2 6 AUG 2005 WO 02/ 060686 PCT/ 13S02/02559 5 ROBUST HI GHLY REFLECTI VE OPTI CAL
CONSTRUCTION Field of the Invention The present invention relates to
optical constructions, and nore particularly to opti cal constructidh&AHﬁQWhg
an optically transm ssive substrate material coated with a robust highly
reflective optical |layer. 10 Background of the Invention Optical conponents
such as wavegui des are generally designed to confine and direct the
pr opagat ivame@afeodsh ght waves for many applications. I n apphi/gakioenrs 15 that
rely on the reflection and transm ssion of light, significant gains in
performance can be made when highly reflective materials are used in
conbination with optically transm ssive nmaterials. For exanple, a step-index
fiber optic is conposed of a thin strand of concentric |layers of optically
transm ssive materials- a central optical nmedium (i.e., the core) and a
surroundi ng 20 optical medium (i.e., the cladding), the latter having a
| ower index of refraction. Light is channeled through the core. During
transm ssion, the light often travels to the boundary of the core and
cl adding, where it is reflected back towards the core 1 2 6 AUG 2005

ROBUST HIGHLY REFLECTIVE OPTICAL CONSTRUCTION

5 Field of the Invention

The present invention relates to optical constructions, and more
particularly to optical constructions having an optically transmissive substrate
material coated with a robust highly reflective optical layer.

10

Background of the Invention

Optical components such és waveguides are generally designed to confine

and direct the propagation of light waves for many applications. In applications

15 that rely on the reflection and transmission of light, significant gains in
performance can be made when highly reflective materials are used in
combination with optically transmissive materials. For example, a step-index

fiber optic is composed of a thin strand of concentric layers of optically
transmissive materials- a central optical medium (i.e., the core) and a swrrounding

20  optical medium (i.e., the cladding), the latter having alower index of refraction.
Light is channeled through the core. During transmission, the light often travels to

the boundary of the core and cladding, where it is reflected back towards the core



WO 02/ 060686 PCT/ US02/ 02559 by total internal reflection. However, total
internal reflection is not total, as sone of the light is lost, for
exanpl e, due to scatter induced by inperfections within the core or 2 BtAUGHE05
core/ cl addi ng boundary. 5 To reduce this loss, a reflective |ayer can be
applied over the surface of the cladding along the length of the fiber
optic. The reflective layer significantly increases the anount of |ight
directed back to the core and inproves the overall [light transm ssion

t hrough twie ot/pdoesc optic. 10 Ideally, the reflective | ayReT/is@®235A opti cal
conponents shoul d possess a high reflectance characteristic over a broad
spectrumof light and over all incidence angles of reflectance. Silver is
one nmetal known to possess a high reflectance value. Silver has a

refl ectance of about 98% over the entire visible |light spectrumat norma

i ncidence. Silugro@l SRnSUsdfRERS. aHDWER: 6] BetRDfRleOfonkio ndtiotl, 905mE OF
off-normal |ight at near grazing incidence angles. In conparison, alum num

a nore comonly f [ Ve I. refl ance -of
Sbout 93% at ndt itk SilgEribL ¥eeR B, FRLAL Bl RUREREAS By [BLLSK
precipitously to 75% for |ight.at grazing incidence angles. 20 Although
si | ver possessé?“@%&%ﬂ?éﬂ?k%%@Fg P racteristics; there are several
probl ens associated with the use of the reflective netal. Silver has a
tendency to wundesirably tarnish when exposed to the atnosphere, especially
in the presence of 2 2 6 AUG 2005

5 To reduce this loss, a reflective layer can be applied over the surface of the

cladding along the length of the fiber optic. The reflective layer significantly
increases the amount of light directed back to the core and improves the overall

light transmission through the fiber optic.

10 Ideally, the reflective layer used in optical components should possess a
high reflectance characteristic over a broad spectrum of light and over all
incidence angles of reflectance. Silver is one metal known to possess a high
reflectance value. Silver has a reflectance of about 98% over the entire visible
light spectrum at normal incidence. Silver also sustains a high reflectance of

15 about 96% for off-normal light at near grazing incidence angles. In comparison,
aluminum, a more commonly used reflective-layer material, possesses a
reflectance of about 93% at normal incidence. The reflectance of aluminum drops

precipitously to 75% for light at grazing incidence angles.

20 - Although silver possesses excellent optical characteristics, there are several
problems associated with the use of the reflective metal. Silver has a tendency to

undesirably tarnish when exposed to the atmosphere, especially in the presence of



WD 02/ 060656 PCT/ US02/ 02559 corrosive gases and contam nants, including

sul fur dioxide, hydrogen sulfide, nitrogen dioxide, ozone, hydrogeQ{SAUGZWS
chloride, chlorine, and organic acids. It is known that |ong-term
performance of silver coatings is rarely, if ever, guaranteed by commerci al
coating facilities based on the aggressive nature of silver tarnishing 5
brought on by ordinary exposure to the environnent, along with the | ack of
sui t abl y way@los@é € protective neasures whi ch have been mutesmssisab|ly tested
under corrosive conditions. Further, silver's adherence to optically

transm ssive substrate materials, 10 including glass or polyneric materials
such as polynethyl nethacrylate, is noderate at best. Pol ynethyl

nmet hacrylate is a lowcost acrylic resin frequently wused in the fabrication

opt i cal _const r SORTAT ee ra ooy ARG R A ACEES bR teR i e o
| moroved’ r esi SERREE: Aguidte 0ousy FUPER CLHAc ARARER T TE oo | Hpr oved
optically effective performance and | onger |asting oggrating life. 3 26
AUG 2005 W O 0kpavex eBRnpGTmusoeronss of sivsy aestiveols rakly, ifmyengiennteed

by commercial coating facilities based on the aggressive nature of silver tarnishing
5  brought on by ordinary exposure to the environment, along with the lack of
suitably available protective measures which have been successfully tested under

corrosive conditions.

Further, silver’s adherence to optically transmissive substrate materials,
10  including glass or polymeric materials such as polymethyl methacrylate, is
moderate at best. Polymethyl methacrylate is a low-cost acrylic resin frequently

used in the fabrication of optical components.

For the foregoing reasons, there is a need for an optical construction

15 having a highly reflective coating that adheres favorably to a range of optically
transmissive materials and that possesses improved resistance against corrosion

and tarnishing to provide improved optically effective performance and longer

lasting operating life.



The present invention is generally directed to an opti cal construction for

opti cal conponents such as hollow and solid wavegui des, solid and h 2005
light 5 pipes, fiber optics, prisns, mcrostructured sheets, curved nlnorg
(ellipsoidal, parabolic, etc.), piano mrrors, and other optics having

topographic forns. The optical construction of the present invention is
designed to maintain high optical performance and |ight transm ssion
t hrough the optical conponent in the presence of potentially corrosive
subst ance® i2nedesdi ng sul fur di oxi de, hydrogen sul fide, HOv/edoepzgen di oxi de,
ozone, hydrogen chloride, chlorine, organic acids and the |ike, which are
present in the atnosphere at least in trace anounts. The opti cal
construction of the present invention is especially useful in optical
conponents where a higlily reflective surface conposed of a nmetal such as 15
silver is desired. The opti cal cq&&%&yfgfmgph%?ﬁﬁither adapted to provide
favorable durability and preservatron o e nighly reflective surface in
the optical conponent w thout neasurably degrading the total reflectance
qualities of the optical conponent. 20 In one aspect of the invention, the
optical constructiop generally conprises optically ansn155|ve
substrate adapted f%PBBF??EH% ft ngwﬁﬁﬁélY egggﬁtmlPﬂéF-f%ﬁ%ﬂﬁwnﬂpth a
highly reflective |ayer conposed of a highly reflective netal 4 2 6 AUG 2005
WD (12/ 060686 Pmival uSopeEes59chaplioreandowlif eavegiidesceoligrand hellewdieht at e, and
bonded thereto. Overlying the

5  pipes, fiber optics, prisms, microstructured sheets, curved mirrors (ellipsoidal,

parabolic, etc.), plano mirrors, and other optics having topographic forms. The
optical construction of the present invention is designed to maintain high optical
performance and light transmission through the optical component in the presence
of potentially corrosive substances including sulfur dioxide, hydrogen sulfide,
10 nitrogen dioxide, ozone, hydrogen chloride, chlorine, organic acids and the like,

which are present in the atmosphere at least in trace amounts.

The optical construction of the present invention is especially useful in

optical components where a highly reflective surface composed of a metal such as

15  silver is desired. The optical construction is further adapted to provide favorable
durability and preservation of the highly reflective surface in the optical
component without measurably degrading the total reflectance qualities of the

optical component.

20 _ In one aspect of the invention, the optical construction generally comprises
an optically - transmissive substrate adapted for efficiently channeling light

therethrough with a highly reflective layer composed of a highly reflective metal



highly reflective netal layer and firmy adherently bonded thereto is a
protective |ayer conprised of a parylene polyner film The parylen @ﬁbyﬂﬁé
protective |ayer as used in the present invention serves to isolate
reflective | ayer fromexposure to external elenents such as anbient

at nosphere, corrosive substances, salt, humdity and the |ike. Such external
el ements can cause the destruction and degradation of the netal reflective

| ayer ovweo ot/bawesct hr ough t arni shi ng, breakdown, del ai ni matrivsoe/0203Y

di scoloration, 10 resulting in the loss of its reflectivity. The paryl ene
pol ynmer protective |layer further inproves the reflective |ayer's resistance
to nmechani cal deformation and delarnination as indicated by a tape-pul

test described hereinafter. Optionally, the optical construction of the

present i nven tdeB?snt%a rbn [t sh?fr tljlen&lgycga?e EE%L Uz eQ 0 rg)\;erlggl | gyer

appl i ed betwe & surface of rate an e re 1 ectl °Iayer to
strengthen th é nd erebet sion- pr ing.l ayer as used in
t he present ﬁU ﬁi’ Yﬁfcg}’egﬁ’le?a rH‘E’F 6@’&3“{ Pié’on%gﬁé‘ir?%ds BT ACEH Ct he
functi onal reflectlve nmet al Ia er and the optically transm ssive substrate
for inproved rlarseapcEdagarasicrgepirat Bdti on where the 20 reflective |ayer
physically separates fromthe optically transm ssive substrate resulting in
degraded performance and reduction in reflectivity. Further, the 5 2 6 AUG
2005 WO 02/ 0611686 PCTft 1S02/ 02559 adhesi on-pronoting | ayer pronotes
uni form ty sand consfigt gitgynd poly@tl ptdciiee layer as used in the present invention

serves to isolate the reflective layer from exposure to external elements such as

ambient atmosphere, corrosive substances, salt, humidity and the like. Such

external elements can cause the destruction and degradation of the metal reflective

layer over time thwough tarnishing, breakdown, delamination, or discoloration,

10 resulting in the loss of its reflectivity. The parylene polymer protective layer

further iraproves the reflective layer’s resistance to mechanical deformation and .

delamination as indicated by a tape-pull test described hereinafter.

