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PHOTOCATALYTI C COATI NGS HAVI NG | MPROVED

LOW MAI NTENANCE PROPERTI ES FI ELD OF THE | NVENTI ON The
w@e@sant21s nventi on provi des photocatal yti c coaPCTyS2000066390

substrates, such as glass and the |ike. Mre

particularly, the invention provides photocatal ytic

or P HOTOCATALYXIC COATINGS HAVING

additional materials are incorporated into

TVERROVED LOW-MARNTENANCEPROPERTIES

nmet hods of depositing such coatings onto gl ass sheets
and ot her substrates. BACKGROUNDOF THE | NVENTI ON

Phot ocat al yti ¢ coatFng arerikRIMENTIORE art. These
coatings commonly include a filmof titania on a

su bsTheatr&senAingemwn mewldeophatesedytchedatisgsfiee sutdontes, wuth as glass

royi di hot ocat al i oa ings that . )
and Y Tl o N S e S M BRSSPt Er SR tEs sl including
anl QMAEIBAY ﬁ[}ﬁné&nlﬂfsﬂ%ebﬁé Q% hoe! é&@lf&@l Ifnaféhﬁﬁn'aﬂcgor one or more
properties, hydrophilic properti'es, etc. The pursuit

addftldn@wrmlﬁtswann@rmrﬁtstdvm‘@oattmmcommnmrﬁIm:uITéme inpepgion also
or a

prSERy a0 o Grby g AP Rl O shbal B Sdfpsupes

under | ayer t hat B‘Qék@lﬁi‘@ﬁ ¥ th NW enance
properties of the coati ng. Add?tlEonaI y or

al t ethovaddate®ytic, coatingwoatk dnben dhe dier @bl Thése combraspomatanly include a
into.the photocatalytic fil mltself agldltl onal

filghplefiteip on iRt Hieu i bSEAhdaIt 81 feserreianseRdopamd® a view toward
pr??1§§%p?h8§>c&%lﬁ1@ec&egﬁ%§ N@rat gg 'T'Ewlrﬁgfw&gé' %ropertles

ent substrate”Is provide ot ocat a
Desrablien gow-lnmamtemmce nbogertent sclitdee sekﬁataaniygi pndplﬂdes ehydrophilic

hot.ocat a ic fil dep05| ted directly over
PrlfgErY gt Eﬂ‘? iPUFRUE Pwsfpﬁateaal?f&twﬁaw coBiegs, dypifighar has been

antef&ﬁvgﬁglldrbf%gﬁl Slalohng of tungsten oxide and ni obi um
oxi de. The photocatalytic filmpreferably conprises

bOt hIt Wdu@ba d@ﬁfilb?entoaﬂ?{n{db %n&{ot&%{a% caéoaﬁﬁ% %{he% ﬁﬁ(@e’i‘layer that

group consi st ro en,
Wsudﬂl emncs i thec h),w-paiﬂtadmuem prbpem;lei UIfg $}tee n:,oatmmg) bi lmjd_ltlonally or

and | ybde In so cases, the additional materi :
alﬁeénagwﬁleﬂ yt éivo&g}pz?ﬁtdeséﬁ A9 BSPRATALE ARopthe pglé@%‘f?ﬁ;]}’tf*? ?ﬁm itself

acdRTIARE mQeritR viRcPWoulf QhhArta iR 18 waKaintdda i rERS€es dMBe coating.
photocatal ytic fil mconprises titania and a tungsten

dopant. The under SYiMIARY OFhasE ENVEINTkORSS of | ess
t han about 250 angstrons and nore preferably |ess than
aboud UABspaRgS Sulstrste i proyiied aghetsataliiie coaad. hiysdng erbediments,

th'e nc%la gge%lc‘rilucpegse pilotocatgl%‘fﬁg Sﬁl}negepo%ntg(?t(gregt?}? over an underlying film

comprising a material selected from the group consisting of tungsten oxide and niobium
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 75
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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underlying film wherein the base filmconprises
silica and/or titania.ln other enbodinents, the
wWebwrozrtal ytic coating includes a photocat al ypE¢TUS10011966390
conprising titania positioned directly over a film
Conpi bengmbodigehentheyho@cathlftis ovRingas@tdestaiofdchtalytic film
conprising tungsten oxjide consists essentially of
COPRHESE Sifpndpesiioned dgesilr overna 8dm copwrising fyngsiep oxiden i some

: : . £ L bl ‘
colHWE R B o RS LD G 3, ot
cageist thafilmcomipaieing Tinexsten loside dsp riisddnfiint corgsisiny ONdad&ilicon, titania,
. preferably has a thickness of ,%ﬁ&\ﬁe%ﬂéabout, 15 )
UtaHa, SYAHOIS PO IS AR e CPPPRPING tygsign oxide
pr8ERHB BBl YhiRRSsE bOReded LRG| ¥ aéEbnR ahd 55811@9?@%@'&%915. The
silica and/or titania. The filmTconprising silica
filmne Alop ptdf¢rablygopitiohet dibdcily oasr afilnhtakpessg sificd @siortthama. The

bout 300 t d f ly h
e SRR ST R RN mEhE SRR TBnS mengbau 300
anfRONRNRHGEGHE PhofbiablyfHab MGIOIMES SEIBsBEN 160 4BRHrémaNE sBme cases,
material selected fromthe group consisting of

thqwphatengeahytict falm edroprises bpipditanamandsi miatsaial gotectadrfremh the group
cof 3o Db AEOLE S A GBI SR S e PR i
copipeit@tiialivhiven s@pditrogenconpri ses, fromthe substrate
outwardly, a base film deposited over the substrate
and IR 6t dgeraenpbndinreids shophqtesdaly titapp 2 GomBOges, from the substrate
r [ : .Sl gst |.de '
ouB R0 A Pine Fhy (oL eE MO dBRE o 11 HFBARLS fEloss dhan
abalpdlf0 d@Srangst fibmsomansdng tplgsten oxiddl depbsitedi dvar the base film and
conprjsjng titania deposited directly over the film .
ha&’&?ﬁﬁrt}‘l@kﬁf‘ggspﬁifé%f}é‘ﬂ BRHO0 2pgeramy g 8mppiogatalytic film comprising
e R e R RSy horising
turggseeni oxglei prefletadieshas aghokogsabaleyt then fibdun7depgsianed over
an ynderlyin ilmco ising.a material selected fro .
£ he 16005 s e PRGOS LB oL EsE PR QBTG b Biepositcd
ovéd U BN AXE FBnAREMBHERON RPN d8lectdlaFh Mhé@ ghddponsisting of
conprising zirconi um oxide or niobiumoxide is '
turiisisosetidd WokiimopXidadelnmitien wadker iyd agedniim oxite Widrem a film
cof PP SO FRG) T % BEOITAE P i o wncenying
filmneRriiiy doenrisind Afcehiemadliye @ﬁﬁoﬁuhﬁéﬁ&d’lﬁ‘éﬁ% 9tiffe@&8 material than
t han about 250 angst ronms and nore preferably has a

the wdeklyimeslilar Theswderhane Hivo atefasblarits aribivknesTRE less than about 250
o R B PR L LB B SNl e
compgising ai®onianorsoibBiuaaseisle préferably hue anpicksdsedf between about 10

zi rconi um oxi de or ni ohium oxide is deposited over the .
anggiroEhy "V’iLér?é’OF‘i $4angpioge-Ha sorg sass. e &M COMPESRE ZrepHm oxide or
- i i T ' r..ni ahi X is ' .
G A ] 01BN 9y SR LSS S8 comprisin
zircompmi eXidg) oz intabduri umidexisddepositedi wiieu thooxndtelyirg film. In yet other
de d under.the

cases,paxsei %Fm 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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underlying film and a second film conprising

zi rconi um oxi de or niobiumoxide is deposited over the
wapwentishig film In certain cases, the coati nRCT/USLNEV66390

i ncludes a base fil m deposited beneath the underlying

film wmb@oeisr o sﬁﬂxgeafﬂ)ﬂd%&@ﬁmfd $6&tir hd GRoAPINRIed. In some

titania. A method of depositing a tQhOt ocatal ytic
enghodtmers. ithe gleghpdpgasuitisetl denasitivgreetibmisoaprising $yngstee oxide over a

0 [ osi{iing.a filmconmprisi tungsten . .
mdlf QHE AL BT SHORTH U0 ¢ PhERCR: My (SR itania
didtefhp sivér thy fAmphietmtaigaduyipiten bkide) TROAlH &bﬂ@rigi!ng &ﬁﬁ%ten oxide is

dth/raEftly over the filmconprising tungsten oxide. The
preferalive JrpAsited iy @ dhigkrash Gxbeiwers abpat 4 apigitromporidt aput 150

{ i f : r - baut ...

