PHOTOCATALYTIC COATINGS FLAYING IMPROVED
LOW-MAINTENANCE PROPERTIES FIELD OF THE INVENTION

- J 51(()9 /{%szent invention provides photocatalydc coatings for substrates,
e A% gll?ass and the like. More patrticularly, the invention 6&%07/%6390
photocatalytic coatings including an underlying film comprising one or

corobod Pl Tk oMo b b

mﬁgj g/'eEOSitini s% (ﬁ%ﬁ&?ﬁt}%&ass she%s and other Rﬁ‘IE'S

coatings are known in the art. These coatings commonly include a film of
Mania on a substrate. Agreat deal of research has been done with a view

toward providing photoc Q@tﬁggﬁﬂa AN esirable
low-maintenancawieRaries ResrabliedawDatienanse RIRBIIES uch as ﬁlass

include self-cleaning properties, hydrophilic properties., etc. The pursuit o
o el RGBT ARD o OB L HCBAICLIA P SAGHAR SCRURER Sdding
arofugsplotagidiiim cortprisiuld bedesinadte speprovidenadplaeiosatal? oilic or more
£8a%0g WEH% n.underlayer that would enhance the low-maintgnance .
® properties o?ﬂ%se %galﬁﬁ%{?pﬂrc?d?ﬁolrl%ﬁf glrta %gr%%f%le%rfglt \}v%luld%%g qesiaste also
PRy iRebAFoade Mde e phbtocataticelintivssifsadbititnal dndterinlsswitich

would enhance the | gigkuﬁ enans r?ﬁ%rfﬁ%' @{IFS ating. SUMMARY
2 of substra 5.

OF THE INVENTION transparen e is'provided a
photddatabatid doatirginigs someembodiments, Theseaatiriggnchigesqy include a

aRhQogiatalvic, film deposited direc }’o‘}*’r%ée%rr‘ch‘quda%%e”& Jim %@pfi&lﬁw toward
tungsten oxide. The photocatalytic film preferably comprises bo fitania
Pravtilg apRfitRsAEl YHat<iraliasteclisd fharve thiegjrabip chinsistitrjeobnitrogermerties.

DespRe:, Rataldmscsiican, silicapalladivm, tin) tungsten, NieliuLant ¢ shitic

molybdenum. in some cases, the additional material isbsim.p y a dopant.
PSR R dBpart-cBF BE' Srel SehTIATE AR URPGP U RABUSS foh BXAIIHE: 255, been
ailnahe dasefthepphatocatalytic film comprises Mania and a tungsten.
dopant. The underlying Him has a thickness of less than about 250
angstionsidrie ereepreferablyifess than ehbdyti7 Seaigstreitis ptnuedmizyer that

WeRRES.1RE coaling fikther inclydes Um deposited beneath the. i
underleg/ing film, wherein the base fignrgc?(%é%is%% saﬁfcatC 3%1%78? Mé\r%l%%}“ o

alsgp9i1 o2 15 Biei 820l 7iabE3 00 incstmerdmistainientioteaphotochlal itself

addic seatngeincludez awphatosatalytiefilnsomprising dtaniapesitioned. o aing.
directly over a film comprising tungsten oxide. In some cases, the film
comprising tungsten ox %@@ﬁgigté’gégéﬁﬁm%ﬁ@sten oxide. In other

cases, %%@xiﬂ&bﬁ@&@ﬂ?@i&gﬁlﬁﬁgﬁ%ﬁ g de R pired Him CompHaing, sligdents,
SHicon, titania, .. . .

the coating includes a photocatalytic film deposited directly over an underlying film
comprising tungsten oxide. The photocatalytic film preferably comprises both titania and an additional material

selected from the group consisting of nitrogen, copper, tantalum, silicon, silica, palladium,
tin, tungsten, niobium, and molybdenum. In some cases, the additional material is simply a
dopant. Such a dopant can be present in an amount of up to 5%, for example 2%. In one
case, the photocatalytic film comprises titania and a tungsten dopant. The underlying film
has a thickness of less than about 250 angstroms and more preferably less than about 73
angstroms. In some cases, the coating further includes a base film deposited beneath the

underlying film, wherein the base film comprises silica and/or titania.
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Stitanium, and/or substoichiometric titanium oxide. The film comprising
tungsten oxide preferably has a thickness of between about 15 angstroms

and Ab8(HE180 angstroms. The film is also preferably position&§ BifS2R7/066390
over a fi i ilica.and/ar titania. The film.comprising silica , .
analor T B BRI Bl ey fim
afRJBRIGHIE At imbesiracddibitivayer thigknesspffegsthgsied0&ide. In some
apgsi QMRS SOMRiSRSESn AN 8&&@&88@@5&%4%1&%@ %l?g%‘?‘eg Mde. In other

titania and_a material selected from the group consisting of nitrogen, o
t&AtETu e SYproraRSeRiEmeN TR S sH 1&&@@&%§lﬁhm@@aﬁ¥ﬁéxﬁwhcon, titania,
cotnfitiseamith difenbichi aneuRittagein oxill. yRiothare Mg ens:thtoxide

phatocatalytic coating comprises, from the substrate outwardly, a base
T S A i A S ARS8 HICA A S el g The

aﬁ@mﬁ%ﬂ@mg@mfmysqcaiﬁbnedmm ngdunfate noaxidehtephsitesdmes tign. The
oans dmanshhavipg ade e liaasithan 2bau 00 8191Rm 3030
photocatalytic film comprising titania deposite wect?y over the filrs
c@?ﬁf}ﬁgﬁ?gaﬂﬁ‘r@gféﬁr@fa&@ln%?é fit taaspsilegstthagstehaogitopreforathg cases,

has phificlsnassofilessohananit #RA0gsH IS SN EAIEIIE group

photocatalytic.coating includes a photocatalytic film deposited 20 over an
B I SRR PUb L ST B B e BRSIGERHg B il
tunysteseolidie fitiohinnndxidegatiuminum oxide and zirconium oxide,

wherei ' r zirconium oxide or niobium oxide is deposited
over orqlﬁ%%qb%%%?ﬂ;eﬁyme& fqﬂr%1 N t%léc | %%%?ﬁ%ﬁ%?%‘& gsteLaitet ’o&?&é%? substrate
ngBiaEe Bxidl daseifidrn ditfesitast onenshialstiatiatecand denliripg: filivekiite of less than

uadetlying JH@%&E@@QM%&EQ%@%@B|‘3§§dgh@gb@5@1%9t0%§p tEpase film and

ngstroms and more preferably has a thickness of less than about 75 -
GroriSICHRESHIRS Kot iPsIbg it C0 assr ebithf sRitpiospETTAb IR aomPprising
thiekizedspobireivigenigbow: 16 angstomsiong abouic20RRESTORSIM comprising

spme,cases, the film. comprising zirconium axide or niobium oxide is

dﬁe)% e aveP ?ﬁ%rﬁﬁ%e%yi%%gh}%rﬁ.eslﬁogl t?es\? EREL W FiRREBMRRising

zirconiuin ssxidecayenichiurhotdael jsidepasite thuhdes Hﬂﬁldﬂ@dﬁ%ﬁiﬁg ﬁlf’f(lj-deposited
ther , ' mprising zirconium oxide or niobium oxide. .

O R AT ¥0%8itng ot

ZPEEHRMPSiee B bilani Gridsxidemingap esitdel avbritveningerkidy fithertm a film

Cetain £aseschifeRaltNG frerinaludes asbasp filn depositad e 'ﬁg@%derlymg

the underlying film, wherein the base film comprises silica and/or W .
1 TSR0 AR S aernt sterial tan

phototatajytic Sbatilibeismalatyproidegrifesomeambamditnentss 186 metathut 250
o B A et BhAprgy The i
tRaMRNginecayowes dredithiormpdsimgefargdreheexidickhesdilnd between about 10
COIPRFRIRGIINGRED OXIR S ms. In some cases, the film comprising zirconium oxide or
niobium oxide is deposited over the underlying film. In other cases, the film comprising
zirconium oxide or niobium oxide is deposited under the underlying film. In yet other
cases, the film comprising zirconium oxide or niobium oxide is deposited under the
underlying film, and a second film comprising zirconium oxide or niobium oxide is

deposited over the underlying film. In certain cases, the coating further includes a base

film deposited beneath the underlying film, wherein the base film comprises silica and/or

titania.
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5 preferably deposited at a thickness of between about 15 angstroms _and
about 150 angstroms. In some cases, the film comprising tungsten oxide
is qepOLité By providing a sputtering target having a sputterabfd AEHA06390

that compri tungsten, the sputterable material being selected from the
gr?)up %s%%%%ﬁegge%rﬁ%ﬂ/%gg p%rgh%?ﬁ&g? 16 tIRYer okt PR ded. Tn some

ttﬁﬁﬁg‘?éﬁnén@ym%@ﬂhﬂ@cmmgdmmwﬁm @ﬁﬁlpbleiﬁgnﬂi_mgﬁtefﬂmﬁ@ over a
C%}W%ﬁ%@gi%@atrgqa@i)éﬁgeﬂl%Bed%gog%ﬂr%;{t%ﬁoq&%tﬁ?ﬁ‘ét erin a target

. 2 m mprlglng titania
comprising tungsten and a target comprisirig silicon, titaMmn and/or

sUBSEERTHAtFC AR ERE s etrecishs dRetidnpotwatalytioisten oxide is
coraprisies nitingred the phatogrialydic 1@%%&@%9&@%“2%@%5%%%“&% 150
Ising titanium i nitrogen.