Optionally, the optical construction of the present invention can further

15  include an adhesion-promoting layer applied between the surface of the substrate
and the reflective layer to strengthen the bond therebetween. The adhesion-
promoting layer as used in the present invention significantly improves the
adhesion between the functional reflective metal layer and the optically
tranismissive substrate for improved resistance against delamination where the

20 reflective layer physically separates from the optically transmissive substrate

resulting in degraded performance and reduction in reflectivity. Further, the



properties of the reflective |ayer along the substrate/reflective |ayer
interface. In an alternative formof the invention, a wavegui de stzgféwfﬁo
such as a 5 fiber optic, conprising an optically transm ssive gla 5
polymer material, is coated with an adhesi on-pronoting | ayer of the oxide
formof a netal or netalloid. A silver reflective layer is applied in
contact with the adhesion- pronoting |ayer. A protective |ayer of a paryl ene
polymer filmis applied over the silver reflective |layer to prevent the
silver fmwonlesasng its high reflective luster or 10 fromedesemeisati ng or
degradi ng due to corrosive agents in the environnment such as anbient air.
The preferred formof the invention forns a robust highly reflective

paryl ene/ sil ver/ net al - oxi de/ wavegui de structure with inproved perfornance
qualities including |onger operating life. 15 20 Brief Description of t he
Drawi ngs Var i ol SBRQHARNS 1496 tpP&natégV%mfa)rﬁmaaﬁd d656LibRGdid NeglRtigl | bel ow

with reference to the drawings, In which i1 ké itens are identi ed by t he
sane reference Q E |onaI vi ew .of
an optical congvP ?@ﬁhﬁégkﬂﬁﬁqgﬁﬁabﬁ hﬁ%ﬁﬁpﬁmb%y%nﬁéﬁéajﬁﬁ Fistrative of
one enbodi ment of the present invention; 6 2 6 AUG 2005 WO 02/ 060686

PCT/ USQ2/ 02559

In an alternative form of the invention, a waveguide structure such as a

N

fiber optic, comprising an optically transmissive glass or polymer material, is
coated with an adhesion-promoting layer of the oxide form of a metal or
metalloid. A silver reflective layer is applied in contact with the adhesion-
promoting layer. A protective layer of a parylene polymer film is applied over the
silver reflective layer to prevent the silver from losing its high reflective lustel.' or
10 from delaminating or degrading due to corrosive agents in the environment such
as ambient air. The preferred form of the invention forms a robust highly
reflective  parylene/silver/metal-oxide/waveguide structure with improved

performance qualities including longer operating life.

15 Brief Description of the Drawings

Various embodiments of the invention are described in detail below with
reference to the drawings, in which like items are identified by the same reference

designation, wherein:

Figure 1 is a cross sectional view of an optical construction having a

highly reflective layer illustrative of one embodiment of the present invention;



Figure 2 depicts a schematic diagram of a paryl ene vacuum evaporati on

deposition reactor systemfor depositing a parylene polyner filmto nake an
optical construction in accordance with the principles of the preseng AUG 2005
invention; 5 Figure 3 is a cross sectional view of an optical construction

having a highly reflective layer illustrative for a second enbodi nent of
the present invention; 10 Figure 4 is a cross sectional view of an opti cal
const ruchigdddei ng a highly reflective layer illustratpegpu$anzaothird

enbodi ment of the present invention; Figure 5 is a cross sectional view of a
fiber optic wavegui de conprising the optical construction in accordance with
the present invention; 15 Figure 6 is a graph plotting the silver corrosions
rates for various sanples exposed in the presence of anmbient air; and Figure
7 is a graph plotting the silver corrosion rates for various sanples 20
exposed in the presence of an amonium sul fide solution. 7 2 6 AUG 2005 WO
1021060686 PCT/ US02/ 02559 Hgscription of the Invention and Preferred

Enbodi nent s The preEGHE 7 ASRREI DI PR aram of AiPreere oy rv Bprtan

construction and a nmethod of maki ng such optical constructions. The optical
construction ofienogiicn reactor system for depositing a parylene polymer film to make an

optical construction in accordance with the principles of the present invention,;
5 L}
Figure 3 is a cross sectional view of an optical construction having a

highly reflective layer illustrative for a second embodiment of the present

mvention;

10 Figure 4 is a cross sectional view of an optical construction having a

highly reflective layer illustrative for a third embodiment of the present invention;

Figure 5 is a cross sectional view of a fiber optic waveguide comprising
the optical construction in accordance with the present invention;
15
Figure 6 is a graph plotting the silver corrosions rates for various samples

exposed in the presence of ambient air; and

Figure 7 is a graph plotting the silver corrosion rates for various samples

20  exposed in the presence of an ammonium sulfide solution.



5 present invention includes a substrate, a highly reflective |ayer, an

opti onal adhesion-pronoting |ayer in contact between the substrate_gn he
reflective layer, and a protective |layer conprising a paryl ene poﬂjﬁgu 1105 m
overlaying the reflective layer. The optical construction of the present
invention provides favorable optical qualities with inproved adherence of
the reflective layer to the 10 substrate and inproved resistance to
corrosion and tarnishing for a longer operating Iife. The substrate

mat er i al wapsb@ssel ected fromthe group consisting of gtBsszandyorgani c

pol ynner - based materials such as pol ynethyl nethacrylate (PMVA), for
exanple. 15 In the present invention, the parylene polynmer filn, useful as a
protective |ayer, has the follow ng pol yner repeat unit structure: n 8 2 6
AUG 2005 WD 02/ 060656 PCT/ US02/ 02559 where "n" indicates the nunber of

repeating units in the ]§etsEH]Ct% }olﬁro‘:f"the-lilqgenggﬂ Xxl@!-eﬁfen%’E&%‘%&jgﬁ%%ti ng may be
exenplified in three f sing varying

degrees of chlorination. The three forns include parylene N as shown abaqve
with no chlorine atons, parylene C which is produced fromthr 5 sanme nononer
as parylene N and is further nodified by the substitution of a chlorine
atom for one of theThe pigsant envaytehndg aensrallaseregiad {0 aneptitalwiepethictien agd oduced
fromthe sane nononer as parylene N and is further nodified by the
method of making such optical constructions. The optical construction of the
5  present invention includes a substrate, a highly reflective layer, an optional
adhesion-promoting layer in contact between the substrate and the reflective layer,
and a protective layer comprising a parylene polymer film overlaying the
reflective layer. The optical construction of the present invention provides
favorable optical qualities with improved adherence of the reflective layer to the
10 substrate and improved resistance to corrosion and tarnishing for a longer
operating life. The substrate material can be selected from the group consisting of

glass and organic polymer-based materials such as polymethyl methacrylate

(PMMA), for example.

15 In the present invention, the parylene polymer film, useful as a protective

layer, has the following polymer repeat unit structure:



substitution of two clilorine atons for two of the aromatic hydrogens. 10
Wth reference to Figure 1, there is depicted an optical construction
illustrative for one enbodi nent of the present invention. W note th?%‘ﬂ&%m
t hi ckness of the corresponding elenents in the construction are not dra @
scale, and is shown for illustrating the general structure and

rel ati onships thereof. The optical construction denoted herein by reference
nuneral 1®0 @adndse applied for 15 the fabrication of a rRGigeSEO2Y¥Pti cal
conponents where a highly reflective surface conposed of a netal such as
silver, is desired. The optical construction 10 generally conprises an
optically transm ssive substrate 12 for efficiently transmtting and
directing light therethrough, a 20 reflective |layer 14 preferably conposed

of @ highly Tefhagld 4e iffBtals BUGAnGS GHt¥efing WARGK ulRROShILITRN,LOR,SUr face
of the optically transm ssive substrate 12, and a protective I%y r 16

preferably conposed of a.paryl ene pol y. film Preferably, 9 2.6 AUG 2005
WO 02/ 060686 PCPITFED STRURSEY (18 LUMPHIE 3t t{“ﬁee Qs O Speatoss ‘é’“‘gpetafbal ly.
snoot h and substantially free from QEpical i perfections tq provide_ the
hi ghest specul afPPBRTREYHHIEE deges fifhfqmation Thebres fAany melude paigre hb

optionally treated to pronote adhesion with the reflective |ayer 14

i ncl udi ng, but @A&shdwWmiiome Wi, nopthdemg ateres thaeiane 45 whsh ds phddcddnfrgIng: Pat 5

No. 5,982,546, the content of which is incorporated herein by reference to

the extent fhatahdercmomsr aO pagiRhe NCtnd is further modified by the substitution of a
chiorine atom for one of the aromatic hydrogens, and parylene D which is

produced from the same monomer as parylene N and is further modified by the

substitution of two chlorine atoms for two of the aromatic hydrogens.

10 With reference to Figure 1, there is depicted an optical construction
illustrative for é)ne embodiment of the present invention. We note that the
thickness of the corresponding elements in the construction are not drawn to scale,
and is shéwn for illustrating the general structure and relationships thereof. The
optical construction denoted herein by reference numeral 10, can be applied for

15  the fabrication of a range of optical components where a highly reflective surface

composed of a metal such as silver, is desired.

The optical construction 10 generally comprises an optically transmissive

substrate 12 for efficiently transmitting and direcﬁng light therethrough, a

20  reflective layer 14 preferably composed of a highly reflective metal such as silver
vapor-deposited on the surface of the optically transmissive substrate 12, and a'

protective layer 16 preferably composed of a parylene polymer film. Preferably,



The optically transm ssive substrate used for fabricating optical
conponents such as fiber optic wavegui des can be selected froma range of 10
mat eri al s dependi ng, for exanple, on the application, the desired 25AUGZM5
performance characteristics, the cost, and the characteristics of the
transmtted light. The optically transm ssive substrate 12 can be conposed
of glass or polyner material. The polyner materials can include organic
pol ymers such as pol yhydrocarbons, pol yoxyhydrocarbons,

pol ysul fwbweimesr bons, and fl uorocarbon and 15 fl uor ohydrwserhen materi al s,
as well. Representative organic polyners include polyesters such as

pol y(et hyl enet er epht hal ate) and pol y(butyl enet erepht hal ate), pol yacryl ates
and net hacryl ates such as poly(nmetlryh nethacrylate) (PMvV1A),
poly(nethacrylate) and poly(ethylacrylate) copolyners such as

pol y( met hyl nmet | at 0 Iate and onal rocar bon
20 pol yners suchs ‘é% L%?I { EVRL g‘fo‘%‘@oﬁ” T f‘ﬁ’?BI@?ﬁrs known
in the art can be used as well. Nbre preferably, t he poléb material is

\

PMWA. 10 2 6 ABticagomeiistions eprogds (pdTghesuaroigseiieyanse y¥acs ofan be
used as optically transm ssive substrate materials, particularly in
appl i cati ons wheswsirate 1Bi qarfoe iopgenade tiested @sprosdie ﬁhcdilorpwltlyﬁensﬂedtiwel ude
CR-39 allyl diglycol carbonate resin marketed by PPG I ndustries of
Pi ttsburgh, Pasrsybvadiding @t hO0RnRChOplbinhatitGe@Cds\Hestibé®E U.9r®aket ed by 5
Hitachi Chem cal Co., Ltd. of Tokyo, Japan; CALIBRE 1050 DVD pol ycarbonate

5 No. 5,982,546, the content of which is incorporated herein by reference to the

extent that there is no conflict.

