasrp thisimess of 4bgat 3 6 R e prathmt
is chosen fromthe above |list, or can be an oxide (fbr
alternateShtdteenfr B2 secodt Ss@Ring Snyephasarthicknex pfyaboTi @2nwy ot her
simlar substance, but not |limted to the precise is
[0051]St O Clh @PeEérEddCenibatiin@gis| e diskdirhdneingach vdppeafietlyedmprise an
‘topcoat is carbon, and is used preferably in a

oxide, &E{H‘lﬁ&%‘? L& ofey-Qftut VolbHniaNBel 1S Er Ofprisdd @R oRidetat bXigs is
|1 C

is typically be sputtered, is preferably about
i gl b f 2 Zhst Mot SIPET thidet. PIHRGRER may comprise
prefer a?bgg%)é\%tgjleﬁ lﬁgﬁﬁ%ﬁ Laf'zﬂ,san%‘ﬂ, 2 YE il . ¥ comp

ternate enbodi nent, the invention

provides a | owem ssi vit [ - r 9

No:0sL g3 PR P rER gD el AW PR e BRI DR SR
a first dielectri.c | aye havj.n thickness tip. t

clemerish 2251 A BrBFE ST ol MO 3S Aoty e jgymeke
| ayer having a thickness_ of about 8 nn1to,q§%gt 15 gg}d

silicorepoiier tar dtmeaniietive aJiben p iplsqhicdateh FORPIESE 2 BRUICHRI SR OBy THCe,
run to about 4 rim a first absorbing |ayer having a

the nittilé ckoesEtalk cabbud niGid2 on nﬂ-@ltmﬂﬁh&@lghﬁ S§ @iz Bnefher suitable
dielectric layer having a thickness of about 40 urn to

nitrideAR Q- nFBidé that achiesechndesied tifiyeer Sivakilpgheanitrideior kxesigridsfmay
about 8 nmto about 15 nm optionally, a second barrier

comptli£¥1$ o BB RO Wit fefeleBBSH t8fboa 0 wiydbi hn Wiemeh suwhas sl 41 B, or
nun: a second absorbing | ayer having a thickness of

shnﬂaﬁ%&i’ltele ae%{iﬁrﬁ(a%&g%ﬁtefgtaf Peorudtiier d di el ectric layer

ng eSs of about 10 umto about 40 nrn; and

(0052 ptio ngzltér%%rréad &ﬁt?o%ggénté Y plé%‘efelﬂ)ﬁhﬁﬁf disehadi am?l@]%iﬁtgd in, for

he co conprises a nuc edt1 on ayer bet ween

fast di ic | d.the first .Ag.l . the..
exemplndTBHEY b myL oo Hbee Pk e i o SRl s

bout 11 | till f di t ]
Mote DoAprEas! fies Si i ciseI(bir SUHORSYER bot SR ARE SR b

dielectric layer and the second Ag |ayer, the second
Variomulvesttgasman by eshidied isig Bich Frosieirbimedac lapsat FY sgihpleo

about 11 nm A stack having a first dielectric |ayer
{0053\ th a1t hi ckhedposfomabipiton? SiAlsputies tasgaty is digheyif {he target surface

sui tabl e for tenpering.
chemistry is sub-stoichiomettic Sputter yield for a silicon rich surface is higher than for a
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[0067] In a still further enbodiment, the present

i nvention provides a lowemssivity coating on a
substrate, the coating conprising, in order outward
fromthe substrate a first dielectric |ayer conprising
Si Al XNyOW and having a thickness of about 3 urn to

: f.Lrst,. nuc ion |layer conprising
Squa%b(%ﬁ{)? Eﬁé 5}3}1 S Htdedioep ct‘ﬁ aégg%fle%%&??@e £5 AV AgEpE T
nm, 1 i rst | ayer having a thickness of about

Imm%gﬁﬁ?aﬁ% ag]&‘@tﬁl Sﬁ%dﬁﬂ?m%}”isﬁoé? eqgaPiRicak | ayer conprising

Ni Cr Ox _and having a thickness of about 1 nmto about 4
[00541un;  a2fir sthed ?fbil% of thyerb-slaiepionmsiriagi trideCnllemntdy dielectric

havi ng a thickness of about 15 mm to about 4 nm a
layersfheidwe elcatesphysicel thivjesss Goipr sasic rogticaBiAdBEONb ek oot material is

havi ng a thickness of about 55 rimto about 75 nm a
consuseed ovidn quis bemhioatetricly®ts are O6HREItE NG afOA IHOLISRMB 8YH 0 1un

a thickness of about 3 nmto about 10 nm a second Ag
moze bfghtly havi ng a t hi ckness of about 10 urn to about 15

nm optionally, a second barrier |ayer conprising

[005sNi Or Ox3and g/iiBger dnded 'dfe!l%@ﬁ§§ @ AR QL2 o1 '@i&;giﬁgﬁ’e%&icé‘l

nm a second absorbing | ayer conprising

chax aBé&Yéﬁ@&a@th% se&Bes degi%ru apeUtaL-chiid £y h%sﬁﬁ%%tn \}'a%g H%legt%n Bay be

hird ectric conpri si ng

more Q&ﬁyonﬁe& R T L R AL

he second barr| er layer conprising NNCrO is absent,
Stomhéoénetnﬁ%’fl ¥ H&Ssecond absorbing | ayer is deposited
directly on_the second Ag layer. As an alternative to
[0056{ he Ni€r neSurstyishipmetrisdaverdersie avsi hetjet copmical barrier properties
co-sputtered NNCGr and Chromum a NC/C  bilayer, or
than stpishicapoe Biclegirigs ayhisefiats for a mbtemhemiy e steisie dnddomiokies resistant
alternatives include, without Ilimtation, a nichrone
tow-e afatlo yCaromsprel chem@aBayeNess Gkeliy @b teach e MukbrabR¥RVer1dyehi ch
the Ni:Cr ratiois graded, a NNCr | ayer reacted wth

0057]i t rogen t orfeQipitAlabiohition @ theduslylonl AaE
[ gbs orbar | Conpp}ﬁlbsﬁn 5’1\%}01& fhe C}.‘l Richloich ce‘??lﬁz'éﬂﬁ@é helps reduce

e
the txaﬁ?ﬁﬁs%lﬁhe %%mfs?#ée%o?&él&%% géfli] gc\)/ee(ﬂ%mlergkgag%w Cﬁ';]sta%l‘: § Etozchmmetnc
for oW e Si.vit
dlelecﬁ Lté?l&lié Bee (%)t cnlhg ﬁ)%ng i} }ﬁ ev1s ]%}3{"1? 0 &?BFH%?“E rﬁl aledy
Th der toutvvard g t he substr teafc?st dlelectrlc
us, %W eijaly fqdipe wa‘l SRRTFEI PR o ngt tend Wy intepfore Aibythe igfrared
first barrier 3{ a first optical absorbing |ayer;
16ﬂe°t§’e§’é%’<?ﬁ§s@ﬁg16étlf@f @’qsayer a second nucl eation |ayer; a
second Ag layer; a second optical absorbing |ayer; a
[0058% hi r d Mriel eserbirlayeaye optisatly alpsoitimgin/bpth disiblepodatiared. When
| ayer, preferably scratch resistant. Layer thicknesses
metallipreatasalties oridde doduer eanamiskion & pioed-g proddet, 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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20 enbodinent, as illustrated in Figure 10, for
exanpl e, the coating conprises, in order outward from
the substrate, SIAIOxNy / ZnO/ Ag/ NNCOx /| N Cr
metal/ SIAAOxXNy / ZnO/ Ag/ NC netal/ Si Al OxNy /
optional topcoat. Therefore, in this enbodi nent, a

[005 % econd e d0Rlies 138 W&Qhﬂ%r Llﬁnyﬁ&cﬁ.lémgﬁg %gid%? %xy»m’tzid%s and

irectly on the second Ag | ayer

nitideSTREH ?ﬂgF S44-engipened without such tenpering
or 'hea reng

eni ng cau3|ng degradatlon in the stack

ayers.,.or i.n t tjcal t at ed
[006@ubst ? 2Rk stport G PRlop iR i Rk S Ehegp low-e
en when such processes are used in connectlon Wi th
stackp @Vq,()éyﬁ@g Rt yO “i‘dé tios|ipay begged i Ig gowg SWWIW@& the atomic
tenperability, this configuration (in which the second
ratio PRGN isapBIoxiBRiclfSHBo iy The prisiliase cwimitide ddesichang
| ayer) exhibits inproved nechanical durability It has
primdyp &mctiomised optisad ittéréirense layer, appbapsiibuteh® thagitizefldcton of the
tune to preferred setpoints with this preferred
silvere rMihe diateial is cAsseayhoalev @t mataitvier itsthatifre piipEiticieidharditsd ITe
second absorbing | ayer; co-sputtered N Cr and

contrfBRf0 00 UBbrodechibib! &k sibich, BOEH meddbniodlly ABSRERIANG, gr ay
metal, or aIon may be used. Further alternatives

[jOOGlJ nclu d %1%%\4 ' : iﬂd@?{ &ﬁf E}Rﬂlctl&l &;‘effﬂfe‘ﬂ&%o?él oxyﬁntuﬁe The

onpri si rati o, [layer 1n
o N
lndlc%s: atnﬁd\’rextr 1%'{1{)19 #e%?%élﬁgﬁg}{&@o”hggr gﬁ%}ﬁ Zs&%?lﬁgﬁ%ﬁx@s ?f SiAlOxNy.

