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arrangenent and nore parti cul aLIy to providing a
cost-effective optical filter having target optical
properties and a hi gh resistance to deterioration.
BACKGROUND ARg, ﬁgéALSPIquEFﬁ 'UTTEIZIRC?PNPQS' the
| evel s of reflectlona transm ssi on w ndow at
di f f er ent frerErﬁbEU%@BK)#Nﬂ)lk@ETALEIG\EANER&m in
the art. For vehicle wi ndows and nmany w ndows of
bui | di ngs and resi dences, glare is reduced by
controlling transmissivity and reflectivity within the
visible [ight range of wavel engths (400 nmto 700 nm.
FOECHMIGAInEIRLDdow applica tions, heat | oad nay be
reduced by partially blocking solar transm ssion in
either or both of the visible portion of the solar
Sﬁm@@ﬂ] umThe inventiearelatds gereraiptd pooviding@moptical hﬁ@ﬂhgement

nm . [0003] One known uence of filns for OVI

SO eTB ARG doBdad 3 Fouaiecye ongel Bl imdtarget
“Op Véﬁd%%ﬁerﬁ&s@nd a hcr*ési ﬁééf&&@t@nbpaﬂd?\e assi gnee

of “the present T nventlon. e sol ar contr ol

arrangenent includes a Fabry Perot interference filter

a t | ayer on a flexible polyethyl ene

t@?@ﬂgﬁm ’%%IET) substrate that may be subsequently

attached to a wi ndow using an adhesive. The

Fabry-Perot interference filter provides sol ar heat .

| (@802} eduldie ose bf filnefecenttoldhe yeyes sf rfgjleldtightarmttransmisswn

mg{éw@wa\é ld?fpegterms frggger{c%/f rla%%telsnoq Ilghggtwgﬁ known in the art. For
vehicle windows and many windows of buildings and residences, glare is
reduced by controlling transmissivity and reflectivity within the visible light
range of wavelengths (400 nm to 700 nm). For the same window applica-
tions, heat load may be reduced by partially blocking solar transmission in
either or both of the visible portion of the solar spectrum or the near infrared

portion (700 nm to 1200 nm).

[0003] One known sequence of films for providing solar control is -
described in U.S. Pat. No. 6,034,813 to Woodard et al., which is assigned
to the assignee of the present invention. The solar control arrangement
includes a Fabry-Perot interference filter and a gray metal layer on a flexible
polyethylene terephthalate (PET) substrate that may be subsequently
attached to a window using an adhesive. The Fabry-Perot interference filter
provides solar heat load reduction by preferentially passing light at certain

wavelengths and reflecting light at other wavelengths.

[0004] In addition to the optical considerations relevant to providing solar
control through a window, structural considerations must be addressed.

Regarding structural stability, reducing the susceptibility of the optical
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[0004] In addition to the optical considerations
rel evant to providing solar control through a w ndow,

waeogataral consi derati ons nust be addressed. ReEHSZO0$1EPI902

structural stability, reducing,the susceptibility of
t he optical arrangenent to crac%i ng during fabrication,
installation or long-termuse is an inportant goal.

Fgﬁﬁéﬁéf;é)ﬁeﬁt ReralcRingsd Ping fbricato®Nnstafafdn be&sig-B&Fm use is an
signitficant. Hardcoat |ayers are often added to

pirtpartant gosl.e Redoringaethes farescefi ‘setrosiont fiteat least as significant.

T Ny

oglsevesreferartedtWeotiakd et al ipaterr Msvesvernd hargedathyértdoes not
effecti veness against corrosion that is induced from

t Piotedt RaRiRgt coR@si thediocar rsadigingete. faBusatigey prrcessEnd has

VR ek L VR B BB A 8EGes of e
r §ptedal welarigehiet. zi nc-based filmas a seed filmfor a
subse quently forned silver-based film where the

zinc-based filmis the second filmof a two-film

j hE A the silver-based filmis a
%@Wk?fgﬁﬁtﬂﬁ@%%ﬁ ing optical filter includes
at least two of these pairs of dielectric and netallic

| ayers. The relatively thick zinc-based filmhas a
A0R65t onthemenivancad fasarasi@oppdeeanceirnd anagptical filter is achieved

thi f at.|east 15 The.,pr ef d enbodi_nent
8 B0 B reiveRE ek gioP RastlTRY o fiseer L) G bse-
squetlytforred \silder-basé i eim CRRERSThR IR & Dastatiff is IK¥88¢ond film
In oné enbodi nent, the thicknesses of the zinc-based

fofiavafiln gkclgetricdayen andmnerathe sibierhasedrfim ismemetallic layer.
P8 e BB TRBL e CRASH vl oS ety 1 cigotric and

metatlli*tEIaPe'rsr. g aslatiVelyahickezissibasadfitn Gaswhzinb dohtent of at
optical filter is formed. For exanple, in an optical

least 80 percent and has a thickness of at least 15 nm. The preferred
embodiment is one in which the silver-based film includes gold, so as to

provide further corrosion resistance.