LB D ESCRIP N 5P T BRATANERSIEr CRighrs dopeaied by providiag a
sehietaatie tress-sectignakpiswrdfla mwtmﬁmﬂ@assyrﬁ?@gﬁ@@,afiﬁgs@umable
atalyti ing K. acecardance with an embodiment, of the invention;
B T o S R PHet . = bt
sOidee PeatingrasprotdestaNciiontninscg draasce witlianoiher a rlnixed film

ewbedimentiotihenn ventenigOFigy &d ki L MAlS 61058 SLINaL s
vievl?/qc)?:c ?géblstrate having alsu_rf,aéc?é%,egpr_inb amtockqtjaﬁyt}c%coa%r% m?ompr]s.mg
ALK it 5 SHRRRSHB SHifsentiBRiRe RvetBbstoicmgseiatigaium oxide.
sthematicaseestsebivanataliaw ofia Sﬁhﬁﬁlﬁiﬁﬁﬁr&m,ﬁ%{ Hﬁgﬁ%ﬁ?ggﬁg f@m being
talytic coating in accordance with another embodim o
ﬁlg\]/%%?(%r? é’guS eu%telrs1 & schematic SrEESIBE cHEMAIieW SPadiioshigE comprising
heiingeBne surface 25bearing a photocataly-tic coating and another
surface bearing an aéiﬂ&te "8 ing.in accordance with another
embodiment of the inven |on;kz %%irge%qgo g%gri?%‘ﬁ%@n_-away
schemalligwrobss secliomalisidessiavciidmalmisiple panetnsulating glassce bearing
| | Wi e having two.coated surfacesin .
B R S ons
partiallfﬁ%%%%%@@é?ﬁﬁ@é@ﬁﬁesmﬁ i M@WM&@MM@@ aurface bearing
phpiecakalyiic.coating ithe RAns et meried B s exesiar wall Elgm;

buiIdingFm accordance with certain embodiments of the invention; an .
1gure 3 is a schematic cross-sectional view of a substrate having a surface bearing

a photocatalytic coating in accordance with another embodiment of the invention;

Figure 4 is a schematic cross-sectional view of a substrate having a surface bearing -
a photocatalytic coating in accordance with another embodiment of the invention;

Figure 5 is a schematic cross-sectional view of a substrate having one surface
bearing a photocatalytic coating and another surface bearing an additional coating in
accordance with another embodiment of the invention;

Figure 6 is a partially broken-away schematic cross-sectional side view of a
multiple-pane insulating glass unit that includes a window pane having two coated
surfaces in accordance with certain embodiments of the invention;

Figure 7 is a partially broken-away perspective view of a window pane carrying a
photocatalytic coating, the pane being mounted in an exterior wall of a building in

accordance with certain embodiments of the invention; and
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WO 2007/121215PCT/US2007/066390 Figure 8 is a schematic side
view of a sputtering chamber that is adapted for use in certain methods of
tRERWHASDETAILED DESCRIPTION OF THE PREFERRREH/US2007/066390
EMBODIMENTS The followin detaileﬁi description. is to be read with )
refere n%légtlg?tgelsdﬁﬁ?ﬂ?@g??nsl Wit iR RdFHEa A hehishdrptrg dor use in
hesr&alikecefatent@ainntners. The drawings, which arc not necessarily to

scale, de %ﬁﬂf t%%embodiments and arf not intended to limit the

scope of the Ihve Eé%fﬁg)d%%gﬁs%ﬁ Mffz@t ﬁ%DdMMTS
exampl&hh b wiagyalitsnadvesthat fatbwihiadhe Scepe@kt® the drawings, in

ir&/ﬁairé}liqukel\/(l3 ny e bo%ibr}}entﬁ (af the inventio invo_gve a coateg substrate.

A'wide variety of 10 SUbStrates f?/‘bvé@%lrea‘éﬂi%ﬁlée Srelise HheE hventich™ines:.
Whéjﬂmelremwonﬁmm:/ﬂtre walvstlapécl eciscers hegtelimsubstrdte havirigtended to
ogReraly BROSed first La:and %ﬁ@@%‘%aﬁé%h%ﬁ R FQL @ ipég’examples

the substrateé can be a sheet of transparent material (1.e., a transpdrent

shae e iemative b lrlveihia fstrene pethedmatiiaheet, nor is it
reqUifeM&b?M?@f@@bﬂﬁJ ?ﬁg&ﬁé&tﬁ%l@@@ I@@é{@@@{lusalﬁt@. z} wide variety of
component of any of .a variety of building materials. TExamples o
a%@§%%fé&y£5%ﬁ*§aff8%%$%§ga‘ o BT Wb R SR Bsubstae
séghi{eagsheeikdowtsaste draitpqresasil), agiding fanel fead adcond 14 major
alyppipum sidi nel),.a tent el,.a tarpaulin (e.g., a fluorocarbon . . ..
polymﬂagéigﬁﬁé%lggig%ﬁg %{eg.gd.??é aoaro%igé)o%fpﬁrggﬁgaﬁ% ,néa%ml (e, a
reShPRFSHintGRE A Wik dubviindhestrisadsamhetairabtplbsticshsepapets it required
winsowahinging paper screen (e.g., a shoji), a railing, a baluster, or an

' escutch_fon. In one embodiment, the substrate is a ceramic tile, such as a

wall, ceilifiy SBPHGE . ARAMBIRE PRSI dBbstiate ariegladsbuilding
biexkridlvariBiuapisyitablengldsstloasivandae ohinined-eommessiallyherein the

from_Saint-Gobain Oberland (Koblenz, Germana?. In still other .
e AR I OGS AP DR RE. S, v

té@i@ﬁtﬁ@a&i ﬁ|m?tm@@uﬁa®k@ﬁ]mém-tm§m@tw&mﬂ}éyn’(ﬁﬁiaexduﬁn), a plastic
CRmMELCial Wufémtg)g@gstﬁg Aa 50 ’rércg‘fiings%hyg%,‘]mm!@&fﬁgﬁ lich as a metal,

embodiments, the su ate is a fence or wall, such as a noise-reduction

fORSE GrofaRPer windesy Riisdy apimeatieissntffezsubsirite fvinibisg prigduater, or an
trosRaAeRA! (Kﬂk&fe'@ﬁ%bﬂ"ﬁ{bﬂtgl@ﬁé@}%ﬁh%i%l aeeihAs Plase edkall, ceiling, or

p Osotlict.ﬂle—:‘orIexam le, the substrat is glass, 30 sheege. ., @ window _

pand) i cettain BRTh SEHPISHES A @ﬁn@?ﬁgw&ﬁ\ﬁnglﬁﬁés ?ﬁgesAbé(ﬁr’(?@’ of suitable

uglesh diatkodaslirhe glasswillcamractlllberpreferaddniesrtaibaiefarr@doblenz,
Germany). In still other embodiments, the substrate is a polyester ﬁlm,t a polyethylene
film, a terephthalate film, etc. Suitable films of this nature can be obtained commercially
from Nippon Soda Co., Ltd. (Tokyo, Japan). In further embodiments, the substrate is a
fence or wall, such as a noise-reduction fence or wall.