Thes%%%%rﬁ% e T wgmngﬁ%at woild be
Rat her prOV|des | ow-em ssivity stack co i Si.ng

used fos Jey-gspEmea b3igiBiomyty 4gtdhe pefered @W@%@Qgﬁlﬁaﬂg W&B]RI fall
bei ng characteri zed by a solar heat gain coefficient

betw{e8HIGEE} tdhetireinss | BigaretSriepickizpproxnagaprefsred o dabigiupsefosSiAIOXNy
than about 0.30.. In alternate enbodi nents, the stack

in low-actagkkes a gl ass substrate having a thickness of about
1/8 inch and exhibiting a Iight transmttance of about

[00642% t O I@fiesired @ffbodilintd) the diBRE@EcENEe HA®RR bErefiabitnSh 89%m that
has a transmittance color with a negati ve a" and a

are b&@rgﬂ{ \an.ect Pd5 and%%oﬁtopﬁy 911018— Pl%fe.'r aﬂ)\f}eﬁgt%% & Hﬁttj‘ﬁﬁndpe{bgﬂﬂ Zd?SIn

of making l'owem Ssivity stacks having a

Pﬁfﬂﬂ% R R e el R o QGRS @*ﬁ%@*‘%})i’f@m

zbous a@%@a@%‘ PG S Aoy S SO hem cal
apor depositiaon %eghnl ques The details of these

[006}]6\0 hni alhégxefened embodiment, the coating further comprises a nucleation layer

between the first dielectzic layer and the first Ag layer. In an alternate preferred embodiment, the

coating further comprises a second nucleation layer between the second dielectric layer and the

second Ag layer The nucleation layers improve the properties of the Ag layer, and are typically
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are well known in the art and will not be repeated
here. Suitable deposition techni ques include
sputtering nmethods.. Suitable sputtering nethods

i nclude DC sputtering, using netallic targets, and AC
and RF sputtering, using metal lic and non-netallic

can uti 0 putteri
based %%'? kiferyeite G Baltor s A HaRE: R RenSPUEL 7. g Hmgon. AL
reactively inr actlv as he total gas pressure
Sn, or ea?mb@aw thegphh dppreh dﬁsﬁgaglrferltﬁrﬁl%a%ﬂ%ww&sow?f fagigposit
preferably from 1x103 to 1x10"2 nbar Sputtering
ZnO comhinagesxtagielh & SVnAh viellilare oo 2610200 Vv,
preferably 250 to 1000 V. Dynam c deposition rates can
[0064]be i n Ehertmnipe layér drotocts 26 ADlavd @Qainshatia/oflwadssma when
preferably 30 to 700 nm nmm2/ Wsec. Coaters manuf act ured
sputterg theytcdicynsbeoamit Grhlsb whgrhvesthdeemuahbenislify cdnl2@ig the
Z 5 H 13-22 and Typ A 2540 Zz 5 H 20.29 are suitable for

diffusisR Bl 4@hessi98 Beict iIRYOS, e 0| &id My4e ITn 6 PadrbridiSen®odinhidt, the barrier
present invention. [O 71] As indicated, the nultiple

is tlan%ﬂy L8k STRS baiidy &8 cdn Ifsg Giki\W BRltSInY NiOk, Rﬁ?rbxn'giﬁif Ntl(BL?\IXOy,

sent 1 nvention g}OV| de greater efficiency in

NlCﬂ\%e’ﬁl eCt ﬁe{l gne%ﬁof It%tgfggf ar bmﬁ s & st &g@ﬁ@&r@%g&gﬂ ﬁx 51;1feft=:ﬁed ba:rner 18

ransm ected wave

0SSi Wit h i ngl 0072
NCiChult pridyeb agf‘wﬁaﬂ%ﬁ%@%ﬁoé eobrPrFEiR ik € Hy Pofiprise
deposited on and is mnechanically supported by the
appr O@W@b’r L te 60pivanis DEeTt Q¥R U HEEPYelG é@l%%P%c%ﬁWgﬁ’? i from
for the coating, and influences the surface topography
20% t@f 5% h&hoost dwghilityTor thejanmeyeblea veaiesios diivnvetionywas ippreved
l'ight, preferably the surface of the substrate has a
when the figh DNESs0t Bsa chitained fwundy gbmigidncenf oxykdre | i ght.. Such
a snooth surface can be forned by, e.g, solidifying a
[oossyrel t - ofhd dpeiosdbskcoali€inclided 28n Barkesitpositiee Bayachien thByhemical
mat eri al having an em ssivity that can be | owered by

and/oxtnlﬁtecﬁ%lzél Il BY Ig%tcbﬂﬂnsé)f\mﬁﬁ@: IREIRSISALC, ISMME IES:08iSnObr
architectural aut onoti ve applications, the

311101de 2 %?‘ éh{oﬁ dq?e u%ted%a% ftlﬁ§ ABhoh 8ﬁ1t|ﬂ@§sq{olt ﬁltegl\ﬁ’gﬁ T tﬁéjﬁﬁ&hgfneuy or

ertires an mnlimm a sorptlon I n
f d .
s ey P B R A
d I da-|i | d | t
T O, KON RN T -

substrate materials. [0073] As used in_the present
The topprest bivicelly hesr coah@vn&ﬁ@tur@g?@mpa@é sihe spdeplying digdgetric. I the
"deposited on" neans that the substance is directly or
dielectrinds areatitly tleppppdoeids atedorably hee ofdhestome pdterialgcar alrfitride o1 an
applied indirectly, one or note |layers may intervene,
oxynithilé,tshex AERiE or 8AA9Sz@d. heltatha® clynethaathe diglettnic is a nitride or an

oxynitride, the top coat is chosen from the above list, or can be an oxide (for instance ZrQs,

Z18i0;, Sn0;, o1, ZrOxNy, Ti0; or other similar substance, but not limited to the precise
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descri bing coatings of the present invention by use of
the format "[substance 1] / [substance 2] / [substance
3] / or the format "a first [substance 1] layer; a fast
[ substance 2] l|ayer; a second [substance 1] |ayer; a
second [ substance 2] | ayer; ", or the like, it is neant

stomh}ali%'in&%ﬁ 3 ‘f&ﬁfbf‘é i €A oﬁ%ﬂ%ﬁ%ﬁ@oa‘t %J of brogcgnd}ﬁss ?seﬁ ‘%eferably ma

I rect ep03|t to the' precedr ng Sub

RN R T PR .
ntext aof arc tura MAndoms .g, IGunits),
prefer 1Y BHRSE BRI brigs 3% Hyfhsﬁﬁ@ﬁlmg eS| o
application.. Coated articles described herein may or
[0066kmy nokn aselip@ate ambedimst, th Teenfien mavidesalogdémissiviey whting on a
this invention.. Figure 5 depicts an enbodi nent of the
substitenibn cdating somprth itf grlenpsiyaril fromrthastbetmt b fiest dicleotriedayer
vehi cl e application (such as a windshield or simlar
having atlickata)uplio abdue 25 hin| preferablya tenboadi2wnt; 4 fast QAN Patife a
accordance with the present invention is included in a
thickn8ds @€ Kboublsiredltoadhs 6t 150RN i B Q Datrikd 14 ASinE WBLERELS BHE (31 nm to
pol yvinyl butyral (PVB) |ayer. The coating can be on

about ﬁ hg bigrg b &hGEL lag’ér Habﬁ 2960088558188 ut 00 @YU kdQdul § 1 ?]% feﬁond

facing the PVB 2 007 CErtaln terns are prevale

dzelecgﬁ?grﬁi ﬁg’»ﬂ:?% ﬂﬁ&ﬁgss% %Ju{l% %.{ 175 &ldl QEécX?&’QS ﬂuyex having a

e proper I'es an far fanagens

.,_ch rlst of, .coat e ass ch t are u
‘fhmlmﬁ%roé- of %ﬁa&f&é&w’?ﬁm{%ﬁ&. bR it e s of
as used herein: [0076] Intensjty of reflected
about 9.1 gﬁﬂbﬁ@@‘bwéveménffg%eﬁm qprbing layet havgyg adlchirseof absuidht prde
its rcentage and is reported as R Y or R
about § imne a ﬂntﬁﬁ@emlv Hyederagethicknssytigbowi 1O nnetol dbewtdfiom; end
in the case of TY photopic transnittance), wherein "X
optionaly, @itbgvent 148t Tnor fuaghassbsdicent the 'déétixfgm’onfpixﬂsm agiudieation layer
"dass side" (e g.. "G') neans, as viewed flour the

betwed ttle fiod dichen il 1afs aslths Hifsa @ 198N 0% hielchied lagh hawhi € thididess of
coating resides, while "filmside" (i.e "F') neans, as

about ¥ EWB b aMrkh e $isHR f@ftet HRbARASS, ths b@éﬁlg 8B ls i
the coating resides. [0077] Col or characferistics are

O BRI S 0 1 R UMl
nudea%@f? B ey B SPHEBRNE Feober bR APt i s
dictecip I wea&% i @ngé% %@“ﬁa%%%é?@ﬁ %q(fg%@%@aqe@ﬁ%mas by
00671 " S St Rhther embediment, the present javention provides a low-emissivity
coating on a substiate, the coating comprising, in order outward from the substrate a first

dielectric layer comprising SiALN,O,, and having a thickness of about 3 nm to about 25 nm; a

first nucleation layer comprising ZnAlyOx and having a thickness of about 3 nm to about 11 nim;
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signify the conventional use of the Hunter nethod (or
units) IIl.. C, 100 observer, or the CIE LWV u*v*
coordi nates,. These scal es are defined herein according
to ASTM D 2244-93 "Standard Test Method for

Cal cul ation of Color D fferences Fromlnstrunentally

e M 8, RO S5 oSy 15, 407 s compri
i S0 0 B L RIS TR

and/or as , re ort din

NiC: R 7 QBTG SOPUOTO PP A aaao@f%v Ty comprising
em ttance) and "transmttance" are well understood in

SIALI/D #nd having adeickness ofsbettifa pay f aBH dF drhg SEOnt Reflpatige faver
known neani ng. Thus, for exanple, the term

comptisingietiyOk and eavires iigknpss afigboybd am to pbgvs AP nmaAseondE daver
is made up of visible light transmttance (TY of'T

havinj a thiclindésrodaBsht @0 angy abowans mid; bpivmelly, ERpsond hdnier layer comprising
ultraviolet light transmttance (T"v) Total solar

N1CI@;E‘ S{IDAvIne ANBk ik PECB ot AR fo BB0E Aith; £&QomEabsorbing layer
characterized as a wei ghted average of these other

comp%égﬂl%ﬁ?& an%ﬁ@n%aﬁﬁﬁ&tasstcﬁ ab 4188 € ik ANSEhitA DRGES thirdidfdldeb:& layer

a snrttance be characterized for architectura

compaflﬁ'rg glsAg ﬂ]?z{ Wledslof abo% ﬂ:tg t(ﬂ REH280 haC Y o&'&i@mally,

ance aracteri zed

aut onof i ve b he st ard
topooa i efeﬁrf{ 3@?@% o, Qs L ad g g AR G
: 308-95, incorporated hereln b efere

so thag theps@@@éa bippiegiiy Aenpsiéecysieett heth thp S?Cﬂ’t‘f églaa’ﬂr ar#gaé‘ alternative
(i.e. 2,500-40,000 nm is enployed. [0080] "Em ssiv

o the(NiCr ewial frethe sscond sbsoting layey, ogpaitgrbiGr gnd Ghromium, Nickic:
characteristic of both absorption and refl ectance of

bilaydrj @hity absogiinegayaeel englohsiay be used  Fodberlajfeneipres yehdedvithout
by the fornmula: E=1-Reflectaneef mfor architectura

limitd2eh ROS&Fome Bl o!lrtp&i)tm‘gahmﬁ ChadoreNmiliver innqdock @aiNiiCn ratio is
the so-called "md-range", sonetinmes also called the

nARORAES with fitlobk @rfSﬁln SREBK! A a dual RyerapaeHl absorber
ga&ﬂ %%ghl%ﬁ acn] for e%anp le, as specrfled bg t he W NDOW