[0006] In one embodiment, the thicknesses of the zinc-based films of the
different pairs are non-uniform. The preferred embodiment with respect to
this non-uniformity is to form a thinner zinc-based film for the pair adjacent to
the substrate on which the optical filter is formed. For example, in an optical
filter having three pairs of dielectric and metallic layers, the first zinc-based
film may have a thickness of 15 nm, while each subsequently formed zinc-
based films may have a thickness of 30 nm (with a maximum of 40 nm). The
function of the zinc-based film is to promote growth of the silver-based film. If
the zinc-based film has a sufficiently high content of zinc, the film functions as
a seed layer for the subsequently formed metallic layer. However, it has been
determined that while this function is important at the layer pair closest to the
substrate, the importance is greater for the more distant pairs of dielectric and

metallic layers. The zinc-based film has a zinc content of at least 50 percent
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filter having three pairs of dielectric and netallic
| ayers, the first zinc-based filmnmay have a thickness

wo@R0025201m§ whi | e each subsequently forned zi nch&wE82008/009902

films may have a thickness of 30 nm(wth a maxi num of
40 nm). The function of the zihc-based filmis to
pronote gromh of the silver-based film If the

Zéﬁ&rsk’;ﬂ‘é@raf)lyl drebs thaf §0f parcent.| n thbgﬁos}t%rbﬁé“rpedlémbodlment

zinc, the fil'mfunctions as a seed | ayer for

stbegermjecnmue;nt fsoaprraximeately 9@ peesant. Sipiletarwhile theaminimum

AFeRaESt 5 Be Fle i ealike s eiulfL bBe. s hfE e Ahimum is

Jffﬂférbbnﬂzio hih Sfi¢ai e Mokt bRderred %n@bédlﬁiétnt AR5 finef
lectric and netallic layers. The zinc-based film

has a zinc content of at |east 50 percentand is

308p31 20 irhelhiEhRseh s RaPBE Slbxigh Br e tPEnSn), but other

aﬂﬁfé??ﬁlé‘fﬁfa%ll be 88lcBRIA: €Ak alt&rﬁﬁtiv@ftbmnd\hh hezmbealmﬂnum MThe
t hi ckness of the zinc-based |layer is identified as

angrgased fitp nae bmamuﬁtﬁfrdregoplt@ drdishpulzoalinw axigatian so that

18 3 P2 uCEBE PR . O b7 L onsistom

kthtoLrgHoeit th@tfﬁtkrﬂia& et I@@st&ﬁiee@ﬂtﬁé zidgbabéefimas | F@r teﬂample
zinc tinis zinc alum num The zinc-based filmm

epyiteregagivepasad fiknmay mitiallydre 6aSexwithta Hﬁn%oa ﬁfathAl and
t |
bt B 23S, e At Shhitert e 56T BRIk Terlif copstant

adurireptie tedresittdng. Ehigi drarbalsetiativé Matefal vazicaionl flong the film
éﬁuttered zinc-based filmmay initi aIIK be ZnSn, with

ickaass Manbe detaiminggh o ar%ﬂ@ Additignaheprrosiae periggmance
c%n 90 percent) mmy remain constant during
ra%sml ons. This or an alternative materi al
variation along the filmthickness may be determ' ned

10BAY 208 ebtsvsfy petel ke GeE Foedds o Hiereaasd fim that

| GPéfdrabfy iRcRIbEY YoiPRo6el td Rdr8ade corrosion resistance. Just as the

zinc-based films may have different thicknesses among the different layer
pairs, the percentages of gold may be different for different layer pairs. For
applications in which the deterioration (corrosion) of the optical filter is most
likely to occur from the major surface that is parallel to the surface of the sub-
strate, a greater percentage of gold is incorporated into the final silver-based
film. On the other hand, there may be window applications in which the more
significant concern is attack from edges and the most susceptible layer pair is
the one closest to the substrate. In such applications, it is advantageous to
include a greater percentage of gold within the silver-based film nearest to the

substrate.

