1 ROBUST OPTI CAL FILTER UTI LI ZI NG PAIRS OF DI ELECTRI C AND METALLIC
LAYERS 5 TECHNI CAL FI ELD [0001] The invention relates generally to
provi ding an optical arrangenent and nore particularly to providing a
cost-effective optical filter having target optical properties and a
hi gh resistance to deterioration. 10 BACKGROUND ART [ 0002] The use of
films to control the Ievels of reflection and transm ssion of a

wi ndow at different fre %ran es of ré%]) is well known in the
art. For 15' 'vehicle w TLART Hety Fili TR W T INGi RAIR®ys and
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reflect|V|ty wWithin the vis range of wavel engths (400 nmto
700 nm. For the sane w ndow applications, heat |oad may be reduced
by partially blocking solar transm ssion in either or both of the
visible portion of the solar spectrumor the near infrared 20 portion
(700 nmtye 1Z2¢@HMICAL PMLE} One known sequence of filnms for providing
solar control is described in U S. Pat. No. 6,034,813 to Wodard et
al., which is assigned to the assignee of the present invention. The

sol ar cont ro[o0D ang‘ﬁmnﬁer&ﬁim@iatésgeaeiéﬂibwpRmid)ng antoptitalrarargement
filter and a gr?ﬁ/ metal |ayer on flexible
and more particularly to providing a cost-effectlve optical filter having target
optical properties and a high resistance to deterioration.
10

BACKGROUND ART

[0002] The use of films to control the levels of reflection and transmission

of a window at different frequency ranges of light is well known in the art. For
15" 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
20 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

25 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.

30
[0004]  In addition to the optical considerations relevant to providing solar
control through a window, structurai considerations must be addressed.
Regarding structural stability, reducing the susceptibiity of the optical



pol yet hyl ene terephthal ate (PET) substrate that may be subsequently
attached to a wi ndow usi ng an adhesive. The Fabry-Perot interference
filter provides solar heat |oad reduction by preferentially passing
| ight at certain wavel engths and reflecting |ight at other
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quently formed silver-based film, where the zinc-based film is the second film
of a two-film dielectric layer and where the silver-based film is a metallic layer.
15 The resulting optical filter includes at least two of these pairs of dielectric and
metallic layers. The relatively thick zinc-based film has a zinc content of at
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.
20
[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 opticai
25 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
30 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



20 [0006] I n one enbodi nent, the thicknesses of the zinc-based filns
of the different pairs are non-uniform The preferred enbodi nent with
respect to this non-uniformty is to forma thinner zinc-based film
for the pair adjacent to the substrate on which the optical filter is
formed. For exanple, in an optical 25fil8er having three pairs of
dielectric and netallic layers, the first zinc-based filmmy have a
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[ 0007] The zinc-based filns may be an oxide of zinc tin (ZnSn), but
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remai n constant during the transitions. This or an alternative
mat er i al 15varadmanté@oges.ong the filmthickness may be determined to
provi de additional corrosion performnce 15 advantages. [0008] As
previously noted, the nmetallic layer is a silver-based filmthat
[0008] As previously noted, the metallic layer is a silver-based film that

preferably includes gold in order to increase corrosion resistance. Just as the
zinc-based films may have different thicknesses among the different layer

20 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

25  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 o the

substrate.

30 ([0009] In the preferred embodiment, the transparent dielectric film is
indium-based, such as an indium oxide (InO,). 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-



preferably includes gold in order to increase corrosion resistance
Just as the zinc-based filnms may have different thicknesses anong the
different layer 20pairs, the percentages of gold may be different for
different | ayer pairs. For applications in which the deterioration
(corrosion) of the optical filter is nos# likely to occur fromthe
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[0011] Fig. 1is a side view of a layer stack on a substrate in accordance

with the preferred embodiment of the invention.

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

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

DETAILED DESCRIPTION
25
[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
30 of adhesive and a release strip. The release strip is easily removed from the
adhesive, allowing the adhesive 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



BRI EF DESCRI PTI ON OF THE DRAWNGS 15 [0011]Fig. 1 is a side view of a
| ayer stack on a substrate in accordance with the preferred

enbodi nent. of the invention. [0012]Fig. 2 is a side viewof a filter
arrangenent in which the present 20invention is incorporated. -
[0013]Fig. 3 is a sequence of steps for bormng the optical filter of
Fig. 1. DETAILED DESCRI PTION 25 [0014]Wth reference to Fig. 1, an