The optically transmissive substrate used for fabricating optical

components such as fiber optic waveguides can be selected from a range of

10 materials depending, for example, on the application, the desired performance
characteristics, the cost, and the characteristics of the transmitted light. The
optically transmissive substrate 12 can be composed of glass or polymer material.

The polymer materials can include organic polymers such as polyhydrocarbons,
polyoxyhydrocarbons,  polysulfohydrocarbons, and  fluorocarbon  and

15 fluorohydrocarbon materials, as well. Representative organic polymers include
polyesters such as poly(ethyleneterephthalate) and poly(butyleneterephthalate),
polyacrylates and methacrylates such as poly(methylmethacrylate) (PMMA),
poly(methacrylate), and  poly(ethylacrylate), copolymers such  as
poly(methylmethacrylate-co-ethylacrylate) and polycarbonates. Fluorocarbon

20 . polymers such as TEFLON and the various fluorohydrocarbon polymers known in

the art can be used as well. More preferably, the polymer material is PMMA..

10



resin marketed by Dow Engi neering Plastics of Mdland, Mchigan; MAli ROLON
DPI - 1265 pol ycarbonate resin marketed by Bayer Corporation of Pittsburgh,
Pennsyl vani a; PLEXI GLAS VOD- 100 acrylic nolding resin marketed by gﬂ'g\]:B'NA
Chemicals, Inc. of Philadel phia, Pennsylvania, TOPAS cyclo-ol efin 109 AUG 2005
copol ynmer resin marketed by Ticona of Summt, New Jersey; ZEONEX cycl o-

ol efin polyner resin marketed by N ppon Zeon Co., Ltd of Tokyo, Japan; and
the |ikeo Mdbeugh not a limtation to the applicati opcpisslahssyi nvention,
the plastic or 15 polynmer material can be clear, transparent, and optically
transm ssive. Wien used in context of plastic or polyner materials, the

terns "clear", "transparent”, and "optically transm ssive" neans a plastic
or polymer that, in its configuration of wuse, exhibits transm ssion over a
desired range of | engt hs. Thg Bolyner-.a?lased substrabtie_s themseI\I ves are
commerci al |y avai | atiPe REFYRER Bk Op FIIAS SUERIY ZFIFRISFE T SUOSHES BRSEHRDr ocesses

and do not, in and of thenselves, constitute an aspect of this invention.
" The pol yner subsdiculrlysincmpligptionoiher oyt arefoigenrebisdicsized. shishtpplymdars? 6 AUG
2005 WO 02/ 060686 PCT/ US02/ 02559 filns, or coatings applied or |am nated
ont o nonpol yndn¢lades @HR-3T elyls diglycab cabbmte adsth gladlesed ThéPGelddestiey efl ayer 14
of the optical construction 10 shown in Figure 1 is 5 preferably nade up of
one or nore fungdtuenal Pl id heL-1008 S§sRalitahic rRHIBOLANC Sarketed by -
5  Hitachi Chemical Co., Ltd. of Tokyo, Japan; CALIBRE 1080 DVD polycarbonate
resin  marketed by Dow Engineering Plastics of Midland, Michigan;
MAKROLON DP1-1265 polycarbonate resin marketed by Bayer Corporation of
Pittsburgh, Pennsylvania; PLEXIGLAS VOD-100 acrylic molding resin marketed
by ATOFINA Chemicals, Inc. of Philadelphia, Pennsylvania, TOPAS cyclo-olefin
10 copolymer resin marketed by Ticona of Summit, New Jersey; ZEONEX cyclo-

olefin polymer resin marketed by Nippon Zeon Co., Ltd of Tokyo, Japan; and the

like.

Although not a limitation to the application of this invention, the plastic or

15  polymer material can be clear, transparent, and optically transmissive. When used
in context of plastic or polymer materials, the terms “clear”, “transparent”, and
“optically transmissive” means a plastic or polymer that, in its configuration of

use, exhibits fransmission over a desired range of wavelengths. The polymer-
based substrates themselves are commercially available or can be prepared by

20 various art-known processes and do not, in and of themselves, constitute an aspect

of this invention. The polymer substrates can be formed into solid bodies, sheets,

11



val ues such as silver, copper, gold, palladium iridium rhodium
conbinations in the fornlof all oys thereof, and the like. Anbng these
netal s, copper, silver, and gold are preferred with silver being 7 6eAlfoggs
preferred netal for the visible range of light. The reflective | ayer 14
conprising a netal or an alloy of netals, can be 10 deposited onto the
optically snooth surface of the optically transm ssive substrate 12 through
conventional |l y known deposition nethods such as cathode sputtering, vacuum
evapor atw®mh/®begyapor - phase deposition techniques for apdhispbness rangi ng
from about 100 to 10,000 A, preferably 500 to 3,000 A, and nore preferably
from about 1000 to 3,000 A Individual netals can be used, or a plurality
of layers of 15 different netals or layers of alloys of these netals can be
used, if desired. In another embodinent of the present invention, the
reflective layer 14 of. the o structl 10 is.encl sed agg seal ed

T ol ent B0ee Bhnes Moy (R iRyiaf el B SPhesiindit SR ERobel SmaRh: et

corrosion and tarnishing. The protective 20 |layer 16, in the formof a

paryl ene pol yRBfe@s-m is vapor deposited on the surface of the reflective
| ayer 14 distal fromthe optically transm ssive substrate 12. The 12
26AUG2005 WD 02/ 4160686 PCT/ US02/ 02559 paryl ene pol yner protective |ayer 16,
as applied, forms a continuously uniformcoating as will be further

descri bed. The par yilhealepdeylapsr 1#idf mheadptitdl@oftratesit 10vshoha)e Figie Casn be

conposed of 5 parylene N, parylene C, parylene D, or conbinations or
m xtures tBer gpfferalf8nade up of one or more functional metals that possess high reflectance
values such as silver, copper, gold, palladium, iridium, rhodium, combinations in
the form of alloys thereof, and the like. Among these metals, copper, silver, and
gold are preferred, with silver being the most preferred metal for the visible range
of light. The reflective layer 14 comprising a metal or an alloy of metals, can be
10 deposited onto the optically smooth surface of the optically transmissive substrate
12 through conventionally known deposition methods such as cathode sputtering,
vacuum evaporation or vapor-phase deposition techniques for a thickness ranging
from about 100 to 10,000 A, preferably 500 to 3,000 A, and more preferably from

about 1000 to 3,000 A. Individual metals can be used, or a plurality of layers of

15  different metals or layers of alloys of these metals can be used, if desired.

In another embodiment of the present invention, the reflective layer 14 of
the optical construction 10 is enclosed and sealed from ambient by the protective
layer 16 for optimal protection against corrosion and tarnishing. The protective

20 . layer 16, in the form of a parylene polymer film, is vapor deposited on the surface

of the reflective layer 14 distal from the optically transmissive substrate 12. The

12



paryl ene polymer filmcan be conposed of an interpolyner of nononers of

paryl ene variants of varying mxture ratios. The thickness of the paryl ene
polymer filmof the protective layer 16 is preferably at |east 0.00QL5 AUbogs
preferably in the range of from about 0.001 to 0.0001". W note that the
actual 10 thickness of and the m xture ratios of the variants in the

paryl ene polyner protective |layer can be adjusted according to the

appl i cat Wy kGqyi renents, the reflective |ayer netal psagkohies desired
effect, the duration of effect, and the types of expected contam nant

exposures and the like, and may be readily determi ned by one skilled in the
art. 15 The parylene polyner filmcan be optionally processed using suitable
anneal ing or heat-treatnent techniques to inprove the chem cal resistance
and durability of the coating as will be described. The term "anneal i ng" or
"heat- treati ngYESe RONEREBFUTHVT HYEr 40485 apRYedy (RS BRNtiNBRUS BRioHY a
substance or material 20 with heat followed by cooling to nodify or alter
‘the structural cgatigas wilkbe Oftherdsscribe@at ed substance or material. 13 2 6 AUG
2000 WO 02/ 060686 PCT/ US02/ 02559 I n accordance with the present invention
the parylene polyner filmis applied through a coating process using
conventional ly known vapor phase deposition or vacuum evaporation

deposi tion techni quege pddlehSpdipder SihPO0ht Ratectid@layer 16 can be composed of

-

5 parylene N, parylene C, parylene D, or combinations or mixtures thereof. The
parylene polymer film can be composed of an interpolymer of monomers of
parylene variants of varying mixture ratios. The thickness of the parylene
polymer filia of the protective layer 16 is preferably at least 0.0001”, moie
preferably in the range of from about 0.001 to 0.0001”. We note that the actual

10 thickness of and the mixture ratios of the variants in the parylene polymer

protective layer can be adjusted according to the application, requirements, the
reflective layer metal used, the desired effect, the .duration of effect, and the types
of expected contaminant exposures and the like, and may be readily determined by
one skilled in the art.