[0009] In the preferred embodiment, the transparent dielectric film is
indium-based, such as an indium oxide (InOy). This initial film of the dielectric
layer provides protection for the previously formed layer, particularly where

the underlying layer is one of the silver-based films. By forming the indium-
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preferably includes gold in order to increase
corrosion resistance. Just as the zinc-based filns may

whaone/12iit7f er ent thi cknesses anong the di ffer eneCT/ay®08/009902

pairs, the percentages of gold nay be different for
different |ayer pairs. For applications in which the
deterioration (corrosion) of the optical filter is

Ik & igh! Mt itehydRoGEn, THE i@t rilimdtsilver-based
ggrég Iﬁtlerfﬁ{t”}’)‘r1 téglgﬁégfl?lgcec‘?ﬂt the@& rlc,trate, gymgesalltverr aee
fikm i ptatgetedffraol akidigingrarst iher proedss it moréstatilgaiThe film has
silver-based film. On the othe n t here e
Aitiger ShERTTasenOHLT AhelFRRSE Bha 138255 POhereramy the refrac-
608 Gk isSwithih 36 réﬁgmeﬁﬂseénanﬂwé RfERSH na4iRFaPis 18L®;, but
l'ayer pair Is the one closest to the substrate. In
the traappaiend tiedestricifimimantedraseganon ao altamalive exidized

reater percentage of gold wthin the silver-hased
Fietal sushas . odmury AtGoRiafs B Goed; nBb R REREM-o
enbodi nent, the transparent dielectric filmis
i ndi um based, such as an indiumoxide (InOx) . This
{0010]al Still refefringhto thegprefered emippdimpntdinel eptical filter is
protection for the previoysly forned | gyer :
BsIanEdi 8 K3 JiherinBRY SRRIERTION neyiGrugr I Wingow gf aygbicle,

: o f : |
T B e R e e et e t©
provide -sbRateny-Pérotrfiiter witbtascaltatnatiogrpatteth of diglentiic anhd metallic
rocess is nore stable. The filmhas an index of

Sction within the range of 1. 1 to 2.5, but

preferably the refrac tive index is within the range
1.3 to 2.1 . The preferred material is 1n203, but the
BRIESPRESGRIATOMOF THEI PRAVEWNGE based upon an
alternative oxidized netal, such as tin, titanium
zirconium tantalum niobiumor hafnium [0010] Still

g@(ﬁfv‘ﬂr i nPigt 9 i§ ResiBESAEk o e I18pE0staERBh. a shiIstRdtkiis @lccordance
Ilter is designed for use in a w ndow application,
withnthesprefasred aodwdihent okthiedneentiassi dence or

bui Il ding. The |l ayer pairs are consecutively forned so

as to

[0012)  Fig. 2 is a side view of a filter arrangement in which the present

invention is incorporated.
[0013] Fig. 3 is a sequence of steps for forming the optical filter of Fig. 1.
DETAILED DESCRIPTION

[0014]  With reference to Fig. 1, an alternating pattern of layers is formed
on a flexible polymeric substrate 10. The polymeric substrate may be PET
having a thickness of between 25 and 100 microns. While not shown in

Fig. 1, the side of the substrate opposite to the layer stack may include a layer
of adhesive and a release strip. The release strip is easily removed from the
adhesive, allowing the édhesive layer to be used to couple the substrate to a
member for which filtering is desired. For example, the filtering arrangement

may be adhered to a window. In an alternative embodiment, the layer stack is
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provi de a Fabry-Perot filter with an alternating
pattern of dielectric and netallic |ayers. BRIEF

wWORBORLAETS ON OF THE DRAWNGS [001 1] Fig. 1 isSPer/gszies/009902

view of a | ayer stack on a substrate in accordance
with the preferred enbodi nent 0f the invention. [0012]
Fig. 2 is a side viewof a filter arrangenent in which

tfaemBt *FRiatly iorvRBIrhemblep fomyRIchaTtetiag is HeSitad. M Suckapplica-
is a sequence of steps for formng the optical filter

dions;, . may bemesessaryDRIERSFT MM QW eanE! rough aispustes shamber

dfr Befosfing tie A ShER BN BB 1> e Dol Yreri ¢

substrate nay be PET having a thickness of between 25
and 100 m crons. Wile not shown in Fig. 1, the side

dPOibk shigtt dustraigsdbetrsetasrachembagliment inokhiplghere are three

By oSG R AR A bR ko

aheRiMidiayehe BEEEmetallicaxrsr 18 doeansed is @ Shﬁ?glé'fﬁmt(ff% silver or
substrate to a menber for which fllterlgg i s desired