al ternating ter =1 i . flexihle polyneri .
substrate 10%#@? Jph('ﬁ%glﬁgrﬂi tﬁé &%P?%’M@'@%"ﬁgg Hg%/'f%(g @%‘-}ﬁ%{&%’g?
01;] bet \g/een 2thoras) At rh@ ) bei r!HCeESarly\tb iplaes mﬁigdb@m_ﬂeh?tfg@gh él,sptjﬁer gl?)ﬁiﬁ?@f
t he substratg opposjte to the. |ayer sjac i ncl ude a | ayer 0
adhesi ve and‘%é q%BPE'QES the maﬁ‘?”%é’?&'@ &’é@éhgﬁ%%&i s easily renpved
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the substrate to a nmenber for which filtering is desired. For
exanpl e, & hel0015] er iFig ‘ilbstigfesdne prafgrree embivdliroant io whioh thevevare thrae

alternative I%VQP Sél@% 14 Qﬁd |1%yv€f|{hi|§ Eﬁecgltérﬁating pattern of dielectric and

metallic layers. Each metallic layer 18, 20 and 22 is a single film of a silver or
silver alloy. These metallic.layers may be formed by first spuitering a silver-
based film and then sputtering a thin titanium cap layer that is subsequently

10 subjected to annealing and oxidation. It has been shown that by annealing
the metal, the sheet resistance of the layer may be reduced to 0.8
ohms/square. Acceptable silver alloys include AgAu and AgPd. However, the
preferred material is AgAu, since the gold content functions to retard various
types of corrosion. The content of silver within the layer should be at least 50

15 percent, and preferably is at least 85 percent. Returning to the description of
the preferred embodiment, the metaliic layer is approximately 85 percent

silver and approximately 15 percent gold.

[0016]  Each dielectric layer is a two-film layer that comprises a transparent

20 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

25 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
InQy, and most preferably In,O3. By sputtering an indium-based film with a
flow of high hydrogen content, the underlying material is protected against
30 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



5 fornmed directly on the nenber for which filtering is desired. In
such applications, it may be necessary to pass a w ndow panel through
a sputter chanber for depositing the materials which formthe | ayers.
5[0015]Fig. 1 illustrates the preferred enbodi ment in which there are
three layer pairs 12, 14 and 16 within tBe alternating pattern of
dielectric and metallic layers. Each netallic |layer 18, 20 and 22 is
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of high hydrogen content’
agai nst 15 the content of the sputtering targets, so that references to ‘percentages” do

not relate to the oxidation.

[0019] There is a desirable lattice match between silver and a zinc oxide
having a high percentage of zinc. Consequently, the zinc-based films 30, 32

20 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

25 atleast 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

30 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.



30oxidation. This is particularly useful for the upper dielectric

| ayers, since the underlying silver-based filnms 18, 20 and 22 are
prot ect ed agai nst oxidation. Mreover, the formation of an

i ndiumbased filmis stable in sputter deposition. Nevertheless, ‘it
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20 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
25 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

30 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



Preferably, the thickness of a zinc-based filmis less than 40 nm In
the nost preferred enbodi ment, the thickness is greater than 25 nm
but no greater than 40 nm 7 [0020] I n sone enbodi nents of the

i nvention, the thicknesses of the zinc-based filns 30, 32 and 34 are
non-uniform It has been determ ned thatgthe thickness of the

zi nc-based film 30 adjacent to the substrate 10 plays a | ess

significant role than the thicknesses of the fil 2. .and 34 that are
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25 nm while the remai'ning fi ave a thickness of 30 nm

[ 0021] Non- unthleowimdow. may al so apply to the content of gold within the
10 silver-based layers 18, 20 and 22. The gold content nay be
tailored on the basis of various considerations, primarily cost and
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[0022] Fig. 2 shows a nore conplete assenbly in which the invention is

utilized. Thiortredandthesioxdizedpr esents the sputtered | ayers on the

substrate 25 10 of Fig. 1. A nmount adhesive 42 is used to adhere the

assenbly to a _
15 [0025]  The zinc-based film provides a seed layer for the silver-based film

that is formed in step 58. This silver-based film comprises the metallic layer in
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.

20
[0026]  In decision step 60, it is determined whether an additional pair of
dielectric and metallic layers needs to be included. The optical fiiter 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,

25  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

30 possible tailoring of the gold content within the silver-based film. With the
determinations at step 80 and step 64, the sequence of three films is repeated

at steps 54, 56 and 58.



wi ndow for which optical filtering is desired. A release |liner 44
remains in position in contact wth the nounting adhesive until the
assenbly is ready for attachnent to the window. A |am nating adhesive
46 secures a second PET substrate 48 having a hardcoat |ayer 50 to

t he other conponents of the 30 assenbly.9 8 be a web of transparent
flexible material, such as PET. Alternatively, the substrate may be a

|exible mterial such y t y be
51 0004] A st KRR YR Gottpleféf of ¥ facshGEiRelione ot dBhafiort £
In the pref esteﬁd_mectinyﬁ,,d%hfsidr][ldﬁeprﬁO]g;:edleﬁumged foss;fwdmd tién;é.ng
Sputtering technl gues., r the tirs Il mhas,.Qeen, deposite t

S - based { MPRES phiiskiis 288 getaliS lyars S SIHEAL 119 POBRAE EBIBAL o
lleast 15 nm M@mbﬂf@ﬁen‘{\ﬁtm@pﬁé@rré@ éﬁibohimeautis?oﬁéfthﬂqnélbeesiggé@wérc

| ayer. The zinc-based filmhas a zinc 10content of at | east

percent. §n PaiEs,mocthat decisionisien féend selrstipnisten €6 aepiisaresgaehgchand
sputter targ I a10]] } !