15

The parylene polymer film can be optionally processed using suitable
annealing or heat-treatment techniques to improve the chemical resistance and
durability of the coating as will be described. The term “annealing” or “heat-
treating” as used herein refers to any processes for treating a substance or material

20  with heat followed by cooling to modify or alter the structural properties of the

treated substance or material.
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present invention can utilize any suitable comrercially avail abl e nethod for
5 appl yi ng paryl ene polyner on a surface as known by one skilled in the art.
As an illustrative exanple, one process for applying a paryl ene ppIAGONS

coating is described in U S. Pat. No. 3,342,754, the disclosure of which is
hereby incorporated by reference inits entirety to the extent that no
conflict exists. It is 10 understood that the invention is not limted to
the use of this process. Wth reference to Figure 2, a general schenmatic

di agram @b eavodvessi ¢ paryl ene vacuum evapor ati on deposi trconsoeasioor system 40
for carrying out the vacuum evaporation deposition process described in

U S Pat. No. 3,342,754, is 15 shown. As noted above, there are many known
systens and processes known in the art for applying a polynmer filmon a
substrate. The follow ng description of system40 provides an illustration

of Uhe process ¢ haty Yo B8 4360k LR pEORL 1S by, HPRLLALE ol b, Ry ene

pol ynmer | ayer. The sys can constructed us C
avai |l abl e conpongq{s an part§ as_known bg those.shk}ifd inthe art. 20 Wth
further refer éWEESY SRR ACEINE HEOES LERAR A0 LIPS LAY 23805 PRfEon
chanber 42, a cracking chanber 44, a deposition chanber 46, and a vacuum
punp 14 26AUGROSSIYI O2/20806 SGrPEtioudepsition shaiguesTbis\iaderstapd thep theg
operates to evacuate the air fromthe interior of the

. present invention can utilize any suitable commercially available method for

5  applying parylene polymer on a surface as known by one skilled in the art. -

As an illustrative example, one process for applying a parylene polymer
coating is described in U.S. Pat. No. 3,342,754, the disclosure of which is hereby
incorporated by reference in its entirety to the extent that no conflict exists. It is

10 understood that the invention is not limited to the use of this process.

With reference to Figure 2, a general schematic diagram of a basic
parylene vacuum evaporation deposition reﬁctor system 40 for carrying out the
vacuum evaporation deposition process described in U.S. Pat. No. 3,342,754, is

15 shown. As noted above, there are many known systems and processes known in
the art for applying a polymer film on a substrate. The following description of
system 40 provides an illustration of the process that may be used for coating a
sﬁbstrate with a parylene polymer layer. The system 40 can be constructed using
commercially available components and parts as known by those skilled in the art.

20

With further reference to Figure 2, the system 40 comprises a vaporization

chamber 42, a cracking chamber 44, a deposition chamber 46, and a vacuum pump

14



system 40. The vapori zation chanber 42 is adapted to heat a sanple of the

di - p- xylylene diner under vacuum at an el evated tenperature sufficient to
vapori ze the dinmer. Under vacuum conditions, the vaporized dinmer ragigﬂm%gm
inall directions 5 within the chanber 42. The vaporized di ner proc g St

t he cracki ng chanber 44 where the dimer is heated to a tenperature of |ess
than 700C, preferably between 450C and 700C, and nore preferably at about
680C for wg Gukdskei ent tine at a pressure 10 such that tda/sepersspressure is
below 1.0 nun Hg, to fonn a parylene diradical nononmer of parylene. The
paryl ene diradi cal nononmer proceeds to the deposition chanber 46 where the
di radi cal nononer condenses and polynerizes at a tenperature of | ess 15 than
200C, preferably below the ceiling condensation tenperature of the paryl ene

di radi cal nonongr,.and nore preferably at roomtenperatuye. on the cooler
surface of th gg'r P SRR pH’EP a- %‘ﬂ%dmc?b'?‘?uéﬁl tﬁ1§7 r‘I’Prr Q78 (S WISFIOT Qi 4% 1 at e.
The condensation of the diradical nononer yields a tough, |inear,

‘non- f | uor escensysgdt §edhe Tarorizatww digmpent? 18 8dapsedclorhsalca sanploot the dspst em 40
to ensure that the process is 20 carried out in an evacuated atnosphere for
~optimal processylplgne dne2 ubdeAvE 1208 Al 20 6OGRGRNRETHHSERY 10 23p&1ZEithe vacuum
evaporation techni que of depositing parylene polyner provides several
advant ages. Theinfdrr Sindes viduak dodgitioAsThé eaReEre! Winfr ¢aRASd fnl ANdirections

5 within the chamber 42.

The vaporized dimer proceeds to the cracking chamber 44 where the
dimmer is heated to a temperature of less than 700°C, preferably between 450°C
and 700°C, and more preferably at about 680°C for a sufficient time at a pressure

10 such that the vapor pressure is below 1.0 mm Hg, to form a paryleﬁe diradical

monomer of parylene.

The parylene diradical monomer proceeds to the deposition chamber 46

where the diradical monomer condenses and polymerizes at a temperature of less

15  than 200°C, preferably below the ceiling condensation temperature of the parylene
diradical monomer, and more preferably at room temperature on the cooler surface

of the reflective metal-coated optically transmissive substrate. The condensation

of the diradical monomer yields a tough, linear, non-fluorescent polymer. The
vacuum pump 48 is connected to the system 40 to ensure that the process is

20  carried out in an evacuated atmosphere for optimal processing.

15



process enables a range of substrates to be coated with paryl ene pol yner
films. The second is the formation of a highly conform ng and uniformy
continuous coating on substrates with conplex shapes. The third is h U ’
capability to form very thin coating |ayers while remaining continuous g#@
uniformfor precise coating control. Wth particular reference to Figures 1
and 2, the overall process of making 10 the optical construction of the
present invention will now be described. In a preferred formof the optical
const r uct@noddse t he construction is forned by vapor depossoziorgsa sil ver
 ayer 14 onto the optically snooth surface of a PMMW A-based optically
transm ssive substrate 12. The reflective netal-coated optically

transm ssive substrate is placed into the deposition chanber 46 of the
reactor 40, 15 and suitably positioned for exposing the outer surface of the

reflective silver mptal,, fyt %fa%&%ti&?rtéféhgmge dif %g%cfsgi} ngggglgg@% ”éél%‘{-er The

paryl ene vacuum evaporati on cess produces a protective
| ayer 16 of sufficjent tﬂi kness on, the surface of the silver netal |ayer
14) The t hi cknBS¥idsF Se¥ieel dOnsErted Tarrchdrat JhY gansy Restatsei GROTEGRr 16 can
be determ ned while in the deposition chanber 46 20 using any one of various
optical net hodBrorerswHables @ ranegral subgtiaies fabe yeatgd witheanfeediohasy @mst he
paryl ene pol ymer protective layer 16 can be determined after the article is
removed from t fibe depodiis itlenfochatdreot 4 6ighly6c@GoGRO6H WHLGR D 60E8Bous
PCT/ us02/ 025w

5  coating on substrates with complex shapes. The third is the capability to form

very thin coating layers while remaining continuous and uniform for precise

coating control.

With particular reference to Figures 1 and 2, the overall process of making

10 the optical construction of the present invention will now be described. In a
preferred form of the optical construction 10, the construction is formed by vapor
depositing a silver layer 14 onto the optically smooth surface of a PMMA-based
optically transmissive substrate 12. The reflective metal-coated optically
transmissive substrate is placed into the deposition chamber 46 of the reactor 40,

15  and suitably positioned for exposing the outer surface of the reflective silver metal
14 to the parylene diradical monomer flow. The parylene vacuum evaporation

" process produces a parylene polymer protective layer 16 of sufficient thickness on
the surface of the silver metal layer 14. The thickness of the deposited parylene
polymer protective layer 16 can be determined while in the deposition chamber 46

20 using any one of various optical methods known in the art.” Altemnatively, ‘the
thickness of the parylene polymer protective layer 16 can be determined after the

article is removed from the deposition chamber 46.

16



The above deposition process can be repeated at | east once using the sanme
or a different parylene variant (i.e., parylene N, parylene C, par YAkl B
and/or mxtures thereof) to produce a nmultilam nate paryl ene pol yner
coating on the 5 surface of the reflective silver layer 14 as will be
further described hereinafter. The deposition chanber 46 is sealed from .
anbient air and the atnosphere of the chanber 46 is evacuated with the

vacuum pwanAdeesd ternatively, the atnosphere in the depsiibineiechanber 46
can be substituted at ambient pressure with an inert gas such as helium

argon or nitrogen. 10 W have di scovered that by annealing the deposited
paryl ene polyner protective filmin the protective |ayer at an el evated
tenperature for a sufficient tine, and allowing themto cool, a
substantially inproved chemcally resistant parylene polynmer barrier is
formed. We have al so di scovered that the physical 15 barrier and nechani cal
properties of the parylene polyner coating are greatly inproved after the
‘anneal i ng thernal t¥eatheyndePoFRion prItes) can §e rasped altlarst orgrisipg thasameast
120C, preferably from about 120C to 220C and the annealing time may range
from about 1 howa differéntvreryl&ie dayst (iTheaglkned,ipagylagredCessyleanDhend/ar ri ed out
under suitable atnospheric conditions including, but not limted to vacuum

inert 20 gas, ﬁi_ﬁbduﬂ&@rtlméofﬁlﬂ@'ﬁﬁﬁhc@tim&hﬁﬁ@te Phaslead peBmd Gosaitdbh itRhs can be
varied as required by the thermal mass of the substrate, the maxi num

substrate t@ﬁpgﬁﬁfcyro%her AlkRge QNG T8 14 KewilPBe MBMPR-JRbES KL BSdxYy those

skilled in the art.

The deposition chamber 46 is sealed from ambient air and the atmosphere of the
chamber 46 is evacuated with the vacuum pump 48. Alternatively, the atmosphere
in the deposition chamber 46 can be substituted at ambient pre;ssure with an inert
gas such as helium, argon or nitrogen.
10
We have discovered that by annealing the deposited parylene polymer.
protective film in the protective layer at an elevated temperature for a sufficient
time, and allowing them to cool, a substantially improved chemically resistant
parylene polymer barrier is formed. We have also discovered that the physical
15  bamier and mechanical properties of the parylene polymer coating are greatly
improved after the annealing thermal treatment. The annealing temperature can be
at least 120°C, preferably from about 120°C to 220°C and the annealing time may
range from about 1 hour to five (5) days. The annealing process can be carried out
under suitable atmospheric conditions including, but not limited to vacuum, inert
20 gas, and normal ambient atmosphere. The annealing conditions can be varied as
required by the-thermal mass of the substrate, the maximum substrate temperature

rating, and the like, as may be determined by those skilled in the art.
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2 6 AUG 2005 WD 02/ 060686 ACT/ US02/ 025 9 The paryl ene polyner filmcan be
anneal ed i mmedi ately after the conpletion of the paryl ene deposition
process. The annealing process is preferably conducted in a vacudnf Abs 200%
t he presence of at |east one inert gas such S as helium argon, nitrogen,
and the |ike, at atnospheric pressure. The optinmal annealing conditions may
differ slightly between each variant of the parylene polyner. W further -
note that the annealing process may be utilized on each parylene polyner
prot ectiwe ob/agoess 1 ndi vidual |y as applied during the vapar/usdepssd tion
process, or on the paryl ene polyner protective |ayer as a whole after 10
appl ying nore than one paryl ene polyner |ayer. In another enbodi nent of the
present invention as shown in Figure 3, there is provided an optical
construction 20 which is not drawn to scale, conprising an optically
transm ssive substrate 12 as described above and a thin adhesion 15
pronoting | ayer 18 conprising the oxide formof at |east one netal or
nmetalloid that isé@gplie to the substrat surfgﬁgausin conv&ntional

deposi ti on process Bife nﬁsmvgﬁﬂU'IngﬁbiﬁtF%W, pprgerlately iy itheg,
el ectron beam evaporation, and the |ike. The adhesion-pronoting |ayer 18 is
appl i ed to theosEiopadle e papilee depositine RIPEASH-c aflibenanspalinge proseisetst i ve
| ayer 14. Details describing the use of al uninum 20 oxi des for enhancing
t he adhesi on gfrefsidbiyesontierctey inssvasulpstaran &s,préssndecnfratilaast onassriegas sadh, |
Applied Optics, 14, 2639 (1975), the content of which is incorporated herein
by referenge. as helium, argon, nitrogen, and the like, at atmospheric pressure. The optimal

annealing conditions may differ slightly between each variant of the parylene

polymer. We further note that the annealing process may be utilized on each

parylene polymer protective layer individually as applied during the vapor

deposition process, or on the parylene polymer protective layer as a whole after

10 applying more than one parylene polymer layer.