F&bh\/eéaﬂ%m Ehewmetalhcéayefg raay haderraed bydiystepuiieingeai silver-

ndow, ..l n an ternat.ive enmbodi
SasBe Y S e SRy BT EaREER0 Taler thtdn sbSEquently
fdubjeitt@% ahnd8fid 8Ad dxitiatibh) [BRAS 'b%éntéh%% th'att b?%r%%llng
necessary to pass a w ndow panel through a sputter
dhambetal, ftoe stepbredsistance bé thetayer may léredudest tom @.8Be

SRR Abcantinielsileh HPLS il RaBL A AR, stowger, the

Prdfekfedridiéral i Agal eirert ﬂh@ggdm:bﬁferm@unaioeulset@trétacm various
and netallic layers. Each netallic [ayer 18 nd

dypes;ofcairagipe. flihensasiteat of silver \A@thvrstha/l@veasm@yd bﬁhétsléas'i 50
ﬁr@%éﬂbggg?@f&age% B?Iea%rt %%dpé%ertnf "R Hbtts Illé]%egcnptlon of
the preferred embodiment, the metallic layer is approximately 85 percent

silver and approximately 15 percent gold.

[0016])  Each dielectric Iéyer is a two-film layer that comprises a transparent
dielectric film 24, 26 and 28 with a zinc-based film 30, 32 and 34. The trans-
parent dielectric film may be formed of an indium oxide. In Fig. 1, a fourth
dielectric layer is shown as being formed by a fourth transparent dielectric film
36 and a fourth zinc-based film 38. In this embodiment, the three layer pairs
with the alternating pattern may be considered as beginning with the first

metallic layer (silver-based film 30), rather than the first dielectric layer.

[0017]  The first film 24, 26 and 28 of each dielectric layer is preferably
InOy, and most preferably In,O3. By sputtering an indium-based film with a
flow of high hydrogen content, the underlying material is protected against
oxidation. This is particularly useful for the upper dielectric layers, since the
underlying silver-based films 18, 20 and 22 are protected against oxidation.
Moreover, the formation of an indium-based film is stable in sputter

deposition. Nevertheless, it has been determined that benefits are also
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filmand then sputtering a thin titaniumcap |ayer
that is subsequently subjected to annealing and

woziodariiegh. It has been shown that by anneal i NnBCT/82008/009902

netal, the sheet resistance of the |ayer may be

reduced to 0.8 ohns/square. c§:ept abl e silver alloys

i ncl ude AgAu and AgPd. However, the preferred materi al

| Scodere if ﬁhi‘ﬁ%ttﬂhﬁ e d@é&tﬁeﬁa;féﬂ@tds@é@d tif- b’a%(eﬁr fltanium-
various types of corrosion. The ‘content of silver

waseidn zirbeniuaybaseddantalie-kasdde anbiGn-pasaskor hatanim-based.
preferably is at |east 85 percent. Returning to the
description of the preferred embodinent, the netallic
ICUACTI Wlﬁ&bﬁ%é@'fﬂ’mg@op@% 38 of #R di@ﬂa‘ttnc layers are used
approxi mately 15 percent gold 0016‘]2 Each dielectric
Itaypromicte growdh <Dﬁ then snagebasédaﬂlms)f‘rﬁr Send22.r Ahe ;tlalcbness of

di el fi,l.m b. | « »
RAChSEhEiaseH s ¢ FEasd 5T Bt A TRIBIE (010K FACHA S seed
ff%@ﬁﬂ\p‘?évé"’bdrfﬁﬂl&m &éﬁ*fd’r%ar{dé Hfitle fﬂ=1a| épf &HrfﬂtBr The films are

dielectric layer 1s shown as being forned by fourth
tprunenplarzem and ar@@reﬁecablv latlesst 8Adpeiceniuzing, tzutrmugfalseéemdlzed
ilm38, Int

R P et S e & celely s, Bo st 2, bt preferred

t@ﬁb@@m@nt\% Whlét’ﬂﬁhé filrsd combALe DO der¥ent iRt lanartdperent tin.
film30), rather than the first dielectric layer. [001

ﬂowaxeerf iasqureviouslynted sone or perefof dae Eingrbasad films may be

Biﬁ@su%i? 48 il Vot BBl o 8 ikl @-rrgin o

RHEIOUAR £ RALRTHO ZhSﬁ) USRI o terimgtteEhalquies ape Qtséltt@cbrowde
agai nst oxidation. This is particul arldé useful for th

dbp@ﬁereet ties (as Inaty\erpsrefaﬂe@bembndlrue r thei prycentage refers to

o ERni STine solBe At 1Sef RahafffeRiReR i RRatEs" co

fAdtFelate & &Y exigatioput t er dep05| tion. Nevertheless, it
has been determ ned that benefits are al soacquired if

this first filmof the dielectric layer is instead
t[ba’lgjaseq"heﬁ'é fg 'dlégpgﬁl%qattice match between silver and a zinc oxide