compEgllB% &g@%@p Wﬁ&é‘tﬁ%ﬁﬁé rhetdl 3%%)8 F%mﬁﬂ@”o?ﬂ? endier kel ey

ories, "as reference The term
M ssi Vi as U ed h e|n
10060 s VF £ 5 QR heg el § rr%ﬁﬂtrr“’?%%a‘s?lg%%@ﬁ i figuo,
specified by ASTM Standard E 5? 3 enti tward
for exampl @ M omEILKEYIGE OF 85U EASUPT ﬁ‘@a it 8“’%‘115&% étt g outwar
Em ttance of Architectural Flat d ass Products Usj n
from Reecitbhetera Esiviielsgivie s & firstRpceadpn g @ firsh Ag lpey 2 st barrier
provi sions, are incorporated herein by reference I n
layer} dfist Gtiandhsabing hiyss irwtdopd dislecisdtcsd sagpnd meﬁlﬁewnéw% alsecond
emssivity () and normal emssivity (E").
Ag layer; a second optical absorbing layer; a third dielectric layer; and optionally, a topcoat layer,

preferably scratch resistant, Layer thicknesses are as described herein. In a preferred
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[0081] The actual accunul ation of data for neasurenent
of such emssivity values is conventional and may be
done by using, for exanple, a Beckman Model 4260
spectrophotoneter 25 with "VW attachnment (Beckman
Scientific Inst Corp.).. This spectrophotoneter
neasures reflectance Ver sus wavel ength, and fromthis,

enbodimenjag iljusirpied wAiEP AP-d6r Semmly. th@@omrce@an@ps,qsvsﬂer outward
St andard 1585-93. [0082] The termRs"i", refers to

from thesubstissl SAlEREY §Yne éAigd dtigr e/ Yighrassal ¢ BtdOrdiyé ZnY,/ 2aqvNiCr
is a weighted average of IR reflectance, visible

metaly SEA KOG optiomh thptht r Ebdrefotepitctbis elthointert, Mec@YBBHECT metal
cal cul ated in accordance with the known DIN 410 and | SO

absorBid 8 el Ddemvhet dikk89Bdn hakb@nd Aglayer. 2id éi’ﬁbo@ﬁﬁé?ﬁ'ﬁfaﬁi %@ tempered
applications, and the known ASHRAE 142 standard f

or heakGHgHRAE AN Rhout SRRItEER N8BS hedd O Jh[g@)o]élgl%] hzﬁ%gn%rd%gr adatmn in the

i ncorporated herein by réference

stack %2@15 %?ﬂl tﬁ? Oétfya (ﬂ%ﬁlesl'dfglll’gc ngﬁf ﬁ?s?tgte OP ﬁeﬂ"%‘ﬁé t}gel 0r C?d.lfanow cks

uses a contrast erm aze

cordance ASTM 003, whi ch d fines
wrpioal 8 A AT ERS Rl SRR Wi o rosp L e o
thro vi ate om the. incjdent bheam reater- t han
st b O e DR QP SRS S8 iy e AR eing ayer i
herein by a Byk Gardner haze neter (all haze val ues
directlyedeppsited p fh?éa%qyfié*eg Ipyer serbibits imprpucdrneaeniog] durpbdityi & &es been
as a percentage of light scattered). Another term
noted glsp ltlmy edlohappedrnic s easibctetiuneds pstfarsdetipoinSivat this preferred
resistance (R) is a well known termin the art and is
embodigedt. ey @i alteinatiecto ohalsitrenamltif thetsscont bbsokimyiaydapanipifered
It is here reported in ohns per square units.
NiCr &R EH:8hltn, SREEKITN Bilayel) 08 akyPbdbb i@k £ th&all &eanb? %ia%rﬁoa RERI.

in ohms for any square of a |ayer systen1on gl ass

Furth WRSHEAE ]ﬁc&d@nwﬁ&o%@m&ﬁt&u&luammm&m Jaﬁ sﬂ&ggiﬁyg\p : 1ao, &

[ ayer syst em Sheet resistance Is an ‘ cation

NiCr féﬁér mw,ﬂf %Vl@{ CI?lratlé a. 0§ %déaﬁy%fg ch]l%}i%o{ 5t tlec? oggril {?r gTéCrNx,
ot s RS %g%%‘lﬁ{}%é;ﬁi@ﬁm%l‘gﬁ%ﬁ' R o or

4- poi nt probe ohmmeter, such as a di spensabl e 4-poi nt
Niand €&j stivity probe with a Magnetron Instrunents Corp. .

head, Mbdel M 800 produced by Signatone Corp. of Santa
[0069_0 ar a, Tigxinygntiop @up@mmd\em@m eralssivitr fidsiIcomyptisiog at least one

"chemcally durable" is used herein synonynously with

absorbiityelayer e dfw-amtssivith endiciading chamsiest@lity'a sotar heds @b eadfficient

stability" Chemi cal durability is determ ned
(SHGC) that is less than about 0 34, preferably less than about 0 30. In alictnate embodiments,

the stack includes a glass substrate having a thickness of about 1/8 inch and exhibiting a light
transmittance of about 42% to about 46%. In alternate embodiments, the stack has a

transmittance color with a negative a* and a negative b™*,
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by an i nmersion test wherein a 2" x 5" or 2" X 2"
sanple of a coated glass substrate is imersed in
about 500 nil of a solution containing 4 059NaCl and
1. 5% H202 for 20 m nutes at about 36C.. Chem ca
durability can also be determ ned by the C evel and test
r the |lnHth anmber.. tes as. fql.l ows O evel and
(00708 anber B progidssingiiods of TRy Sackphaving a
6" X 1 2" fo thIS test. The water is heated to 50C
low SHF?C pdeanbedibe PedATs iarpdpa denositig pr agrbsprardheqoatigs dekaibed
F +/- 5F). Sanples are placed filmside down over the
hereirh Jhedevevein dhe taltiFayer optings af Be pesaentiimention ah be dpmsitedsby
the sanples are covered with a thick |ayer of
convesibmubpiseitalvatiehemicAls apimiep i ttmriedsiigies. tTihe detailest kst p8hniques
down the face of the sanple and new condensati on forns
are wilkriohi@ i g €and WoU ROERSeskawd here. ISl 8&akitioN techli§ues inctude
sanples for the entire duration of the test. Cimtic

sputte@i@ﬁﬁ%d@%ﬁ&iﬂeﬁ g A8 RcIAED  Whinttlowe Jsﬁﬁg%&e’taﬁ%ﬁaiﬁets,

for this test. For the static hum dity test

dab Bt ] -

e 4 2&1@%2% ki AL S n'ﬁ?fkﬁl&a%&%g%@. A8 chllize maggenn

spuﬁe@ng FLa LR Z%éf SRR & PO T R R eas

Ssivit and film sj.de reflect|o are ngasured. To

The i gewraf%Y B8 M B e LI Srle e fersply fom
JJes ze To calculate delta E: Delta E = (delta L*12

1x107to laé@ t abap Sputteriggrelipgponp by f1pa rapgiefiemi2R8 ty B0, prefersbly 250
and b* are pie-test ninus post-test nmeasurenents,

to 100000 8BYnafwc detositiontasesyen beint 2 ehgaufdidnn2 B 4980 vintymidé sec,
this fornmula: Change in emssivity = (E post-test - E

preferfiile 30 s 1OV {rEghASW - scc Kjiratrd wstufactubdOB0Eybo MG Sams GalbH with
durabilility"” as used herein is defined by the

modeliRkdtRW TS A 540 Z 5 TIES- 2 2&dd TSR 8540 £h Tohs e abasiehAddsputter
brush tester and Scotch Brute 7448 abrasive (nmade from
deposBn& ¥ dhliltilayer coatings of the present invention.
(0071} 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 reflecied wavelengths, than is possible with a single layer of silver.
[0072] 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
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adhered to fibers of'a rectangul ar pad) wherein a
standard wei ght brush or a nodified brush holder is
used to hold the abrasive against the sanple. 100-500
dry or wet strokes are nmade using the brush or brush
hol der Danage caused by scratching can be neasured in

subst il B ot B @ Tk B8 g P 3L bl op A0 oy oating

. the immer.si test. gr heat freatnent. t.o e the, .

of e g pgp RS Ry B O B AL BE R PRI e bt
using 200 dry. strokes wth a 1:35g | oad on the sanpl e.

referphly v VIChIPF BRSSO Ab oS et B e T 2bsppidien T the
aggressi ve abrasive could be used if necessary. This is

visible aed erfar-itfersidpasitaageiens wierg fp §01@ree§1ﬁr,‘gya%?9@ﬁ@mﬁgedo(ﬁrystﬁlém
| evel of discrimnation needed between the sanples, the

quartt, Gasdd aiidd, eodz218me kidicaie plasrand hlasticsok g spadywurtiveatasjndscadate, are
nore aggressive test could be run for better ranking,

all prdfaged ®peaabideiitly of the test can be checked by running
multiple sanples of the sane filmover a specified

[oo73er i odAskLeRBAkhIieschedphBificdionlthd e@atage Mepositell 88" or “deposited
freated" and "heat treating” as used herein nean

on” n'g:%gstt}age{gl%iﬁ% st%'liéeiig hi?ecﬁ? ofinkEIRG LA %.b@»téftﬁé'ta fr8Rced Ryer . If

ermal tenpering, bending, or hea

.St. heni t he alass inclusi ti
apph%lel;lﬁ%g%%l?,go%le Irr}% Eq%%edlgge?s %@?ﬁ%ﬁ:ﬁé«%}% | Eﬁ@%ﬁ%ﬁeﬁ%ﬁ%@ o%_%gfisee dmdwated, in

article to,g tenperature of at | .east t. 110 r.ees
descripingcgaiges b thy EGSREAP UGSt h\%%gfgbagﬂgﬁbé?&“%@é HEHLEER 21/

to 700 degrees C) for a sufficient period to enahl e
isubstigeap ng o Redermis s BpERBHPHo1 O R s BapDDGue frigeond

term " Sol ar Heat Gain Coefficient (or SkEI3é¥é"g") S
[substeetd 1 IKmowre seepndHeubatence Hayer ef &rag tholike, Hiwgemngthgt cagh guccessive

total solar heat gain through a wi ndow systemrel ative
substiir@e ihdrecilynei iddindetly depusitedashit@th precedif ®O®Gmden| ess

ot herwi se indicated, the additional terns |isted bel ow
[00748" € | niRade ditdcl:s Redseding aliffablt@wbb@inRa il gsinythtiohingy be nsed

specification. Ag silver TiQ2 titanium dioxide N C Ox

in thegcﬁ:n%u &yar&ﬁtegiéfé! WiRoFQ M & 10 108ks)) bekRbti ek B8o@8) dr any other

rom um oxli Oxi dation states may vary from

it Qhpil afedtafl bGOIE L 61 may Db R t@he@¥h @fferent
suitalfy QbR s T B ELA IR A
embodiments of this invention. Figure 5 depicts an embodiment of the invention suitable for use
in an automotive or other vehicle application (such as a windshield or similar laminate) In the
illustrated embodiment, a coating in accordance with the present invention is included in a stack

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

be on the first sheet or the second sheet, provided it is facing the PVB.
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Si AINX reactively sputtered silicon alumnumnitride..
Sputtering target typically contains 2-20 wei ght % Al
The sputtering gas is a mxture of At and N2 29
Dependant on the gas m xture and the sputtering power,
the material is nore or |ess absorbing.. Si Al NXOY

