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WO 2007/112229PCT/US2007/064342 REMOVABLE PROTECTIVE
COVER FIELD OF THE INVENTION The present invention provides a
reevEmez8ver for substrates, such as glass and the like. MeXa&/u$2007/064342
particularly, the invention provides a removable cover that can be applied
over a substrate surface to Erotect such surface from contamination.

BACKGROURBNHD ErBR O Tita) bl Wilic (i € WEbht

glass and other substrates from mechanical damage, such as scratching
and/or chemical contaminaiféﬁldhﬁhﬂng&dDMEWshipping, storing,

installinghgi 'g@&qmg C&fl'l [ . Contamination can occur i
different wa%lls. For 1Oé[>1<an§ é?gr,qgn%gﬁagﬁgtmgfr%g?%\'fgrrag%resgns ?g?ﬁgﬁggtas glass and
dhoitdamdiets rutelirestboitssntivg aritscsesicnesabiricotive thet emibalspplied

thatcancaniRMinale thersukstalesReINoRrAduaethHQk grample, various

solvents, curing products, and sealants used in manufacturing processes
sometimes produce reBd¢aSGRIEIN QECTHIUIANEBNEHNglass being

produceg.Jdapding aamRmeaused Qﬁc%?r?’e&‘Qﬁ&tgi?e%%%@%&tﬁaﬁ%&%i%age,

leave marks on the glass. For 15example, vacuumized suction cups are =
ARFALRERR R AaR AR Blads SRBBI iR Sl RbmIHRs S &R e ptignstoring,

CupuTlaikianithe elassher progiRRTERHIAGHARSS HAVR H8RR%IR &t ways. For
removable filn} over the 8Iass sheet in order {o protect theﬁ%}l{agss from,

contamination ant7oEsErARETIAY" FBHBRAMIIEC MBI AHA% 408 Hagseanics
usedias rerhahablbeoivelstizaicar eclesaiibediin dliSiritaserifigsoduced. For
6eg%p$&%m%52§% %@t},%g 111%?1‘0%91%{36, gr(l)cp gqusnt%fu%g hnvyrpa{ggf%te ing, processes
mcorpprated herein 'y rererence Inorganic ﬁ?ms are o tlen removeﬁ:r) ey a
WABIHG S redues ecsisiven b panezcwiantpiren . iGrghnidofilnssparduats Udalling

ag emevablecaRFueS JessiBRGIR Meth 5?5%‘5@%&1@%%1&3@%? For

entire ?ontents of which_is incorporated by reference herein. These

CRYHBRCSACHHTHG O RYSHSE RS AP BRBITESRABE By kertrshesienrd can
o reoiniyg Eavashingr?aprecerluse.the ggme inorganic covers are

sometimes too soft or too.thin rovide adequate protection, particularly
agains{E socr?gt%hafﬁué . %%méfsrgéﬁ?t?%%% n%%%\?%?@ﬁ@%‘f@ ratgﬁl gpypeet in order
thiakerekilrtis wassduidecootmpletd proteldtion:didirey &g thiokes filmsrgamc films

SOMEHBEe.RE AL IR RBHoME aﬁ&’&%@%&@eﬁ"@?ﬁ %%\Amo%htl é'ﬁdﬂm and

film by a washing procedure, 30the film material may foam up, w

adéls thethn stéinar ooty ed epdsnbir Ato insersarsserbhersinbintiiewence.

Washahisamelime sy esit A:o05|derahleRPRIE QL lIRe ABWASRING {%ment.
%r)wsure t%% the material is completely removed from the substrate.

FIARIE HIFS BRAN P SIS BB BrotaX AT SRSt dRiHgtigent No-
iIearRAATS filmsntitewenentsefmekible incorporated by reference herein. These carbon-

containing organic films are often removable by heat treatment, but not by a washing
procedure.

Some inorganic covers are sometimes too soft or too thin to provide adequate
protection, particularly against scratching. As a result, inorganic covers are often applied
as thicker films to provide complete protection. However, thicker films can sometimes be
difficult to remove. For example, when removing a thicker film by a washing procedure,
the film material may foam up, which causes the material to be redeposited onto the
substrate. A window washer sometimes invests a considerable arﬁount of time in washing
to ensure that the material is completely removed from the substrate. Organic films often

provide better protection from scratching than inorganic films. However, removable
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WO 2007/112229PCT/US2007/064342 organic protective covers are
generally removed earlier during the manufacturing process, for example
MRHYTEMAPEring. Thus, once the substrate is removed from B§EAETHIEAoEp42
oven or other heat-treating apparatus, the substrate once again remains
exposed and vulnerable to scratching and/or chemical contamination.
5()"1,'“&{131@ it]rO OLgdel%% de?sglabl,ent% Eﬁalrovide emgvaﬁle. cover for g
substrafes tha proYecsts th eg 4551 ﬁﬁﬁlﬁéesueﬁé &h gﬂxt}%f%ﬁﬁ%
rrarsyfantiaihging conpsesy | lisial soaddbir alttet tocpionitie @ddmoviablempveng
(b cank R AR, AMMARL QL il NYENLIPNAR30B0sed and
embodiments, a glass substrate bearing a removable cover Is provi eél,
1‘@%&@%%%%‘30&% e rsbes el castaamndémanic material and an

organicTmaleri@buld ey akiitaslinentavie-AARIIRLIS 8RRV ENIG 1R Qubstrates that
different ren}ova process than Eheﬁl%%anic material. The inorganic

RHEHAI AR S MR BRI M At O AR A S BB RIBRE T2 i keid
alesimtile hasevitk some casespthretinnigamnie maisidakcomprises zinc

oxide. The organic mategial can comprise a carbon-containing material
removable by heat 15 tr ShEARIN %m%ﬁgg?ﬁﬁéoé\érbon-containing
materidhcongisisiessentialy oheastionl e aiganicmalerial earasedigdad,
s&gear@go&gng)tvegri%loﬁ%%ggbl? bg{ Washin%I with \t/vatir. The separator
Matenal Can CompHsd B At S ot bR SATRBA 4 M1 ALH A0 SF 2B BFSTsTe
akbsheitstha iphrealily ohparidesantblater aldifone casesyithecemtvmable
couericamRIzCTRY S ORISR AN 16 RANE RATRIRTAl oD RIPRS

an inorganic film and the organic material comprises an organic

Gl Bddaciher m&%wﬂewmcgm%@ma@ew%mm@s zinc

iperganicfipandibe-Maanicciip s ach s inaraanic HMand Lraaa dil heat

can have a thickness of less than 100 angstroms. In certain cases, the

iHoPgAFE PSS Sthi Lk LB RN SR et eRTetat abeipon

Shangsiromstaria osgahic fitn kasradhiakneasefhetveay 2aabogtwlith water.
st and about 60 angstroms, In.gther,cases, the removable

pives bt i A TN TR

rlardak, Mhecetixed fimidanangieieran outer portion and an inner portion,

wherein{he,Qroanic matgria)isie r&%@%@rﬁﬁrgé@ Q@%Qﬁr}%@%ﬁﬂﬂgrﬁﬁ@ H?ginorganic

outer portion and the inorganic material is'present at a higher

CBAEERCARINLIS AR &R HG fighand dhacsertifiimeiéa qparsisesporganic film.
Cnéﬁwiﬁes?lsuwwtbaﬂmﬁgﬁmhlz mﬁﬁetﬁh 'akaguﬁ&ttesmmiémgmmm%ﬂgﬁ?@mc
stantj inorganic materjal.. The mixed film can alsq be a graded film,
S O Tl o 6 LU CIPA ST BRELS LA €98 B A ess of
i m%&m@msmﬁw 14 2229R CFA) maf@ﬁAGJMhagemMMS@f between
s misrighanthagacual.desiRaRng. canealialinn oliiae N coveen
material, in some casts, a functiona coating s posmoneé between the
v Hiengsgams and about 60 angstroms.

In other cases, the removable cover comprises a mixed film including both the

Pss .
lacturing process,

inorganic and organic material. The mixed film can include an outer portion and an inner
portion, wherein the organic material is present at a higher concentration in the outer
portion and the inorganic material is present at a higher concentration in the inner portion.
In certain cases, the outer portion comprises substantially organic material and the inner
portion comprises substantially inorganic material. The mixed film can also be a graded

film, wherein, moving outwardly from the substrate surface, there is a gradually increasing
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removable Covet. The functional coating can be a low-emissivity coating

or even a photocatalytic coating. in certain cases, the functional coating
Wﬁj’dé@laﬁ‘butgmlost c.jlelectm: film, t.he dielectric film COMPrigGARn07/064342
inorganic material that is not present in the removable cover and is not
removable by the removal process used to remove the inorganic material

or the removable cover. Further, a protéctive film can be positioned

Hetween the' rORCHBA a1 oAty hh i brdrtvable covenithieoprofetinenic

filnsmomprising a material that is durable to a mild acid or mild base. In

some gases, gheggrgtl_%gtive fi!m camprises carbon. The protective film car,
also have a thickness of e8s TSRO ANYLHsE 7 SerRdleasbstine ryarics
THBRERRIF GpErlicEthBprotectivenfiim anchpreventsihe: protestive, film frgm

&%Q&%‘%@gﬁﬁﬁﬂhﬁ%@%ﬁ%@g@d ﬁ%’ebé}ﬁ@&%ﬁg SUb{eCted ét)oaa glass

tempering that bums off organic materia BUaRy TR thelirgeme outermost

Histerial Rt fok Hepositingra Temov able covenisalsaipravidad¥ien: in

tBoree embiediments; themealhedcampIises. RIS Vgﬂé@ %gsg'ass substrate
vable

bearing a functional coating and depositing a rem overoUar e the
ity |16ngfaé?ﬂft]ir‘?§flfﬁéeF@?’P(ék’/]é‘(&%Vébver comprising at least an inorganic
materfalzdnd aprorganie Mmatetiah WBeHRIRGOIRANGRABHA S8 aine and the
18moyvable by %n(glffrereeg% re?ﬁé/al rocess than the 20organic material,in—~
some cases, the method furt Fggﬁ%ﬁ%é BepskitiHg dsphetekditve fitmild acid or
TEBRsHSiAY carbors etivepn tie furictionah seating:204. the:remevable;in can

LQEIve o LG Jepositing.a [gmavable cover can comprise depositing,
from the substrate surfaceaoéﬁvgﬁﬁil,r%rﬁ&mSr%O%?ccﬁﬁ?ffdﬁ@r%Wﬁrﬁﬁﬁﬁém

C\‘ﬂ?ﬂ?%tgﬁﬁﬁ@t%@é@]@ﬁ@ﬁm@aﬁmﬁsﬁfm rnttargafiiefifforat@ing burned off when

teputterepositeds Thg-organic Eigés%&ﬁ‘e‘?ﬂ? Bl%ikt)gl%lg% i é%;t%telxe{gg Srerial

target comprising carbon. The organic film can a

APt S ‘BaisERAt O HiAterial cOmTENGH Wessalublempelyiner ar is also

rpiaslicizersane o tmoza-aleofelm Bl sl RLORCIER 200 ANAIRL NG coving
iIm ©

aqﬁgé)[%gglgcga{%rp%\{ggle cover can also comprise depositing a mixe

of inorganic and organte tRate AT Cotee tasay et deposirigoatinixe:
TR GO pAses B0 putteringastargeboampriseskaf iRraapicmatefialina

vaakkenacontaining sphere, in other cases, the depositing a mixed film
comprises g‘%gut%%%ag% least %%rt%g 5rag§?§5?ﬁbfféﬁfﬂ%8?@‘§ﬁw%ét@ﬁal