O st e S S e AR Ry AR R TR g B Pbviding o
spuitmgst ergepshiadiegi 5 splepebid ethtdrial phaviddipigea taputeh e tiengutterable

target. havin sputterable naterial that conprises
gt i Sel@ﬁgid_ﬁﬁrg e SI9PB CREY ¥ MZaAssinlly o Blieciagsians grimgsten
oxid¥e afll QURINEARS aRbY NMBhEBRR N rfsMﬂgo{unEH%;E o&#&@g&h% a%nixed film

tungsten oxide, and a tungsten all oy: e fIim
coppnipngsiiling. thengeteenfilox ibdimgedapotieedabyricasputtaring a target comprising

conpri si silica, .the.mxed film peing deposited by, :
o R T R i ] G G DR e i oxide
In ts8fing Rlas@O IR plvtft@itadyild SRR combaRi MFLARIMY photocatalytic film being

subst oi chionetric titanium oxide. |In sonme cases, the
deperdfed clat apyitqringf Rl frgsd ngamiiséngnititandgrenin heatmosphere comprising
nit?%%ocat alytic filmbeing deposited by sputtering a

get conprising titaniumin an atnosphere conpri sing

ni trogen. BR BRIBESRATR0S O i BRUMRE1 ure 1

IS a schematic cross-sectional view of a substrate

havitingpra 1 sus faeemahieardssgeaiophlotioe af alsybsuatetoatngngsurface bearing

pglccor dian.ce with an enbodi nent of the invention; Figure
a PROjosa YL RRRAHYS 18 AerPedance guth Brranbagipgntar the igyeionat e

havimg,8234 §@esaleafdsBdeRioRRAli Lot N0 i

accg?%gn.ce W th gnot hesr %n‘(())o%!i%rr%ﬁt%ngMlH%%teﬁ%\%dﬁ%fﬁgce bearing
a phppgatel yBiciceatingsio hesradinve ovitssogec tinbndiment efvhefnvantion;

substrate.havin surface bearing.a photocatal ytic )
oAt ISHEE 1" BECINHA b THOROL P BATOWAIRAR o fHhace bearing

a phowetal yaie codtiguh céoriisncd vifhNBBHet EmSb@FRNEEChE MRhtion:
view of a substrate having a surface bearing a

photésiag 4lis/a pdicagtie crags-sectiqudoniciant e substiatednotnger surface bearing
emat i. c

' {. ' L ;- Fi 5, h
= EPR L T o Bl G GRS A Birmol PP BoRabRAD SR TERP e o
beaffigige 3 BhooRaialcydrbs-weadialdidndran @&H%ﬁ‘ﬁtesﬁﬂézfr%c Bne surface

bearing an addjtional coating in accordance with o
beagitgt AdMoKIBGHItIvesRatBE aNHeanoMeEs Murigpe bRg an Gdiligional coating in

acicBih RLAPOnBNAACH B Guff,0SS- Sect i onal i de

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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mul ti pl e-pane insulating glass unit that includes a
w ndow pane having two coated surfaces in accordance
wowran/1zets ai n enbodi nents of the invention; FiBCFES2007/666390
a partially broken-away perspective view of a w ndow
pan&igat Bk Agclenpitiotsaikatial ¥ b p@Raine tEamb&EhRAN IR NDr use in
mounted in an exterior wall of a building in
cerpip dpdbnfsof Wi ipvedionai n enbodi nents of the invention;

dFi ' ' ' [ f terin
o hamBETRrEEb ASCRNTAN Gr TrleP K PR FM RGNS
t he qi i . | : T E . .
T R AT O T s,
whieh ﬁika@lmdﬂm _itleﬂﬁfee@m' eirawirn_gh chade dike mgferenice nuhibets. [Thkedrawings,
TR e S e L S 9B i

1in$i€ deCscof€ B ({?}lﬁe_ aRbRGE dLa Mot IRO SR AR AR the %i\lfeéldexamples

intended to limt the scope of the invention. Ski
hage magy akerpitives et dhwitkintthascopbef gieveventranpl es have
many, .al t ernati ves at. fall within the sc f the .
i nven?’rllyo%n.lbwté entél%%;é) |Wﬁ%‘?tgondfw?nﬁ%aic%tgatsﬁgsﬁa%néowwg vgriety of
subfatRdysdshst b@tadle for\Whélth Wharihednyioff InSdshst s REmEMPaSe substrate
are suitable for use in the invention. In sone

10eishd hagidiks, subsBats upsinearenergly oppossieftst |12kand second 14 major
t ' first ond ..
wRHRSLFS) ST ODRLALL X, A0S0 (5l 0 ASERRE ic. o

tranbyeednt chedty. dihs pabemte, Maivevdrals ot r&yuired té baBSpEIteMdr is it required
heet). The substrate, however, is not required to be
o Qe HRRPPICDhor s it required to be transparent. The

sub ti I e y. ST
carshEelityege, QAL LRNALLY 10% SoRQUEAREIt ! o2y Bl puin
medpdls.c abBkamples nafl aolécipatbd dippBetionwhiecleda dotdsnbst raheein the

| S sash (e.g., a ndow sash or dogr. sash), a )
sl e ¢ et grindeyh sag i R PrigiaReryc! (g8t @ppluminum
i t ' hn (@gf | PeAF Fpauli i
A0 Bl SOSERML, L (8BRS, AOhM B, i
filpl (agt-iaclyarpearbonaplagiofiilng. striofigh ehinglewi maodevbbiimbl(sisiuaha metal,

as a netal, .plastic, or paper w .ndow blind),.a pape
P8 duripd 5 RS bl §peBEPEe e d Bl e e Pifpster. or an
es@BEHEbENEOBne tMboditeaiTaRAiBRAte if DEcrBMRSEkA§RN a8 adyall, ceiling, or

ceramc tile, such as a wall, ceiling, or floor tile.

flopp tifh ofth anpotberrsabariment, theesubsisaie innelass bhodkl a8 svaietyickt, suitable
i.ety. of suitahle. glass.hl ogk bt aj.ned
o8y RS, P e VPR PR AR B, R SRR TPitha kobiens

Gazmangnyln stilhogier bnbodiehtse meogdibeRmt Ss atgodyesubsilmah ol yethylene
| yester fjl %‘gthylene,film a terephthal ate
€

ﬁh?]i, g%r ]él}ﬂ&e}latglﬂlmglg‘;cg %?qla fdmsohithis Raug @ndgrogyaned commercially
RSAGRTER: kel g SR SHE Ry s
fencs oa 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. 1In 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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fence or wall, such as a noise-reduction fence or
wal | . For many applications, the substrate wl|
W@vpn2ees a transparent (or at | east transl uceP@d/Us2007/066390
material, such as glass or clear plastic. For exanple,
sideh@ingluls i @keribs oRirfras eSO hi€rod; a bampkn) daWbEAN ) Wmdshleld
In certain enbodi nents. A variety of known gl ass type
wiggih openyademobitl haedi andlngidg rasel. Wiunk reshrenirgobpanel. “In other
eng)r()g rx? f %e élﬁl)s‘&gtr tléfjl% 'ﬂle@!: %% g%ﬁa?%n}( gf;gg {E%& oogﬁa}ghm Wmdow ora

pichear, grmmmlsl&%lagl da Iartgrthérrhrﬁbmiﬁnérﬁ§ﬂfé subfieats u;tksfdﬁag@ator panel,
|s part of n autonobil e wi ndshi el d, an autonnblleside
#U&N(’éﬁe JECEHPIOH00 PT WHIMEW: or rear-view mirror,

'Bstrﬁ ngUS ﬁzé@' APy f%(djm%@‘sxres n\%ﬂ Gt @g@ﬁid[nﬁr large-

pane panel , trunk pane roo pan
ar@t hé]straﬁbanh nmit sCerttdﬂe cutheimatie nm)l‘ae plsﬁbﬂra&f 10 having a major

di Iagn uar i gen%g eélgg} grsgﬂfﬁ éatggéjs?rﬁ 9m e ndgr%ﬁéra}?lﬁgt (:I‘gaest about 1

mé‘té&bﬁéﬂhﬁﬁsembl% ﬁefe%{bw LAt %ou@q‘@%etel%u(@% RN TabOEt Pmeters and
fr| ger ator door or w ndow. Substrates Of vari ous

abgutzfésmeéfa:ﬂ) lad s edme wasch et rasts abrtut |3nmei¢ts oIn so@wmmhbejaments the
earea_ s r at re. use
supF Do Qudlip 248 B Bbint P eng g Db wiIBHEHOR Reliven sbout 3
m@ets @@ tabo@r 1 (Mndiely), cQf, Ablabeanbt RROM a wAdiRBIfbout 3.5 meters and a
preferably at | east about 1 neter, per haps nore

lengtle pERALIBIL G- Sameierastubsbeiat havise piengths ar(déorgmdﬂbef gisalgr than about
10%?&%& %iggigﬁﬁlgﬁglabout 4 meters), and in sone cases
a east a

meters. I n sone enbodi nents, the

subdhrsaine dnsbodirheahgbasgasheels Qéhef@lyascﬂu@ﬁégdrf‘rectangular glass
and/or wdth that is between about 3 neters and about

shqqd. nidieeugstraie g thege gnhadimshissrn havs Ay af Weddlmeawoa%@%@nbed in
thg’sﬁx%céfﬁﬁ§geﬁa gllj Qn(i/ ttﬂe 9{110@}?19 %arg%ﬁ%}(rﬁf artlcular embodiment,

stra ng a engt eat
the kebstrafeongta génenadtyerestaapelankhos alndek (hapmgewlmdth cﬁ”djmveen about 3

enbodi the substrate 1 gen ra |y square o
m?t%rétaaﬂgﬁwr S gngles. 8 D ab?ergssu]B‘gEeFSata@S i%n eflﬁ%s%ubetween about 6

m&BRAHH BB 30 G3ReBANEh BWbRE 6 Ehgetdismensi ons descri bed
in the precedi ng paragraph and/or in the follow ng

para@baph&;ohvmnnmﬁhwkmﬁamamndwmaddnanh¢pﬁheﬁsubsmpatdnsmne

el B L 5 AR R Pl RE AR B bt o

ab3BOUE B¥md (@i Smbadichedts!iBRALH 2 QfbRINVEE RiARPIckBess of between
meters and about 10 nmeters, such as about 6.5 neters.