Ir: another embodiment of the present invention as shown in Figure 3, there
is provided an optical construction 20 which is not drawn to scale, comprising an
optically transmissive substrate 12 as described above and a thin adhesion-

15  promoting layer 18§ comprising the oxide form of at least one metal or metalloid
that is applied to the substrate swrface using conventional deposition processes
such as vacuum evaporation, cathode sputtering, electron beam evaporation, and
the like. The adhesion-promoting layer 18 is applied to the substrate 12 prior to
the application of the reflective layer 14. Details describing the use of aluminum

20  oxides for enhancing the adhesion of silver to glass substrates, is found in Hass et
al., Applied Optics, 14, 2639 (1975), the content of which is incorporated herein

by reference.
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I s 26AUG2005 WO 02/ 060686 PCT/ OSQ2/ 02559 The reflective layer 14 conprising
a highly reflective netal such as silver is deposited, using nethods AUG. 2005
descri bed above including el ectron beam evaporation, onto the surface of

t he adhesi on-pronoting layer 18 for a thickness sufficient to 5 form an
opaque, highly reflective surface at the interface between the substrate 12
and the reflective layer 14. Finally, the surface of the reflective |ayer 14
i s coated,oWikis@ Protective layer 16 conprising a parypengsop@hagsrer film
preferably using the vacuum evaporation deposition or suitable process as
descri bed above. 10 As noted above, the adhesion-pronoting |ayer 1S
preferably conprises the oxide formof at |east one netal or netalloid that
is sufficient to bond the nmetal atons of the reflective layer 14 to the
snooth surface of the optically transm ssive substrate 12. Preferably, the
t hi ckness of the adhesion-pronoting |ayer 1S can range from about 10 to
10008, and nore preferably about 300 A. The use and 15 application of netal-
“and met al | oi d- basedTbx reflestivedaver d étcowetiging efheghlebilaetiveimeifltseeh amgivenet al

oxi des") as adhesion pronoting materials between a netal and a pol yner
~substrate is fisgdebesitedossing hettodsniekérbed Bbdve ilNdsdindelb&hnAB0m anahobatRB2, 634,
the pertinent teachings of both are incorporated herein by reference to the

extent that tBgheant Suhe@@Mld ddhbtsioRPron@tinB0sler ADB £adIQRS sufiit¥en®to t he
adhesi on-pronoting nmaterials sel ected

5  form an opaque, highly reflective surface at the interface between the substrate 12
and the reflective layer 14. Finally, the swrface of the reflective layer 14 is coated

with a protective layer 16 comprising a parylene polymer film preferably using the

vacuum evaporation deposition or suitable process as described above.

10 As noted above, the adhesion-promoting layer 18 preferably comprises the
oxide form of at [east one metal or metﬁlloid that is sufficient to bond the metal
atoms of the reflective layer 14 to the smooth surface of the optically n‘allslnissive
substrate 12. Preferably, the thickness of the adhesion-promoting layer 18 can

range from about 10 to 10004, and more preferably about 300 A.  The use and

15  application of metal- and metalloid-based oxides (collectively referred hereinafter
as “metal oxides”) as adhesion promoting materials between a metal and a
polymer substrate is further described in U.S. Pat. Nos. 5,589,280 and 5,902,634,
the pertinent teachings of both are incorporated herein by reference to the extent
that there is no conflict.

20

For most applications, any of the adhesion-promoting materials selected

should be as nearly colorless as possible, at least in the amounts found effective to
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shoul d be as nearly colorless as possible, at least in the anounts found
effective to 19 26AUGR005 WO 02/ 060686 PCTI US02/ 02559 provide reliable
adhesi on. An adhesion-pronoting material that inparts a visually ZXgAd6t80B! e
color to the substrate 12 under the desired illum nant not only reduces the
efficiency of reflection by absorbing Iight passing to and fromthe
reflective |ayer 14 but al so changes the col or value of the light rays
directed at the reflective 5 layer 14 through the substrate 12. W note that
t he adhesiconapresdroti ng material, in addition to pronotHGTgisadtesi on of the
metallic reflective layer 14 to the substrate 12, nust resist corrosion to
maintain its optical qualities. W further note that the selection of the
materials for the adhesion-pronoting |ayer nust also take into account the
effects of the relative expansion coefficients in order to 10 preclude

desi r abl ; i I d ) Lol tin "
undesirabl e € %r%%d% 1&1{5%16%%'1&&201 . gfgr?gn‘%lﬁgg%%%ﬂl}r?gﬁ% }r}eatkseg%{ tﬁlgtqmg&%{slc O\Ir/]1?uatll]¥e

t enper at ure changes. Inven
adhesion-prono%%n | ayer %ﬁ mq%ch [ sé%i ned g tween the optically -
transmi ssive s ?%@ﬁ?gﬁi?“h °st Hmf§3r # ?3V8€¢ G@Pn%ﬁFoﬁ§ﬂ%8ﬁﬁ8§ed of the
oxi de formof one or nore netals including, but not |imted to, hafnium
zi rconi um  t anthglafRgiencytofipilastion bytsbenping SENG pasving fosnssEem thereflisstiem
vanadi um nol ybdenum chronnium tin, antinony, indium zinc, bisnmuth,
cadm um ni ckelayemidt ithelsb ickange2Be Celoevalid of the hght mgtshindcttdat the edlactiveg t he
adhesion-pronoting layer 13 is to
5 layer 14 through the substrate 12. We note that the adhesion-promoting material,

in addition to promoting adhesion of the metallic reflective layer 14 to the

substrate 12, must resist corrosion to maintain its optical qualities. We further

note that the selection of the materials for the adhesion-promoting layer must also

take into account the effects of the relative expansion coefficients in order to

10  preclude undesirable effects including delamination resulting from cyclic

temperature changes.

In one embodiment of the present invention, the adhesion-promoting layer

18 which is positioned between the optically transmissive substrate 12 and the

15  reflective layer 14, is composed of the oxide form of one or more metals
including, but not limited to, hafnium, zirconium, tantalum, titanium, niobium,
silicon, tungsten, aluminum, vanadium, molybdenum, chromium, tin, antimony,

indium, zinc, bismuth, cadmium, nickel and the like.

20 Generally, the method for producing the adhesion-promoting layer 18 is to
deposit the metal oxide via cathode sputter deposition, electron beam evaporation

deposition or any suitable process for depositing metal oxides. The metal oxides

20



deposit the netal oxide via cathode sputter deposition, electron bean
evaporation deposition or any suitable process for depositing neéinmfiﬁfs.
The metal oxides 20 2 6 AUG 2005 WD 02/f16(K S6 PCT/ U502/ 025i 9 ar 0
preferably deposited in the oxidized node, which may be achi eved for

exanpl e by sputtering in the presence of an excess of oxygen so that the
metal is fully oxidized, to attain the desired adhesion pronotion. 5 Since
some of the,rba@als considered here for the adhesion-prom@tidgoedsayer 1S

exhi bit substantial absorption in their nmetal state (i.e., >3% absorption at
t hi cknesses less than 20 A), it is advantageous to deposit them as oxi des.
SSmlarly, it may al so be advantageous to up-oxidize the netal layers fully
or partially after their deposition. 10 Referring to Figure 4, an optical
construction is depicted for .a third epbadi nent Pf t he %nvepiiqg. The
optical constr &€t PEHFAhSERFIRE B e £191edr BPdH CBMGY P Pe FEEETH | ar to
the optical construction 20 of Figure 3 previous|ly described above. W
‘agai n not e t hatXanyde Py isRUtisEBs inothe prrsents of ap presproridixmernetodha ks miet! ishe
construction are not drawn to scale, and is shown for illustrating the
gener al struct trlly andzedeloatiamrtbhigpsed fbegof prometitthe present  enbodi nent, the
optical construction 30 includes a protective |layer 16 that is conposed of
a multilam nate structure wi.th each | ayer being conposed of a

5 Since some of the metals considered here for the adhesion-promoting layer
1§ exhibit substantial absorption in their metal state (i.e., >3% absorption at
thicknesses less than 20 A), it is advantageous to deposit them as oxides.
Simiiarly, it may also be advantageous to up-oxidize the metal layers fully or
partially after their deposition.

10
Referring to Figure 4, an optical construction is depicted for a third
embodiment of the invention. The optical construction denoted herein as
reference numeral 30 is similar to the optical construction 20 of Figure 3
previously described above. We again note that the thickness of the
15  corresponding elements in the construction are not drawn to scale, and is shown
for illustrating the general structure and relationships thereof. In the present
embodiment, the optical construction 30 includes a profective layer 16 that is
~composed of a multilaminate structure with each layer being composed of a
distinct parylene polymer selected from the group consisting of parylene N,
20  parylene C, parylene D and combinations or mixtures thereof. The multilaminate

* form of the protective layer 16 provides benefits of each parylene variant and/or



di stinct parylene polyner selected fromthe group consisting of parylene N,
20 parylene C, parylene D and conbi nations or m xtures thereof. The

mul tilamnate formof the protective |ayer 16 provides benefits dfgad6a00b
paryl ene variant and/or 21 2 6 AUG 2005 WD 0210Q0686 PCT/ U502/ 02559 m xtures
of parylene variants for inproved conparability with the reflective netal

| ayer, chem cal resistance and the like. The protective |l ayer 16 includes
first parylene film 17 conposed of a first 5 parylene variant or mxtures
of paryl aneoyvemwésants. The first parylene film 17 is depesi/usdoessot he
reflective layer 14 using one of the suitable deposition nmethods described
above. The protective layer 16 further includes a second parylene film 19
conposed of a second parylene variant or m xtures of parylene variants
overlaying the surface of the first parylene film17 distally fromthe

reflective 10 glﬁx&!zeslo% a%ré‘ﬁe @gﬁ @:Jf g,;qﬁm%sc%mgsmﬁ VR ek aYarl.apt |ayer

of
can be adjuste accor 4 gto e application, requirenents, the reflective

| ayer net al he.. durati on of effect and t he types of
expect ed contaﬁ@ﬁ&nﬁmg ﬁ$@§egﬂ%hm?%8 li ke, and may be readily deternined
by one skilled in the art 15 In one enbodinent, the first parylene film17

is conposed of parylene C, and the second parylene film19 is conposed of
parylene D. W have determined from experinental results that when paryl ene
C was deposited as dhpputetive layer ] ypeludel frretgrakylensriilinhe/ ginkppsed ofef fisstt i ve
| ayer, the change in silver reflectance at the
5  parylene variant or mixtures of parylene variants. The first parylene film 17 is
deposited on the reflective layer 14 using one of the suitable deposition methods
described above. The protective layer 16 further includes a second parylene filin
19 composed of a second parylene variant or mixtures of parylene variants
overlaying the surface of the first parylene film 17 distally from the reflective
10 layer 14. The actual thickness of each parylene variant layer can be adjusted
according to the application, requirements, the reflective layer metal, the desired

effect, the duration of effect, and the types of expected contaminant exposures and

the like, and may be readily determined by one skilled in the art.