For many applications, the substrate will comprise a transparent (or at least -
translucent) material, such as glass or clear plastic. For example, the substrate is a glass
sheet (e.g., a window pane) in certain embodiments. A variety of known glass types can
be used, and soda-lime glass will commonly be preferred. In certain preferred
embodiments, the substrate is part of a window, skylight, door, shower door, or other

glazing. In some cases, the substrate is part of an automobile windshield, an automobile
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embodiments, the substrate is part of a window, skylight, door, shower

door, or other glazing. In some cases, the substrate is part of an

alo Oog&fé%ndshield, an automobile WO PCT/US2007/066390
007/121215PCT/11S2007/066390 side window, an.exterior qr interior )

e e RS SUBBF ch BHpesp. & windsbield

atitesmobilevhagdrpelrisl, lwidé pamedl, sidenkapalnetuok roafghamelobf gtivet. In other

%@9@%@@?&4@&%&‘@%%%'ﬁi&@@cgqgirﬁﬂﬂ%ﬁm 9@%&9%@&“&1 window, or a

agonrium window, or a piece of greenhouse glass. In a furth

SNBSS S @tTath! i BB GarhedinrtiehsSubHIals pam sfiigerator panel,

refeigesatat oot WiBRRWoor or NRESGAtEs of various sizes can be used in

the pregegt tin%/entd[ion. Commonly; Iarﬁ%\-ﬁlre substrates are used. Certain
emboditieRtE TVaIVES SUBEERAE 16 Fimy AR timenlioh (eogimgnly; large-
lersgthudstragthiref atlbastabdutrbbmbteenprafeshidyaafdeastabouiaing a major
mglenRerhaps mare prefer t about 1.5 meters (e.q., betwee

about’sz métegé ané; %O a{rbosntw% ﬁe%e?%&a%gg lllﬁ séo%%éé 1(re(:s g?ﬂga%[\/g%%uatbom !

Fietersirrs aAe ermbutihiahteattrbeubshratettssd fumbergressibhigst meters and
havingianierath andipr widihthat is Ratvesn.ABoUL3Delars,aRd-aRsHIN s, the

meters, e,g., a glﬁ;S sheet having a width of about 3.5 meters and a

(SRGTERET Bobdtials bsrshestBatiates Mg RIS URdIGE Wideivgren about 3
greaterdihababolo Mkmelers aieRSosheditipatada KolseMmBout 3.5 meters and a
mbadimnents substrate.10 i enerally square or rectangular glass
R e R L AR, R o
difheaisirisecsepiltednrtathe preceding paragraph and/or in the following

paragrap %lﬂeoaﬁb%{%ﬂ@_ﬁ@%gimﬁe“fot%easgél%rﬁ%?u %%él?alge&e!&u%gular glass

rectanglglar glass sheet having a width of between ab meters a

aB6th Shifetabstatscin dacsh s adimenriteran Anteatnafihs dereneionsadivsatived in
GO recigirs pach @lehbad snaiens rsushias AROMPD MEIRESDarticular embodiment,

uebgltl%ast[es of various thicknesses can be used in the present invention. In

S8 BB i A TRE S TSSIPRIE 7 QiR Sl Bt Aalfif e Griggen about 3
shetet) had abthicknesscof abdutd dhent't . Certadnseandod imeyiisonvelwesa about 6

%Q@%@&g’&%ﬂﬁ@{g@g&f&g%%g%m%g about 2.3 mm and about 4.8

mm, and perhaps more prefera etween about 2.5 rum and 25 about
4.8 mmSyAsEAEparticuiareihisheimentan shewstdfiyldssiiesgnt Sodatine In some

Aasehwithe, NCkness.ef aPayL3HAM ISHSAHHIMRNEHAUR Q%) has a thickness of

embodiments, the thickness of the substrate (which can be glass, plastic,

SPAHb e Rat&rFAIT T BREEEHE A AaPtiralsolt péfnihickness of between
TEhiakiesses 'mm[]usdangge,nﬁ@r, axamlﬁpaﬁmbq;ﬁﬁ@faﬂliomﬁa?f%ﬁumkﬁsnm and
(in which case, the substrate can optionally be glass. or acrylic). When the = |

su Ogtrgtge r%néo’lﬂc?éltedﬁrsusc, it Wi cco)rﬁnr?q%lﬁ’h%/ F?éﬁ?g %Pt%]l%ﬁéﬁ(&% ShHetimsesass) with
@o@ﬂﬁ@mﬁa@abéwmimdn énoﬂeegrgrmuqfcﬁt_m&mnhs, iekness of the
%@?&&@%@&W '&Lt?%%eélg@sg Slggtg[a&sw%}{@%{@%ﬁ]%Sgeg’&fvge%tva\{goeuq 4 mm and

about 0.35 mm and about 1.9 mm. Embodiments o% IS nature can

GPeshaflyivolve thecsiss st dbis T0MBRifRY & Smerie oiaispraysgfakirppaqherium tanks

li@ -which case, the substrate can optionally be glass or acrylic). When the substrate is
float glass, it will commonly have a thickness of between about 4 mm and about 19 mm.
In another group of embodiments, the substrate is a thin sheet (e.g., of glass) having a
thickness of between about 0.35 mm and about 1.9 mm. Embodiments of this nature can

optionally involve the substrate 10 being a sheet of display glass or the like.
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WO 2007/121215PCT/US2007/066390 With reference to Figure 1,
' a transparent substrate 10 with a major surfacPe %ﬁ] Sarng .
%%@?atp% ytic coating 50. The coating 50 includes a photoca(iay i him

30 RS 'p_g i rlying film 20. Preferably, the i )
phoctgrcnatalytic f%ﬁ%%%%rﬂg%%gggge .réc#‘yo%’\‘}e‘ar;‘f%aﬁlép%eé%ﬁﬁaﬂ%% 48, wifh a major

uitiBNGihg Maip phoisetplittoratatgtR)filfiBCoatninGilthe titanial pho;ocatalytio
osidesandiapayigtalshiometia HiRBHRLXARIN SAMEAMPOAImENtS. s .
fi .3(3 consgi)sts‘eéssentially of t'itania}&ﬁ];ll %)ther embo wnf#@i%ep ﬁ mO%% ytie Him
ir?g G BBIH GRT Ot 2t Fé”éfﬂ%{%t@bdﬁﬁ)hﬁéﬂfﬂd%ﬁlmﬁ%mde) and
a materidlesphectest{rain mﬂlgxotuaxp@ﬁ\ﬁiﬁt%wgtmim{{dqgﬁ&l l%ﬂva}uwb%tﬁichmmemc
CORREL,SIl alladium, tin, tungsten, pjobium, and molybdenum. The
nitrog%ﬁ,%&g%pgﬁ Y0'tan a{facriﬁl}lgfﬁé’o%,e ﬁ*%?%ﬁﬁﬁﬁﬁﬁﬁﬁsﬁ?ﬁ%}%ﬁéﬁ?ma' In other
nisBiednettmbly i ritninchdealsotsittnlinbe @glopant i sgmeichiometric titanium
[ 0 sent in.an amount of up, to 5%,
B I el G g e
rﬁ%@’e RetiedHE aripsifeagstraniaiabigreoppér, Ititdmbdmta_ﬁml unitrdiganiacopper,
afaﬁk@aﬂiﬁdiumnﬁiiﬁéﬂ,apaﬂﬁﬁﬂﬂn}iﬁﬁ[‘i@{%@t@&#ﬂ@ﬁ&ﬂ; &Eﬁ'&%@eﬁﬁ% San also simply
nighium or titania and molybdenym, In still other cases, the film .
COmprises st SR ISTORSRE B BRR 84985 hePRifrp geFFent in an amount of up to
stitvShoiekiomistatotitaddium oxide and silica, substoichiometrie titanium

oxide a P upsteichiometric fitanjum oxide and ta_ntalum_, o
substoigﬁisgr%%t%‘@[?t’a%%%ﬁgx? (emc';(frf1u Pa é. GrAD S R LS EhiB L A fsilicn titania

(%@Iéogﬁﬁr’tﬁq?%@t?é’l‘é feptalvatriicatitaaidmabieitierartd aningstetin, titania and tungsten,

substoiehiathsiis, HARMD, %Qd%@gbﬁ@ﬂlmo Q}PQ%%%%% Qﬁgg&: ﬂ]i%’ i) %tlr%(%%.fzomprises
titanium oxide and molybdenum. One further embodiment provides a film =
Y EEHTPIREIG iR SR s A o gem. sSWirisicpieets tHenboppsideand silica,
optisnakyobe m’xidiﬁa@ium/f@ndbeaﬁknogg%&@%ﬁl@&?&ﬂ?&ﬁ%%ﬁe ;%gmt%gﬁlxe and
itional materials, the. undedayer ¢ e formed of any desired material,
o 1 S5 e Hrobio i ey M e oo
Sptidmany tomprigeignenmidiabthe tollowingumatenalab iungseRexid@anium
%'Jéﬂt!%ﬁ@ B’é'&i@nﬂ'QP'HIBS%&Q?OI%@%QQ&IE{&OQ{U rp(i%):( Ided |1Q10 e&:?e? One further
embodiments, the film comprises a material selec ed oM e g 85}3
EoRadingbPRIAigteibids errmobinetionite silfcsome wasesy tHEfimpaGent, the

coppisteaassaniially dflenasien oxide onNORILTY RidRLIN0ther o of fhe noted
e dbodiment the film comprises 30_a material selected from the group
ag] itio %e’ %ﬁi ﬁlﬁ?’n

NPk VBYRIAST SRECSTRIBI M daTEchBatTiple flrit can be

consisting ot ad _ 12 i _
2Mitdsists@ssentially of aluminum oxide or zirconium oxide. In some

bodi t iim, 20 i ' film comprising tungsten oxide and/or
o e L A0 DS GRIL OSSR g more o the

jor niobiu
aridtHEavintEials nteesstan osises alheiim20xise mikéckiiloxihcluding zirconium

SHILR, ﬂi%ﬁaﬂt%@om&s}l{gg megx%lé'lsn%&%é?%@%%%d from the group
consisting of tungsten oxide or niobium oxide. In some cases, the film 20 consists
essentially of tungsten oxide or niobium oxide. In other embodiments, the film comprises
a material selected from the group consisting of aluminum oxide or zirconium oxide. In
some cases, the film 20 consists essentially of aluminum oxide or zirconium oxide.