abguipk? e e8d apous 4§ @UB aphpekarssers prakerdbdy befeden abaurd.S mm and
ab?%‘[elg gﬁn&:ﬁcg% %O 1cu1ar rﬁ@or%mgﬁb ? %hen? rg% SIé’lé% ;' e% S %thn% gGIass) with

I'ona e a’ glass S

a thivkeksassabofit abmit is lrs&l. "R okee Btomib Mo feswitadiient, shé Aekness of the
a substrate 10 with a thi ckness of between about 2.3

subhiain VB G 2 &2lanh Plasit. PerRaBET Mekalabrisfhsvsnyabout 4 mm and
abBEI RN APk n&s 1mhi§'}gnge, for example, may be useful for aquarium tanks

(in 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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about 4.8 mm In one particul ar enbodi nent, a sheet of
glass (e.g., soda-linme glass) with a thickness of
W@bwat212151im i s used. I n one group of enbodi MeENPGT/US1987/066390
t hi ckness of the substrate (which can be gl ass,
pl ashwith, refker@B S It uremPt BEdeab khdwn E%ﬂ%ﬁ Q&?Jsttraé 10 With a major
and about 20 mm | cknesses in t e, ftor
sugtagerp? @earnmya beotosashlytic ﬁ@ﬂ’[mgcﬁ@ar Thaedatink §O(ih¢§iuddf$i @ photocatalytic

trat tionally b a r )
B R T LT X A ——
309 mapmtyd bav@alyavehiaal mﬁ&m@ﬁo&% WRE In @R ;;tﬁhnﬂm and
about 19 nm | n _another group of enbodinen t he

substieapkotpeptalytihifimsHeean (r@hgie titahiugl axisdy dndior rsgbamchmmemc

N o R T TN S

ershudithers, ahd Ol 80 Mgelades e et tiehiuth @R, a¥and @SSb@bichidghetric titanium
like.Wth reference to Fi gure 1, there is shown a

oXifed fop 4 Biaterialipelegied §opp g gRup cqagigmeselr tigegen ztantalum copper,
ar h o¢at ti t| elel Sy
Sﬂlbcﬁdc I%J gcshﬁgpp %t ocf‘lgi a?{ytnﬁ%lﬁ 2{111 ?n dlrglsa ngﬁ}e g ﬁoggn COpper,
talamkﬂma Bllmnnie;nlio;u peglaﬂldmmtﬁl()tungﬁtelﬁ eﬁ(&ﬁhryx, oitelybdenum can also simply
t oc taI F%I|ﬁ130 i s deposited directly_ over, and
dimsats, Syeb pﬂoi%ntfqap,heggesep & an amount of up to
ymh@}g@gmg@y&ﬁgz@gln130 can include titanium oxide
and/ or substoichionmetric titani umoxide. In sone
enbddlsn'@mc@seSt He filnh 30 30cledmgitatis and adnigeal fityniafand silica, titania
ani .l m30 . includes

orfsbR% sl (5o FebiRH Gt o et i and tungsten,

tltﬁﬂuﬁ and Hidbidxi, de itadndar rﬂ@ltyﬁﬁérﬁh Sl Btk f cﬁé%@ thb @138 W mprises
consi sting of ni trogen antal um copper, silica,

suBs{piCRi@MeHC fitppiunt Qi @@rmtrng@b SmhﬁOIdn@nﬁmllcyMEm widEhad silica,

[
suBétf) cﬁgﬁ{émcc q{t)fnqurpu 0Xl1 tf: :élﬁrydnﬁf)ﬁffﬁru ﬁ]ug%?1cmW§ge ﬁx&qﬂllggn oxide and

talﬁhlsm Sdubgabighioenetridl Qﬁ@ﬁﬁml 8@ R d epiIRdiuiE NhubstorMEd@ric titanium
pant .can_be present in an anount of up to 5% for
Xé@%a??&i @, éﬁéﬁt’wg%neﬁhc Hraing axide angd Hengstenpr@Btdigidmdes titanium

oxide A1 ﬁ‘loﬁﬁlgn ndrt B fb’huﬂgétﬁ@ 'tl?a %ﬂ‘? o%mlie S m 1p$ﬁ%§%€r8?n %e further

copper, titania a ani a and
enttiotlamirg pmvdddSIarﬁlnt 3a anmm@mgjuﬁaumgﬁhw and hit®deR WHén present, the

copbaat prighyihi b SsRigipMise éﬁgﬁﬁ@%ﬁg BRIt gst one of the noted
adlitloAf HAeRX dﬁe Eiﬂfaeﬁé;l& QEF '%e 91;15@1 %5?‘1%5' atftarlal or it can be
St ol c e

titani um oxide and si’lica, ani u
ongitedentinely. copper subst0|ch|onetr|c titani um oxide and

t ant S i chio t ani um oxi de and

o R AR b i anemore o
folssibiat ah@biifFRtunb el I0kART YMNAXhHS-3nd rﬁé‘(ﬂgxﬁ &de and/or zirconium

substoi chiometric titani um oxi de and nio or

oxilgh &t 6PN sweodirpents. taifilm ownplteseartdmatﬂrlytbdelmtnd ftome the group

e rovides a 30 conpris
co{\éf tﬁ% Bf %%a@m&e &° rfl?l?lgléleﬂmd%ggh SB]‘I]SSC@ﬁ?S Lh:]%ihn 20 consists
eseapgdbr ofCtaﬂgstB@i odo@bl HiobRino¥kidk ZRththdi@ibodhiferdtd, /e BB comprises
i ncl.udes at | east one of the noted

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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addi tional materials, the underlayer can be fornmed of
any desired material, or it can be omtted entirely.
wob@m1previ ded, the underlying film 20 can optPONEE1097/066390
conpri se one or nore of the follow ng materials:
titht O Bl 0P %0 t5h€0i c 1 MBI Uia @ hid6xid 81 1R &ahXd, ‘%ﬁc@ﬁ%f?{ed film can
zi rconi um oxide. In certain enbodi nents, the f
inglogpr & sedx aofmtusesten  eeldeceedl fitiom shigogr du:gna tltamum and/or
n t ungst.en oxi de ni.obi un1
sufSORhEI RlaplDatioEna X hEE o auiRah G st sTRER deania
tlt@ﬁﬁuﬂ@ afd/oNbRIciERi G Eie tithiiuRt Hede, @FRAIxTBNAiSbiuhhexitik lalY silica,
onprises a material selected fromthe group
Sllé“é’ﬁs fitanjan §tapiurg,) and oTurrbeRichiomstrie fitasm gxidex Prie mikmpf zirconium
Oﬁ?%d%ﬂ?()%s?ﬂh% tl]zaln amtl?agluﬁr? rﬁ%d/%& gubes‘?q%aﬂ&lr@l!rfc%ltgr{lum oxide.
um num rconrt um . I'h somne

enmbotWheantreyvidéd) ehef rdlxedZiﬁ)lm Sanabm )hegloéd':ﬂd(ijﬁ}s GOmp bf gicﬁ@ be a graded
t ungst en OXIde and/ or num oxj de_and/ or ni obi um
filgyj Wesompsarapodimprisrm %ﬁ%ﬁ%ﬁﬁnﬁ% 159pgr ded BRunselonrdhe pybgirate surface

odt\'i}aﬁﬁf ,taas'uﬂst&fi Z coh{‘ﬁ?uofu% Xrﬁegl%aélﬁ Qofeidd l)mﬂl%ﬁ, silicon, titania,

i ncl udi ng si I C atltanlum and’ or

tltsnubmt aindhiro ﬂﬁistqwhld)mbtalnl timnori dexidd-omdexargdisentisilic hcoatinuously
d filmcan include a m.x of tquste oxi de and