having a high percentage of zinc. Consequently, the zinc-based films 30, 32
and 34 promote nucleation and epitaxial growth for the silver-based films 18,
20 and 22. As the thickness of a sputtered zinc oxide is increased, the crystal
grain size also increases. This may result in a zinc-based oxide film changing

from an amorphous thin film to a significantly crystallized film, depending upon

" its thickness. As noted, the thickness of each zinc-based film 30, 32 and 34 is

at least 15 nm (preferably at least 20 nm and most preferably 25 nm) and is
less than the total thickness of the dielectric layer (since the dielectric layer
also includes the transparent dielectric film 24, 26 and 28). The minimum
thickness of 15 nm results in a more crystalline film and provides a better
seed layer for the subsequently sputtered silver-based film, because the
interface is “stronger” and is more resistant to separation and corrosion.
Preferably, the thickness of a zinc-based film is less than 40 nm. In the most
preferred embodiment, the thickness is greater than 25 nm, but no greater
than 40 nm.
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zi rconi um based, tantal um based, ni obi um based or
haf ni um based. [0018] The zi nc-based filns 30, 32 and

wQ@4ooofi2dire di el ectric |layers are used to pronOPET/YRZIVS/INI902

of the silver-based filns 18, 20 and 22. The thickness
of each zinc-based filmis at 1east 15 nm The
relatively thick zinc-based "seed" filnms inprove

;[oozopsi o' soRRy émboameéentsioftthe iffvientibn oie thidknEssésof the
he filnms are primari I%/me nc and are preferabl

|zngsbased fikpe 3§ 3Ziane 3bare ﬁQQthﬂf@"Bxi|Hh§%99?ﬂ%&?%fé'ﬂi“ed that
t . B . . .
{8 TEKbE5S e e Habl OGBSy i 10 s

JesPsignficAdt psle ckan the tclavabsts afehe fims BRrand-Bvhatrare further
as previously note one or nmore of the zinc-b

firarfrdhengybstsatey yTiaig}i%HU@oofith% Folde pnersasesdm 36 25 well. The
TR §b 84 of e e RHORTT 2o o 225 Bafethe dting

tfmngrwed@tmamggsféfe}@nm_fi Ims (as in the preferred
enbodi nent), the percentage refers to the content of
the sputtering targets, so that references to

ARERET S REGunfRliel € abRi B Sl S el tin tre
ailveNbas&d l/dhavisnaoary 2h D’ﬁég{mﬂ a0etedit nzaybe tailored on the
Consequently, the zinc-based filnms 30, 32 and 34

hasinotvarirusceenideraions pPHmRTiy coft GRAIFaTmsienesistance. In
| - ' . d , '
S0} Sy L et B B8 e, =

siigwedlirs the ordestatien.of Hig.s1.mhysuesapplidatioas zihecgdid wedtent of
oxide filmchanging_from an anorphous thin filmtaqg _a

$hg e stverrpased flat driis gerpter (AN hepehtielgwgsdims 18 and 20.
t-Ad: . i . T

K sty fifibod e} Bckiggsncts aat abie iageg of so
| comgént2 Howeverd tmeret mpy efessarbe applicatignsaindvhish Itke sorrosion

than the total thick f i '
(sg%,q@%o{e ggeoqjg\gq Q;tr{chng ?sf gggrthéthlg eglpglrigr?ééci gu}ir?él fhe fabrication of

the optical filter. If so, it may be beneficial to have a greater gold content for
the first silver-based film 18 that is formed. This alternative embodiment may
also be desirable for applications in which the corrosion source of greatest

concern “attacks” from the edges of the optical filter.

[0022] Fig. 2 shows a more complete assembly in which the invention is
utilized. The layer stack 40 represents the sputtered layers on the substrate
10 of Fig. 1. A mount adhesive 42 is used to adhere the assembly to a
window for which optical filtering is desired. A release liner 44 remains in
position in contact with the mounting adhesive until the assembly is ready for
attachment to the window. A laminating adhesive 46 secures a second PET
substrate 48 having a hardcoat layer 50 to the other components of the

assembly.