In some embodiments, the film 20 is a mixed film comprising tungsten oxide
and/or aluminum oxide and/or niobium oxide and/or zirconium oxide and/or another

material. In certain cases, the film 20 is a mixed film including silica, silicon, titania,
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titanium, and/or substoichiometric titanium oxide. For example, such a
' eﬂ({;llmlgan include a mix of tungsten oxide and silica, silicon Mania}
titanium, AhdTor substoichiometrie titanium oxide, or a mix of Effﬂ‘-ﬁ{ﬁ%ﬂ%” 066390

Oékggi@mnda%ﬁl_o?, silicon tltanla,ct;ctl?nlum, an /o%substmchlome ric tltanléjrpﬂm can

oxide, of a mix o0 oBiiroretrie ulanium oxide. Jor FXarmRle, SYh & ke
aﬁ&léﬁ@g@bsﬁ!@?@h@fm@_m@mnhmd@xm, oilzaixiipincotitannoxideans,  and/or
Sgtﬁﬁto%lfﬁ&ﬂettﬁél%n%n&me,a&dé%&u&%ﬁlﬁnme&ﬁ; gtglpd%%c%z(lg ﬁbon, titania,
When provided, the mixed film can be a homogenous film, or it can _llt)e a
gFEEEHIR Y RsBIREbThisa e e Hianhgraxide frpigrovideebvavienjderend silica,
theisulsitate: Strfacer0 ubiadbasRstantl ki EONHNYRUR!Y HeCcke S Y rconium
con ntrgti%n of silica, silic,onhtitania%ﬁ%}gz%anium,,and/or substoichiometric
titARTUI OXId&6 atd 8 R e (TR B FURS AU SRIRY S B O At of
tungsterheaderdmidtdethembinalimientsrabgradeshfimnisuprivided ihaxings a graded
frem, t trat f twardly, a substantially continuousl
S R R SRR sbstate srface
sOBstaiehiohfafiRantaii arwidevahidiecsubisantiaisnoatiinuedugiya, silicon, titania,
ingrRas eanzetiatioedalaminumda axide. I&lﬁetao%gtanﬁaﬂy continuously

embodiments, a graded film is provided having, from the substrate surface ‘
oY, SCREHEARAAIRT CHRGTIER G decré@asher conbedipanisn i film is
siicoitetitanidntifafiiim ten digrssuestoichiomettiaBniumsebdea:and aontinuously

sgggtaag}%allx contin ouslemc easing concentration of niobium oxide. In

yet other embodimants, & graddd filt e ph&iitfe d HHUING, AHPin&bstoichiometric
sﬂ@@ﬁme@ddia@edoatmwialbuanmmlyom@@fmdﬁgluminum
9%9%0?@9;9@0%&"é‘fﬁ‘bo%k&%%ﬂ@&?‘@l@dé&aﬁ%@ %99&9563“1?&1%}91'@%90%6%8 substrate
titanium oxide, and a substantially continuously increasing concentation of

Z TG AV OSaERRY: @ s iderRARER RSO spReriat,chaesaiwieRmEsilish, silicon,

lersdantabeut 280 Angstiemsoiessithamakewk2Q0,an sttﬁg%tﬂﬁﬁs b huous ly
about 150 angstroms, Ie%rs{athgn about 25 125 angstroms, less than 100

ahigstronts. B eUBR S S IHARCABR Y SE arlgstrb i OMBYSAHRED ISy @ graded film is

epnradéchent prgviiles thie filnb2that thicknessesofiless thansGbtaNgstamsuously
ngstr less). .l some cases, the film 20 has a thickness af .

e e B T d GRS Pomenie

atieuiuIs angstrahSant Bbsialy 5o uivysmem sn¢reeenainccasestibe fifmirconium

20¢has a thickness of 25-40 angstroms. 30In some embodiments, a thin

film maﬁ}%e provided under or over the film 20 to improve adhesion and

durabilit}"8f tRagilinE0 flncelanr bsrpibuinnents, thiskrefinefs proitray about 250
unsstrthes filss 28and anothe aibin §iliy, isprovidesaves tha iR, 18 than about

Figure 2, film 25a is provided above the film 20 and film 25b is_provided :
bie%ngegﬁ’%‘bt Oen%ﬁ’rr?eﬁﬁ.tgahne ﬁ?n%%gloﬁd 955 SRl Ha rhgch?&t(r?gsgn&smms' One
betwieelarabtutdifamngstrods Gadiab80tRehivdsses of less than 65 angstroms (e.g.,
200tk g SRC TS200 UABCR0.A0aSKOMS (NS0 6a5es: TPEMINS, abour 5
25a and 25b can comprise zirconium oxuie and in some cases Consists
cYSEHOER B APCHhi BvegEoThesithaslBavesd 2Bhicah algsoormpridabout 150

nigbisiahaxidecans insrencanasoansisthersentiaiysof ugbiugnpxide, In
certain cases, only one of the films 25a and 25b are provided.
n some emibodiments, a thin film may be provided under or over the film 20 to

improve adhesion and durability of the film 20. In certain embodiments, a thin film is
provided under the film 20 and another thin film is provided over the film 20. In Figure 2,
film 25a is provided above the film 20 and film 25b is provided beneath the film 20. The

films 25a and 25b each have a thickness of between about 10 angstroms and about 20
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5With reference to Figure 3, in some embodiments, the photocatalytic
coating 50 includes a film 15 deposited between the optional film 20 an

d
the Sbdrate 10. The film 15 can be.e‘l base film comprising sﬁl((‘:qé/,anfﬁ%Pfﬁ%“% ‘
FORGERYE SORS UAROTANOL 6% 06 L R I B A and in

film comprising titania, and in some cases consists entia ania.
TREGIRISES capsisireAstantindlybel szisesaivimasitapridingibilicd ndnd 5b can also
tiaiisH ANEL B SRS LRSERICANSIRES essentiallyiqf %E%@%t%?rﬁwﬁuﬁh%xme. In
film 15 preferably directly underlies, and is contiguous to, the film 20. In

SERTLERSES, I Afh Ashe aposiret ditebieanty s substrate and the
film 20 W depesiteddiceEthyenio inedih® dbbddie i, teecaneptianally coating 50

have a thickne fle about 300 an ms..In certain

IR AT L D 200 e e . T e
Witlsaeteer eriosa dilabepigeneing mlisometasesnivs@Saans2&seatally of silica.
pravided underAnd aove the. filn,2Q, 50 Mhatthe film 238 is colig %%g‘%teonsists

the film 15. The films 25a and 25b also preferably comprise zirconia an

v dethicindesiar bhewBenlansii AGaAgssms amgsaldim gomprising silica and

aNGSHOMS if\GRiR, Jik&eItakBASeS MY OnglRh thr ms 2RaTRadi 2R Affeferably
p({.ovi e%i# ne particular.embodiment, the photocatalytic coating
Bihas

inclodes. thé" S SOBSHSHES Lrrhed sy aFRP IR SiRes- fifth 0Btionizieposited

dbepotjtedhiditbe iy lsntocthedshibsthat@) hading<i¢hidkoass aftabiputih 15. The film
. ten oxide film deposited. directly on e silica film and .

e e, TN 4 K A St T ceran

SRekanjoes.the thhg e hasadéitkresmafHasinbea tHiglanasswhbeitersference to
FHPEHe2D ANGHOMSANG ALY ﬁm%&%&é@ ARSI PREHCUIAT film 20, so
|

egnbodiment, tpe‘photopatalytic coating includes, from the substrate
Stiffade SUtvardly’ &GHEHOMQIBfoHANy! depOSiteraifeet§gnts thaso preferably
suhsirate ) hesing adhickeesshifiaboub? Hengsh amsutal firshzitesmiadilm about 20

deposited directly onto the silica film and having a thickn of between
B o S 2 S R AR 2 0
deposited dﬁmcﬁty@mt@"thmﬁ@éﬁz_mﬁont_ibﬁfi phaochiageingeaatingknedsd8) dfom the
Ahout RS JRYSL OMSARESELZ AN filohd &%&%ﬂe‘éﬂ%ﬁ%%ﬁl%%t&&'lﬁe substrate)

tungsten oxide film and having a thickness of between abou

ARt AaaI96ab2E AhasrERTsand asvighiadimidapissreticdidionyly onto the

aftieatheiu aasteryide dilpred hayiaohigknessef heiweamaRosh?Aeposited
roms.