‘ Si (N);~r.eactively sput Sial i con alum num pitrid
10075TGpu0 1 SFRE P Gt PRl Rt 7 e 0 e T PR
. The sputteri as is a mxture,of A |, and 02.
deﬁmr@é%%waa?ﬁwscmggw | Iaﬁaag?ﬁﬂ%f&ﬁ@aﬁ%s%%@ ©pgt sy RYChpEWRt are used
~the material is nore or |ess absorbing. ZnA yOlL
herein jrpegepridgce ywidibait welb Boown REUWIS Hen BRIE, asgsed kapithg
target typically contains 2 -20 weight% Al. The
[0076]sput t éntemegy gistlegedviniblet waveleogthAightane "G2lectanceh (sSkfiabddy, its
reactively sputtered zinc tin (alumnum oxide..
percenfapel bideis rapgritdasdet Y byRi (@l thy R wilweaefetaio ahdtoyic wefldbtance or in the
optional A doping. The zinc tin alloy covers a w de
case of BN PRoth$i0 MuddeliBankcb); WhbQinl XY if bicr &b @Y SlassBRR o3 PHT fo2 il Gide.
gas is a mxture of Ar and 02. Zr zirconiurn optical
"GlassGRBH Lé? "@AGnOLs, TR LRwe@ &bENES siBPBY the HlalsduBst 2t ob &leShat on
I C oget her "affect the optical properties of the
which %%f’)gtgn .trgsinjieg%ﬁlesﬁi?rﬁ%i h @%S%zﬁggnss%%%eﬂtﬁﬂﬁe@iﬁ olf'% glass
eat em ssivity optical coating cohsisting of one or
nor e rs barrier |ayer deposited to protect another
Smmﬁ*%?%wkﬁﬁﬁpﬁﬁmﬁﬁﬁg%é§ing, may provide better adhesion
of upper |ayers, may or may nat be esent. afte
[00771pr oc e SSTHGRAAT SRS HoPHFRERHLEE BROT R PEFILIETAN (i LAB 1976
function and chem cal conposition bounded on each side .
a*, b* pyordinatenandrseale & enihe IR rlB?gé*rb*t@ﬁW&@ 19rdeguee ebseryer), gherein:
having a different function and/or chem ca
donip ¢SIFt 195h) ighepesittied | ayers may or nmay not be
present after processing due to reactions during
a* is (CIE 1976) red-green units

b* is (CIE 1976) yellow-bine units.
[0078] Other similar coordinates may be equivalently used such as by the subscript "h" to
signify the conventional use of the Hunter method (or units) Ili. C, 10° observer, or the CIE LUV
w¥v* coordinates. These scales are defined herein according to ASTM D-2244-93 "Standard Test
Method for Calculation of Color Differences From Instrumentally Measured Color Coordinates”
Sep. 15, 1993 as augmented by ASTM E-308-95, Annual Book of ASTM Standards, Vol 06.01
"Standard Method for Computing the Colors of Objects by 10 Using the CIE System" and/or as
reported in IES LIGHTING HANDBOOK 1981 Reference Volume.

[0079] The terms "emissivity" (or emittance) and "transmittance® are well understood in

24



processi ng. co-sputtering Sinmultaneous sputtering onto
a substrate fromtwo or nore separate sputtering
targets of two or nore different materials. The
resulting deposited coating nay consist of a reaction
product of the different materials, an un-reacted
m xture of the two tar terials or hoth, to. th

the art ppd arempedlergin agording gt %ﬁ OV B ES; 135% pepple, the term
conposed of specific st0|ch|onetr|c compou

"ransiittomst heremsmenns soly typsmbiecenvhigh s wads wwrl Htssble hreld tippgriftance
el ements are electron or interstitial bonded rather

(TY ofeRi,p liffiged anemysahimitiswe (Tib And ylppdalet beht tensartiency (Tw) Total
alloys, Internetallics often have distinctly different

solar eR&P Bt dn@anch (T8 NG, ke bedizaictaad bd 4 welghtsd average of these other
part|cularly i ncreased hardness or brittleness the

values! ‘ﬂﬁiﬂl‘?gs%@& 1D letesSmaanids RsbRIrahenittiRiemay R hsaterized for

reS|stance over nost standard netals or netal

3101]11:66{].16’%%31&3&9{] e%len mf‘der < ???0 gt thihnldie ERIRRiSIe Bi8hdittance

unl ess otherw se noted) to a

h [whiv]

ooy S I 5 P N
nb 0068. 02 h h 4

o e 190552 5 AR G R BB B8 s o

arranged in groups wiith a dianeter of nng The test is

mnmmwmﬂapﬂ@ﬁﬂiom-&@ﬂf%ﬁ%ée(%ﬁ%@é°8ﬁ%m§}ﬁﬁﬁﬁkﬁ equal to a
fall cycle of one back and for notion of the brush)

[0080TThe saifmhiesvigr éolsmititned) (GR” e L6 arEasuss. g6 grppteristic of both
subnerged in de-ionized water during the brushin %

absorp¥of aadRctancedT LERQO Sived wavederngthsslt srmsoallyremessnted iy thegfrmula:
em ssivity stacks of the present invention exhibit the

E= Iﬁe@l’eé‘c%eﬁg i denragdantpuefRegehsiviy vases Hecamsqitstiegortann the
about 30 to about 60, preferably about 35 to about 55

so-cal A RS P g&ﬁétﬁl@sﬁéls@*ééﬂgd tHO" O a ko BF tho @ifi @l spectrum, i.e. about
ransmtted a* value which is negatlve nmost

bl of
2soomﬁgﬁra fﬁe %hii as]sﬁoa? Ohe Yo ®fef gobunarbt, abyei09s)

y about "0 to about

by La‘ﬂpng%%%slgy ib@xt orﬁ%tse?s Islgge‘lilltgedztbe]'lm’yo%l 1[118‘%1%%3@& ‘bﬁstq@%herem is

Rga* which is _negative, refera I about
thus ugqg;btgtr efer to emlsswﬂy%alues measur e%l n Hns mg ge as spec1ﬁec} by RsT™m

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 hetein by reference. In this Standard, emissivity is reported as
hemispherjcal emissivity (Bp) and normal emissivity (Ex).

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

conventional and may be done by using, for example, a Beckman Model 4260 spectrophotometer
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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; Rfat which is
negati ve, nost preferably about -2 to about -20;
) rgferably an Rfb* of _abg%z -10,to. abqut, +10, nost
with "B eIyt (sckan S5 IA N CoRe). ThiRs PR RSRROBE LB EoT o
to .30, up to about .34, nore preferably about 15 to
reflectatvo wtrs@s Gavetrgth, prdfan g9, gmipizly israyulapd ysmg therfopsgba P T™
To fiuther illustrate the invention, the foll ow ng
Standan®N595-98.1 1 ng exanpl es are also provided: EXAMPLE 1
[0095] In the present exanple, depicted in Figure 4, a
[0082] OW € TeRAkri R, 1, ScfSpO®L sdlaianey reflcamaces(glase sidd Ierdiy), and is a
forma stack having the follow ng configuration: G ass/
weighte@ aggi%épgf@ﬁ/refﬂegﬁﬁée, Aol nsbidhcdiabh OV refibdvidye Qifis 620 may be
oxi de/” 13nm Ag/ 2nm Nl CrOx/ 3nm Ni Cr/ 23nm oxi de/ 7nm
| N T0e 9% Nt 418788140 99832 [DecendiRy 1998) TANSN, p.
Calculag?#\%ya? &gg%%%gﬁgé;?g%e oxi de may corrpdrﬁi se Nb205? The
oxide.may conprise & ‘ ablYiap to
22 tor g ot P A i ot R 1 gL Bl
~simlar such el ement t ke f}htee coater target
applicgtimgnoth evhiqhhare IgoRpop LF2 PLEBSnal . Thi s
exenplified coating _has an appeal ing transmittance .
[0083Fol or ‘Wage) igdefmed g5 doligws rléé%ttdilf&@.eﬁl mr‘HEnyé{i&“‘?“& CpEFHRoss I
0.30 The coating has an acceptabl e _nmechani cal and
contrasth®he ferch "bhue'absidefingg, heramdiappedrignce pifheyS TN PhiW0p mébicyflefines haze
exanple, a lowe coating is deposited on a glass
as thaSpbasehiagh 6f light frthiicinif passing totginvdenigies fromf the insidieripeam greater than
configuration: about 1/8 inch dass/ 0-15 m
25 degiegé SFloE nGdrads LA mAY6é @aisuasd Deayiety a Byld Gmag /hagk retdnall
arrier/ 0.2-8nm Absorbi ng |layer/ 40-75 nmdielectric/
Li LR Uy RYES { hae ABRMAE 210 givin 4Niddietaige ol light
haze‘%@%ﬁ%%%%o@%%sng Iblgyer! 10-40 rim dielectric/ topcoat.
The diglegtr LiPle RS sthibe @ AR &istn O (R Ris a well
Sca“e’r?pfri el elatﬁf%%,%?@ﬁ?’?%r}? é%o?&%tu(, SAC, SIB, S Zr 7
it may contain u 0 _about 20 wt % . : .
Ko sk 5 9o oo hgRanp aopiiy B REEERm Bl is ere
the coater target conductive . The. nucleation |ayer .
coporlepr vt PR GE: e e hREAG S P g oy Htince in obms
typically based on Zn oxide with up to 15 wt % of = ot her
for anglsquuentfa leyrr lyysiem Ah 2 glBsd substrate f@@ﬁ*&i‘ qqici YRopipased frough 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 Cotp.

head, Model M-800 produced by Signatone Corp. of Santa Clara, Calif.
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[0097] The barrier protects the Ag against the attack
of the plasma when sputtering the dielectric atop. It
al so i nproves the chem cal durability by controlling
the diffusion of aggressive species such as 02, O,
H20, and Na+,. Suitable barriers include, wthout

I|mtat on, N and ot her_.
oosal ™ 3kl o LB M G NERY L hﬁ&%saffl?wuﬁv it
When |ncluded it can have ositive
the terghedrid ghemiprllyesisiam| %Ta\ch@waﬂéﬁ@b{h;ffy A@Gwcggq? a’%lbﬁdé%%?tﬂmmed
includes but is not limted to C, ZrSi, or suicides.
by an Typérsiah egt whenein n@psSAor BRX 24 sarenle phasedated alwgs sibstrate is immersed
conpared to the underlying dielectric If the
in aboth &oestltdtiacoluomconteiide 4 05HEN4@ pod &t %10, foe2lomenutsk at dwut
materi al s described above or a nitride or an
36°C. @R¥mibat dur Rty CAT albdT5d @G MRy tHe SkioMndNedDo) the blimbiiechamber
alternative, when the 33 dielecttic is a nitride or an
xi de, the top coat can advantageously bean oxi de,
test, 2B X1 0, L hout TPl et on, 100, Sracr enod.
Zr OxNy, or Ti02.. EXAVPLE 3 [0099] In the present
exanple, a lowc coating is deposited on a gl ass

Cleve@f%?%ﬁ?’ﬂ# gﬁfff’oéénoﬁt U ‘;“’!‘m‘!ﬁ/“a”%sé? %235 fnn S Al xNyOn
[0085hs o3 OB é}tgﬁ\ﬂ{g A/ Gaggr?’“%%‘n%l Q&?“r}}%w%g?is%g&ga to

1-4nm N CrOx / 0.7-2.2 urn N Ci O%%w i}g% .