[0023]  Fig. 3 illustrates a sequence of steps for forming the optical filter of

Figs. 1 and 2. Initially, a substrate is provided at step 52. The substrate may
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for the subsequently sputtered silver-based film
because the interface is "str&ger" and is nore
resistant to separation and corrosion. Preferably, the

t.hi ck ' ' [ n n

(e 5 ST S fanhiehe g RmatortEl, Suctfae PETE Cirativelyihe
Wubatete h@nb@s windotwsortbaigtheataziousHayersararfo[roed gjrectly on
In sone enbodi nents of the invention, the thicknesses
dhetWBdeWnc- based films 30, 32 and 34 are non-uniform

It has been determined that the thickness of the
zinc-based film 30 adjacent to the substrate 10 plays
gobeap siAtmtép 64nthe fisefinhafthendietedtiik layes isfosmedhdn the

fil 32 and 34 th
eBrad e an B R BT LA
T o YA s s cpaad g e

%rntnmd dt@fcﬂé;iblegﬂmm filnh drasia thickeesalaf @t dgastyl Stynians combines
content o 0 wi_.thin the sil -b d_l .
it 8he Tt S0 4P ASbRBR RIS GBI | DISA 45 L fies @ zinc
oforiteht St |€9§§8@§é?&érﬁn% tHY prEf&irky epfisddimemt, the film is
corrosion resrstahce. I'n nost applications, the

i %\éwiietdyusi_hg shatteptargets Which @ombinate gorwiseraparoximately
above, as viewed in the orientatiQn of Fi .
BDPeisa e S dOgsraeREin oALSwRtURE. bl iRyl Re
f@r%%%ﬁét@rﬁ%grzeahan that of the lower filnms 18 and

20. This is the preferred enbodi ment for applications

that include tailoring of gold content. However, there

S appl,i catigns in. whi r |0, :
%ﬁat et E'&E'ctéarsr‘?di fﬂrrbw;gv 4%5 Egggi e?riféﬁ@ee dgll(ﬁ?-i%[?é%d film
t iRy ihate® B8t MEnigRIVEAbaddd filet cofrprises thé mstallic layer in
be beneficial to have a greater gold content for . .
establishing a Fabry-Perot filter. The film'is at least 50 percent silver and is

preferably at least 85 percent silver. Corrosion resistance is enhanced if gold

is incorporated into the metallic layer.

[0026]  In decision step 60, it is determined whether an additional pair of
dielectric and metallic layers needs to be included. The optical filter in
accordance with the invention includes at least two layer pairs, so that the
response is an affirmative one. Thus, the process continues to step 64,
wherein it is determined whether tailoring of the films should be provided for
the second layer pair. That is, it is decided whether the three films within the
second layer pair should be the same or different than the first pair. As
previously described, the zinc-based film of the first layer pair may be thinner
than the comparable film for subsequent layer pairs. Also described was the
possible tailoring of the gold content within the silver-based film. With the

determinations at step 60 and step 64, the sequence of three films is repeated

at steps 54, 56 and 58.
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the first silver-based film18 that is fornmed. This
al ternative enbodi nent may al so be desirable for

wa@ppbilzars ons in which the corrosion source of PQr/est0es009902

concern "attacks" fromthe edqﬁg of the optica
filter. [0022] Fig. 2 shows a Trore conpl ete assenbly
in which the invention is utilized. The | ayer stack 40

E@DQEFenuﬁpdm@orﬁplétbﬁfcﬁdhé pedad @Bleblht%ﬁw@fsﬁlﬁﬁﬁoemhﬁoﬁé at
A nount adhesive 42 is used to adhere th

a&gew@i‘ty 56@ng 9. riesisipasteinbe s epeounterad fqra$¢rg>ndstlme If

SR ARES of VRIS Aot PRRyab SR B Sy B M BRhdig spas at

i step SRAYHOWEVEL, tiae bf@‘etret:lcerﬁb@d|mmd®\bnéthatrmomlﬁeeghree layer

adhesi ve 46 secures a second PET substrate 48 haV|n% g

r@a@eéatthabsi@@s'@o step @Hearaﬁ flechempisnl a9ain agreached and
i Buiioh ANFis Setrorieh Attt SSiaAbRety Rl tayer par,

ormn ter o

thérprbl:ééé mayaer&ilbﬁétlept@ i Homwr dedthat oﬁttcmal fitludibe of the
substrate maybe a web of transparent flexible

fmer3taand SGeof Rig. PEhe srleetianaef Rarapeterseatsior Boingludes the

n ert i1V s are fornmed
e B e SRE pRRab I g o Ry B B8P et T
filmof the dielectric layer is forned In the
preferred enbodi nent, ~an indi um gxi de |ayer is for