ONSTeR o e 1argetassmprisirghorgamicenmaterisketndepdeiidd/ Oprotective film
<202 220RGES2007 1084342 coating and the removable cover,

The depositing a removable cover can comprise depositing, from the substrate
surface outwardly, an inorganic film and an organic film. In some cases. the inorganic film
and organic film are sputter-deposited. The organic film can be deposited by sputtering a
target comprising carbon. The organic film can also be deposited by
applying a separator material comprising a water soluble polymer, a plasticizer, one or
more alcohols, a plurality of particles and a water,

The depositing a removable cover can also comprise depositing a mixed film of
inorganic and organic material. In some cases, the depositing a mixed film comprises
sputtering a target comprised of inorganic material in a carbon-containing atmosphere. In
other cases, the depositing a mixed film COmPprises co-sputtering at least one target

comprising inorganic material and at least one target comprising organic material. In order
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4 cases, the depositing a mixed film comprises sputtering an increasing
concentration of organic material and a decreasing concentration of
WOt #dterial. A method for protecting a coated glass subSTYAR2(87/064342
also provided. In some embodiments, the method. comprises, in

sequence, depositing a removable cover over the 5substrate, the

r vahl ver comprising at least an inorganic material.and an organic
T R A B S tos of

regreanpiotd s dHade thratnganitsentimsival oféncosany thetaiganic material
while legvipg JatastHhe-R0a e duaieral, 300.EEMAYNg MG DL rEANS. .

material. In some cases, the depositing a removable cover comprises
OO HBin M O SOBETiATe SUSRRIRNGE: ASnABHEMcsmeVahlg gever over the

auganiteitie. iihevdepasitineanidanis ilmcanconprise deRasiHigRorganic
car on-coQtainirgg film removablele@)i/ heat tr%ll;[h ent or depositing a
[

B ator PEIRBVABIA By WS RRG Hith R Okh &Y BT am T ergaefiess than
film @amwmiisé,dapqsiﬂg enrgxidennef/ol nitiiddcthatds ramaevablerynic
wasling withamid:asicor milithase, p other cases, the depositing a

removable cover co prisesdepositing a 15mixed film including poth the
inorgarlit AAE ertaniberAenesitng a ramembie eesers;ameriesndupogithe, from the

Qrgenitpatesial yhilenlgayina dnast dhe ReLERNG W@p%gmgéiﬁg%rganic film

subjecting the substrate tg heat treatment. In other cases, the removing

COPPPRRSH/AEHERA COBSrSRE it o At amethle Ryded! fsatrspioving
tihepinoigan i;ep’mxfatefiairﬁ@mlmléiWﬁﬁh@@iﬂ%ﬁ@ﬁ&dﬂﬁ@ﬂ@ﬁ@ﬂﬁiﬁ?&ﬁﬂvﬁ&gﬁg film
ild acid or a mild base. 20BRIEF DESCRIPTION OF THE DRAWIN )
S R AR T ey it s
coted silfther darvying castentiovdiiesiover inmaccdrdancerwitlyatses depositing a

emRmeRtRliNg HOUEIHIQR0reank I GWIS 245iR SeRgMatic cross-sectional

view of a substraté having two coated surfaces eac .(':arrying a removable '
cover inPECRSERRE T tRRHTONgP e raBHmEa T tnbiiplesviiemintact Higiperganic
FigRiSCHRPALE CroFESRctioNAbyiaue of a-aubshiaiehayingd caatethe removing

surface carrying both g protectjye film and a removable cover.in .
ST e iiTe Ji% SOt BB BAFRaRCOTTh EAiehfgRmeIdRdhs jggganic
schferirhticngrosss sectionalxiewdhargufistiate dwving a eodted Surfagald base.
30carrying a removg%lsﬁécg‘er in_accordance with another embodiment of

the invention; Figure. L EHATON U AR ANV 3f a substrate
having Bignated suctanetamyingsectiomg vahleotauabitascatdans Ml surface
%g}rgﬂl%tg?ern?omva%lg%g&t igfatcré%rga\(l%g txlxcr]lﬂi an embodiment of the invention;

Figure 2 is a schematic cross-sectional view of a substrate having two coated
surfaces each carrying a removable cover in accordance with another embodiment of the
invention;

Figure 3 is a schematic cross-sectional view of a substrate having a coated surface
carrying both a protective film and a removable cover in accordanée with yet another

embodiment of the invention;

Figure 4 is a schematic cross-sectional view of a substrate having a coated surface

-carrying a removable cover in accordance with another embodiment of the invention;

Figure 5 is a schematic cross-sectional view of a substrate having a coated surface

carrying a removable cover in accordance with yet another embodiment of the invention;
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'PREFERRED EMBODIMENTS The following detailed descrip

WO 2007/112229PCT/1JS20071064342 5 Figure 6 is a schematic
cross-sectional \ Tim of a substrate having a coated surface carrying a
REREBIBESver in accordance with yet another embodimentPETYRE2007/064342
invention; Figure 7 is a schematic cross-sectional view of a substrate
having a coated surface carrying a remqvable cover in accordance with

yet ano%@e&rggwts)%dsic 1?”5{{’5 tpée Sip\égitigj; o Fi uret%S is a.schematic d surf
Cross-sectional view of & SuBState Aaving 8 e 8atet ST B IR fgated surface
resfipeble wovabln @ocoidance deitte yeitiapothestbenbodivdentofofide invention;
'nVe“t'%'gure 75%&1@_11'1%@0 B%gg%géggpaé@_y@ya%ﬁg%%tli%vinﬁ%ﬁg?ted surface

cross-sectional side view of a multiple-pane insulating glass un . ‘
iFIORS S TRAURAE sare HudiRy dns coate ties arribesan khmeranéthwittyention;

certain eimbedimentashihe drention ke 2Qis&-Ramia Yo a coated surface
broken-awal){l &%ggective view of a window pane carrying a. functional

CORHRYE BHETHARR D EG HOEELA I By S s BPUAT SR Wi Hribe mvention;
accordaingeasith ceatsirigtmbrelimentssofdhatioemicictiondFiguse it isfa

tiG. Si ' f uttering chamber that is adapted for use in
A s S gt
Vi earratidirecsivits perteaning ettimnss tfighddradapeed for use in
certain mathods;of (e NKeRtiREn Rk QW&%¥5%n@fwTﬁj§e_carrying a

: , _ scription is to
BBTRIRH A PR ke B B8 tHBSIRANTIER it ke dlleth Arldingifropeprdance
dravingsihaweteneefierente inveabers, The drawings, 20 which are not
necessarily to scale, depict selected embodiments and are not intended to

~ limit thé*ipélds thesheveniion <Skilled B tisans il checdgnitethatitpesd for use

givenexammleshave-maryAlteratives that fall within the scope of the

invention. Many embodiments of the invention involve a coated
substrafésyevide vashemaicsitdisiiste s tyses tisestinasteringslinnher that is

InugItORorl Bssamereimbacients (Haesuhstiate 2510 is a sheet-like
substrate havinf’g?ﬂenerally opposed first 12 and second 14 major

surfaces IHOH kAR JHESAB BB OREEF CHATHBRESRER 6 FAMBOAIBAENTS
materiaf Qo118 WiAD RAHRMA RReERlhhe SURsitale, Oever IS DAt aaniked: in

to he a sheet, nor Is it required to be transparent. The substrate can
SPHERANT BEReRBHp U sy diribly B TEneybmadhakawings,
Extachpiesnof antsipaledapglicatisiosstebusdecpiphngicnentsauhengindigded to
AReRe R s s s s e s g e
fhageovanyctiquudinee thar frUlindia lastiepe of the invention.

Many embodiments of the invention involve a coated substrate. A wide variety of
substrates types are suitable for use in the invention. In some embodiments, the substrate
10 is a sheet-like substrate having generally opposed first 12 and second 14 major
surfaces. For example, the substrate can be a sheet of transparent material (i.e., a
transparent sheet). The substrate, however, is not required to be a sheet, nor is it required
to be transparent.

The substrate can optionally be a component of any of a variety of building
materials. Examples of anticipated applications include embodiments wherein the

substrate is a sash (e.g., a window sash or a door sash), a siding panel (e.g., an aluminum

siding panel), a tent panel, a tarpaulin (e.g., a flucrocarbon polymer tarpaulin), a plastic
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WO 2007/112229PCITUS2007/064342 6 film (e.g., a fluorocarbon plastic
film), a roofing shingle, a window blind (such as a metal, plastic, or paper
WhASKBI*Y), a paper screen (e.g., a shoji), a railing, a baluBferUeF4r 064342
escutcheon. In one embodiment, the substrate is a ceramic tile, such as a
wall, ceiling, or floor tile. In another emBodiment, the substrate is a glass

Biagk. & Vaiehs S_’Jrﬁb'f}tﬁplcl&i?@{fﬁﬁﬁ |£’¥88Eﬁgé’tﬂr&‘?e;?(?ﬂﬁ‘cif?qmmg‘&h%i‘?‘ﬁé’ a metal,

from Saint-Gobain Oberland (Koblenz, Germany). In still other
BIRBGdMRIG, tHedsubaifste 39 sppotyEsierefitma shedly e tlimgesipgiuger. or an
@E@Eﬂh@@laﬁﬁ ?ﬁ@exﬁ%d&%ﬁ&@ Spigef%ﬂﬂﬁ%ft%m%ﬁ@i%@k 3%@, I@)@c?@%aénﬁﬂl, ceiling, or
ommercially from Nippon So o,, Ltd. (Tokyo, Japan). In further
BN EHEOHHE STBRUERETo GIGHORTBH Wb EGh SR AdRESRA L EHEP e
tencebrivadhnT@Fdrainady appkeation s dines subsitateniibetmpiketdenz,
nsparent (or.at Jeast translucent) material, such as glass.or clea
e L R B sty
inlce pradrepitibbdinidéntsiA Gatietle dilkmofthig las ity pesbearbtiieed sedjragrdially
seAaime 8'ase:\ il commRIlY LS. prafere AR FERBINAEIRT B substrate is a

embodiments, the substrate is part of a window, skylight, door, shower

dOBE SF B rusptasingsTedifirdsRs thedlbstrate is part of an
automabilenwindshieleian, awemebile SIdECHIRHRY - aRBXteHar(6F dntesier
rear-view mirror, a bumper, a hubcap, a windshield wiger, or a ,
ST IHOIL HE B ARG el BRI K Banby G FBBY pAer i Bise = ehas
ehebodimenteptheyubstiatecisaa piebediheasaduvargass, laphastikzss types can

2d Lﬂl@&ﬂ LY é@gé).\ﬂm% rg@a&,i il gctrg{%?o%ﬂ? B E?eg:qugé I['H ger'ﬁari;bss{eferre

embodiment, the substrate Is a refrigerator panel, 20suc part of a
rEnbgaraesid Bisrsebsire vpas Wb strardo of Jariehs shressbartialemseds nbie

RISSER! INVRRTIONCOMMARYLR 9, AG S YRS AIER-AIHSAICRI AR mobile
embodiments involve a substrate 10 having a major dimension (e.g.