1n%r|ef1§1r&ga cogqepﬁr%t&p 0 tlergﬁﬁeg oxide. anlhbr?]t oL fpRgdiments, a graded film is
proviRsd QaCib ORI | e tdub@Pi Buaséd %utv@el’rd@f 3 %u&ftan%LiHW Jb‘ﬂﬁhuously
oxide and silica, silicon, titania, tanium and
destﬂ@@ngn aohiaation coft siliemi sifv@x | idlenpiao rtlteauum,x apd/on ISObﬂtmnhlometrlc
ti.tani um  and/ or

tltam m %%@%Iagﬂeat Fﬁjcstatnltlflg)z ca%lwuglg 1n81i,ea%lngnc)(2n%eﬁqtra{] ion of aluminum

OXZdler CI@WIGU GiRK iefboaitbn®d, ld Eddeds Filth GO Proilld®RAANg, from the substrate
titanium and/or subst oi chi ometric titani um oxi de.

suyfaemoPeidly eosubshetishxeatinuousl scdasrdseing cn@mgr@h@m of silica, silicon,
tltZuluLx nﬁtgﬁ’ gmf g?c?/glps&%@[roaﬁv ﬁ%ﬁg tlfw{m&pn #r om ﬁesugt) I(ljttl :]gftcontmuously

1n&1ﬂﬁsfn@g) eoreghinaioa! of, nlablﬁhbs}hdﬂt IIﬁl|y|e’y oteNtmbUdiuEh, a graded film is
decr ing concentration of silica, silicon, titania,
proY %ﬁngarﬁ% rthe upSHtEIE bt oubvardlyarm swistaatigly apeatinuously

de%re%élﬁ%tc%ﬂtzérﬁ’xlalnx Cahn %ﬂl@é{' Oﬂﬁ!:(}h %ﬁ%ﬁa%‘tdﬁ%rﬁ 0 Qﬁ(?/&t I gﬁ%;[ﬁ?l?%ometrlc

gsten OXI I'ment's, a grade
tittrgugor onidlel e:dldha\subm;anti‘aﬂp mohtieuslysincaheing Lcroh&meratmn of zirconium
qg%mardly, a substantially continuously decreasing
centration of silica, silicon, titania, titanium

and/afe SHASHAEL HIRMERD bﬁtl&daflg’?‘nﬁéé”h O @Be@NDf Aess than about 250
substanti al I'y conti nuously increasing concentration of

angbteoms dess elxandabout ROG/ engstvmer lesntban pan ti§) aaggroarmbetbss than about

folmi s rovi ded fromthe substrat.e .f ace
Sty % s g oo TR B qREr bl getroms. One
paBdtle Rhitatingdht @foveddsitB@filns 2 ia€ Qf'@kn%bs‘éélﬂf Ress HHah @B WBYtroms (e.g.,
and/ or substoichionetric titanium oxi de and a

SUseisstrams ioallesy). c dhspmacasisy thengine 28ihag acinkeptsr eft l'perswe@f about 5
an%ét?&h%@cg l é)%ﬁ 20(.!) gn s%]%)m% g&c?]\ea% ' rrentGTQ’rfs bf? ]alg%s?%ren% and a@out 150
an@sttonad. Cﬂn)tertﬂn&ﬁbﬁl t&e tfilald0yhas @ Iﬂmblﬂtd:@y@ﬂ 35-40 angstroms.

In some embodiments, 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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decreasing concentration of silica, silicon, titania,
titanium and/or substoichionetric titanium oxide, and
w@2@absRehti al | y continuously increasi ng conceP@T/HS100T1066390
of zirconium oxide. The underlying film 20 optionally
anfasns nhictka€88s.0fhel 885 2HramndADOI tar? 20mBAYS kit @Bum lo&$® and in
t han about 200 angstrons, |ess than about 150
SR ORI sTeRily abslitomys axdet Fandilmp 98 andash can also
2 . S 3 r .
ol T2y Ak L B RO B i,
cettiin chseesaes ond of ths Silhih 2% &bl 2bgst powiiede. g., 50
angstrons.or less). In sone cases, the film20 has., a .
£ hr QB SeBhen i hisie AbButores SHGdiFBHE. dirPhsesaaldisocoating 50
in@RES T HIB 15 FLELIRS bRRIMRSR: GhRMhI ARy 2095H rtﬂ?rf&rt%ﬂgtg 10, The film
about 150 angstrons. In certain cases, the film as
1 Sacan Hieck bass Silof c@Bprddngsitisd, randen sbmesess @nbiodi avemtislly af silica.
thin fiJlm e provi ded under .or over the . film20 to :
TP SR O AT SRRy G GEHED (A nirobom ases consists

esse@fidll Bf 8ERRATRBAHIS, 1 Rcdhbvenf fulkthtd Be BTHAYS ded c‘éﬂx?wﬁ%in%hs%ica and
film20 and another thin filmis provided over the

titgrjig, gng 01 sonke EisgaGoasists epsenfrldbel sikicaandiitagumalbbe 8lne hé preferably

f nd fi.lm 25b s ovi.d eneath the f] 0. .
iR s gl SR RS, E R e ot B Sigeposica
direbudntd handstrateaEd aidiiiab 0 tis ZPRGSRL di¥Hy oRtcSPEilm 15. The film

cases. ‘The films 25a and 25b can conprise zirconium

Dosandertprpliynhasne bikessscohdesst hapsahont 3801 yngsiroms.  In certain
enfHod M UM OK nqu h-ggecl 1fhic|kﬂg s?o%qes%n[ﬂar?§90 %Q%Etr%h?spt\?\éith reference to

conpri sé ni obl um oxi de an N sone cases onsl s
Figgsdnin sinkeycaaés, Milmbi2dmand 2k ard proceled andercasedoveteyfilm 20, so

on t filnms 25a and 25b are praovided. Wth
thallef‘g%gjlélﬂcgeat 5 genggrensaio thg fﬁmwéieﬁﬁf‘o@ihﬁ@r@éé,ané@b also preferably
vt [ [ il Si
coPRALOSAFLY A raeel] AR bULES Bobio ) 18,80k tou 20
anggttoms] Bgaianinaertainases, 6ully wne ofieifdmngSs ihd 23 arapebviided.

SO cases c.onsi st ssentially of silica. .The film1
can T3 €5 BET SR Bordr U RGNS FRING e e, Tom the
suBRAR GRSES o@t@xﬁ%dlﬁ,tésiﬁ%ﬁﬁﬁ (@tlona®y abpdsABd irectNCrtd tH substrate)
15 can even further be a base fil'mconprising'silica
haging atthickidsaof 2hegt ¥ hasgstrems asewggomexide Sl sisperitedirgethfonto the
Sild.ca and t.itanium The. fil 5 preferably direc .
st U B0 B b A R G BT o arBHER e By Glghteposicd
direagedntd e hirdgdled Sotige dRAOSHA EhviHgr 8Cthlkn@Rt 6f bBBveen about 25
substrate and the film20 is deposited directly onto

angyongs; anghabeut 4PHEgims. 15 can optional Iy have a

t hi . t cln.cert ai

B T Ve I
suisi@teasugfate omsuardl¥ tdsitief e teiohallFdegposReddirédilysamn@the substrate)

cases, . filns 25a and 25b are provi ded under and above
hay)pg arthiciesp of dbout arangpteoms: kst arGosiaclm Aeppsiied tigeatyeonto the
sitfch i dnd hAli8g bl thitRneks 81 B edm Rtk 8 aRESG G ERdYabout 20 angstroms,
a tungsten oxide film deposited directly onto the first zirconia film and having a thickness
of about 25 angstroms, a second zirconia film deposited directly onto the tungsten oxide
film and having a thickness of between about 10 angstroms and about 20 angstroms and a

titania film deposited directly onto the tungsten oxide film and having a thickness of

between about 25 angstroms and about 40 angstroms.
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conprise zirconia and have a thickness of between
about 10 angstrons and about 20 angstrons. Again, in
wa@enrarnitases, only one of the filns 25a and PSHUS2087/066390
provided. In one particul ar enbodi nent, the
photlogat @loyier patioalat ambodialeud €, pHot@aalhe @uhisd mhdes, from the
urface outmardlé; a sjlicafilm(optional]y deposited

subffiyagc BYACE AUBVAHE - Subiebat ¥IdRAUhdcresies diprlysonsp the substrate
h g t ' ' [t