U9PA8] spihig nﬁbsh@mm theoBrocess dow %festﬁpwt Fi9. |3mth%§ptlca'
GRER iSP iRl BE atthBAed 10 6 WARBH, bithdlgr? it i@ bREA BmmbARo

as a hlckness 0 ast nm an
dnolbdeesthas tdmpberefis! such ialsithée mrackﬁcfoa’néotdsfd:lgl Blectric
| ayer. The zinc-based filmhas a zinc content of at
| east 80 percent. In the preferred enbodi nent, the
filmis deposited using sputter targets which conbi ne
to conprise approximately 90 percent zinc and 10
percent tin. Alternatively, zinc alum num nmay be
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formed and then oxidized. [0025] The zinc-based film
provi des a seed | ayer for the silver-based filmthat

wo soobaeeretl i n step 58. This silver-based fil m BOPE208€609902

the netallic layer in establi égl ng a Fabry- Per ot
filter. The filmis at |east percent silver and is
preferably at |east 85 percent silver. Corrosion
NAHAT d8 L AIMEDRSNced if gold is incorporated into
the netallic layer. [0026] In decision step 60, it is
det erm ned whet her an addi tional pair of dielectric
and ATifdd 61 b Hickprilks ddibiigleg: The opti cal
Iter in accor I nvent i on i ncI udes at
I east two | ﬁyenngaarlaxaer siack bata sulestrads po msdudes pains of dielectric

affirmati.ve one.. Thus, th rocescnt|nuesto step
éﬂdmﬁ 'EFﬁaxethq lgc Qf’tqﬂ?ﬁeg ﬂ?&f“r?@ﬂ PaINRYr i ng of the
films should be pyrpihgadrdiparést &8%% Iirlﬁr)’§§ aﬁﬁf‘sfﬂlm of said
That is, it is decided whether the three

the sedislsticlayer, méid transparer dlielaetris i rtavrmg afrefreotlve index

than t air. As previously described, the
zi nc- b%eaetdé%gtl KI)of the first layer pair nmay be thinner

than the conpar afrmihd bRIAEDaSEIIRALRN sbENR filRRbf Said
Al so described was the possible tailoring of the gold

cont erdielgictnig layehsaid zinerbaseskliint having\& zinctceatent of at least 80

thr oo APRRCAR AlBbiRft R it AR, 388" [o027

Upon conpl eti on frmifgassicentasad fikh agnaid@mdtallitlayer, said
formations at steps 54, 56 and 58, decision step 60 Is

encourti¥eERased f'H“i@é@ﬁrUT eontact withsaisl sarrhased film.

dielectric and netallic layers are sufficient, the

process ends at step 62. However, the preferred

enbodi nent is one that includes three layer pairs, so

&gat deci |on S 64 and sel ection step 66 agajn are
he atRadiof il mhereinderminansaid fayarstaskitd Inchule said

st iRERTREL $8mBhg Id3fd LN Shd&d il BRfHe pair adjacent to said
substrate to be thinner than said zinc-based film of each said pair further from

said substrate.

3. The method of claim 1 wherein forming said silver-based film includes
depositing an alloy of silver and gold in which said gold is included to control

corrosion of said layer stack.

4. The method of claim 3 wherein depositing said alloy includes intentionally
incorporating different percentages of gold among said silver-based films on a

basis of distance from said substrate.
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the process nmay end at step 62. However, for the
optional inclusion of the filns 36 and 38 of Fig. 1,

wo b@saiiexti on of paranmeters at step 66 i ncl udeGT/Uk®08/009902

del etion of the silver-based quer upon return to step
54. [0028] Wiile not shown in the process flow of

steps of Fig. 3, the optical filter may then be

28.t Ahbatethodaofvdlaicow.wiadreimosdl silved-basdd fim Gativast fitoen said
i ncl ude ot her conponents, such as thegggregjc at 50.0

; f

Fupstrate (germed teihaveehiaber pergeniags g syjver-based

' Ll ising: formng a | ayer stack on
g“@ﬁ@%%@% gg%%aﬁﬁ%%ﬁgggpairs of dielectric and
netallic |ayers, including defining each said pair by:
formng a transparent dielectric filmas a first film
of said dielectric |ayer, said transparent dielectric
f i | i r . i i . a5t . .
b e aeBar e el Agrgho Seln R sdy Higknpss of said
diiet-based dilhaner selsdtiny tenpeftentadef ofl saith@inangpratent o a basis of
content of at |east 80 percent and having a thickness
dirogioting 9ﬂ“§§°%ﬁ$S§HH9R@f ﬁ@dgmgilver-based filmas
said netallic layer, said silver-based filmbeing in
contact with said zinc-based film 2 . The nethod of
claim1l wherein formng said | ayer stack to include

[ airs includes fqrm ng, said zi.ng-based filmof. .
AR S e R T o M L SO T
S?id pairs of RRa86tritidra PltARE hyerd fcRpids ddihg RBULEFRTtechniques
sal d substrate. 3 . The nethod of claim1l wherein
ftordepogitdndidnmsbased fitased fil mincl udes depositing an
alloy of silver and gold in which said gold is
i ncl uded to control

8. The method of claim 1 wherein forming said zinc-based provides a film

thickness in the range of 15 nm to 40 nm.