. ! g..a .
RGN R PP IA RS HOUEE THER RIS rér AWIPST R RLP SR A indshield
méier,pehapsiinbie prefesatly dtiaastnhouk benetersofe ghebawars
apncg)%tdl?ir1 @gge{}?easngl t25tabout 4 meters éand in somelc ses at least abput

RStera T e SO T MRS hATETPun £8% AhtRS grass npgpow- or 2
asta gl @ tesntivamglios wWidthithtisibétwisesnaboun ®metersaantrigbati: fanel,
MRIEES vErfor @ AARR Shseliaving;Rqyidth of about 3.5 meters and a

length of about 6.5 meters. Substrates having a length and/or width of
greater T Atorit EOHE s 4P Afstserhiiciprarsese3bnvepiiss. Commonly, large-

eraheshsienisaibassubsikatenlnis-aiSRARIANY ISe U QF e ciangular Hlass:
1eet. The substrate.in theg ergbo iments cagl have an
ot ;

of the
ITHEREIBHS dedcibeh 7 W 5 5RrAY gﬁtgﬁa’f&f?}:ﬁ%ﬁ%ﬁf&%ﬁwl
paregraghas one parficaiayr errbadiboent, theesubstraidisvagenteratll meters and

ra%%@tnégHxlgtregs?ggdsz%%%%%%\gsn %Y&g thoc}cu g%vgﬁgl[ls‘a .nosl.'lotrr?’e embodiments, the
substrate is a jumbo glass sheet having a length and/or width that is-between about 3
meters and about 10 meters, e.g., a glass sheet having a width of about 3.5 meters and a
length of about 6.5 meters. Substrates having a length and/or width of greater than about
10 meters are also anticipated.

In some embodiments, the substrate 10 is a generally square or rectangular glass
Sheet7 The substrate in these embodiments can have any of the dimensions described in
the preceding paragraph and/or in the follovﬁng paragraph. In one particular embodiment,

the substrate is a generally rectangular glass sheet having a width of between about 3
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WO 2007/112229PCMJS2007/064342 7 meters and about 5 meters, such
as about 3.5 meters, and a length of between about 6 meters and about

WO Aetai32¥uch as about 6.5 meters. Substrates of varidfst/US2007/064342
thicknesses can be used in the present invention. In some embodiments,
the substrate 10 (which can optionally r}e a glass sheet) has a thickness of
Sabout 1-5.mm.Certain embodiments.involve a substrate 10 with a
e S P S R A T A R e
preffesablydhetiv@metbousiRiSanshcand. abamit4.8 mm. In one particular
embodimaita et alalsei s sRIRINR lareh A OleRasS Llome

about 3 mm is used. In one group of embodiments, the thickness of the

STbSHERS R e e Ylavdidhsanonsionpbihsra sl /nets nstivbigkness of
a@&kﬂl%rﬁm%.alﬁf%m%@&éﬁf@ anzblan@ls_ ' hrga@ hﬁ@&éﬁ: tiﬁi%@gﬁﬁn&h@swméaueen
ma e useful for aquarium tanks (in which case, the substrate can "
e PO B ) e ek R 7Sl Aot b s mem and
cbonmbdlythave athickivess ehbedivean, abbekt4 hahsandgbodt-1nmgask) with
rar f ' ts, the subsirate is.a thin sheet (e.9,, of
B e R U E A ML PR ol or e
Brgedirehich sheHis gasareletis. 5 aptidivameimiol/e eevaghstrase 4mm and

being » sheetrof disRlay glass AnthedikexampR, IRNARIEAAYLAIA  um tanks
protecting a surface of a substrate Is provided. The cover includes two or

e R e SR SERdioBA RS EIAS 95 PR anie ey hecireriase is
frnoyatpiocEssdharnaRaiher dnatdiaks cashrmatenatcanbe parkiefia 19 mm.
ingle protective film or.part of one or more films of a multi-lgyer protective
I oD S S e S S e PSR e S SR BAPE &
thixsoefiirof bohtamingomiftdFesohndalumofenmatBridisdimenstdBtst omere can

ahinemetavalR mLemavalls Y difarent/emeysl Brasepgfiar another

material. For example, in some cases, one of the erials can be

removablEBY RRSICHEAFREPIOFREREIA BHEE Tt m asbpiaieanseviladoibetsover

heatdeeairenmdherniaarialdraihaliR 16 heahHRAHNRNEGRVBR by a different
removable by a, process other than heat treatment, e.g., gfl a washin

FrocaekPIgREI ,ﬁ%ﬁ}?@%@é@é; O SRAE SR RS IRAELST BERIEPEBRStive
Biyrveuspartasfwith o meoveanin g finatetialavheseascanotiier, matevied, cashfEim can

PRSI NAhDp N, hRkiRe huasing Malelal HOL SXAMPIS Mhore
materia can be removable By washing with water Whereas another .
mateibis durable to water hut removable by 30washing with another

washingmateral sueb asamild acidhorapld Rasgedhevantoss-bayen

found that a removable cover comprised of two or more materials
AENOFERIE B d RS BRTHHS cHS SRR RRISS RS tBHATIPktaR s ricrP ARl by
substraienshirfagacdadiianadiyierial can be durable to heat treatment. The material

durable to heat treatment can be removable by a process other than heat treatment, e.g., by
a washing process. Likewise, in other cases, one of the materials can be removable by
washing with one washing material whereas another material can be durable to washing
with that type of washing material. For example, one material can be removable by
washing with water whereas another material is durable to water but removable by
washing with another washing material, such as a mild acid or a mild base. The inventors
have found that a removable cover comprised of two or more materials removable by

different processes provides exceptional protection for the substrate surface. Additionally,
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'WO 2(107/112229PCTIUS2007/064342 8 each material of the cover
protects the surface during desired steps during the manufacturing

D8 caLE1BE e it is removed,  Preferably, all of the substrBfd &i3AMEEE+342
that desire protection are coated with the removable cover. The cover can
be provided over only the substrate suréface or over one or more functional
coAlings.ASROSIIEH.on 118, SHOHHALG ITAGR, NIALY G8ses g Fover is
provi ed over a substrate surface bearing a fanctional ¢ ating. For
axaErnprausIE pregeerptforiméntei®etfswn in Figure 1, where a substrate 10

is provigled hearing & HOCHANRACARNG A LBRRUNBRR tdr MCVRIDDIHE the
provided over the functional coating 20. The functional coating 20 can

iTFERONRPLE ShigTe AiltR Y& SRIYRREG BT HFAS VAP b SHPTBRIH S Yot gne
kinavereirutgoan] castibgs depekithe dunctonalcoaling 2dsarsfessd, Yad@ver is
remo g&)l% E‘/by th% rertnovi?:gC géocess used tto r mO\{.e thlg,- cover n}ateri?

d il}()e\ggy ove rrlf}i% the coal ing G HRére s ﬁa‘fﬁ/aﬁ%gﬁm?f Shthe ?y%%c 8
fembtidinant cedhoys thdtigvoeld emefit Srbstraen Posary protebtimhiisc thmal
rc%lﬂ}’ga%eoﬁg\éﬁ{fﬁ@@l9%%_%%‘&056@%%?&@%;? o) Wc%%%lacﬁgt&@%‘?‘rhe

15In some cases, the functional coating 20 is a low-emissivity film. ~
ITeuetimns sy e od e kpswalaifreoan Rlinebartciiamy Soitdetired
qoatings e aeserhediinid S+« BateatARplicatiaAhas 094628 488 E&%rably

11/360,26% tge ntire teachings of each of which are incorporated herein

B EFRRSAElS ?ﬁtgﬁ{SF‘%&@stt‘FFé’%H%“t RAPROXEN 56 gatenal directly

loverinaigtdnacen g atifigertor examiblena pidtor aiiahyte cobfingt@nal coatings that
drophilic.coating. Low- 20maintenance ¢coatings are also known in th

R L TS S SR AR R R B

Appticaistingos! anyOxk 480nature79,178, 11/179,852, 11/129,820 and

11/293)3ening, €AtHE SONEATSI Abeachvhich Arelncornaraied PeMeMkivity

reference. In certain embodiments, the functional coating 20 is a

PRBESRS ERROVBHIBE Thargrsfde bR KaRifi RgAdngrersrdpigribed in U.S,
tHa@ta-CppLRMINYNCAANING2 8, 4 3ather/cese66 atftiBetionak€aatingigach of which

ided ft ' f the substrate and another .
RIRAGH AT CUBTG 1 VOG- B G0 Mot SuiiaLs hateal sd

remotzabbecomasngs foreviaep ovehooeatt Bathdthgienahpdathis. fegire Row-

Hhistaiennembndent Wi e sbalfpiRtnplevided bear

functional coating 20 on one surface 12 and a functional coating 20" ©n an

Slsprsies suHard g omidienion Yevel BRis48roitedoupdn the Thdctonal

caatings20 anch anothercavesie isoRravidatipan:toe fnelionaseatinekin by
In_certain empodiments, the surface 12 is a surface destined to be

20'. ] . | €
SRISEE ' SFTBIRABOP SRARSH TG AT S IoaR 5B Gl dadlie eariraEi ARALne:
ratre. phaoatingtiapasiie ds ore (DI Q0T 122 20RGTY KbS208 7/064342 9

In other cases, a functional coating is provided on one of the major surfaces of the
substrate and another functional coating is provided on an opposite major surface thereof,
and a removable cover is provided over one or both functional coatings. Figure 2
illustrates an embodiment wherein the substrate 10 is provided bearing a functional
coating 20 on one surface 12 and a functional coating 20” on an opposite surface 14
thereof. A cover 50 is provided upon the functional coating 20 and another cover 50’ is
provided upon the functional coating 20°.

In certain embodiments, the surface 12 is a surface destined to be exposed to an

outdoor environment, for example to periodic contact with rain. A coating deposited on
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such a surface may be exposed to organic materials, whieli are

sometimes deposited on the coating, The functional coating provided on
YRHYLERCe is preferably a low- maintenance coating. The?CT/US2007/064342
low-maintenance coating helps to remove organic material deposited

thereon. When the surface 12 is to be exposed to an outdoor

environment, rface 14 is a surface to be exppsed to either an indoor
environ merqlé[ Ié??o%ﬁ%?g?%i%gr pace o gﬁl?GW%lﬁﬁg Fﬁessoor%lgtgggse%%%md on the
fepfetienaheHaptigedcproided dirthis surfaceittiis & lpefemissivity-
GRatiagaRauiiHaY hCRUELCANAS RIVIGEE UROR. GRELLIDE. o

low-maintenance coating and the low-emissivity coating to te 68}%%1}@1511
e atiheR Be e et sRerenothe ihanaridasriery brocesy, the

QlrfaurseidhesadiRmovabip covess il e hademaved.ancs ey faveerpane -
séer\(/:eg) ftggzi 1Egltte ive functionsthsg that o?r\]l\cﬁe the substrate has been

installed ihto & window rame {or had gtRE '8%%’@&%%8&’&% P2 fiagurface 14
destiwition)sittiey covtng. akemdtilngecpresentbinpeevidial epdcdihentso@s

[ in.Fi e i 0 can.be deposited between the .
e B 2 g oo o oatngs
PopiRstdetive AIRRBO omataraBlyinGtTENToved durirty ranafacturibly, sovers will
therfil werves darmanenty mrotestthe Wndaying unsienal CoRING strate has