15 In one embodiment, the first parylene film 17 is composed of parylene C,
and the second parylene film 19 is composed of parylene D. We have determined
from experimental results that when parylene C was deposited as a protective
layer directly on the silver reflective layer, the change in silver reflectance at the
parylene/silver interface, was observed to be within the noise of the experimental

20  data. The findings indicated that there is little or no reactivity between parylene C

“and silver.



paryl ene/silver interface, was observed to be within the noise of the
experinental 20 data. The findings indicated that there is little or no
reactivity between parylene C and silver. 22 2 6 AUG 2005 WO 1127068886005
PCT/ US02/ 02559 We have further determ ned from experinmental results that
when parylene D was deposited on the silver |ayer as a protective |ayer,
the silver reflectance at the parylene/silver interface, was neasurably

di mi ni shgd ioncdegr aded. Since parylene Dis known to pessessrakiy aver age

chl orine content of two chlorine atons S per nononer unit, we theorize that
t he presence of unbonded or trapped chlorine in the parylene polymer film
may be reacting with the silver. Although the findings indicated that there
may be sone reactivity between parylene D and silver, parylene Dis a

sul tabl e candidat e {0, sk, @5 RALLEh e REAREEL e B lunes BRI YL ENe D 18
known to have a | ower ‘gas perneabi 1ty value an paryl ene or 10 better
.exposure protection of .the silver reflective |la The sil ver/paryl ene

er. ) ] ) ¥er. |
C paryl ene D |'AMai&EROsEEhER Mgt TISH 1BYS W &Lt e teL the BlV5T Blsernsretl ayer ,
whi ch possesses the low reactivity with silver of parylene C, and the | ow
~gas per neabi | the ypapflenséilysreinterface, 1%as) megsarablyndinHeishednpo degrednd; Skrse
transitioning of the deposition of parylene filnms fromone paryl ene vari ant
t o anot her, camrydenenidekigpmadog@bisysstan akangn clorine amskeitiodmad chlnties btayaer ( not
shown) between the first and second paryl ene pol yner
5  per monomer unit, we theorize that the presence of unbonded or trapped chlorine
in the parylene polymer film may be reacting with the silver. Although the
findings indicated that there may be some reactivity between parylene D and
silver, parylene D is a suitable candidate for use as part of the protective layer.
Parylene D is known to have a lower gas permeability value than parylene C for
10 better exposure protection of the silver reflective layer. The silver/parylene
C/parylene D laminate combination provides an effective protective layer, which

possesses the low reactivity with silver of parylene C, and the low gas

permeability of parylene D.

15 In yet another embodiment, the transitioning of the deposition of parylene
films from one parylene variant to another, can be made gradually to form a
transitional interlayer (not shown) between the first and second parylene polymer
layers. As the deposition of the parylene variants transitions, the vapor flow of the
first parylene polymer is gradually reduced while the vapor flow of the second

20  parylene polymer is ramped up in proportion to the corresponding reduction of the
first parylene polymer vapor flow. This action produces a graded interface

between the pure parylene polymer layers and forms an interpolymer with
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| ayers. As the deposition of the parylene variants transitions, the vapor
flow of the first parylene polyner is gradually reduced while the §%@ﬁ%m5
fl ow of the second 20 paryl ene polyner is ranped up in proportion Z e
correspondi ng reduction of the first parylene polymer vapor flow This
action produces a graded interface between the pure parylene polyner |ayers
and forns an interpolyner with 23 2 6 AUG 2005 WD 02/ 060686 PCT/ U S02/ 02559
i nproved adhesi on t herebetween. W note that the resulting paryl ene polymner
| ayer cawohgomtwseal ed or heat-treated as desired to nodctysizhesproperties of
| ayer as described above. 5 It is understood that the actual thickness of
the interlayer can be adjusted according to the application, requirenents,
the desired effect, the duration of effect, and the types of expected
cont am nant exposures and the like, and nmay be readily determ ned by one

skilled in th%ng{otvﬁ 10 Rehehl kG i R, FRU S gm el %ggggp&;gg Y g@%de s

depicted for on l"'ustrative enbodi nent of the I‘on. The
fiber optic vegui de denote eneral |y by reference nuneral 50, generally
conpri ses anwg‘?%‘ Gt dﬂn@ﬁ?{g%ﬂ o ea&ag‘asﬁé@f%ﬁoé‘g’ntgéH{OPF‘E‘ESI ofjard adf gl ass
for channeling Iight t her et hrough. The fiber optic waveguide 50 of Figure 5
conpri ses a coegrded adveonposed of an optically transnmissive glass or

pol ymer material, a cladding 54 conposed of an optically transm ssive gl ass
or polymer material with a | ower

5 It is understood that the actual thickness of the interlayer can be adjusted
according to the application, requirements, the desired effect, the duration of
effect, and the types of expected contaminant exposures and the like, and may be

readily determined by one skilled in the art.

10 Referring to Figure 5, a fiber optic waveguide is depicted for one
illustrative embodiment of the present invention. The fiber optic waveguide
denoted generally by reference numeral 50, generally comprises an elongated
cylindrical body having concentric layers of glass for channeling light
therethrough. The fiber optic waveguide 50 of Figure 5 comprises a core 52

15 composed of an optically transmissive glass or polymer material, a cladding 54
composed of an optically transmissive glass or polymer material with a lower
refractive index than the core 52, a reflective layer 58 with an optional adhesive-
promoting layer 56 interposed between the reflective layer 58 and the cladding 54,
and a parylene polymer protective layer 60 overlaying the reflective layer 56. The

20  fiber optic 50 includes the optical construction of the present invention where the
cladding 54 establishes the optically transparent substrate. The fiber optic 50 can

be fabricated from any commercially available fiber optic waveguide while using

24



refractive index than the core 52, a reflective layer 58 wth an opti onal
adhesi ve- pronoting |ayer 56 interposed between the reflective layen pRiR
the cladding 54, and a paryl ene pol yner protective |ayer 60 overlaying the
reflective layer 56. The 20 fiber optic 50 includes the optical construction
of the present invention where the «cladding 54 establishes the optically
transparent substrate. The fiber optic 50 can be fabricated from any
commer ci d RNk ! abl e fiber optic wavegui de whil e usi ngcrRdsedndss4AUG 2005 WO
02/ 060686 PCT/ US02/ 02559 t he above-descri bed techni ques for applying the
reflective layer, the optional adhesion-pronoting |ayer, and paryl ene
polynmer layer, all onto the surface of the cladding 54. EXAMPLE 1
Experimental Tests We obtai ned sanples of optical quality polynethyl

met hyl acryl ate , (PMMA) substrates with a reflective index of 1.49 for
testing. An al thi Wf@scﬂg?‘{jéec P?Snlg.j”\ﬁé’g{yé“ﬁa Br ‘af'\?ﬁF?}éﬂeylaé’l‘?fplﬂ'i‘eeBP?‘EPabne set

of sanples using conventional electron beam evaporation deposition process
to form an adhedlicsienPraneingrigyer) aaarylenseokimarilaemabxingeths surfees ¢fahe ng a
purity of 99.999 % was obtained from Cerac of MIwaukee, W. The al um num
oxi de was deposlatiéidg ibi ng a flow of 21.8 %0,/Ar at a total pressure of
2x10-4 Torr. The deposition rate was set at 15 approximately |I A per second
to produce a final thickness of about 300 A

5 EXAMPLE 1

Experimental Tests

We obtained samples of optical quality polymethyl methylacrylate

(PMMA) substrates with a reflective index of 1.49 for testing. An aluminum

10 oxide coating was evaporatively applied to one set of samples using conventional
electron beam evaporation deposition process to form an adhesion-promoting
layer. The aluminum oxide source having a purity of 99.999 %, was obtained
from Cerac of Milwaukee, WI. The aluminum oxide was deposited using a flow

of 21.8 % O,/Ar at a total pressure of 2x10* Torr. The deposition rate was set at

15  approximately 1 A per second to produce a final thickness of about 300 A.

A layer of silver metal was applied to the surface of each sample substrate
using a conventional electron beam evaporation deposition process. The silver
metal source having a purity of 99.999 %, was obtained from Cerac. The silver

20  layer was applied at a thickness of 1,000 A at a deposition rate of from about 1.2

to 7.3 A per second. The average deposition rate was about 3 A per second.



A layer of silver nmetal was applied to the surface of each sanple substrate
using a conventional electron beam evaporati on deposition process. The
silver netal source having a purity of 99.999 % was obtai ned fror’Q 089505
The silver 20 layer was applied at a thickness of 1,000 A at a deposition
rate of fromabout 1.2 to 7.3 A per second. The average deposition rate was
about 3 A per second. 25 2 6 AUG 2005 WO 02/ 060636 PCT/ US02/ 02559 Paryl ene D
and C were each obtained from Paratroni x, Inc. of Attleboro, MA The
paryl enewmnbyness were applied to the sanpl es using chemigedo2/ozepositi on
processes resulting in a coating of about 0.0005". The degree of protection
t he paiyl ene polyner |ayer provided was neasured by the changes in 5
refl ectance of the silver layer through the substrate. Reflectance
measurenents were made using a MacBeth Col or- Eye 7000 spectroneter with a
spectral range of [O t. 360 ta 750 run..Measurenents interface
were made t hrough t EérnylE}%m&lnsdu stvaf %czlaog)éalr\l/ﬁ%lqm?%%fa&agma A %éﬁpe Pf%n due to
t he PMVA or imﬁﬂience effects fromthe first surface refl ectance. 10 .
Accel erated si rtar iy PREESTh diiEe aPRiFd pleatlien sAtiNes $8i®I @eiica  seal ed
200 nun dianeter Pyrex glass desiccator containing normal anbient air and a
evapor ati on di d¢postiodi prgeeses cregfitizgnimenioating 9filabowied-020 " % Hipudesrse 961 ut i on)
in 18 cc of deionized water. The azmoni um sul fi de was obtained from Strem
protection the parylene polymer layer provided was measured by the changes in

5 reflectance of the silver layer through the substrate. Reflectance measurements
were made using a MacBeth Color-Eye 7000 spectrometer with a spectral range of
from about 360 to 750 nm. Measurements at the interface were made through the
PMMA substrate and will include any absorption due to the PMMA or
interference effects from the first surface reflectance.