50°C op PG madl the epem oweraturykent éb”c@ah’ 373 T ded; Sew leBéIe
chosen from but is not limted to 1-5nm C, 1-10 urn of

placeZfilRsidodovdr GieOthe Thged watei brgh | Withiven foweasiantes ekamppsuge the samples
exhibits alight transmttance of about 42% to about

are co4§ce/@ Wit aEas14ya bf ebndAsdd Gdter a ASHEE fhedremesiiomtatd dBos down the
and the transmttance color is gray and can be

0L By B RERs LN Boril U tHRUemple TInenddekbd W tuspRsent on
face o %%%%ﬁggted gl ass, \ztr1€he coatlﬁg in position 2, and

+1/ 2" gap The coating has

the“@ﬁ%?g¥t gu%%?%%OE%ﬁékéﬁmhanlcal durability.. The

double ayer NNCrOx/Ni G has a positive inpact in

achieving the sought after properties. Because of the

specific | ocation of the NNCr, the coating can be
Cﬁ"“ﬁﬁdﬂﬁ@@ﬁréﬁfQQh exi sting coater that is primrily

dedi cated to | owe coatin%” 't .does noﬁﬁrgguhre..
[00863peci f Pamplevitacisievarto fhe bNorkistseh £ar thhglafie ryaidity tel.

sunmmary of the properties observed in the above
humidikeshéli k98 relativkigmpidity (RI) Wik thatemperaiughtisios Spiaigen £z

le | Examle 2 Examle 3

55°C in one hour,
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Aesthetics neutral neut at neutral 30 Aestbetics a
Anfful ar stability a good mdity S a Chem cal

durability Pood good good Mechanical durability good
good good 34 EXAMPLE 4 [00100] The present Exanple '
r'epr'esents a preferred non-tenpered coating, wth

Mmmg,l}},&gﬂ%g fl@fa, in accordance with the invention”
Thi <nesses were nmeasured with a Dekl ak Profil oneter.

(0071 N nea§éi£¢11?@axg pe%mt\%all gL eisae%d 73 sI cp 'g%shue fgz meas%xse%'lents Haze,

asure e on { entir
.S yer vvasturned off in the
emss%%&taélgﬁ?? eﬁ%ﬁetnﬁ? u&?dthe stack mnus the top
Si Al QyNx | ayer was msasured This was repeated with
I39§?I§ulﬁ‘i§r‘iﬁ HBFf one at a time, until lastly, the

bottom Si Al &Nx al one was neasured The accuracy of the
Delta Hagest Pesrelsbisiazs - Pappediianat el y 0. 5nm . LAYER | ndi vi dual
| ayer thickness (nm) top STIAIOxNy 33.4 top NNCr 05
Ag 135 ZnAlOx 6.2 md Si AlOxNy 68.2. botNNCr 3.0
NiCrOx 1.3 Ag 10.6 ZnAlOx 9.0 bot Si Al OxNy 230
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.

[0088] To calculate percent change m emissivity use this formula:

Change in emissivity = (E post-test - E pre-test)/(Eglass - Epre-test).
[0089] "Mechanical durabilility” as used herein is defined by the following test. The test
uses a Brichsen 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 measwred in three ways:
variation of emissivity, haze and E for film side reflectance. This test can be combined with the
immersion test or heat {reatment to make the scratches more visible Good results can be
produced using 200 dry strokes with a 135g load on the sample. The number of strokes could be
decreased or a less aggressive abrasive could be used if necessary. This is one of the advantages

of'this test, depending on the level of discrimination needed between the samples, the load and/or
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EXAMPLE 5 [00101] The present Exanple represents a
preferred tenperable coating, which includes a carbon
topcoat, in accordance with the invention. Thicknesses
were neasured with a DelcTak 35 Profiloneter as in
Exanpl e 4 above In these rreasurerrents the top Si Al OxNy

and carbon topcoat 1hicknesses separated. The
the mugHRpIRIT P oS ap PrADRTIeG QIB%W&WW ST BT et ranfie
thereby making the top Si Al OxNy er approximtely 33
The reppatahilifyPRMTertent ganbrghosked &y mmm%ewﬂé%@ SERps oftthgsame film over a

Si Al OxNy 38.6 and carbon topcoat top NCr 0.1 Ag 132
specifiégdpb@d. 9.4 mid SiAlOxNy 67.4 hot Ncr 3.6 MI Ox 1.0
Ag 98 ZnAl Ox 107 bot SiAIOxNy 2.3 .3 EXAIWLE 6
10090] 00102} heland "abhtarchiglentt, Theprestedt smddpedt adtinghas used herein mean
el ectrical neasurenents taken of coatings in

heatin@ @O S0 &L WirhBrabR@sifiuien td eable Themal ©ivprind, badgliathehs
an anneal ed product on which no heat treatnent was

strengg]%{é%g of th%#}ass E‘Eﬁm"v!e QMR This REGAEGT inbBad, F2BRANAN |h@at1n|§ a

I ncludes a topcoat in accordance Wt

oo 0 0y O PR BRESY FIEIL S ke o o
about %9 6( Sengrgefs tCe. to %(?Or?eegrrelep e ) fol\rv aAsltllfﬁc?e%lt f):eeHo% 0 gl?ab@%%ﬂélﬁg?ﬂéa’?

strengthening, or bending.
[0091] 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.

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

the following meanings in this specification.

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

Oxidation states may vary from stoichiometric to substoichiometric.
NiCr an alloy or mixture containing nickel and chromium
S1AIN, reactively sputtered silicon aluminum nitride. Spuftering target typically

contains 2-20 weight% Al The sputtering gasis a mixture of Ar and Ny
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wer e obtained during generation of this particular
exanple. low.g A (no heat treatnent | owgT done) BB
only BB AB TransmittedY (nmonolithic on 1/8" gl ass)
44.7 42.9 45.37 a*t (transm ssive): (nmonolithic on
1/8" glass) 5.1 .51 5.3 Db*t (transm ssive):
(nonolithic on 1/8" lass), -43 1.59 4.3, RY (outside
r ef | ect anc @pPendaRia] q%% %ﬁs@%wmﬁmé thegqpﬁg%,‘)ng]?f@’% hegmyiqriag is
a*g (outside reflective): (nonolithic on 1/8" gl ass)
1..7 -48 - thove oidesy abeubivg.de refl ective): (nonolithic on
118" glass) -4.2 -6.7 -4.6 SHGC. (in 1GQJ) 0.23 NA NA
SIAINsS; 0 26 N Bi(NjAeachivtly sputfeoddediicon AMBrimiiniide SRytep8g it
1.9 Transmitted AE* (delta L*a*b*) (nonolithic on 118"
gl ass) 12. Ly,idd1asent&hse-20 &l el AN HAEDutddik bas is hatiltu)e of Ar,
(nonolithic no 1/8" 3.1 glass) EXAMPLE7 [00103] The

present Exagnl, O%%é’p%ﬁ@aﬁﬁ%ﬁeﬁmlf&e edd thBeputtering power, the
speci fications of the coatings of the present

vent | on. Bl 83l 80Pe8l Bebhgal properties of

preferred non erable coatings in
ccordance w t.h the t f Eall
ZnAl @peci fi cat ?ﬁ‘f@ VLY t?‘&g% f‘h‘l ﬁ%li‘qﬁ %L’t‘ ﬁ\mogﬁtmtmg%% el
I nci dence Col or Sp cificat o for | owqg coatings ‘
Transm ssi (9Hnt@ng§§ Si edi%ht% 451 ﬁlﬁ B H%mjﬁ Q%ﬁ(ls a*m%pgﬁg\(ma@nd Oz
b* RFY a* b* NC Rs SHGC Mn 420 -6 SIOO - 30
ZnSnAlDy 180 - 4€nctigelp sputtered zinc tin (alummum) ox1de puftering tal get typmally

a zine 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 02.
Zx zirconium
optical coating one or more coatings applied to a substrate which together affect the

optical properties of the substrate

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

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

layer a thickness of material having a function and chemical composition

hounded on each side by an interface with another thickness of material
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Max 460 -3.0 1.5 12,0 -1.0 60 60 -100 40 24 025 [00104]
The foll ow ng pages include further exanples of |owe
stacks in accordance with the present invention.
Exanpl e set 1 includes a variety of stack
configurations, covering a wide range of absorbing

| ayers, as. well .different djelectrics, in. accord e
wth the s oo Beth ERRmlokHEGu S Fef oA s
i nn, Exanple set 2 provides preferred stack . )
conf i gur at TB8HEL PAY DAULE BFeéafﬁégewrP??“t%dL}eﬁ?/ et during
Exanpl e set 3 provides additional preferred stack
confi gur at PI@ASINEN accordance with the present
i nventions, which are particularly suitable for
co-sputteinger i ng. Sirfiftencadatputicricg owe s suiptrale donyiueal drinias separate
nmeasured before tenpering (BB -- "before bake") and
after tenpettemg bABs odhve b hadeelifferf00k0oialsAT he sadlting
t he exanpl e sets, the designation "CPA" refers to a
parti cul ar gegRiddt BhHMpIAPE@ETE: $tiaZEactiofblodiidief IhdYieffetn
the experinmental designs are sputtered from1l neter
long targghg Rl £55-3R8& hlx@de 88i1hERM B maRAals or both
sputtering target 1s 37cmlong "em' refers to
1.SSivity, RS I SEARCE o (i i ;
e 1)t B by A g
e the present invention een Scri
respect to TSDB%‘%]{’FS? %ﬂgﬂﬁ& Ezfoﬁ%ﬁlgéal,hcie 6mleél{ss'n ggle %%ga% V\fle}ﬁig%ts 6
the specific details set forth, but.inc|ludes,varj.ous .
changes anéle?ﬁﬂliqt'i%%‘@?%ﬂ@"f“{?gtm%f’“s ’é‘é’s*ﬁflﬁ %t ygigal of
to those skilled in the art, all falling within the ]
scope of t Hendaraliyp oltesmotallies pRerhayy d %@ﬂﬂ&pﬁf@ﬁm@@opemes
claims. 39 nm b8 - b~bbb6bS mvmviN-eem
Lriti ; ~Yfiomthd elemdntal cogstitaénty pekiicufarly'irfereased hardiegyor
FYl* - [ Y.3~pt.?f- 4:~4 N.~f _.4S . n d;IL ~5"
a-b. 4x . Abiittiest K T heZinBleaded Bardness édretrilites tazheirsupei®or-sbratch
11 -.~. -NNNNMNNMN~NWMWNPmMmmMWN
WWm N A Nemahedbhr Mol dbild dhdts 5 Méal alldys.. A O ~ Z
WZmzrZAZmzZz2Z222222Z2ZZ2i., Z222Z7ZZ2 L ZZ
brash £ P Y [9-~ Thidterm, as Ne¥ i¥tre E%mple sets provided herein, refers (unless

otherwise noted) to a wet brush durability test carried out on an Erichsen
brash tester (Model 494) using a nylon brush (Order number 0068.02 32
The brush weighs 450 grams. The individual bristle diameter is 0.3 mm.
Bristles are arranged in groups with a diameter of 4 mm) The test is run
for 1000 strokes (where one stroke is equal to a full cycle of one back and
for motion of the brush). The samples are brushed on the coated side and

submerged in de-ionized water during the brushing procedure.
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[0054] To further illustrate the invention, the following non-limiting examples are also
provided:

EXAMPLE 1
[0095] In the present example, depicted in Figure 4, a low-e coating is deposited on a

glass substiate to form a stack having the following configuration: Glass/ 12 nm oxide/ 10nm
Ag/ 2 nm NiCrOx/ 4nm NiCr/ 72nm oxide/ 13nm Ag/ 2nm NiCrOx/ 3nm NiCr/ 23nm oxide /
7nm SiN. The oxide can be sputtered from a Ti, Zn, Sn, ZnSn alloy, or Bi target The oxide may
comprise Nb,Os. The oxide may comprise up to about 20 wi%, preferably up to about 10 wit% of
an element, such as Al or B, or similar such element to make the coater target conductive. The

SiN topcoat is optional, This exemplified coating has an appealing transmittance color with a*
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BEXAMPLE 2
[0096] Tn the present example, a low-e coating is deposited on a glass substrate to form a
stack having the following configuration: about 1/8 inch Glass/ 0-15 nm dielectric/ 2-10nm
nucleation layer/ 8-15nmAg/ 0 1-4nm barrier/ 0.2-8nm Absorbing layer/ 40-75 nm dielectric/
2-10nm nucleation layer/ 8-18nmAg/ 0.1-4nm barrier/ 0 2-8nm Absorbing layer/ 10-40 nm
dielectric/ topcoat. The dielectric can be an oxide (as in example 1) or a nitride or an oxy-nitride
of Si, SiAl, SiB, SiZr and it may contain up to about 20 wt%, preferably up to about 10 wt% 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 7Zn oxide with up to 15 wi% of
other elements such as Al, Sn or a combination thereof’
[0097] The bartier protects the Ag against the attack of the plasma when sputtering the
diclectric atop. It also improves the chemical durability by controlling the diffusion of aggressive
species such as Oy, O, H,O, and Na+. Suitable barriers include, without limitation, NiCx,
NiCrOx, NiCiNxQy, TiOx, Ti and other metals.
[0098] As indicated, the topcoat is optional. When included, it can have a positive
impact on the chemical and mechanical stability A suitable topcoat includes but is not limited to
C, ZrSi, ot silicides. Typically, the topcoat has a contrasting nature compared to the underlying
dielectric  If the dielectric is an oxide, the topcoat will be one of the materials described above or

a nitride or an oxy-nitride (for instance SIN or SixAlyNzOc) In the alternative, when the
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[0099@' N / B the present example, 2 low-e coating is deposited on a glass substzate to form a
stack having the following configuration: about 1/8 inch Glass/ 3-15 nm SiAIxNyOw / 3-10nm
ZnAlyOx/ 8-12nm Ag/ 1-4nm NiCrOx/ 1.5-3.0 rn NiCr/55-65 nm SiAIxNyOw / 3-10nm
ZnAlyOx/ 10-15nm Ag/ 1-4nm NiCrOx / 0.7-2 2 nm NiCt/ 24-32 nm SiAlxNyOw / optional top
coat. The top coat, if included, can be chosen from, but is not lmited to 1-5nm C, 1-10 nm of
2103, or ZrS8i0;. The coating in the present example exhibits a light transmitiance of about 42%
to about 46%, as measured on an IGU, a SHGC below about 0 30, and the transmittance color is
gray and can be adjusted for a green fo a blue hue. The IGU includes 1/8" coated glass, with the
coating in position 2, and 1/8" clear class, with a 1/2" gap The coating has improved chemical

and mechanical durability. The double layer NiCrOx/NiCr has a positive impact in achieving the

sought after properties. Because of the specific location of the NiCr, the coating can be

produced on an existing coater that is primarily dedicated to low-e coating. It does not require

specific isolation of the NiCr sputtering target. A summary of the properties observed in the

above exemplified stacks is provided in the table below:

Example 1 Example 2 Example 3
esthetics neutral nentral neutral
SHGC helow .3 below .30 helow .30

esthetics good good good
Ancular stability oood 004 sood
umidity resitance gaod gsood good
ical durahility sood g004 cood
echanical durability good gsood good
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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 SiAIQyNx alone was measuted. The accuracy of the measurements is

approximately +0.5nm.

LAYER Individual layer

thickness (nm)
top SIAIOxNy 334
top NiCr 05
Ag 13.5
ZnAlOx 6.2
mid SIAIOxNy 682
bot NiCr 30
NiCiOx 1.3
Ag 10.6
ZnAlOx 9.0
bot SIAIOxNy 230

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

carbon topcoat, in accordance with the invention. Thicknesses were measured with a DekTak
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o m and carbon
topcoat
top NiCr 0.1
Ag 132
ZnAlOx 9.4
mid SiAIOxNy 67 4
bot NiCr 36
NiCrOx 1.0
Ag 98
ZnAlOx 107
bot SiAlOxNy 23.3
EXAMPLE 6
[00102] The table below represents optical and electrical measurements taken of coatings

in accordance with the invention. The “low-g A” product is an annealed product on which no
heat freatment was carried out. The "low-g T” product is a temperable product, which includes a

topcoat in accordance with the invention. "BB” represents measurements taken before tempering
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b*t (ranstmssive): (monolithic on 1/38" g?ass? -4.3 1.35 43
RfY (outside reflectance): (monolithic on 1/8" glass) 115 114 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
SHGC: (in IGU) 0.23 N/A N/A
s5C 026 N/A N/A
T ravictet 0.178 N/A N/A
Rs 23 2.3 1.9
Transmitted AE* (delta L*a*b*) (monolithic on 1/8" glass) 12.1
Glass side reflection AE* (delta L*a*b*) (monolithic m 1/8" 3.1
glass)

EXAMPLE 7
[00163] The present Example represents a summary of the specifications of the coatings of

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

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

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

emissivity. “Rs” refers to swface resistance (i.e, sheet resistance), measured in ohms per square.
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WWWNWWW-s WWm8 WWII aoj N K~7 .ZN72C30 N7N
~V ~?AONl ~ 48 What is clainmed is: 1. A

| ow-em ssivity coating on a substrate, the coating
conprising, in order outward from the substrate: a) a
first dielectric layer; b) a first Ag layer; c) a
Whatigelaigdis er | ayer conprising an oxi de of nickel
and/or chrom um wherein the first barrier |ayer

conpri ses about 15 to 60 atomc percent oxygen; d) a

f A €
IS TR e RSl TR S P liShe AT catma fom
the @ayRhiate-g) a second absorbing layer; h) a thi rd
dielectric layer; and i) optionally, a topcoat |ayer,
wher ®iadirsthigldeirredtyebarrier | ayer is in direct contact
with the first Ag layer, the first absorbing layer is
in dPradéest AlAYesct with the first barrier layer and
:Ibgg? fhg%fﬁféler §ze@3§§;§s&?@a lox%)é mc Ee(l)ga Ia?or;] gﬁg?;luq? whereﬁr_l the
furt Ry rafdnﬁé dqravesxyhgt ween the
se(:o)k}lg{bagI a%iioggﬁgest%ﬁ(gggg???d abs%r bi ngy?ayer 3. The
|OW-@rmf&&laﬁicﬁb{ng:mgéx|c61@p1ﬁﬁ°mgq{uademnﬂl/or whenemy at | east one
of said first dielectric |layer, said second dielectric
| ayee) agecondditlettic dayedi el ectric layer is in
sub-stoichionetric state. 4. The |lowemssivity
coatf)ﬁéecéf‘ AB4YAS 3, wherein each of said first

di el ct r| %d|a€ e[m,1 sal d second dielectric layer or said
thir rie g IS In sub-stoichionetric state.
5. Tl'i)%thﬁ’d’\(i]@ig&tﬁéla ért%dcoatl ng of claim1l, further
conprising a first nucleation |ayer between the first
di el @eptidnallyl, ay@koanget he first Ag | ayer, 49

wherein the first bairier layer is in direct contact with the first Ag layer, the first absorbing layer
is in direct contact with the first barrier layet and either the first absorbing layer o1 the second

absorbing layer is optional

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

layer and the second absorbing layer.

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

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

4, The low-emissivity coating of claim 3, wherein each of said first dielectric layer, said

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

5. The low-emissivity coating of claim 1, further comprising a first nocleation layer between

the first dielectric layer and the first Ag layer.
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6 The lowem ssivity coating of claim1, further
conprising a second nucl eation | ayer between the
second dielectric layer and the second Ag layer.. 7 The
| owem ssivity coating of claim1l1l, wherein the second

b | L | rd i n | et
¢ absogpi 199-eh@9§ﬁﬁnt6 COUFRE LA, marcbﬁ}mﬁ@g £6L6R hibiemoh e

group consi st an alloy, a silicide, an
OXi Ogutw@ GhcPseftint idiettRu lakBeank v se¢ting SigWayey. coat i ng of
claim1, wherein the second absorbing | ayer conprises a
material selected fromthe group consisting of Ti, TiN,
Si, NC, an oxide of nickel and/or chromum Cr, Zr,
Mo, Vie lowsenisgivey coating widaimdwiBsipia dievrtydcoat i ng of

laim 8, .wh in th b bi | - i
N G rpvnsre e aror o) Bt R B e R er o
at 'S%%%}, gﬁ]g%o(})/fagimﬁdef, hf $kidQhngSkpad absorbing layers

is capa of "l owering transm ssion of the coating 11
The I owem ssivity coating of claim 10, wherein the at
| east one absorbing |layer conprises a material that
8has & lbwaenssoity ceftingct dlom lawhsreivdicengt h 550nm of from
about 1 to about 5 5. 12. The | ow emni ssiyity coating
of cteapieh absorbingdaver ommisesa mitetiAl pelesind gy F%’I’V"H% | ayer

| S, ‘ ialt-hat h [ fA Gi
R T T e A N 4 R R A

The | pw.em ssivity coating of claim10, wherein the at

| east one absorbing |ayer conprises a material which
has an i ndex plot having a positive slope at 550nm when
the 1index of refraction is plotted agai nst wavel engt h.
950 1%he [Fhenlisivitepaiog of daimdorhéreiy thsfseeandi m 10, wherein
the at | east one absorhing |layer conprises a nmaterial
whi cRPSPRYISAFYST SKISHINGt! havi ng a positive sl ope at
550nm when the extinction coefficient is plotted

agai nst wavel ength 15. The | ow em ssivity coating of

16! al fhlow Wil Rid) b8 g bl disikh RRa&ERIaNGast 8yt theSirktith edeend
than the second absorbing Iayer.
absorbing layers is capable of lowering transmission of the coating

11 The low-emissivity coating of claim 10, wherein the at least one absotbing layer

comprises a material that has an index of refraction at wavelength 550nm of from about 1

to about 5 5.