%uch,’a film 60 is preferably used in cases where the underlying functional
césﬁh@‘“ﬁg]e%*ﬂ‘& DRI AR LRy ST BrPRRltsehiareeiasbdigsation).
firctionrbestnyherptheyesse.exposed directly to contaminants in the

outdoor environment..As a result, it is desirable to not leave any fil
remainlfrl%g&(\)ﬁ\?ér%t 3) %%fg\?\%r%glsnﬁéheuﬁgﬁgeg glok; A, %Bfﬂg%gsee@,/r?h@ﬁﬁﬂ%
iéqﬁmvm_!émverx shiowmenvisivity ccAtig. the ultierpioteltiveofilifiGl 2arThe
beoany My %@%‘M%@Jl’g ﬁ&%‘l%;ﬁ%%%%lrﬂ{g G P i%%,r?mﬁé’ %Irfxeserves to

material of the cover 50 that directly overlies the film 60. For examp
WHEHBRBUS PR R FrAY s BrGirasle ta agp Surb e whingr pirsdelssised in
thadilmief m2bpretorablndutaile sarthab vashing B1pcessahat bin At ow

rr%tarlj&ved whentthe ate.rialbis re ov&cﬁi. In certain embodiments, an, _
INGTOANTC Firm PAM OF THE O VT SUERI B HALR AEBRSED HASHRG KifrrEmifpnts in the
sodeccasespthemnciganisdilnitis destovbbie hy Wwashing Mithamaildacider the
953 mitd:base.and the film 80 is durable.to a mild acid ar a mild base. . .
Also, in cases where the film %ga%%é%g%%}ngg;?ﬁ ﬁ%Yﬁge%I?ﬁ/eér? “Bh oS
fiPAtB% removable by heat 30treatment is provided over the film 52, the

film 60 vl potevempvesay E'@%Ej"ﬂ]ﬁ? DeRk Feanent a8 19,85 Brocess used

remains protected (i.e., covered by) by the overlying film 52. In most
ASHLOHEHIBHELHV TR ED YR HiALSHY thesdistaee Pentiakentyarmplst ishen
oinceveey Dyerhintnaterial aflthe egverdslsemavesh Hecsub st DG
%gé?fier%a%&l}b J.c?u%%fie tt% ‘d\llgto wezls Oeré:&)]fgéze%ng)g t /al’ijg%so rcl)gtlrgx%%%f% \Alflg)en the material is
removed. In certain embodiments, an inorganic film part of the cover overlies a carbon-
containing film 60. In some cases, the inorganic film is removable by washing with a mild
acid or a mild base and the film 60 is durable to a mild acid or a mild base. Also, in cases
where the film 60 is a carbon-containing film and an outer film 54 removable by heat
treatment is provided over the film 52, the film 60 will not be removed by that same heat
treatment as long as it remains protected (i.e., covered by) by the overlying film 52.

In most cases, the protective film 60 remains on the surface permanently. That is,

once the overlying material of the cover is removed, the substrate is not again subjected to
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any kind of removing treatment to remove the protective film 60, The
rotective film can be deposited over the functional coating using any film
&bttt ethod known in the art. In some cases, the film GG TUS2007/064342
deposited by sputtering. In preferred embodiments, the protective film is
deposited so that it has a thickness of{ﬁ tween about 10 angstroms and
apoyt § ngstroms, The protective film can be proyvided with any of the
en‘?ﬁo1 %Ogﬁ%na‘éggr%eeag?ﬁtt e ?Iélr%vgvgﬁlgrgg\‘}gp %gflm 60| 1o pigtective film can
dmberiipienosiathberémoiablecover intlpdes filn depmotieretanvaeofilmms the
comprieat efllereminatatala Mgl B BRRHM In SewaRle |
different process than 1another il?n, Suc!{:sgn een%%]%j?n%% TS Iﬁns??él Sa A the

PGS Wit fe fPBRe ed verrit dridedistmpmer Tiptva ey wir Gatestitms and
Stbolih® Inei-Him. S i remenabledysa Qéffﬁ@megr%%%hﬁ%@ £ ments

ficlm 54. (Iin certain cases, the inper film 52 and the outer film 54 each have
bed for

TRiCKResY SPIAST VAR SBBET 160 angstroms. In some cases, the inner
film 52 he®adkicknésscofsbeivern abtLit AR BRGRIIMS ABEhae Wt RBvable films
an r film 54 has a thickness of between gbqut 10
T T
dllemanpskes dém fihir b erdepbeiteti atlbifowied thiCknesd, sadivt eactofitm

casLRR easinsemaves .M thoual %?F‘sﬂ'”%ﬁ%gﬁlﬂépﬁ}’np Ll %Jgﬁl{/g}&le by a

thickness., the combined films of the cover have a thickness w

&1 TEBLREESp Bt 6 fut thecaraiyRaprs-dherawer fsdmanddbesuter
diim SH e itras: 2210¢c10d scai log; cempHsed 0D apaterial thalis cases, the inner

Qre ¥a%be!%£éf hesgt Ergaﬁtment Wh(t-;'? in the other f%m can be comprised
of & material that 18 durable 16 RBAY treAtSEHE FHE iR odtirdoIecky pogand the

t@émrﬁmfédnamn%émMm@ugww ProceEsaathanthambieas iteataigot:dor. The
exenie emavahlehy Aashing.proress, IR aheteasss one afthe fims

52 or 54 film can be comprised of a material that'is rémovabie. y wasﬁ??rgso that
VEAEH SHE FRite i ERRINg dritda el ech e s ifmiy daredléotoettthickness,

WRKLINGRTALE! I8l ROFR¥AMRALE, RRGLT %ﬂc%{my@?é@&m@%mg%mn
v{wtr% wate({ hereas another film can be durable to water but removable by
WASRT G5B SERRE or basic washing solution. Any combination of films
can belusecisodengas ahedifimis YEoroMakie by diffeenirRReesshan is

film, ln.embodiments where ane film is removable by heat ) )
e e S B e il o i
EHolals adby tesmadalme itmdydbéedn orgardetfilentand thecfilnvahisableny

ﬁ%d@@tafﬁe%tmﬂﬁm%%@&)mf&%&@ WS 458 %e If:f]nr%% gcr%]gi rIlIé other

"organic film" means a film having substantially its entire thickhess

GHE B PRTSET dAmi Thatertdim e Rise riRE sest of Aineiigasli easilrs ramesnlgle by

aviiirgavitgosulpstantinly A0 A 22MRGTIIGH0Q 164342 A Kashing
entgre tpif;kness bﬁeinglgg%z or m%re inorganic materials. Either the organic
i m can

Telnbrgame RS ThERHEBHE b e At A et gnother

ﬁﬁ% or inorganic i
$liehras woforabitstorvafragrantmoatétiaty: Cettaip sittanlecdidrniifisationashing

R o B IR A B R BN & e P ARBY B vy o
different process than another film.

In embodiments where one film is removable by heat treatment and another film is
durable to heat treatment, the film removable by heat treatment may be an organic film
and the film durable to heat treatment may be an inorganic film. As used herein, the term

“organic film” means a film having substantially its entire thickness being one or more

organic materials. Likewise, the term “inorganic film” means a film having substantially
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5incorporated herein by reference. in certain cases, the organic film is a
carbon-containing film. The carbon- containing film is removable by

YiibfaetihiHe coated substrate to heat treatment. The carboRCAdRTAMT4342
film, in some embodiments, is preferably greater than about 50 percent

~ weight carbon, more preferably greatef than about 75 percent weight

bR, ﬁﬂﬂl&l%'éeoéﬂg iietahly.g rﬁ@ggoaﬁmmg%w&r@%%%%%h& or

carbon and most preferably about 100 weight percent carbon
{Aer g8t FerRgHEGHIAEERIAS SR T BB G CTATAGO TRESTIH S EHE) RS colorants or

ﬁﬁgl?ﬂdifﬁ@c@iﬁm@@ﬁéb%ﬁi%ﬂé&ﬂﬂﬁt@ﬁfgﬂéﬁcﬁﬂﬂﬁiﬁifﬁa@?%ﬁk@ﬂy&frﬁa{d&?ﬂ- are
urin: eat freatment, the carpon o Izes and Is there removed rrom
LS B G Nt R Mo B SPOTRP B e
tecmmgdaar@abmge&ﬁbe@ding anq thermal combustion.. In pref_erred
embodfm&%ﬁt%@%?%}}eegr%ﬁ;@%&?ﬁ&%ﬁt@g&%&g RENgwhigh also

removes an exposed organic ilm. During tempering, glass is subject to
efalairsptEinperamerstiboraibeiiy e doledatdsebiitiblledbpatdraappent. The

exampletemneetolassis camRRBeatediodaMperates abok e kercent

the melting point of glass. More specifically, tempering temperatures on

e DR B B 1 PR ROl LT A DD AR RBFh P T AT G A, GRSl Y, e

stivjectd dadtre seahigh liepiperatureRiigit exibandes pesio g afditheat@g. 1 00
hours). Likewise, in certain s, the ingrganic film is a film that is :
SRR e SRR S S AR U P A e . i
distotvesbsdiftemss the othervisetissoible icpthstpresemicd od bewrashing

materigh thab i af {F‘e%’fhé&i@ 'Elgaycgﬁjgﬁco%ﬁggmh’dt?é‘ﬁl&e'é?E&é@%@%& dhe

inorganic film may be formed of material that is soluble in a mild acid or a

HEeasaiRbls pratédaeitbtitfe Rt g1e AR et incgTBr A Rta YISt ingt

isea0lHR I N eRk PreaRieratidhreiGh-as ae5amARthansehald vnggal is
While the acidity of different vinegars may vary, the pH of common )
SERISERIP JTHEAPS BOiThAS 15 BB ABO GV AR ARG el R T pRering

filly carsitg danmed aital matetialibabidsolbbile kvasieak dase Bdsuch ks
ANES e? en%%?é g% al?l“smg Qonﬁr%'éf%ﬁahrgﬁle%’ {0 OS2 %?es? H glo I@r‘%ﬂ%’ x%he‘%tifrlllgg1 point
comprises a material that is soluble in'a common household ammonia

solgiten Nickrisidsaivatedner inavenzppiatokb etvbenrdb odt 09 derteabbigtsius
%%QOMQ@@@JJJ&%E%%SQEW%Q%&Q%% these high temperatures for extended

periods of time (e.g., hours).