10

Accelerated silver tarnishing was induced by placing the sample in a

sealed 200 mm diameter Pyrex glass desiccator containing normal ambient air and

a evaporation dish holding 2 cc of ammonium sulfide (20 % aqueous solution) in

18 cc of deionized water. The ammonium sulfide was obtained from Strem

15  Chemicals of Newburyport, MA. The samples of substrates were positioned 4 cm
above the solution with the silver layer side exposed to the solution. The silver
reflectance was measured as a function of the exposure time in the desiccator
chamber. The ammonium sulfide solution generated hydrogen suifide as the
primary corrosion agent. We had observed that elemental sulfur had deposited on

20  the desiccator walls after long exposure times. Ammonium sulfide solution is
known to be one of the most aggressive tarnishing agent of silver. See, Dar-Yuan

Song et al., Applied Optics 24 (8), 1164 (1985).
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15 Chem cal s of Newburyport, MA. The sanples of substrates were positioned 4
cm above the solution with the silver |ayer side exposed to the solution.
The silver reflectance was measured as a function of the exposure %6 AHG 65
t he desiccator chanber. The ammoni um sul fide sol uti on generated hydrogen
sulfide as the primary corrosion agent. W had observed that el enental

sul fur had deposited on 20 the desiccator walls after |ong exposure tines.
Ammoni umysplhFisolssol ution is known to be one of the nostt/eggressi ve

tarni shing agent of silver. See, Dar-Yuan Song et al., Applied Optics 24
(8), 1164 (1985). 26 2 6 AUG 2005 WD 02/ 060686 PCT/ USO02/ 02559 Anmbient Air
Results In order to estimate the rate of silver corrosion in anbient air for
an 5 unprotected sanple, the reflectance of a silver coated PMVA sanpl e was
measur ed periodically when exposed to the anbient air of the |aboratory. The
change in reflectance of the silver surface and the silver/PVWMVA interface as
nmeasur ed t hough the ogtically transm ssive PMVA substrate was recorded for
each sample. T ! S was neasured using light with a wavel ength of
10 about 550 urn extending over a period of about 70 days. The points were
plotted and |inear regression analysis was executed to generate a graph
depicted in Figure 6. Wth reference to Figure 6, the graph shows that the
anbi ent air exposur én order to estimate the rate of silver corrosion in ambient air for an

5 unprotected sample, the reflectance of a silver coated PMMA sample was
measured periodically when exposed to the ambient air of the laboratory. The
change in reflectance of the silver surface and the silver/PMMA interface as
measured through the optically transmissive PMMA substrate was recorded for
each sample. The reflectance was measured using light with a wavelength of

10 about 550 nm extending over a period of about 70 days. The poinfs were plotted

and linear regression analysis was executed to generate a graph depicted in Figure

6.

With reference to Figure 6, the graph shows that the ambient air exposure

15  resulted in tarnish rates of about 6.3 x 107 %/day for the silver surface, and about
2.2 x 107 %/day for the silver/PMMA inter.face. We believe that the lower tarnish

rate at the interface as compared to the silver surface can be explained in that the
diffusion of corrosion agents through the silver layer, or less likely, through the
much thicker PMMA substrate was slower. Included in the graph are reflectance

20  measureraents for samples (control) that had been stored in 3M Corrosion Control
Absorber Paper (CPAP), an anticorrosion paper product of Minnesota Mining and

Manufacturing Co. of St. Paul, Minnesota. The anticorrosion paper is designed to
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15 resulted in tarnish rates of about 6.3 x 10.2 % day for the silver
surface, and about 2.2 x 10-2 % day for the silver/PWA interface. W
believe that the lower tarnish rate at the interface as conpared t%Al'I!? 005
silver surface can be explained in that the diffusion of corrosi org agen%s
t hrough the silver layer, or less likely, through the nuch thicker PMVA
substrate was slower. Included in the graph are refl ectance 20 neasurenents
for sanples (control) that had been stored in 3M Corrosion Control Absorber
Paper ( CRAFR)vue@d8c anti corrosi on paper product of M nnesob@r/bbmiorgs and

Manuf acturing Co. of St. Paul, Mnnesota. The anticorrosion paper is
designed to 27 2 6 AUG 2005 WD 02/ 060686 PCTI 0502/ 02559 prevent tarnishing
fromthe presence of air contam nants that cause oxidation and corrosion.
When the corrosive elenents were renoved fromthe air by the anticorrosion
paper, both the_si Itvte.r.ﬁurcfface and the cﬁial,ver( PMVA itgtterface,. howed, no
measur abl e chaR§a CTAPEFEUN HE PrsRcs H AR GRIGFIaL}S tH AL NRER 88 t han 3
x 5 10'4 % day over the 70 day neasurenent period. Conparing the two sets of
data, we can CoFe¥Qide When ﬂfeh%m}?ﬁé’ﬁgez%m‘?“ﬁ Jiersy &eVer | Ep dhe @iy dhr oduced
by air corrosion alone, and there appeared to be no perceptible interaction
of the silver awfigemosionpeierthioth ti/sives siséce am@thatsﬂ\telt‘/&\ﬁ‘ﬁﬁémﬁlef@c@.ShQ‘GeCAmmni um
sulfide To test the ability of parylene coatings to inhibit the tarnish of
silver, sever ab nsabuwehle cloape th feidRasanffheshanee of pfle@aice dvas hest Bansanner as
descri bed

5 10" %/day over the 70 day measurement period. Comparing the two sets of data,
we can conclude that the changes in silver reflectance were produced by air
corrosion alone, and there appeared to be no perceptible interaction of the silver

mirror with the PMMA substrate at the interface.

10  Ammonium sulfide

To test the ability of parylene coatings to inhibit the tarnish of silver,
several silver coated PMMA samples were prepared in the manner as described
above. The PMMA samples were encapsulated with films of both C and D

15  variants of parylene. The parylene polymer coated PMMA samples were obtained
from Paratronix. The film thickness of the parylene coatings was measured to be

on average of about 0.00043 of an inch.

Using the test procedure described above, the effectiveness of parylenes
20 . coatings C and D were evaluated. Changes in silver reflectance as a function of
exposure time in the corrosion chamber were measured and the results are shown

in Figure 7. Referring to Figure 7, the samples were each exposed to ammonium
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above. The PMVA sanples were encapsulated with filnms of both C and D 15
variants of parylene. The paryl ene pol yner coated PMVA sanpl es were obtai ned
from Paratroni x. The filmthickness of the parylene coatings was m@ads&biE005 o
be on average of about 0.00043 of an inch. Using the test procedure
descri bed above, the effectiveness of parylenes 20 coatings C and D were.
eval uated. Changes in silver reflectance as a function of exposure tinme in
the corrggi BRskhanber were neasured and the results arecghgwrskn Figure 7.
Referring to Figure 7, the sanples were each exposed to ammonium 28 2 6 AUG
2005 WO 02/06(1686 PCT/ US02/ 02559 sul fide solutions. The corrosion rates
were determ ned fromdata anal yses using |inear |east-square fits. The
correspondi ng corrosion rates for exposure to anbient air and amoni um
sulfide are lisﬁ@%b low in Table 1. 5 Tablg | Silvg Tarni sh Rates
Det er mi ned f r ofHEST $ONE1OSH c d LREYEMWNBIFE Svest dejen BtdeRtag SIS YSHIS: | ver
Tarni sh Rate (% day at 550 nm Corrodi ng Agent Ag SurfaceAg/ PMVA I nterface
"None0. 0630. 022/apqar Navisquare fits1 e gomxesporBiapaenmiogion saits fod exprayry feambient
C4. 90. 50Anmmoni um sul fi de Paryl ene DO.330. 17Anmoni um sul fi de

air and ammonium sulfide are listed below in Table 1.

5 Table 1

Stlver Tarnish Rates Determined from Reflectance Measurements at 550 nm

Protective Film | Silver Tarnish Rate (%/day at 550 nm) | Corroding Agent
Ag Surface | Ag/PMMA Interface
None 0.063 0.022 Air
None 7.1 x 10 53x10° Ammonium sulfide
Parylene C 4.9 0.50 Ammonium sulfide
| Parylene D 0.33 0.17 Ammonium sulfide

Comparing the tarnish rates through the parylene C and D films, we had

10  observed that the tarnish rate for the parylene C was fifteen times higher than the
rate for parylene D. Comparing the tarnish rates for parylene protected samples to

the unprotected silver samples, we had observed that the tarnish rate was reduced

by a factor of 6.9 x 107 for the parylene C coating and a factor of 4.6 x 107 for the
parylene D coating. Assuming that similar corrosion agents are responsible for

15  the ambient air tamish resulis, the above tarmish reduction factors can be used to
estimate a tarnish rate for parylene polymer protected silver in normal atmospheric

air. Applying the tarnish reduction factors to the ambient air data results in an

- estimated air tarnish mt.e of about 4.3 x10° %/day for a parylene C protected silver

film and an estimated air tarnish rate of about 2.9 x 107 %/day for parylene D.



Conparing the tarnish rates through the parylene C and D filns, we had 10
observed that the tarnish rate for the parylene C was fifteen tinmes higher
than the rate for parylene D. Conparing the tarnish rates for paryRenalb 2005
protected sanples to the unprotected silver sanples, we had observed that
the tarnish rate was reduced by a factor of 6.9 x 10-5 for the parylene C
coating and a factor of 4.6 x 10" for the parylene D coating. Assum ng that
simlar corrosion agents are responsible for 15 the anmbient air tarnish
resul ts,wbheo@bsave tarnish reduction factors can be usedrivsozesdi mate a
tarnish rate for parylene polyner protected silver in normal atnospheric
air. Applying the tarnish reduction factors to the anbient air data results
in an estimated air tarnish rate of about 4.3 x10"6 May for a parylene C
protected silver filmand an estimated air tarnish rate of about 2.9 x 10
Mvay for paryl D. .,29 2 210606 PCT/ US02/ 0255 sed on
this analysis, ]?ase(% R tln%?natl%s(las g???logﬁée TENEE moqypVSEe%!Stﬂvgrl EOI Sﬁ for
years with | ess tha a 0.1 W ange i.n refl ectance. The neasured tarnlsh
rates at the SR} Wﬁh?lﬁ’t geinfdlgctriceTable 1 5 are at all tines
| ower that those fromthe silver surface. This result is expected since
there is the added requirenent for the corrosion gases to diffuse through
the silver layer to reach the silver/PMVA interface. Silver Adhesion 10
The measured tarnish rates at the silver/PMMA . interface listed in Table 1

5 are at all times lower that those from the silver surface. This result is expected
since there is the added requirement for the corrosion gases to diffuse through the

silver layer to reach the silver/PMMA interface.