SPhe and 10 fiSe YaHREnSPARsUre OriAIPARSARRBEXAIIPOANY Uiy REECBE
?nd tﬂen _Ori tlieZ%@ce??ﬂ_[aQ%l hI éthte;zB]?c-Hmmd ( r,ffbrthqo%%ﬁdn?ﬁmcmskﬂedfﬂheyer
or the silver-pase Ifmtnat | S ornmed .Ln ste . | .

si | ver - based'Ms 3§ @BARS @cé:tég-t{]éh?réﬁe@q'% of B?'@m‘?%ﬁrse%ttsé%‘? 5§nm9|5d%s the

Fabry-Perot §iLbtigh of HPsilvel- Babsd Ryet Gpsh refirPRS &8pis4si | ver and i's

preferably at | east gS percent silver. %orro& on Pesi stance is
enhanced1@f gold is incorporated into the nmetallic layer. 20 [0026]In

di ol ctric aRe2Rhe alhil g SR EInERFAORS i Pridehs SEFlg. Bole Gptcal
filter in filter may then be attached to a window, although it is often common to

include other components, such as the hardcoat 50 of Fig. 2.
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accordance with the invention includes at |east two |ayer pairs, so
that the response is an affirmative one. Thus, the process continues
to step 64, 25 wherein it is determ ned whether tailoring of the
films should be provided for the second |layer pair. That is, it is
deci ded whether the three filns withimothe second | ayer pair shoul d
be the sane or different than the first pair. As previously

descri bed, the zinc-based filmof the first |ayer pair may be thinner
t han t he WEYaFabL-AIMEEDST or subsequent |ayer pairs. Al so described
was t he 30possible tailoring of the gold content within the
silver-based film Wth the determnations at step 60 and step 64,

t he sequencé. oA ntethodef praviding sn oepeldiled cahpsdieps 54, 56 and 58. 9

[ 0027] Upon conpl etion of the second executions of filmformations at
steps 54, 56 and 58, decision step 60 is encountered for a second
time. 1f two pair®rfingdilgyeeclatit 6n 2Rhsi#RE A Incladk PYEY §F dl€uSddd BétBINE
the process ends at step_ 62. However, the preferred enbodi nent is one
that i ncl udbgemsppeladingglghinigg gaghysaid pag byhat  deci si on step 64 and
selection step 66 again are reached and three additional filns are
formed. After the formation of the third |ayer pair, the process may
end at step 62. Howevdprmihgman frideuroasedriahsparank disleomicdilntdse firstl fiim &6
and 38 of Fi 1 he selection of paraneters at step 66 i.ncludes the
ol et ton of “Phdtleeldpes. 8P e AR tng S By iy o1 &

[ 0028] Wi | eleagatl.;shown in the process flow of steps of Fig. 3, the
optical filter may then be attached to a wi ndow, although it is often
comon to include other conponents, such as the hardcoat 50 of Fig.

2. 15 20 25 forming a zinc-based film as a second film of said dielectric layer,

said zinc-based film having a zinc content of at least 80 percent and having a
thickness of at least 15nm, said zinc-based film being in contact with the indium-

based transparent dielectric film; and

forming a silver-based film as said metallic layer, said silver-based

film being in contact with said zinc-based film.

2. The method of claim 1 wherein forming said layer stack to include said pairs
includes forming said zinc-based film of the 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.



10 WHAT IS CLAIMED 1S: 1. A method of providing an optical filter
conpri si ng: formng a | ayer stack on a substrate to include
pairs of dielectric and netallic layers, including defining each said
pair by: form ng an indiumbased transparent dielectric filmas a
first filmof said dielectric |ayer, daid transparent dielectric film
having a refractive index of at |east 1.1, formng a
zinc-based filmas a second filmof said dielectric |ayer, said

zi nc- based f | herasthedjokelsimt whergingleposiingiaid dlost inglodesdntentienalind
o R e At £ P ana
Cont act i 1 ¢ et podlingliteRREberctblBes SR Zhilf ANSEGuskl AP £actdbe

form ng a sil vistalpededn §4id sabagatsai d netal lic | ayer, said silver-based
filmbeing in contact with said zinc-based film2. The nethod of
claim1l wherein formng said | ayer stack to include said pairs

includes formng said zinc-based filmof the pair adjacent to said
substrate tqQ be thinner than said zinc-based fil mof each said pair

further frorm sHednehedetdtim 4 ghereesaidesiliercbased il fusthestiifost widhsubsiraie ng
AR Tilm o] o .
sai d silver- bagednfel k%w_a% Hf%gef Bg}gg&&ge AR AL PHIVRE bR Yith g?zggst

gold in which said go is 1 to control corrosion of s

| ayer stack. td%aidsubitratenet hod of claim 3 wherein depositing said
allow includes intentionally incorporating different percentages of
gol d anong silver-based filns on a basis of distance from said
substrate.