Likewise, in certain cases, the inorganic film is a film that is stable in the presence
of water having a neutral pH, but breaks down, dissolves, softens, or otherwise is soluble
in the presence of a Washihg material that is at least slightly acidic or slightly basic. For
example, the inorganic film may be formed of material that is soluble in a mild acid or a
mild base. In a preferred embodiment, the film is formed of a material that is soluble in a
weak organic acid, such as common household vinegar. While the acidity of different
vinegars may vary, the pH of common household vinegar is estimated to be about 3.
Alternatively, the inorganic film can be formed of a material that is soluble in a weak base,
such as a weak -ammonia solution. For example, in one such embodiment, the film
comprises a material that is soluble in 2 common household ammonia solution, which is

estimated to have a pH of between about 11 and about 12.5.
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12 In some embodiments, the inorganic film comprises an oxide or
nitride that is soluble in a mild acid or a mild base. In preferred
YRBYAEs, the inorganic film comprises a metal oxide filrf CFS {64342
"metal” is used herein to refer to metals and metalloids or semi-metals.
Preferred metal oxides include oxides % metals selected from the group

consisting,of.zing, Bismuth ﬂr@ﬁm FRR @%953 Sé%eiﬁ 9894005 AL WIS i

group are stable in water, hut ten to break n in the presence or wea

sl o peRild aisees. amild bty Tarer Pt RGN HER WershBl frith
WRSPIRES ﬁﬁﬂ%lﬁ’éﬁf‘ilﬁ{ ermileyaeigic,priniidiyRasicidRSert8ifetals and

embqdiments, the inorganic film comprises zinc oxide. Zinc oxide works

RSHE09S 4 Femavss é FH IO REHINS GF IBHUEREXIEsF Bk aIRplS sHidsigd from
b&egrdopr ndztrmhgmtzﬁmdasmeﬁeem&mmproje@nﬂgrmrumde ﬂxlﬂgssﬂrﬂ‘rﬂ@gmup

O e B S AR D s,

rther, it een discovere At zine ofdﬁe IS partlcu y 'eas
ﬂélmwe@maspcmﬁmemwddmmnwmdneﬁlmmhlmmmmmaweaklbjd;yohmdw
a]4 %Wgab@se (e.g., vinegar). Zinc oxide can also be sputtered at a very
high rate and 15is consequently deposited at a relatively low cost.

one préfeTHTEIRBOAIMEHRE; the HSFgakiEmossiptseae siittéied Gzrrre works

oxidesdrehaving @mlmsﬁm@m@ﬁ@mp&?&aﬁg&tr@m BB Gound that zine
pre{%erabliy between about2 I%stroms and about 60 angstroms, and

SEaBS Srtivall PR R R T S5 s LBt S LI AR st Grifckness
Shigttetsn, sting dRidefidtsiin ﬂ‘uﬂhmckdmsbafar@ecbamecb‘éﬁnsz@w&i (3

Bﬁr@aﬁé‘ﬁﬂﬂ QELXr ‘?Jff'e?ﬁ'é’\?e ' Qrgo%tll&g g&Pﬁg l%xsrﬂrfr?h ed with a weak
y remova

contamination while being relia e In'a comp ete un| orm

AtithAiet BisEnbee Epplivagsrr biddhesikaedd @ﬁ‘ﬁhﬁléﬁ%@%’eﬂlﬂ Geaohigh rate and

wmﬁaﬁ&ﬁmgwe@mm;b&ydm%ao glass tempering procedures,
and thus will not be removed along with an overlying carbon-containing

film dutthgPf %ff%@%?ﬁl&é@&a. S MBtsATSAHI RS ARy Esd ZAc oxide

iniarganieditrhiditralle tatheat trreaﬂnemh@n&ﬂmerﬁurepfdmrﬁ&ﬁﬁﬂv@égamr 25
film emoanIeBb tant tfreatment. Thehflnner gmal?zb refer osrted

énl’% 1C?Vaé"ll’ the unctlo %%%tflﬁl r?%r?gse C ses ﬁenf%ncl{ iona gstroms
éaéahguzemefmmsh erfilriers2 inprefaiablpnfontiestbichnetsiahthabis been

durabls 1o thedasireduashing m@r@&ﬁgasugé%m%@e RIpesd %%w%&mgon

film 52 can be removed 30 without dlsturblnfg the underlying functional

&ty 26 THBPEEMBIEDth e flReRBIF COHENY o sieteraIjiRagplication ofa
sufficient maeb@mi Gatdl m@h@eﬁ%wﬂe@&&ﬂ&&@@ﬁ@b@mmﬁwr!pgvass

\{vashln techn V%/ﬁt%}jmb gunac tably scratche
amteiiratigota pll et ey
mmaanmﬁdihmdhong\mr%ﬁm112229PCT1U820071064342 13 mild
base, tis al3q,d Et&% R Ct'@ﬁ??%ﬁ?sa&'” S“rfac%n%m%?és&?

attack by (.e., stable |nt e’presence of) a was mg%f‘urocf that Is at leas
éllf@ﬁﬂyf’ééf%ﬁéh@robiférﬁm Fefetaplgratis Sinaemis FelsiStabraotugetankabyl he inner

mitel acid QeRavid haseQ Qﬁf&ﬁ llyolts:igentiglytnaliesied by coRtaChses, the
\%ggtggggl %géllgrslga?(gb@rllledat% the ﬁlm 52 is preferably formed of material that is durable
to the desired washing material and/or washing procedure, so the film 52 can be removed
without disturbing the underlying functional coating 20. For example, the functional
coating 20 preferably has sufficient mechanical durability to withstand the rigors of
common window washing techniques without becoming unacceptably scratched or

otherwise damaged. In cases where the film 52 is removed by washing with a mild acid or
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The film 52 can be deposited over the substrate or functional coaling

using any film deposition method known in the art. In certain cases, the
WiA987Apted by sputtering. Sputtering techniques and equiBfrEHEXfe/(héfr2
known in. the art. In certain cases, the film 52 can be advantageously
formed of a sputtered metal oxide film.;A sputtered metal oxide film can be

deRasited HSiRg yakious. W@i@ FARRBRIHODRIACEITES: FBE RASIDINLOLL by

10depositing such a film would be to sputter a‘target formed of the desired
thetafailsde Theasrrach R retetivaciniO dhtdrat dershshighihyaridiq s,
ety formedel.natalexide: teng et spilecasseliably BaPWEMeR! its is
targets, since metal oxides are feﬁr Ies%'condu t'vga than their respective
e 5‘%.“’?%%}%0&%08@%%%&&% PArAT P Uh Sk 225 fetal oxide target in a
DC spiitiefihg spparatudephsiaconsafeertcemetafuoxite dilmatareusing any

- [ : teri 2tallic target.in an oxidizi .
B S B B g P sucrog

SputieHtg eI syt dnuammeRidiEng hirmosphetbqery Inogygéncases, the film
pressue At At BX1L043.080h sputtha RIMET QIRRMEAIN S atialRebExide

deposited over the inner film 52 using any film deposition method known
IThEPR RS THRE Latis AR RIFAUE ATi4 0B H RN IS5 508 Skt Dby for
dxgutifile; agputiernglinetean frproyvidediheieinone atdheicathodgide itself
bna S has a tcarb%)n-colntainin or g‘radphiﬁ g,}autterin arr@et. Lpik,wis{%, 8. e tend
{ArGeTEAR Be sputtered i & CAMBOrEaontaINmyg alAtoephers’ oog%%i Rde tend
oatbospedetad mihigfiinas ipuot eyt ddsesthenfinmShis dépositddr iyscarhdmtive

araagqﬁiapf%smﬁ% Qtberembadiments, aﬂmmx?ﬁk%%g% G645 PROYIFST 88 target

a single film comprised 250f two or more materials whHerein one material is

FBB\raliBiesi e ARRSFRE rdha ¢ SaHsEER SRREh e HBMAIEIREITIIre 5

depistie apyepedimentehihe tpyention Whersi alressmable £Qvarpl, a film
includes ortion of a fjrsé\gnaterigl A and a‘rgﬁgrti()n of a second material

B PN PSP AP A B e BB HAESH ] £ Qi pEPEGH TPere (e.2.
sapenfiim: andsare séabouakie Bymbfarent processes. In some cases, the

first material A is an 3Qinarganic material durable to heat treatment and
the sec e L B R b R ot
e asiisasmiboddatedrsuiberate batvibe eubjethedito héat depasitedrityat

SAlaSIRY BIRGLAHING RRARKIRCIUHDG APHEROVa NS AULSE SREOPEMAIESIA bays

B. The first material A survives heat treatment and serves to protect the

BRI RAICF BOITHAS L3 ZPUBErIRItSH0D 1tisk I4bovissub st atecantipitgutiored in
preigetiverfiunctignsmsephertangesdesi egkbbhisomaterial wcan badatgtes, the

:ﬁﬁr%%\)@gé?% (%i\{\é%sgglngaﬁ)rooncgr%sde%%&% as by washing with a mild acid or a

In other embodiments, the removable cover is provided as a single film comprised
of two or more materials wherein one material is removable by a different removing
process than another material. Figure 5 depicts an embodiment of the invention wherein a
removable cover 50 includes a portion of a first material A and a portion of a second
material B. Each the first material A and the second material B are part of the same film
and are removable by different processes. In some cases, the first material A is an
inorganic material durable to heat treatment and the second material B is an organic
material removable by heat treatment. In such cases, the coated substrate can be subjected
to heat treatment at a desired stage during manufacturing to remove the outer second

material B. The first material A survives heat treatment and serves to protect the coated
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Figure 6 depicts another embodiment wherein a removable cover 50
includes a x-ture of a first material A and a second material B. In preferred
BRAOTdd R strated in 5 this Figure, the first material A is arPfgH§aMi@/ 064342
material and the second material B is an. organic material. The second
materia.l B is preferably present in a higher concentration at an outermost

Restienofihecovsl-o% dhutatainembedinents:he famavable 7§r¥% B9 Later

! . . ; 1
is provided as a mixed film containing metaircarbon, oxygen and

ARSGEh PEAMBRARB R OtRES M P evashipe réaerdldgiideo tamiihige.

~ carbonyigunadalpitrisencariainbaiAERORL Q! A0RiRhOXIHEC) includes a

cantaini rbon. The first material A is preferably a metal oxide, metal

FRAE-S1 e GRS S SR ER ole  BLrerB i HBgALcd

thip &rtiewslahy fore feeated ¢ hodimentspih e sevier andludesdiianitmreaxideis an
ar Zin ' r silicon nitride and carbon. In .

TP SECRD  ReD e DE AT SHERD g

BUIBRFTERS OGO LS e led. i sorrie cadwd ithatsilie camdetisaover 50 is

gradasfilen whereimmoning Qbwandisfrem &Q%é&{%%%ﬁ%&%ﬁ%m%&mpxe,

igba radually increasing concentration of carbon. Thus, the carbon
i

{3t Bh i< AteBE At MEIDERBIHIEE (EEROR- Grite kB mnfHaing carbon,
rem el exyoitekid Oont gy eathals T se restatprateciHe-eoat80a metal oxide,
ubstrate d.uring, desired manufacturing processes, In cases where th
e G e LB oA e
aﬁrmglaﬂﬁ:m@m&élmﬁ@@owm&m thenrbechulsietted to et uedtménhiaine
%Q%%ﬁl%@@dﬂ%f@%@&%ﬁfﬁ'&&l&@@a?@é’r%rld??éﬁ‘ g, LorgRNIGIAEHAL  ration
with less (e.g., substantially no) organic material before the substrate is

mdbaidaniis srraloshintbe ifenorecaiend for rsemmindedome seiss. bnbénrman be

substeatelis, insatad dbeie MAKRYITRIGARIC IRl L, MetaloXide dually
metal nitride or metal oxynitride) can pe removed by a process other than
SR, Fﬁ%%‘*t?ﬁf&?la%gﬁ%f&% &gﬁiﬁ%ﬁ%%%g%ssm@v&m@ RIS Srahias
enmbuodisheriarejtefesabldess than about 100 angstroms more

preferafly jess {han aRuk3AaR MR ANd Qolimaty less (han Abaut 30
angstroms. Removable films coritaining me a], caron: oxygen andror
AitFogelscend pamdpasiiad propessesnipleassy shenmeahingrat metaidhigistan morganic

coAlBRWRerINaCIaR! £RATRIBAr0IRRNas 2. ,AHOR CONAININGen be subjected

atmosphere. The carbon-containing atmosphere can advantageously be‘a
EaRSBaRRiTS &mgeah%?é%&ﬁm@?%ra%a@oogﬁﬁs@pa@,a%@%t B\GERBice
maﬂ&ﬁﬁéx&flutt@ﬁi@@?ﬂﬁﬂ&ﬁb@%@j?@?ﬁé&b&&d&hﬂ?ﬂ:fﬂﬂi@sﬁ@%ﬁfﬁ%@ﬁxsﬁaﬂed
metal oxide and carbon is deposited, substrate is first passed throu
R Y W3 R T D450 s s ormbanpasetalec. e
mmgr@ metadnar getithiat (s §Omﬁeiw@ﬁame‘atﬁiﬁeiwwmpﬂaéﬁeyﬂih@de) can be
reacve pimaRRiels RIFTRIAY. CORIIBES AIAAN.ANd xvgan. Tne.ne
ttering av