Silver Adhesion

10
Parylene C and D films were deposited directly onto PMMA to test the
adhesion of these films. Several samples of each variant were tested with
SCOTCH tape marketed by Minnesota Mining and Manufacturing. Coj, and were
observed to be adherent to the substrate with no instances of the parylene film

15  removal by the tape pulls.

Although silver appears to be compatible with PMMA when in direct
contact, the adhesion to this material is marginal. SCOTCH tape tests of silver
coatings on PMMA consistently removed all of the silver film. Encapsulation of

20  the silver coated PMMA substrates with paryléne, as would be done for the final
silver coated waveguide structure, does improve the r_obustne‘ss of the silver

coating.
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Parylene C and D filns were deposited directly onto PMVA to test the
adhesion of these filns. Several sanples of each variant were teséﬁzumgmﬁ
SCOTCH t ape marketed by M nnesota M ning and Manufacturing. Co.

observed to be adherent to the substrate with no instances of the paryl ene
film 15 renoval by the tape pulls. Al though silver appears to be conpatible
w th PMVA mhen in direct contact, the adhesion to this material is

mar gi nal tape tests of silver coatings on P tently removed
all of tWQ”EM'V§} film Encapsul ation of 20 the SI|V2P% g§$§d§ Y

substrates wth parylene, as would be done for the final silver coated
wavegui de structure, does inprove the robustness of the silver coating. 30
2 6 AUG 2005 WD 02/ 060686 PCT/ US02l 02559 Due to the high tensile strengths

of the parylene filns, silver filns on PMVA that have been coated with
either parylene C or parylene Dw !l usually pass the SCOTCH tape test

wi t hout any filmdelam nation. However, in some 5 instances blisters can be
~seen in the film afDes td be Ihph tens?s stréngehiscat the pagtepaSimbesiker fihas onl ver film
has detached fromthe PMVA substrate. The parylene film however, remains

“intact and wel pyinpRdRd nhe: bR8 CUM@WIM'MQ &e & ok Bhry RS will agdames
confirnmed the need to inprove the silver/ interfacial bond. 10 As

detailed previoushye s@BTALr tafl tJIELAhGR oy Hhh IEFanflhiok "W 2, SR NBREE

5  instances blisters can be seen in the film after the pull test indicating areas.where
the silver film has detached from the PMMA substrate. The parylene film,
however, remains intact and well-bonded to the underlying silver film. These

failures confirmed the need to improve the silver/PMMA interfacial bond.

10 As detailed previously, metal- or metalloid-oxides are known to enhance
the adhesion of silver to glass substrates. Alumina was chosen since it is also an
excellent candidate for the silver coated waveguide application due to its high
transparency throughout the visible spectrum. In order to test alumina as an
adhesion layer for silver on PMMA, a 300 Angstrom-thick layer was deposited on

15  PMMA prior to deposition of the silver mirror. SCOTCH tape tests indicate that
the alumina interfacial layer improves the silver adhesion. Approximately 80% of
the tape pulls resulted in no loss of silver film with 20% of the pulls removing a
portion of the silver mirror from the PMMA substrate. Once alumina-bended
silver films were overcoated with parylene C, no removal or delamination of the

20  silver mirror from the substrate was observed from tape test pulls.
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t he adhesion of silver to glass substrates. Alum na was chosen since it is
al so an excellent candidate for the silver coated wavegui de appl%%qgmqpmdue
to its high transparency throughout the visible spectrum In order to Test
al um na as an adhesion layer for silver on PMMA, a 300 Angstromthick |ayer
was deposited on 15 PMVA prior to deposition of the silver mrror. SCOTCH
tape tests indicate that the alumna interfacial |ayer inproves the silver
adhesi on. Approximtely 80% of the tape pulls resulted in no | oss of silver
filmw t Ry@@%eésst he pulls renmoving a portion of the spdwesozmesspor fromthe
PMVA substrate. Once al um na-bonded silver filns were overcoated with
parylene C, no renoval or delamnation of the 20 silver mrror fromthe
substrate was observed fromtape test pulls. 31 2 6 AUG 2005 WD 02/ 060686
PCT/ US02/ 02559 Al t hough vari ous enbodi nents of the invention have been shown
and described, they,ar 1. t Fmotiong.. il ip the art
may recognize variéﬂ§w§€38%?%§?$%%§ﬂ?%ﬁ%h%g% @ﬂ%%ﬁgggﬁgégghﬁﬁéﬁla“@
nmodi fications aje .nga t to be covered%$ﬁ t he SELrit:Pﬂd scope of the :
appended cl ai nEeSHPESSREEAT) FOWRGA © kg | dhose ofaRaY 3R 1R At BAY t r uct i on
conprising: an optically transm ssive substrate; ) _

recognize various modifications to these embodiments, which modifications are

meant to be covered by the spirit and scope of the appendéd claims.
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a reflective |layer conposed of a highly reflective netal |ayer overlaying
the optically transm ssive |ayer and bonded thereto; and a protective | ayer
conposed of a parylene polyner filmbonded to the reflective |ayerg AE@MS
paryl ene polymer filmconprising a | ayer of parylene Cin contact wt e
reflective layer. 2. The optical construction of claim1l wherein said
paryl ene polyner film further conprises a |ayer of parylene D in contact
with the layer of parylene C. 3. The optical construction of claim2 wherein
the parylene polyner filmfurther conprises an interlayer of parylene C and
paryl ene DVissisdamedife | ayer of parylene D and the |ayer of parylene C 4.
The optical construction of claim2 further conprising an adhesi on-pronoti ng
| ayer between the optically transm ssive substrate and the reflective |ayer
for incredsi ngAntdpécatcoengictioofomprisitgond t her ebet ween, said
adhesi on-pronoting.| gyer canprising a thickness of fromabout 10 to 1 OOCA.
5. The optical a’&B‘%&‘Fﬁ%Eﬁ"i‘sﬁﬁs )i %’L%f?aﬁ‘?% wher ei n the adhesi on-pronoting | ayer
is conposed of the oxide formof a nmetal or metalloid. 6. The optical
construction of reflestiva IByspsemppsediofa highbsreflegtive mstad lavseaveglayingdie  opti ¢
wavegui e oo ca | i Gl 681y GG bbHEMRRe@l arfdd 3l m 2 wherein said optical Iy
transni ssi Ve ubstrate 1s conposed of glass or a polynmer material and said
refl ective net aprdtayige laysr coopumpabeth miylsiel podymer 3dm bonded to the reflective

layer, said parylene polymer film comprising a layer of parylene C in contact with the

reflective layer.

2. The optical construction of claim 1 wherein said parylene polymer film

further comprises a layer of parylene D in contact with the layer of parylene C.

3. The optical construction of claim 2 wherein the parylene polymer film further
comprises an interlayer of parylene C and parylene D between the layer of parylene D
and the layer of parylene C.

4. The optical construction of claim 2 further comprising an adhesion-promoting
layer between the optically transmissive substrate and the reflective layer for increasing
the strength of the bond therebetween, said adhesion-promoting layer comprising a
thickness of from about 10 to 1 000A.

5. The optical construction of claim 4 wherein the adhesion-promoting layer is

composed of the oxide form of a metal or metalloid.

6. The optical construction of claim 5 wherein the substrate comprises a fiber

optic waveguide.

7. The optical construction of claim 2 wherein said optically transmissive
substrate is composed of glass or a polymer material and said reflective metal layer is

composed of silver.
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26AUG2005 8. The optical construction of claim2 wherein said | ayer of
parylene C and said |ayer of parylene D are annealed. 9. A conposition for
a barrier coating to protect a substrate the conposition conprisiggkfudirst
layer of a first parylene polymer over a surface portion of the su A0
a second transition |ayer of a mxture of the first parylene polymer and a
second paryl ene polyner on said first layer, and a third |layer of only said
second paryl ene polynmer on said second |ayer. 10. The conposition in
accordance wth claim9 wherein said transition layer is a graded |ayer.
11. The cénposi t Thsrentisalxessrustiae ef dpinh2 wheieh sa@l layrsoéparylear § adsaid and
second par r | ected fromparylene C, D, and N. 12. The
conpositié efﬁ%g%@%% aﬁ%@g&§¥%§clain19 wherein said first and second

paryl ene polymers are anneal ed. 13. The conposition in accordance with claim
9 further conprising an.  adhesion pronoting |ayer between said first |ayer
and the sdbstrat & CABPOSHRD fOpAPYEIFt FBHNG 19 RIREHHASHAUEMNER ¢l ai m 13 wherein
sai d tranghlhMNiio rislng @ graded layer. 15. The conposition in accordance
with claim14 wherein said first parylene polynmer is parylene C and said
second paryl ene pofirgnteyeriof a fiast phentese PolyBWr over a surface portion of the substrate,

a second transition layer of a mixture of the first parylene polymer and a
second parylene polymer on said first layer, and

a third layer of only said second parylene polymer on said second layer.

10. The composition in accordance with claim 9 wherein said transition layer is
a graded layer.
11. The composition in accordance with claim 10 wherein said first and

second parylene polymers are selected from parylene C, D, and N.

12. " The composition in accordance with claim 9 wherein said first and

second parylene polymers are annealed.

13. The composition in accordance with claim 9 further comprising an

adhesion promoting layer between said first layer and the substrate.

14. The compositio'n in accordance with claim 13 wherein said transition

layer is a graded layer.

15. The composition in accordance with claim 14 wherein said first parylene

polymer is parylene C and said second parylene polymér is parylene D.
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2 6 AUG 2005 16. The conposition in accordance with claim 15 wherein said
adhesion pronoting |ayer is conposed of the oxide formof a netal or

metal l oid. 17. The conposition in accordance with claim 16 wherein ab dUG 2005
metal is alumnum 35

16. The composition in accordance with claim 15 wherein said adhesion

promoting layer is composed of the oxide form of a metal or metalloid.

17. The composition in accordance with claim 16 wherein said metal is

aluminum.
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