N R T

tungsteatyourte 15 dapgsitadadiectipodtoaht hichhinaokidk filidepd hiatiag at thickness

direc onto the tungsten oxide filmand having a _
of @ﬁ?%té#eégg%f’ﬂﬂséﬁa@ewa%ﬁofﬁw g@oa#g{sihmt}g 8 Dpgsioppoxide film
an@M@sihb AMBickhdds 8NBERREN RIS 6 Whadtr BIRARI AFBRT 40 &d¥8troms. Likewise,
phot ocat al ytic coating includes, fromthe substrate

in qupthae embodiment| the phowichtalysic fiohting optidsnaftby the pubsttasel surface

irectly onto th bstrate) ;having.a. thickness of
oo 55 BRkR PSR MR B PUR 9P RS i BT Sy and having
at dhicleedss Yof abb@ LHensdttdned af hioBluan dxRVAIMY dépddied kIMREGy onto the
of between about 10 angstrons and about 20 angstrons,

tungstenriyddeehilng apdi ba¥ing i tHiskerss vé fetiecreboyt Idnangstreras and about 20
. ; xraes it . r ; '
ook LRl AL g, d DECHORRR, Mo By e o

thiokiieas b hieettvergsioan2 Hangderofns lamdl abehit Bavhg@romst hi ckness of
bet ween about 10 angstrons and abqut 20 angstrons and
a t il aPme e MmgRpiesaaniarabag Py ivaroyider onta gyt maipr surface of

th@¥iGat! i A0 Mcﬂg%eﬁ c%@i%%ﬁé‘gi/iﬁgd Qﬁta\gﬁog)?ﬁégorlﬂgjogéurface of

angstrons and about 40 angs n yet
thepsantd subktaate difpadi3ndinstrateshen ghioddioattaklytréia thoathstge 10 has a first
ihcl s, fromthe supstrate surface outwardl a i
Ui G Ee: PP RS 1&g 1t 2 sREt fiface 14 bearing 2
fuRiRRAI Rhfing 80, FBReuARb AV s 80 1chh GIERRRS: GholPSiMRRR e.plurality of
about 10 angstrons and about 20 angstrons, a tungsten

filggi Aey funchveké sosfingddomirindhé¢ gt ot be tbed. i cbingwres) dhe functional
fil nd havi ng. at .t hi.ckness of about .25 angstsons d

coylingd BAAF & K- ROUSpEY; By B PR Jasm 16 HACRR gL eHdes a low-

enf36id® filrh Madind Al (Omard hiftkdiegsle@ingdbRl e eBuRMM 0w missivity

angstronms and about 40 angstrons. Likew se, in another
cogliftes diarrmgt three s moTetiblancdirgiiacing dasernareidesdringddn .5 obatent No.

bst.rat. face avar dl. t sten.,oxide fi
e PRI BB HIRC e B NGHHIRLERL o
caedy ihegfuattidnal cénegscanf bahoyingRSsiBRES bir Oddbla silte@bldiemissivity

oxide filmdeposited directly onto the tungsten oxide
cofi}em and havi ng a thi ckness of between about 10

angsiiiR gﬁeﬁﬂge l%bllg ﬁreZﬁQ tﬁé“ﬂgo"s{r%ﬁ_oaéaﬂ b@.pgtttoﬁ%?nn%%%mg glass unit

deposi t I rect onto t ni obi um oxi
11paVymeally, thiickheisg gifss baitwd@rhaabauixt@br pagst 0 and aarifterior pane

bout angstrons. In so cases, the photocatal ytjc
102%%6%%& %Wﬁ%%%@%@ & %p@ferﬁe%%dw i %é’é’“_@‘?aﬂ{yﬁﬁ part of
a a4t EdhRoARGraat gy seﬁah&?&t the B?lllescl@%ﬂrl@’. IheRp%E d8Fbe secured

on an opposl te npj or sur ~ace (0] )
to the interior surfaces of each pane using an adhesive 700. In some cases, an end sealant

600 1s also provided. In the illustrated embodiment, the exterior pane 10 has an exterior
surface 12 and an interior surface 14. The interior pane 10’ has an interior surface 16 and
an exterior surface 18. The 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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the sane substrate. Figure 3 illustrates an enbodi nent
wherein the substrate 10 has a first surface 12

whearizgiia photocatal ytic coating 50 and a secPeiUS2007/066390
surface 14 bearing a functional coating 80. The

indulbnie i g lun@toBi koige Sddes ahe exetioidairficsilD@ifehd bbtrate 1@ in the IG

plurality. of filnms. Any functional coating_ known in
unflisEORpen Eigred S apholkaabive ceaistes>0. {1 coatieg PO Fam be any of the

enfbRnh 3% §Qea{d§ @esln‘?t#de Ff'h%slh e'm'i)y sﬁfféu!@ ]Jr Dt C[ﬁ% ts%hx@ s‘flﬁsct?aﬁe 10 can

the coating udes a [owem ssivity
indlindeesetunctiomat eodting Bar fod exafiple atlmn@mﬁy‘et}&oaﬁmg tab I e

| ow-em ssi vi t atln s having. three or no

|t 4555 106PERH g SPRpaiREnsy BheHL FlcouipSigie U Og(which may be a
gldB3H&M) 1D wifiw gélegk%runt&h@n §REhd &Y TI%%WSQQ% Qh aWRkRior wall 98

are incorporated herein by reference. In other cases,
oftaHEulﬂmgc%’D oﬁatemapmlgam the caatéd fm@ls&rfsqel (V.ex Surdace 12) of such

ubl e S|Iver | ow- eni ss Vlt coat . refe
2 VERERGGrEed oSt Gplivh &Y B R tage il dgf S B Gescribed
eribdg . el BhRSHeRirhentd OF th-Eyrféhﬁ*@'thé/ codl éd?ﬁdéé a2 g be exposed
glass unit 110 has an exterior pane 10 and an interior

to payetdeer enyEprmattdandior manbe mwé@wn@pfa‘déh 80, A
Spacl‘\%t gc% f&%}a&gcn? %029[8& S ra% arg Y %orf%]; S%&? AR of the

COfTTTDI’] Yy pro Separ a panes

phiteeatalyeic @batard (b@n&ﬁ(dﬂpsﬂteﬂcbytehﬁarie&l &f well ksl asamgabchniques.
each pane using an_adhesive 700. In sone cases, an end

Suitable f9etind techaidges inchidsy baedre 1ot kinEeq 9. dieptgagrapor deposition
(CSIPUERE RS0 R308RI, Biogion, sovas

dep@ﬂntaaonlﬁﬁd dpastedung. i Intcerthiarenshwdfracas, ]tBe dihds are dpbeitddosy sputtering,
The pane 10 c be nmounted in a frane

op lanad, y, aféjwnfaw PULPTES- 2. RS (AR g g subilte 8 peloss gbout 250
dedred @e%ﬁﬁoeffﬁﬂpérﬁ 1;%%9&%91%&“8&15&226@% rﬁéegtceeﬁél%gh eslputtermg is

surfaces 14 and are both expose e at nos
'Wﬁkbﬁh@ubemeEﬁmpame space 800 of thelnsulatlng gl ass

t th i or su face . . the ;
o Op Eptasy % O g eSSy o Al ara RightS6 depicts an
ex&h@hﬁcﬁhgﬁdﬁoh%pﬁ@@mg%aﬁger AbethaPednl hidused 16 8RR adMbtocatalytic
enbodi nents al ready descri bed. The interior

COétmg aE ghel anvghtighe Mametmbwﬂam@ thargbays |and| ngthéeda equipment are

o LA B 8, 0l oFRORRS B TAEMESI A, panco

spGttdtiler tat:lﬁné]&s (anddi édmlpfﬁéht e @e@ﬂn@é@ nﬁ)&m S) Pht%nta4 W6BA0YY issued to
pane nounted on a w ndow frane 95 (e.

CI@mne thegmtijgaiepchymesgrt vahiply anedn‘%fgp@gyed hpf?nt by f%fpri@nce The sputtering
ch%g?ér LR %e& E}?ng%ll 8qnélhﬁe%ta §%5{) t@c aflé+f 220 Sé"gtu?aﬁgy of side

SUC w nd carries a ic’co
wdbll 122, and ar cilivge (oM ttbp didy (ﬁf“cbh@f”)jQS@;rtb@ﬁHer bounding a sputtering

€. In sone nbodl nts of thi ature, the
Cawa?@%% URRET 125 8% agg gg%aret ’6103#6@ @gaﬁoﬂle path of substrate
traQBVA Y. OHIBRbs AN ) 9F céTR/%ﬁQfalbﬂ% RRY DAL o€ sGRLACEaM UB during film

rain). Methods for producing coated substrates are
depdsioorp optipekdly. ovEaalplfnalitn of spgabed-apart transport rollers 210. In Figure 6,
two upper targets are provided, although this is by no means required. For example, the
targets could alternatively be lower targets positioned below the path of substrate travel
and adapted for depositing the photocatalytic coating on a bottom surface of the substrate.