substrate’is passed through one or more last spu ays Ing a

Ssmevatdtdl pargat it b epiteataer irefcabboesoheainhgt A esphiepss. more

Fhecapasscantaining atnesphere pelsrabivineudes.cabong @zggt@oﬁ&d
oxygen.and optiopally argon, Likewise, when a film comprising metal
n itridergﬁli’j‘%vg 8#? 1%%?3%@%’& AL SBRPRTY BT ARASS SHTRHTLLH Ofie

depmotelsfurtterimg lbays dpatingaa metal target in a coater wherein a last coating
region has a carbon containing atmosphere. The carbon-containing atmosphere can
advantageously be a carbon dioxide atmosphere. Thus, a coated substrate passes through
ore or more sputtering bays as shown in Figure 13. When a film comprising metal oxide

and carbon is deposited, the substrate is first passed through one or more sputtering bays
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metal target that is sputtered in a nitrogen atmosphere. Then, the

substrate is passed through one or more last sputtering bays having a
g’é?ﬁ&“?ﬁ’ét%t?? arget that is sputtered in a carbon-containing atffoSbR&/064342
The carbon containing atmosphere preferably includ.es 10carbon dioxide
and nitrogen. In certain embodiments, the mixed film is deposited sot that

theroapicmasriabis RreseRiAla 95@9&{9@% reisrabhral t%gat\% W Bhere

atomic % by atomic ration to the total amount of film materia

PLr LS prtars cizea e, qﬁé@etgahtél,rﬁmmwgtmm@@ﬂam@mm more
afsetpast abbal:30 alomiaie and-mere-pieferabiviatdeashalottdntaining

a omlch% I Some cases the o %énlc matee%l and inorganic 15material

ARG RS A S (t?tr?% AR oR ST A M e e b atsids and
atogao /@tionanﬂngredeé{wesm ﬁtgmre flinircsomeembedimenids and carbon
femavale, 60Y8lAAgLigee ANINGL AIICEIL G 25 ANd.A0 QIR o

avmg a. mixture Of a first mater a secon erla ou er
fﬂlﬁtaéé#ﬁ%t}@tdﬁﬁwfﬂﬁ@idharmm@mm aé-smlﬂledtfcﬂt@t)thepasqed

kerpeMabie 6oMREOhLEI MR ba0ME EMPodIme RS The 4 Q%ra{jt? g%ﬁ%'é}ed ina

fllm 52 is formed of a dielectric material that is not present in the outer film

S ORI AR IR A SBR A e M SRR RIh S N Ra Be APRRRbSIE ERRfrsARlyg neludes
“mfﬁh axitteandicapen! rmearh@oanmtﬂd@lem GRIBORWVHBIE3S4P6s IRt that

m 52 co rise a zinc OXI e t|n oxide or t|n oxide fi In othe
er%lgr mt%[mt]h rtrg_\?e&ealec 2 B é&‘“&t %ftcﬁfg?élét]r?caﬁ?gtecr%fl by

themis m@semthﬁmebm@mmw 5ﬂtml m@‘enalrﬂepamplm stheciiaed cases, the
digleslrigallim S omprives ianiim oxide.andiis syshllinR4gamptises

1
titanium oxide and carbon. ?n other examples the Inner FeCtI'IC

BEfFRlE SRR ADSiAR Apritne daterrRAase chmpigeais emé@rﬂhmitﬁ@tafgdmc
eaibanl. kb eresdarancnnen g eande graded g.eACk309MBHIR 50 atomic

gome embodiments. In certain embodiments, the inner film 52 is the
ottermost dielectric film of a low-emissivity film stack. For example, the
inner filith2ecanrbe pditgafdhieifollondrgnfitistack, fiemohsisuRsSHAR® includes

rdly: e film region/.infrared-re-fleetin f||
200%?1%%%%%%‘“52388%’6’6&%1? iy rggg% hPmiddte" coar}]e‘\ﬂSt material and a
feRene apefedtbrefilnerdgiontfilm sanXaditionhlyacteratovaisielg ceer 8@ d for
R %ﬁ@dﬁ@e%&@? ass %ﬂ@@'tﬁfjscfﬂ% m&lﬁeﬂ% %Hélﬁﬁfé{‘&éé&ﬁ@ttﬁ[%%tls

in a sputter g chamber wherein the last coating region has a carbon

CIMEIThG StsLphBaterph R BEAERimG anweshie ! cherlssample, in

achiartageiusita Gahon diexitiecatmerphattium JHEd8 dHpsiFAlesiAbn
mq}%%dmaentg/gger in a tectl f )F?r 50 has an inner film 52 formed of

et W OPHES fAr ARSI <SG pA e tin

one material and an ousterf
seplarblor materials are described in U.S. Patent Application

No.10/ ﬁ%@c&é‘%&@@dﬁﬁéﬁ& the inner dielectric film 52 is formed of a dielectric material
that is present in the outer film 54. In certain examples, the inner dielectric film 54
comprises titanium oxide and the outer film 54comprises titanium oxide and carbon. In
other examples, the inner dielectric film 54 comprises silicon nitride and the outer film 54
comprises silicon nitride and carbon. The outer and inner films can be graded into each
other in some embodiments.

In certain embodiments, the inner film 52 is the outermost dielectric film of a low-
emissivity film stack. For example, the inner film 52 can be part of the following film

stack, from the substrate surface outwardly: base film region/ infrared-reflecting film
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contents which are herein incorporated by reference. The outer film 54
comprised of separator material is again removable by a different

VEhHY Br8cess than the inner film 10 52. In a preferred erRS3diapT064342
the separator material comprises a film 54 and a plurality of particles 56
adhered to the film 54. The outer film 5{1%preferably comprises a material
emonaRle Ry ashil e ISR AIB bl A AL SR RONMEL. 8o
plasticizer, one or more alcohols, a p uraﬁty of particles and watér. he
WRXET Kbl galpnmcieeds drranipsuitabiappigrhe spiicwing fordabtitgeito: a
heveasiy cemmed Riran R0ueeUsSRILHgR.Ina LRslsed embe here.

t;%e wag}ar soluble composition comprises polyvinyl alcohol (PVA). Another

I Poiy AN RITSPBUE iR OFIRATRYRES O BB dirRFbeR Bigeisla Atmosphere.
certain & pbogl im;xe;m@ma a@m@@eﬁswmﬁa%gim?ﬂe cé?iiypﬁmiﬁaissa% inner film
ercial product whose principal.component i cerol. The one qr .
B e e e

Ferartonnetniten ot desyitivalnn U.Safaoims Ayt pamor &l prdfeiaoiy 3 thiscanere

QLASHe Rlgohalseach have.a.cahan.cantent qhless than,6 car Ph¥sed of

Alcohols that my be used in the composition include, but are not
RrefaAbIn B 238N BHS g ot L erem senpiteg o1tqses dral the inner film
lexanobrbepianaheatanat, HRNAPLLANGHRSANOIIRARIEIOREE! and a plurality

embodiment, the one or more alcohols comprises a combination of .
ARG Sr et aH e S 25 %p 51CBHB Phe DRIFERNEP riparRERsS sBraterial

mesnoirdlade BZHSCIPa‘lhiitfdmdapﬁilﬂmabfy@.@{aiﬁgst}Mbﬁhﬁeyﬁ}@i g@lﬁticizer, one or
senarated, Lhe paricles, comprise yarious materials without
deviating f?ofn ﬁ?g s;l)lgﬁt a éc?cé)/sp%ngf‘% teerpreseewnﬁer{vsé)hg;g%?p %%ﬁ?]rp(f%% %ef any

faharo e Heaysefauiaditnircsbnsesdppticatioh bl adecb WGHE on. In a
3Rinpegfanedemhodiments. dnewo WE@G@&J&@T@@S%@WM A 08%01 (PVA).

polyvinyl alcohol, glycerin, one or more alcohols and water.’In an ev

B B AR RN B ARt B S HBBetionreb kS eblpiads darsertain

ahoutiitfére, aophtbiepohyninuealoobainbeiween Aot male:ton8¥ duct whose

%\%gm})’ up to 250? one or gmre alcohols, and the remainder comprising
S}?&B(ﬁe& é%grf 07/064342 17 water. In an even more

preferrédeembotiineent)thieotil praforaplysitioprtempriseshetebencbeut2%ying a

Qo %ReIMdaleanql bEMREEABPHLES e dlycern, | t&%‘%%%‘hols

10% alcohol and the remainder comprising water. In"another Brerflerre

EHBAGIhASERRB fRicab Aipesifiem Eomipase Suihoiniiaieoris ngiiderthe
ethanalisetiane, IsoRropy HerholoanghwteEdaaN d3O%ropenol,

referred emhodiment, the film composition comprises 2% to about 5%

p‘éi%fv‘?r%yg‘gﬁ&? 61?%8?\%%%‘3% u%%%%lfz@?&a@%élﬂﬁ?%am 5958 ¢Haltoh, preferred
abobutiessthnob¥omethaniehabouidesitban dintiseppyt @leehol namehnol, and
t inder comprising water. In certain embodiments, the film 54 has a
fﬁ%ﬁ%ﬁ?gg%ogelected so that the film 10 may by easily removed with

water (. piwaby eirpeiiclsg i} @roenieitibralyglass washablie nfdergins two

useiul grphedispenis hedim244136 aDigkagss QLIGRs Eﬁé’t@r%’é?%tﬁo%t
|c.rons,tpreferably less than about 1,0 microns and perhaps optimally '
dARraBdht P8 ThARIcHePT AEtATSE M iierdiom daipnene uP Rgireags which
preferablittomprses applaeriakthatisdurahiesto washing with water. In

certain.cases, the fil 2 comprises a material that is soluble in
In prefsei"rec{:‘ emg&?unents, e compos%ton o} }Hm >4 comprises polyvinyl alcohol,

glycerin, one or more alcohols and water. In an even more preferred embodiment, the film
composition comprises between about 1% to about 15% polyviny! alcohol, between about

2% 10 .8% glycerin, up to 25% one or more alcohols, and the remainder comprising
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15a mild acid or mild base. In such cases, the film 54 is first removed by
washing with water, wherein the water leaves intact the underlying film 52.
WRSHNALEZAS |ater removed by washing with a mild acid or P& BASE 42
any of the embodiments illustrated in Figures 5-8, a protective film 60 as
described and illustrated in Figure 3 can be deposited between the

temeviable &RYGHA0 %99&@%9&%{9{4@%%%i9%5@'mi&9_c&g&i@e§'a&lween

protective film is preferably not removed durln%; manufacturing, so the film

2RVt DrireRiP i tete N tiree iRt Hih&tidHagbsating! to a 10%
beferengel o drighie ortbeniihstiaiib GainbaRa-edan auhtine el ARSHIm

unit 110 Typically, an insulating glass unit 110 has an exterior pane 10
AR ERR P L SAMAE by 4 5 EFTRA e LGD BBEIoRY! alcotol
spacetda (which cancqptifznatyeind @it alzadh) weportonkopravidedys to
0,a 0'.Th acgr can be secured to the
E%&E%%aﬁtﬁggg@ﬁ]&%&’ bepxge%n aboll9 éo%%%)é \}glyﬂejan SSoH §i/§ et&uanol about

interior s each pane using an adhesi In'some cases, an

kel e lantsom o bk prbvidhed. [t iteeristrinelb brmsbdimentitder comprising

exterior pane 10 has an exterior surface 12 and an interior surface 14.