1gstroms and about 40 angst WO. ) ‘
SR 19 R 0RO PIDEORED 20 By o B capetveen dbout 25
emjzodiment] thepHodtecatabyiic coating includes, from the substrate
surface,out ly. a.nighium pxide film deposited djrectly onto the
T .
e B B R o8 o om e
ahbsaBisuT RSNy EIeral, a silivgstidn oxitiefillly depusitdditvetilygntdittumbstrate)

Hehim, exide flm,ans haying atdBickness .0t 400 ¥ 2 >1aRgs g f@ﬁe%ﬂgi Buto the

titania film deposited directly onto the tungsten oxide film and having

thifRhELE BrhERNEEE HBEHEsSCARGEtiwmamy Hhesaorantrdrehayt 20 angstroms,
ermgﬁen i@gamﬁmrce?aﬁﬁédmﬁ@étgr&ﬂhﬂi@@ﬁ&@hﬁk‘_@ﬁﬁ?}iﬁ'ﬂ%&ﬁ@|H&_l§%g a thickness
r t strate surface outwar , a.fungsten oxige fi epo Site ,
e oot SUNACE A g L AATELE G G st oxide
drigstrohisyvagiobitnimesddé fitwatepdsite d Oirectivomntmthebd ) 20ngsteroms and a
ide.fi ing j S t 10 angstroms and, .
L R R N S

PitfecHirmbaE R A0 aH e isrhekebf hergsisemsbout 25 angstroms and
about 40 angstroms.
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In some cases, the photocatalytic coating 50 is provided on a first major

f substrate and another functional coating is provided on an
cs)%ré?g)i é%r%\]ila}%r surface of 15 the same substrate. Figure 3 illf&M4t§247{066390
embodinent whereindhe aubsiiIndRIAs 2 st suiRse 12 pea
photocat:f%c coatir:% 50 and a seconed éur? ce fﬁalgae%rlﬁwa)g??lﬁlcrf%ﬁ%s’ from the

CcORGR GRS FOMIBARE coBtnhi B0 ase il dlerosiingdifitatloroato the substrate

phurélty afdfihmsnApYHidRESENAILRNROKBOMD ITHRe AHCR BE.UESE alfystroms, a |
s%rrrllest%asoesdt fu ctlonaoaéoatlppg 80is a I,ow_-emlss_|V|t¥ Film. In certain

cases. the Coating B8 TREIRE S RSB dRuR g Afin Haymg hardagayt thickness
nedrebinfr dfeehpsftectingiayeanBuiiabld:tosiemissivity coatingBRvINg oxide film
three,or; i d-reflecti rs.are described in U S, PatentNo. .~ =
60/7.215,é%hf, ?ﬁg %?Jr{t%eofg)égﬁlgr%% l%ﬁv ?cﬁlgs%gl%léoar%o?’g éléioe?gﬁ‘?tﬁ(i}m' Likewise,
rél?e%?féé_’: iPrwrmea ele thbofareliibitial codiggioeindss, sitsingle silberttersurface
"dottleiBiMeTiHeWeR IURRI Vi COATNRG . £ NI %?&5@{1'&8%&85@&8%% 3 60 having
subts%r te 10 can be part of an insulating glass unit 110. Typically, an

AL TGS o BRI 0 HRES ST bR & 1% (s mesief gimetizoonto the
Smmdﬁyeaﬁﬂlﬁt?fﬁemﬂ:@@ 3@@3@68@'& ﬁeﬁﬁlgﬁgﬁb%%) (WH@&%’S and about 20
0 art. of.a sash) is commonly provi to separate the panes
A A e T R cr B Pt B havin o

10 an e spacer can be secure
pairkResinef Aetweitresioat 260mEyisomerases;tal) engssealant 30 600 is

also prayided. i he dllustrated amhodim exierior pane;10 has an,
exterior surfage 12 and gn interio?%surfacgglt%fwﬁ%%%%%grbg%és?@ fas Sélrrlface of

iMErTSP iRt eRh B aRa dHnSRRIb cRMingcE DBVt pare IR ajor surface of

mialied INRTERIME {66 3 aMiRsioV-H MBI BHENIDALIER SIS AP as 4 first
is ex d to an oufdoor environment. Interior surfaces 14 and 16 are

12 S

bsgfffag%pr){o%s;ﬁ%%eaﬁ RORpHRrd T Sh BBt i ethaspatesBURCef tHebearing a

\irocpional/ 11 2E5PCTHE TSROOTA066GIRG Bistdatinglglasssiile ﬂ'lrﬁ@ﬂ@plurality of
, ior the substrate, 10 in the IG unit shown | .

B e B SR I R T ol o pstonal

EBBEIMENs tlleddyresdb&dmThe herrnresriadbel doafitige&aimetudes a low-

stiale Jsamningiude. B%%?@%ﬁ%ﬁ%@ﬁ@ 5§@@pﬁ1 ble low-emissivity

low-emissivity coating. SFigure 10 exemplifies embodiments wherein the
SRS TG IS MR BE piredisireing smden dsarebrdourted Satent No.
Wmdmmh%t(& @ai?iﬁgs @ﬂf&ﬂiﬂih%' 1380?;5@4@&3')@6?91@%%» J@f&%g@n In other
icat the coated. first surface (i.e., surface 12) of such a window
?gf%gg Eégﬁlg%%)gtaglﬁﬁ%%gga%ng Ei:Jfoa’ln (Sé%%%ral;\ﬁeée \‘Rfith‘?éiﬁ?/l%ﬂf'}’é’r low-emissivity
destfibed embodiments. In some embodiments of this nature, the coated

surfacewZimay Le.e%pes renvionment (andtor may be .
in_periodic contactcwith ra?r%?lg’ %I\%%r?gégs%glp pcr%nda%ﬁl%nc%éatréén éﬂ%tslﬁé\t%%ss unit
A alseP s Vid e insulekHang avsthaiphbldestary tstedertipeps0 Candym interior pane

depesiteskhyra vaiehnof yel @QWW%'E&%@@PBW&?%M%&%W% part of

tech iquses incluqe, but,%gg not limited to, chemical vapprydepositlon ,
CVDY, BISSHAERhBIA S iR AR AP PeRsS Itit, I rdkrieraess satibp secured
dolthe [n@idepmﬁmﬁﬁgbhmﬁe isighgl ancettiaiive mbmdiments ctiesf iHﬁ‘%md sealant
Ydenasited Oy pyitering, opti ally.at a low temperature (e.g,, while .
maintainintg~S the STJ stratg gthg(%%%\r/aa o??t@%%e%‘?e%%%@fs?é?? &rq\c,]y‘as an exterior
FEFEp < Prsre o dftertyWélow! 200lddgtets Gaisilis) hSpaitariadoisswélte 16 and
KOYYRHLENRPEESERT 8¥e pane 10 can be mounted in a frame (e.g., a window frame)
such that the exterior surface 12 is exposed to an outdoor environment. Interior surfaces

14 and 16 are both exposed to the atmosphere in the between-pane space 800 of the
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Equipment for producing coated substrates are also provided. Figure 6
Sggicts an 20 exemplary magnetron sputtering chamber 200 that can be

¢ d2135%it a photocatalytic coating of the invention. MaghHetfBseo07/066390

S ing chambers and related equipment are co ercially availahle .

f%%%rgﬁga{lggr gﬁlso s?bzr}csé)gl egy f_’e%/%oé()‘%]?gsseﬁ Cn%gg:% r%’ﬁ g%%?&??n%(? in the IG
té@ﬁrﬁ@@s iaergequbﬁe AtRbEaestribecd iy SO PHierb4bE6,0 18y issus of the
t@:@%@ﬁﬁ%&b%l?éaﬁ&e&@&%@Sﬂewmg%?r&fﬁ%grl‘?@(?}%@%ﬁ%{@ lg_é{bstr%;e 10 can

reference, The sputtering 25 chamber 200 illustrated in Figure 6 includes
1544 fofttiene) ooing pilufRnig amsige atepissvinaoatitling (or "top

lid" or "eoues’) @2 einaaibehoundiRg:a SRR M CAVIMAD0TWRIHPRELy be a
ta{ %ts % Oa gnd 80b are mountgd above the fath of substrate travel 45.