In some embodiments, at least one film of the photocatalytic coating is sputter deposited at

the same time that another film is being sputtered onto the other side of the substrate, i.e.,
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phot ocatal ytic coating 50 can be deposited by a

variety of well known coating techniques. Suitable
w@oarizg1s echni ques i nclude, but are not |im tRCI/USZ007/066390

chem cal vapor deposition (CVvD), plasma enhanced

usingent ¢all-difa@on gpRAsingi SmHRYy.r ODyki-girélePASsfuteAng chambers are
so| - gel _deposition and sButterlng In certain

degaded iprbht spat%qﬁ@pp igaeny %/86&66%|1t0é‘2111b1;/5559m&@/9%@19 the entire
|
PPkl B L U RSB S St SN g s

uppe ®ilower 1a1"gdat parhap &séﬁ)m&aaplﬁ ehamitad] Widredwaw 2O Ghzdﬁ@srr e@as include

Cel si us &terlng is well known in the present art.
OneQuMoRe er B /gfrls&faaplﬁ@aré@rgﬁfédalgwsgh Plindgicglteragisges shown.

pro Ei

Cout o e Eb e BoflORy FhieAl ETR RN PROGTLEAM bg performed
Wfphotl@mmllahg/thecswstmte rag adémpdfretulrenvé hes$ dran dbhgm%i(r dasgrees Celsius,

putterin re d equi prent ar
o BHire PSP § TRV E rfrin Gt feky VEPoWGpBlsmental heating of
thd SulBtrate}-a¥ RO} ase SRS U&atfﬁ%%ﬁtdbﬁﬂnaﬁ%et ﬁfu‘tt@lgdeposned Wlthout any
techni ques and e U|pnent are described i'n U S Pat
Sumplqre@ltgllmsansﬁglsd tetipg €hergy 1o am@mgtﬁlme(etge,awmm gny)lheatmg of

' ted herein nce.
i b R B BL o G2 ™ PG g bombrdmen of
cohmltludﬁsspatt . (0f oftlel @agcs) 0BEWr MoR! HIn@ of YhTofindeso is/are
wal l's 222, an a ceilin (or "top lid" or "cover")

emed b5 GesPHEer dspasitipm gec igpathabinchigles a\;sumlerzm_tal hm@ng (or other

B PS3613 081 RONDAE AP BT o o
depd)snm@ nidyebepaibiecald & Lﬂﬁ&bfl ateetmidhavelopdlatitiel b Aich éllui Qﬂd acceleratmg

) sltlon optionally over a plurality of
10%9 Byt thg £t uf& @r’%p@r%‘hﬁ%@q BF 4O TRAINERANEE PIPRSTIEES qfidie coating).
In YBRE Cade@ARLS d@l{eefop 'éﬁ%b&ﬁﬂ%nts%l%é?@ ngrbhtOIEUcﬁt aﬁ B}llmnl?lcludes titania

means required. For exa e targets c
anébneormunanﬁﬂwnﬁwvbmm&ﬁmh&r@ﬂss posi ti oned bel ow t he

t of substrate trave apted for deposjting
P he TS ARG PEE b iTsiBbAT dohst (it SUPRECaNGE sting 50 is
8 [

P B e Sl e P LRy Sy TP pfoce of
subsipte (eigven glast shendtané theni dapobisng eiphgtosplatytierfdoh @mymising titania
il HEF aug e Qiink  Brind’ chlisoameiena TarRedabgn fim consiss
es@ﬁtizm}ebf HGnRNaNPer Sl EhaaaRe hb PedthRd U FigRetEst Fi e 7 can be

appl i cations 09/868, 542, 10/91 1, 155, and 10/ 922,
usgch @n Hei trigets 280 m iy S8 (bf cangeeh efmpiitiedHanivia. Irrﬁ@@rewsm the targets
n f t 0
a g&%? 1§¥1e tggnﬁd%%eA%sg ﬁ%{eaccmgﬁ an%lo H$p8K@¥ﬂngfmnm

mttdgen):fs;amb@ forcanttérigl thel €il@nenpiisiRriRanipP &t ohbdlHes, [tBREgets are
Ianar(%ﬁr gets, aIthough cyl i ndri cal tar%ets are
titapgpexidagagers rad @Bamrh@tm%pl&éﬁ é)p&@n% BUYB i sl gopunt of oxygen

an@BHT Aiglobd Cf@nus@@t ONAL! ¥ndBo e ho IR MEY | Gses, the targets are
I ng 1 ess

mai nt ai the substrate at a tenperature o
subdh(a'nhiahnomic tRBtiucleani detrgtd sidia 1mrtdatmn$;¢1em @pao@blyywith a small

g R 0% S £, £2L8h o S fler € MOV

In cases where the photocatalytic film is a film including titania and another
material, a co-sputtering method can optionally 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
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the substrate). In such cases, the coating can
optionally be sputter deposited w thout any .
waappiiznent al means for delivering energy to aPQ@r/osionty066390
film(e.g., without any heating of the substrate
titiey efdl céppat (sobh @Jipfpéfi 6 pitiGnall® el dkiditQIN h@h&'c@%at}@rlﬂher target
i on, bonbardnment o conventlonal sputtering). In ot her
copmpEises siiens wrthpsesalting) i efmprires @ma zrrgi glca. éWhart@ get comprising
{ u
51lf£§>gﬁr§%tg§ d ye Qh?&lutld%%%{ ‘rngcﬁ ?gg&l z atl%% r})eqe @H dBﬁlﬁé%ﬂ%O including

someearigygahd | dax dfeyi)ltroé@dédt intanéiel (}haﬁibeﬁ| T}%r magelt \BhprisinBesilicon can
coat.i 50 o ce deposited may be subjected to an _ion
altERaEY ST b By B‘B‘e%lfii? (3 8% 57 St it tagght) ca el SEREET G dn an inert (or
g t
PR nd P 5081 ARG LA O g ot e
coppsiess, pdldism ® donesuftorg ﬂnbondnpmmk sitanfredrel pdiladium. In other cases,

fil I t d .
BB ELYAToh b kSRR B 2020 SR 3 Ser s
thothBl ARt B6mpeRe %ﬁg‘sﬂ@:ﬁ s& ﬂﬁ)ehfysﬁﬁﬁg FM b [pﬁgé&ttitﬁga A khesten. In
provi ded, the nmethod conprising deposit an
othg @é‘ifelsayﬁhﬂ QﬂTCI tm@@empaswa}loblusmthc eesoftlng fﬂnnbtslmmtses titania and

and then
ikl ar e P lshiress R o FRR il BitpB: 1o hgyggulting fim
cohnlpﬁséi;rtd@{mynmgmiybhsﬁurﬂln cases where the photocatal ytic
filmconsists essentially of titania, a sputtering
chaibérseagviierg themhatosatalyiicHilguise Bixed ffhmgmledmgctaammesﬂlca and
mtpégt%gnorgé%gf {hlge[ mgg%tgg é%%%?h %nlg 2%%?1 & {e]m%?}ggaé]l%%r Hthiditm oxide)
and Ithfabthemtirgdétg@ilSccﬁtﬂi]ﬁlsaI’lsll@@(inanﬁﬂ/ﬁg sRicEBRARY.CA nitrogen containing

NCTE PG K ——
mi% &P F¥m éﬁ%dﬁlﬁéﬂ?te?cl?rtﬁ‘ Ly (fal?lnéoﬁﬂrﬁé'tﬂ%ﬁ% lragﬁta?t 1%{&‘?()?{9 additional

i nert atnospheré opt| anou
mapxyed eseleated/ Homnilter g@ap)corxslsuﬁgwf i silitccmeanhaopgsr. Forth@! in any

bst hi c
i TR L AN—
cax{ﬁiétdd@lmkd@énmﬂth a smal |l anpbunt of oxygen and/or
nitrogen) i1s used in the chanber. In cases where the
photzAdS,(atlaI @ﬂswcWﬁlﬁﬂemhlesplwtéqatair)’tlmcd)Mgmg & intised &iland method of
ot er teri met hod

oo §RERE R St o BSHBEEPRTInEE P bHB N dhsgerats 2808 and

28@%8@&1 Me é’rﬁghoﬁéﬂnta%&l PRl lMy&pfﬂi’gélsc%ntlbé @ﬁ“a‘l’lﬂ}rv‘ﬁélécﬁz‘ed from the
the other tar get Con”prl ses anot her materi al n sone

folioyeiag;, tlt@ﬁéﬁmfﬁ‘eﬂmp@rs gewmiworpd ‘t@é@umomaerum g sitieon, titanium and
paﬁaﬁﬁﬁﬂlt h&g laﬂ%i CAMRLRES Ll 1er1 aa%%n ng fad rgcgigggx tiggnium and

y’ being oxi

mod)j?mienumars@ﬁtmdﬁﬁméﬁrﬁ:eﬁtaﬁiuhi @)Qfdieszﬁldt &ﬁ)péﬁ%ﬂlb&tbféﬂﬁlﬁétm titanium
ses titania and silica. The target conprising