9. The method of claim 1 further comprising attaching said layer stack to a

window.
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corrosion of said layer stack. 4 . The nethod of claim
3 wherein depositing said alloy includes intentionally

wo pmonparati ng di fferent percentages of gold am@onygsSmas/a9902

silver-based filns on a basis,of distance fromsaid
substrate.5. The nethod of clgn m 4 wherein said
silver-based filmfurthest fromsaid substrate is

f1<0|”. mdiltéﬁn@a%v%n@emé}h%mwm@t age of gold than said

si | ver - base i'mnearest to said substrate. 6 . The

met hod of @ HRARSRamNt SHE#r@ePPAsi ng sel ecting sai d
thi ckness O%]faifsé'gligt K6 BaREd sl %g.gei%gz#ékginbﬁﬂing pairs

per cent age zinc-content on .

RfEIetig Sy metali layers aeathssaid graitisesieg defined by: . The

met hod of claim1l wherein form n% ﬁ(%i d tr.ar@ﬁ)a:]cgfnt id dielectri
dielectric fil nsa#RnspateNiAiolechic mase firsidmRf said dielectric
met al | ] | WS ' i f at
1! depale SHEL Fahararifaielocl 1 Hadlrg dl dPEReaHAE of o

1 wherjeast f.arm ng said zinc-based provides a film

thi ckness in the range of nmto 40 nm 9. The,. .

nmet hod of claim izfrlﬁ"P‘Fl%‘?d gjg’hﬁﬂ%??ﬁf_”&ﬁpﬁbﬂﬁ ?@Hsdé?lﬁcmc layer,
layer sEackdPadedilt A%ikg:a And ddre&htnsF AANsBOTBScent and
conprising: a transparent “substrate; and a | ayer stack

on sailkhwnpatthickeess & the @nge oft tekmi tocdQam@ngai rs of

dielectri d tallic |.a) ach ' ' L

def i ned by: a trasoye ool Tare s8R Repcipag! g plfer goid
i1 m inSEéildh SoRtd: Wit uilzindBhged fiRfspar ent

di el ectric yer having a refractive index of at |east

1.1 ; a zinc-based filmas a second film of said
dielectric |ayer,

11. The filtering arrangement of claim 10 wherein said zinc-based film in the
pair of dielectric and metallic layers adjacent to said substrate is thinner than

said zinc-based film of each of the other said pairs.

12. The filtering arrangement of claim 11 wherein each said zinc-based film is

zinc tin or zinc aluminum and said zinc content is approximately 90 percent.

13. The filtering arrangement of claim 10 wherein each said transparent

dielectric layer is indium oxide.

14. The filtering arrangement of claim 10 wherein said silver gold film in said
pair of dielectric and metallic layers that is furthest from said substrate has a

higher gold content than said silver gold film of each of the other said pairs.
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said zinc-based filmhaving a zinc content of at |east
80 percent and having a thickness in the range of 15

woeon204@ nm and a silver gold filmas said neCHEUE1008/009902

| ayer, said silver gold filn1q$ing in contact with
said zinc-based film 11. The Tiltering arrangenent of
claim 10 wherein said zinc-based filmin the pair of
di 31 TRé fitering drraeigehlan of alams1 Gidihecsintsaicd sebsteate is attached
substrate is thinner than said zinc-based filmof each
dP aWB'd9Mher said pairs. 12. The filtering arrangenent
of claim 11 wherein each said zinc-based filmis zinc
tin or zinc alum num and said zinc content is
approxi mately 90 percent. 13. The filtering
a enent. of claim1 r.ei n, each.sai d transparen
ol 28E ieting paranBeMenti b (R T bR firer S RRNS ¥

: gﬁgﬁa ' O wherein said silver gold film
?ﬂéggﬁ palpgﬁ?mgﬁgﬁgétric and netallic layers that is
furthest fromsaid substrate has a higher gold content
than said silver gold filmof each of the other said
pairs.15. The filtering arrangenent of claim 10
V‘ﬁﬁrfh{-ﬁ fifdtif %‘r‘r%?mgfaﬁ{eﬁ'lt'o? cP%i GhelQnd ¥ MirabRparent
The 11 terln% arrangenment of claim 10 including three
shelcpa filer sflngDel ectric and netallic layers. 17. The

filtering arrangenent of claim 10 wherein each said
transparent dielectric filmis In2C3.