The stbattatd YO RoRS BT HIS Y B AT RS AL FadB FAS eRRTgvall 98
fibradepldsigoh). optionradly emdicatplusality obedatadsamact ttansparthéoliersof such
& GRIES, DR UBRE. BI9RE AP R e AU OHOLIDS R Darived
means required. For example, the targets could alternatively e 16wer

taFeRad BERitiolie@Be bt of Siberare thavehtadd edegstéd fow be exposed

depasitingdhePhaipcatallioRoaliNg.an A hattom sutasaiPfilie substrate.

In som%% bé)(lifments at least one film of the photocatalytic coating is

sputter g{? e GRS S PRI HASIHER it BTt $p dilm of the
qritatshaadttier idagof tharsbibabipisitddEby Y@ ety of well known coating techniques.

7/121715PCDUS2007/066390, using a dual-direction sputterin .

cham ]Igrc?%d% - ?rcggf%ﬁssﬁlﬁl%%%ﬁgbg ambmé’rg1 PTG eg%ri%%%jiﬁ% .?g.p%raféeﬁ’f) sition
agm@atimp@/m@ IdrentA55pd &SR Pitdyentiketesithingsol-gel
fpashal whicharsl 9%%@%%%&%&5?@5%%5 AUSIDAVEN L spustering,

sintgle gthrgfper or lower target could be used in'each chamber."Moreover,

RPN 5B BENE 8r 1ibHe mietiaing draswsplanabeiayetsout 250
aldgeugitepindeisaljatgetsaseeshewmbly bivhendhasoatingdsidoneshyitering is
s&&gtggg& tg%spyttgrln can optionally be performed while maintaining
the substrate at & Fén% ature of less than about 250 degrees Celsius,
and moreypeferaflyiessithancAerdegrens-Catsilso@rgyisddhoEigure 6 depicts an

in substrate ch cases, the coating can .
S D S RS R Rpomcie
deRtBEnef shergyorsiang rolirgion(suyttsvita otitearhetse atih gaddtideequipment are

dasiiaiaeyanddhat which oscus W@%%U%éfg%t!‘ ¢ 0J85MR 204D magnetron

bombardment of conventional sputtering). In other cases, one or more

FPHE B eEBUAHE 5B 9s A RITB SHE LB HPER iRl depisdeibr tihiguissued to
gﬁ&lhﬁﬁﬂm&rsmﬁlﬁﬂg@m{fﬁmwi@l@ ﬁ%}fo%ﬁﬁ[éﬁ%lﬁmn@f&%ﬁfﬁﬁ"he (sjputtering

ivery). itionally or alternatively, the cpating 50 once 15 deposite ,

r%%@n%ggszlﬁ(?gé ad q(‘)%ahnio%1gflrreea ment By 3peals§ti%)§ aﬂool%rn%g Oaﬁ(??maﬁty of side
awdetatingribaseibiamgothdopoliting(e grydd epb@needtier bounding a sputtering
lewilaintenanse,prepell £00489)- 10 some epses, dhis.isdon

for éﬁ% bodiments v%ergili%%gs%%b:gcataly%%)fﬁ% ?Xﬁg%%%cggtﬁiﬁg kgn%a%%%?gru bstrate

BYel SPthENasBREHE1EE tharararsdAlerstiin raboldihstmse drvel4ddlofing film
drposii6g appbincasatytic 9aating P RraMdet e Meied 0. Im Figure 6,

q{omprisin de;t)'ositing an undel'rlyin Elm over a major surface of a
sm‘i?sil#’a%%f%é%‘?faa@g Qdfier SR Y SpsRE SPphatawatdty feTifFrmple, the
cerpgsising ditdniaadiveistiycolsrdh entgedesbsitigridimbdi casespaunese ditrate travel
t lytic. fil sists essentially of titania, a sputtering chamher as,
iR S e S R
JB0breaAekndimesinprdeatitanufiim o fsbeghorses) ttie tantjegsisaBusire deposited at
mrtalitaniimmiargeis and.anoxidiziog atmnespiere. ORI DA RGN RG ate, i ..
some nitrogen) is used for sputtering the film comprising titania. In other ‘
cases, the targets are titanium oxide targets and an inert atmosphere
(optionally with a small amount of oxygéf and/or nitrogen) is used in the
chamber. In yet other cases, the targets are substoichiometric titanium

oxide targets and an inert atmosphere (optionally with a small
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30amount of oxygen and/or nitrogen) is used in the chamber. In cases
tocatalytic EIm is a film including mania and another

\rwgéﬁﬂi%ec%?sputtering method can optionally be used. For 8%?1"%5?8?%%8390

Ahthe lerainRlady 2BARaA0 oplianaly comPIiR HIANUIMARIE Reobers are

other tar et comprises another material. In sonic cases, the 0 arge

SGrpiheddrcHpparatent rrplsatimicd fke ToMpred W, and 10/922,719, the entire
20QRih 2 21 5RE DAUARAD06R3Atitariaand 69PRENEIHCh SABRETively, a single
es

0 tigpall}/ bein_gg%(idiziﬁ . In other cases, the other target compris .
SO 5 NE Rty e B RIpRSS T ERATALSh o ie] Y it heag i ber can include

CURPT iSOG spljxemrarﬂﬁﬁr hﬁlﬁamﬂﬁlﬁaﬁi&rgﬁi&mﬁi@dﬁm@%iﬁfﬁﬁ@ets are sh(;)wn.
atmosphegr ' .also including some nitrogen) can be introduce

o the O AR SRRy e e pesformed
éﬂi&&n%em&m@éh? Syltpeateh mtgepeaiecs attetien ibant IRg0tderees Celsius,
shghthy.@xicizing gndiorsliobtly &gfgég@e@stﬁkoépge%tﬂ@u?tﬂggfe%?eenﬁalt%gaﬁng of

other target comprises palladium so the resultlngz film comprises titania

A BRI P s e 4B chtnsser eirberdbnsrisus indspomiied without any
regplingdithreemprises Wania aner i i QKK £a$es: 1018 ORAIFaref heating of

ises tungsten. so the resulting film comprises Mania and. tungsten. In
o e RS o Bt e ey et o
cemysriteratitsmiticaing)niobiurhetoer cases, theothieistar eicCotapHes) is/are
ML) g fi | Hania and molybdenum.
e e e G e or ot

SHrRlehaAtrerRfaay ofdivimie tadgeig 2Bt or 280hresindpmibrisectitirgus? once
(pdiaditaaiupe oxigieldbiaad 1he etherdargelrrmeoMBIiss liednd accelerating

gand/or silicon oxide). A nitrogen containing atmosphere can then be used

i the Tham Ber R ANeF thar OIS dB sty B FoRr P8P TR Hifncoating).
émoodivientsiheachdtarg &ir carbooimpiseiias thd ot ai8ast BN includes titania
afditiona) &q@e&ﬁhgg&c\;&d J{oc{nmtelr%ergr[]gup consisting of silicon and

copper. Further, in any embodiment where nitrogen is incorporated into

the filmBESHa8 cespoadiiornétnospiterd 20ckndsichigle mikogenalytic Ataoing 50 is
Wﬁé&,@@ﬂ@@l&h%ﬁﬁﬁ@iﬂ'ﬁ%@ﬁﬂ% 'Enaumi'éﬁfgr(%rﬂh% %Eha%%ogr ace of a
e Xam the

sputtering an alloyed target can be used. For e le, one or both 0
LRSS B0l P By e ot hoy B rgreepiactcania
diraliyy selected tiferifiadoliowing; tianinyRRg eRPRRLHRRINRARE, consists

teagégjtya% t(l%a .tium and si{icon, ti aniLﬁm and 25 palladium, titanium and tin,
fitanium and tungetén: AArEn BRE RO R H ARG S AR dlyBdkisyrm, 7 can be

setsbtoidHiontrepits i ami dSitecandcbpperpsubsisiohiometts §itapiNhe targets
oxddg and taptalym. substoichiometrie titaniym oxide and silicon, . . ..

substoichiomethe tita%%%n%%i(?er{nasn{i%%ﬁéd%rpngs é%rgto%?\tllgr%az]t‘ﬁéli‘ftla‘%m% some
Biraecands s prstaiimonghictiimsiompysie tiaelauigstdar cases, the targets are