0X§‘i€| %Jo AR HME SURSRIGROMEG dBFnivEr gEide ad sibicoi ailbzstm@]nometnc
ma’iﬁﬂﬁ’%&lﬁ% g)gl%ch aédb\éto?r%ﬁcﬁn 1€ ltl% o)ci%%na 'tlinr QARM:chiometric

can be |ntr uce into t arrber he ta
titapourpr osidag asd | fuagsterc anulsdtdielinaiirice | titattiema o&idel @@8 niobium, or
su%ﬁmg}ﬁgltp?{r%&pamgr% 0t><;t1‘| et antdhrgolygdregn%%q. r? Qorgee ce?sgg,tt}tlee ermelgurlltnof 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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slightly oxidizing and/or slightly nitriding)

at nosphere. In other cases, the other target conprises
w@aozaehi2tsnm so the resulting filmconprises titRCI/HS20T066390

pal l adium In other cases, the other target conprises

allbyedl G@gdt hﬂclnwtﬂtﬂ)stﬁgzhfdnhdm@ Qitgils eidd, R kRg@nd@nt beNsputtered in
I n ot her cases the other target conprises tungsten so

ingrhamosRiare. isHghth @Wlé@&ﬁfmgweﬁ easlichils neridinagenesmheren

oth h

i B e
Theasetbod bdﬂﬁplﬂﬂ@h eleptsitiigesn codeplyirgesinmolytd enjom s&ffacteh@f a substrate

resultin npris i tani a and polybdenum

cO
(e.gadela g?% t@ &PHIFEES &g'ﬁ’g@?& gcilipstraied w %lgﬁfex% ar /i anh be used. In
cadcBGIHEH R uh&ér%%ﬁlrﬁ bb b%l@&s&&aﬁ? Q8 lingQRE oRfd tahﬁmmum oxide,
targets 280a or Ob can conprise |tan|um€ 8
mqhmra X Qymrdet)lwalrrd(id& ¢heotptets 28nged 286in cmthlcsmp_rlse tungsten,

and/ or .silicon oxide). A ni cont ai ni n
oo bR R e TR SR HEREere Rl pERen targets,
mdtiauHmiufOtafre&0 ntRil i dbilh GarB8E NG &8I ziFBoX RS farde® in an oxidizing

enbodi ment s, each tar get can conprise titaniumand at

atm@?@b@reoﬁeetl@m&wndn@mg rremer Higbgegliposed I rqﬂmrtdaee89 theufrgets are

turggrr %de ?rg\A;]é um1r? %? 8)3121% tgrggtg,nrgglglggr{%{gg dtarg%s Of %lécomum oxide

tarfréth i aﬂxneft hﬁn@@h@fél(bptﬁﬂlaﬂif REGRNERR] Sadurt BEbkERN and or nitrogen is
njtrogen. Al so, in cases where the photocatalytic

usehigthghdmbes) mi xed film a method of sputtering an

) SR AR 8, BT, Ui evor o

opf[hwﬁl]al Hea;sedi Eaaregempleaondef t&e ta’gét@QSSze be@&(ﬁﬁca‘nr@mohﬂgf comprise
follo ; titanium and. cop titanium and tantalum
tuRgseln A lawa Lqbi RN OF @if?%}l@nwaﬂa tBaathed arget @p{r@ﬁﬁwnother
mA&hI L i sorhé tc@ﬁfsugh@rﬂzgr LUBGRb RS Iﬁ%tglaﬂi gﬁ}:ﬁnﬁ{eﬂl QRInflim, metal
titani um and nol yb enum substoi chionetric titani um
niahyirde oannhetabpzywpnluau betlotlehiotwet target t dongmisesm sdxaode taémdum, or
subst oi chi.onet.r titani um oxddde an

t ant al
sul e H R AR 00k P AT GTSR LG 8ipcidizing atmosphere
(oRnka Eﬂémdllﬁlﬁﬁﬁ@hl@lﬁgﬁﬂem bfer ée[s@sn 'onéi’g‘ét%m%ﬁgest fuBgsten oxide,

substoi chi onetric tifani um oxi de and tungst en,
alugibsmaixgds, siebitun) exidet armigpmion etedeaad the obieu targea rcomprlses silicon

ox%ggé{ag élgrgé Lo;rlsﬁﬁ%(l)lfg]: Blronf%{n%co{f gﬁﬁ%ﬁgge ancy g&ﬁ are co- sputtered n an
insstEloopleid PBLAAID, With @RHAM @xduEe of BxyidR ah@ bl ﬁitrogén is used in the
present in a higher anpbunt than the other material. In

¢ %‘B‘ﬁs‘é)cases the titani um or substoichionetric t| tanl um
oXi e t
! é’%rqlsdé:"n E%Ese gvgx @qﬁe géc%e‘?lbrﬂgtﬁléna%%arﬁlx% %’IPm er e sputtermg an
allayadetarget van d mﬂpﬁ@f@(,anﬁ)lltr; lonasr ?ﬁtha)ﬂtﬂdr:] ?dr%?s QS%a and 280b can be
trldln o In Cases ere theall oyed target
an pffayqsliae gﬁﬁwﬁpw{ st Paebs 1 abpLsRcsiedEom (hiok qllang& tungsten
an& aﬁ‘laﬁ’l%n?' pﬁﬁh%ﬁér@ Ayl N ifiB&H ¢ ‘ﬂﬁ&g@ﬁ' pﬁﬁr %ubs%(gdblggﬁlle%lc titanium oxide,

oxi di zi ng atnosphere, or slightly nitri
aluaimospndrtganium, alumlnum and silicon, aluminum and Subst01ch10metrlc 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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In certain enbodi nents, a nethod of depositing an
underlying film20 is provided. The nethod conprises

waeleostRisg an underlying filmover a mjor suPCEUS2001/066390
a substrate (e.g., a glass sheet). A sputtering

chaikite @prefdricd Shibdti@eknt bf fhie PrdsentGn@ntidn Babdes dvkded, it should
I n cases where the underlying film20 consists

be gudgrstopd | thsf wriops shaieen adapiadonsAndninadificaiang enaynbe miagen therein

wi@%htd(feggﬁin% RloGORE gﬂ}i%(f tﬂ invglptﬁ)lntaﬁﬁ g’%t s%ogeso eat%%exgcég %laims.
can eac onpri se tungsten, alum nuny niobiu or
zirconium In sone cases, the targets are netal
tungsten targets, metal alum numtargets, netal
ni obiumtargets, or nmetal zirconiumtargets in an
oxi di zi ng at nosphere (optionally including sone
nitrogen) is used. In other cases, the targets are
tungsten oxide targets, al um num oxi de targets,
ni obi um oxi de targets, or zirconiumoxide targets in
an inert atnosphere (optionally with a small anount of
oxygen and or nitrogen is used in the chanber). In
cases where the underlying filmis a mxed film a
co-sputtering nethod can optionally be used. For
exanpl e, one of the targets 280a or 280b can
optionally conprise tungsten, alum num niobium or
zirconiumwhile the other target conprises another
material. In sonme cases, one target conprises netal
tungsten, netal alum num netal niobium or neta
zirconium and the other target conprises silicon,
titanium or substoichionetric titanium oxide and both
are co-sputtered in an oxidizing atnosphere
(optionally including sone nitrogen). In other cases,
one target conprises tungsten oxide, alum num oxi de,
ni obi um oxi de, or zirconium oxi de and the other target
conprises silicon oxide, titanium oxide, or
substoi chionetric titani umoxi de and both are
co-sputtered in an inert atnosphere (optionally with a
smal | amount of oxygen and or nitrogen is used in the
chanber). Also, in cases where the underlying filmis
a mxed film a nethod of sputtering an alloyed target
can be used. For exanple, one or both of the targets
280a and 280b can be an all oyed target. The all oyed
target can be an alloy selected fromthe foll ow ng:
tungsten and titanium tungsten and silicon, tungsten
and substoichionmetric titanium oxide, alum num and
titanium alum num and silicon, alum num and
subst oi chi onmetric titani um oxide, niobium and
titanium niobiumand silicon, niobiumand
substoi chionmetric titanium oxide, zirconium and
titanium zirconiumand silicon, and zirconi um and
substoi chionmetric titaniumoxide. The alloyed targets
are sputtered in an oxidizing

-14 -



10

15

20

25

30

at nosphere (optionally including sone nitrogen).Wile

a preferred enbodi nent of the present invention has
whewniziestri bed, it shoul d be understood that REF/IUS987/066390

changes, adaptations and nodifications may be nmade
WHRhGT IS OLMNMBDUS: departing fromthe spirit of the

invention and the scope of the appended clains. WHAT | S

L. cLavERN§pareny subgtiateaprs pdyi@nthesisseresided grphaocatpltivepeating, the
| t
cob P INARE £ BIGLERRHELXhd 24RO 12 S8R Mgeing i

comypssingn madaall selcegdf frérmtho pRiupsdongstngdret ®haén Sﬁlldecahadliobium
fromthe group consisting of tungsten oxi de and
Oxﬁkoblun1OX|de 2. The substrate of claim1 wherein the