12. The low-emissivity coating of claim 10, wherein the at least one absorbing layer
comprises a material that has an extinction coefficient at wavelength 550nm of from

about 175 to about 4 5
13 The low-emissivity coating of claim 10, wherein the at least one absorbing layer

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

index of reftaction is plotted against wavelength.
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16. The low em ssivity coating of claim1, wherein the
first absorbing |layer has a thickness of about 0 2 nm
to about 8 nm 17 The | owenissivity coating of claim
16, wherein the first absorbing |ayer has a thickness

f a s Jom x I i SSE VL ‘
Sbat PRI AR BT HTRR SR e
has @ nlhsSkNRg ial ShicR RN iddeR pRIhdvihgalRtitivedsispat Inihhehen the
| ow-em'ssivity coating of claim1l1l, wherein the second

abs osbinapnlcayficieftasplartedtapaick mesdengfh. about 0 1 nmto

about 8 nm 20 The |owem ssivity coating of claim 19,
wherei n the second absorbing |ayer has a thickness of
about 0.1 nmto about nm.21 The | owemssivity. ...
1€ 0at THGOBETERUTN PO TE AP I EHEN QSChdb SO0 Bl b4 Pigyrahan the
has [ f about 0,1 nmto about 1 nm 22. The
Iom#%ﬁ?%@?%%gggg%gting of claiml1l, wherein the first
absorbing | ayer has a thickness of about 3 nm 23 The

| ow-em ssivity coating of claim22, wherein the second
16bs oThi Ing ehésgivity bagingof didiindkwegsin dfe fagiobroriinSlayamh&sia Rigkness of
The |l owem ssivity coating of claiml1, wherein the

fi r stboatsdpBithePored @R has a thickness of about 3 6 nm

25 The lowem ssivity coating of claim?24, wherein the
second absorbing | ayer has a thickness of about 0.1 nm
175 TEﬁe t@%ﬁéﬂﬁ 'cé{e{tihg oCaAM 189w Reiff RiIFMt bsoWRRY 18760 hAAC Nihickness
of the tirst diéelectric layer, the second dielectric

| ayestabamrd dnh@ abbiitk@ndi el ectric | ayer independently
conprises a material selected froman oxide, a

nitride, and an oxy-nitride, or a conbination thereof

27 The lowem ssivity coating of claim?26, where

1M < . . | ip at. .

1§ eastheAw-earssiving opating pt Jm) ldctpgrein phgyfisst absoghing layer Bt thickness
dielectri ayer d the third dielectric |ayer
conp?ﬁ%@gqéhn%EV%gﬁggmlThe | ow-eni ssivity coating of
claim 27, wherein the oxide is sputtered froma Ti, a

Zn, an Sn, a ZnSn alloy, or a Bi target
19 The low-emissivity coating of claim 1, wherein the second absorbing layer has a

thickness of about 0 1 nm to about 8 nm.

20 The low-emissivity coating of claim 19, wherein the second absorbing layer has a

thickness of about 0.1 nm to about 5 nm

21 The low-emissivity coating of claim 20, wherein the second absorbing layer has a

thickness of about 0.1 nm to about 1 nm

22. The low-emissivity coating of claim 1, wherein the first absorbing layer has a thickness of
about 3 nm
23. The low-emissivity coating of claim 22, wherein the second absorbing layer has a

thickness of about 0 5 nm
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29. The lowem ssivity coating of claim27, wherein the
oxi de conprises Nb2G6 30 The |lowem ssivity coating of
cl ai m 28, wherein the oxide conprises up to about 20
w % of an elenment selected fromthe group consisting
f nd B. 31. The | em sl Vi Qat.i lpad 1. :
2bo, “WREPEr AR st e LB SRkt BAIpREnLlp G Sjckress o
an elgnent ,sel ected fromthe group consisting of Al and
B 32 The lowem ssivity coating of claim26, wherein at
| east one of the first dielectric layer, the second
dielectric layer, and the third dielectric |ayer
2% onp il heslew-canissivity icorsing pf daimaddywhasgin ghejserend ggorbigdayer has a
| ow-em ssivity coating of claim32, wherein the nitride
or OS&F-]‘H‘FSF piayeuikiomnit ri de or oxy-nitride of Si,
SiAl, SiB, or SiZr. 52 34. The |lowem ssivity coating
of claim 33, wherein the nitride or oxy-nitride
26 ONPI | SBF-eifdssivit) coab bt d8mWt, UnetindRchelf aFEm: deddceRtifd:, the
fromthe group consisting of Al and B 35 The
| ow ebmsisdisédiye lapatant cheofirdodieleamic3dyer widegeaiantly hemprises 4 eeterial
or oxy-nitride conprises up to about 10 wt% of an _
el eneslcted diocanedider it dRang A Y -HBIHE, % £ FRIBPIBFICATheLRE B,
36. The lowem ssivity coating of claim1, wherein at
| east one of the first dielectric |layer, the second
ielectrjic. I 18,1 NI I: i : : iR laver
2P dert P e B ol pLAh{ G LR UE o PHEE DRRoRE laver
aboutpe 2ecdn@licRetMB S COQUR: t8fid HBREHT: Byer EB@prises an oxide
| ow-em ssivity coating of claim36, wherein at |east
one of the first dielectric layer, the second
dielectric |ayer, or the third dielectric Iﬂ¥er has an
28 ndeXhaolpwreatissadty iceating R¢laims?7, Wetrvia iy oaie i spotteed g a T, a Zn, an

about Zgg at a m%%gjength of 550nm . 38. The
| owe 8PSy PHRY: AR HETof claim 1, wherein at |east one

of the first dielectric layer, the second dielectric
| ayer, or the third dielectric |layer has an extinction

26 0ef Theio@midshal chding betieery, ahaeih t oanld cabmises Ob06 at
a wavel ength of 550nm 39. The | owenissivity coating
of claim 38, wherein at | east one of the first

dielectric layer, the second dielectric |layer, or fhe .
3¢ hi r dhelowtestsshity cpaipe Pt HaE ZnWhstein HIRBIR CUBFF ¥ faighott 20 w6

that js , between out, 0. 01 and_abo at a

wav e PERG gt Se%%*@ﬁ%om&]@e AOPPSRIEHES ?}\}} Eglf/l %goat ing on a
substrate, the coating conprising, in order outward
fiomthe

31 The low-emissivity coating of claim 29, wherein the oxide comprises up to about 10 wt%

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

32 The low-emissivity coating of claim 26, 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.

33 The low-emissivity coating of claim 32, wherein the nitride or oxy-nitride is a nitride or

oxy-nitride of 8i, SiAl, SiB, or SiZr.
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substrate: a) a first dielectric |layer having a
t hi ckness up to about 25 nm b) a first Ag | ayer having
a thickness of about 8 nmto about 15 nm c) a first
barrier |ayer conprising of an oxide of nickel and/or
3£ T OPfYBR-MRSH R Boatifof didif B3 Bteldifihe h@¥Rlor 6QPMEIR@Smprises up
about 15 to 60 atom c percent oxygen and having a
t hi cdsnBaEs 20ivt*aboid eléneht sehacted fiaaby grdupmwpsisiing af Al arsitB
absorbing | ayer conprising nickel and/or chrom um and
havi ng a thi ckness of about 0 2 nmto about 8 nm 53
e) a_second djelectric layer having a thickness. of .
35abouthedgV AT S TR HBHIRE F it ey @%EIH'HG OAaW'%@&ﬁ COmPIises up
havi ng, a.thi ckness ‘ . P g a
cecond LD bE HEm e PR Rofl e o fRatlindp TRl 2,
nmto about 8 nnmm h) a third dielectric |layer having a
t hi ckness of about 10 nmto about 40 nm and i)
360pt | TRAbW-¥missivitppadag of ciyrer ankreinirdessi one ofithe ffirst dielectric layer, the
barrier layer is in direct contact wwth the first Ag
| ay execaad diddgpicflayes or the Biigdisilasiic|layprhasias indeyx efj tpfgrction that is
contact with the first barrier |ayer. The coating of
cl ail?ﬁ"lﬁﬁ?ali"{ﬂ%‘ﬂg?“ H‘Hrzi‘lsﬁtﬁéva‘éd@”@ﬁ’o%éé rier |ayer
having a thickness of about 0 1 nor to about 4 nm
| ocat ed between the second Ag | ayer and the second
378bS Of {RIIAG ehBYiOlty cABngl6¥ 10 W6 SFfcRS atildayt 0ae af the@rsodicledtad lyer,
40, further conprising a first nucleation |ayer
bet waescthialidléanst layk,eh ehettlriidadidlenyar layen tastan éndek pBtefraggion that is
| ayer, said first nucleation |ayer having a thickness
of = distren 2baut { enchifout2 Fatia wityelamth ¢fe SPH- eni ssivity
coating of claim1, further conprising a second
nucl eation | ayer between the second dielectric |ayer
nd { . . [q.:.Sai I [ ¢ the
vt HS T SRR Rl R i, I IGHS oA e e g
| oW @Fng Fickicl i 15@ALI A tHAA daldliRIdyeali an bhdich@adobffigient that is
conprising, in order outward from the substrate: a) a
fir setveiee higmt © hiod dbaytdr 05coaprYakingtd) 45l de or
oxynitride of silicon and/or alum numand having a
t hi ckness of about 3 nmto about 30 nm

39. The low-emissivity coating of claim 38, wherein at least one of the first dielectr ic layer,
the second dielectric layer, or the third dielectric layer has an extinction coefficient that is

between about 0.01 and about 0 02 at a wavelength of 550nm.