SubsteichiampelFic Hiamium pxide:RdRIARIIT HaR0 SHRSIQUGRIPMESIIS: of oXygen

tit%r/'nium oxide and molybdenum. In some cases, the amount of titanium or

A oI BHTOS T8 LitdiSiim Bxiths irf B BsFgelis Yo seihiein ertighahanisageis are
thastdhdiotherimatariah bxsenme @asesd theiHanuab PhetbEIRHANSHIE o small
itani ide in the target is simply doped with the other material. The
gﬁ)%%(%ﬁ% %eéla%ng{% gtéo Su tlgreey(%rgg?ggéﬁ 4tmosphere, such as an
oxidizihgy ersaitridhere afmagphiesetalnticasés viherditheind@ling titania and another

%@%M,%%@E&I&w%zéo%3§&ionaﬂy be used. For example, one of the targets

280a or 280b can optionally comprise titanium while the other target comprises another

material. In some cases, the other target comprises copper, so the resulting film comprises

-11 -
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alloyed target includes substoichiometric titanium oxide, the target can be
s\futtered in inert atmosphere, slightly oxidizing atmosphere, or slight
nit

I
(i)l(zi?rqal&tlr%gsphere. In certain embodiments, a method &d B&T{? 6390

derlying film 20 is provided. The method,comprises depositing an
R S g P R R R e ey o
AOIpRitEsing iepmpenbe aesilling Steddenrigsse iBapid/acdnibeaudhel tdrpensasprising
i | ' ial sten .oxide, . .
A S AR i
F8515 CHRC8E-h RBnREriSE AGStério Abinthambasiotia et Arsepiiging |pilicon can

stimeaciashshthe inrgats ek Melal kngsiemiarasts cmetal QUMIBIT an inert (or
| zirconium targets in an oxidizin

targets, metal niobium targets, ar met '
]%%%tn‘{o%%ﬁtlezrlg ép |oor1ia%§gmié’|d]dtiﬂr§’ AR S iRsh chestribe other target
casegisthertigbisae thengstéing fide tangetsesatiiminuml pxitaiiargetSother cases,

iabj ' irceni Xi argets in an.inert aunosphere
e e L 0 5 1 S e s

drraftbariangs copimRrisprerm g TLIIGK ey Ltilve felm moixedsintitania and tungsten. In
%@MQ@ﬁ!ﬂﬁ%ﬁM@%%ﬁ@é@ﬁ@ﬂWsH%ﬁgr s%ﬁém'&xﬁ&%é’é nia and

targets 280a oy 280b can optionally comprise tungsten, aluminum, .
r%%%ﬁ%’, APEShRTT e AHETOHTSR 4 yRPEtin HrRiERISPEthE? iiaterrulting film

sompricasesnimantangeyietemprises metal tungsten, metal aluminum, metal

iobi etal zirconium and the ather. target ¢ rises silicon, . ..
i e o Ao B LS s ffica and
Afregrdizing afntiesphest mmtmuyam ckudmg;e'sdmﬁunit'r@gé@)n mambﬁr oxide)
6ASaSe BtRrHeL COMPNRESUNGRISH %El%raéﬁméﬂ“&i&’égdﬁ' Qi'@%grgn containing

oxide, or zirconium oxide and the other target comprises silicon o

AERITRRRCERGAB tirnstibateichitin e branRirhendbe asia Hote-apatiering method for

edxepufieneshibodiings al0sRRareORURRRNY Withigsmall AMAWLAS additional
itro eralis used in the cham eq, 25Als0, in cases where

oxygen and or ni )
é{%ﬁ%eﬁ% ﬁ%’% r%rrr]()ls a MRS S EhGER Loy thsigdp any
carv brusEdvior exangpieisonecasdbathl dhibeHamieis; 2302 asgb2B0h eahosphere
bean-alleygd target. The alloyed target can be an alloy selected from the
following: tungsten and titanium, tungsten and silicon, tungsten and
substofelfbrietFitstitariisr dhxidelaneriniin anaitgsummakadifitim andethod of

spieamingamineRedstbsiajchiomeatrictanim .30 2Xide, HoRiYPaND 50, and
i

2%5{)nium, niobium_and silicon, niobium and substoichiometric titanium
X

e Yk 5 AP R it S i, P cRMUIRT dABESS iedn Dard AHeonfgiciadd from the
sulbstaighicmetnic ditdnioppepxitelihe.ad ayeditagetmare SRUURIEHINiBRum and

idizing atmosphere, (optionally including some nitrogen), . = While a .
R O LG UL EM MRS LA e, i and

s verun debstoobithat varitaswwhangés, adapipgionswant wtgaifieaiotigmium
Rarebe madedhsreinwitbputdenarting from the:spidt of the invention.and e
the scope of the appended claims. MCSLLP ' _ o .

titanium oxide and palladium, substoichiometric titanium oxide and tin, substoichiometric
titanium oxide and tungsten, substoichiometric titanium oxide and niobium, or
substoichiometric titanjum oxide and molybdenum. In some cases, the amount of titanium
or substoichiometric titanium oxide in the target is present in a higher amount than the
other material. In some cases, the titanium or substoichiometric titanium oxide in the

target is simply doped with the other material. The alloyed target can also be sputtered in a

reactive atmosphere, such as an oxidizing or nitriding atmosphere. In cases where the
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WHAT IS CLAIMED IS: A transparent substrate on which there is

Vi a photocatalytic coating, the coating including a photocatalytic
%{Ir?? (gegp%élltgela directly over an underlying film comprising tund)é}gﬁ]%%/?ﬂfé(?“”()

' in the. catalytic, film comprises bot .
R M ML B A T SRS B

copprmatntlisiica opias e Ringstelieipbiwidizgrimosphere.
molybdensiRaiBent hedgHBSY ateneftclainp &%Qﬁ'ﬁ%@%ﬁ%ﬂ?ﬁff@fﬁﬁ! %@_t%dprovided.
|

from the group consisting of nitrogen, copper, tantalum, silica, palladium,
t@}%ﬁ%ﬂé%@?ﬁ(%%Bﬁ?ﬁm,é%%%?alﬂ?&%dgﬁaﬂ%%%p%% YRI0E BHESEAE ppubstrate
dlaim 3 simsrdinctherphoineaialylisnfier eoimpsisasdpilriitaaia and %}éﬂgﬁaﬂed. In
. The substrate af claim 1 wherein the.underlying.film hasa |
B L e SR AR B e
oHSYEm thrédendergbng filroxides Gathickete 88 bf des L it abeath7®mprise tungsten,

angstrms nlbpfhesubsiiatieOfiglaimd J&é@&l%&%@é@ ing 34,0256 iM;e, targets,

deposited beneath the underlying film, wherein the base film comprises =~
S8l AHEPSTiATEC S, A talapalen i igs s atenstrlvTePiHEY &g oVt @radizing
phatopatatyliptoatingidtiedeatibgle nitrogen) is used. In other cases, the targets are
tungsten oxide targets, aluminum oxide targets, niobium oxide targets, or zirconium oxide
targets in an inert atmosphere (optionally with a small amount of oxygen and or nitrogen is
used in the chamber).

In cases where the underlying film is a mixed film, a co-sputtering method can
optionally be used. For example, one of the targets 280a or 280b can optionally comprise
tungsten, aluminum, niobium, or zirconium while the other target comprises ahother
material. In some cases, one target comprises metal tungsten, metal aluminum, metal
niobium, or metal zirconium and the other target comprises silicon, titanium, or
substoichiometric titanium oxide and both are co-sputtered in an oxidizing atmosphere
(optionally including some nitrogen). In other cases, one target comprises tungsten oxide, |
aluminum oxide, niobium oxide, or zirconium oxide and the other target comprises silicon
oxide, titanium oxide, or substoichiometric titanium oxide and both are co-sputtered in an
inert atmosphere (optionally with a small amount of oxygen and or nitrogen is used in the
chamber).