6. The method of claim 1 further comprising selecting said thickness of said zinc-
based film and selecting the percentage of said zinc content on a basis of

promoting formation of said silver-based film.

7. The method of claim 1 wherein form said indium-based transparent dielectric
films of said pairs of dielectric and metallic layers includes using sputtering

techniques to deposit the indium-based transparent diclectric films.

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

in the range of 15nm to 40nm.
9. The method of claim 1 further comprising attaching said layer stack to a window.

10. A filtering arrangement comprising:

a transparent substrate; and



5. The method of claim4 wherein said silver-based filmfurthest from
said substrate is formed to have a hi gher percentage of gold than
said silver-based fil mnearest to said substrate. 6. The method of
claim1 further conprising selecting said thickness of said
zinc-based filmand selecting the per¢entage of said zinc content on
a basis of pronoting formation of said silver-based film 7. The

met hod of claim1l wherein formsaid indiumbased transparent
dielectric films ofalkpgpistaskionsaidisubliteates gaid jayenstiatkringlading paitsayfer s

i ncl udes usi ' ni ' . i ndi um based

t ranspar ent h%%gﬁ{e&%%??%ét{lg? %E%Q’B%ag#gagd hglf E%lgg g’lfﬁngﬁtaﬂt’?m 1 wherein
formng said zinc-based provides {a] fn indiviybaskd esssphrment dielestain igm af a
15nm to 40n The.met hod. qf claim 1 further conprising attaching
o | oy e B e PSRl o, i bt A es TRt HaTifE & SHERRS g
a transpar epldesybsltiéaat e1; and 12 a layer stack on said
substrate, said |ayer stack including pairs of dielectric and

netal lic |ayers, eaéﬁl@dflaﬂedp@m agFetehQ mqfégld@glectnc layer, said zinc-based
[a] an indi Lel ' ' . fd rst. il f
ol o el ech I BAIEE 2 AR ASRER A R 88 bkl Sl YiAZa ldeSin he bt
refractive lhdexodf nat saidzse-bdsed film being in contact pithcaldasdidmftiaket as a
second filmof said .gi el.ectric |layer, said zinc-based filmhaving a
zi nc cont ent™BPIR {isLHC MM ent and having a thickness in the
range of 15 inn to 4QilvNgshl filnzisnamdiaaaitc ldyemshaisiietrighldcnt Reig i t h
sai d i ndium based transparent dielectric film and a silver
gol d fil m asondast ithetid|zincchbased, @i said silver gold filmbeing in
contact with said zinc-based film 11. The filtering arrangenent of
claim 10 wherein said zinc-based filmin the pair of dielectric and
netallic |ayers adjacent to said substrate is thinner than said
zinc-based fjlm of, each of the. ofher i airs,. .12. The filteri.n

ar r angenent E1)‘f ﬁ?ﬁ ftélf‘erﬁnff”\ia\ﬂ%e%‘?nﬁoé‘gﬁlﬁl g@fvgerg’inr‘?él-sdljzé.’écéﬁ‘s?crﬁlrw fnsth‘if’ﬂﬁgq in
oxi de or zinc dbleofisiabdmealliteladiel adjadett Bl sald sabta@b thifnea MRMAYIdRIce! Y

90 percent.
P 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 oxide or zinc aluminium oxide 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.



13. The filtering arrangenent of claim 10 wherein each said
transparent dielectric layer is indiumoxide. 14. The filtering
arrangenent of claim 10 wherein said silver gold filmin said pair of
dielectric and netallic layers that is furthest fromsaid substrate
has a hi gher gold content than said silfBver gold filmof each of the
other said pairs. 13 15. The filtering arrangenent of claim 10
wherein said substrate is attached to a window. 16. The filtering

ar r angenent 1&f Th¢ Altennprriangenuent afcleim e wherketh soisl substrte idiastaded td © and
netal lic |ayerg; 4¢& The filtering arrangenent of claim 10 wherein
each said transparent dielectric filmis In203.

16. The filtering arrangement of claim 10 including three said pairs of dielectric and

metallic layers.

17. The filtering arrangement of claim 10 wherein each said transparent dielectric
film is 111203.