The interior pane 10' has an jnterior surface | 6 and 30an exterior surface

18. ThAFEHE A MR Mo it dlPin 4 tramBlre §icknaintrtrinbadhabnilm

thaf tyeaxterionsudaceh keatsrXpQsacioaniauidoar @miEanceNnt JerHeter).
urfaces 14 and 16 are both exposed to the .atmosphere in the .

B e R R e DIBRERnR, i Sooue 8.0 microns

podFabip R29PaULSR00T106484 21tidrerhajrs spiicatizdess thre ektatitm microns.

et 52 8tdc aubaiRte (PRARY'eRCtn NGRS AMILILFAUTE Shrabie

includes a low-maintenance coatin . Likewise., the interior surface 14

5t trrshdagmBGurigale toriHBIcies gwomnéﬁ%@mw%ﬁsam@tm 1ot toigtgble in

any iathed BinstioBalCorting catenprovided; on githal Jhar eXteHi SHHaGBwvater,
1? or,th&interior surface 14. A removable cover of the invention will have

ST B SRR T B GRS R o TR M MUPACTEE

theslsupstidgte th2ld Bhel reraenibbaseover can have characteristics of any of

the empadip Iready described. In same cases, any film of the.
romovab o o B el PR R S SRR MR gs
aesTdadrindThistigtpditdlikwly trers hetheaesitifrhstprovidedroncsablace vied 50 and

efdhgasubsizatenaichil ﬂ@%%iﬁﬁ@xlg e ptenam SR8 AhING Jditbed

In other cases, though, one or more films may be still protecting the _
dUFre 4B Bethang0Sa AR Mc NG fade T sl e FEcEshsondreliing functional

opdda@r environment. In most cases, at least one film will be remaining on

the sur. 12 to provide protection to the low-maintenance coating 2 _
until it i{glgggir%ﬂoee%ppé%g%%&%ﬁs%?ﬁtéagrégg?ﬂe§ é’f’{h%? "]‘B\Aﬁ%ﬂqﬁfﬁ%@%ﬁﬁéé‘mt
cobtihgid8FiguredOatxerpphfiesiehib bdimentsviterain liesdbstrateidGane
(whi nane). d is.mounted.on

T B e B ey Pk e s O artof

apiidficAEAR ortEd fitse senterie ficenargiridcend 20 of Buckpacoviprtoly secured
t@aremrinelionat caatngRa-anthywil RerexResed. 1) aBUEdQAr an end sealant

ironment with perlgdl,(f contact with rain. Preferably, the functional .
gggt]ﬁ] el }?Fﬁglé%% én 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

insulating glass unit.
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20is a hydrophilic or low-maintenance coating. A removable cover would
have been provided on this surface 12 to provide protection of the

WA eloHdrESating 20 during manufacturing. However, films pfl 8154415/064342
removable cover are generally removed during manufacturing. However,

in some cases, one of those films may fgmain on this surface 12 to protect
the Tungfignal coaung 200 ILBgompleiely aiglied ip theundonsiarme,
95 25 and is ready to be useé. In some embodiments, sdch'a remglmlrefg i
filRAS Enbiiserg Ankchiasre iavvalsiatnrnasiorineCcbiteriSultbtratierist surface
qanpiptebripstaled@se yundavy t%ﬁgaxgh? é&%ﬁ@%‘g&’ @gﬁ'rgg,aalny other

coating is preferably exposed to the outdoor environment. This is

AR ELORAHSP RIS (PR RS SEQNHIEREPR PHRFOBRIREIFHIAE A A aBig I idider, wisface

hydrophilic didatings arehnpreeitective ahselfcikrningddng dirtemesthese

int _adiCrse%rclsgn _}cgn vgri]tgfyclter:;’,OCO{atit,#%&s |f, I\/lgt ds for Br ucing coai[led

sﬁgfs%rates are also provided cEach film of the TeniSyRBRY LovEP K ehave

dbpositadtisy o vayiefytiof swdlbdmmnts ebedihgdtechihidubssGuitable, cagtiligh of

t | | jpited.t ical I Qsition .

E%%}DW), eS0T o R0 DRIy R EERE G unie
iU Hl uEpe SHBRNpyHER R efrsotc g $pattdrrybstratertdiich will

eahoRlimanta:Eam Ml 85 (RS @ebYSRHUEs g, ARHIURALNALBIOW films may

mperature (e.g., whil.e maintaining the substrate at below about 250
A BErIasS oL Pty el S0t HAgfLks exposure
GelsiuB)Spulteringnis weibknowss, int thespresemtarilfigraaddigdepiate afiface
exemplany netron sputtering chamber 200. Magnetran.sputterin
R R DR AR oose an
viaridy spBeticsed feablo veybibldpaussefedtinagnetron sputtering techniques

and equpRen! e RSURERiS Piem O AB SRt Chapin .

the entire teachings ofwhich are incorporated herein by reference. 10

iASEERRG STtTEHIY RARBAT S Bt TG R A e BRGbY (2260 an exterior

munaor‘?mbﬁ std?m@nsﬁza,oanghaa@@ihiagziéag,'mudié@rﬁi@@é{ﬁf&@é%, surface 12)
together bounding a. sputtering cavit . In_ Figure 11, twq upper targets
SB015He MRt S ve “étboag[% s @ﬁ%%%fe ABPPRE SUBRAUICTD
iswonveyetvalbrgrindipathtaftsulistrdte radehily dhsfgfiionaepasition, this case
opli r rality -apagt t rollers 21.0..In
R VTRl been
REGUITEH Or S e xaaprel Zate g dsppiesitowtiheafestional daliseitiveting
be:usRehineachh chasnberm Mareevels H‘@:ﬁl@b@dﬁ%%éw&‘?quﬂ{ved during

more ug) er and/or lower planar targets, although cylindrical targets are

SO BFErE SIS Y Kttt Fisesr the MBS GRS tevetaeun tetsgrface 12
whiletaaihtaimingo26thessubsttatetiattdstesnpecatyraafiiessthan-abaut 258 93
1 Isjus, and mare preferably less than 200 degrees Celsijus (e.g.,
e A T LB o gy o
prefaraitp/bis wpiittes: dapoditeduitricutsaromsisppiemenial meawmfiory frame 95,

delivRIING BPSHAYI0na QAN film e, ar, Wi %y& DEAURG LR nment. This

substrate beyond that which occurs normally from the plasma. and ion

BORAB SRS AT T B sRveTBRE I SBUtterily. TrBrH W soatne s wiingsdydrophilic
degositethyresguiter depasitiommigehmeuathabineludeidect contact with the

coating itself.
Methods for producing coated substrates are also provided. Each film of the
removable cover can be deposited by a variety of well known coating techniques. Suitable

coating techniques include, but are not limited to, chemical vapor deposition (CVD),
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supplemental heating (or other supplemental energy delivery). In

certain embodiments, protective covers are provided on opposite surfaces
B28NgIeRibstrate, and the sputtering of the films of these B6F&F8289F/064342
carried out in a dual direction sputtering chamber, Figure 12 illustrates an
exemplary dual direction sputtering 30chamber 300. Dual direction

[ . cribed. in U.S. patent applicatio ,09/868j542,
iseNeraduaelabing Stttk S tae ek ke
ifGHICTaRkad Fsren thy feferamcterTHisd s tratiée sputesimg lbhamber 300

e G B
t

BERE PFIOSURGHE B SPEREHHY dasitr 3620 Sppériasdetecldoavndn the
mekatedalioyedhe @aﬂh@faﬁlﬂ&s&@l@rﬁﬁl@h@%ﬁ%@%@{&tﬁ@fg@@03.80b
re maunted helow the path of substrate travel. The substrate is, v
s 3?8ﬁaf%’ﬁ%053?@8?3%‘}8?&%78@%&81%% g fifrepositiphicle fom
d}@ti@ﬁabl@ﬁom@psa(p@lrélwoo@pé&ﬁ}bxpaghmsmmfdﬂgnSc_BxhﬁllLB@ﬁmdl’mwpment
%P&@és@{ﬁé%ﬁl@.@%%@&&‘f‘f% ‘@{9,%%&59}9 ?ﬁg %{M&S r%%%”%ngcl an eso&s \I%ﬁﬁich are
stPate ana Hifny on the

to deposit one film on one surface of the su another

SpfoRte et frasd Ty edrisitembodiments, the upper targets 380a are

sputtergddtaidavimyardlyecaposione Qomess s ofa cﬁmﬂé@bbeﬁizo, a plurality
rcoat on the surface 12 of the substrate. The lower targets

lti-layer o ace 12 of th 0;
B O et S D% Al o B oA Tty SR ARk o1
onuieii@surface024 bf fhensulistrate i iia@ﬂre%rmlﬁmbﬁdiﬁlﬁa% eethgth of
[ t] n.described, it should understood that
SESEL e o ST o e 1
Witheafilie gapepigiorowptinaadpinver auinlientibspard-trers copepoftthdlers 210. In

@@ﬁ@d@ﬂt@@ﬂ%ﬁ% M&%§§- 4% BrWQea98&(3«%?5%{%%&%4@%&%‘% W,

AT IS CLAIME 3Iass substrate beafing a removable cove

CETRP Ko PREin gRRETeA <0 HATIHERG G rdiemali seld bhusegdnreshateraber.

WheteiniRdopigaeicmaterialds retiavakle - Aiffarantdemevatargets,

Rigcess th?ndthe o antic maherial. 52.The glass substrate of cla.im 1
\iax%egru e Temovabte cover S%prises two or more films and the

inorganicefrateriahecmptisieg afitindiyanid filcand theaatganie mdteialintaining
CRMRNSERAR Q{%B&dt@t@bf less than about 250 degrees Celsius, and more preferably
less than 200 degrees Celsius (e.g., without supplemental heating of the substrate). In such
cases, the coating preferably is sputter deposited without any supplemental means for
delivering energy to a growing film (e.g., without any heating of the substrate beyond that
which occurs normally from the plasma and ion bombardment of conventional sputtering).
In other cases, a film is deposited by a sputter deposition technique that includes a
supplemental heating (or other supplemental energy delivery).