Also, in cases where the underlying film is a mixed film, a method of sputtering an
alloyed target can be used. For example, one or both of the targets 280a and 280b can be
an alloyed target. The alloyed target can be an alloy selected from the following: tungsten
and titanium, tungsten and silicon, tungsten and substoichiometric titanium oxide,
aluminum and titanium, aluminum and silicon, aluminum and substoichiometric titanium
oxide, niobium and titanium, niobium and silicon, niobium and substoichiometric titanium
oxide, zirconium and titanium, zirconium and silicon, and zirconium and
substoichiometric titanium oxide. The alloyed targets are sputtered in an oxidizing

atmosphere (optionally including some nitrogen),
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including a photocatalytic film comprising titania positioned directly over a

film comprising tungsten oxide. 209.The substrate of claim 8 wherein the

iilat %%‘%%(S%?&i’ﬁg tungsten oxide consists essentially of tungster; OXg&r007/066390
10.The t im,8 wherein.the film comprising tungsten oxide is,

o, e R R ARRI™ esetbed. i shoul
Spstsiekierdetiie tmiaiiniorizie. AdRbetawsstndtenofidleitivBswierdie thale therein
fCarRtisin i ‘ iy

] oL S ok e .
comprising tungsten oxide is positioned directly over a film comprising

silica and/or titania. 13.The substrate of claim 12 wherein the film

comprising silica and/or titania has a thickness of less than about 300

~ angstroms. 3014.The substrate of claim 13 wherein the film comprising

silica and/or titania has a thickness of less than 100 angstroms.
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WO 2007/121215PCT/132007/066390 15. The substrate of claim 8

wherein the photocatalytic film comprises both titania and a material

selected from the group consisting of nitrogen, copper, tantalum, siIica,MCSLLF’

palladium, tin, tungsten, niobium, and molybdenum. 16. The substrate of
Wighins T5.aEBimSthe material selected from the group consisting 5of

nitrogen, copper, tantalum, silica, palladium, tin, tungsten, niobium, and
L. molybderareis alioptrmn MicThersifosureitebf eluitrcgabiieraiifigethe coating
incRRetosataktiafilm.compesasLath-iB NN And Qg fiml@nfhrising tungsten oxide.

transparent substrate on which there is provided a photocatalytic coating,
2. the 1&:coating comprsingdronmihehstdostiBte ouitwarndpyisasihagetifdiia and a material

se Igcg%o 1%%%%{8%% u@ goﬁgpf%rgaé? n‘%@(gg&?\%}%e , %@5@%5,%19&1? Eﬁlgﬁﬁ%ﬂlﬂﬁg@&n gsten,

300 angstroms, a film comprising tungsten oxide deposited over the base
niofna e FARECARickness of less than about 100 angstroms, and a

photocatalytic film comprising titania deposited djrectly over the film ‘
5. compaHE TG ER eSS T AE S Bt St G eLE WhEPBI g of mirosen
coffifen, cotajprisingctungbténroxidettrastentickves st fesisianalioudafsnt.
angstroms. 20.A method of depositing a photocatalytic coating, the
4. methidy eswisHsmgleiepdeitirg athtrRbessRstsiivd tmtster Xl mand tungsten
dopagjor surface of a glass sheet, and depositing a photocatalytic film
comprising titania directly over the film comprising tungsten oxide.
5. The substrate of claim 1 wherein the underlying film has a thickness of less than about 250

angstroms.

6. The substrate of claim 1 wherein the underlying film has a thickness of less than about 75

angstroms.

7. The substrate of claim 1 further comprising a base film deposited beneath the underlying film,

wherein the base film comprises silica and/or titania.

8. A transparent substrate on which there is provided a photocatalytic coating, the coating

including a photocatalytic film comprising titania positioned directly over a film comprising tungsten

oxide.

9. The substrate of claim 8 wherein the film comprising tungsten oxide consists essentially of

tungsten oxide.

10. The substrate of claim 8 wherein the film comprising tungsten oxide is a mixed film

comprising silica, silicon, titania, titanium and/or substoichiometric titanium oxide.

11. The substrate of claim 8§ wherein the film comprising tungsten oxide has a thickness of

between about 15 angstroms and about 150 angstroms.

12. The substrate of claim 8 wherein the film comprising tungsten oxide is positioned directly

over a film comprising silica and/or titania.

13. The substrate of claim 12 wherein the film comprising silica and/or titania has a thickness of

less than about 300 angstroms.

14, The substrate of claim 13 wherein the film comprising silica and/or titania has a thickness of

less than 100 angstroms.
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2021.The method of claim 20 wherein the film comprising tungsten oxide MCSLLP

is deposited at a thickness of between about 15 angstroms and about 150

E}st rog 1251.2152. The method of claim 20 wherein the film comf)?i IHep007/066390

tyngster, oxifle 5 dSposiiad %greqxigﬂpgh%t%eg%?ﬁp AISLIRNG A4, sitania and
sputterablc material that comprises tungsten, t espu% erable materia
BelrgfgEtbcdertrdninie dhoupcomsietingingsehtizilipefpurerneng steta) @54 silica,

@mga;g&}q&{g@n%gg@gmwmiy%nﬁgg method of claim 20 wherein
the film comprising tungsten oxide is a mixed film comprising silica, the
rr]%(ed Bhgﬂﬁaa%fe%fo%gﬁﬁﬂ by e tfsringtar ik geleeishBrinbetaryssansisting
afidiadgsgeioppanprisingisilichion, Rdladinenmithad ot Aot hhereid HiRlenum is
5%%0a%§talytie film comprises nitrogen, the 30photocatalytic film being

sited by sputtering a target comprising titanium in an atmosphere
ddmpristrgswitogen! dainnStrarspardnpbobstaiydniithictnthesesisoth titanium
g{g@q%@hphotocatalytic coating, the coating including a photocatalytic
film deposited over an underlying film comprising a material selected from

thts groli RBIRIEHT o GrstiHe St rvBigh dh iR BiuRremidae canlintisarly g oating, the
20643 232pBRE A62200 HARE63BQutwardly, a base film deposited over the substrate

and having a thickness of less than about 300 angstroms, a film comprising tungsten oxide
deposited over the base film and having a thickness of less than about 100 angstroms, and
a photocatalytic film comprising titania deposited directly over the film comprising
tungsten oxide.

19. The substrate of claim 18 wherein thé film comprising tungsten oxide has a
thickness of less than about 75 angstroms.

20. " A method of depositing a photocatalytic coating, the method comprising depositing
a film comprising tungsten oxide over a major surface of a glass sheet, and depositing a
photocatalytic film comprising titania directly over the film comprising tungsten oxide.

21.  The method of claim 20 wherein the film comprising tungsten oxide is deposited at
a thickness of between about 15 angstroms and about 150 angstroms.

22. The method of claim 20 wherein the film comprising tungsten oxide is deposited
by providing a sputtering target having a sputterable material that comprises tungsten, the
sputterable material being selected from the group consisting essentially of pure tungsten,
a tungsten oxide, and a tungsten alloy.

23. The method of claim 20 wherein the film comprising tungsten oxide is a mixed
film comprising silica, the mixed film being deposited by co-sputtering a target
comprising tungsten and a target comprising silicon.

24, The method of claim 20 wherein the photocatalytic film comprises nitrogen, the
photocatalytic film being deposited by sputtering a target comprising titanium in an
atmosphere comprising nitrogen.

25. A transparent substrate on which there is provided a photocatalytic coating, the
coating including a photocatalytic film deposited over an underlying film comprising a

material selected from the group consisting of tungsten oxide, niobium oxide, aluminum

-16 -



10

15

, , . : . : , - , . . MCSLLP
oxide and zirconium oxide, wherein a film comprising zirconium oxide or

Tolo)| |de is deposited over or under the underlying film, g gy 07/066390
S{c?r}rjliphlr@ﬂ%&gﬁconium oxide or niobium oxide being a differen%gna aFil

i .'we ' . 21E)iie oxide
e P B i oxia

iPrisradiedrarer oF crdRs B wiserbingrdtribe i gamprhag altpekiesisk or
tessithpskatadinbaangsieamsate?al fhhe webstiats:af ¢laim 25 wherein the

jlm comprising zircania.or njobjum.oxide has a thicicness of between
g%?)ut ﬁieasr%lé%%%t?n L B St S S A DB PhRAS s Bt A o s ha
FpwRéfeingdtefiln comprising zirconium oxide or niobium oxide is _

g;epos%g 81‘6‘3&5%%‘#1%5'9/ %gvmgr]éin?’&b-ml esr'fll?gtr%liem fag Igl itrr}ci%evs%hg Tﬁlzgs than
the film comprising zirconium oxide or obium oxide Is deposited under thé
theseryitResiEams31. The substrate of claim 25 wherein the film comprising

zigconivke Qidie.RrJTIORIHM L 30X6R tﬁ@ﬁ&?é&%ﬁk@f{f%@&%ﬁ%ﬂ?@ﬁi 1Ride
nd wherein a second film comprising zirconium oxide or niobium oxide is
%?ﬁo\%ffz@?@&f BeENGRBERIAG tibesEIns s ahputrftanssErmh 25 further

zompriinguhasedinhitepositeddeneahthepdedying fimondedein: igbium
base Mmgamarses slcaandior Mama- |
30.  The substrate of claim 25 wherein the film comprising zirconium oxide or niobium
oxide is deposited under the underlying film.

31. The substrate of claim 25 wherein the film comprising zirconium oxide or niobium
oxide is deposited under the underlying film, and wherein a second film comprising
zirconium oxide or niobium oxide is deposited over the underlying film.

32. The substrate of claim 25 further comprising a base film deposited beneath the

underlying film, wherein the base film comprises silica and/or titania.
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