2. photge %ﬁ@tﬁé’éé & didib %% th%EQa k{sé &ith %oﬁl@ﬂsé’% both titania and

mat eri al sel ect ed fron1t oup consi stin
a miaterioh enlected poem, theagtoap umnsfshhg o, nmagd:radctapmer tfantalum, silica,
ni obi um. and (%ﬁ)enun1 3. The substrate of

st
Imﬁ#g é?ﬁﬂ@?gpﬁl ThAPL MO E®Bect ed from the group

3. CONgih§ kikiGraf oMl dimOT&Rere HORP laterla® 1 & FroMithe ERwup. con31st1ng of
pal l adium tin, tungsten, niobium and nolybdenumis a

mtmgpla,moppar, takrdurs U Eea, apdadoimciinitmgtanheiokium, tang molybdenum is a
?tocatalytlc filmconprises both titania and
ungsten dopant. 5. The substrate of claim1l wherein

4. t he Tupdebdivtend didihm RBsredh thbiphkiaeasyel fil8 e mbhaeR RBPHIania and
250 angstronms. 6. The substrate of claim1 erein the

tungs@edrpatig film has a thi ckness of |ess than about 75
5. anggyL %Hﬁstra?e agmf’ 4 Q%errgﬁ e Pn%r%g@eféltn% ﬂ%.ﬁt,]ag Wickness of less than

conprising a Pase i I'mdeposi
abain@é0 laygsugnfsi | m wherein the base fil mconprises

sili d/or titania. 8. A transparent substrate on
6. whi JE‘etSHg%i@tq %ft Ry il dherein hotedeatying fiing havathiplnesy pbless than
ab& 351 AGsthdigd udi ng a photocatal ytic film conprising

titania positioned directly over a film conprising

7. t ung$t embgritdef cimThdushdystanairisingf a tasd il ddpesieidnbeneath the

risi st en .oxi de consi sts.
anean lF5hn et BRT S0 auS sica thA L BBk at e of
B R TEnARHE LR i QAOMRRE & O LTI AIAR Ldaring, the
a m xe
Coatirlganplumngrﬂjplumgmégtmfg Lo icomptising titanizpositiorsxi dectld dyer a film
gstrate f claim8 wherein the film conprising
Co?ﬁrmn WESeP §8%as a thi ckness of between about 15

9. angghe oibstael oflPiitn §50h@B@STHeOfiBn 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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12. The substrate of claim8 wherein the film

conprising tungsten oxide is positioned directly over
wa@2dorhmm2ednpri sing silica and/or titania. 13. A¢EUS2007/066390

substrate of claim 12 wherein the filmconprising

15si | iTha saskhrroftcldiarg whéram tBe bhotokngssc Gfm keSpritddadath titania and
about 300 angstrons. 14. The substrate of claim 13 .
2 ipasrial seleped firemn BengerRi Gogsisiing ©f HHALEG: ¢aPPeRitantRldn. silica,

Mol .ess 1 trons. 15. The
pm%ﬁ%%?ﬁé?e §¥&Efg§%§ghaﬁ£?égﬁdtﬂe'photocatalytic film
l16confihe selssthaet ¢f dlaitrahi svhamth the madteridl aklestel éine thef group consisting
the group consisting. of nitrogen, copper, tantalu )
of glitrlog%b’cog%qri tg@tiaﬁm, sq}clq,’ pa[l]lg ggﬁz tquggq, @}ﬁbtugﬁoand nrlrcl)lybdenum 18
a dopintbdenum 16. The substrate of claim 15 wherein the
materi al selected fromthe group consisting of
17ni t TbgewhstreppetaimiSamhatinihe shdtoeslytpafilnacdimpnises both titanium
éun sten, niobium and nol ybdenumis a dopant. 17. The
MEHYSLFUt e of clai m 8 wherein the photocatalytic film

18COND tra@paRk@t Bublstrh@NdH MhashtihBiet 15096 Mided 8- phﬁtqcatagftic coating, the
transparent substrate on which there is provided a

cogiingrconmriaingt fremcbesibsgatetdvewardht iarhgse Bhmp depsisited o¥ar dhe substrate

.subst.r.at e out dl se filmdegposited.over .
ond RERLRTHLEES S0 Do T RRehbh SRR SLRREY Rnesien ovie
depdztied oRBGhamgsd filgiEnd laavidgd Mhekpssi Fil6g thann®sheT00igdeoms, and

deposited over the base film and hayina a thickness of
i

a phojecaialylic ABucomMpITEing ddania weponisd drqsHyt Owatthe yiflme comprising

' rising titania deposited directly over the
tm%#%ﬁbggﬁgrising tungsten oxide. 19. The substrate of

19c| ailie 1Bibyes eif nclaihe 181 Wheremniei lnnoimprigiicetngstel@xide has a
.has a thickness of |ess than about 75 angstronms. 20. A
thigknepef 1gts ¢ Ut heP&UBWSt ocat al ytic coating, the

rr‘et i i . i i . i} i i . . ..
7 OSBRI 4230 LD ST O i
a fadmdecaposig fungsten pkidt eveart aklyjdrcsubfiaberot e gpask shaey and depositing a

titani [rectly .ov the filmcopprising tungsten .
phispr ey B bl Shabiiatk BlmiarSuelly By SGRRALE sPAPHHBS Fingajen oxide.
21 COMhE $hAhd MUTIMEN WidrEiB thSfiFEROSHEAH: AlnoReh BkRIK RS osited at
of between about 15 angstrons and abou% 1§0 angstrons.

a thigknevhel prswerncabot £ angviros whdakaun 156G endsitbmsconpri si ng

tungsten . oxj de s sited b rovidi.ng.a sputterin .
221 5138 SR 6 ot ST PR SR PP T AL SR el Y eposited
by tpeigsib g, spift&@irePeideEhalh@a kit neingiseLanpeds hiRien, the

the group consisting essentially of pure tungsten, a
Spyt ¢ Bygicgi] bring selerted fromgile arpum qopgisting 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
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23. The nmethod of claim20 wherein the film conprising

tungsten oxide is a mxed filmconprising silica, the
worRooed2R2i13 m bei ng deposited by co-sputtering aPCEHU§ENT/066390

conprising tungsten and a target conprising silicon.

oxiddandThiecontinh 0gidef wiedréih m fAMh wWherBidY AiRenihodQeabaliybiugm oxide
filmconprises nitrogen, the photocatal ytic film being

is dgnesiied ouer Byndesifhe srdaalying flar dha Neoegmprasingyzitqonam axde or
niobhnPBa! HRRPASHTera FRILE M [ARFINER 1 e
26.phoThe attatryteiof ctadatld2nghertinghe oaddriving filbh Ul M ghickness of less than
phot ocat al %g:éi c filmdeposited over an underlying film
aboé‘&%‘[b(}?%%sﬁ@ " material selected fromthe group
27.CONShS LRG0 HAGS LR LY ' i
al um nurmxflde0 anél zir coﬁ?lh%ﬁ%gﬁ%%&mgg?%e%ﬂﬁ%nﬁ? s of less than
abombWprigstmmpszi r coni um oxi de or ni obi um oxide is
deposi t ed over. or der th derlying film, the film .
28 omphg SIPHEE OF SRR A BT sl I GBI 4GB B 7 RigPRm oxide
has® thicRh&Rbf BBHREA Bbout N8ANERARIANAGLbYLTY dnbttBm<6. The
substrate of claim22 wherein the underlying film has
29.a t hheribesaic of clag 85 mhgreimthe dilmXBOraisgmt 2o msiumARKideTireniobium
. sirate.of chalm25.wherein the underlying film has :
OXlgthéeg%r@gsovg%thFélgéerg/ﬁ%ﬁgbout 75 angstrons. 28. The
30.SUbShd atbetr@t of tiaini 2 Synekeer gieilinh®nfprlsMeCRdBRiusi 838de or niobium
.zirconia or niobiumoxide has a thickness of between
oxigp s ftepadted vgderrtberinderlyingddor 20 angstronms. 29. The
su ' [ i C 1 Sin Y
R e, oS LR RN B bl RGBTl O enpiobium
oxidadetepydited uhidrthe 3erThe fHuhatd aherchf a cdcandTilb cvhprishg
. the fil, con:p[]j si ng .zi rconi um oxi de or ni obi um oxi de
Zrqogige FHSF PERONRIRPRIARE drperiter piveighe ppdarlyane filmhe
32.5UbBkd alnSr At of Ll hPridifga bl Ok
zi rconi umroxiodeaor %?%rm%g%&ggﬁl%ggﬁ%h%erﬁdgls@ég%gﬁg?ath the
undehgingridey heregn fhielbage fEndcontyaises piliaa selfartiadipl m
conprising zirconium oxide or niobiumoxide is
deposited over the underlying film 32. The substrate
of claim25 further conprising a base film deposited
beneath the underlying film wherein the base film
conprises silica and/or titania.
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