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

a) a first dielectric layer having a thickness up to about 25 nm ;

b) a first Ag layer having a thickness of about 8 nm to about 15 nm;

¢) a first barrier layer comprising of an oxide

of nickel and/ot chromium, wherein the first barrier layer comprises about 15 to 60 atomic

percent oxygen and having a thickness of about 0 1 nm to about 4 nm;

d) a first absorbing layer comprising nickel

and/or chromium and having a thickness of about 0 2 nm to about 8 nm;

53




b) a first nucleation |ayer conprising an oxi de of zinc
and/ or alum num and having a thickness of about 3 nm
to about 1 I nm c¢) a first Ag layer having a thickness
of about 8 nmto about 12 nm d) a first barrier |ayer
CONMP)iaSkdddd dletiit tGeitfavink & KdknaR f MounCAV HoluBb@ITE nm;
having a thickness of about 0 8 nmto about 2 nm
mherﬁanmbthgkw&ﬂmbngMBﬂqmayéﬁmudhmnk&ﬁgmabwmt 15 to

60 atom c percent oxy a first absorbing | ayer
c onp$)|a§P<W§d Npsabir@dwehgam clsrwrwcqt fles 0 éfﬂmatﬁég‘?“t § 08 nm
bout 4 nm. di
oo s ielfeRs s h%‘f‘“%%( R Gt 107 afbLE gy end

aIunvggghgﬁ?au?@%#ggmgxghlckness of about 55 nmto

abo cond nucl eation |layer conprising an

OXi O@heddin hic Miest BRALARye tsURHINEN ARGt idh O 8rsBA g 1aREiCH A B First
of about 3 nmto about 10 nm h) a second Ag | ayer

havi abgorbing hiyelkisn exsBrectfcoastho with 1@ fnghatrier @pout 15 nm i) a
second absorbing layer conprising Ni G and having a
t hi ckness of about 0.1 nm to about 2 2nm j) a third

o P Bk TR SR R R0 N s o
2bFRAQUL nn%f'l‘) PR ROMEd KBy a3 heRBGnK ) (HR/E}' é?lﬁ@ljlel s\écon@ absotbing layer.
topcoat | ayerand, wherein the f |rsF barrier layer is in
direct contact with the first Ag |layer and the first
absorbing layer is in direct contact with the first
42par r Tredow-amissivigbeohitieg dfodtim ﬁ@; fothec baniprising 2 fft untidieation layer
conpr|3|n% a second barrier |ayer conprising an oxide
begreemthe iyt diglealris daverang dhedfipteda¥savaid ¢t nEqhgatiRh ey hgying
nm | ocated between the second

th?%wﬁ(ﬁép”ggﬁngﬂ 8“%& HWd absorbing layer 46 The

| ow-em ssivity coating of claim40, wherein the
thickness ratio of the first Ag |ayer/second Ag | ayer
431 s athell@ashiseib®udoaBilor4laim THarthed woeprsagiawedond @oddatinglapdr
claim 40, wherein the thickness ratio of the first Ag
betveppe the seonhdiclogrit Byerani ghe aecohdag layerbsnid ses@ghnucleation layer having

a thickness of about 2 nm to about 11 nm.

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

a) a first dielectric layer comprising an oxide or oxynittide of sificon and/or aluminum and
having a thickness of about 3 nm to about 30 nm;

b) a first nucleation layet compriising an oxide of zinc and/or aluminum and having a thickness
of about 3 nm to about 11 nm;

¢) a first Ag layer having a thickness of about 8 nm to about 12 nm;

d) a first barrier layer comprising an oxide of nickel and/or chromium and having a thickness
of about 0 8 nm to about 2 nm
wherein the first barrier layer comprises about 15 to 60 atomic percent oxygen;

¢) a first absorbing layer comprising NiCr and having a thickness of about 1.5 nm to

about 4 nm;
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48. The low emissivity coating of claim1, wherein the
substrate is glass, 49 The lowemssivity stack of
claim1, wherein the lowemssivity stack is
characterized by a sol ar heat gain coefficient (SHGO

t hat )iaSedoBS Sieleﬁﬂ@ﬂhy&%%yign@% e of BN GRS MidldY aluminum and
stack of claim48, wherein the glass substrate has a

havivigakhielsssoff abdoGf nm1d Sovnthhm;55 51 The | ow em ssivity
stack of claim1, wherein the stack has a |i lght‘ .
t r an&rA seecad seclettion bgeicomapypg B astsof Zneod/ s shmingLddaving a

on _an 2 The | ogwem ssivity stack of claim1,
tk\%ﬂ%ﬁséfé?%‘étgd“%foé%ﬁmwggma transnittance color with a
negai;)l avsgccglﬁ.A%;]g/e@h I tthi\éﬁeps*ofgt’}mfc\lm?&%og{ 15%' ng a

| ow- €m ssivity 'stac aving a low s eat gain

coef f)laeédid abstiBiSRyer SoipdisiNE NRDIding B4R g SSthidBnedEFF@BoU 01 Gim

on a substrate the coating of claim1l 54 The net hod of
togbaitmh25®); wherein the depositing conprises magnetron

sputtering.  55. The lowemssivity stack of claim .

1, whid £ & diglectricoiyes perasisipg pg oxifl ooyl ide REsifieon jagdprpypminum and

characteristics:.,a transmitted Y value of about 30 to
g Heghet T8 FRICHVEGH ot val ue: an RgY of

abouty 3+l R11eRAScoaQaversdd N€gat i ve Ry a* val ue; an RfY of
about)og lto %bogécolfyera ‘negative Rf a* value; and an

SHGGyRdreif @ Uirst b feolapdd @Uh didékt bntabheith MWHieAg Sdyed dnd the first absorbing
stack of claim1l1, characterized by a tol erance for

t enpleyedr mgin dnedh eattact with tadirdhbariierda®? The | ow emi ssivity

stack of claimb56, wherein the optical qualities of the

stack are not degraded follow ng tenpering or heat

t rengt heni ng., 58 |l ow-em ssivity cpatin on .
42 ubs PR R g T4 TRy hecordbilstenfheitoRpusing an
ovfideQPhickel and/or chromium and having a thickness of about 2 nm to about 4 nm, located between

the second Ag layer and the second absorbing layer.

46. The low-emissivity coating of claim 40, wherein the thickness ratio of the first Ag

layet/second Ag layer is at least about 80%

a7, The low-emissivity coating of claim 40, wherein the thickness ratio of the first Ag

layer/second Ag layer is at least about 50%.
48, The low emissivity coating of claim 1, wherein the substiate is glass.

49 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 0.30

50 The low-emissivity stack of claim 48, wherein the glass substrate has a thickness of about

1/8 inch.
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the substrate: a) a first dielectric |ayer conprising
an oxide or oxynitride of silicon and/or alum nun 56
b) a first nucleation |ayer conprising an oxide of zinc
and/or alumnum c¢) a first Ag layer; d) a first

sParr Tl 1ol ¥eEivREP IR oF A ARvIRXIMEe QfickNagXBiht @Akbhtance of about
chrom um wherein the first barrier |ayer conprises
abow2%d b dbout@8%assantasurpeorcaritGloxygen; e) a first
absorbing |l ayer conprising NiCr netal; f) a second
dielectric |ayer conprising an oxide or oxynitride of
siligon and/or. al ym.num a.second. nucl eation |ayer .

SQC orrpfi?e P\ﬁ—ﬁm&SﬁlVH& Ftar@« oéf:félgli] }ngi}gﬁam Sé‘ll,d sgﬁclﬁ H’ilsrﬁﬂﬁnsm ﬁmcg cglor with a
seco ke ol «Second absorbing | ayer conprising
NiCIQ%gﬁgﬁ;g%figg?ﬁfﬁb dielectric |ayer conprising an
oxi de or oxynitride of silicon and/or alum nun and k)
optionally, a topcoat |ayer, wherein the first barrier

53 ay et miethoil nf dikierd loeemtissitity wiatthhaving aflow sdlar hagt daimycestliciog
the first absorbing layer is in direct contact. with the

(SHGCY tsalapqihod compyjsapg degapitigen aspbsiif diicodting ok elaim hg of
claim1l1l, wherein the oxide of nickel and/or chrom um
conpri ses about 20 to about 50 atom c percent of

54OXY ORfL-mcBlbd DR BlalyP¥¥, GMEEHItNd dBokRRLILAG: QL mGhitBh Sittering
wherel n the oxide of nickel and/or chrom um conpri sés
about 20 atom c percent of oxygen 61. The | ow
em ssivity coating of claim?2, wherein the second

S3ar riterow-apesivitpstpkios elsim brheteindfe ni ckel and/ or
chrom um 62. The | ow em ssivity coating of claiml,
wher BPreriipivistaqk hasrthafol e shetcsHstoRr oni um  conpri ses
about, 20 to.about at.om cent of oxygen 63 The
ow wiireaiSs fyRlis st el B GAMEE2, Wher el n the oxi de
of nj.ekalveanshnRficdcRrQIEUM conprises about 20 atomc

percent of oxygen.
an RgY of about 8 to about 20;
a negative Rg a* value;
an RfY of about 2 to about 12;

a negative Rf a* value; and

an SHGC of about 10 to about 30

56 The low emissivity stack of claim 1, characterized by a tolerance for tempering or heat
strengthening
57 The low emissivity stack of claim 56, wherein the optical qualities of the stack are not

degraded following tempering or heat strengthening.

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

a) a first dielectric layer comprising an oxide or oxynitride of silicon and/or

aluminum,;

56




57 64 The low em ssivity coating of claim40, wherein

t he oxi de of nickel and/or chrom um conprises about 20
to about 55 atom c percent of oxygen.. 65 The | ow

em ssivity coating of claim64, wherein the oxide of

ni ckp)a fBOGHOEatBR 161 ddfpr SRR dx$RDf 3RO biid/cF Aludtih;C
percent of oxygen 66 The |ow em ssivity coating of

cl ai ¢enaddst Ashevegi n t he oxi de of ni ckel and/or chrom um
conpri ses about 20 to about 55 atom c percent of
oxy gért firstipnleyqremeiingsmpiidg Otrejéfei #g/w phigpimhivppein the first

wherein the oxide OE Ee nd rom um conprises
About s e steht S BreoaiieRnagt b R
e) a first absorbing layer comprising NiCi metal,

f) a second dielectric layer comptising an oxide or oxynitride of silicon and/or

aluminum;

g) a second nucleation layer comprising an oxide of zinc and/or aluminum;

h} a second Ag layer;

i) a second absorbing layer comprising NiCr metal;

i) a third dielectric layer comprising an oxide or oxynittide of silicon and/or

aluminum; and

k) optionally, a topcoat layer, wherein the first barrier layer is in direct contact with the first

Ag layer and the first absorbing layer is in direct contact with the first barrier layer.

59 The low emissivity coating of claim 1, wherein the oxide of nickel and/or

chromium comprises about 20 to about 50 atomic percent of oxygen.

60 The low emissivity coating of claim 59, wherein the oxide of nicke! and/o1

chromium comprises about 20 atomic percent of oxygen

61, The low emissivity coating of claim 2, wherein the second barrier layer comprises

oxide of nickel and/or chromium

62. The low emissivity coating of ¢laim 1, wherein the oxide of nickel and/or chromium

comprises about 20 to about 55 atomic percent of oxygen

63 The low emisstvity coating of claim 62, wherein the oxide of nickel and/or chromium

comprises about 20 atomic percent of oxygen.
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64 The low emissivity coating of claim 40, wherein the oxide of nickel and/or chromium

comprises about 20 to about 55 atomic percent of oxygen.

65 The low emissivity coating of claim 64, wherein the oxide of nickel and/or chromium

comprises about 20 atomic percent of oxygen

66 The low emissivity coating of claim 44, wherein the oxide of nickel and/or chromium

comprises about 20 to about 55 atomic percent of oxygen.

67 The low emissivity coating of claim 66, wherein the oxide of nickel and/or chromium

comprises about 20 atomic percent of oxygen
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