In certain embodiments, protective covers are provided on opposite surfaces of a
single substrate, and the sputtering of the films of these covers are carried out in a dual
direction sputtering chamber. Figure 12 illustrates an exemplary dual direction sputtering
chamber 300. Dual direction sputtering chambers are described in U.S. patent applications
09/868,542, 10/911,155, and 10/922,719, the entire teachings of each of which are
incorporated herein by reference. The illustrated sputtering chamber 300 includes a base

(or “floor”) 320, a plurality of side walls 322, and a ceiling (or “top lid” or “cover”) 330,
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3.The glass substrate of claim 2 wherein the removable cover comprises,
from the substrate surface outwardly, the inorganic film and the organic
HiR2UHA3H glass substrate of claim 3 wherein each the indP§GAHEA{064342
and organic film have a thickness of less than 100 angstroms. 5.The glass
substrate of claim 4 wherein the inorgaxjic film has a thickness of between

r o ic i athickness of
0 oz [ T1E SRR Biga soove e

QP SR aE! rehssd dbie e assrtiptisibsore et il el ol tietimg th of
botbithie iROEYaNs andRiganit mateal fcHerd %ﬁ%%@ﬁtﬁﬁ%@&%@l@ﬁéduﬂng

\ﬁpe{rgin the mixed film has an outer portion and an inner portion, wherein
hitls

SIS R PR s EhP U Righspass At dtinnrtmelistid 0 Both the
poromaat ﬂxearamglamﬁr maalgeu@' alxtsgpﬁes;@nttatfa ﬂi@bﬁf}lﬁ@ﬂ@@ﬁlf@g%iﬂona film
i tiQ . ass suybstrate of claim 7 wherein the outer,
R O o b St e
cotpprisEsisubstantiel (pizergdficanatriaked Ph giassrdybdtpatét ofielaimore
Giwhereindheauxegd fitnisa graded flmnnsrein, MoMng gutward Wl%fé?éﬁ‘w

the substrate surface, there is a gradually increasing concentration o

Gamic naterialara sigradaamasireksiy conebtragorsopinblyapiier on the
mafsstal 4 25 1Q. Theglass substrate of claim 1 wherein the inorganic
materi%%napris?s an o@dg. and/oi Eitride that is soluble jn a mild acid or

a mild base. " P TRE GIARL LB PA LR SIS Fa PRt R A5G Hhre: it should
ratedabioofiprisesigincloxige, adahtFineglas sredifindteofhalabdriand@eaim

they ' ial 4 - inin terial remaovable by heat.
e R T
carbon-containing material consists
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essentially of carbon. 14.The glass substrate of claim 1 whereinthe jicg) | p
organic material is a separator material removable by washing with water.

woWHer20£20112229PCT/US2007/064342 22 15.The glass subGTae e dledpd2
14 wherein separator material comprises a water soluble polymer, a
plasticizer, one or more alcohols, a plurality of particles and water. 16,The

lass substrate of claim 1 further condgrising a functional coating

W’%@ﬁt@r@%l%@eﬁ'{he substrate and the removable cover. 17. The glass

1. substrateotelairad Beaheseirctheimetional, epatipeeiscanissivity £084ign

. 18. The glass substrate of claim 16 wherein the functignal coating is a

SRRSO BT L8 THE Gsd SGtsah e BPEAATH T Ry omovable by

a diffeaprisingoa rptectivehfiimipasittonedi@between the functional coating

and the removable 0\0/§r the Proltectlve% film comprising a material tpat S

2. 1e g1ass subsirat cla WNETE, remova Te OVET COMPrises TWO O more
durabl€ o 2 mild acid or mitd base, 20 ¥he glass substrate of claim 19

filwhengdiththequgetectivadilah conmprisescarygani2 filfed ks stivstrateiatal

o r?gge}gﬁ/\gg%gjg the protective film has a thickness of less than 100
angstroms. 1522.The glass substrate of ciairril9wherein inorganic material

3. overiids tesprobsttetlipnind praveitsineproteine i fiaRT Beingom the
subired eff:whandheisoatedsubsiiate s subirctadio Arglass tempering

that bums off organic material overlying the inorganic material. _
4. The glass substrate of claim 3 whefent each the ihorganic film and organic film

have a thickness of less than 100 angstroms.

5. The glass substrate of claim 4 wherein the inorganic film has a thickness of
between- 20 angstroms and 50 angstroms and organic film has a thickness of
between. 10 angstroms and 60 angstroms.

6. The glass substrate of claim 1 wherein the removable cover comprises a mixed
film including both the inorganic and organic material.

7. The glass substrate of claim 6 wherein the mixed film has an outer portion and an
inner portion, wherein the organic material is present at a higher concentration in the outer

portion and the inorganic material is present at a higher concentration in the inner portion.

8. The glass substrate of claim 7 wherein the outer portion comprises substantially

organic material and the inner portion comprises substantially inorganic material.

9. The glass substrate of claim 6 wherein the mixed film is a graded film, wherein,
moving outwardly from the substrate surface, there is a gradually increasing concentration
of organic material and a gradually decreasing concentration of inorganic material.

10.  The glass substrate of claim 1 wherein the inorganic material comprises an oxide
and/or nitride that is soluble in a mild acid or a mild base.

11, The glass substrate of claim 1 wherein the inorganic material comprises zinc oxide.
12. The glass substrate of claim 1 wherein the organic material is a carbon-containing
material removable by heat treatment.

13. The glass substrate of claim 12 wherein the carbon-containing material consists
essentially of carbon.

14. The glass substrate of claim 1 wherein the organic material is a separator material

removable by washing with water.



10

15

20

25

30

The glass substrate of claim 16 wherein functional coating includes an MCSLLP
outermost 20dielectric film, the dielectric film comprising an inorganic
WarMAIR2%s not present in the removable cover and is NnotRETIBY2N0TE64342

by the removal process used to remove the inorganic material or the

removable cover. 24. A method for depgsiting a removable cover, the

h strate bearing.a functional
cfit.ﬁ;’f’ﬁ°"1§%rfslsl t.naégay’fé?%qg@fé@i%v% I} SSORPIREARCHO AATRGLsEng VHeT
reblabiey souer pi@shpﬁﬁsingnatdemmmlmbo@mplmﬂt@rmﬂ ﬁertdo&rs aﬁ@amt‘er.
Wte”afh@’gﬁg? %ﬁ@@a‘t@ %%ﬁ @"ﬁh%@xj é%#m%%ou\:/g] eFuné’%hon&ll c]pcf gnpﬁiitioned

removal process than the organic materia me
P thfcstisyisiting Bresprevable eoxRsr comprises depositing, from the

gubstrateSuHACRIAMMAEEN . R 18QTgaRIE Eﬂ@‘f&\&h@ﬂ&%&ﬁmg fé@low-emlsgmty

3026 The method of claim 25 wherein the depositing an inorganic film an
SPgae{ﬁFC film comprises sputter-depositing the inorganic film and organic

fllén. 27IThelmethbdrafoalfitinido Mhareis thr-depasiling.tag r apDih iR atalytic
rises sputtering a target comprising carbon. 1l CSL I.. p WO

2007/%[2229PCIM820117/1164342 23 noThe method of claim 26 wherein

thHe depdxitiiysiebetrgtenme€ diimcbnfpribescapphyinmg a papeartite rfmateﬂaloned

CRIMRESHAY ANVALRLFAURIS RAVTE ARIASE %g\‘?err %Qeg?c{tgnp 1€ Algohgls rlsmg a

plurality of particles and a water. 99.The method 0 4 Wherein

AT H Y dHeRIa e Bl peigrbRsbaEpositing a mixed Elm of
P@rganitagdsoEgasiaateriah %ﬁ&i&mﬁ&%t@&%‘@r@%o%%%@cgﬁﬁon

a. target com rised of

oo AT SORISTs SPALCIG & IS COPISEE o
than 100 angstroms.
22, The glass substrate of claim19wherein inorganic material overlies the protective
film and prevents the protective film from being burned off when the coated substrate is
subjected to a glass tempering that burns off organic material overlying the inorganic
material. |
23. The glass substrate of claim 16 wherein functional coating includes an outermost
dielectric film, the dielectric film comprising an inorganic material that is not present in
the removable cover and is not removable by the removal process used to remove the
inorganic material or the removable cover.
24. A method for depositing a removable cover, the method comprising;

providing a glass substrate bearing a functional coating;

depositing a removable cover over the functional coating, the removable cover
comprising at least an inorganic material and an organic material, wherein the inorganic
material is removable by a different removal process than the orgginic' material.
25. The method of claim 24 wherein the depositing a removable cover comprises
depositing, from the substrate surface outwardly, an inorganic film and an organic film.
26. The method of claim 25 wherein the depositing an inorganic film and organic film
comprises sputter-depositing the inorganic film and organic film.
27. The method of claim 26 wherein the depositing the organic film comprises

sputtering a target comprising carbon.
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31. The method of claim 29 wherein the depositing a mixed film cor%?%@sp
co-sputtering at least one target comprising inorganic material and at least
WO W&/ tatgét 10comprising organic material, 32. The method f'¢lairfii2g64342
wherein the depositing a mixed film comprises sputtering an increasing
concentration of organic material ang.a decreasing concentration of
, inorganic material, finT, ethod of ¢laim 24 further comprising .
28, o B LS i s e b o BERUBG b K HeE Sl
app oRgin CBMEh e D vaBler sovier WE2r SRIhétReY et protecting a coated

pladlRS3.SUPsAlS, e method gﬂmmg%isﬁagni%g% E}Ca%%%%os“ing a

removable Cover over the substrate, the removable cover comprising at
29. |east HnsBrsaRic Rigtelfavapg a b erdermis inate ianevable i tie dnomyinic

depRiatenal isclramovabisbya dilfeseptemavat process than the organic
material, removing the organic material while leaving intact the inorganic

30 matdiaPERAT S ONRYthE HETE AR rRaEHAE 2B THe e feorPE PRl aRwTering
a td3denienpindhe flepesitinghatamovablacoraecemprsessiepasiing, from

the sybstrate outwardly, an inorganic film and. an organic film, 2536.The
5L et U 1 L SRSl HE SRR L GrGuPte Al COMBREBe

spuEtepRSHing .4 aarbogecontaining filsirarnavable bydeatdieatnent: 37. The

CO@ gggg é)rf‘ g}%@é%gt%}){\éherem the depositing an organic film comprises

ing a separator removable by washing with water. 38. The method

32 of claim B8wHereaine2deplsitinghard tposgamie filik edrjprisesiprises sputtering
AQdepasiting.anoxide and/onitide Matis removakle by washing with a

%m mild acid or r%ild base. Thegrrr]lethod of claim:herein tLe". d%nﬁ%z}%ﬁlgogo

IYEAGYEIIEIEdver comprises depositing a mixed film including both the

33 InorgaRic, aReisaRRIGMAtEHH er MEplsRg depositing a protective film comprising
carbon between the functional coating and the removable cover.
34. A method for protecting a coated glass substrate, the method comprising, in
sequence:
depositing a removable cover over the substrate, the removable cover compri)sing
at least an inorganic material and an organic material, wherein the inorganic material is
removable by a different removal process than the organic material;
removing the organic material while leaving intact the inorganic material; and
removing the inorganic material.
35, The method of claim 34 wherein the depositing a removable cover comprises
depositing, from the substrate outwardly, an inorganic film and an organic film.
36, The method of claim 35 wherein the depositing an organic film comprises
depositing a carbon-containing film removable by heat treatment.
37. The method of claim 35 wherein the depositing an organic film comprises
depositing a separator removable by washing with water.
38. The method of claim 35 wherein the depositing an inorganic film comprises

depositing an oxide and/or nitride that is removable by washing with a mild acid or mild
base.
39. The method of claim 34 wherein the depositing a removable cover comprises

depositing a mixed film including both the inorganic and organic material.



WO 2007/112229PCTTUS2007/064342 24 40. The method of claim 34

wherein the removing the organic material While leaving intact the MCSLLP
WOrgHiit! tterial comprises subjecting the substrate to heatPFEHERIE#/064342
41. The method of claim 34 wherein the removing the organic material

while Jeaving intactinorganic- material comprises washing the substrate

h r. 542.The.methq claim 3426\/here|n e removin
m%rg\gﬁl}? ma?e%rléir C();efocrlna brﬁ§egswwas SHin B%@Bﬁ’é’é%ﬁf‘hﬁﬁ%ﬁ?@ m&%@fﬁlw{l’f éeavmg

rhifectabidiorr ganiilchbase] comprises subjecting the substrate to heat treatment.

41.  The method of claim 34 wherein the rémoving the organic material while leaving
intact the inorganic material comprises washing the substrate with water.

42. The method of claim 34 wherein the removing the inorganic material comprises

washing exposed inorganic material with a mild acid or a mild base.



